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RPWS Archiving Effort Notes

This manual has been saved in several formats as part of the
Cassini/RPWS archive effort.

The original work, as noted on the previous page, is in the native Staroffice-6
format. Asthe archive volume is produced, we attempt to produce several
additional formats for the convenience of the target audience.

The SXW file, the native Staroffice-6 format, is copied to the archive volume
with only a name change. NO other alterations have been made to the native
format of the document.

Staroffice-6 has a capability to produce an HTML file that is used to produce
the RPWSUG.HTM that appears on the archive volumes. Natively, Staroffice-6
produces GIF images for any graphical figuresin the document. A nameis
derived using the name of the parent document and appending hexadecimal
numeric string. Asthisisdone on aUnix system, itisall lowercase. Asthe
HTML files are moved to the archive volume, severa alterations are made to
better suit the target environment. The primary document is renamed to
RPWSUG.HTM and placed in an appropriate directory on the target volume. All
of the GIF files are trandlated to PNG format as they are copied and their names
are changed to uppercase. In addition, they are placed in a subdirectory to reduce
clutter in the directory where several versions of the parent document are stored.
As expected, the HTML is altered to reflect the placement and casechange applied
to the GIF/PNG files.

In order to produce the PDF file, we start with an intermediate PostScript file
(which Staroffice-6 will produce) and convert to PDF using a utility called
ps2pdf13. This produces aversion 1.3 PDF file that appears to work with Adobe
Acrobat. Aswith all of the version of the user guide, it is name changed to
RPWSUG.PDF.

The PDF file should reproduce the best hardcopy. It should reproduce very
close to what we produce at lowa with tables and graphics intact.
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1 Indrument ovarvien

The CASSINI ingtrument may be broken down into several functional parts. The
primary control and interface with the spacecraft is performed by a set of 8 bit processors
(8085) designed and built at lowa. Data communications with the spacecraft are directly
controlled usng a 1553 protocol controller supplied by JPL. The sensor and signd
conditioning (i.e. therecelvers) hardware was designed and built by the science teams from
lowa, France, Sweden, and England. In addition to the hardware used to perform science

there is additional hardware used to deploy the eectric antenna mechanism.

CASSINI / RPWS
Processor Block Diagram
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Inter Processor Communications
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11BIU

The BIU isthe sole data channd used for communications between the instrument and
the spacecraft. All command and control, data, and housekeeping are delivered through the
BIU. TheBIU usesasingle physicd line (the 1553 bus) to present agroup of logical circuits
(1553 sub address) to the DPU dlowing commands, data, and housekeeping to be handled in
alogicdly separate fashion.

Thelogica circuits (the telemetry sub address) can be further broken down into data
channels (high rate science and low rate science) with each data channel delivering a separate
flow of data. (Thisdivision appliesto commands aswell)

The DPU isresponsible for managing the resources (i.e. memory alocation) within
the BIU.
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12 DPU

The DPU consigts of 3 8085 processors interconnected with an 8 bit paralld
communications channd. Two of the processors use morethan 64K bytes of memory that the
8085 architecture allows through the use of bank sdect hardware using the 8085 SOD signal.
The third processor treats the SOD sgnal in the same manner to maintain compatibility.

The memory architecture is effectively identical on al processors. A banking
mechanism allows the processor to make use of more than 64K bytes of memory. The LRP
with 80K bytes has the BIU present in the top of memory with the areafrom 32K to 48K
banked. The HRP with 96K bytesbanks all of the memory above 32K. The DCP with 64K
memory implements the bank select mechanism in the same manner asthe LRP/HRP
athough it has no effect.

Each processor has severd periphera chipsthat are configured identically on each
processor to dlow use of common software. An 8155 pardlel port with timer, an 8254
counter/timer and an 8237 DMA controller are present on L RP and HRP while the DCP has
only the 8155.

The communications path between the processorsis ahdf duplex 8 bit bus. Although
logicaly identical ondl processors the physical implementation differs on the three
processors. The DCP has the control circuit implemented in discretelogic while both the LRP
and HRP implement the control logic within agate array. The port addressing differs between
DCP and HRP/LRP due to the radically different 1/O requirements athough this has no
impact asthe |PC driver is not generic enough to take advantage of code duplication at the
ALF leve duetoidentical hardware (although the entire |PC driver does reuse most code a
the sources level).

The driver can not be generic asthe implementation is rather asymmetric in order to
support aspecial high speed channel from the HRP to the LRP. The source code, however, is
essentialy identical for the most part with smal parts of the code that is unique to each
processor. The activity required to build the driver causes the 3 individual componentsto be
assembled with the required code fragments enabl ed.
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COMMON DPU CONFIGURATION

8085 8155 IPC ROM RAM
PROCESSOR PIO / TIMER COMM LINK (2K/4K) (64K/96K)
CPU ADDRESS, DATA, and CONTROL
gzl\iz T?’\2/|5E4R INSTRUMENT INSTRUMENT TEST
LRP/HRP LRP/HRP
(HRP/LRP) (HRP/LRP) ( ) ( ) CONNECTOR
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1.3 Antenna Control

Following successful deploy on 25 October, 1997 no additiona details will be added
to the users guide describing deploy activities(antenna temperature details are the only
information that will be updated from this point on).

Antenna control consists of an A.C. drive circuit and necessary switching to alow
any one of the three antenna mechanismsto be deployed. Severd levelsof interlocks are
present to avoid the possibility of moving an antenna element a an unintended time.

The LRPisused asafinal leve of intelligence in controlling the antenna mechanism.
No hardware interlocks are provided to monitor limit switches, motor current, position or
temperature. The control electronicsis used to generate the AC waveform required by the
motors.

As one might expect, the antenna control routines are not typically loaded into the
LRP. Wewould expect to purge any deploy software resdent on the spacecraft once the
antenna e ements have been deployed (In norma circumstances the deploy software is not
loaded into BULK MEMORY S0 a processor reset is sufficient to purge the deploy software
from memory).

The antenna control hardware conssts of a2 phase AC signa generator and amplifier
along with relays used to route the AC drive Signal to any one of the antenna deploy
mechanisms. Directiona control is achieved by exchanging the sgnals delivered to the
amplifier. Signasfrom theBIU are used to enable relay commands to prevent software
problems from activating the antenna mechanism.
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14 Bulk Memory

The block of indirectly accessble memory attached to the HRPisreferred to as BULK
memory. This memory block is addressed by the HRP using a pair of address ports and adata
port. A 16 bit addressisloaded into the 2 address registers to alow access to asingle 8 bit
gorage location in the BULK Memory. The 16 bit address provides access to al 65,536
locations of BULK memory.

The ROM makes use of thismemory to implement afault recovery mechanism.
When the ROM code gains control of the processor, it will attempt to read the contents of the
BULK memory in 44 byte records. The recordswill be processed asif they were download
records from the spacecraft. If the records are vaidated the contents will be |oaded into
memory.

The BULK memory may be loaded from the spacecraft using the norma memory
download mechanism. Each download record contains a bit that is used to target the memory
image for one of the three processors and the BULK memory (See the section on memory
download for details).

The us of BULK memory as part of the fault recovery mechanism is controlled by a
bit in the memory download record which. The download image may be updated, as needed,
by the ground. The BULK memory may, therefore, be used for other purposesif required a a
later time (i.e. theinitia download imageisloaded into the BULK memory and will be
reloaded into memory if the processor isreset by the watch dog timer).
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1.5 Power Supply
The power supply is designed to alow the DPU to control power to each of 3
receiversindependently.

The Langmuir probe is switched both in the power supply (analog el ectronics) and on
the HRP (digitd eectronics) where the datainterface exists. The Langmuir probe power
switching isinterlocked in hardware to prevent power from being applied to the analog section
when the digital section isnot powered.

Although the WBR and WFR analog converters are switched separately from the
analog electronics, thereis no internal requirement that they be switched oninany particular
order (dthough externd requirements may dictate the order of interna power switching).

Thereisno interna requirement for the order in which power is switched, any
dependencies are interlocked in hardware to prevent latch-up etc. Switching transientswill,
however, cause problems on the spacecraft if not sequenced correctly. The operating software
provides a means to sequence power correctly.

Also note that the instrument is capable of presenting power transentsto the
spacecraft if power isapplied cardlesdy. In most casesit isrequired that all of the receivers be
powered down prior to goplication of power in order to alow the receiversto be switched on
in the correct order. The HFR, for example, will cause RPWSto exceed power dlocation if it
is switched on when ether the L/P or WBR/WFR/MFR are powered.

1.5.1 BIU power requirements
The BIU requires anoticeable increase in power during transmission. The delta
current on the 5 volt supply seemsto be on the order of a 150mA-200mA increase.

The time constant in the power supply monitor circuit israther short so BIU operation
isvisiblein the housekeeping channd that monitorsdigital logic current. BIU pickups and
housekeeping interact in unexpected ways.
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1.6 Recaivers

The receivers perform the analog signa processing required to allow the A/D system
within the DPU to acquire data. Power to therecaiversis switched and under the control of

the LRP.

Thereceivers are switched in 3 groups: the Meudon HFR, the Upsala Langmuir probe,

and the lowaMFR, WFR, and WBR.
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16.1MFR

The MFR interfaceisresdent on the LRP and consists of the following parts.

1 3 Channel mixer clock (dedicated 8254)
2. 3 Channel A/D converter (shared with housekeeping channels)
3. Antenna Control bits

Control of the MFR is shared by hardware and software. The software driver controls
sweeping of the instrument by triggering the A/D converter and reprogramming the
8254 clock. Timing isderived from the operation of the BIU and is, therefore, daved
to the data collection cycle of the Spacecraft.

The MFR sharesthe A/D converter with other housekeeping functions. The A/D must
be properly handled to alow for proper settling of the various multiplexers. The MFR
handler and the Housekeeping handler share operating procedures designed to provide
proper multiplexer settling allowances. Sharing the A/D resources imposes some
timing restrictions that limit the peak rate at which MFR can operate aswell asthe
peak rate with which housekeeping data can be collected.

16.2HFR

The HFR interface is resident on the LRP and consists of the following parts.
1 Command channel (3 control lines, shared port)

2. Data channd, 8 hit (uses 8237 channdl)

3. Datatiming control (in ACTEL gate array)

The HFR is an autonomous system and is controlled by theissue of serid commands.
The HFR driver commands the HFR using aserid command interface with the shift
register implemented in software.

Dataretrieva from the HFR is assisted by the use of one channdl of the 8237.
Thetiming of data collection activitiesis controlled by an edge on one of the Sgnals
of thecommand interface. Thislineisunder control of the HFR driver softwareand is

synchronized with the data collection cycle of the spacecraft to within approximately
10mS.
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1.6.3WBR

The WBR interface is resident on the HRP and consists of the following parts.

1 Single Channel A/D converter

2. Antenna Control bits

3. Hardware compression chip.

4, Timing control (ACTEL gate array)

The WBR control is primarily hardware. Data movement is supervised by an 8237.
Antennaand filters are selected using a dedicated control port.

Thetiming of data collection activities may be controlled by asigna generated on the
BIU that iscontrolled by the data collection cycle of the spacecraft. Timing accuracy
islimited by the spacecréft (i.e. no software latency within the instrument). Data
collection may aso be run unsynchronized to achieve higher datarates.

There are quirks to obtaining proper operation when using the compression chip.

1.64WFR

The WFR interface is resdent on the HRP and consigs of the following parts.

1 5 Channel A/D system (2 converters and associated multiplexer)
2. Antenna Control bit

3 Hardware compression chip.

4, Timing control (ACTEL gate array)

The WFR control is primarily hardware. Data movement is supervised by an 8237.
Antennaand filters are selected using a dedicated control port. The hardware controls
multiplexing 5 analog inputs through the two available A/D converters.

Thetiming of data collection activitiesis controlled by asignd generated onthe BIU
that is controlled by the data collection cycle of the spacecraft. Timing accuracy is
limited by the spacecraft (i.e. no software latency within the instrument).

The compression chip is shared with the WBR. Only one analog converter may be
attached to the compresson hardware at any time.
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165L/P

The L/P interface is resdent on the HRP and consigs of the following parts.

1 8 bit data channd (command and data) using shared 8237 channel.
2. programmable clock (timer in 8155)

The L/P control may be assumed by either hardware or software. Data movement
may be supervised ether by the 8237 or under software control. The 8237 isused for
higher sampling rateswith the switch to software required for sample rates that cannot
be accommodated by the timer in the 8155.

Control bits are implemented within the L/P electronics, externa to the HRP. These
control bits are accessed by writing to the appropriate address that accessesthe L/P
datachannel.

No attempt has been madein the L/P driver to exercise high quality timing control.
Scheduling accuracy is limited to the basic system time reference which is 1/8 second.
Notethat very low sample rates are achieved using software control, resulting in some
jitter of the sample clock (i.e. when not using the 8155 for timing).
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2 SoitwareOvea view

The DPU contains minimal softwarein ROM. The ROM provides minima
capabilities, basicaly sufficient capability to operate without interfering with the spacecraft
(i.e the 1553 controller is configured in aminimal manner to alow software downloads and
provide valid ancillary datato the SC). For any science data to be gathered, an appropriate
software load must be supplied to the instrument.

The downloaded software supplied at launch conssts of ascience load, a deploy load,
and possibly amaintenanceload. The scienceload, asit'snameimpliesisintended to
operate the receivers, collect and deliver scientific data. The deploy load is used to operate the
antenna mechanism without ever powering the receivers (or collecting science data). The
maintenance load is intended to address some of the shortcomings of the ROM software
(dlows biasing the Langmuir Probe to be biased to any voltage).

The deploy software is used during the early portion of the misson for antenna deploy
activities. Once the antenna elements have been deployed, this software is no longer required
and should be removed from the SSR to prevent any possibility of moving the antenna
elements.

The maintenance software will be used at severd points during the cruise phase of the
misson. Thisload may be considered expendablein the event that a new science software
load is to be loaded onto the SSR (the maintenance software should reside in the non-default
partition of the SSR).

The science software is, obvioudly, required for any science activities asthe ROM and
other loads do not alow for telemetering science data (both deploy and maintenance software
make use of the housekeeping channdl only).

There isnothing that precludes the creation and use of any future software. Any
download that meets the restrictionsimposed by the ROM memory architecture should be
ableto be used in the instrument.
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2.1 Real TimeKernd

Thisisthe operating system for the instrument. The kernel mediates accessto the
hardware resources. The kernel isidenticd on al processors (asisthe core hardware
complement).

The kernd mediates accessto most of the system resources such as the CPU, memory
buffers, interprocess communications, hardware and interrupts. The primary user of these
resources are application programs that are referred to asaprocess. Each process has
associated with it a descriptor that is used by the kerndl to manage the process. Thereis
usually no reason to access fields within the process descriptor athough some degree of
command and control from the ground may be exercised through the fields within the process
descriptor.

The kernd servicesinclude process control in the form of prioritized process
management (i.e. apriority sengtive dispatcher), queue management, interrupt control (flag
services), time control (S/C time field maintenance), some utility routines, and an exclusive
access control mechanism.

At the beginning of each RTI period, the kernd receives control through the RTI
interrupt handler. The interrupt handler implements an access mechanism that alow
application programsto gain control of the CPU at interrupt level, updated the system time
field, scansthe delay list for processes that are ready to use the CPU and finaly makes apass
through the dispatcher to schedule any processesthat are ready to use the CPU.

Other interrupts may return control directly to the interrupted process or through the
dispatcher. Asan example, the 8237 interrupt handler will return control to the interrupted
process when no processis waiting on one of the 8237 interrupts, but return control to the
dispatcher when aprocessin aflag wait state on one of the 8237 flags. Thiswill alow higher
priority activitiesto gain control of the CPU when an interrupt causes a process to become
unblocked, but at the same time minimize the number of CPU cycles devoted to process
context switching.

A queueing system provides a meansto pass messages, such as data and commands,
between processes. Thekernd provides for run-time binding of the queues so that processes
may be built independently (the address of the queue control structures are bound at run time,
not link time). Queue activities can a so cause the dispatcher to run for the samereason. A
process that sends data to a queue may unblock a process waiting on data and activate the
dispatcher. Again, thereis an effort made within the kerndl to keep the number of CPU cycles
devoted to process context switching to a minimum.
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Interrupts are abstracted through the use of amechanismreferredtoasaflag. A
process that needs to wait for an interrupt to occur (typically waiting for aDMA activity to
complete) releases the CPU by calling the Flag Wait system service. The corresponding
interrupt service routine may then release the blocked process for execution by invoking the
Flag Set system service. Application code will not contain interrupt handlers and need not
attach to the interrupt system of the 8085 in a direct fashion.

Shared resources, other than the CPU, are managed using a set of system services
referred to as MX Flags. Any process that requires exclusive use of shared resource must
acquire the appropriate flag using the MX Flag call before usng the shared resource and the
corresponding release following use of theresource. In the event that a2™ process attempts to
acquire the same resource, it will be blocked until the 1% process rel eases the resource.

2.1.1 Process Descriptor
Fdds marked in the Critical column should not be dtered asthiswould, in most
cases, causethe softwareto crash.

Process Descriptor
Crit | Offset Size Description
0 8 characters Identification string
"Process”
8 4 characters Process Name
12 4 characters Process Verson
* 16 16 bits Process Thread
* 18 16 bits Scheduler Thread
20 8 bits Bank Select
21 8 bits Process Priority
* 22 16 bits Stack Pointer
24 16 bits Delay Count
* 26 16 bits QCB Pointer
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PROCESS DESCRIPTOR DATA STRUCTURE

P r
+00h Fixed text sting for use
o ¢ by iniiization code
MUST read ‘Process
e S May be useful for
debugging core dumps
S
n a
+08h Process name
m e  text premissibl
may change
X X
May be useful for
X X
PD Thread
s +10h e
PD S Thread
s +12h
BANK Prio Memory Bank
0 +14h Process priority (1-127)
+16h Stack Ptr Stack pointer
22
Delay count RTI delay counter
2 +18h Y
CB address QCB address, blocked Queue-Read
% +1Ah Q
University of lowa
2 +1Ch reserved lowa City, lowa, U.S.A.
PD.SHT
CASSINI REAL-TIME KERNEL
+1Eh reserved Size[pocument Number REV
0 A 96-60027 0
Date: November 24, 1993 [Sheet 7 of 12

BusInterface Unit. The BIU handler manages the 1553 interface e ectronics and
protocol controller chip. The BIU handler isresponsible for moving datainto the BIU
memory buffer and removing command/status information for the BIU memory buffer.
Command buffers are delivered to the 1¥ level command decoder.

The BIU Handler so manages and formats telemetry data. Data delivered directly to
the BIU from the HRP is managed by the BIU handler although the BIU handler does
minima work on this data (thisisreferred to as High Rate Science data). All other science
telemetry isformatted by the BIU handler for delivery to the spacecraft data system.

All of the telemetry data products managed by the BIU handler are formatted into
fixed sze blocks before being released for ddlivery to the S/C data system. Each block is used
completely (i.e. no morethan 32 hits of wasted space) before being rdeased to the SIC. This
behavior must be kept in mind when performing diagnostics on the instrument and when
operating at very low bit rates. Asan example, when the MFR isthe only instrument powered
and running (producing data at 56 bits/second), dataisreleased to the SC every 2 %2 minutes
even though the instrument produces a data set every 32 seconds.
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This packetizing is particularly evident when performing diagnosticson the
instrument when the receivers a powered off. In this scenario there is not a source of recurring
datato push the diagnostic data (such as MRO packets) through the BIU.

With the introduction of the V2.5 flight software, the BIU handler specificaly avoids
alowing the 8237 to remain active when the BIU handler iswriting to BCRTM registers
during the dead time handler.

2.3 Command Subsystem

We can break commands down into several broad classes based on where and how
they are processed. The 73ALF commands are used by the ROM software to load the
operating software into theinstrument. They are distinct in that they have parity that is
inappropriate for the command decoder within the science software. In addition, science
software recognizes the unique properties of the 73IEB_LOAD command (this command is
the only command available to the science software with alength encoding scheme that
encodes atotal length of more than 64 hits).

1. 73ALF commands (wrong parity)
2. 73IEB_LOAD commands (wrong length)
3. All remaining commands (proper parity and length)

Science commands are decoded using atwo level decoding scheme. Embedded in the
first word of each command are four destination bits and three length bits. The destination
fidd allowsfor al of 16 sdect. Thelength fidd allows commands of from oneto eight
words. Theinitial word of acommand contains 2 parity bits that are checked as the command
is extracted from the incoming command buffer. Invalid parity causesthe remaining contents
of acommand buffer to be discarded (which implies that multiple commands may arrive from
the spacecraft in any RTI).

73ALF commands are smply discarded by the science command decoder asthey
haveinvalid parity. The science software does not, then, have an effective method for loading
software patches other thanthe 73MEM_TWEAK command, which is capable of loading 8 or
16 bits of memory.

73IEB_LOAD commands must arrive aone (i.e. 1 command per RTI period) asthese
commands do not follow the norma length encoding method.

The presence of the length bitsin the remaining commands allows 1. level command
decoding to separate the incoming commands for delivery to the 2™ level decoding. The IPC
mechanism is used for transporting commands between 1% and 2™ level decoding. Asmight
be expected, the 1% level decode is performed on the LRP within the BIU handler.
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2", Leve decoding is performed by the process that actually makes use of the
command. Assuch, the2™. Level command decoder is distributed across dl of the
processors.

Notethat the 1¥ level decoder performsadud parity check on the 1% word of the
command and requires 7 bitsfor destination/length leaving 7 bits for use by the 2™. Leve
decoding. Although not astrict requirement, the 2. Level decoderstend to use 2 or 3 bits as
afunction code to implement individua commands.

As mentioned above, when the 1%. level command decoder encounters a parity error,
the remainder of the command buffer isdiscarded. Thiscan result in additiona lost
commands when multiple commands are delivered in asingle RTI period.

A block diagram of the RPWS command format is show in the RPWS Commands
section that follows

Also note that the 73ALF command index, 0010, could be assigned to a class of
commands for use with the science software. Not only do we have agood idea of when
commands arrive at the instrument (i.e. little danger of sending an ambiguous command when
theingtrument isin ROM vs. Science), but the reversed parity keeps ALF commands from
being executed by the science software and a science command being executed by the ROM
software.
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2.3.1Command/IEB Flow
A discussion of the command/IEB system follows. Use the following diagram to
better understand how the systems are interconnected.

BIU handler accepts commands from the spacecraft and takes care of updating the
command byte counter. The command byte counter, therefore, only registers commands that
are ddivered to the instrument from the spacecraft.

CMD, the command decoder,
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24 1PC Handler

Inter Processor Communications. Thisisthe half duplex, 8 bit communications
channel that connectsthe 3 processors. Asthe channel is haf duplex and connected to all
processors, only two of the processors may use the bus a any time.

The software driver completes the | PC subsystem. The driver handlesincoming and
outgoing datagrams, performing the required routing tasks. The IPC handler providesa
generic data trangport system.

The command decoding and delivery mechanism makes use of the IPC driver to
deliver commands from the 1% level command decoder to the various handlers. The IPC
driver will route traffic to any of the three processors (including the local processor).

251EB Handler
Instrument Expanded Block. Internal data collection scheduling.

This handler allows operating sequences to be downloaded into the instrument in order to
sgnificantly reduce the volume of commands to be ddlivered to the instrument to accomplish
an observation.

Thishandler processes what are, effectively, memory downloads in the form of
73IEB_LOAD commands. These loads are placed in an area of memory reserved for holding
these sequences.

The handler interprets the sequence and delivers the embedded commands when
commanded using the 73IEB_TRIGGER commands.

2.6 Watch Dog Timer

The watchdog timer is acombination of hardware and software. The hardware
portion islocated on the LRP and physically residesinthe Actel gatearray. The softwareis
goread across all three processors. The interface between hardware and software occurs as
part of the time lock processon the LRP.

The hardware consists of a 10 bit counter that is clocked at 7.629 Hz. When the top
bit goesfromaOtoal, the8085isreset. Thetimeout period for the watchdog timer is about
67 seconds. Thetimer isreset by writing to apair of 1/0 addresses (on the LRP, of course).
Aslong as both of the ports are accessed (prior to the 8085 being reset) the timer isreset and
the 8085 will continue to operate without interference. The HRP hasasimilar circuit but the
code congtantly keepsit reset, effectively disabling it.

The software portion conssts of aregularly scheduled process that accesses the reset
port (thisoccursin thetime lock process on the LRP), and ameans to include the other
processorsin the loop so that the failure of any of the three processors will force asoftware
reload (the mem tweak process dready passes commands from LRPto HRP to DCP and back
to LRP, s0 it was agood candidate for assisting)..
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The hardware interface, as mentioned earlier, residesin the time lock process. This
processis responsible for kegping DCP and HRP time updated and runson aregular basis(i.e.
more frequently than the hardwaretimer). Thereisan override flag (that may be dtered by
using aground command) that disables the watch dog timer (by continuoudy accessing the
reset ports), and a count-down timer that suppresses writes to the reset port when it reaches
zero (followed, in good time, by areset pulse to the 8085).

The software makes use of the IPC handler and mem tweak processto test al three
processors. Thetime lock process, on aregular basis, sends atime update to DCP and HRP
causing apacket to circulate through al processors and return to the LRP where the
housekeeping page is updated a ong with resetting the counter used in the time lock processto
continue to write to the watch dog timer reset regigters.

IPC handler smply routes traffic between the 3 processors. Failure of thishandler
inhibits ddlivery of traffic. Mem tweak commands are passed through al processors and back
to LRP with each IPC buffer causing afield in the housekeeping to increment (loop count).
The counter gives the ground alittle vishbility into the health of the processor complex. This
loop counter is used by the watch dog thread (in the timelock process) to rel oad the software
timer. Aslongas73mem_tweak commands continue to circulate through al processors, and
the loop count in housekeeping increments, the hardware watch dog timer continuesto be
accesed to prevent the reset from occurring.

2.6.1 WatchDog Timer Event 2002-271T07:09:50

The first watch-dog timer trip occurred on 2002-271T07:09:50 and was caused by an
attempted transition from a high rate trigger (with 80Khz WBR) to alow rate trigger (Trigger
28, Interplanetary Cruise). With FSW release V2.6, we began to redlize that the method used
to shut down high rate science data on the HRP was basicdlly flawed and was susceptible to
causng theHRPto hang. Findly, at the above time, the HRP did succumb and stopped
processing IPC traffic. Asaresult, the LRP no longer received looper traffic and stopped
retriggering the watch dog timer on aregular bass. The LRP reset wastriggered shortly after
thispoint. Thisevent demonstrates that the watch dog timer is effective in recovering froma
processor failure. What has not been demonstrated inflight is the capability to autonomoudy
recover from a failure without assistance from the ground. This particular event was
addressed by sending aset of patches to address 3 issues followed by a power-up command
and atrigger.

The patchesfor the V2.5 software that wasin use at the timefix the following bugs
1. WBRAGC holdoff. Patchin amissng instruction.

2. WFR/LFDR Mx when WBR High Band active. Patch a pair of addresses
that werein error.

3. Patch out the command that caused the WDT trip.
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Version V2.6 software (and subsegquent |1EB loads) do not contain the offending
instruction, although sending 73IEB_HALT, IDLE to the instrument will cause the problem
Seguenceto occur.

Version V2.7 removes the problem code sequence entirely. The 73POWER_CNTL,
PAUSE command is processed but no hardware actions are taken as aresult of this
command. 73IEB_HALT, IDLE command aso has had the 73POWER_CNTL, PAUSE
command removed.

2.71ngtrument Handlers

Each instrument is managed by aunique handler (or group of handlers). The handler
isrespongble for controlling the hardware interface to the instrument, accepting commands
for the instrument, gathering data from thereceiver, and finally formatting the data for
ddivery through the BIU. Some of the hardware used by the insgruments onthe HRP is
shared and the handlers make use of kernd services to mediate accessto the shared resource.

Aninstrument handler may congist of any number of processes located on any of the
processors. As an example the WBR/WFR handler conssts of eleven processes on the HRP
and 3 additiond processes on the DCP. The MFR handler consists of two processes on the
LRP. Communications between these processes may rely on the IPC handler or make use of
local communications methods.

Mx/Flag Comments Number LRP HRP DCP
Common to dl processors (parenthesis) indicates unused Mx/Flag
IPC Mx 0 IPC IPC IPC
IPC Int, Receive 1 IPC IPC IPC
IPC Int, Tranamit 2 IPC IPC IPC
8155 Interrupt 3 IPC L/P IPC
DMA Int ChO 4 m/mmove | WBR& L/P (n/a)
DMA Int Chl 5 m/m move WFR (n/a)
DMA Int Ch2 6 IPC IPC (va)
DMA Int Ch3 7 HFR L/P (a)
8155 Mx 8 IPC L/P IPC
9 MM move
10 BIU DCC AGC
11 WFR Mx
12 HSK?2 WBR Mx MAC
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Mx/Flag Comments Number LRP HRP DCP
13 RTI-0 L/PO LFDR
14 HSK L/P1 Read
15 HFR L/P2 Send

2.8 Memory Allocation Scheme

Code space and dedicated buffer space are satically alocated (when an application is
assembled on the ground). A module, such asthe handler for a given receiver, may consist of
any number of processes. This makes managing memory on the ground rather smple and
graightforward as each module has a block of memory to use. Thisaso makes building the
download for the instrument manageable while making the job of dump analysis much more
difficult. Dump anadysisiscovered inthe |EB I nternals section.

Thereisalso adynamic memory alocation scheme implemented within the kernd
that is used to facilitate interprocess communications. An areaof 6K to 12K isdivided into
256 byte blocks to be managed by the queueing system. Thispool of free spaceisused to
pass data and commands around the instrument (this is the data entity processed by the IPC
driver). Thispoll of free spaceisreferred to as F5 elements or Smply F5 in other parts of
this document.

These allocation methods al make use of the queueing facilities provided by the
kernel. Data moving through the IPC driver typicaly make us of global free space while data
moving within an ingrument handler would make use of local free spaceligts (i.e. the
WBR/WFR use severa free gpace poolstailored to the needs of the instrument).

Allocations:
1. LRP 5100-7EFF 11.5K
46 buffersinthe F5 queue
2. HRP 3EO00-52FF 5.25K
21 buffersinthe F5 queue
3. DCP 5100-7EFF and BOOO- BAFF 14.25K

57 buffersinthe F5 queue
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2.9 Verdon Contral Information

Each version of software has some means of unique identification. Starting with
Version 2.2 of the flight software the 1* ALF record contains version control information in
the data portion of therecord. Theinstrument does not make use of thisdata (i.e. it isnot
loaded into memory) so it may contain any pattern useful on the ground. Asof version 2.2 of
the flight software, 3 of the 16 words are defined.

The kernd dso hasaverson and date string embedded in the cold start code that is
updated asthe kernel ismodified and new loads are submitted. Although the version stringis
rather gtatic (the kernel has been at version 2.4 for some time), the data string is modified with
each submission. Thisinformation may be accessed through a 73M RO command if needed.

In some of the software loads (i.e. early science loads), a stim control packet may be
obtained (using the 73STIM command) . This packet contains a date code that mat be used to
identify the version of the software that generated the data (this appearsin the science
telemetry).

The housekeeping data stream may also be used to identify the software currently
executing in the processors. There are 3 unique CCSDS patterns associated with the
housekeeping. The CCSDS header can be used to verify that the operating software was, in
fact, downloaded, and if it was downloaded from the correct partition.

2.9.1 Verson verification procedure, on-line, prior to load

Obtain adump of the 1* SSR record for both the default and the non-default SSR
partition. This should be record 7067 (as of launch). The datawords may be compared with
the tables that follow to determine the rel ease version and the purpose of the load (i.e. science,
deploy, or maintenance). Be particularly observant of the maintenance vs. Deploy word to
guarantee that the appropriate load is on the SSR.

The instrument can now be downloaded, as required, and the housekeeping data
inspected to determine if the correct load was ddivered. If the default/non-default selectionis
reversed, the housekeeping CCSDS header will indicate a problem.

Recovery isassmpleas sending areset (73RT_RESET) and loading using the
aternate partition.
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29.2 ALF Reset record

The 1% ALF record of any load consists of an ALF record with dl of the destination
bitscleared. Thisrecord isused to identify the beginning sequence number of an ALF load
(starting sequence information isNOT contained in the ROM). In addition to the 1. reset
record, version 2.4 and later software may contain a2™. reset record that delimits the
beginning of memory image data

V2.4/\/2.5/V2.6 load contain | EB images at the beginning of the ALF load and
require areset record between the |EB image and memory imageto allow an internal reload to
occur properly. Typically the 2™. reset record would contain the software version number in
al datalocations

The only information within areset record that is used by the ROM is the sequence
and segment fields. Although the checksum isvalidated before being used, the data area of
the record may contain any desired pattern aslong asthe checksumisvaid.

The dataarea of the 1¥ ALF record is available to be used by Spacecraft or Ground as
any data pattern is acceptablein thisarea

ALF RESET RECORD

0 ALF ID WORD 0X2000
1 ALF SEOUENCE WORD 0x1B9B (7067)
2 Al E SFGMENT WORD 0X1000 ar NXNNNN
3 SPARE / RESERVED 0X0000
4 LOAD TYPE < 0X1111 SCIENCE
< 0X2222 MAINT
5 GROIIND ONI Y El AG
0XAAD0 DEPLOY
6 SSR STRATEGY
0X000AATLO
7 RESERVED (0)
0X0000 FLIGHT
) SOFTWARF VVFRSION < OXFFFF GROILIND
ONILY
9 BULK FREE BLOCKS
D15-8 MAIOR REV
10 BEGIN BULKALF RECORD
D7-4 MINOR REL
11 19 SOFTWARF VFRSION [picHy} PATCH (0)
20 EVEN WORD CHECKSUM R
21 ODD WORD CHECKSUM
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2.9.2.1 1 ALF_RESET Data Word

The 1%. ALF dataword contains an indication of the function thisload is intended to
perform. Currently there are only 3 software loads that will be used for flight activitieswith a
4", Being used for ground testing.

Verson Release 1s¢ ALF Comment
Date Data Word
Science N/A Ox1111 Indicates default partition data
Maintenance N/A 0x2222 Indicates non default partition data
Deploy N/A OxAAQ0 Indicates Antenna Deploy Software
Deploy N/A 0x000A Indicates specid Deploy Software
ATLO For ground use only

2.9.2.2 2" ALF_RESET Data Word

The 2. ALF dataword is aflag that indicates ground use only when set. Thisfied
isintended to be used asaquick sanity check of the software loaded into the SSR.

. Release 2YALF
Verson Date Data Word Comment
Hight N/A 0x0000 May be used for flight
Ground N/A OxFFFF NOT to be used for flight
2.9.2.3 3" ALF_RESET Data Word
. 39ALF
Verson Release Date DataWord Comment
No specid SSR loading strategy
23 May 1998 0x0011 (may beplacedin dl partitions?)
No specid SSR loading strategy
24 Summer 1999 0x0011 (may beplaced in dl partitions?)
i No speciad SSR loading strategy.
25 Winter 2001 O0x0011 (may beplaced in all partitions)
No specid SSR loading strategy.
26 Fall 2002 0x0011 (may be placed in al partitions)
27 Fall 2003 0x0011 ASaways, nothing specia here
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Dataword 3isintended for use in the identification of the SSR partition the load
beongsin. Asdrategies emerge, atable of valueswill appear here.

Currently, the build filefor the 2.3 and 2.4 |oads place avaue of 0x0011 in thisfield.
2.9.2.4 4"" ALF_RESET Data Word

Dataword 4 is currently reserved and should appear as zero.
2.9.2.55" ALF_RESET Data Word

Dataword 5 contains the verson number. The verson number may be duplicated
through to the end of the data area of the ALF record.

. 5h/8" ALF
Verson Rdease Date Data Word Comment
0x0220 1% release with verson information
2.2 July 1997 0x0220 contained in the ALF RESET record.
1%. Post-Launch release
0x0230 .
23 May 1998 Misc Fixes
¥ 0x0230 MiniPKT non-blocking
24 March 2000 Ox0240 Cr'\L;; 'S:CL;FS:;GS
: ar
0x0240 |EB loader changes
25 ) 0x0250 WPV violation problem found & fixed
' Winter 2001 0x0251 Other misc. fixes
Misc Fixes
2.6 Fall 2002 8§§$ Burst WBR/ Toggle WFR
Telemetry mode updates
0270 RST-5 Fix
2.7 Fall 2003 X270 Removal of 73POWER_CNTL
implementation

Word 8 isaso documented here. Thisisthefirst free dataword as of verson V2.5
software and has been used to indicate an intermediate update of the IEB load. Finding 0x250
in the 8". Word would have been an indication that an inappropriate internal |EB is present in
the flight software |oad.
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2.9.2.6 6'" ALF_RESET Data Word
Remaining BULK memory records.

This should contain the number of ALF recordsthat remainin BULK memory. For
lack of a better place to sore the information, thisword provides a convenient place to save
this count.

2.9.2.7 7'"" ALF_RESET Data Word
1%. ALF Record in BULK Memory

Thisisanindication of where the | EB image ends and memory-image begins. When
using the ALF mechanism to load |EB memory, we must place | EB image before memory-
image so that |IEB isnot placed in BULK memory (to avoid overflow).

Again, notethat the 2™. reset record will nomindly have al datawords filled with the
software verson number.

2.9.2.8 8" ALF_RESET Data Word

|EB Update Indicator. Thisisapsuedo-verson to indicate abuild, with no kernd
changes, that contains an updated |EB image.

2.9.2.9 9"" ALF_RESET Data Word

IEB Verson string. This should contain the Phase and release number from the Base
IEB. Weseeaversion string C352 inthe V2.6 base |EB and this word will contain the value
0x0352.

2.9.2.10 Remaining ALF_RESET Data Words
All of the remaining words will contain the version number.

The firg of this group of words may contain update information, for example V2.5
software contains 0251 in the first of these remaining words to indicate that thisisthe correct
build as some | EB updates were applied after the FSW |oad had undergone severa hundred
hours of testing. Access to these remaining datawords is available through the build files
used to creste the first ALF recordsin theload, in this case the MAPIEB.BLD control file.
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Additional verson unique identifiers may appear in these remaining words by placing
the desired valuesin the MAPIEB.BLD control fileusing the/RESET directive. Theline
should appear asfollowsfor the V2.5 flight load:

/RESET=0x0000,0x1111,0,0x0011,0,*,25,7233,0x0251

The 8™ item (0x251) has been appended to thisload to differentiate it from previous
ALF loadsthat contain identicdl flight software but differing internal 1EB loads. Although the
|EB load contains identifying information that is readily available in the next ALF record, we
add the information at this point to allow verification using only theinitial ALF record record
in the load.

2.9.3 Verdson verification procedure, off-line, usng science tdlemetry

If the STIM handler is present and the instrument has been controlled using
73IEB_TRIGGER commands, the science telemetry may contain STIM packets that will
contain an 16 bit identifier. Thisidentifier may be compared with the tables that follow to
determine the version of the science software that generated the data.

2.9.3.1 STIM Packet Data Word

Version information from the running science software is presented in a Stimulus
Control Packet that appears only asaresult of aStimulus Control Command. Much of the
internal 1EB activities generate stim control packets that adso contain information about the
step number within the IEB that iscurrently active. Thelast 16 bits of the packet arethe
Stim pkt 1D and must be converted to decima for use with this table (this number is smply
the day-of-year when the stim handler was last assembl ed).

46



Stim Packet Data Word

Verson ReeaseDate | Simpkt ID Comment
1.0 February 1996 N/A Initidl release
1.1 April 1996 N/A PFR fixes
1.2 June 1996 191 PFR fixes
1.3 July 1996 191 Introduction of STIM packets
14 January 1997 357 Crashes dueto interrupt problem
15 not rel eased
1.6 March 1997 041 Firgt fully functional HRS mode
17 Small PFR/bugfix
20) Jne 1997 108 introduction of DUST detection
2.1 June 1997 150 PFR (HFR Hang) fix
2.2 July 1997 195 PFR (SLEEP power problem) fix
Misc fixes
23 June 1998 100 MiniPKT non-blocking/fast delivery
IPC deadlock fixed
HSK, LOCK, TWEK changes
24 March 2000 306 |EB handler changes
73POWER_CNTL ?(for WBR)
WPV Fix
Misc fixed
26 October 2002 75 WBR Burst & WFR Toggle
Telemetry mode updates
. Patchin BASE 2.6.51EB
26 April 2003 76 Fixe3s glitch caused by WBR
RST-5 Fix
27 Fall 2003 303

Remova of 73POWER_CNTL
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29.4 Verson verification procedure, on-line, post load

The housekeeping data will already indicate which load is executing (i.e. ROM,
Science or Deploy/Maintenance). Recovery at this point involves areload from the
appropriate partition.

To determine the version of the software, use the tables below to send a73MRO
command to dump the kernel memory that contains the version and date strings. Asthisisa
short string, it is probably reasonable to send the data to the housekeeping stream, particularly
if real time dataisavailable.

2.9.4.1 Kernel Version String

The kerndl dso contains a string used for version identification. Thereisastring that
identifies the version of the kernd that may be used to locate the kerndl source filesaswell as
astring that indicates the date on which the kernel source was assembled.

The Kernedl Date Sring should change with each release of the instrument software
(the Kernd Version Sring isthe kernel version, not the rel ease version).

In the event that the flight software is submitted without change to the code area(i.e.
when |EB commands are the only changes) the kernel version string and kernel date string
remain unchanged. Inthiscase, the patch level in the reset records would be update, for
example from 0x240 to 0x241.

vason | [orne | Kena | vegon | e ot

String String | Location | Location

21 V23 97171 OxO7BE | 0Ox07C6 Kernel isactudly V2.4

22 V24 97195 0x07B9 | Ox07C1

23 V25 98065 0x07B9 | Ox07C1 No kernel changes

24 V25 98220 0x07B9 | Ox07C1 No kernel changes

25 V25 01349 0x07B9 | Ox07C1 No kernel changes

26 V25 02240 0x07B9 | Ox07C1 No kernel changes

2.7 V2.6 03003 0x07B7 | 0xO07B9 Expanded Flag Array
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When dumping data through the housekeeping telemetry stream, the HSK Dump
Location column should be used to obtain al of the useful version informationin asingle
MRO record (each MRO record in housekeeping has 10 bytes of dump data).
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2.10 Softwar e ddivery procedure
Seems we forget how thisworks every timewedo it, so here goes...

Contact the contact person and request that the directory be opened for access and note
thefilesthat are present in the directory from the last delivery, thefiles should match those
listed in this document.

Remove the old filesfrom the directory and FTP the current files. Thetar archive,
being around 600Mb issize, will take severd minutesto transfer.

Reformat the ALF file (using something like 'dos2unix -ascii <infile> <outfile>") and
remove the incorrectly formatted file.

Notify JPL that the filesare in place and schedule a DCM/SRCR teleconference.

2.10.1 JPL contacts
Ddivery DCM

Verson Date Date Contact Person
V23
V24
V25 Bill Lackey
V2.6 |10/02/02 | 10/25/02 Bill Lackey
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2.10.2 Delivered files
The following files are copied to a directory on the SOPC.

1. RDDs (release description documents)

ger*.rdd
cover*.rdd
scien*.rdd
change* .rdd
testr*.rdd

2. MAPfiles (memory usage maps)
mapieb.map
mapkrnl.map
maplrp.map
mapadcp.map
maphrp.map

3. 73ALFloadimage
map.af

4. FHileligting
cassini_fs 1file lig

5. sourcearchive (tar archive)
cassini_fs 1tar

6. ALFfile (UNIX textfile)

rpws_science af *.text

Notes

1. TheALFfileistheonly filethat MUST follow UNIX text file conventions (i.e.
Line termination is OXOA only; and the file doesNOT terminate with a 0x1A).

2. Theverson number is present in the RDDs and the AL F file (represented by the
agerisk inthe abovelists).
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2.11 Spacecraft Time

The spacecraft maintains and distributes a 32 bit field representing seconds from some
defined epoch. Thistimeis distributed to all instruments once each second during the 6™ RTI
period (RTI period O occurs as the second changes). The instrument notices the arrival during
RTI period 7 and moves the upcoming second field from BIU memory into the new timefield
located in the system data area and sets aflag to indicate atime update has arrived. During the
next RTI period, the processor moves the new timeto the current time and clearsthe RTI field
to zero to indicate thisisRTI O.

During each RTI interrupt the RTI field in the system dataareaisincremented. Inthe
event that S/C fallsto deliver atime update, the current secondsfield isincremented when the
RTI fidd overflows. The LRP should have an accurate idea of timeif the S/C isdelivering
time information without discontinuities. If the S'C ddivers discontinuous time, serious
scheduling problems can occur with the HFR and MFR. Notethat is not essentia for the S/C
to ddiver atime update every second, (asingle accurate time along with an accurate 1/8
second RTI pulse should be sufficient to set an accurate time).

In order to keep DCP and HRP up to date, a2 level mechanismisemployed. ThelPC
mechanism is used to ddliver upper bits (coarse) of the current time, while astatussgnd is
generated to indicate the lower bits (fine) areall zero. During RTI-0when the lower 8 bits of
the seconds field is zero, asigna isdelivered from LRP to both DCP and HRPto signd the
event. DCP and HRP notice the signa while processing the RTI interrupt and clear the lower
time bits (8 bits of secondsand RTI). Withintwo RTI periods, the LRP generates apair of
MEM_TWEAK commandsto set the upper 24 bits of time and sends the commands on to
HRP and DCP to synchronize the coarsetime.

This combination of ahardware assist for the fine time and |PC communications for
coarse time allow DCP and HRP to establish the correct value for time. The RTI sgnd
processed by the three processorsisidentical and the time synchronization statussignal is
synchronized with the RTI period in hardware.

This synchronization occurs every 256 seconds. If the spacecraft time isinaccurate
the DCP and HRP will reflect abad time until the next update occurs(i.e. the next time S2C
ddiversatimewith LSB equal to zero). Also note that the LRPis essentialy daved to the
time ddivered from the spacecraft(L RP time field is updated each second when SICis
operating normally). If the S/C is delivering time each second and delivering it correctly, we
can expect DCP and HRP to fall into synch with LRP within afew minutes. If, on the other
hand, S/C is delivering bad time, and delivering them regularly, then we can expect DCP and
HRPto have bad time.

If the S/C isdelivering good time, but missing delivery windows, the LRP will free-
whed through lost time updates in the same manner that DCP and HRP maintain their time
during the 256 second update cycle. When LRP noticesthat the LSB of the timefield is zero,
it will trigger the RT1-0 pulse and deliver the upper 24 bits of time asusud.
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2.11.1 Failure mechanisms

There are several problemsthat can lead to inaccurate time or to scheduling problems
within theinstrument. Bear in mind that the assumption is made throughout the architecture
of thetime system that S/C will deliver accurate time and RTI signalsto the instrument.

RTI period drifts with respect to thetimefield. The RTI signa isassumed to be
exactly 1/8 second. Any deviation will cause RTI periodsto be lost resulting in atime dip
between LRP and DCP/HRP that may take up to 256 secondsto correct. Obvioudly if thereis
ggnificant drift inthe RTI signd, the timefieldswill be constantly be corrected resulting in
scheduling anomdiies (particularly evident in the WBR/WFR data).

Occasiond bad times may dso result in scheduling anomalies. Thereisno
mechanism in place to vdidate the time delivered by the SIC. If abad timeisddivered with
the seconds field set to zero, atime update will occur on the DCP/HRP that may not be
corrected for up to 256 seconds. Thiswill, again, by most evident in theway WBR and WFR
data acquidition is scheduled.

In the event that SC fallsto deliver atime update (or if the messageislost/garbled),
the instrument should automatically update thetime asthe RTI field overflows. Thisisan
expected event and should cause no problems. If the update indicates an mode change, the
BIU handler will notice any changein the number of science telemetry packets collected and
adjudt the formatting activities (and flow control to HRP) to match.
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Upper 3 bits count RTI O through 7
Bit 0 indicates no time from CDS
BIU handler must set RTI count when new time
from CDS has been received
BIU handler clears bit 0 when updating the time
TIME ISR will only set bit O (never clears it)
TIME BUFFER Bits 4..1 used to sequence HRS
— [ JFroM I \ I \ I \ I \ \
UPDAT RTI SECONDS FROM EPOCH
FLAG| COUNTLSB currenTRTI MSB  SPRRRNT|  &¥R RI,EIIE\II\(IBT‘ STMISRC \ S Scl STV ENG
TIME_BUFFER+16:
I ] I I I I I I I I I
MESSAGE ID %ECONDé FROM EPOCH CURRENT, CURRENT, _NEXT NEXT NEXT
DELTA UPCOMING RTI STMSCI | STMENG | STM/SRC | STM'SCI | STMENG
KERNEL pickup of UPCOMING RTI durint RTI O
when UPDAT FLAG is set to OxFF. RTI COUNT
TU R N ON LSB set to '1' when no UPCOMING RTI found AT
UPDAT FLAG cleared when UPCOMING RTI (T:‘t’:ASESISNF:LEAL—T\ME KERNEL
moved to CURRENT RTI o Tmebite -
2.12 S_EEP Management

It seemsthat we need to mention the method used to manage bringing the instrument
in and out of the low power SLEEP mode. The management of deep isdistributed over the
LRP and HRP. Thisisrequired to smplify the hardware design and, we hope, to increase
religbility.

2121 ROM

In ROM mode, al control functions are coded as smple control loops. Onthe LRP,
one pass is made through the control loop each RTI period with the BIU discrete bit being
checked at the same point in the loop. If the SLEEP Discrete has changed, the control bit to
DCP and HRP is changed accordingly. The only power control isfor the Langmuir Probe and
this power switch is disabled when the sleep bit is encountered in an active state.

The DCP has no power switch and is essentially obliviousto SLEEP o thereisno
gpecia handling required.

The HRP has a power switch for the Langmuir Probe, Smilar to the switch on the
LRP which is deactivated whenever the deep statusline is asserted.
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2.12.2 Science & Special Maintenance

The downloaded software provides support for multitasking so we iminate the
sample control loop found in the ROM code. Thisalows the work to be broken down into
individua tasks to make management smpler, a least that's the plan.

Seep may be asserted using ether the discrete bit or acommand to the instrument.
Either command may be used, but the instrument command is treated with less respect when
exiting deep mode (see 73POWER_CNTL).

Onthe LRP, the BIU handler monitorsthe deep discrete. When the deep discrete bit
is asserted, the BIU handler clears the power switches on the LRP and asserts the sleep satus
lineto DCP and HRP.

The DCP software ignores the deep state as it has no power switchesto control.

Starting with V2.2 the HRP monitors the sleep status using the | PC Watch Dog Timer
context. When deep statusis active, it commands both the L/P and the A/D power switchesto
the off gtate. Thismonitoring occurs once during each RTI period. The code fragment
happens to be located within the L/P handler. Note that none of the activitiesthat occur in the
context of the IPC WDT are allowed to use kernel services that can block the CPU (in order to
prevent deadlock Stuations). This particular implementation resultsin minimal memory and
CPU overhead.

Starting with V2.3, the HRP handles SLEEP in 2 stages. During thefirst RTI that
SLEEP s presented to the HRP, the timing control processesfor L/P, WBR, WFR, LFDR,
and DUST are stopped by writing a zero to the gppropriate control bytes. This stops
subsequent data acquisitions and will, eventualy, cause the HRP to stop delivering data
When RTI remains active for more than 4 consecutive RTI periods, the power control ports
are cleared to remove power from the L/P digita e ectronics and from the analog converters
onthe HRP. Any subsequent activity on the SLEEP line has no effect asthe HRPis
executing a Hat ingtruction for most of the RTI period (in other words, power levelswill not
increase when SLEEP is de-asserted)

The V2.3 software aso continuoudy clears the two power switches on the HRP when
SLEEPisactive. If, for any reason, a 00PORT_TWEAK command isissued to attempt to
power up the WBR/WFR analog converters or to power on the Langmuir probe digitd
electronics, the deegp management module will clear the power switch at the start of the next
RTI period. It should not be possible to increase the power dissipation on the HRP for more
than asingle RTI period if an attempt is made to activate either of the switches.

This handling of the sleep function isintended to alow the instrument to transition
into deep within five RTI interrupts or lessthan 3/4 second.
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The gtatus returned in the housekeeping telemetry that indicates that the instrument is
in deep does not indicate the ingtrument has exited the deep state until power is gpplied to the
receivers. In other words, the housekeeping telemetry will continue to indicate that the
instrument in sleep until apower command isreceived. Note that power commands are
ignored when the sleep discreteis asserted.

2.12.3 Exiting Sleep

When exiting deep mode, the LRP will not command the DCP/HRP clock control to
full speed until apower command isreceived. Since no datais acquired when the power
switches are off, there is no reason to have DCP/HRP docks running at full speed.

Thismay lead to some confusion when observing the housekeeping display asthe
clock rate indication in the housekeeping telemetry is, effectively, synonymous with deep.
Some of the GSE digplay take the clock rate status bit as an indication that the processor isin
deep date, so it may appear that the indrument has missed a SLEEP ACTIVE command. This
apparent error will be corrected when the 1% power command is processed by the instrument.

If it becomes necessary to switch power on the HRP immediately following a SLEEP
date, either make use of the 731IEB_TRIGGER, MASK command or send 7Z3POWER_CNTL,
SLEEP, ACTIVE to redease HRP/DCP from the deep Sate.
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2.12.4 Power Control Hardware Summary
Just aquick review of what the hardware that is connected to the sleep discrete bit.

Notefrom this, that the 73POWER_CNTL, PAUSE command should not be used
when the Langmuir Probe is powered asit will remove power from the L/P momentarily and
then re-apply the power 2 RTI periods later. Although the L/P electronics arerelatively low
power, switching both sections at the same time will cause power spikesto overlap, possbly
exceeding peak power available to RPWS.
2.12.4.1 Power Control: LRP

1. MPFR Clocksare disabled during deep HARDWARE INTERLOCK

2. L/Panalog enableisdisabled when HRP power switch is disabled
(interlocked with L/P digital on HRP)

3. L/P, MEOQ2, and HFR power are under loca software control only
(no hardware interlock).

4. Seep statusto HRP/DCP are under loca software control only
(no hardware interlock).

5. Processor clock speed isunder local software control only.

Note the purpose of the L/Pinterlock isto guarantee proper sequencing
of power to L/P.

2.12.4.2 Power Control: HRP
1. L/Ppower isinterlocked with the deep status, it isalso under locd
software control (i.e. either source may assert deep, in other words
both must be in the correct state to apply power).

2. HRPanaog sectionis under local software control only (no
hardware interlock).

3. Processor speed is controlled by LRP.

Note the purpose of the SLEEP interlock on the L/Pisto force proper
sequencing of power to L/P.

2.12.4.3 Power Control: DCP

1. Processor speed iscontrolled by LRP.
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3 Deploy Operations

This section describes the operations and software for the antenna mechanism. The
deploy softwareis used only once and then removed from processor memory. Itisaso
expected that once a deploy has been successfully performed that the deploy software would
be removed from the SSR (i.e. spacecraft memory).

The antenna €l ements were successfully deployed in October 1997 and the deploy
software was overwritten shortly thereafter. This section of the users manua isincluded for
reference, particularly with respect to the temperature monitor.

3.1 Red TimeKernd

Deploy software runs under the same rea -time kernd used by the science software.
The same BIU handler and Command decoder used by science software are also used here.
Mogt of the commands that the instrument would normally accept would ssmply be discarded
by the IPC handler asthe software components that would use the commands are not loaded.

The kernel may be loaded into the DCP and HRP to reduce power consumption (by
causing the DCP/HRPto executeaHALT ingtruction) athough no application software
would be loaded.

Note that having the kernel |oaded on the DCP/HRP may mean that | PC activity is not
possible (dueto lack of IPC drivers on DCP and HRP). Although the LRP will not crash
when an attempt is made to deliver traffic to DCP/HRP, this may causethe |PC driver on the
LRP to block subsequent traffic as the driver performsit'serror recovery activities (on the
order of severa seconds for each packet). 73MEM_TWEAK commands, in particular, will
attempt to deliver traffic to DCP/HRP.

When the kernel in not loaded on DCP/HRP, the ROM code will accept | PC traffic
athough at adightly reduced rate. Although IPC traffic isddivered to DCP/HRP noneis
ever generated (the protocol used in ROM modeis dightly different in that IPC traffic is
awaysinitiated by the LRP).

In either case, DCP/HRP is missing the software necessary to originate traffic so the
loop counter in the housekeeping page never increments.

3.2 Antenna Control Software
The control software isresponsble for controlling the bits that select the antenna
element, it's direction, and for monitoring satic operating limits.

The gtatic monitoring checks temperature, pogtion, current, and limits switches
againg pre-set limits. If any limits are exceeded the software will clear the power control bits
and wait for the next command.
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3.3 Antenna Commands

In addition to the commands documented in CAS 3-291 the antenna software
recognizes several undocumented commands. These commands are listed with the antenna
commands with descriptions of their use.

The undocumented commands are not expected to be used during the deploy
operation and were not supplied to JPL for inclusion in the 3-281 document.

3.4 Antenna Monitoring

The monitoring software performs dynamic monitoring. This consists of watching the
position potentiometer to insure e ement movement. |f the position pot does not change value
for approximately 8 seconds, the monitoring software will issuea OOANT_HALT command.

In addition to the monitoring operation, this software keeps alog of postion and
current information that is delivered to the ground.

The monitoring software a so keeps arunning record of the deploy activity with atime
resolution of afew seconds. Thereis sufficient memory to record the entire deploy of asingle
element. Thisrecord isnot disturbed by the science software aslong asthe HFR remains
powered off. Thedatais continuoudy presented in the housekeeping. Inthe event that a
housekeeping record islogt, the data it contains will be presented in the housekeeping when
the data pointer wraps around

Although the monitored dataiis continuously (and repeatedly) presented in the
housekeeping data, it is possble to perform amemory readout to obtain the datain
sgnificantly lesstime. This method makes use of an extended MRO command and requires
that the time synchronization activity be suspended for the duration of the dump (as you may
expect, no other MRO or MEM_TWEAK commands may beissued during the dump). This
group of commands may be issued to any of the downloaded software beforethe HFR is
powered (the HFR makes use of the same area of memory used to store the antennareadings).
Thelast MRO is present to flush data out of the BIU and may not be necessary in dl cases
This can be accomplished usng the following commands.

00:00 73MEM_TWEK, LRP, BYTE, 0x60, 0x00, LOCK
00:05 73MEM_TWEAK, LRP, BYTE, 0X14, 0X40, TWEK
00:10 73MRO, LRP, TLM, 8000, BFFF

05:00 73MEM_TWEAK, LRP, BYTE, 0X14, 0X40, TWEK
05:05 73MEM_TWEK, LRP, BYTE, 0x60, OxFF, LOCK
05:10 73MRO, LRP, TLM, 0000, 03FF

00:00 73WRAP, (3862, 0060, 0000, 4F4C, 4B43)

00:05 73WRAP, (3862, 0014, 0040, 5754, 4B45)

00:10 73WRAP, (3483, 8000, BFFF)

05:00 73WRAP, (3862, 0014, 0040, 5754, 4B45)

05:05 73WRAP, (3862, 0060, 00FF, 4F4C, 4B43)

00:10 73WRAP, (3483, 0000, 03FF)
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3.5 Antenna BIU Discrete Bits

Three of the eight BIU discrete bits are used to enable the latching relays within the
antenna control electronics. One discrete bit is dedicated to each antenna. In order for the
relay that controls power to the antenna mechanism to be switched on, the corresponding
discrete bit must be enabled. The control signa, generated by the processor, is gated with the
discrete bit to control the latching relay.

Note that the BIU discrete bit is used to control alatching relay. Thismeanstha
removing the BIU discrete does not directly remove power from the antenna mechanism. The
software monitorsthe BIU discrete during the deploy operation and removes power from the
antennamechanism within 1 RTI period if the discrete bit becomesinactive.

3.6 Antenna Softwar e memory dump

In order to perform apost mortem analyss on the deploy software the following
memory dump may be used. Thisdump assumesthat science telemetry in excess of 1500
bits/second isavailable.

00:00 73MEM_TWEAK, LRP, BYTE, 0X14, 0X40, TWEK
00:05 73MRO, LRP, TLM, 0000, 7FFF
06:00 73MRO, LRP, TLM, 8000, FFFF
12:00 73MEM_TWEAK, LRP, BYTE, 0X14, 0XCO, TWEK
12:05 73MRO, LRP, TLM, 8000, BFFF
15:00 73MEM_TWEAK, LRP, BYTE, 0X14, 0X00, TWEK
15:05 73MRO, DCP, TLM, 8000, 83FF

3.7 Antenna Status

Status values are present in the housekeeping and are updated upon reception of a
command or completion of acommanded operation. The housekeeping section discusses
details of the information available in the housekeeping.

Two items worth mentioning here concern the Command Pattern field and the
Reason Code field.

The Command Pattern field contains the 1. 16 bits of the last command received. In
most cases the command is generated from the ground so thisfield will not change by itsdlf.
When the antennaiis moving, however, the antenna monitoring software may decide to stop
antenna element movement for one of several reasons. This antenna monitor routine does not
directly control the registers used to control the deploy electronics. 1t accomplishes the task of
stopping movement by sending an antenna hold command to the antenna control routine.
The command is delivered directly to the antenna control software, past the point where parity
checking is performed. The 73ANT_HOL D command has the parity bit inverted to
distinguish it from commandsthat originate on the ground. The actual patterns are
documented in the housekeeping section of this document.




The Reason Code field contains an indication of the reason that the software made the
transition to anidle Sate. There are, however, severd status codes that must be used to
indicate that the antennaelement ismoving. 1nthe nominal case, the d ement will be retracted
until the retract limit switch istripped followed by afull extension in order to release the
retaining pin that keeps the element from extending due to vibration during launch. Thereis
no distinct status used to indicate the first tep isin progress or has been successful asthe
operation requires lessthan 2 seconds. Thetext with the status message that is expected
during anormal extension indicates that an initia retract was requested prior to extending the
element (as opposed to an extend continuation that would not attempt to perform ashort
retract prior to extension).

3.8 Antenna Pogtion & Temperature Analysis

ANTENNA MECHANISM POSITION/TEMPERATURE ANALYSIS
vee vee vee vee
R R R R
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Date: August 26, 1997 [sheet of

Equivaent Circuit for antenna mechanism.

Each of the antenna mechanisms contains the above circuit to monitor the position and
temperature of the deploy mechanism. Note that the limit switches are closed only when the
element isfully retracted or extended and may be ignored when performing the analysisto
convert from the GSE readings to those expected to appear in the housekeeping telemetry
during deploy.
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3.9 Antenna Position Table

The position measured on the GSE are available for the full deploy. These
measurements were taken when the antenna element wasingtalled. It may be necessary to
make note of the initial element pogition prior to the beginning of the deploy operation asthe
position pot may have been reset during handling or when the antenna e ement was trimmed.

The TLM values are caculated from the measured GSE values and are approximately
the value that will be displayed usng the GSE display software. The TLM value represents
the voltage that appears at the input to the A/D converter onthe LRP.

Installed as EZ Installed as EX - Installed as EX +
87 Serial Number 005 Serial Number 006 Serial Number 007
Len GSE TLM GSE TLM GSE TLM

Value Value Value Value Value Value
om 059 0.74 094 1.06 089 1.02
im 091 1.04 123 1.33 118 1.28
2m 122 1.32 153 1.60 148 1.56
3m 154 1.61 183 1.88 178 1.83
4m 186 1.91 212 2.14 208 2.08
5m 218 2.20 243 2.43 237 2.37
6m 250 2.49 273 2.70 267 2.65
7m 281 2.78 303 2.98 297 2.92
8m 313 3.07 333 3.25 326 3.19
9m 345 3.36 363 3.53 356 3.46
10m 378 3.66 393 3.80 388 3.76
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3.10 Antenna Contingency Commands

The following table may be used to specify commands that may be used to ater
dynamic monitoring tables in the antenna deploy software in the event that the default timer
vaue of 900 seconds ( 15 minutes) isinappropriate for conditions a the time of the deploy
operation.

It appears from the data gathered during assembly of the antenna mechanismsthat a
combination of low bus voltage and low temperature can result isadowed deploy operation
resulting in atime expiration prior to full eement deploy. These commands may be used to

ater thetimers prior to deploying the antenna e ements.

Tim EX + EX- EZ
e
Sec
900 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
1C20 1C20 1C20
950 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
1DBO 1DBO 1DBO
100 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
0 1F40 1F40 1F40
105 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
0 20D0 20D0 20D0
110 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
0 2260 2260 2260
105 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
0 23F0 23F0 23F0

Another method that may be employed to overcome a duggish deploy operation isto
samply resend the deploy command, athough this requires the use of aspecid deploy
command variant that suppressesthe initia retract operation that isrequired to release the

caging pin.

EX+

EX-

EZ

73WRAP, 1002

73WRAP, 1004

73WRAP, 1008
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following table.

If it is deemed necessary, the timer may be set to an gppropriate value from the

Tim EX + EX- EZ
e
Sec
50 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
0190 0190 0190
100 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
0320 0320 0320
150 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
04B0 04B0 04B0
200 73WRAP, 1643, 00, 00, 73WRAP, 1645, 00, 00, 73WRAP, 1649, 00, 00,
0640 0640 0640

The following table may be used to dter the cage pin retract timer. The default retract

period is one second or until the limit switch istriggered. Changing thislocation will affect
the maximum period of timethat will be spent retracting the antennain search of the retract

limit switch. Thetimeperiod isexpressed in RTI periods with the default value being 8 (for a

time-out of 1 second).

Verson

Command

22

73MEM_TWEAK, LRP, BYTE, 0x2755, nn

73MEM_TWEAK, LRP, BYTE, 0x7?7?, nn
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4 MaintenanceOper ations

A low impact maintenance capability isbuilt into the ROM in theinstrument. In
addition to providing AL F download capability, the ROM will allow the Langmuir Probeto
be biased at gpproximatdy 10 volts. Although this voltage falls within some specification it is
not optimal for scouring the sphere during the early portion of the mission wherethe SCis
closeto the sun.

If ahigher bias voltage is desired it becomes necessary to download the maintenance
mode software. The maintenance mode download makes use of many parts of the science
software load to alow the Langmuir Probe to be switched on and biased using the BIU
discrete bit that is used to activate maintenance mode.

The Langmuir Probe module used in science mode aong with a unique module usd
to monitor the maintenance command from the BIU provides control of the Langmuir Probe.
This approach alows reuse of aworking module without change. Asaside-effect, itis
possible to operate the Langmuir probe in amore-or-less normal manner when the
maintenance bit is asserted (this being the only way to power the L/P electronics).

The specia maintenance mode handler does not provide any support for
73POWER_CNTL commands, so itisnot possble to enable power on any of theinstruments
using the power control command.

Many of the utility functions present in the science load are, however, avalable. The
MEM_TWEAK and MRO commands are functional.

With the rdease of Verson V2.3 science software, maintenance may be run using
73IEB_TRIGGER, MASK, 0, 3. Dueto hardware and software limitations, this maintenance
mode does not set the associated discrete status bit (Smilar to the V2.2 maintenance software).

4.1 Periodic Instrument M aintenance

Periodic Instrument Maintenance may be performed using either the ROM or the
downloaded maintenance software. PIM is controlled by the BIU discrete bit using the
73RT_MAINTENANCE command.

The purpose of downloading code to perform maintenance isto alow the Langmuir
Probe to be biased to ahigher voltage. Failureto download the maintenance software will
result in the L/P being biased to 10 volts rather than the level specified in the download. This
differencein voltage, dthough not optimal, isNOT fatal to the PIM activity.

The following section contains the standard PIM sequence for RPWS and the
rationale for the choice of commands, their order and timing.

65



4.1.1 PIM Commands
Sample PIM commands. The find command may be followed by a73RPWS_POWER,
OFF command to shut the instrument off, if required.

00:00 73RPWS_POWER, ON

01:00 73RT_RESET, RELEASE
01:05 73RT_RESET, RESET
01:10 73RT_RESET, RELEASE
01:15 73RT_SLEEP, ACTIVE
07:45 6EXT_MEM_LOAD, , ,RPWS

10:00  73RT_MAINT, ON
XX:XX  73RT_MAINT, OFF

XX:30 73RT_SLEEP, SLEEP

Sample PIM commands when using V2.3 science software. The final command may
befollowed by a 73RPWS _POWER, OFF command to shut the instrument off, if required. This
sequence of commands will not result in inadvertent application of power to the other
receivers.

00:00 73RPWS_POWER, ON

01:00 73RT_RESET, RELEASE
01:05 73RT_RESET, RESET
01:10 73RT_RESET, RELEASE
01:15 73RT_SLEEP, ACTIVE
07:45 6EXT_MEM_LOAD, , ,RPWS

10:00 73IEB_TRIGGER, MASK, 0, 3
XX:XX 73IEB_TRIGGER, MASK, 0, 4 (bias to 0 volts, L/P power on)

XX:30 73RT_SLEEP, SLEEP

4.1.2 Power control

In the event that S'C has performed some safeing activity, the power command |
included. If the instrument has been left in degp from aprevious activity, thiscommand is
redundant, but should not produce any power glitches for the instrument.

4.1.3 Memory loading philosophy
Thisis an attempt to maximize the availability of the instrument in the event that
problems with the SSR or instrument occur.




The 73RT_RESET should not be required if everything isworking exactly as
planned. 1nthe event that the instrument has suffered some software problem, the reset is
expected to restore the processor to an operating condition. It is placed before the
73RT_SLEEP, ACTIVE command to match the nomind order of commands in other
sequences.

The processor isimmediately placed into an active state to bring al processor clocks
to full speed. A sx minute delay alowsthe interna bulk memory to load the instrument. The
bulk memory integrity check isthrough the use of the ALF checksum. If bulk memory
containsavalid load, it will cause the instrument to begin execution of the maintenance
download. If the bulk memory has not been loaded or the contents corrupted, the internal load
will fail at some point and the ROM will remain in control and sensitive to 73ALF
commands.

Asisthe case, when software has been downloaded, the instrument is no longer
sengitive to 73ALF commands and will ignore any loads that subsequently occur. Any
73ALF commands that are received will be logged as invalid commands as the parity bit is
incorrectly set. Thisis as expected and should not be detrimenta to the instrument (note that
thismay raise darmsthat may be safely dismissed).

If the internal load fails, the SSR download should then occur as planned with a new
copy being placed into bulk memory.

Weallow a download from bulk memory to occur to cover loss or corruption of the
memory load located in the SSR. If either bulk or SSR contains a corrupted copy of the
download, thisallows the other copy to act asa backup (with the SSR actually providing up to
4 copies of the memory image). If the SSR isdlowed to load first, thiswill effectively
migrate any corrupted image from SSR to bulk memory (as each 73ALF record is processd
and stored in bulk memory, the next ALF imagein bulk memory is marked asinvaid in order
to prevent bulk memory from ever being able to attempt execution of asplitimageinthe
event of adownload failure).

4.1.4 Memory Load Timing I ssues

When the Maintenance Software isloaded into the instrument, it performs acleanup
operation on the Langmuir Probe. Commands are issued to initidize the hardware even
though it would not be powered up. Thisisadde-effect of the method used to detect changes
in the maintenance bit, but this dso causesthe status table to be initidized such that
housekeeping will correctly reflect that status of the L/P hardware and power switches.

This aso alows the memory load to be accomplished when the maintenance bit is
asserted. Following a successful download, the software initidization activity will power
down dl hardware within the instrument (including the Langmuir Probe). The sequence of
commands to apply power to the Langmuir Probeis timed to require about 20 to 25 seconds to
execute to alow any voltages within the L/P digital section to decay in order to avoid alatch-
up condition in the A/D chip.
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Following the turn-on delay, the probe will be biased to 32 volts, as dictated by the
mai ntenance software,

4.1.5 Maintenance of Langmuir Probe

The maintenance bit is honored by biasing the Langmuir Probe to approximately 32
volts. Since the standard Langmuir Probe science module is used to control the hardware, any
Langmuir Probe dac 0, Langmuir Probe relay, and Langmuir Probe multiplexer commands
may be used to change the bias.

In the event that Langmuir Probe biasis altered, cycling the maint3enance bit off and
back on will return to the 32 volt bias setting. In other words, whenever atrangtion into
mai ntenance mode occurs, the probe will be biased at 32 volts

Changesto the DAC, relays, and multiplexer are overridden when the maintenance bit
transitions form off to on.

It is possible to send the commands required to enter maintenance mode i ndependent
of the maintenance bit.

4.1.6 End of maintenance activity
A trandtion from the active gate to the inactive state will remove bias from the Probe
by removing power from the Langmuir Probe electronics

If, for some reason, 73LP commands were used to bias the probe with the
maintenance bit off, sending an additiona 73RT_MAINT, OFF command is ineffective (such
as when using the V2.3 science software).

Sending the 73RT_SLEEP, SLEEP command will, without regard to how the
Langmuir Probe was controlled, remove power and place the instrument into alow power
date.




4.2 PIM capability with Science Software

The Langmuir Probe can be biased with Science Software loaded into the instrument.
(Version V2.3 provides aspecific trigger for this activity that controls power aswell as biasng
the sphere).

It probably won't work well if onetriesto collect data at the sametime. Specificaly,
the density mode measurement will not show much interesting when the sphereis biased to 32
volts.

Power Commands
00:00 73POWER_CNTL, SLEEP, ACTIVE
00:05 O0PORT_TWEAK, HRP, 3, 1 (73WRAP,(0x32C8, 0x0103))
00:07 73POWER_CNTL, PROBE, ON

Biasto 32 volts

00:10 73LP_VOLT_CNTL, BOTH, OxFF, 0x80
00:11 73LP_MUXO_CNTL, BITO, OFF

00:12 73LP_MUXO_CNTL, BIT1, OFF

00:13 73LP_MUXO_CNTL, BIT2, OFF

00:14 73LP_MUXO_CNTL, BIT3, OFF

00:15 73LP_MUXO_CNTL, BIT4, ON

00:16 73LP_MUXO_CNTL, BITS5, OFF

00:17 73LP_MUXO_CNTL, BIT6, ON

00:18 73LP_MUXO_CNTL, BIT7, OFF

00:19 73LP_RELAY_CNTL, RELAY1, COIL_A
00:20 73LP_RELAY_CNTL, RELAY2, COIL_A
00:21 73LP_RELAY_CNTL, RELAY3, COIL_A
00:22 73LP_RELAY_CNTL, RELAY4, COIL_A
00:23 73LP_RELAY_CNTL, RELAYS5, COIL_B

Biasto 0 volts (highlighted commands)
00:00 73LP_VOLT_CNTL, BOTH, 0x80, 0x80
00:01 73LP_MUXO0_CNTL, BITO, OFF
00:02 73LP_MUXO0_CNTL, BIT1, OFF
00:03 73LP_MUXO0_CNTL, BIT2, OFF
00:04 73LP_MUXO0_CNTL, BIT3, OFF
00:05 73LP_MUXO0_CNTL, BIT4, OFF
00:06 73LP_MUXO0_CNTL, BIT5, OFF
00:07 73LP_MUXO0_CNTL, BIT6, OFF
00:08 73LP_MUXO0_CNTL, BIT7, OFF
00:09 73LP_RELAY_CNTL, RELAY1, COIL_A
00:10 73LP_RELAY_CNTL, RELAY2, COIL_A
00:11 73LP_RELAY_CNTL, RELAY3, COIL_A
00:12 73LP_RELAY_CNTL, RELAY4, COIL_A
00:13 73LP_RELAY_CNTL, RELAYS5, COIL_B
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Notethe use of 73POWER _CNTL, SLEEP, ACTIVE t0 bring the instrument completely
out of deep state. When the deep discrete bit is used to bring the instrument to alow power
date, the DCP and HRP clocks are dowed and HRP power switches are disabled. Following
assertion of the deep discrete (i.e. exiting the deep state), the DCP and HRP clocks continue
to operate at reduced rates until the first power command is processed by LRP.

Since the 0OPORT_TWEAK command is not processed by the power control handler,
the HRP and DCP clocks rates are not changed and any attempts to apply power on the HRP
(to elther L/P or the WBR/WFR A/D converters) are suppressed at the next RTI. The
73POWER_CNTL, SLEEP, ACTIVE command is used to inform the power subsystem that the
instrument is about to be commanded and HRP/DCP clocks should be switched to normd
gpeed. If theinstrument has not been in adeep state, the 73POWER_CNTL, SLEEP, ACTIVE
command is not, gtrictly, necessary (thiswould bethe caseif the science software has just
been downloaded in preparation for entering maintenance mode).

4.3 Maintenance ROM: commands

The following commands are functiona when the instrument is powered and software
has not been downloaded. All commands, other than ALF loads areignored and treated as
invalid commands.

431 73RT_SLEEP
The deep discrete isaways honored. Asserting thisbit will cause the instrument to
revert to it's lowest power mode.

4.3.2 73RT_MAINTENANCE, ON/OFF

This command powers and biases the Langmuir Probe Sphere to approximately 10
volts. Switching into and out of maintenance mode will disrupt amemory download asthe
HRP takes about 30 seconds to perform the switch.

433 73ALF

Memory downloads will be accepted when the instrument is operating in maintenance
mode. Although the trangition to/from maintenance will disrupt downloading, once the
instrument has fully trangition to maintenance mode, memory downloads will be accepted.

4 4 Science download: commands
The following commands are functiona when the ingrument is powered and the
sci ence software has been downloaded.

441 73RT_SLEEP
The deep discrete isaways honored. Asserting thisbit will cause the instrument to
revert toit's lowest power mode.
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4.4.2 73RT_MAINTENANCE, ON/OFF

This command is currently ignored by the science software. 1f implemented, when the
controlled bit trangtions to an active state, the command 731EB_TRIGGER, MASK, 0, 3 will
beissued. When the bit trangtions to an inactive Sate, the command 731IEB_TRIGGER,
MASK, 0, 4 will beissued.

443 73IEB_TRIGGER,MASK, 0,3

Thistrigger applies power to the Langmuir Probe el ectronicsin the same order and
with the same timing as the 731IEB_TRIGGER, MASK, 0, 0 command (without switching
MEQ2, the HFR or the WBR/WBR A/D circuits). Thistiming isfaster than that used with
either the ROM or the maintenance software so care must be exercised that this command not
beissued immediately following other power commands.

Also, it would be prudent to use this command only when the instrument is fully
powered or when the instrument has just exited deep (73RT_SLEEP) to prevent undesired
power spikes. Allow enough timein sleep state for the power supply voltagesin the
Langmuir probe e ectronicsto fully decay (30 secondsis sufficient). Thisisto prevent driving
the A/D converter inthe L/P digital sectioninto alatch-up condition (power sequencing is
interlocked in the hardware to prevent power up in the wrong order).

4.5 Maintenance download: commands

The following commands are functiona when operating the specia maintenance
download. Any command that is not functional within the specid maintenance download will
beignored. Aswith dl other downloads, ALF commands are flagged asinvalid asthey are
processed by the ROM software only (parity checking on the ALF records differs between
ROM and RAM software).

451 73RT_SLEEP

The deep discrete isaways honored. Asserting thisbit will cause the instrument to
revert to it's lowest power mode. Downloading the maintenance software will resultina
dightly lower power level than when operating out of the ROM.

452 73RT_MAINTENANCE, ON/OFF
This command powers and biases the Langmuir Probe Sphere to an dternate voltage
level.

453 731EB_TRIGGER, MAK, 0, 2
Applies power to the HFR dectronics for aperiod of TBD minutes. At the end of the
period the HFR will be powered down automaticaly.

4.5.4 73L P commands

Once the instrument has entered mai ntenance mode, the configuration of the
Langmuir Probe can be changed using any of the commands associated with the Langmuir
Probe. If the softwareisidle (i.e. not sweeping) it isnecessary to set both DAC's.
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45573MEM_TWEAK
The memory tweak handler isrequired for interna communications so it'sfunction is
available for use from the ground.

45.6 73MRO
Same comment as 73MEM_TWEAK.

4.6 Maintenance Download: command counts

The specid maintenance mode software mimics the function of the ROM athough the
implementation is quite different. The normal science Langmuir Probe handler isused for
hardware control with the logica control resting with software resident on theLRP. The
alows use of awell tested module on the HRP.

Asaresult, normal L/P commands are used to communicate with theHRP. The
control module, located on L RP, packages commands and delivers them to the 1°. leve
command decoder for digtribution. Thisresultsin valid command counters registering the
activity as changesin the counters

Command Count: 0
Valid Commands: 8

Invalid Commands: 0

The Valid Command Count field is a so incremented asthe 73RT_MAINTENANCE
isprocessed. The maintenance download uses normal L/P commandsto power and biasthe
sphere when maintenance mode is requested.

Also of interest is the time required for the special maintenance software to organize
itsdf to apoint where commandswill be correctly handled. The software requires
approximately 30 secondsto issue dl of it'scommands to the Langmuir Probe handler before
any commands will be correctly processed. In addition, the maintenance bit should not be
asserted during thisinitialization activity. Failure to meet this settling time can result in
commands being overwritten by internally generated commands (appears as though a
command was lost as the intended action, although taken, is quickly overwritten by the
interna command).

4.7 Maintenance Download: memory dump
Several methods are presented below to perform a diagnostic memory readout on the
3 processors.

Thefirg set of commands aretimed to avoid overloading the internd
communications resources. Enough timeis dlowed between successive commandsto alow
any blocked traffic to be cleared.

72



The second command set may be used if the instrument isin aquiet state with no
other command or dataactivitiesin progress. Note that the time synchronization activity is
suspended for the duration of the dump.

Thethird set of commands operates dl three processorsin pardld to achieve an
elevated ddivery rate. Normally the MRO activity isthrottled to achieve adelivery rate of
around 1000 bits of MRO dataeach second (it isactually 1 MRO record every 9 RTI periods).
By commanding al 3 processors, in the correct order, to perform their memory dump, all
three processors delivery MRO data at their 1 Kb/sec rate for an aggregate rate of 3 Kb/s.

In al casesthereisan additiona group of MRO records that are generated to flush any
data of interest out of the BIU.

The critical timing for these command sets are the gap following the 73MRO
command. Thedeltaiscritica to avoid overflowing internal buffersand to avoid exceeding
target data ddlivery rates

. Consarvative

Datarate less than 1000 bits/ second. Does not interfere with time update activity.
Allows 30 seconds for each 73MRO command.

. Alternate

Datarate lessthan 1000 bits/second. Interferes with time update, so time update
suspended. Allows more than 5 minutes for each group.

. Fast

Datarate less than 3000 bits/second. Interferes with time update, so time update
suspended. Allows more than 5 minutes for each group of three commands. All three
processors active a onetime.

The timing and order of commands for the Fast dump are critical. Altering timing or
order of commands can result in resource exhaustion and loss of the memory dump. A
resource exhaustion can cause the processor to crash, requiring areset to recove.
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4.7.1 Conservative memory dump command sequence

00:00
00:05
00:35
01:05
01:35
02:05
02:35
03:05
03:35
04:05
04:35
05:05
05:30
05:35
06:05
06:35
07:05
07:35
08:05
08:35
09:05
09:35
10:05
10:35
11:00
11:05
11:10
11:40
12:10
12:40
13:10
13:40
14:10
14:40
15:10
15:40
16:10
16:35
16:40
16:45
17:15
17:45
18:15
18:45
19:15
19:40
19:45
20:15
20:45
21:15
21:45
22:15
22:40

73MEM_TWEAK, HRP, BYTE, 0X14, 0X40, TWEK
73MRO, HRP, TLM, 8000, 8BFF

73MRO, HRP, TLM, 8C00, 97FF

73MRO, HRP, TLM, 9800, A3FF

73MRO, HRP, TLM, A400, AFFF

73MRO, HRP, TLM, B0O0O, BBFF

73MRO, HRP, TLM, BCO00, C7FF

73MRO, HRP, TLM, C800, D3FF

73MRO, HRP, TLM, D400, DFFF

73MRO, HRP, TLM, EO00, EBFF

73MRO, HRP, TLM, ECO00, F7FF

73MRO, HRP, TLM, F800, FFFF
73MEM_TWEAK, HRP, BYTE, 0X14, 0XCO, TWEK
73MRO, HRP, TLM, 8000, 8BFF

73MRO, HRP, TLM, 8C00, 97FF

73MRO, HRP, TLM, 9800, A3FF

73MRO, HRP, TLM, A400, AFFF

73MRO, HRP, TLM, B0O0O, BBFF

73MRO, HRP, TLM, BCO00, C7FF

73MRO, HRP, TLM, C800, D3FF

73MRO, HRP, TLM, D400, DFFF

73MRO, HRP, TLM, EO00, EBFF

73MRO, HRP, TLM, ECO00, F7FF

73MRO, HRP, TLM, F800, FFFF
73MEM_TWEAK, HRP, BYTE, 0X14, 0X00, TWEK
73MEM_TWEAK, DCP, BYTE, 0X14, 0X40, TWEK
73MRO, DCP, TLM, 8000, 8BFF

73MRO, DCP, TLM, 8C00, 97FF

73MRO, DCP, TLM, 9800, A3FF

73MRO, DCP, TLM, A400, AFFF

73MRO, DCP, TLM, B00O, BBFF

73MRO, DCP, TLM, BCO00, C7FF

73MRO, DCP, TLM, C800, D3FF

73MRO, DCP, TLM, D400, DFFF

73MRO, DCP, TLM, EO00, EBFF

73MRO, DCP, TLM, ECO00, F7FF

73MRO, DCP, TLM, F800, FFFF
73MEM_TWEAK, DCP, BYTE, 0X14, 0X00, TWEK
73MEM_TWEAK, LRP, BYTE, 0X14, 0X40, TWEK
73MRO, LRP, TLM, 8000, 8BFF

73MRO, LRP, TLM, 8C00, 97FF

73MRO, LRP, TLM, 9800, A3FF

73MRO, LRP, TLM, A400, AFFF

73MRO, LRP, TLM, B000O, BBFF

73MRO, LRP, TLM, BC0O0, BFFF
73MEM_TWEAK, LRP, BYTE, 0X14, 0XCO, TWEK
73MRO, LRP, TLM, 8000, 8BFF

73MRO, LRP, TLM, 8C00, 97FF

73MRO, LRP, TLM, 9800, A3FF

73MRO, LRP, TLM, A400, AFFF

73MRO, LRP, TLM, B00O, BBFF

73MRO, LRP, TLM, BC00, C3FF
73MEM_TWEAK, LRP, BYTE, 0X14, 0X00, TWEK
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4.7.2 Alternate memory dump command sequence

00:00
00:05
00:10
05:35
05:45
11:05
11:10
11:15
16:40
16:45
16:50
19:45
19:50
22:45
22:50

73MEM_TWEAK, LRP, WORD, 0x60, 0x00, LOCK
73MEM_TWEAK, HRP, BYTE, 0X14, 0X40, TWEK

73MRO, HRP, TLM, 8000, FFFF

73MEM_TWEAK, HRP, BYTE, 0X14, 0XCO0, TWEK
73MRO, HRP, TLM, 8000, FFFF

73MEM_TWEAK, HRP, BYTE, 0X14, 0X00, TWEK
73MEM_TWEAK, DCP, BYTE, 0X14, 0X40, TWEK
73MRO, DCP, TLM, 8000, FFFF

73MEM_TWEAK, DCP, BYTE, 0X14, 0X00, TWEK
73MEM_TWEAK, LRP, BYTE, 0X14, 0X40, TWEK

73MRO, LRP, TLM, 8000, BFFF

73MEM_TWEAK, LRP, BYTE, 0X14, 0XCO, TWEK
73MRO, LRP, TLM, 8000, C3FF

73MEM_TWEAK, LRP, BYTE, 0X14, 0X00, TWEK

73MEM_TWEAK, LRP, WORD, 0x60, OxFF, LOCK
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4.7.3 Fas memory dump command sequence

00:00 73MEM_TWEAK, LRP, WORD, 0x60, 0x00, LOCK
00:05 73MEM_TWEAK, ALL, BYTE, 0X14, 0X40, TWEK

00:10 73MRO, DCP, TLM, 8000, BFFF

00:15 73MRO, HRP, TLM, 8000, BFFF

00:20 73MRO, LRP, TLM, 8000, BFFF

02:50 73MRO, HRP, TLM, C000, FFFF

05:20 73MEM_TWEAK, ALL, BYTE, 0X14, 0XCO, TWEK

05:25 73MRO, DCP, TLM, C000, FFFF

05:30 73MRO, HRP, TLM, 8000, BFFF

05:35 73MRO, LRP, TLM, 8000, BFFF

08:05 73MRO, HRP, TLM, C000, FFFF

10:35 73MEM_TWEAK, ALL, BYTE, 0X14, 0X00, TWEK

10:40 73MRO, LRP, TLM, C000, C7FF

11:00 73MEM_TWEAK, LRP, WORD, 0x60, 0xFF, LOCK

OR

00:00 73MEM_TWEAK, LRP, WORD, 0x60, 0x00, LOCK
00:05 73MEM_TWEAK, ALL, BYTE, 0X14, 0X40, TWEK

00:10 73MRO, DCP, TLM, 8000, FFFF

00:15 73MRO, HRP, TLM, 8000, FFFF

00:20 73MRO, LRP, TLM, 8000, BFFF

05:20 73MEM_TWEAK, ALL, BYTE, 0X14, 0XCO, TWEK

05:30 73MRO, HRP, TLM, 8000, FFFF

05:35 73MRO, LRP, TLM, 8000, BFFF

10:35 73MEM_TWEAK, ALL, BYTE, 0X14, 0X00, TWEK

10:40 73MRO, LRP, TLM, C000, C7FF

11:00 73MEM_TWEAK, LRP, WORD, 0x60, OxFF, LOCK

4.8 Maintenance Download: I nternals

The maintenance download congsts of 2 unique modules, several modificationsto
existing science modules and severd unaltered science modules. Thereisashort discussion
of the changes to each module listed below.

Thereisa potential dead-lock situation that occurs in connection with the "F5" queue
which might be triggered if the DCP or HRPfall (if LRPfalls, it'sall over anyway). This
potential dead-lock isaddressed by discarding messages within the Storage Manager.
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4.8.1 HFR Venusoper ation

Thisactivity istriggered using 73I[EB_TRIGGER, 0, 2 and requires approximately 3
hoursto perform the full dataacquisition. During this period the HFR is repeatedly sent an
analyss command that take approximately 12 seconds to execute and the results are stored
onboard the instrument for relay to the ground. Due to the volume of datathat is presented in
housekeeping, it is necessary to leave theinstrument on for dmost afull day following the
operation. Asthe status information is saved in memory within the instrument it is not
essential that housekeeping is collected during the checkout activity. Thereisadedre,
however, to relay the data to the ground as soon as possible to avoid the loss of data caused by
any unforeseen event (i.e. SEU of unplanned power cycle).

The BIU discrete status bits used for antennadeploy activitiesare used for asimilar
purpose during the HFR checkout operation. BIU Discrete status bit 5 is set when the HFR
acquigtion cycle operation completes successfully. BIU Discrete bit 7 is set in the event that
the HFR Checkout acquisition cycle is not able to complete as expected.

The HFR Venus mode must NOT be initiated immediately following any
maintenance or download operation. The instrument should be alowed to settle for a period
of several minutes beforethe 731EB_TRIGGER is sent to the instrument to allow power
supply switching to complete. In addition it will be necessary to leave the instrument powered
on until the gatus information is retrieved from housekeeping. 1If thetelemetry link to the
ground is of poor qudlity (i.e. data dropouts occur), the housekeeping may be collected for a
longer period of timein an attempt to recover lost frames (the data from the HFR Venus
operation is repeated every 1024 housekeeping frames). It is aso acceptable to collect
housekeeping from theinstrument at an elevated rate. The softwarewill deliver new data
approximately every 15 seconds so a housekeeping collection schedule may be changed by a
factor of four. Faster collection schedules will not cause problems, thisissmply all the faster
new data can be placed into the housekeeping buffer.

Dumping the full status area requires a minimum of 19 hours of normal housekeeping
collection. The memory dump commands, above, may be used to reduce the time required to
perform the memory dump when science telemetry is available at rates above 4,000 bits/sec.

Keep in mind that the 73M RO commands in the previous sections are al'so available to
dump the stored data dthough ground processing may not be immediately availablefor this
format of data
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4.8.1.1 Venus observation commands

The following commands may be used to initiate the Venus lightning observation.
Delta between commands are minimum required ddta. Note, in particular, that the instrument
requires approximately two minutes following the maintenance download to configure itself
into an idle sate. The configuration period is used to deliver commandsfrom LRPto the L/P
handler onthe HRP. No other commands should be delivered to the instrument during this
configuration period.

00:00:00 73RPWS_POWER, ON

00:00:05 73RT_RESET, RELEASE
00:00:10 73RT_RESET, RESET
00:00:15 73RT_RESET, RELEASE
~Allow reset activities to finish
00:00:20 73RT_SLEEP, ACTIVE
00:00:25 6EXT_MEM_LOAD,, ,RPWS
~ Delta of about two minutes
here
00:02:30 73IEB_TRIGGER, MASK, 0, 2
~ Delta of about 150 minutes
here
02:32:30 73RT_SLEEP, SLEEP

4.8.1.2 Housekeeping during Venus observation

During the Venus observation, the observation datais placed into housekeeping for
ddivery to the ground. Dataisrecovered in an asynchronous manner from the internal data
doragearea. Therecovery mechanismis, more or less, usng the same addressing asthe data
production code, although the two step will typicaly be out of synchronization with each
other.

Thislack of synchronization may result in buffers being presented in housekeeping
before data has been loaded into the buffer. Since the housekeeping handler expectsavalid
micro-packet header, uninitialized datamay produce unexpected results. Once the data
collection activity passes the data delivery activity, the micro packets presented in the
housekeeping will contain vaid data

4.8.1.3 Venus observation data

The HFR is placed into amode that generates data records that contain less than 122
bytes of datato allow a compressed packet to occupy a 128 byte record in the ramdisk The
ramdisk will be discussed in the following paragraphs). The overhead for each record that is
kept isthe minipackt identification/length field, thetime tag field, and the segmentation field.
A checksum is also generated and included with the data to make bit errorsvisble asthe
gpacecraft is operating close to the Sun and is more susceptible to bit errors
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The HFR status words that indicate the mode the instrument isin are removed prior to
saving thedata. Thisinformation does not change and is replaced on the ground.

4.8.1.4 Timetags for the Venus observation

The timetag placed on the Venus observation datais not time tagged in quite the same
manner as data that is collected during the remainder of the mission. We know, goinginto
the observation, that the 16 bit RTI field ismargindly adequate to cover thetime period. The
observation is expected to take about 2.25 hours (8100 seconds) which is only about three
minutes short of the time resolution of the RTI field in the minipacket. Loss of aportion of
the observation could make rebuilding the timeinformation more difficult. By redefining the
RTI filed in the minipacket to be aseconds counter (rather than an RTI counter), any
ambiguity about when a data packet was taken by the HFR isremoved.

Sincethe 16 bit field now coversalittle more than 18 hoursand the MRO is
scheduled to occur within minutes of the end of the observation, there will be enough time
information present in each CDS record to accurately time tag the data to within 1 second.

We also know that the HFR will cycle every 7.75 seconds (62 RTI periods).
Assuming that the HFR cycles at thisrate, we can further refine thetime information that is
included with each record to provide an accuracy of 250 mSec (2 RTI periods). Thisis
accomplished by replacing the RTI field in each minipacket with an estimated value. The
estimated vaue for each successve record is decremented by two. When a correct starting
point is chosen (0, 2, 4, or 6) the result will be a delta of 62 between successve timetags
(using any of the other choiceswill result in the delta value being wrong).

4.8.1.5 Recovery of Venus observation data, HSK

Not a planned method, athough software exists to recover the datafrom the
housekeeping buffers.

4.8.1.6 Recovery of Venus observation data, MRO

Datarecovery from the science telemetry, in theform of MRO records, is
accomplished using a GSE program called venus. This program reformats the MRO records,
replacing the missing status bytes and rebuilding the time information. In addition atime sort
may be performed on the datato placeit time order (it is recovered from memory in arather
jumbled manner).
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4.8.2 New Modules
Storage Manager
Ram Disk Manager

These modules are used to manager the complement of on-board memory that is not
actively used by the maintenance software. Specifically, none of the maintenance code makes
use of the upper memory available on the 3 processors. These modules provide accessto the
upper memory areas on the 3 processors. Thismemory areislogically presented to the
application programs as a contiguous area of memory that is addressable on 32 bit boundaries.
The logica address spaceis 256 K byteswith either 128K or 192K being physicdly available
to the user.

Thelogical to physical mapping is somewhat contorted to place the last logica
memory block in aregion of memory on the LRP that is corrupted during areset operation.
The HRP memory islocated in the bottom of logica address space. The DCPislocated in the
middle of address space followed by the LRP that islocated at the top of address space.

The implementation used to support the Venus observation does not include bulk
memory inthelogica address space. The handler islogically prepared to deal with the bulk
memory, but due to proximity to the Sun, thismemory is used to hold a backup copy of the
operating software.

Maintenance M ode M anager

The mai ntenance mode manager monitors the BIU discrete command bit that is used
to place the Langmuir Probe into maintenance mode. When the instrument is commanded
into the maintenance mode (i.e. the BIU discrete bit i s asserted) the mai ntenance manager
sends commands to the Langmuir Probe handler and issues 0OPORT_TWEAK commandsto
the power control ports on both HRP and LRP to bias the gphere to the desired voltage.

The BIU discrete command bit that controls Seep isaso monitored, Inthe event that
this discrete bit goes active (i.e. to alogic 0), the DCP and HRP deep control lines are asserted
and the internal power control bitsare dl cleared. This brings the instrument into alow power
gatein the RTI period following the arrival of the sleep indication.

The mai ntenance mode manager does not accept any commands (other than the 2 BIU
discrete bits mentioned) so it is not possible to use the 73POWER_CNTL command to
switch power or enter aseep sate.

The maintenance mode manager in version 2.2 contains a flaw that preventsthe
maintenance tatus bit, that is presented in one of the BIU discrete status bits, from being
properly asserted when the instrument in maintenance mode. The maintenance activity is
performed correctly, in spite of the indication in the BIU discrete satus bit. Verson 2.3
addressesthisissue




4.8.3 Modified M odules
Langmuir Probe handler

Thishandler islinked such that all memory alocations are made within the bottom
half of the processor address space. Other that the change in the memory map, thismodule is
identica to the science module. The bias voltage applied to the sphere is determined by
sending norma 73L P commands to the Langmuir Probe handler.

Version 2.2 software introduces adlight change into the handler and the method used
to handle SLEEP. Thischangeisreflected in the specia maintenance download and should
not have any visible effect on maintenance operations asthe L/P is never operated in a data
acquistion mode. The L/P moduleis provided in the special maintenance download asa
means to control the L/P sphere bias voltage.

|PC driver, DCP

Some F5 buffers are dlocated in the top half of processor address space, these buffers
are not present in the special maintenance load. Asthe DCPisnot used to perform data
compression thereis no need for these additional free space buffers.

HFR handler

Changes to accommodate data acquistion at Venus. The modification atersthe size
and destination of the HFR minipackets. Minipacket sizeis reduced to 128 bytesto alow the
datato be routed through the variable areain the housekeeping packet. 1n addition, some of
the header bytes with fixed values are stripped from the minipacket prior to ddivery. And
findly, a CRC is generated and placed at the end of the minipacket as an integrity check of the
data (may have been stored on the instrument for some time and been affected by an SEU).

IEB Handler

The ability to store and process IEB_L OAD commands has been effectively removed.
The memory area used to hold the |EB islocated in the top half of processor address space
and has been moved to unused BIU memory for thisload. Asareset clearsal of BIU
memory, the IEB_LOAD islost when the instrument is reset.

The 731EB_TRIGGER, MASK, 0, 2isuniqueto thisload aswell. Thistrigger is
included to perform the HFR Venus activity. Thistrigger also applies power to the HFR prior
to sending commands for the Venus data acquisition.
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4.8.4 Unchanged Modules
Kernel

The kernd should not require any dterations to accommodate any downloaded
software (there is no mission/task specific code in the kernd).

|PC driver, LRP and HRP

The free space buffers on LRP and HRP dl reside in the bottom half of processor
address space and do not interfere with the memory manage.

Memory Tweak
Identical module used with science, deploy and speciad maintenance.
BIU handler

Identical module used with science, deploy and speciad maintenance.
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5 SoenceOpe ations
How datais collected.

5.1 ProcessPriority.

All processes running within the instrument are assigned a priority that is used to
alocate the CPU resource. The priority values run from 1 through 127 with 1 being highest
priority and 127 being thelowest. In order to streamline the process dispatcher it is mandatory
that at least one process dways exist that usesthe CPU. Thislast position istypicaly
occupied by the Idle Process that is assgned a priority of 126.

Because the Idle Processis not using a priority value of 127, it ispossible to block any
process by simply dtering it's priority to 127. Once aprocess hasit's priority set to 127 it will
be moved to the end of the compute list the next time the dispatcher runs (typicaly at the sart
of the next RTI period).

When the digpatcher isactivated, it takes the current process and movesit to aposition
in the computablelist just ahead of any lower priority jobs (this accomplishes round-robin
scheduling when more than 1 process use the same priority). A sde-effect of this action being
that the idle process will always be placed just ahead of any tasks with apriority of 127. The
dispatching activity keeps the computable processlist in order by priority if left undisturbed.
In addition, when a process dtersit's own priority (either using the system cal or directly
atering its process descriptor), it will be moved to the appropriate place in the computable list
the next time that the dispatcher runs

If priority isdtered using the 73MEM_TWEAK command thereis a condition that
can betriggered that prevents the atered process from regaining access to the CPU when
more than 1 process has been idled through modification of the process priority.

Congder that 2 processs have beenidled usng 73MEM_TWEAK to alower priority
of 127(i.e. below Idle process priority). Typicdly the compute list will consist of theidle
process followed by process A and then by process B. If we attempit to activate process B by
returning the priority to it initial value, the dispatcher will never bring to the head of the
computelist astheidle process will dways be placed immediately before process A (the
dispatcher aborts the scan of the computable lis when it encounters any process with a priority
below that of the current process). Process B, in other words, effectively disappears from the
system, at least until process A receivesthe attention of the dispatcher.

The solution, of course, isto bring dl inactive processsto a priority abovetheidle
process.

83



A final note on priority. Simply stated, the highest priority process on the compute
list receivesthe CPU® (Emphasison the period there) Having aprocess priority sightly
lower does not imply dightly less CPU cyclesare allocated. A given processwill be given all
the CPU cyclesit requires, a the expense of lower priority processes. 1/O activity will
typicaly relinquish control of the CPU as a Sde effect of await (for data from aqueue, for
datafrom an acquisition, for an MX protected resource, or using the Delay system service).

A compute bound processes must have the appropriate priority® (there'sthat emphatic
period again) Releasingto the scheduler (using the S_Dispatch system service) will not alow
any lower priority processto gain control of the CPU (it just don't work that way).

Using apriority of Ox7E will probably result in using about half of the remaining CPU
cycles, sharing them with the Idle process.
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ProcessPriorities

Process Processor PI_’OC_e$ Process Comments
Name Priority Address
IPCD ALL Ox1E 1200 IPC handler Watchdog timer
IPCR ALL Ox1F 1180 IPC handler Receive
IPCX ALL 0x20 1280 IPC handler Tranamit
BIUH LRP 0x23 1B00O BIU Handler
TWEK ALL 0x32 1300 Memory Tweak / Memory Readout
CMD LRP 0x32 1B80 Instrument command decoder
LOCK LRP 0x32 1900 Time Lock
SOND LRP 0x32 2800 HFR Sounder
LP C HRP 0x32 1600 Langmuir Probe command
CMPX DCP 0x32 2700 Compression Read
MFRC LRP 0x33 2980 MFR Command decode
FBC_hi HRP 0x63 2100 WBR/WFR command decode
MFRI LRP 0x64 2900 MFR data acquistion loop.
LP_|I HRP 0x64 1700 Langmuir Probe Input
STIM DCP 0x64 3E00 Stimulus Echo (IEB trigger echo)
LP O HRP 0x65 1680 Langmuir Probe Output
wosl HRP 0X65 21CO0 8 bit Data Acquisition
W12J HRP 0X65 2160 12 bit Data Acquisition
WBRC HRP 0x66 24D0 WBR Control
DSTC HRP 0x66 2540 DUST Control
LFDC HRP 0x67 2458 LFDR Control
WFRC HRP 0x67 23E0 WEFR Control
FBC lo HRP 0x68 2100 WBR/WFR command fetch
WBRX HRP 0x69 2300 WBR/DUST LRS Ddlivery
WFRX HRP Ox6A 2220 WFR LRS Ddlivery
LFDX HRP Ox6A 2290 LFDR LRS Ddlivery
DIR_ HRP 0x6B 2370 WBR/WFR HRS Ddlivery
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Process Processor Pfoc_eas Process Comments
Name Priority Address

IEBC LRP 0x78 3300 |IEB Command Decode
SSR_ LRP 0x78 3C00 SSR bit management
CMPX DCP 0x78 2700 Compression Compute
HSK _ LRP OX7A 1600 Housekeeping
AGC_ DCP Ox7A 3D00 AGC for WFR/LFDR
LFDR DCP Ox7A 1600 LFDR FFT analyss
HFRI LRP 0x7B 1D00 HFR Input
HFRO LRP Ox7C 1D80 HFR Output
DUST DCP OX7E/7D 2770 DUST AndyssV2.6/V2.7
IDLE ALL OX7E 1100 Idle Process

LOCK/SOND on LRP

These processes do not interfere as neither use sgnificant CPU cycles.
LOCK has a several minute window inwhich to completeit's activities.

DUST on DCP

DUST process priority is altered to Ox7D when using C39 and later
IEB's.

This process attempts to consume al remaining CPU cycleson the
DCP. Version 2.6 and prior had the priority incorrectly set to the same asthe
IDLE process, potentidly starving Dust of CPU cydes. Apply thefollowing
twesk to correct this

73MEM_TWEAK, DCP, BYTE, 0x15, 0x7C, DUST
WO08l/W12J on HRP

In most cases WBR is scheduled to start onthe next RTI (WFR is
aways scheduled on the upcoming RTI) so it makeslittle differenceif the 8
bit setup or the 12 bit setup occursfirst. Resource conflicts are resolved
automatically through the use of Mx semaphores




Process Names

Process Processor PI_’OC_e$ Process Comments
Name Priority Address
AGC_ DCP Ox7A 3D00 AGC for WFR/LFDR
BIUH LRP 0x23 1B00O BIU Handler
CMD LRP 0x32 1B80 Instrument command decoder
CMPX DCP 0x78 2700 Compression Compute
CMPX DCP 0x32 2700 Compression Read
DIR_ HRP 0x6B 2370 WBR/WFR HRS Ddlivery
DSTC HRP 0x66 2540 DUST Control
DUST DCP OX7E/7D 2770 DUST AndysisV2.6/NV2.7
FBC_hi HRP 0x63 2100 WBR/WFR command decode
FBC lo HRP 0x68 2100 WBR/WFR command fetch
HFRI LRP 0x7B 1D00 HFR Input
HFRO LRP 0x7C 1D80 HFR Output
HSK _ LRP Ox7A 1600 Housekeeping
IDLE ALL OX7E 1100 Idle Process
IEBC LRP 0x78 3300 |EB Command Decode
IPCD ALL Ox1E 1200 IPC handler Watchdog timer
IPCR ALL Ox1F 1180 IPC handler Receive
IPCX ALL 0x20 1280 IPC handler Tranamit
LFDC HRP 0x67 2458 LFDR Control
LFDR DCP Ox7A 1600 LFDR FFT andyss
LFDX HRP Ox6A 2290 LFDR LRS Ddlivery
LOCK LRP 0x32 1900 Time Lock
LP_C HRP 0x32 1600 Langmuir Probe command
LP_|I HRP 0x64 1700 Langmuir Probe Input
LP O HRP 0x65 1680 Langmuir Probe Output
MFRC LRP 0x33 2980 MFR Command decode
MFRI LRP 0x64 2900 MFR data acquisition loop.
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Process Processor PI_’OC_e$ Process Comments

Name Priority Address

SOND LRP 0x32 2800 HFR Sounder

SSR_ LRP 0x78 3C00 SSR bit management
STIM DCP 0x64 3E00 Stimulus Echo (IEB trigger echo)
TWEK ALL 0x32 1300 Memory Tweak / Memory Readout
wosl HRP 0X65 21CO 8 bit Data Acquisition
W12J HRP 0X65 2160 12 bit Data Acquisition
WBRC HRP 0x66 24D0 WBR Control

WBRX HRP 0x69 2300 WBR/DUST LRS Ddlivery
WFRC HRP 0x67 23E0 WEFR Control

WFRX HRP Ox6A 2220 WFR LRS Ddlivery




Process Address

Process Processor PI_’OC_e$ Process Comments
Name Priority Address
IDLE ALL OX7E 1100 Idle Process
IPCR ALL Ox1F 1180 IPC handler Receive
IPCD ALL Ox1E 1200 IPC handler Watchdog timer
IPCX ALL 0x20 1280 IPC handler Tranamit
TWEK ALL 0x32 1300 Memory Tweak / Memory Readout
LP C HRP 0x32 1600 Langmuir Probe command
LFDR DCP Ox7A 1600 LFDR FFT andlyss
HSK _ LRP OX7A 1600 Housekeeping
LP O HRP 0x65 1680 Langmuir Probe Output
LP_|I HRP 0x64 1700 Langmuir Probe Input
LOCK LRP 0x32 1900 Time Lock
BIUH LRP 0x23 1B00O BIU Handler
CMD LRP 0x32 1B80 Instrument command decoder
HFRI LRP 0x7B 1D00 HFR Input
HFRO LRP 0x7C 1D80 HFR Output
FBC lo HRP 0x68 2100 WBR/WFR command fetch
FBC_hi HRP 0x63 2100 WBR/WFR command decode
W12J HRP 0X65 2160 12 bit Data Acquisition
wosl HRP 0X65 21C0 8 bit Data Acquisition
WEFRX HRP Ox6A 2220 WFR LRS Ddlivery
LFDX HRP Ox6A 2290 LFDR LRS Ddlivery
WBRX HRP 0x69 2300 WBR/DUST LRS Ddlivery
DIR_ HRP 0x6B 2370 WBR/WFR HRS Ddlivery
WFRC HRP 0x67 23E0 WEFR Control
LFDC HRP 0x67 2458 LFDR Control
WBRC HRP 0x66 24D0 WBR Control
DSTC HRP 0x66 2540 DUST Control
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Process Processor Pfoc_eas Process Comments

Name Priority Address

CMPX DCP 0x32 2700 Compression Read
CMPX DCP 0x78 2700 Compression Compute
DUST DCP OX7E/7D 2770 DUST AnaysisV2.6/NV2.7
SOND LRP 0x32 2800 HFR Sounder

MFRI LRP 0x64 2900 MFR data acquisition loop.
MFRC LRP 0x33 2980 MFR Command decode
IEBC LRP 0x78 3300 |EB Command Decode
SSR_ LRP 0x78 3C00 SSR bit management
AGC_ DCP Ox7A 3D00 AGC for WFR/LFDR
STIM DCP 0x64 3E00 Stimulus Echo (IEB trigger echo)
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5.1.1 Priority Inversion

Processes on the DCP that make use of the MAC chip are susceptible to priority
inversion problems. Care should be exercised when building fas LRS modes that depend on
DCP. They typica symptom we observe when this occursisintermittent loss of data.

In particular, both the AGC and LFDR analysi's processes make use of the MAC chip.
AnMX Flag is used to mediate access to the chip. Since MX_Acquirerequests are served on
afirst-comefirst-served bass, it isnormal for the low priority processto cause the higher
process to be blocked when both require the MAC chip. Asthe MAC chip isnot abottleneck,
aslong as CPU cycles are available to route data through the chip, no deadlocks can occur. |If,
however, other activities on the DCP (such as Wa sh/Rice compression) dominate the
available CPU cycles, the common use of the MAC chip by AGC and LFDR may succeed in
blocking the wrong process.

This condition is not fatal, however, it will ssimply result in some of the dataanaysis
steps being skipped (i.e. lost datarecords). Once the demand on CPU cycles abates, the
waiting processwill regain accessto the CPU, completing it's task and releasing the MAC
chip.

Lack of available CPU cyclesis simply an indication that the workload on the DCPis
excessve,
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5.2 Basic Scheduling

The basic scheduling period for activitieswithin the instrument is based on the data
collection schedule usad by the spacecraft. Thisperiod, called the RTI period is 125mS long
and assumed to be reasonably accurately timed by the spacecraft. The spacecraft begins each
data collection interval by sending acommand to dl terminals on the bus indicating the
beginning of the period. This message generates asignal within the DPU'sthat causes an
interrupt that is used to drive the process scheduler.

As part of the scheduling activity adelay list is updated and any processes onthelist
that require the CPU are scheduled for execution.

5.2.1 Fixed Schedules

The MFR operates on afixed schedule. Thelower 5 bits (DO through D4) of thetime
field supplied by the S/C is used to control the sweep of the MFR with the next bit (D5) used
to toggle the antenna.

The MFR operation is fixed and cannot be dtered without modificationsto the
software that manages the MFR.

Another example of afixed scheduleisthe time update activity. Thistask maintains
the S/C timefield on the HRP and DCP at regular (fixed) intervals

5.2.2 Pickup based schedules

The housekeeping processis scheduled based on the rate CDS collects housekeeping
data. Once housekeeping has completed a collection cycle (i.e. updated al of thefieldsin the
housekeeping packet), it waitsfor the BIU handler to signd that CDS has picked up the
updated packet (using aflag-wait system call). Housekeeping consumesthe CPU and A/D
resources in proportion to the pickup rate. We typically use apickup rate of 24 bits/second
(one HSK packet every 64 seconds) on the spacecraft and a pickup rate of 192 bits/second
(one HSK packet every 8 seconds) on the bench.

Pickup rates as high as 1536 bits/second have been used on the bench, which isfaster
than the housekeeping process cycles through acollection cycle. Inthis case, housekeeping
will run continuoudy while managing to update the housekeeping packet in about 6 seconds
| the cae of elevated pickup rates, housekeeping requires only afew CPU cycles each RTI
period asit waits for the A/D system (using the delay system service).

Another example of a pickup based schedule is operating the WBR in afree-run
mode. Here, the WBR is alowed to produce as much data as the HRS data stream can hold.
Buffer resources are held by aformatting process until there is room to move them to the BIU
before being returned to the WBR process for collection of more data
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5.2.3 Mod based schedules

All of the instrument timing is based on a SCLK used in amod() function. SCLK is
divided by the specified schedule period and the data acquisition is scheduled when the
remainder of the division matches the specified remainder.

This scheduling method can cause conflicts within the instrument when severa
activities are scheduled at conflicting times. The conflicts are resolved by delaying some of
the activities. The resolution does not delete an activity, but smply delays until thefirst
activity completes.

Additional conflicts can occur within the antenna selection matrix. Thesignd
multiplexer onthe MFR, WBR, and WFR are dl connected to the outputs of asingle set of
input amplifiers. Some glitching may occur whenever the multiplexers are switched. The
MFR, for example operates on a 32 second collection schedule and may be programmed to
switch antennas on every cycle. Thisswitching will, in most cases, cause aglitch onthe
sgnd line associated with the antenna that was just selected by the MFR.

The switching transients are most evident on the WBR and WFR.

Another point to bear in mind with this scheduling method isthat the activity being
scheduled relinquishes use of the processor rather than continuoudy polling the system time.
Thisreducesthe CPU cycles required to perform the scheduling but can have interesting Side-
effects when it becomes necessary to change the scheduling interval. A good example may be
made of the WFR which typicaly schedules at around a 600 second interval. Changingtoa
short sample interval may require up to 5 minutes to take effect (i.e. the processis completely
dormant for the period between samples, it will not have access to the CPU to reschedule any
activities until the next scheduled sample time)

5.2.4 1EB Based Scheduling

A higher level of scheduling may be achieved through the use of I1EB loads. The |IEB
interpreter provides|ooping and timing constructs that may be used to trigger data acquisitions
using a scheduling scheme not present in the instrument handlers.

5.25 WFR/LFDR configuration

Pease refer to the Instrument Handlers section when reviewing this section. Some
detailed knowledge of the process structure on HRP that manage WFR and LFDR is
necessary to understand the following discussions
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The WFR/LFDR handlers provide buffer management, synchronization and data
routing functions on the HRP and may be configured in what might be considered and
unusua manner to accomplish some unusua data gathering tasks. Version 2.6 provides some
additional cluesto routines that run on DCP that perform compression, AGC, and Analysis of
the 12 bit data. In particular, we now propagate the AGC enable bit through to DCP so that
AGC processing may be skipped when not required (in prior versions DCP would perform the
AGC andyss whenever data happened to come through DCP, even when AGC was turned
off).

We can, therefore, route both WFR and LFDR through the same delivery processon
HRP to the same compression process on DCP, provided that we can keep the gain response
graight. WFR and LFDR use a common gain control process with the two sources kept
separate knowing on which input queue (on DCP) the dataarrived on. If we mix LFDR and
WEFR data on the WFR queue, it becomes necessary to disable gain control on the LFDR
(assuming the WFR isin a5 channel mode and we want to manage al 3 gain controls).

(We may want to route in this manner to provide alittle mode temporal resolution on
the eectric channds, as an example)
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5.3 Antenna Switching

Antennainputs are not buffered between the differentia amplifiers and theinputsto
the variousrecaeivers. Analog switches are used to connect the output of the differentia
amplifier to the buffer amp on the input to each of thereceivers. Switching on one of the
analog switcheswill typically cause atransient to occur on the signal line. Although thisis of
little consequence for the receiver that isbeing switched, asit is not acquiring data, the other
receivers may be active and capture the glitch. This behavior must be allowed for when
designing dataacquisition schedules.

Asan example, the MFR, when in toggle mode, switches on aregular 32 second
boundary that is naturadly aligned with the S/C timefield. DUST captures are scheduled when
CPU cycles onthe DCP are available and are delayed during MFR antenna switches. WFR
should be scheduled such that data captures do not occur when MFR switches. High rate
WBR activities may experience these switching transents
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5.3.1Antenna Switching and AGC (WBR)

Antenna switching can affect AGC operation on the WBR asit makes use of asignd
integrator (as opposed to asoftware AGC scheme as used on the WFR where we look at the
waveform and make gain change decisions). With the WBR, any trangents caused by
changing antennainputs are integrated aong with the sgnd from the selected antennaand
used to determine when the gain needs to be changed.

The antenna sel ected between datasets is may be controlled by the 8 bit data
acquisition process. In mog cases the most recent WBR or DUST mode control command
will set the antennamultiplexor control field in the acquisition process. This meansthat the
mode control command that specifies the desired antenna mux setting should occur lastina
sequence of setup commands. The antenna selection may aso be explicitly dtered by using a
memory tweak command.

Operating both WBR and DUST at the same time can present a problem when
attempting to utilize the AGC function as the antenna switching transients may cause an
atificidly high sgnd level to beindicatesin the AGC reading. We can correct this by
operating both logica instruments in manua gain mode, of course, but thisis somewhat lewss
than optimal.

The acquisition processisintended to operate in a default mode where the antenna
selection is set prior to adata set and not changed. This method would be appropriate when
WBR is operating in aburst mode, we would see a gain change (or perhaps two) when the
burst occurs (and possbly when DUST beginsacquiring data following the burst), but the
selected gain should settle on an appropriate level.
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54 Low Rate Science

Low rate science may be produced at any time and will be marked for delivery to the
pacecraft whenever enough data has been placed in the outgoing buffer areato completdly fill
ascience telemetry packet.

All of the receivers may be active when the instrument isin an LRS mode. In other
words, LRS does not refer to data from a specific receiver, rather it refersto the logica path
the data takes out of the instrument and into the spacecraft.

Bandwidth using the Low Rate Science stream is architecturaly limited to
approximately 30K bit/sec. Thislimit is calculated using a packet pickup every other RTI
periods as the Low Rate Science streamis not double buffered. One RTI period is required for
CDS pickup and asecond RTI isrequired for LRP to move datainto the BIU memory
(depending on CPU availability, morethan 1 RTI may be required for data movement, further
limiting the peak LRS data rate).

55 High Rate Science
This mode of operation requires that the spacecraft collect data at |east every other
RTI period. Thismodeisrequired to make use of telemetry bandwidth in excess of 30Kb/s.

Only instruments located on the HRP are capable of ddivering datausing HRS.
Currently only the WBR and WFR recelvers are capable of deliveringto HRS. Also note
that only the WBR is capable of producing sufficient data to allow dataratesin excess of
100K b/sto be sustained (there are hardware limitations that limit the WFR data rate).

Prior to V2.5, packet sequencing was normally added to the HRS packets by the BIU
handler (process BIUH) onthe LRP. The process onthe HRP, DIR _, aso sequencesthe
HRS packets dthough this sequence field is overwritten on the LRP. Asthe packet sequence
isaways placed in the CCSDS header on the HRP, it will become visible on the ground if the
sequencing performed by the LRP is suppressed. With the introduction of the V2.5 flight
software, sequencing on the LRP is normally suppressed to avoid a problem with improper
HRS sequencing. Thischange, aong with other changesin the BIU handler closesan I SA.

Version V2.6 adds severd enhancementsto WBR, LDFR, and LFDR capabilities
WBR adds a burst mode that allows a programmable number of WBR data sets to be acquired
inaburst. This capability alows the instrument to be configured to collect high rate data but
leaving the WBR initidly inactive. Asdatabursts are desired, they may be activated usng a
sngle command without the need to worry about getting WBR stopped at alater time (thishas
afavorable impact on |[EB memory requirements and a so provides asmple meansto trigger
these collection activities directly from the spacecraft).
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The WFR and LFDR have been enhanced with a band toggle capability. Thisalows
the 12 bit receivers to switch between high band and low band with each data set acquisition.
The data acquisition process, on HRP, provides AGC support, but the AGC codeislocated on
the DCP. If the DCP code is not updated to accommodate the toggle mode, it is necessary to
operate with AGC disabled to avoid problematic situations (where the secondary band data is
analyzed causing again level change on the primary band).

The gain control commandsfor both WFR and LFDR have been enhanced to provide
control over the new toggle capability.

55173MEM_TWEAK, LRP, BYTE, 0x32, n, BIUH
High Rate Science Control

Thisfield must be set to OxFF in order to dlow high rate science activities to occur.
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552 73MEM_TWEAK, LRP, BYTE, 0x33, n, BIUH
Sequencing control, prior to Verson 25

*  Ox00 LRP sequences HRS data

When the flag is set to zero, the LRP will update the sequence field
within each CCSD S record that isto be passed on to the spacecraft.
Any datathat islost between HRP and LRP will not be evident to the
gpacecraft or ground system.

* OxFF LRP passes HRS unchanged

When the flag is set to any non-zero value LRP will ignore the
sequence field within each CCSDS record that isto be passed on to the
gpacecraft. LRP will calculate the agppropriate number of CCSDS
records to deliver without changing the recordsin any way. Any data
that islost between HRP and LRP will not become evident to the
gpacecraft and ground system.

Version 2.5 alters the default sequencing of HRS data by inverting the
meaning of theflag. No commanding, up to this point in time, has attempted
to change the default behavior so we simply dtered the meaning of the default
to disable LRP sequencing. Thisis part of afix to iminate a problem with
duplicate packets that gopeared when telemetry modes changed at the same
time the RPWS modes changed.

This change a so make packet |oss between HRP and LRP visible.

Sequencing control, Verson 2.5
* OxFF LRP sequences HRS data

When the flag is set to zero, the LRP will update the sequence field.
*  Ox00 LRP passes HRS unchanged

When the flag is set to any non-zero value LRP will ignore the
sequence field within each CCSDS record that isto be passed on to the

spacecraft.
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The remainder of the CDS Packet formatting is performed by asingle process on the
HRP. Thisprocessiscalled BIU Direct and has an internal name of "DIR_". The formatting
may be performed in several distinct ways.

55373MEM_TWEAK, HRP, BYTE, 0x60, n, DIR _
Scheduling mode.

O Programmed move

Data movement is accomplished using programloop. Peak datarates
are on the order of 100Kb/sec. The only resource required to support
this method of movement is the processor.

1 SmpleDMA

Datamovement is accomplished using the 8237 channel 0 and 1.
Exclusive access to the 8237 is obtained by requesting the mutud
excluson flag associated with the 8237. The WFR, particularly
when operating in low-band will, interfere with this data
movement scheme (as the 8237 is occupied for long periods of
time).

2 DMA/Programmed Mx dependent

Thisisacombination of thefirst 2 methods. When adata
movement is necessary, the mutual exclusion flagsfor channelsO
and 1 areinspected and if both are free the data movement is
performed using the 8237. If either/both mutua exclusons
indicate achannel in use, the moveis performed usng aprogram
loop. This method attempts to strike a balance between speed and
resource regquirements.
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3 Restart-5

Thisisahigh data rate mode designed to accommodeate the
WFR/LFDR operating in low-band (i.e. 10mSec sample period).
When WFR is used at the low sample rate, the associated 8237
channel islocked for aperiod of seconds. Inorder to avoid blocking
WBR activity there are hardware ass s designed to synchronize
access to the 8237 during WFR/LFDR activities.

In this mode, when WBR data needs to be moved, each WFR/LFDR
sample causes an interrupt to be generated. Theinterrupt service
routine examines aregister that indicates the time remaining before the
next WFR/LFDR sampleisto betaken. If sufficient timeisavailable,
the 8237 word count and address register for the WFR/LFDR are
saved and then the 8237 is programmed to move a block of data
Following the block move, the original word count and address are re-
loaded and the 8237 then continues with the WFR/LFDR activity.

Thisisworkable only when the WFR/LFDR isin low band where the
samplerate is 10 milliseconds. It isdesirable, athough not necessary,
that the L/P be inactive when operating in thismode asit will block
both WBR and the data movement activity (i.e. It will depressthe bit
rate).

When WFR is operating in high band, the code revertsto using a
programmed move, whichisquite dow. Thetest for WFR operation
is performed once for each group of data movements, so the
dowdown should be temporary.
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4 Burst DMA

This defers the data movementsto allow the mutual exclusion
system service request to be used to control accessto the 8237 for
an entire group of moves. The system service callsto gain
exclusive access to the 8237 consume as much CPU time asthe
data movement operation, so reducing the number of system calls
relative to the number of data movement operations should result
in anoticeable performance improvement. This mode should be
interchangeable with mode 1.

55473MEM_TWEAK, HRP, BYTE, 0x70, n, DIR_
RST-5 interrupt time remaining point.

When operating in mode 3 (using the LFSR sample clock asan interrupt source
to perform DMA memory moves) thisisthe value used to determineif there is adequete
time remaining in the sampleinterva to perform the DMA move.

The hardware register that isread isa 16 bit register that is clocked with the
6Mhz system clock. Itispreset to 60,000 at the start of each LFDR sample and is
primarily used to generate the next data sample (i.e. Every 10 milliseconds). The upper
8 bits of this counter is made available to the processor (i.e. TheHRP). Theregigter is
not latched so the processor can read the register as a carry ripplesthrough the counter so
it is necessary to take stepsto insure that the register contents are valid (i.e. multiple
reads). Thelowest visible bit changes state every 42.666 microseconds and theinitid
vaueis0x15 and it increments until reaching OxFF.

The value obtained from this hardware register is compared with the value a
offset Ox70 and the DMA operation is performed only when the contents of the register
arelessthan theindicated value. Keeping in mind that the HRP does not make use of
the NMI (non maskable interrupt), we can determine, through instruction timings, if
there is sufficient time remaining in the RTI to perform the move, restore the 8237, and
clear the interrupt prior to the next LFDR sample.

Version 2.7 software has a default value of 0x??.

5.6 High Rate Processor Resour ces

The HRP has very limited hardware resources available for performing it'stasks. The
operating system provides the gpplication code with mechanismsto control accessto and
alocate limited resources. It ispossible (likely) that adata acquisition schedule will be
specified that will request operationsthat are physically impossibleto perform and will be
rescheduled. Thisrescheduling is evident in the data time tag and cannot be avoided athough
it should be possible to adjust the acquisition schedule to better meet the science objectives of
an observation.
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5.6.1HRP Memory

The HRP memory consists of 96K bytes of main memory and 64K bytes of BULK
memory. The complement of main memory is staticaly alocated to be used as data buffers
for the Langmuir Probe, WBR, WFR, and LFDR (Dust analysisis aderived mode of the
WBR and shares bufferswith WBR). In addition to the data acquisition buffers, the software
requires various buffersand, of course, spacefor the operating code.

The BULK memory is not directly addressable by the processor and is not used in
support of dataacquisition. BULK memory typicaly is used to hold a backup copy of the
operating software.

WFR and LFDR have separate buffers to accommodate the different datarates a
which theselogical ingruments operate. Thisalowsthe WFR to continue to operate without
being blocked due to a buffer of LFDR data that hasn't been completely processed.

WBR and DUST are not expected to operate at the same time so buffer contention is
not considered anissue. In the event that DUST and WBR are scheduled concurrently, the
impact of the shared buffersin minima asthere are minimal delaysimposed by the delivery
process (WFR and LFDR have significant delivery delays)

5.6.2 8237 controller
DMAThe 8237 controller isa4 channd controller. The requirementsimposed by the
design require theuse of 7 channels.
L/PDAC
L/PA/D
WBR (8 hit A/D)
WFR (12 bit A/D)
IPC (communications channel to LRP/DCP)
Memory to Memory

N o g bk~ wDd

Memory to Memory (requires 2 channels of the 8237)

The Memory to Memory channel does not require any additiona hardware support so
it Smply makes use of two channels used by WBR, and WFR. 1n addition, the WBR channd
is shared with the L/P DAC and is used to perform sweep operations.

5.6.2.1 DMA Channel 0/1 (block move)

Using the 8237 to perform block movesrequires thefirst 2 channels of the device.
There are several schemes used to insure that the device operates correctly.

Programmed
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Programmed moves are enumerated here to make the block movelist complete. The
programmed move makes use of a programmed |oop to move characters (i.e. it does not
require the use of the 8237). This method limits the bit rate that HRP can format to about
100,000 bits/second.

Smple

Thisisthesmplecase. The mutua exclusion flagsfor both DMA channelsare
requested and the process relinquishes control of the CPU until both channesarefree. The
8237 isthen programmed to perform the move. Note that the overhead associated with the
Mx (mutual exclusion) activity is significant and limitsthe bit rate the instrument is capable of
operating at.

Fast

This case attempts to reduce the overhead associated with acquiring and releasing the
lock on the 2 DMA channels. The move routine inspects the memory location used to keep
track of the Mx associated with the channels and performs a programmed move when the Mx
for either channel would block. If both Mx flags are free, interrupts are disabled and the 8237
is programmed to perform the move. This scheme avoids most of the overhead involved with
managing access to the 8237. Note that this scheme may result in lower than expected data
rates as the Mx flag for one of the 8237 channelswill tend to bein use.

Interrupt

This case attempts to use the 2 DM A channels while one channel is active servicing
the LFDR at asample rate of 100Hz. The hardware generates an interrupt when the LFDR
sampling is complete (i.e. every 10mS). Theinterrupt service routine must then determine
how much time has e apsed from the interrupt request until the service routine receives control
of the CPU and proceed to setup a block moveif sufficient time isavailable before the next
LFDR sampling period.

The kernd provides amechanism to attach an interrupt routine into the kernel
interrupt handler in support of thishardware assst. The interrupt routine has access to the
hardware timer used to generate the LFDR sample clock. This mode must be used with
extreme care (i.e. both 8 bit and 12 bit configuration must be considered jointly, it israther
smpleto misconfigure the hardware and cause the HRP to stall in an interrupt routine).

5.6.2.2 DMA Channel 0 (Langmuir Probe/WBR)

The Langmuir Probe DAC and the WBD ADC sharethisDMA channel. L/P
software must have exclusive accessto the DMA channe before setting the control bits that
determine which of theinstruments are connected to the DMA channdl.
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When performing density measurements, the Langmuir Probe requires asingle DMA
channel (i.e. channel 3). The density measurement does not typicaly present any resource
conflicts as the sample rate is low enough to allow afull WBR data set to be acquired
between samples.

When a swept measurement isrequired, a DAC is supplied with data from atablein
memory by channd 0 of the8237. Thisis shared with the WBR and protected by an Mx flag
that is acquired before the 8237 hardwareis accessed.

5.6.3 Compresson Hardwar e(ISFLIP)

The hardware compression hardware (the | SFLIP chip) may be connected to either
the WBR converter of the WFR converter. Although it isimpossible for both WFR and WBR
to make use of the ISFLIP hardware smultaneoudly, accessto the compression hardware is
protected through the use of amutua exclusion flag.

The compression hardwareis primarily intended to be used with the WBR.

5.6.4 CPU(block move)
Performing data movement using the 8085 limits bit rates to approximately 100K
bit/second.

5.6.5 CPU(WBR high band)

The WBR, when operating in high band, causes the 8237 to dominate the processor
busfor the duration of adataacquisition. Thiscausesal other activities on the HRP to be
suspended. This potentid interference is managed by having the WBR handler synchronize
with the L/P through an mutua exclusion flag and with the WFR using one of two methods

5.6.5.1 WFR MX

The WBR handler acquiresthelock on the WFR DMA channel to prevent WFR from
acquiring datawhen WBR is active. In the event that WFR is active when thisrequest is
made of the kernel, WBR will relinquish control of the CPU until the WFR has
completed it's activities.

5.6.5.2 LFDR SYNC

The WBR handler ignores the lock on the WFR DMA channdl, but sets a hardware
control bit to cause the WBR acquisition to occur following the next WFR sample.
When the WFR is sampling a 100Hz and the WBR data set Szeis at or below 2048
samples, the WBR will complete adata acquisition before the next WFR sample occurs

5.6.5.3 WBR MX

The WFR acquigition process will ask for the WBR Mx when it is operating in high
band mode and notices that either WBR or DUST has been commanded to operate in
high band mode. Thisdlowsthe LFDR to operate in low band with WBR
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synchronizing with the LFDR sampling (WBR acquires 2048 samples or lessto
complete activity prior to the next LFDR sampling) while having occasional WFR
acquisitionsin high band.

The Langmuir Probe shares resources with the WBR and must, therefore, suspend
operationswhen WBR is active (reverse Stuation aso applies). The WFR, however, may be
activewhen L/Pis performing asweep. Version 2.2 of the L/P driver does not attempt to lock
out the WFR when performing a sweep, resulting in interference being visible on the electric
antenna,

5.6.6 IPC and BIU direct

When operating in any HRS modes, the IPC channel must handle thistraffic and there
are potentia interactions with other uses of the IPC channd. Carefree scheduling of outgoing
traffic can result in unexpected depressions of the HRS bit rate.

Congder, for a moment, how BIU Direct traffic is scheduled for delivery by the IPC
handler on HRP. We do not have a dedicated means of sending status from LRP to HRP to
interlock ddlivery of HRStraffic. The IPC mechanismistoo dow to alow an acknowledge
for each buffer delivered so HRP must establish some means of avoiding an overrun
condition. Thisisaccomplished by delaying delivery of a BIU Direct buffer until the
beginning of the RTI period (through the use of the DELAY system service). This effectively
forces a period of timewhere outgoing trafficis suppressed. In most instances, other data
sources on the HRP will not be generating I1PC traffic at a sustained level (two or fewer IPC
packets per RTI, on average). In most cases, BIU Direct traffic will be interspersed with other
IPC traffic and the delay that occurs prior to the ddivery of HRS traffic smply slows other
traffic dightly without affecting delivery to any significant degree.

If, on the other hand, we start to accumulate any volume of norma IPC traffic, each
succeeding BIU Direct packet may not be processed soon enough to cause the delay call to
occur in the same RT]I period as the preceding BIU Direct packet. When this occurs, more
than one RTI period will have elapsed between BIU Direct packets, causing a corresponding
dropin bit rates.
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In particular, we have a WFR/LFDR setup that attempts to produce high bit rates (high
for WFR, anyway). We configure WFR to collect on a 24 second schedule and pack the data
(packing isfaster than compressing asit only performs the 16 bit to 12 bit pack). The WFR
ddlivery scheduleis setup to ddliver aminipacket ssgment every second (there are 20
segments). To alow the datato flow through | PC at this rate, the minipacket assembler has
been flagged to ddiver the WFR segment (consisting of 5 IPC buffers) without the normal 1
RTI delay. Thiscausesagroup of 51PC packetsto be delivered to |PC handler in agroup.
When BIU Direct trafficis present, this group of WFR packets will depressthe HRS bit rate
asthe BIU Direct traffic cannot be delivered every RTI period. The solutionissmple,
athough thereis the potentia to cause buffer overruns on DCP when using this. Changethe
ddivery schedule (WFRC offset 0x54) from 8 (1 segment per second) to 4 (1 segment every
%2 second) and restore the minipacket assembler delay flag to cause the segment to be
delivered 1 IPC packet per RTI. This preventsloading the IPC transmit queue with too many
|PC packets while maintaining the WFR throughput. One side-effect of thisisthat DCP will
now be holding the segment in F5 buffersfor severa RTI periods, with the potentia to cause
buffer overruns (DCP has about 10K-11K of buffer space with each LFDR segment requiring
768 bytes and each WFR segment requiring 1280 bytes).

5.6.7 CPU cycleson DCP

Although not part of the HRP resource pool, CPU cycdes on the DCP will impact
some of the high bit-rate WFR/LFDR modes. One areathat is not asobviousisthe loss of
AGC function when insufficient cycles are available to perform an occasional andysis of the
12 bit waveform datain order to adjust the gain levels. Reducing bit rates or eliminating AGC
control will solve this contention.

5.7 Science Software memory dump

In order to perform aground analysis on the science software the following memory
dump may beused. Thisdump assumes that science telemetry in excess of 4500 bits/'second
isavallable. Thedumpisperformed inthisorder to leave the memory tweak process bank
select byte pointing to bank zero on the LRP (in order to protect |EB memory from
corruption).

00:00 73MEM_TWEK, LRP, WORD, 0x60, 0x00, LOCK
00:05 73MEM_TWEAK, ALL, BYTE, 0X14, 0XCO, TWEK
00:10 73MRO, HRP, TLM, 8000, FFFF
00:15 73MRO, LRP, TLM, 8000, FFFF
05:30 73MEM_TWEAK, ALL, BYTE, 0X14, 0X00, TWEK
05:35 73MRO, DCP, TLM, 0000, 7FFF
05:40 73MRO, HRP, TLM, 0000, 7FFF
05:45 73MRO, LRP, TLM, 0000, 7FFF
11:00 73MEM_TWEAK, ALL, BYTE, 0X14, 0X40, TWEK
11:05 73MRO, DCP, TLM, 8000, FFFF
11:10 73MRO, HRP, TLM, 8000, FFFF
11:20 73MRO, LRP, TLM, 8000, FFFF
17:00 73MEM_TWEK, LRP, WORD, 0x60, OxFF, LOCK
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5.8 Internal Interference

Severa of the receivers perform active stimulation of the local environment resulting
in interference the is coupled from one antenna to another (Langmuir Probe sweeps, HFR
Sounder activity). Active stimulation is noted in the ancillary data that is delivered to the S/IC
each second. HFR Sounder activity would normally be coordinated with activity on the other
receivers due to the use of acommon antenna  The Langmuir Probe, on the other hand, has
the sphericd probe dedicated for it'sexclusive use. It ispossbleto perform aL/P sweep while
other partsof theinstrument are active and the sweep will couple into the eectric antennas.

Two sources of internd interference will also be evident in the data. The antenna
switching matrix within the WFR, WBR, and MFR is susceptible to switching trangents. In
other words, when any of these three recelversis switched, the newly selected antennawill, in
most cases, have atrangent impressed on that antenna (this interaction is described earlier in
thissection). Thisinterferenceis entirely within the WFR/WBR/MFR e ectronics

A third source of interferencein the HFR direction finding mode.
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5.9 Muted oper ations

A mode of operation suggested for use during probe checkout isto leave the
instrument powered and simply mute the 1553 transmitter. The muting can be achieved in at
lest two different manners, first by CDS sending a 1553 bus command to mute individua RT's
and second by CDS tripping the BIU watch-dog timer (this can be accomplished by command
or through benign neglect).

The question then comes up asto how RPWS software handles this Situation. Inthe
nominal case, we can expect no adverse reactions to having the transmitter muted. If
carelessly applied, however, the instrument can become congtipated and require atransition
through a SL EEP mode to recover.

5.9.1 Benign muting
If muting occurs when the S'C telemetry mode does not include RPW'S data pickups,
then the instrument should smply stop producing data and nothing unusua should occur.

This scenario causes high rate data to be suppressed by L RP.

In the event that CDS continuesto request data from RPWS, the BIU may think data
is being picked up and the LRP will continue to post datain the BIU for ddivery (LRP would
not be aware that the BIU is muted).

5.9.2 Impacted muting
If muting occurs when S/C telemetry mode indicates that RPWS should be sending
data (either high rate or low rate), then severa problems might occur.

CDSwould not receive aresponse from RPWS and mark the instrument as off-line?
Telemetry mode continues to be broadcast (indicating RPWS should be producing data) but
CDSwould not schedule RPWS pickups. LRP would then have to discard LRS data and the
free space buffers would be over committed resulting in free space exhaustion. Commanding
would be compromised as there would be no memory available to store incoming commands.
This may trigger atiming interaction that may cause the HRP to remove power from the
WBR/WFR A/D section and to power down the entire L/P.

Recovery from a HRP power-down would require transition to SLEEP, back to
ACTIVE, then a73IEB_TRIGGER, MASK, 0, 0.

This type of muting can be smulated (on the engineering model )by ssimply powering
down the S/IC simulator (i.e. Heurikon) for aperiod of time. Thisleave RPWSin avalid
telemetry mode with no pickups. Strange things happen although it isimportant to note that
the instrument does not crash (no software reload is required to recover).
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5.9.3 Mutetests (5/2003)

In preparation for some of the probe relay activities, we have proposed that RPWS
samply be muted, rather than being placed in deep. Thisissmply to avoid apower cycle of
the recelversthat is caused by placing the instrument in deep mode.

5.9.3.1 1%, Test

Instrument was loaded with FSW V 2.6, powered up and started with trigger 26. After
severd minutes (about 10 science telemetry packets) the BIU was muted using the command:
73rt_wdterr_rpws, set Which causes the BIU tranamitter to be disabled. The instrument
was the left running for about an hour, during which no datawas received by the PPCRTIU
(dueto the BIU being muted). Thistest indicates that the instrument operates with noill-
effects. When the BIU isun-muted at the end of the test, dataflow resumes (i.e.
Housekeeping and Science appear again). The only indication that the mute occursisthe loss
of dataand a corresponding gap in the packet sequence numbers,

TLM MODE S&ER-3

Load FSW V2.6
73IEB_TRIGGER, MASK, 0, 0
73IEB_TRIGGER, ID, 28, 0
73RT_WDTERR _RPWS, SET
(about 1 hour)

73RT_WDTERR _RPWS, CLEAR
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5.9.3.2 2", Test

Wewill attempt to smulate the sequence of events alittle better in thistest. Thistime
weare operating in trigger 28. These next test will attempt to verify that the instrument is
rather insensitive to having data collection suspended.

With this sequence of events the packet sequence numbers will not indicate any lost
data. Thisis becausethe telemetry mode has no pickups so BIU does not produce any HSK
or SCI telemetry. Muting in this sequenceis not even noticed in the telemetry data

TLM MODE S&ER-3 (from previous test)

FSW V2.6 (from previous test)
731IEB_TRIGGER, ID, 28, 0 (from previoustest)
TLM MODE PRLY-ONLINE (C3030321)
73RT_WDTERR RPWS, SET

(about 1 hour)

73RT_WDTERR RPWS, CLEAR

TLM MODE S&ER-3

5.9.3.3 3", Test

Wewill attempt to smulate adlight change in the sequence of events. Thistime we
are operating in trigger 28 (as before). This difference here being a changein to order that the
mute and telemetry mode occur in.

Aswith the 1% test, we drop those packets that were asked for when the BIU is muted,
S0 thereisagap in the packet sequence numbers. As expected, the instrument operates
through the muted operations without problem.

TLM MODE S&ER-3 (from previous test)

FSW V2.6 (from previous test)
731IEB_TRIGGER, ID, 28, 0 (from previoustest)
73RT_WDTERR RPWS, SET

TLM MODE PRLY-ONLINE (C3030321)
(about 1 hour)

TLM MODE S&ER-3

73RT_WDTERR RPWS, CLEAR
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6 |EB Internals
Instrument Expanded Blocks.

Memory within the insrument used to store sequenced commands.
Verson 2.6 changes
Version 2.6 FHight Software introduces two minor changesin IEB handler behavior.

With this update the occurrence of the 73IEB_LOAD command dters atimer that alows
the |EB handler to runevery RTI period. Thistiming change allowsaload to occur at al
command per RTI rate (thisisto support the LSF addition to CDS software).

The IEB handler also marks |[EB memory asinvaid when a73IEB_LOAD command is
received. The only way to mark |EB memory as operationd isto successfully perform a
checksum vaidation. The checksum vaidation istriggered when a73IEB_EOF command is
received by the instrument.

Verson 2.4 changes

Version 2.4 Hight Software introduces a mgor change in the method used to load |IEB
tablesinto the instrument. Prior to thisrelease, the |EB checksum was ca culated within the
|EB handler as part of the |EB loading process. A lost block would not be automatically
detected when using the old load method. With the new method, the checksum table is
caculated and built on the ground to be delivered with the IEB Load. Any lost blocks should
result in amis-match between the table ddlivered with the |oad and that table as calculated
within theinstrument. The result of the checksum calculation is now availablein the
housekeeping telemetry. In addition, an invaid checksum will inhibit execution of IEB
triggers, preventing the instrument from executing invalid commands.

An additiona changein the IEB handler alows about half of IEB memory to be loaded
viathe ALF mechanism, as part of the instrument software load. This capability isintended to
alow the instrument to be loaded with a basdine set of 1EB triggers without any additiond
effort on the part of CDS or ground control.

As mentioned above, the |EB checksum must be vaid in order to execute ID triggers.
Supplying the checksum table externally aidsin detecting lost or defective records. As
occasional lost records are to be expected, the loading mechanism does not abort the load
process when alost record is detected (although the missing record is noted in a statusword in
housekeeping). Thisalso allowsthe load to be attempted severa timesto reduce the impact of
random missing load records.
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6.1 How to manage and understand | EB locads
Some tips and comments about how this function isimplemented within RPWS

|EB loads may be ddivered to the instrument at amaximum rate or 1 IEB record per
second (8 RTI periods). Delivering the 73IEB_L OAD recordsto RPWS at afaster rate may
cause aresource exhaustion within the instrument resulting in regjection of some of the
73IEB_L OAD commands. For short loads, thisrestriction is not particularly noticeable but
the restriction should be observed for al loads.

Starting with Verson V2.4 flight software, anew command 731EB_HALT, CLEAR has
been added to alow a single command to clear adl of IEB memory and invdidate the
checksum table. Thiscommand should be always used prior to an IEB load. Keepingin
mind that the command clears IEB memory, it must be issued prior to the load(s) (in other
words, the order is clear, load, load, load not clear, load, clear, load, clear, load).

Another point to keep in mind when working with |EB isthat thereislittlein theway of
error checking to prevent the user from sending an invalid trigger. The current software load

(through at least V2.4) will attempt to processany trigger addressit receives. One indication
of aninvaid trigger command is having the Invalid Command Count increment.

The stepsinvolved in creating an |EB load are asfollows:

1) For each instrument mode, construct a command script, including 73MEM_TWEAK
commands to define the receiver cycle times. Test the command script by sending
from the ground.

2) When the command script isworking satisfactorily, create an AVOCET assembler file
by invoking the command parser on the HP like this

parser -avocet [mode_name] < input_file_name > output_file_name

Note whether the command script was done as atwo-part script. It isnecessary to do
this when the commandstotal 256 bytes or more. The parser automatically doesthis, but you
need to be aware of it when you are invoking the [mode_name] from within the IEB.

3) Pacethe assembler file on the PC and assembleit by invoking the Avocet assembler:
avmac85 output_file name

4) Repeat this process for as many modes
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6.2 IEB Memory (V2.4 and later)

Thisisan areaof memory used to store theinterna sequence. Starting with version
2.4 flight software some changes/enhancements are present to make handling |EB memory a
little easier.

Following aprocessor reset, IEB memory isinactive (i.e. deselected by the bank select
hardware) and inaccessible (i.e. processor does not have code in the ROM to select the
memory bank containing the IEB memory). Thereisno provision to directly load IEB
memory using the ALF loader. Also keepin mind that part of the initidization processisto
clear memory from 0000 through 7BFF to zero.

Following an ALF load (science software V2.4 or later) the IEB handler looksin
memory (at location 5C00) for an IEB memory image. |If location 5C00 is non-zero the IEB
handler assumes that there is an 8K |EB memory image at 5C00 and moves the image to the
beginning of IEB memory. The upper 8K of IEB memory isthen cleared and the checksum
table, located at 5B00 is moved to the top of IEB memory.

If the reload isfrom BULK Memory (due to a software crash, for instance), the IEB
memory image will not appear in memory (it isnot saved in BULK Memory) and the IEB
handler will skip the entire data movement operation described above and IEB memory will
remain unchanged through the reset/reboot operation.

At thispoint the IEB handler will verify the integrity of the IEB checksum table. We
can expect the checksumto be valid in the case of an ALF load (aswe carefully tested the
load prior to submission), and since |EB memory istypically inactive, we might reasonably
expect IEB memory to survive a software crash. If the checksum validation indicates an
invalid checksum, the entire IEB memory areais cleared to zero and marked asinvaid
(preventing any 731EB_TRIGGER, ID commands from executing).

A valid checksum, of course, marks the IEB memory asbeing valid and will alow
73IEB_TRIGGER, ID commandsto execute.

Asmentioned at the beginning of this section, IEB memory ismarked asinvaid upon
reception of any 73IEB_LOAD command and may only be marked as useable by successfully
completing checksum validation (by receiving the 73IEB_EOF command) [V 2.6].

114



6.31EB_LOAD (V24 andlaer)

|EB memory is|loaded using the 731EB_LOAD command. In thisversion of the
software the sequence number is no longer used, anticipating that command loss in not
unusud. Rather, the checksum is calculated on the ground and delivered with theload. If a
record islost, the checksum table is expected to indicate the problem through housekeeping so
that additional attempts may be made to load IEB Memory from the ground. And invaid
checksum during thisload process does not result in IEB memory being cleared.

A load may be presented to the instrument severa timeswith noill effects. Assuming
that errors are random in nature, we expect that at least one good copy of each record arrives
at the instrument after severd load attempts.

Thearrivd of the 731EB_EOF command triggers the checksum vaidation and
subsequent flagging of the IEB Memory as being valid (or invalid, asthe case may be).

Prior to thefirst 731EB_LOAD command, | EB Memory may be cleared using the
73IEB_HALT, CLEAR command. Thiscommand may beissued severd timesin order to
accommodate lost commands. This pre-clear operation forces [EB Memory into an initid
condition (of al zero) in order to prevent afaseindication of avaid checksum. (Note that
when memory is cleared, the checksum pattern iswell known).

6.3.11EB_LOAD in Real-Time
|IEB Load Test

Testing of the V2.4 Software includes some testing of the improved IEB load facility.
Thistest isintended to verify that the loader is capable of dealing with damaged loads,
typicaly inthe form of lost commands to the spacecraft.

The 731EB_HALT, CLEAR command(s) must be grouped together at the beginning
of theload sequence. When this command isencountered, IEB Memory is cleared to zero so
it should be obvious that this command will eliminate any previoudy received load
commands. Multiple occurrences of the command are legitimate when a minimum of ?7?
secondsis alowed after each command.

Following the clear commands, several occurrences of the |EB |oad image may
appear. Inthe course of testing, severd successive loads were ddlivered with a 731EB_END
(731EB_LOAD, 0, sequence) following eachload. Each occurrence of the 73IEB_END
command causes a check of the integrity of theload with the status bits in housekeeping being
updated.
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A typicd red timeload might occur asfollows

Instrument Power on and Flight Software load.

Since V2.4 Software has an internd |EB L oad, expect the [EB GOOD
datus bit to be set. All other IEB statusin the housekeeping page should
be zero.

It isas0 reasonable to reload | EB's when the instrument is on and running.
Thiswould be accomplished by sending 731IEB_TRIGGER, ID, 10, 0 t0O
bring the instrument to an idle state (allowing at least 60 seconds for the
command to complete) or, possibly, by putting the instrument to deep.

73IEB_HALT,CLEAR

This command may occur severd times, with the appropriate delays
following each command. All IEB statusin the housekeeping is cleared to
zero in preparation for loading anew |EB.

73IEB_LOAD

The IEB load is presented to the instrument, followed by an 731EB_END
to cause checksum ca culation to check the integrity of the load.
Command good counters reflects the number of records loaded. If any are
lost, the BAD status bit will be set to indicate the checksum did not match.
If all goeswell, the good count will indicate the correct number of records
and the good status bit will be set.

73IEB_LOAD

Keeping in mind that light timeto Saturn is on the order of 90 minutes, we
can choose to send severd copies of the load to the instrument to alow for
loss during transmission. The subsequent |oads are placed in memory,
overwriting the current contents. If al goeswell the good count in
housekeeping will indicate the number of recordsin thisload that were
received (although not necessarily acomplete load) with the good status
bit indicating if the checksum correl ated.

It ispossble, at this point, to have both the GOOD and the BAD satus bit
set. The GOOD bit isthe significant status, it indicates the state of the
checksumtable. The BAD hit indicates that, at some point, that the
checksum verification was unsuccessful.

Thereisaso, no instrument imposed limit on the number of time that the
|EB Load may be delivered to the instrument.
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6.3.21EB_L OAD V2.6 enhancements

Version 2.6 addsafast |EB Load capability to the instrument software. Thisisto
support the Library Storage Facility added to CDS flight software around the time the RPWS
V2.6 was uploaded (late 2002/early 2003).

The IEB handler introduces a 1 second delay into each group of commands it
processes to reduce impact on the free space buffers on the LRP. Without this delay, free
gpace resources on LRP can easily be consumed distributing commands to the various
subsystems. Thisdelay isin the path of the 73IEB_LOAD processing and limits the rate with
which we can ddliver an | EB load to the instrument. Attempting to deliver the command any
faster consumes free goace (as the command decoder does not see the 1 second delay) and
typicaly resultsin alost command, but may cause the LRP to stop processing commands and
ddlivering datafor a period asthe IEB handler dowly releases buffers.

The V2.6 RPWS flight software has an improved |EB handler that accommodates the
timing requirementsimposed by the Library Sorage Facility. In addition, the changesto the
|EB handler inhibit execution of I|EB triggers when the IEB memory checksum has not been
verified. Any 73IEB_LOAD command that the instrument encounters will inhibit execution of
the 73IEB_TRIGGER command until the checksum table has been verified (using the
73IEB_LOAD,0 form of the command). Timing inthe 73IEB_L OAD path is conditioned by
the checksum flag maintained by the IEB handler. When the execute inhibit flag is set ,
indicating that IEB_TREIGGER commands cannot be processed, the IEB handler will accept
IEB_LOAD commandsthat are only 1 RTI apart. Once the execute inhibit flagisclear, the8
RTI rate limiting is re-established.

In addition to allowing full speed loading of 1EB images when using the Library
Sorage Facility this change allows for full speed loading of IEB's a any time.

The |EB execution inhibit flag is set whenever avaid 73IEB_LOAD command is
encountered (V2.4 and V2.5 only set the execute inhibit flag upon reception of a73IEB_HALT,
CLEAR command). This, in effect, meansthat triggers are disabled unless avalid checksum
pass has occurred since any changesto |EB memory have occurred. Thisalleviates the need
tosend 73IEB_HALT, CLEAR command as part of alibrary load. In most other cases, the
73IEB_HALT, CLEAR command should be used to clear memory to insure that al remnants of
the old load are removed.

Notethat the |EB loader flags in housekeeping are il rather tied to the use of the
73IEB_HALT, CLEAR command to clear the good/bad bits. Although the gppearance of a
73IEB_LOAD command with a sequence number of O will clear the 7 bit good counter, the
good bit remainsinitslast state. The occurrence of thelast 73IEB_LOAD command, the one
with alength fiedld of zero, causes the checksum operation to run and set the good bit if the
load checksums. It ispossibleto have an I1EB load that will not execute with the good bit set
with the V2.6 load (good bit is set by the internal |oad, perform aload without clearing IEB
memory that fails, and the good bit remains set even though the load will not execute).
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6.3.31EB_L OAD command patter ns (notes about zero fill)

The 73IEB_LOAD command isaspecia casecommand. Most other RPWS
commands (with the exception of 73ALF commands) make use of a3 bit length field in the
first command word to define the command length and alow multiple commands to be
packed together for delivery in asingle RTI period. The 73IEB_LOAD command conssts of a
sngle 2 word command followed by up to 120 words of |1EB image (for atotal of 124 words
in the command block). The 1% Word, like all commands, contains a4 bit routing field, a3 bit
length field (that indicates thisis a two word command), a 7 bit command field and 2 parity
bits. The 2™ word holds aword count and sequence number (both byte fields without parity).
The word count indicates the number of words that follow that will be loaded into IEB
memory beginning with an address word and ending with a checksum word.

The command decoder recognizesthis command buffer asbeing a73IEB_LOAD
command, extracts the needed words and passesthem on to the IEB handler to be loaded into
IEB memory. If thereiszerofill, the command decoder treats the zero fill as additiond
commands in the command buffer by extracting and vaidating the parity. Since we make use
of odd byte parity, acommand of dl zeroisrgected asinvaid duetotheinvaid parity. The
net result isthat commands with zero fill a the end will cause the invalid command count to
increment. Sincethiszero fill isrecognized asimproper, it is discarded, aong with the
remaining portion of the buffer (i.e. any additiona zero-fill words). This checking, being
serid in nature, does dlow the 73IEB_LOAD to be delivered, so everything works out.

Notethat zero fill will betolerated in commands although the invalid command count
increases with each occurrence. Theinvaid command count will, effectively, count
command buffers, not the number of zero wordsthat are encountered.

118



6.4 1EB Memory Readout Results
The following commands may be used to verify that a 73IEB_L OAD was correctly
received.

The first command changes the bank byte in the memory readout process to the
appropriate bank (i.e. the bank inwhich the IEB datais stored). If thisstep is not taken,
records that make up the MRO may come from either bank of memory.

The second command dumps asingle micro-packet into the housekeeping that will
contain the verson string of the loaded IEB. Thismay be used to verify that the correct IEB
was uplinked.

The third line dumps the checksum area of the IEB into the housekeeping. This
dumps an area of 128 bytes at arate of 10 bits/seconds, so it will take several housekeeping
recordsto view al of theinformation. The housekeeping datais collected in 10 byte records

Thefourth lineisarepeat of the 3" line but dumped to the telemetry stream. In order
for thisto be ddlivered to the ground the SC must bein a datamode that collects data from
RPWS and the instrument must be in amode that generated science telemetry. If either of
these conditions are not met, the data will not appear on the ground in atimely manner.

The fifth command returns the memory readout process to a state that does not select a
memory bank when active. Thiseliminates asmall window where |[EB memory may be
eadly corrupted by a system crash.

Note that the MRO that specifiestelemetry in the routing field assumes that some
form of science telemetry is active (such asMFR) to flush the MRO through the system.  If
none of the subsystemswithin the instrument have been powered on the dternate commands
should be used to guarantee that afull CDS record is formatted and delivered to the spacecraft
system.
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6.5 |EB Memory Readout Commands
The dternate commands dump sufficient memory to flush the dump record out of the
BIU.

73mem_tweak, Irp, byte, 0x14, Oxc0, TWEK
73mro, Irp, hsk, 8000, 800f

73mro, Irp, hsk, bf00, bf7f

73mro, Irp, tim, bf00, O

73mem_tweak, Irp, byte, 0x14, 0x40, TWEK

Alternate

73mem_tweak, Irp, byte, 0x14, Oxc0, TWEK
73mro, Irp, hsk, 8000, 800f

73mro, Irp, hsk, bf00, bf7f

73mro, Irp, tim, bf00, c2ff

73mem_tweak, Irp, byte, 0x14, 0x40, TWEK

6.6 Memory Readout I nter pretation

Two items are required to verify the IEB load. First the checksum areafroma
successful load (this would be obtained from the bench model during testing of the load) and
the number of 73IEB_L OAD records used to create the load.

If the number of 73IEB_L OAD recordsis even the comparisonistrivia. Smply
compare the same number of bytesasthere are 731EB_LOAD records. Each 16 bit fieldin
the checksum area covers 256 bytes of memory while each 73IEB_L OAD covers 128 bytes
of memory (this effectively matches up |EB_L OAD records with checksum bytes).

If the number of 73IEB_LOAD recordsisnot divisble by two (i.e. is an odd number)
then the comparison becomes difficult as the checksum covering the last 73IEB_LOAD
record does not necessarily operate over identica memory blocks (although the beginning of
the page may beidentical, the back haf of the page does not necessarily match and it makes
no differenceif it doesn't match). This can be remedied by clearing IEB memory to zero or by
creating |[EB_LOAD in groups of two.

Notethat thetaly of 73IEB_LOAD records counts only those records with data. Any
leading or trailing records that are short should not betallied.
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When loading anew |EB_LOAD onto of an old IEB_LOAD memory contents are
not cleared. This can lead to unexpected results, particularly when aninitial IEB_LOAD fails
and asuccessive load is attempted. Please bear in mind that the [EB_LOAD must bein
sequence and checksum fields must bevalid. If any of the verification stepsfail, the failled
record and any following are discarded. This aso makes repeated rel oads difficult to debug as
you will not be ableto pinpoint where aload failure occurs

6.7 73lEB_TRIGGER, MASK, 0,0

Thistrigger is part of the |[EB handler (it is not downloaded using the 73IEB_L OAD
command) and may be used at any time the science software isloaded to switch the
instrument to full power (i.e. applies power to al of the receivers).

Power is sequenced to prevent current spikes from exceeding the power dlocated to
theinstrument. The subsystemsthat have large initia current requirements are switched on
before the sections that do not have noticeabl e surge current are powered.

6.8 73IEB_TRIGGER,MAK, 0, 1

Thistrigger is part of the |[EB handler (it is not downloaded using the 73IEB_L OAD
command) and may be used at any time the science software isloaded and power has been
applied to begin producing science data

6.9 73IEB_TRIGGER,MAK, 0, 2

Thistrigger is part of the IEB Handler loaded with the specia maintenance software.
It isintended to apply power to the HFR digita e ectronics and perform adiagnostic on the
HFR with the results being stored in memory of the LRP, DCP, and HRP.

V2.3 and later software loads map thistrigger to 731EB_TRIGGER, MASK, 0, 1.

6.10 73lEB_TRIGGER, MASK, 0, 3 v23
Thistrigger is part of the IEB Handler loaded with the science software. Itisused to
place the L/P into mai ntenance mode where the sphereis biased to 32 volts

Thistrigger internally issues 73POWER_CNTL, SLEEP, ACTIVE command prior to
sending power commandsfor the L/P. This can cause the instrument to apply power to dl
receiversif thistrigger isissued following a power down caused by the use of the
73POWER _CNTL, SLEEP, SLEEP command.

6.11 73lEB_ TRIGGER, MASK, 0,4 v23
Thistrigger is part of the IEB Handler loaded with the science software. Itisused to
bias the L/P sphere to zero volts following the use of the previoustrigger.

6.12 LOAD Problems
There are provisonsin the |[EB handler and ground software to address redl-time
loading of IEB memory. Discussions of workarounds appear near the end of this user guide.
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6.13 Default | EB load

Version 2.4 flight software changes the load methodology. Thischangeisintended to
make the instrument more tolerant of random loss of IEB blocks. The IEB memory is
relatively small, so thischange will load al IEB_L OAD blocks presented to the instrument
(previous versions stopped loading when a bad or missing block was encountered). Also, the
checksum table for theload must be calculated on the ground and delivered along with the
|EB load.

When the |EB handler seesthe |EB_EOF command, the checksums will be validated
and theresults saved. 1EB triggers are only executed if the checksum isvalid.

Also with version 2.4 flight software, the IEB handler looks for asmall (8K bytes)
|EB load in memory and movesit to the IEB areawhen present. Thissmall load may be
presented to the instrument as part of the ALF load athough it need not be saved in bulk
memory. By placing the IEB image ahead of the flight software (with the BULK bit cleared)
inthe ALF load, adefault set of triggers are made available without the need to send the load
from the ground or through onboard sequencing. The downside of this scheme being that
atering the | EB load involves re-submitting the flight software.

Keeping in mind that the ROM clears memory from zero through address Ox7BFF,
the |EB handler looksfor anon-zero value in location Ox5CO0Q. If thislocation is non-zero,
the |EB handler movesthe 8K block and the checksum table to the appropriate region of LRP
memory and proceeds to validate the checksum table. If thislocation (0x5CQ0) is zero, the
handler skips the move operation and proceeds with the checksum.

If the checksum isvalid, the handler will accept and processtriggers. Inthe event that
the instrument suffersarestart (SEU?), the bulk memory will contain only code (i.e. no IEB
information), and the IEB handler will attempt to make use of the existing IEB load.

The |EB load may be replaced at any time by smply sending a new load to the
instrument. The most recent load is used following arestart (assuming the memory containing
the load has not been corrupted).

6.13.1 Default |EB details

Value Description
0x5C00 LRP memory location
Default IEB table ALF address
8192 LRP memory alocation
Sze of default |EB table
0x5B00 LRP memory location
Default 1EB table checksum ALF address
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6.14 | EB binary images.

This section describes thelayout of the IEB Memory are in the RPWS instrument.
Thisblock of memory islocated on the LRPin the 16K region of memory that is banked.
Within this areathere are 2 data ructures defined by the IEB handler aswell asthe
commands patterns required to configure the various receivers and handlers within the
instrument.

6.14.1 1% Leve, Program Contral.

Thefirg level data structure is program control. At thislevel weimplement smple
looping and program control. There are currently 3 (out of 4) instructions implemented. One
of theinstruction causes agroup of ingtructions to be delivered within the insrument and the
other two are used for program control.

Two of the commands are 32 bitsin length while the third is 16 bits

First Word 2", Word Command / Operation Code
D15D14 D13...D00 D15...D00

00 Address of DdtaT expressed MODE

command block in seconds
01 Address of next (not used) GOTO

control eement
10 Address of next Loop Count LOOP

control element
11 spare

Since |[EB memory conssts of only 16K bytes, a 14 bit addressis sufficient to address
the entire block of memory. The addressfield isthe byte offset within IEB memory. Since
|EB Memory is naturally aligned (i.e. on a 16K byte boundary), the address field may aso be
generated by truncating the actual memory addressto 14 bits

Note that GOTO and LOOP commands point to more MODE, GOTO, and LOOP
commands. A MODE command with aDdtaT of ZERO will, effectively, idle the IEB
handler until additiond |IEB commands arrive. Theresult being the instrument handlers
continue to produce datain their last commanded state.
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6.14.2 2™, Level, Command Control
Thisisthe data structure pointed to by the MODE command. This structure pointsto
ablock of commands and contains additional command following.

Fed Feld Contents Explanation
Width
16 bits Command Block Address Common commands
Thisblock of commands may be reused
by any number of Command Control
Blocks.
8 bits Command Block Length Thisfield indicates the number of words
16 bit words that the command block contains.
8 bits Tweak Block Length Number of words that follow in the
16 bit words Tweak Block
multiple of Tweak Block These commands are delivered
16 bits following the commandsin the
command block.

Theintent of this structure isto alow blocks of commands to be referenced by
multiple Command Control Blocks. Multiple MODE commands may be strung together to
execute a sequence of commands with minor changes being applied in the Tweak Block.

Multiple MODE commands require a 1 second delay to allow the IEB handler to
execute (azero delay in the MODE command indicates that no more processing by the IEB
handler is required)

6.14.3 Command Block

The command block consists of any reasonable number of instrument commands.
These commands are delivered to the command decoder much as though they were delivered
by CDS (at a point past the incoming byte counter).

When building Command Blocks, you must take care to avoid exceeding command
decode limits within the instrument handlers. In most cases, avoid placing groups of Smilar
commands together that exceed 100 bytes or so. Similar commands are those that have the
same ddliver index in the 1%. 4 hits of the command.
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The Memory Tweak handler and the HFR handler are well know cases of command
decoders that use a signed byte during command processing. When a byte count exceeds 7
bits, the command decoding will fail. The other parts of theinstrument don't require the
volume of commanding that HFR does for some operations. In the case of Memory Twesks,
most of the handlers use this mechanism to complement the commands defined for the
instruments.

6.14.4 Tweak Block
The Tweak Block isused as an aid to alow reuse of Command Blocks and asatiming
ad.

Existing command block from other triggers may be referenced with minor changes
applied using the twesk block. Thisisan attempt to allow the use of IEB memory to be
reduced asit is such alimited resource.

Asatiming aid, the Tweak Block is delivered following the Command Block.
Commands to begin data collection typically end up in the Tweak Block. Thesewould
usualy be the Memory Tweaks required to initiate scheduling of data acquisition activitiesfor
the recalvers.
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6.15 An |EB overlay schemefor the LSF (Library Storage Fadility)

CDSflight software added this enhancement early in 2003. The LS provides around
20K bytes of storage on the spacecraft for IEB images (in the form of 73IEB_LOAD
commands). CDS provides amechanism to ddiver someor dl of the imagesto the
instrument when needed.

RPWS loads are rather smal and can be uploaded from the ground with little trouble
(keeping in mind that there were enhancementsin an earlier RPWS FSW load to
accommodate alossy uplink).

Congder, then, providing arelatively static |EB load from the ground that occupies
about 12K of |EB memory and them overlaying the remainder is several portions from the
LSF. Thedtatic portion of the |EB would hold the unchanging triggers (triggers 10-BE, for
example) while the dynamic portion would be hold asmall number of triggers (in the range
CO-FE in this example) that are reloaded on an ongoing basis. The static portion of the IEB
would have the dynamic triggers mapped through aworm hole table back to theidle trigger.
Loading one (of n available) dynamic load would overwrite the worm hole table and the upper
4K of IEB memory and the checksum table. Now, since the loading of the dynamic portionis
al onboard the S/C (and, therfore, very fast) we can change the dynamic portion as needed
within asequence. Thiswould, in effect, increase the size of IEB memory to as much as 32K
(i.e 12K staticand up to 5 by 4K dynamic), effectively doubling the size of IEB memory.

Power cycle survivability of this schemeispoor, at best, asit requires alarge enough
commanding window from the ground to rel oad the Static portion of the IEB in the event of a
power cycle. Also, if the system suffers a software glitch, either dueto abug of SEU, werun
the risk of losing the contents of IEB memory (keeping in mind that during startup a single bit
error in IEB memory is sufficient to cause it to be scrubbed).

A preliminary test of thisschemeis present inthe V2.6 BASE IEB image. Inthisload
triggers CO through FE point to aworm holetable located at Ox9FCO (i.e. Trigger COisa
jump to location 0x9FCO which in turn contains ajump to the Idle Trigger, Trigger C2isa
jump to location 0x9FC2 which has a separate jump to the Idle Trigger). Page 0x9F00 does
not contain any other code (i.e. it isfilled with zero's) so it should betrivia to recalculate a
checksum when the instruction are changed. Pages 0xA 000 through OXBEQO are available
with the checksum located in page OxBFOO as always).

Asof 7/2002 HEXBUILD V16.2 contains the beginning of support for building a
partia checksumtable. The variable |IEB_CHECKSUM_TABLE is used to control which
portions of the checksum table are emitted. This capability allows the checksum table to be
partidly updated with only the entries affected by the overlay being written (this assumes that
the overlay is contiguous and being |oaded on page boundaries).
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HEXBUILD V17.1 has additiona features to support building IEB overlays. This
version attemptsto list the triggersthat are in use and those that are pointed to the IEB overlay
area. Inorder to make use of this feature the IEB |oad must be built accoring to the following
guidleines.

1. Trigger 10 must be constructed such that it lookslike al the other unused
triggersintheload. HEXBUILD will compare the trigger-10 pattern with
all the other trigger patternsin thefirst page of IEB memory. Thosethat
match are assumed to be unused triggersthat point to theidle trigger.

This can be accomplished by placing an IEB GOTO ingruction at the
trigger-10 location (thisis how unused triggers are handled).

2. Trigger FE mugt be pointed to the overlay wormhole table and the
wormhole table must contain an IEB GOTO ingtruction that pointsto the
idletrigger.

3. Thewormhole table must be the last memory page inthe IEB load
(excluding the checksum table) and must NOT contain and 1EB instruction
other than the GOTO's that make up the wormhole table,

The wormhole table mugt not contain any resdent code asit will be overwritten by the
overlay and to make the checksum work correctly, we need to write the entire page. Note,
however, that it can contain overlay code (i.e. the checksum can be handled properly if the
wormhole table has |IEB ingtruction prior to the wormhole table within the same page).

Also, to make bookkeeping manageable, all of the overlay segmentsthat are built (to
go dong with agiven resident load) should be the same length. Thisdiminatesthe need to
clear portions of IEB memory (which the V2.6 code does not handle).

Although the resident portion could contain code that isloaded into the overlay area,
thisis probably not awise choice. The only way to recover the codelocated in the overlay
areaisto reload the resident 1EB (Although this may be something to keep in mind for
running aone-time sequence). It seemslike the gppropriate method isto save 4 or 5 overlays
in the LSF, locating the wormhole table as shown in the table below at 0xB100. Thisalows
the 14 IEB_L OAD recordsthat are available to start loading at 0xB1CO or OXB1EO and
continue to near the end of page OXBEQO, |eaving the checksum table untouched.

ALF |EB Checksum Wormhole
records Records and EOF Memory Bytes Table |EB Image
128 16 14 3360 0xB100 0xB200
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Structure of theresdent |EB:

Og | EB Tabl e ;  0x8000
Defb "I EB NAME'
Defb " VXX X "
Trigger_10: GOro trig_10 ; 0x8010
Trigger_12: GOIO trig_12
Trigger_14: GOIO trig_14

Trigger_30: GOro trig_30
Trigger_32: GOrO trig_10

Trigger_Q0: GOrO trig Q0

Trigger _FE: Q&OrOtrig_FE

Og | EB Menory ;  0x8100- OXAEFF
trig_10:

Trigger-10 code
trig_12:

Trigger-12 code
trig_14:

Trigger-14 code
trig_30:

Trigger-30 code

Qg | EB CQverl ay
trig_QO: 1o trig_10
trig FE 1o trig_10

Structure of the IEB overlay:
trig_10 equ 0x8010

Qg | EB Qverl ay
wor mhol e_t abl e:

trig_QO: 1o trig_Q
trig FE 1o trig_10
trig_QO:
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6.15.1 Our current understanding of L SF

The LSF (Library Storage Facility) isan area of the SSR that isused to store ALF
images from CDSthat are not needed (confusing, yes?. SSR hasafixed areato hold ALF
records, al of which isnot needed, the un-needed space is being re-allocated and will hold
IEB images) The space has been redlocated for use by the science instruments with 640 ALF
records assgned to RPWS. CDS till viewsthis area of the SSR as ALF records, so the IEB
images are held in the data area of the ALF records, 16 words of IEB image in the 22 word
ALF record.

Some important numbers

Each ALF record is cgpable of holding 16 words (32 bytes) of data
(out of 22 words).

RPWS command structure allows somewhat |ess than 256 bytes
of command per RTI interval. The buffers used to move
commands within the instrument have several bytes of overhead.

A 73IEB_LOAD command that contains 120 wordsis atested (and
workable) szefor thelEB images. A sizeof 121 isalso workable
but 122 words s large enough to cause problems within RPWS,
We ssimply choose 120 to make the address management alittle
easer for people (even number).

128 ALF recordsisamagic number internally for CDS. Thisis
the maximum chunk that isretrieved from SSR. The minimum
number is8 (asingle |IEB image).

8 ALF recordsisalso amagic number for CDS. Thisisthe
number of ALFsthat are gathered to build asingle [EB_LOAD
command (i.e. the minimum).

We therefore structure our overlays to make close to the maximum use of the group of
8 ALF records (i.e. making the 73IEB_LOAD command close to 128 words long where a data
length of 120 givesan ALF length of 124). The 128 ALF group is used to establish the sze of
the overlay area
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73IEB_LOAD usage:

Records 1-14 are 73IEB_LOAD imagesfor |EB memory, thefirst
64 bytes being the worm-hole table near the end of page 0xB100.

Record 15 isa portion of the checksum teble that covers pages
0xB100 through OXBEFF. Thiswill be ashort record that will have
alargeleve of zerofill.

Record 16 isthe End-of-file indicator and is only 2 words long.
Thisrecord ismostly zerofill.

Fromthisligt, we calculate that each overlay segment will hold 3360 bytes of which
3296 may contain useful IEB commands (64 bytes are the worm-hole table that contains
GOTO ingructions). Thisworksout to just shy of 13 pages (of 256 bytes each) of IEB
memory image along with 64 bytes of jJump vectors. Locating the jump vectors at 0xB1CO (in
IEB memory) with IEB instructions beginning at 0xB200 appears to make just about
maximum use of available resources (reducing the jump table to 16 vectors, starting a OxB1EO
achieves peak use).

Thisalows out allocation to be partitioned into 5 distinct overlays.

6.15.2 September 2002: More Teecon's

Moreinformation about LSF arrives. The LSF is accessed with aload command
(6SSR_LOAD???) that specifiesastart block and block count. The 8 record grouping is
evident in this command (?) and we are not restricted to any reasonable number of |IEB
records that can be loaded with a singe instance of the command (RPWS only has 640 ALF
records available in the LSF)

With thisinformation in hand, it appearsthat we can manage complete loads as well
asoverlays using asingle command to CDS (i.e. we won't require severa commands to
perform afull load). Thisalsoindicates that we can make use of the overlay facility witha
finer granularity than 16 1EB records (128 ALF records). We can make use of virtudly any
szeof overlay area
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7 Memory Downloed

Memory downloads make use of standard ALF formatted records as documented in
CAS 3-291. Memory downloads are accepted by the ROM software and ignored (treated as
invalid commands) by any RAM software (science and deploy).

CAS 3-291 does not document the specific format of the segment field asthisis
instrument specific. The following chart describes the meaning of the bitsin thisfield.

ALF ADDRESS SPACE

ALF SEGMENT FIELD BIT ASSIGNEMENT
<—— ADDRFSSING —_—

A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
T T T T T T T T 1T T T T T

T
DCPHRPLRR BLK
RAVMRAVRAMRAM <——— PROCESSOR ADDRESS SPACE (LOWER 32K BYTES)—>

DI5DI4DI3DI2 DI1DI0D9 D8 D7 D6 D5 D4 D3 D2 DI DO ALF RECORD OFFSET

/NN NN N AL
SPARERESERVE FOR ADDRESS BIT 15)

SPARHRESERVE FOR ADDRESS BIT 16, i.e. BANK SELECT)

ALF RECORD LOADS INTO BULK MEMORY
ALF RECORD LOADS INTO LRP MEMORY

ALF RECORD LOADS INTO HRP MEMORY

ALF RECORD LOADS INTO DCP MEMORY

00010000XXXXXXXX ALF RESET record

ALL MEMORY AREAS e ALE pACKETS

Size[Dociment Nim
R

N OT E - ALF RECORDS ARE ALLOWED TO LOAD University of Inwa

RFY/

7656 ISheer

7.1 Error Recovery
Several ample problems may occur during the download process.
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7.1.1 Internal download timeout

The instrument remainsidlefor only 23-24 seconds following the assertion of the
reset signd (i.e. thereset occurs when the 73RT_RESET, RESET command arrives, not when
thereset lineisreturned to areleased Sate asit is capacitor coupled). Following thisidle
period, the instrument will attempt to reload memory from an internaly stored copy of the last
load (acopy of the last flight softwareload is stored in bulk memory, where it remains until

power is removed).

If the ingtrument isalowed to begin an interna reload, it may not correctly handle an
external load asthere are typicaly insufficient CPU cycles avallable to complete dl the tasks
that are required to correctly prepare for a software load (various counters are required to be
initialized correctly so that we make sure no records have been lost or corrupted). Thisisnot
an issue following power-on as the bulk memory will not contain avalid load image. When
reloading software this restriction/limitation must be kept in mind when specifying command
timings.

Basicaly, the 73RT_RESET commands should occur at 1 second intervals with the
6SSR_MEM_LOAD command occurring 10 seconds | ater.

RESET and RELOAD TIMING

73RT_RESET, RELEASE
73RT_RESET, RESET

73RT_RESET, RELEASE
6SSR_MEM_LOAD

?

L

LESSTHAN 23 SECONDS
PREFERRED TIMING 10-15 SECONDS
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712 SLEEP

All of the operating procedures mention that the instrument must not bein SLEEP
when attempting amemory download. If the instrument isleft in SLEEP when performing a
download the housekeeping would typicaly indicate that asequence error hasoccurred. This
is caused by the reduced processor speed during leep. The solutionisto issue the
73RT_SLEEP, ACTIVE command to exit sleep mode.

Asaworkaround for astuck SLEEP hit, the download activity can still be performed
if the reduced processor speed is taken into account. When operating in deep the load will be
accepted at alowered rate. The suggested rateis1 ALF group (of up to 5 records) per second.
Asan dternative, one ALF record every 4 RTI'sis acceptable. These are maximum rates,
dower rates will work athough there isalower bound imposed by the operation of the
interna ALF reload mechanism (the minimum rateis one ALF transaction every twenty to
thirty seconds).

713ALF

The only word in the ALF record that is handled in a manner not documented in 3-291
isthe segment field. Thisfield, asdocumented in 3-291, contains upper address bitsfor the
ALF record. This, obvioudly, isan instrument specific field with RPWS using the bottom 12
bits as upper address bits to form the 17 bit memory address in 8085 address space (the extra
bit isbank select) and the upper bits used as processor select bits. Note that the segment field
isdefined differently for the ALF_EOF and ALF_SKIP record (i.e. thisword becomesa
counter). The BULK MEMORY sdlect hit is propagated from the last occurring ALF record
to alow interna downloadsto be processed correctly.

The ROM performsintegrity checks on the ALF record The ID word, sequence word,
and checksum words must be correct in order for the download to proceed.

714ALF RESET

The ALF_RESET record issmply thefirst ALF record inthe load with al three of
the processor select bits cleared. The ROM recognizes the lack of processor select bitsasan
abnorma condition and keepstrack of the sequencefield to use for sequence verification of
upcoming ALF records.

The ROM completely ignores the data wordsin thisrecords so they are available to be
used for storing version control information or anything else that is useful (seethe Verson
Control Information section for details)
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715ALF XIP

During early ground testing, the ground system did not properly handlethe
73ALF_SKIP record. The purpose of thisrecord typeisto alow failed bitsin the solid-state
recorder to bebypassed. Thisfailureisevidenced by asequence error occurring at the
73ALF_SKIP record.

The ROM performsintegrity checks on the ALF_SKIP record, the D word, sequence
word, and checksum words must be correct. The skip count field is added to theinternd
sequence counter to alow for the bad blocksin the SSR that are about to be skipped.

73ALF_SKIP must NOT occur asthefirst record in the [oad!

The firgt record in any load must bethe ALF_RESET record. Asmentioned above,
thisissmply an atypica ALF record (with the processor bits cleared). It probably turns out
that the occurrence of the ALF_SKIP asthefirst record may be inconsequential aslong asthe
ALF_RESET record appears. Thisthoroughly confusing paragraph will be clarified
following testing on the bench.

7.1.6 ALF_EOF(ALF_END)
Thisrecord marksthe end of an ALF load and signasthe ROM to proceed with next
gtep in the boot process.

The ROM performs similar integrity checks on the ALF_EOF record, the ID word,
sequence word, and checksum words must be correct. The record count field, however, will
not abort the boot processif it containsan invalid value.

7.1.7 Wrong I nstrument

If ALF recordsfor an instrument other than RPWS are received by RPWS one might
expect the peculiar RPWS reset record to be missing. If thisisthe case, theinstrument will
report a sequence error due to the sequence counter not being initidized correctly by the reset
record.

It ismore likely, however, that the segment field will contain zero in the upper bits
resulting in something being processed and possibly loaded into RPWS memory. This should
not cause a problem for the instrument, as first code fragment in the download that is executed
contains asignature and checksum that are validated before the code is executed. If the
sgnature/checksum are not validated, the processor will not pass control to this code fragment
(thisinitial block of codeisreferred to as the boot block).
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7.1.8 Wrong SSR

This has occurred during ATLO testing and has resulted in no traffic being delivered
to the instrument. No command counters were incremented when thishas occurred. If CDS
ddiversimproperly formed ALF records the norma ALF checking (command pattern,
sequence, and checksum) is expected to regject bad data.

Reected data should be reflected in the invalid command count field of the
housekeeping display.

7.1.9 Statusfrom DCP/HRP.

Normally the DCP will not return status information that may be viewed in the
housekeeping. Due to the way the ROM formats housekeeping and the nominal sequence of
events, the DCP issimply not in a position to provide statusinformation.

The HRPisin asimilar Stuation, athough it is somewhat vigble during internd
rdoads. The HRP will provide some gatus as the internd reload isin progress (datus
information is provided along with the internal download record).

It is possible, however, to trigger an error condition in which both the DCP and HRP
will provide some statusinformation. In the event that a software load (internal or externa)
falls, the LRP will begin to query HRP and DCPfor status. Aslong as HRP providesinternd
LAF records, LRP will avoid reading status from the DCP. Only when the HRP hasinvalid
ALF recordswill LRP poll both processorsfor gatus. If theinstrument is provided with an
incomplete download, the DCP will eventually be asked (by LRP) to provide a status report.

If the ALF_END record is suppressed or and invalid record appearsin the ALF load,
gtatus from the DCP will eventually appear. Thisbehavior may aso be used as anindication
that the Bulk Memory on the HRP has a bit error.

7.1.10 SSR Partition problems

During the early cruise phase of the misson, two separate software loads are
maintained on the SSR. These two loads provide separate Science and Maintenance/Venus
activities. Following Venus-1 encounter, these |oads were consolidated into the single SSR
that was powered (following launch, the separate |oads were kept in separate SSR's).

With both loads being present in the same SSR, a problem can occur to causethe
instrument to load incorrectly. Consider acommand sent to the spacecraft to load the
instrument from the firg partition. Further consider that the first partition(s) contain errors
that cause CDS to switch to the next partition. This scenario would have parts of memory
loaded from one software set and parts of memory loaded from the other software set.
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RPWS does NOT have amechanism to uniquely identify a particular software load
set. Although the'spareé’ word in the ALF record could be used to contain version and/or
function information, the ROM loader does not perform any verification/validation on this
word. RPWS has no mechaniam to determine if aload is being appropriately delivered (other
than the checksum).

Conddering the way the application software is collected for RPWS,; it is concelvable
that switching partitions would result in asuccessful load of the wrong software set.
Examining the beginning of maintenance and science loads should reved that the first 106
ALF records contain identical instructions (version information may differ, but the executable
code should match).

If, however, the switch occurs later (in the code areas that make Science and
Maintenance functions unique), completely unexpected results can occur. Since we have no
interna power sequencing issues (i.e. the L/Pis hardware interlocked to sequence power
correctly), there would probably not be any interna problems that could not be resolved by
cycling power, it is possble that the instrument would autonomoudy switch power in an order
inappropriate for the S/C.

There are severa possible solutions to this problem.

1 Eliminate the Maintenance load and consolidate the functionality into the
existing Scienceload. A maintenance |EB isbeing built to address this solution.
Ultimately the science software could be modified to make use of the
mai ntenance bit (Science software ignores the maintenance bit currently).

2. Remap the Science and Maintenance loads such that they fit into asingle
patition. Thefirst record of the loadsin the 3“. and 4™. Partitions could then be
modified to cause the Maintenance |oad to be used.

7.2 Memory Download Procedure: NO POWER

Note that when weinitidly apply power, BULK MEMORY is, effectively, empty.
The timing requirements are minimum times. There is no maximum time that mat elapse
prior to step 4 below.

1. Apply Power to the instrument

73PS_RPWS
2. Allow the processors to complete housekeeping tasks, 15 seconds.
3. De-assert sleep using

73RT_SLEEP, ACTIVE
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4. Send the ALF traffic
6EXT_MEM_LOAD
7.3 Memory Download Procedure: ROM to RAM
Notethat when BULK MEMORY isempty there is no maximu time in effect prior to
step 4 of the procedure,
1. Exit maintenance mode (if required) using

73RT_MAINT, OFF

2. Allow processors to remove L/P power if maintenance was active, 15
seconds.

3. De-assert sleep using

73RT_SLEEP, ACTIVE

4. Send the ALF traffic

6EXT_MEM_LOAD
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7.4 Memory Download Procedure: RAM to RAM

When reloading software (i.e. instrument is dready running softwarein RAM) areset
will cause the instrument to atempt to reload from internal BULK MEMORY. If the bulk
memory contains valid download records (from a previous load) the processor will complete
theinternd reload in severd minutes and start operating from that (internal) load and ignore
any subsequent download attempts.

In order to avoid the problem directly, the external download (from CDS) must begin
prior to theinternal download (from BULK MEMORY). For most cases, 10 to 15 seconds
should be sufficient to avoid problems. If theload present in BULK MEMORY is
exceedingly short, thewindow may be very short and require that the instrument be power-
cycled to successfully complete an externa load.

The 10 to 15 second time period mentioned here alows sufficient tinefor LRP, HRP,
and DCP to complete initiaization steps prior to the arrival of the ALF download. Waiting
longer than about 20 seconds and the instrument will begin an internal download process
Avoiding the internal download process avoids any timing issues (and avoids the need to
cycleinstrument power when performing the ALF load).

1. De-assert sleep
73RT_SLEEP, ACTIVE
2. Reset the instrument

73RT_RESET, RELEASE
73RT_RESET, RESET
73RT_RESET, RELEASE

3. Allow the processors to complete housekeeping tasks, 5-10 seconds,
sending the ALF traffic within 15 seconds,

6EXT_MEM_LOAD

Note aso, that the critical timing period isfrom the rising edge of the reset pulse to the
1%. ALF record. Thefalling edge of the reset pulseis not particularly important (it must
remain activefor at least 1 RTI period, but may remain active for any length of timeasthe
sgnd isAC coupled).

Once the reset occurs, theinternal ALF load will begin after about 25 seconds.
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7.5 Building the download image.

The HEXBUILD uitility is used to gather the individua modules together and produce
animagefile (i.e. an ALF file) to be used to download the instrument. HEXBUILD takes, as
input, alist of HEX files, alist of SSR bad blocks, a memory map from a previous run, and
the Intel HEX files generated by the assembler/linker. The output file may be formatted for
ATLO (intheform of hexadecimal-text encoded ALF records) or for SEQGEN (in the form
of a73ALF command string).

Note that HEXBUILD provides a mechanism to load the datawordsin the
ALF_RESET record with up to 16 words of data. Thisisintended to provide a convenient
method to implement aversion control and checking mechanism. HEXBUILD has some
featuresto allow the version control information to be easily inserted into the ALF filesas
they are congtructed.

HEXBUILD aso has the capability of processing bad block information for the SSR.
When this capability is used, ALF_SKIP records will be generated as required and placed in
the load file. The documentation for HEXBUILD (i.e. ausers guide) istypically bound with
thisusers guide.

7.6 Dump Analyss

In the event that it becomes necessary to perform a dump analysis on the contents of
memory, someinteresting information occurs here. Asdluded to in the section titled memory
allocation scheme performing a smple memory verification usng amemory dump involves
comparing static areas and ignoring dynamic areas.

Asastarting point it is possible to load a matching image on the ground (using the
engineering moddl) to use for analyzing amemory dump from the spacecraft. By filtering
MRO packets and displaying them using the DSP5 program a formatted memory dump may
be obtained. Corresponding dumpsfrom the E.M. and the spacecraft may then be passed
through a compare utility on aworkstation to find areas of memory that do not match.

Many areas will occur wherethe stack and data areas do not match up with each-other
(itisnearly impossible to duplicate the spacecraft timings on the ground). These aress, that
are not expected to match, can be identified using the load maps and by locating the process
descriptorsin the dump

Any code space that doesn't match should be indicative of a problem as we have made
an effort to avoid self-modifying code. Although there are portions of the kernel and kernd
utilitiesthat are re-entrant, most of the instrument handlers are smple single threaded tasks.
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The specific areas of memory that are static will change with each software version. It
is beyond the scope of this manual to provide low-level detailsfor a specific load. Of
particular interest, however, are the load maps generated when the software is assembled and
linked. Theload map will reved thelocations that are static and can be expected to be
identical on the bench and the spacecraft.

Another item that isworthy of close scrutiny in the memory dump isthe process
descriptor and stack area. The stack area should be located in memory immediately following
the process descriptor. The software provided at launch follows this convention and there
should be some area of zero-filled memory between the process descriptor and the bottom of
the stack. When inspecting the stack, one must keep in mind that many of the modules keep
scratch variables immediately following the process descriptor (in order to make them easy to
accesswitha73MEM_TWEAK/73MRO) with the stack being located alittle higher in
memory. Also, only the LRP makes use of the NMI interrupt, requiring an additional 10 bytes
of stack be reserved on al processesto alow for the 2 level interrupt scheme (althoughin
most cases the NMI will only occur when theidle process is current).

7.6.1 Dump AnalysisTools

Several tools may be usedto assist in adump anayss. It isexpected that a known
good dump may be obtained from the engineering model or the flight sparefor useina
comparative analysis

Memory dumps are availableis severd forms. MRO records may be routed to the
science telemetry and these will probably be the most useful if the RAM softwareis|loaded
and functioning. The ROM ddiversasimilar sze dump block for the LRP with each
housekeeping record.

The tools on the GSE system may be used to format the memory dump into a human
readable (i.e. text) form that can be compared with areference dump using the UNIX diff
utility. Although thereis alarge area expected to be the same, stack and variable areas are
present throughout the code area. Areas of data memory would not be expected to match.

OProcessor memory dump command sequence

00:00 73MEM_TWEK, LRP, WORD, 0x60, 0x00, LOCK

00:05 73MEM_TWEAK, DCP, BYTE, 0X14, 0X40, TWEK
00:10 73MEM_TWEAK, HRP, BYTE, 0X14, 0X40, TWEK
00:15 73MEM_TWEAK, LRP, BYTE, 0X14, 0X40, TWEK
00:20 73MRO, DCP, TLM, 0000, 7FFF

00:25 73MRO, HRP, TLM, 0000, 7FFF

00:30 73MRO, LRP, TLM, 0000, 7FFF

07:10 73MRO, LRP, TLM, 8000, 83FF

07:30 73MEM_TWEK, LRP, WORD, 0x60, OxFF, LOCK
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1. GSE Tools
hexbuild

More recent versons of HEXBUILD produce a memory dump as part
of the ALF build process.

dsphk (see -dump/+dump)

dsp5 (see +mro)

2. UNIX tools
diff

7.7 Doing the ssemingly impossible
Some fun things to keep in mind when you discover it will not (?).

7.7.1 BULK MEMORY LIMITATIONS

In the event that the Bulk Memory becomes over subscribed, there are some work-
around that may temporarily help. The scenario in mind for this discussion is the dust
detection algorithm being added and overflowing the Bulk Memory, but thisis applicable to
gmilar events.

Consder that the dust detection code will be the last mgjor function added to the flight
software load. The memory available for implementing the algorithm isvery limited. Inat
least theinitid implementation, we can expect to swell the Sze of the scienceload to asizein
excess of what can be gored in bulk memory. This, of course, meansthat the instrument will
no longer be capable of recovering from an error.

Although not optimal, consder a configuration wherethe dust detection codeis
loaded into processor memory but not into bulk memory. Aslong as no software problems
occur (either code errors or cosmic ray events), dust detection proceeds without aproblem. If
areset occurs, the dust detection code will be scrubbed from memory and the processors will
reload from Bulk Memory and restart without the dust detection.

To accomplish this, the dust detection routine (and any other associated routines) must
allocate resources in such away that the dust detection processis not needed. Oncethisis
completed, the download may be built in such away that the first part isloaded into processor
memory but not into Bulk Memory.
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It is acceptable to place more than one 00ALF_RESET record in adownload.

73ALF, nn, 0x0000, O, O, ?
73ALF, nn+1, 0x8080, ?
73ALF, nn+2, 0x8081, ?
73ALF, nn+3, 0x8082, ?
73ALF, nn+4, 0x1000,0, 0, ?
73ALF, nn+5, 0xF000, O, O, ?
73ALF, nn+6, 0xF001, 0, 0, ?
73ALF, nn+7, 0xF002, 0, O, ?

elc.

Notethat thefirst section of theload does not load into bulk memory (i.e. only into
DCP memory). Inthe middle of the load another reset record appears (sequence nn+4) that is
loaded into Bulk Memory followed by some codethat isloaded into al 3 processors aswell
as Bulk Memory.

7.7.2 Stuck SLEEP discrete
Thisisdiscussed earlier in this chapter.

7.8 SSR Strategy
The SSR space dlocated to hold the RPW S software load is divided into 8 aress.
They are broken down in the following subsections.

781SSRA/SSRB

There are 2 SSR devices on the spacecraft. For most of the cruise portion of the
mission it is expected that only one of the two recorderswill be powered. This, of course,
eliminates haf of the partitions as candidates for differing operating code.

All partitions of SSR A are expected to beidenticd to thosein SSR B.

7.8.2 Primary / Secondary

The primary and secondary partitions are expected to contain identical loadsto enable
error recovery. The S/IC may then switch between these partitions when an error is
encountered.

Aswith thetwo SSR's, the primary and secondary partitions are expected to be
identical to accommodeate error recovery.
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7.8.3 Default / Non Default

During the early portions of the misson, RPWS will make use of two separate
software sets. The science software will be located in the default partition while the non-
default partition will contain antenna deploy software during launch. The deploy software
load will be replaced with amaintenance load following a successful deploy operation.

Note that antenna deploy and science operations are effectively performed
concurrently (i.e. switching from deploy to science within minutes). Thisindicates that both
software sets must be resdent on the SSR in order to perform the antenna deploy and
checkout activity. Theequivaency bit, therefore, must be set to allow the default and non-
default partition to contain different loads.

Following early cruise the requirement for the maintenance load to appear in the non-
default partition will be eiminated (maintenance operations on the L/P are performed when
the S/Ciscloseto the Sun). At thispoint in the mission the non-default partition will be used
to support upgrades to the science software load.

7.8.4 RPWS SSR Allocation

RPWS has sufficient allocation, assuming alimited number of SSR bad blocks, to
store both science and deploy or science and maintenance within the instrument allocation on
the SSR. For the case of Science + Maintenance there isa 10% buffer to accommodate SSR
bad blocks.

Blocks | Blocks | Blocks Blocks Description
V2.2 V2.3 V24 V25
2458 2458 RPWS SSR Allocation
1489 1489 RPWSBULK Memory Capacity
1439 1441 1461 1464 Science Load
793 na na Maintenance L oad
456 n/a n/a Deploy Load
2232 n‘a n‘a Science + Maintenance
1892 n/a n/a Science + Deploy
n‘a n‘a 1716 1630 Science and Basdline |EB
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7.8.5 An update str ategy

Congder the problemsthat may arise from using new operating software in the
instrument. There may be inadequate data available to test the software (particularly true of
dust impact detection) or there may be important observationsin the near term.

If anew softwareload is processed without the BULK memory bit set, it will not be
loaded into BULK memory and will not be available should areset occur. Also keepingin
mind that the LRP alows awindow following areset before BULK memory is examined for

ALF records.

00:00
00:05
00:10
00:15
01:00
01:05
01:10
01:15

73RT_RESET, RELEASE
73RT_RESET, RESET
73RT_RESET, RELEASE
6EXT_MEM_LOAD, CONNECTED, DEFAULT, RPWS
73RT_RESET, RELEASE
73RT_RESET, RESET
73RT_RESET, RELEASE
6EXT_MEM_LOAD, CONNECTED,
NON_DEFAULT, RPWS

The result of this operation being that the old codeis placed into BULK memory in
case of awatch dog timer trip, and the new code is running in processor memory.
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7.8.6 A dual softwar e strategy

Congder the following as ameansto allow both RPWS software loads to exist in the
SSR at the sametime. This scheme assumesthat altering the RPWS start address (i.e. the
7067 address) is difficult or impossible and that altering asingle ALF record is possible. Note
in these examples that the reset record is shown as a separate command for clarity (the
73ALF_RESET isagpecia case of the 7Z3ALF command). The choice of the Sarting record
number for the 2™. load is arbitrary and simply makes the caculations simpler. This spacing
also leavesroom to reallocate blocks in the first load in the event that bad bits appear in the
SSR (in both cases that follow, the starting record number for the second load has been
selected to allow approximately 175 spare ALF records following the science [oad).

It isalso important to keep in mind that the 7Z3ALF_RESET and 73ALF_SKIP records
that appear before the 2. load are vital . These records must appear in order for the block
count in the 7Z3ALF_END record to be totaled correctly.

The required patch for these load addresses is shown in both the 3-291 format and ina
hexadecimal format.

. 73ALF RESET commands

The reference to aunique command, 73ALF_RESET, may be somewhat confusing to
everyone outside of the RPWS group. Thisissmply asmpleway to describe the
first ALF record the RPWS ingtrument must receive. Although thisrecord is coded as
atypical 73ALF command, it is unique in that the 2. argument will be either O or
4096 (examining the Deploy Software will reved the case wherethisword is zero).
Thisindicates to the instrument that thisrecord isthe first record of a download and
that the instrument should begin ALF verification procedures (i.e. thisis the method
used to tell the instrument about the starting sequence number). All other 73ALF
records will have additiond bits set in thisfield.

146



Science

73ALF,7067,4096,1111,0,11,0,230,230,230,230,
230,230,230,230,230,230,230,230

73ALF,7967,4096,1111,0,11,0,230,230,230,230,
230,230,230,230,230,230,230,230

Maintenance

73ALF,7067,4096,2222,0,2200,0,230,230,230,230,
230,230,230,230,230,230,230,230

73ALF,8667,4096,2222,0,2200,0,230,230,230,230,
230,230,230,230,230,230,230,230
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Build loadsin one of the following manners
. ScienceL oad at the beginning of the RPW S allocation

73ALF_RESET, 7067, xx, xx, XX
73ALF_SKIP, 7068, 1
73ALF, 7070, xx, xx, xx (science)
73ALF, 7071, xx, XX, XX

etc.
73ALF, 8506, xx, xx, xx
73ALF_END, 8507, 1440

73ALF_RESET, 8667, xx, xx, xx
73ALF_SKIP, 8668, 1
73ALF, 8670, xx, xx, xx (maintenance)
73ALF, 8671, xx, xx, Xx

etc.
73ALF, 9460, xx, xx, Xx
73ALF_END, 9461, 794

By patching record 7068 with the following information, the entire science load will
betreated asif it were bad blocks by CDS and the maintenance software will be
loaded. Changesindicated with bold text (i.e. only 2 words are different).

73ALF_SKIP, 7068, 1601

2500 1B9C 0641 0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000 0000 8OEB 7146
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. Maintenance Load at the beginning of the RPW S allocation

73ALF_RESET, 7067, xx, xx, XX
73ALF_SKIP, 7068, 1
73ALF, 7070, xx, xx, xx (maintenance)
73ALF, 7071, xx, XX, XX

etc.
73ALF, 7860, xx, xx, XX
73ALF_END, 7861, 794

73ALF_RESET, 7917, xx, XX, XX
73ALF_SKIP, 7918, 1
73ALF, 7920, xx, xx, xx (science)
73ALF, 7971, xx, XX, XX

etc.
73ALF, 9456, xx, xx, Xx
73ALF_END, 9357, 1440

By patching record 7068 with the following information, the entire maintenance load
will be treated asif it were bad blocks by CDS and the science software will be loaded.
Changes indicated with bold text (i.e. only 2 words are different).

73ALF_SKIP, 7068, 851

2500 1B9C 0353 0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000 0000 7DFD 7146
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7.8.7 Unworkable strategies

There are several methods that may be suggested that present problems within the
instrument. This section will try to keep track of some suggestions that have come up that will
not work satisfactorily and discuss the problems with them.

There are two crucid itemsto keep in mind about the RPW S instrument when
working with downloads. As discussed in other sections of this document, the BULK
MEMORY consists of 64K bytes of memory and limitsthe overall size of the ALF traffic that
may be presented to RPWS when an interna download isrequired. The second item, a
requirement that memory must contain zero in order for adownload to work correctly asthere
are no download recordsthat contain al zero.

7.8.7.1 Removal of the ALF_END record between loads.
This conflicts with both issues mentioned above.

The idea behind this method is to ater/remove the 73ALF_END record that lies
between two loads in order to dlow the second load to overwrite thefirst. The 7Z3ALF_END
would be changed to 73ALF or 73ALF_SKIP.

Thiswould definitely exceed the capacity of BULK MEMORY diminating the
possibility of awarm restart if a software failurewere to occur. Although loading one load on
top of the other may work with one verson of software, any updates could potentially alter
areas of memory that are expected to contain zero causing the load to fail or run erratically.

7.8.8 Additional Thoughts

It may be possible to perform some additiona compression on the combined science
and maintenance loads. Both science and maintenance loads make use of common codein the
kernel. It should be possible to provide asingle copy of the code that is common and reduce
SSR requirements by about 100 ALF records.

The common code used by science and maintenance differsin that the maintenance
code has, in addition to al the common components used by the science load, a memory
storage manager called ramdisk. Aslong asramdisk is placed at the end of the common code,
it should be possble to select adlightly different point to place the skip record.
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7.9 Softwar e Build Procedure

This section will attempt to describe the procedure and tools used to build the RPWS
software loads. Thisapplies, with minor changes, to both operating software and to IEB
loads.

Keeping in mind that the operating software is very modular, in nature, and that the
binding schemeis unique to the instrument, and is not supported by commercia software.
Also of interest isthe format of the download file required by the S/C and ground system,
being specific to the CASSINI spacecraft, is not supported by commercia software.

Commercia softwareisused in the first step of building both the operating software
and |EB loads.

Software change procedure.

1. Requirements evauation
OScientist requests change or improvement
1Software deficiency (i.e. bug) discovered
2Planned upgrade

2. Implementation & Testing
0Coding and bench level tes
1Engineering model test (stimulus)

3. ITL Tedting
OFlight spare with CDS

4. Ddivery
OPSL ddivery
1SRCR
2Flight testing

7.9.1 Requirements Evaluation
RPWS team mug, as afirst gep, evauate the need to actualy expend the effort to
implement a change to the flight software.

When abug or lack of function is deemed to have sgnificant impact on the science
effort, the team will proceed with afix.

7.9.2 Implementation and Testing

Once the RPWS team has made the decision to implement a change or bugfix, the
software team must implement the change. This portion of the effort will be detailed in this
section.
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Asthe RPWS instrument was designed and built, the software was built usng an 8085
assembler from Avocet Systems. This assembler will be used for the foreseeable future
although any assembler that is capable of producing an Intel Hex Format file is permissible.

The Avocet assembler/linker is used to produce individua modules (or handlers) that
control the instrument. Each module consstsof one or more tasks (process) that control a
particular subsystem within the instrument. Memory allocation is performed manudly, the
effort to manage the limited address space of the 8085 is much lessthan that of building and
debugging a utility for this purpose. Memory conflicts must be manually resolved (although
the tools do help in detecting conflicts).

Dueto the presence of multiple processors in the insrument, some means must be
provided to generate adownload to the instrument that |oads the appropriate memory. Thisis
handled by the utility HEXBUILD. Thisutility isused to perform all of the reformatting and
marking in order to trandate between the Intel Hex and the ALF format required by JPL (did
that make any sense?)

The HEXBUILD step dso performs severa error checks. During this step severd
checks/operations are performed.

0 collect or gather together al of the modules required to load onefall of
the processors. Part of theload (i.e. the kernel) is used by dl processors
with asingle copy present in the load to conserve SSR/BULK space.

1 vaidate checksum information on incoming files

2 insure memory locations are alocated once (i.e. by asingle
module/task). Thisinvolvestallying the number of timesal memory
locations are referenced in the incoming files, the memory referencedin a
previous build, and saving amemory map.

3 insurethat only the correct memory isused (i.e. bottom 16K is dedicated
to codeuse). Thisstepisintended to prevent code from overflowing into
uninitiaized buffer space.

4 generate ALF_RESET records. Thisisaspecid form of the ALF record
that isrequired at the beginning of aload in order to initidize the error
flags and sequence counter within the instrument.

5 generate ALF style checksums

6 generate ALF_SKIPrecords. Thisbeing possibleonly if thereis
knowledge of the bad blocks that must be ignored.
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Some degree of manual memory management is performed to guard against improper
memory dlocation within theinstrument. Although HEXBUILD performs several checks,
the software can be architected in such away that HEXBUILD has no way to detect a
problem. Asan example, the WBR/WFR handler and the L/P handler place portions of their
code into the upper memory area of the HRP. This code movement is performed by the 8085
as part of processinitiaization. HEXBUILD has no mechanism to discover what are of
memory WBR/WFR and L/P intend to use, so asmall changein either application may result
inamemory conflict that can only be detected by inspecting the load maps or by bench
testing.

Once the HEXBUILD step has been performed, the aggregate load may be delivered
to the instrument located at 1owafor testing (lowa makes use of the ATLO and 3-291 format
files). Thisprocessisiterative and may involve low level hardware testing (i.e. scope, logic
analyzer, in-circuit emulators, etc.)

The steps used to produce an | EB load are similar with one extrastep availableto
perform the trandation from command mnemonics to hexadecimal command patterns (see the
documentation/section on the command parser). The assembler isused to build the command
and control tablesthat form an IEB load. Theentire IEB load is usually produced asasingle
Intel Hex File and presented to HEXBUILD for trandation to the required format (usually a
filewith severa(many) 73IEB_L OAD commands). HEXBUILD has provisonsto
accommodate some shortcomings in the ground system (limitations in the way that the
73IEB_LOAD command is parsed).

7.9.3ITL testing

If changes are significant, the team may request testing on the S/C smulator in the
Integration and Test Lab a JPL. This step would be required when a change to telemetry
formats or commanding isimplemented. Thistesting would require delivery of software to
JPL.

7.9.4 Ddivery
When the team is satisfied with the changes, the software is ddlivered to the PSL and a
SRCR is scheduled.

7.10 Download Internals
The manner in which adownload is processed is discussed in this section.

One key mechanism in the downloading processisthe BOOT BLOCK. Thiscode
fragment is used to make the transition from ROM to RAM based execution. Another key
function performed by the boot block isto alow/prevent awarm restart action to beinitiated
from within the RAM based system.
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Another key point isthe memory architecture. The 8085 begins execution at location
zero and requires memory starting at location zero to store interrupt vectors. If ROM is
permanently addressed at |ocation zero, theinterrupt vectors require the use of and extraleve
of indirection if they need to be changed. Alternately, the ROM may be located in another
areaof memory and ameans provided to provide ajump ingtruction to transfer control to the
ROM. Inthe RPWS processors, the ROM may be disabled, exposing the underlying RAM.
The RAM that islocated underneath the ROM is disabled only during read access. The
implication of this being that the contents of low RAM may be atered (i.e. loaded) when the
ROM isenabled, smplifying the job of downloading the application software.

7.10.1 Memory architecture.

The memory architectureissimilar on al processors. The bottom half of the address
gpace (i.e. 32K bytes) contains RAM that isnot banked (i.e. 32K bytes of RAM occupy 32K
bytes of address space). As mentioned earlier, the lowest portion of memory contains ROM
that is enabled following a processor reset. Sufficient ROM is present in the processors to
support basic BIU activities, aminima maintenance capability (i.e. biasthe L/P sphereto 10
volts), and amemory download capability.

The upper haf of the memory address space (32K bytes of address space) contains
between 32K bytes and 64K bytes of memory intwo banks. The"SOD" line from the 8085 is
used as a bank sdlect bit to enable one of two memory banks. The actual complement of
upper memory differs on the three processors (LRP banks 16K bytes of address space, HRP
banks 32K bytes of address space, and the DCP has no banked memory).

7.10.2 Rom activities
Following processor reset, the ROM is mapped into memory. All memory readsin
the lower address range (i.e. the bottom 4K of memory) are taken from the ROM.

The hardware reset signal isalso routed to most of the gatesthat deliver signalsto
points located off of the CPU boards. The reset signal forces most of the hardware into a
quiet, low power state.

7.10.2.1 Hardware initialization.

The firg activity following areset isto program all of the hardware into a minimum
power state. Thisinvolveswriting to the control registersof al of the peripheral chipsin order
to bring dl output linesto azero voltage level. Clocks are suppressed to the MFR and the
A/D converters on the HRP are powered down.
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7.10.2.2 Memory scrub.

The next step isto clear memory from address 0x0000 through address Ox7FFF to
zero. Thisisintended to accomplish two gods, first, the contents of memory may aways be
assumed to contain zero, resulting in some savings in the number of ALF records required to
load memory. Second, it is hoped that any software problems that cause the processor to
execute randomly through memory may be easier to debug when memory contains the same

pattern.

The memory scrub operation specificaly avoids changing the contents of upper
memory so that upper memory can be used to save data through a reset.

7.10.2.3 Special Initialization

Setup patterns are written to the SCC chip that is used during bench leve testing &
thispoint. Although the flight hardware complement does not include the SCC chip, the
initialization does not cause any ill effects on the flight hardware.

7.10.2.4 Waiting for commands.

The ROM software then enters a polling loop waiting for commands from the S/C to
arrive. S/C commands may be in the form of ALF records (i.e. the memory download) or in
the form of a BIU discrete command.

Two BIU discrete commands are recognized; aSLEEP/ACTIVE bit and a
MAINTENANCE bit.

In addition to ALF commands that may arrive from the §/'C, the BULK MEMORY 0on
the HRP may contain amemory download image. The LRP aso requests status records from
the DCP and HRP. The HRP status record contains arecord from BULK MEMORY that will
be processed asthough it were an ALF command from the S/IC.

7.10.3 SLEEP recognition

BIU discrete bit 1 is used to trigger SLEEP mode where the instrument clocks on the
HRP and DCP run a areduced rate. The power up sate of thisbit, azero, is used to indicate
that the processors are expected to operate in alow power mode (i.e. at the reduced clock
rate).

7.10.4 Maintenance recognition

Assuming that the deep bit indicates operation in high power stateis allowed (i.e. BIU
discrete 1 isaone), asserting the maintenance bit will eventually causethe L/P power to be
applied and the sphere will be biased to 10 volts.

This activity involveslittle intervention by the processors, so once theinstrument is
acknowledging entering maintenance, it will correctly process an ALF download.
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7.10.5 ALF recognition

As each command block isreceived, either from S/C or BULK MEMORY, it is passed
through several steps before being stored in memory. The command pattern, sequencefield,
and checksums must be vaid before the record is loaded into memory.

Any non-ALF commands are, effectively, ignored. They will betreated asALF
recordswith invalid ALD ID field and ignored.

7.10.6 ALF_EOF recognition

Thelast record inthe load isthe ALF_EOF record, recognized by it's unique
command pattern. Thisrecord triggers the trander of control activities that pass control from
the ROM code to the newly downloaded image. Aswith the ALF records, the command
pattern, sequence field, and checksums must be vaid for the record to be processed.

7.10.7 Reserved memory areas.

The area of memory from 0x7C00 through Ox7EFF is used by the ROM for
workspace (stack, variables, command buffers, communications buffers, etc.). Accesstothe
workspace by an ALF record is blocked by the ALF processing routines. Attempted writesto
the workspace are ignored without producing an error.

It is expected that some support utility, used to producethe ALF load, contains checks
to insure that this area of memory is not used.

7.10.8 Boot block pre-processng

Oncethe ALF_EOF record is accepted (acceptance indicating the memory was
successfully and completely loaded), some fina checks are performed prior to passing control
to the boot block.

Sincethe general ALF formatting requirementsare Smilar for dl instruments on the
gpacecraft, the BOOT BLOCK isthelast integrity check used to verify that the load is, indeed,
intended for the RPWS instrument. The BOOT BLOCK which ispart of the ALF load is
located at address Ox7F00. It containsa pair of jump instructionsfollowed by the string
"BOOT BLOCK: ", and the ingructions necessary to disable and re-enable the ROM.

Two integrity checks are performed on the BOOT BLOCK. The ROM checks that the
string appears at location Ox7F06. If thischeck is successful, the ROM then proceeds to
caculate a checksum on the memory from Ox7F00 through Ox7F3F. If the checksumisvalid,
the ROM will complement the checksum at location 0x07F3E and then passes control to
location Ox7FQO.

7.10.9 Boot block processng
The boot block contains two distinct/complementary functions.
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The primary function is to disable the ROM and pass control to the newly loaded
image. Thestarting addressistypicaly zero, but the actud start addressisentirely up to the
BOOT BLOCK.

Currently the boot block initiaizes the 8155 such that Ports A and C are set for output
and Port B is st for input with all output bits presenting a zero voltage leve to the outside
world. Port A bit 8 isthen brought high to disable the ROM. At this point the ROM isno
longer accessible ant the entire memory areaconssts of RAM. Finaly thefirst 64 bytes of
memory are copied to location 0x7F40 for bench level debugging.

The secondary function isto re-enable the ROM and return control to the ROM.
Again the typica address used to return control to the ROM is zero, but thisis entirely up to
the BOOT BLOCK. Inthe case of the verson 2.x code that was on the SC at launch, thereis
no capability to perform awarm restart. Thisversion of the software expects that BULK
MEMORY will be used to handle a software crash.

7.10.10 Kernd initialization

Assuming al integrity checks have been successfully completed, the newly loaded
kernel will receive control at location zero and finish any hardware initidization and proceed
with the downloaded task.

7.11 Radiation and Har dwar erdated issues

We may expect to see, a some timein the future, aproblem with the processors
(related to apart failure or radiation induced failure) that might be remedied by modifications
to the software.

Failuresin the recelvers and their associated anaog front-ends can be easily dealt with
by smply reworking the |EB loadsto avoid collecting data from afailed receiver.

Failed 8237 can be handled by changing the IPC driver to avoid use of thisresource
(i.e. the ROM does NOT depend on the 8237 to download the processors). WBR, WFR, and
L/P require the use of the 8237 and would beimpaired by loss of the device on the HRP.

CPU failureswould probably be difficult (at best) to work around.

7.11.1 Resour ce requirements

In order for flight software to be downloaded, certain parts of the hardware must be
functioning correctly. The 1553 interface and the LRP (CPU, ROM and asmall area of RAM
from Ox7CQ00 through OX7FFF) must be operationa. Neither DCP nor HRP are required for
obtaining housekeeping or downloading flight software.

A falled DCP or HRP will impact the flight software. Reworking the IPC driver anda
flight software rebuild should provide ameansto disable traffic to afiled processor.
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Failed memory one or more processors may be handled by mapping the ALF load in
such away asto avoid loading failed memory (this may impact resources, such as free space,
on the affected processor)
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8 RPWS Housskeping

The housekeeping record contains afixed areaand a context dependent area. The
fixed areais formatted the same by al software loads and may be decoded by common
software. The context dependent area changes with each software load and requires context
senditive decoding.

The following tables describe the contents of the housekeeping packet

in terms of 8085 addr ess space.
Thisis, in most cases, backwards when viewed in araw datafile. Dataon the RPWS
GSE systems has been switched to a natural order for those accustomed to working with the
8085.

Note that the housekeeping module used on dl of the software loads (i.e. dl the
operating software that is downloaded into the instrument) isidentical (i.e. thereisnot a
housekeeping process that is unique for the deploy software). Also the housekeeping software
that operates out of ROM isvery structured in the way it operates and this causes some unique
sgnatures to gppear inthe ROM housekeeping.

The ROM initidizes the housekeeping area of BIU memory using a scrubbing
operation (clear to zero). Thetop of the housekeeping loop then waitsfor CDSto transfer a
housekeeping packet before proceeding. Thisresultsin the first ROM housekeeping packet
being predominantly zero.

The RAM housekeeping operatesin asimilar manner but waits for the housekeeping
pickup to occur at the end of the loop. Thisresults, for most cases, in housekeeping appearing
to operate as one might expect. It ispossble, however, for eventsto occur such that the
housekeeping |oop does not complete before the first housekeeping packet is collected. In
other words, it is considered normal for the first packet of housekeeping following a software
change to be predominantly zero.

Feldsthat appear as zeroin this first housekeeping packet may be ignored.
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8.1 RAM Housskeeping at reset

When the processor is reset, the housekeeping process requires some time following
the first packet pickup (by the spacecraft) to cycle through al of the analog and digital values
that appear in the housekeeping packet. Thefirgt houskeeping packet that is picked up by the
gpacecraft will contain predominantly zero data (this usualy includes the time tag on the
packet).

Also note that the instrument will tolerate elevate pickup rates on the housekeeping
channdl. In bench test wetypically use a pickup rate of 192 bits/second which resultsina
housekeeping packet being picked up every 8 seconds. Pickup rates of 1536 bits/second (one
packet per second) have been used on the bench. Note, however, that the primary
housekeeping process requires roughly 6 secondsto cycle through all of the analog and digita
samples (i.e. most of the housekeeping information updates at thisrate, evenif records are
collected faster than this). Some of the information in the housekeeping record is updated as
CDS picks up the packet (such as packet sequence and timetags). Micro packets are moved
into the housekeeping packet as they arrive from various sources within the instrument
(various micro-packet generators, within the instrument, limit the aggregate bit rates to well
below 16 bits/'second).
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8.2 Channdized Housekegping Tables

Housekeeping data is decommutated by the telemetry system and made available for
display. The channels are assigned an arbitrary identification number.

8.2.1 Command/Power

Command and Power
Channel Description DMD Title
iD
S-1400 Antenna Bracket Temperature
S-1401 *
S-1402 Good Commands ??
S-1403 Invalid Commands ??
S-1404 Command Byte Count CMD_Bytes
S-1405 BIU Discrete Command Disc_Cmd
S-1406 BIU Discrete Status Disc_Stat
S-1407 Power Status SS_Power

* Channd S-1401 was origindly documented with JPL as containing the lower 16 bits
of time (i.e. 13 bits of seconds and 3 bitsof RTI) but thisinformation is redundant as the
housekeeping record dready contains acompletetimefield. None of the flight software ever
loaded this 16 bit word of housekeeping with time information.

Thisfield contains the IEB Status Word presented by the IEB handler (thisis
described shortly).
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8.2.2 LRP Analog Mux

LRP Analog Multiplexer
Channel Description DMD Title
iD

S-1408 MFR2 Analog MFR2
S-1409 MFR1 Analog MFR1
S-1410 MFR3 Analog MFR3
S-1411 HFR Analog 0 HFR_ANO
S-1412 Antenna Motor Current Ant_Mot |
S-1413 +X Motor Temperature +X_Temp
S-1414 Z Motor Temperature -Z_Temp
S-1415 -X Motor Temperature -X_Temp
S-1416 Search Coil Temperature SC_Temp
S-1417 -X Position -X_Pos
S-1418 +X Position +X_Pos
S-1419 Z Position -Z_Pos
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8.2.3 HFR Analog M ux

HFR Analog Multiplexer
Channel Description DMD Title
iID
S-1420 ME2 Current HFR_PS_ME2
S-1421 HFR Current HFR_PS_HFR
S-1422 ME1 Current HFR_PS_ME1
S-1423 L/P Current HFR_PS_LP
S-1424 HFR +6 Volt Monitor HFR_+6_V
S-1425 HFR +5 Volt Monitor HFR_+5_V
S-1426 MFR +6 Volt Monitor MFR_+6_V
S-1427 MFR +12 Volt Monitor MFR_+12 V
S-1428 L/P +45 Volt Monitor L/P_+45_V
S-1429 MFR +5 Volt Monitor MFR_+5_V
S-1430 LRP +12 Volt Monitor LRP_+12 V
S-1431 LRP +5 Volt Monitor LRP_+5_V
S-1432 MFR -12 Volt Monitor MFR_-12_V
S-1433 HFR -6 Volt Monitor HFR_-6_V
S-1434 L/P -45 Volt Monitor LP_-45_V
S-1435 MFR -6 Volt Monitor MFR_-6_V
8.2.4 Langmuir Probe
Langmuir Probe
Channel Description DMD Title
iID

S-1436 L/P Bias Voltage LP_BIAS
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8.25 SC Systems

S/C Systems

Channel Description DMD Title

iD
E-2303 Instrument Temperature BAY 04 T
E-0553 Instrument Load Current RPWS Elec LC
F-0815 SSPS state RPWS_ELEC a
F-0816 SSPS state RPWS_ELEC b
F-0817 SSPS status RPWS_ELEC_sw
E-1553 Instrument Load Current RPWS_Elec LC
F-1815 SSPS state RPWS_ELEC a
F-1816 SSPS state RPWS_ELEC b
F-1817 SSPS status RPWS_ELEC_sw
E-0748 Power BUS voltage 30VBus_HF_V
E-0749 Power BUS Voltage 30VBus_LF V
H-0064 Telemetry bit rate Rate

8.2.6 Instrument Currents
Instrument Load Current
E-0553 E-1053
DN Instrument Current
Data Number operating state

6 SLEEP / RAM

7 ROM

10 RAM Maintenance 148mA

36 Full Power low pickup rate

Full Power high pickup rate
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8.2.7 Instrument Temperature

Instrument Temperature
Bay 4 (E-2303)

DN Instrument Temperature
Data Number operating state
NO Power
RAM/SLEEP
ROM
150 RAM Maintenance 27.6

Full Power low pickup rate

Full Power high pickup rate

8.2.8Antenna Temperature

Antenna Bracket Temperature
Instrument Power Supply
Bay 4 (S-1400)

DN Instrument Temperature
Data Number operating state
NO Power
RAM/SLEEP
ROM

RAM Maintenance

Full Power low pickup rate

Full Power high pickup rate
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8.2.9 Derived Channels

Derived Channels
Channel Source Description
Designation Channels
R-1750 MFR Alarm
S-1407.012 Internal Power Status
S-1420 ME2 Current (Analog)
S-1426 MFR +6 Volt Monitor
S-1427 MFR +12 Volt Monitor
S-1429 MFR +5 Volt Monitor
S-1432 MFR -12 Volt Monitor
R-1751 HFR Alarm
S-1407.012 Internal Power Status
S-1421 HFR Current
S-1424 HFR +6 Volt Monitor
S-1425 HFR +5 Volt Monitor
S-1433 HFR -6 Volt Monitor
R-1752 LRP Alarm
S-1407.012 Internal Power Status
S-1422 ME1 Current (Digital Logic)
S-1430 LRP +12 Volt Monitor
S-1431 LRP +5 Volt Monitor
R-1753 Langmuir Probe Alarm
S-1407.012 Internal Power Status
S-1423 L/P Current
S-1428 L/P +45 Volt Monitor
S-1434 L/P -45 Volt Monitor
R-1757 Antenna Enable EX-
S-1405.3
R-1758 Antenna Enable EZ
S-1405.4
R-1759 Antenna Enable EX+
S-1405.5
R-1760 Antenna Motors Enabled
S=1406.4

Derived channels are used to drive darms on the SOPC (at lowaand at JPL) alowing
notification when housekeeping indicates there is a condition that needs attention within the
instrument.
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R-2757, R-1758, R-1759 and R-1760 should never occur and indicate significant
hardware problemsin the instrument as there isno software currently on board the spacecraft
that manipulate the antenna deploy hardware.
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8.3 Alarm Limits

The darm limits originally supplied during instrument delivery and integration were,
at best, hagtily chosen. Following severa instrument activities, the following tables may be
used to select alarm limits,

Alarm Limits Selection, February 2000
Channel Description Red Red Yellow | Yellow
iD Lower | Upper | Lower | Upper
S-1420 ME2 Current Monitor 90.0 110.0 94.0 106.0
S-1421 HFR Current Monitor 175.0 220.0 180.0 215.0
S-1422 ME1 Current Monitor 180.0 350.0 200.0 330.0
S-1423 L/P Current Monitor 38.0 47.0 40.0 45.0
S-1424 HFR +6 Volt Monitor 5.6 6.1 5.7 6.0
S-1425 HFR +5 Volt Monitor 4.9 5.6 5.1 5.4
S-1426 MFR +6 Volt Monitor 5.65 6.45 5.8 6.3
S-1427 MFR +12 Volt Monitor 11.2 12.6 11.4 12.4
S-1428 L/P +45 Volt Monitor 45.0 54.0 47.0 52.0
S-1429 MFR +5 Volt Monitor 4.95 5.65 5.1 5.5
S-1430 LRP +5 Volt Monitor 4.8 5.4 4.9 5.2
S-1431 LRP +12 Volt Monitor 11.3 12.5 11.5 12.3
S-1432 MFR -12 Volt Monitor -11.3 -12.2 -11.5 -12.0
S-1433 HFR -6 Volt Monitor 5.6 -6.25 5.7 -6.15
S-1434 L/P -45 Volt Monitor -45.0 -55.0 -47.0 -53.0
S-1435 MFR -6 Volt Monitor 5.6 -6.5 5.8 -6.3

This table is base on data collected on 1999-230 through 1999-233 and 2000-039 through 2000-042.
MEOL current occasondly spikes and causes ayellow darm. Alarm limitswere

purposefully set tight so that we would receive ared darm in the event that voltages or

currents go beyond previoudy observed va ues.

Langmuir probe voltage occasonaly spikes and causes ayelow alarm.
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8.4 BlIU Dicrete Command & Status

There are 8 command and 8 gatus bits managed by the BIU that do not appear in the
housekeeping frame. In addition, the instrument does not have accessto the internals of the
BIU and cannot place any internal BIU status within the instrument housekeeping. These
datus bits are collected directly from the BIU by CDS and eventualy delivered to the ground.
ThisBIU ancillary dataistypicaly available as channeled data.

The pattern 0x4B4B usually indicates that RPWS has not powered (i.e. CDS has not
been ableto collect datafrom the instrument). Also note that when power isremoved from
the instrument, it seemsthat the last BIU discrete status words will be ddlivered to the ground
without an indication that power has been removed from the instrument (this may be smply
anissuewith DMD, but DMD isthe only visibility we currently haveinto the BIU status).
The pattern 0x304 usually appears on aDMD page when the instrument is not powered. This
issimply the last discrete dataitem retrieved from the instrument (with power applied). Itis
inappropriate to believe these values when the instrument is not powered.

Also, it isimportant that the C-0266 dataitem (and derived channels D-0280 through
D-0294) be used to determine RPWS status. Theitemsin C-0265 (and it associated derived
channels D-0264 through D-0271) not be used to determine RPWS status. The C-0265 data
reflects the last command key sent to subaddress 3 in the BIU and does not give an accurate
indication of the state of the discrete command linesto RPWS.
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RPWS Discrete Command and Status.

These two tables show the BIU discrete bits as seen by the

LRP. These bytes are presented in housekeeping telemetry in bytes a
offset 20 and 21.

BIU DISCRETE STATUS BITS
D7 D6 D5 D4 D3 D2 D1 DO

SOFTWARE SOFTWARE SOFTWARE SOFTWARE ACTEL ACTEL | SOFTWARE SOFTWARE
PORTFO/BIT7 PORTFO/BIT6 PORTFO/BITS PORT CO/BIT 3 B155/PAT 8155/PC3
ANT | MAINT| ANT | MOTOR WDT| WDT | RAMEN BIU
FAULT, MODE| NORMAIENABLE COUNTER| COUNTER TABLES
LOADED
ANTENNA  ASSERT SET ACTIVE UPPER 2 BITS SETWHEN SET WHEN
SOFTWARE ~ WHEN WHEN WHEN OF WATCH DOG SCIENCE  SOFTWARE
DETECTED OPERTING ANTENNA  ANTENNA TIMER OR LOADS
SOME IN MOVEMENT POWER NOMINAL STATE DEPLOY  NEW BIU
PROBLEM MAINTENANCE IS IS IS BOTH BITS SOFTWARE DESCRIPTOR
DURING MODE COMPLETED ENABLED CLEARED ISLOADED  TABLE
ANTENNA P1s | NORMALLY aNTval
MOVEMENT | BIASED|[ANT V4.1|| INDICATES
LIMIT ANTENNA
SWITCH || MOVEMENT

University of lowa

lowa City, lowa, U.S.A.

STATU

CASSINI REAL-TIME KERNEL

Tile
DISCREET BITS

776 Document Number RET
B

Date: GUST 30, 1999 TSheet of
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BIU DISCRETE COMMAND BITS
D7 D6 D5 D4 D3 D2 D1 DO

MEMORY| SOFTWARE ANTENNA | ANTENNA| ANTENNA | PROCESSQRPROCESSORROCESSQR
LRP
SLEEP/
write | MAINT (R U i\l wDpT | LRP
PROTECT -
proTecT MODE| EX+| EZ | EX oisnece | RESE[T
ASSERT ASSERT ASSERT ASSERT ASSERT ASSERT RESET
TO TO TO TO TO TO LINE
DISABLE APPLY APPLY APPLY OPERATE DISABLE ON
WRITE POWER POWER POWER IN THE WDT 8085
PROTECT TO TO TO NORMAL FUNCTION CHIP
CIRCUITS EX+ EZ EX- MODE
TO ANTENNA ANTENNA ANTENNA (DEFAULT TO
FUNCTION LOGIC LOGIC LOGIC LOW POWER
OPERATION)

University of lowa

lowa City, lowa, U.S.A

DISCRI
; CASSINI REAL-TIME KERNEL
e

DISCRETE BITS

178 [DoCTmenT Number
B

Dare:

TOUST30, 1999 TSheer
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RPWS Discrete Command and Status bits

Thesetables describe the BIU discrete status bits as
shown in the DMD displays.

S Channel Bit Dedtination | Description
C-0266 Satus Controlling Command
Source
D-0280 DO 8085 Reset Processor Reset Control
Command D-0 Port EO/ DO 73RT_RESET
D-0281 D1 Actd Array Processor Watch Dog Timer
Command D-1 Port EO/ D1 73RT_WDT_CNTL
D-0282 D2 Software Processor SLEEP command
Command D-2 Port EO/ D2 73RT_SLEEP
D-0283 D3 Motor Control Element EX- control
Command D-3 Port EO/ D3 73RT_EX M _CNTL
D-0284 D4 Motor Control Element EZ contral
Command D-4 Port EO/ D4 73RT_EZ P CNTL
D-0285 D5 Motor Control Element EX+ control
Command D-5 Port EO/ D5 73RT_EX_P CNTL
D-0286 D6 Software Maintenance mode select
Command D-6 Port EO/ D6 73RT_MAINT
D-0287 D7 Actd Array Processor Write Protect
Command D-7 Port EO/ D7 73MEM_WRT_PRT
D-0288 D8 8155/PC3 BIU Tablesloaded
SatusD-0
D-0289 D9 8155/PA7 RAM Enable
SatusD-1
D-0290 D10, D11 ACTEL WDT Counter Bit 0
Status D-2 WDT Counter bit 1
SatusD-3
D-0291 D12 Port CO/D3 Motor Enable
SatusD-4
D-0292 D13 Port FO/D5 AntennaNorma
StatusD-5 Venus Observation Normal (Success)
D-0293 D14 Port FO/D6 Maintenance Mode
SatusD-6
D-0294 D15 Port FO/D7 Antenna Fault
Status D-7 Venous Obsarvation Fault (Failure)
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The following status word reflectsinterna BIU status. These bits are used for internd
BIU operations and are not affected by operations within the RPWS instrument (with the
exception of the BCRTM Write Protection Violation Hag).

The lower 8 hitsreflect the most recent command key delivered to the
instrument and should not be used to determine the current state of the BIU
discrete command bits (the previous table reflects command and status bits as seen and
presented by the BIU).
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Note that these field can cause some confusion asthe 73RT commands manipulatea
gnglebit a atime so thefields D-0264 through D-0271 will only reflect the last bit that was
atered (if the bit was set to a zero, the lower 8 bitswill dl be zero).

Sg ggggd Bit Description
BIU Command Key

D-0264 DO Processor Reset Control
D-0265 D1 Processor Watch Dog Timer disable
D-0266 D2 Processor SLEEP* command
D-0267 D3 Element EX- control enable
D-0268 D4 Element EZ control enable
D-0269 D5 Element EX+ control enable
D-0270 D6 Maintenance mode select
D-0271 D7 Processor Write Protect Dissble
D-0272 D8 BCRTM Write Protect Disable
D-0273 D9 BIU Watch Dog Timer Diszble
D-0274 D10 Set Write Protect Violation Flag
D-0275 D11 Set Watch Dog Timer Expiration Flag
D-0276 D12 BCRTM Write Protect Status
D-0277 D13 BCRTM Write Protect Violation Flag
D-0278 D14 BIU Watch Dog Timer Status

Bits D-0280 through D-0287 are controlled by CDS using the BIU discrete commands
(i.e 73RT)).
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8.4.1 D-0280, Processor Reset Control
AC coupled reset to LRP 8085 processor.

Therising edge of thissgna causesthe LRP to reset. Leaving the line asserted will
NOT causethe LRPto hang.

Bit Status Meaning
0 Reset lineto LRP inactive
1 Reset line to LRP asserted
(risng edge resets processor)

8.4.2 D-0281, Processor WDT Control
Assarting thisline disabled the watch dog timer circuit on the LRP. In normal
operations, theWDT may be enabled as the flight software correctly handlesthe timer.

Bit Status Meaning
0 WDT enabled
1 WDT disabled

V2.5 flight software has amethod to include DCP and HRP in the checking such that
afailure of any one of the 3 processorswill result in atrip.

8.4.3 D-0282, processor SL EEP command

This status bit reflects the state of the internal deep control linein the instrument. This
bit, when set to 1 indicates that L RP has commanded DCP/HRP to operate at areduced clock
rate. Notethat thisisoppodte polarity of the BIU discrete command bit displayed in D-0266.

The reason D-0266 is negative-true (i.e. zero indicates slegp) isthat the instrument can
power up in adeep state without any additional commanding by CDS. Interndly, thelogic
requiresthat ahigh level be sent to DCP/HRP (no inversion isin the path to the BIU).

Bit Status Meaning
0 SLEEP
(Slow Clock)
1 ACTIVE
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8.4.4 D-0283, Element EX- Controal

Bit Status Meaning
0 Disable motor drive dectronics for EX- dement
1 Enable motor driver, EX-

This control bit should remain cleared.

Thisbit isahardware interlock that prevents the antenna deploy € ectronics from
applying power to the indicated antenna element.

8.4.5 D-0285, Element EZ Contradl

Bit Status Meaning
0 Disable motor drive dectronicsfor EZ element
1 Enable motor driver, EZ

This control bit should remain cleared.

Thisbit isahardware interlock that prevents the antenna deploy € ectronics from
applying power to the indicated antenna element.

8.4.6 D-0285, Element EX Contradl

Bit Status Meaning
0 Disable motor drive dectronics for EX+ eement
1 Enable motor driver, EX+

This control bit should remain cleared.

Thisbit isahardware interlock that prevents the antenna deploy € ectronics from
applying power to the indicated antenna element.
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8.4.7 D-0286, M aintenance M odd Sdlect

Bit Status Meaning
0 Norma Operations
1 L/PBiased to 10 Volts
ROM ONLY
ROM ONLY

Thisbit indicates that the instrument should be biasing the L/P ectronicsto +10
volts. Note that none of the current downloaded software honors this bit.

Thisfunctionisavailablein the form of an |EB trigger. A MASK variety applies
power to the Langmuir probe eectronics and an ID variety that assumesthe L/P electronics
are powered.

8.4.8 D-0287, Processor Write Protect Control

Bit Status Meaning
0 Write Protect Enabled
1 Write Protect Disabled

The LRP has hardware write protect capability that inhibits writing to lower 16K bytes
of memory onthe LRP. The protected region is under control of the LRP and may be selected
in 2K blocks

Current flight software does not make use of this capability (Code and data areas for
individual processes are not segregated in such away that the memory protect is useful).

Processor reset clearsthe write protect select register, that is used by the 8085 to select
1K blocksto write protect, so the state of D-0287 isineffective.
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8.4.9 D-0288, BIU Tables Status

This gtatus bit, when set, indicates that the software has created aworking set of
control tablesfor the BIU. Thishit may be set to zero for ashort period of time following a
reset (other times indicates a software fault).

Bit Status Meaning
0 Default BIU Tableinuse
1 BIU tablesloaded by host processor
BCRTM R2 not equa to 0

8.4.10D-0289, RAM Status

This bit is connected to the ROM Disable sgnal withinthe LRP. Thishit, when set,
disables the boot ROM, placing the ROM into alow power standby date. The instrument,
therefore, is executing out of RAM (i.e. this must be using downl oaded software).

Bit Status Meaning
0 ROM enabled
1 ROM disabled
Processor executing downloaded code

8.4.11 D-0290, Watch Dog Timer Status

The watchdog timer isimplemented within an ACTEL gate array onthe LRP. When
the timer overflows the processor reset lineispulsed. The upper 2 bits of the watch dog timer
are externd to the gate array and are connected to the BIU statuslines.

In most cases these gatus lines should be zero.

Version 2.4 flight software adds the capability to monitor both DCP and HRP with the
watch dog timer. If this capability is enabled, one might expect to see the timer bits set on
occasion.

Bit Status Meaning
00 WDT normal, more than 45 seconds remain
01 WDT more than 30 seconds remain
10 WDT more than 15 seconds remain
11 WDT trip within 15 seconds
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8.4.12 D-0291, Antenna Motor Status

Thisbit is connected to the antennamotor control line. Thislineisused by the LRPto
route power to one of the antenna mechanisms. Assuming the deploy software isloaded and
operating, thislineisset when the antennamotor is powered. Notethat it is possible for this
line to be active when the antennamotor is not powered, but thisis not the expected method of
operation.

Bit Status Meaning
0 AntennaMotor Disabled
1 AntennaMotor Enabled

8.4.13 D-0292, Antenna Status
The deploy software sets this bit to indicate that the antenna operation compl eted
successtully (i.e. the mechanism tripped the appropriate limit switch).

Thisdiscrete bit is also used for indicating a successful observation when the specid
mai ntenance software is performing aVenus Observation. This observationis performed
blind and minima status (i.e. the discrete bits) is available following the observation.

Bit Status Meaning
0
1 Antenna Deploy Operation Successful

Thisbit may be available for other uses. 1t holds no interest for conveying deploy activity
gtatus since the antennas were successfully deployed.

8.4.14 D-0293, M aintenance Status

The ROM setsthisbit to indicate that the Langmuir Probe is biased in response to the
assertion of the maintenance mode bit. Thisaction typically requires about 30 secondsto
execute o the intermediate state may be observed where the maintenance command bit is set
while the maintenance datus bit isclear. Thisdeay isused to sequence power to the L/P
electronicsin the correct order and to alow the voltage present on the L/P eectronicsto decay
to zero before power is applied (in case an attempt is made to cycle power too rapidly).

Version V2.2 of the flight software contains a bug in the handling of this status bit.
Although the maintenance state is handled correctly (the housekeeping packet may be used to
verify that the L/Pis being biased), the status bit is not set during the maintenance activity.
Once the maintenance state is removed, the status bit will appear as the software enforces a 30
second idle period following maintenance activities (this prevents the L/P from being powered
up immediately following a maintenance activity).
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Version V2.3 of the flight software condists of ascience load only. No additiona
maintenance load is provided with thisrelease. A trigger isincluded in the scienceload to set
the L/P 32to volts. Dueto limitations in the hardware and software it is not possible to
present status information on the discrete status line when in maintenance mode when using
the V2.3 software.

8.4.15 D-0294, Antenna Fault Status

The deploy software sets this bit to indicate that the antenna deploy operation failed
for somereason. The housekeeping datawill contain amore detailed statusfield that
describes the error that occurred.

This bit may also be used to indicate a problem with the VVenus Observation when the
gpecid maintenance software isloaded (although with version 2.2/2.3 software this status bit
in NOT used). Aswith D-0292 thisbit is used as an early status indication as the observation
is performed when the SC is out of contact with earth and minima statusis available when
contact is re-established.

8.5 C-0266, Expected Statusword Values
The following table shows some expected vaues for C-0266, the BIU discrete status
word.

Ingrument State HEX Value Discussion
ROM, SLEEP 0x0100 Following Power UP
ROM, Active 0x0104 Prior to loading Science Software
ROM, Maintenance 0x4144 LP biased to 10V
RAM, SLEEP 0x0300 By 73RT command
RAM, Active 0x0304 Norma Operations
RAM, Maintenance 0x0304 By IEB trigger, LP 32V
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8.6 Common Area

The following fields do not change.

BYTE DESCRIPTION BYTE DESCRIPTION
01 CCSDS Header 21 BIU Discrete Command
2-3 Source Sequence Count 22 Antenna Limit Switches
4-5 Packet Length 23 Power Status
6-11 Time & Error flags 24-39 LRP Andog MUX
12-13 |EB status word 40-55 HRP Analog MUX
14 Vaid Command Count 56 BIU misc status
15 Invaid Command Count 57 BIU RTI status
16-17 Command Byte Counter 58 L/P Sphere bias
18 Loop Counter 59 L/P Cylinder bias
19 BIU soft reset count 60 L/P Multiplexer
20 BIU Discrete Status 61 L/P 8155 bits
8.6.1 CCSDSHeader

This 16 bit field uniquely identifies this data as belonging to CASSINI/RPWS

instrument and that thisis housekeeping data.

Data Type LSB | MSB | VALUE

ROM Based Housekeeping 0x90 | OxOA Ox0A90
Antenna Deploy Housekeeping 0x93 | OxOA Ox0A93
Specid Maintenance Housekeeping 0x93 | OxO0A 0x0A93
Science Housekeeping 0x95 | OxO0A 0X0A95

Note that both deploy and special maintenance share acommon CCSDS pattern. It is
expected that deploy will be used only at the beginning of the mission so therewill be no
confusion over the contents of the housekeeping records.

8.6.2 Sour ce Sequence Count

Thisfield isa 14 bit counter that isincremented as each packet isddivered. The
upper 2 bitsare dways set. Thisfield isused to identify lost packets aswell asapoint in time
when software is re-loaded (when ever the operating software changes, the source sequence

count isreset to zero)
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8.6.3 Packet Length
Thisis seven less than the overall packet length. For housekeeping the va ue should
be 185 indicating an overal length of 192.

8.6.4Time& Error Flags
40 bit timefidd and 1553 error control bits.

8.6.5 IEB StatusWord

Indicates the last addressin |EB memory used as a step of an internal |EB operation.
Typicaly thiswould contain the |EB trigger number of the latest IEB_ TRIGGER issued
athough many triggers have aleve of indirection that may changethevaue. Sincethe|EB
processor is present in the science code, none of the other handlerswill change thislocation
from avaue of zero.

8.6.6 Valid Command Count

The number of commands processed by the command decoder. Thisincludes both
interna commands (such as those issued by 1EB processing) and external commands (such as
those issued by CDS).

8.6.7 Invalid Command Count

Number of command buffersthat contained a parity error in the first word of a
command (once an error is encountered the remaining portion of acommand block is
discarded).

8.6.8 Command Byte Count
Number of bytes (8 bits) moved from the BIU command buffer for decoding.

8.6.9 Loop Count

Number of commands processed by the"TWEK" process. Thisincludes
73MEM_TWEAK, 73IEB_TWEAK, 0OMEM_TWEAK, and 00PORT_TWEAK
commands. Notethat internaly, OOMEM_TWEAK commands are generated to allow time
tracking on DCP and HRP, so the loop count should be congtantly incrementing.

8.6.10 BIU Soft Reset Count

Thisfield isincremented whenever a soft reset is performed on the BIU. This
involves pulsing one of the reset linesto the BIU (not the power on reset). Thisistriggered
by a hardware timer on the LRP that monitors the length of time that the LRP waits for access
to BIU memory. If the timer expires, the memory accessis terminated and an error flag is set
and the BIU handler pulsesthereset line. In normal operation this should never occur. If the
BIU isincorrectly programmed this can occur (but will it ever be seen on the ground?).
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8.6.11 BIU Discrete Status
Thisitem contains the most recent value ddivered to port OxFO on the LRP. Note that
bit 2 issimilar in function to the BIU discrete bit D-0282, but of opposite polarity.

BIT DESCRIPTION
BIU discrete status bit 7, antenna fault
Bl U discrete status bit 6, maintenance mode

BIU discrete status bit 5, antenna norma

read as zero

LRP Seep (XOR with bit 2 to make LRP deep)
DCP/HRP Sleep (1=SLEEP)

HRP Resst

DCP Reset

Ol |INWI|M|OIT]|O |V

8.6.12 Antenna Limit Switches
Thisitem reports the state of the antenna limit switches

BIT DESCRIPTION
Z Retract

Z Extend

X minus Retract
X minus Extend
X plus Retract
X plus extend

Ol [IN[W]|M~ O

Although dl of the antenna e ements have been successfully extended, do not expect
the limits switches to remain closed. The antenna elements were driven only long enough to
trip the switches and there is no locking mechanism to prevent the elements form moving. It
is reasonabl e to expect the eement to relax and release the extend limit switch over time.

Although not expected, one can make use of the element position reading to determine
if acreep problem exists?
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8.6.13 Power Status
Thisitem reports the state of the power control register.

BIT

DESCRIPTION

HFR Command Enable

HFR Command Clock

HFR Command Data

HFR Cold Reset

HFR Warm Reset

Langmuir Probe Power

MEO2 (MFR, WBR, WFR) Power

Ol [(NMN]JW|d|OT|O |V

HFR Power
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8.6.14 LRP Analog M ux
This group of 16 bytes are the conversions of the 16 analog multiplexer channelson
the LRP. Severa of the channels (not listed) are not used (connected to ground).

Channel DESCRIPTION

0 MFR Band O

1 MFR Band 1

2 MFR Band 2

3 Power Supply Thermistor

4 Motor Current

5 (not recorded) HFR anal og multiplexer
V24 |EB Error flag and counter

6 (not recorded) Ground
V24 |EB Vdid flag and counter

7 Motor Temperature X plus

Motor Temperature X minus

9 Motor Temperature Z

10 (not recorded) Ground

11 Search Coil Temperature

12 Antennaelement position X plus

13 Antenna element position X minus

14 Antenna element position Z

15 Halt integrator
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Several channels of this multiplexer are grounded and aways report a zero when read.
In verson 2.4 software, the housekeeping process does not record the andog channelsthat are
grounded. These positionswill contain other interesting housekeeping information as
required (when we figure out what we want to see?). Also, the mux channel that connectsto
the HFR isignored in this sweep and isread is a separate sweep of the 16 channel mux on the
HFR (dliminates an additiona redundant byte).

Also keep in mind that the ROM behavior isunchanged. When the instrument is
operating from ROM, all 16 channels are presented as read.

5 IEB_L OAD bad record count (D6..D0)
5 IEB_L OAD checksum failed flag (D7)
6 IEB_L OAD good record count (D6..DQ)
6 IEB Checksum OK flag (D7)

10

8.6.14.1 IEB_LOAD bad record count

This counter records the number of IEB_L OAD recordsthat arrive at the instrument
that do not pass integrity checks (such asan invalid checksum). We should expect thisfield to
remain zero on the spacecraft. A non-zero vaue probably indicatesthat a record has been
poorly formed on the ground (verify with the EM).

8.6.14.2 IEB_LOAD good record count

This counter records the number of good IEB_L AOD records that arrive in the
instrument in the lower 7 bits of the byte. Thisfiddisexactly large enough to handle afull
IEB image (one record less than 16K; 63 pages plus the checksum table).

Thisfield does not record movement of the internal 1EB table that can be included
with the ALF load, in other words, thisfield asaways zero following an ALF load.
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8.6.14.3 IEB Checksum error flag

The top bit in the byte is used to indicate that the checksum verification step failed.
Starting with V2.4 flight software, the checksum table isincluded with the IEB load in order
to make load verification easier. If apartid |EB load is placed in memory the checksum
should fail and prevent the |IEB from being used. In the presence of a poor uplink, the load
may be sent several times assuming that errors/dropouts occur in random places.

Thisflag propagates through multiple attemptsto load |EB memory and may remain
set even when |EB memory isvalid. Thisbehavior isintended to give some visibility into the
load process (keep in mind that housekeeping ddlivery rateis 24 bits'second resulting in the
ddlivery of ahousekeeping frame every 64 seconds).

Thishitisreset usng the 73IEB_HALT, CLEAR command that aso clears |IEB
memory.

8.6.14.4 |EB Checksum OK flag

This status bit is set when IEB memory checksum cal culation indicates that |EB
memory isintact and ready for use. The occurrence of achecksum error will clear this bit.

Theinitial software load may contain an |EB memory image, and if thisimage is
successfully moved to |[EB memory and the checksum operation is successful, thisbit is set to
makeit vigblethat the interna |oad was successful.

Another indication of an interna load iswhen thisbit is set, but the lower bits of the
byte are dll zero, indicating that a successful checksum operation has occurred but that no
IEB_L OAD commands were processed (i.e. the load didn't arrive after science software was
loaded)
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8.6.15 HFR Analog M ux

Channel 5 of the previous multiplexer is connected to an additiona 16 channd
multiplexer located in the power supply. These 16 channelsare al used to monitor voltages
and currents within the power supply.

Channel DESCRIPTION

0 HFR Current

1 MEQ2 Andog Current

2 Langmuir Probe Current

3 Digital Electronics Current
4 HFR +5 Volt

5 HFR +6 Volt

6 MEQO2 Analog +12 Volt

7 MEQO2 Analog +6 Volt

8 MEQO2 Analog +5 Volt

9 Langmuir Prove +45 Volt
10 Digital Electronics +12 Volt
11 Digital Electronics+5 Volt
12 HFR -6 Valt

13 MEO2 Andog -12 Volt

14 MEO2 Andog -6 Volt

15 Langmuir Prove-45 Volt

This multiplexer islocated within the HFR and contains low-pass filters
to eliminate noise. Thelocation of the L PF imposes arather large settling time
(housekeeping process alows several RTI periodsfor settling when reading
these channds).
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8.6.16 BIU Misc Status
Thisitem contains the value read from port OXEO on the LRP, which is the current
date of the 8 discrete command bits from the BIU. Note that these bits are commands from
the BIU to the LRP being echoed to housekeeping.

BIT

DESCRIPTION

LRP Write Protect Disable

Maintenance Mode

Element EX plusenable

Element EX minus enable

Element EZ enable

Run (Sleep when zero)

LRP Watch Dog Timer Disable

Ok, [([MNfW|M~|OT]O |

LRP Reset
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8.6.17 BIU RTI Status(RTI and Dead Time)

Thisitem reportsthat an RTI interrupt wassmulated. In the event that CDS failsto
issue the RTI message, the hardware on the LRP will generate an interrupt at the appropriate
time and log the occurrence.

Dead Time Start statusisnot currently logged in the
housekeeping page. The software, asof version V2.6, does not
store dead-time-start status.

Both RTI-status and DTS-gtatus registers work in asimilar manner. Occurrence of the
RTI/DTSsgnd setsaflip-flop that isread by software. Theflip-flop isthen cleared by the
software (writing to aclear port). Sincethisfunction is split between hardware and software
there are some timing issues to be aware of when interpreting the sausthat is delivered in
housekeeping.

8.6.17.1 RTI timing and sequence of events.

Software writes to the clear port, resetting the status flip-flop. At somelater point, an
RTI interrupt occurs causing the CPU to pass control to the RTI interrupt routine. The
interrupt routine (Sometime after the RTI interrupt) reads the status port and examines the
RTI statusbit. The status bit, when set, indicatesthat SC has ddivered the RTI signa since
the reset occurred. If the bit remains cleared, the software increments a counter in
housekeeping, indicating loss of RTI.

The RTI dgnd from SIC (SC RTI) dso resets a counter tha runsfor dightly over the
125 mSec RTI period (see the instrument commands section for detalls of programming the
exact value used to generate the RTI period, it may be changed if needed). When the counter
overflows, the hardware generates an RTI interrupt, much the sasme asif it had come directly
from the spacecraft. When RTI is coming from the spacecraft at 125M sec intervals, the RTI
counter never quite overflows, and never generates afake RTI.

If the S/C RTI comesalittle late, the RTI interrupt may be generated by the
hardware, causing the RTI interrupt service routine to begin execution. If the SC RTI occurs
prior to reading the RTI status port, the status bit will indicate that the SC RTI has occurred.
In other words, we can't redly tdl if SC RTI comesalittle late(but soon enough to be seen).
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8.6.17.2 DTS timing and sequence of events

The Dead Time Sart happens in much the same manner asRTI. There are some
subtle differences, however. DTSisddivered from S/C asthe last 1553 transaction during the
bus activity of the RTI (the RTI isddivered asthefirst transaction). The DTS may occur a
any timeinthe RTI prior to thelast 5 mSec in theinterval. The operating software in the
instrument, however, does not want to see DTS interrupt until latein the RTI period. The
instrument addresses this by generating the DTS interrupt approximately 120mSec after the
RTI interrupt. Aswith the RTI timing, thisis programmable from about 114 to 130 mSec with
anomina time of 120mSec.

The S/C DTS 9gnal isonly used to set the DTS status flip flop, it is not used to
generatethe DTSinterrupt. The DTSinterrupt isonly generated by the DTS timer. Because
the DTSinterrupt is aways generated by the timer, we satisfy the need for scheduling the
DTSinterrupt latein the RTI period.

Aswiththe SC RTI sgnd, the SC DTS setsthe DTS statusflip flop when it
occurs and the DTS interrupt routine then reads the DTS status flip flop to determine if the
DTSsignd arrived from S/IC. Aswiththe RTI dgnd, if DTSisdightly late, the latency of
servicing the interrupt can mask alate DTS, Unlike the RTI signd, the DTS will usualy
occur many milliseconds prior to the interrupt generated by the DTStimer (thereisno
hardware provison to determine the delta-t between S/C DTS and DTS timer overflow).

There are bitsinthe RTI/DTS status register that indicate when the dead-timeis active
In addition, the status register isnot clear-on-read, S0t is possible to obtain an estimate of
whenthe SC DT Sisddivered (dthough the current software has not provisonsto do this).
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8.6.18 L/P SphereBias
Vaueloaded into DAC-0 within the Langmuir Probe. MUX and Relay settings are
required to determine the actual bias applied to the sphere.

8.6.19 L/P Cylinder Bias
Vaueloaded into DAC-1 within the Langmuir Probe. MUX and Relay settings are
required to determine the actual bias applied to the eectric antenna
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8.6.20 L/P Multiplexer
Thisitem reports the Sate of the Langmuir Probe multiplexer control.

BIT VALUE DESCRIPTION

7 0 CYBMR, Cylinder bias mid range
1 CYBFR, Cylinder biasfull range

654 3 O0X0X SPBMR, Sphere bias mid range
0X10 SPBLR, Sphere biaslow range
0X11 SPBHR, Sphere bias high range
1X10 SPBFR, Sphere biasfull range

2 0 LPF, Low PassFilter
1 HPF, High Pass Filter
10 00 ADCP2, A/D Cylinder 2
01 ADCP1, A/D Cylinder 1
1 X ADSP, A/D Sphere

8.6.21 L/P 8155 Bits

Thisitem reports the state of the 8155 port C. Thesebits are used to control the
routing of Sgnasto the 8237 aswdll as controlling the power to the Langmuir Probe digitd
electronics.

BIT DESCRIPTION

7,6 Undefined, may be O or 1

5-3 Should alwaysread ZERO

LPDAC Enable

LPA/D Enable

LP Power enable
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8.7 ROM Unique Housekeeping

When operating from ROM the housekeeping areatypicaly contains a memory dump
image. The memory address field increments by 128 bytes when the entire housekeeping
record contains memory image.

BYTE DESCRIPTION LSB MSB | VALUE
01 CCSDS Header 0x90 | OXOA | OXOA90
62-63 Memory Address

Contents of the variable areawhen no download has occurred.

BYTE DESCRIPTION
64-191 Memory Dump

When downloading an ALF image, the memory dump is reduced to 32 bytes with the
remaining area containing diagnostics.

BYTE DESCRIPTION BYTE DESCRIPTION

64-95 Memory Dump 128-143 | DCP Status Area

96-111 LRP Status Area 148-191 | Most Recent ALF record
112-127 | HRP Status Area

8.7.1 Memory Dump

32/128 byte memory dump. The memory dump sizeisrestricted to 32 bytesto
make room for the ALF load status that follows. When theinstrument isfirst powered on, it
will only dump 32 byte records into the housekeeping frame in preparation for an ALF
download. Inthe event that no ALF trafficis ddlivered to the instrument, it will begin
dumping 128 byte records when the address counter reaches 0x100 (about 8 to 9 minutes).

Only the memory on the LRPis dumped in this manner. There was not sufficient
code space in the ROM s to alow HRP and DCP to dump their memory contents. The DCP
and HRP ROM s can only be checked by downloading ablock of code to handle the IPC
hardware (athough this seems a pointlesstask, if it downloads the ROM is functioning).
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Thereisalittle visibility into the operation of the IPC during the download processin
the form of a counter that increments with each successful |PC transfer to the DCP and HRP.
This counter may be difficult to examine asit is updated by the ROM and will be cleared
when any download clears the housekeeping buffer (adownload takesless than half of the
time between housekeeping updates).

It is expected that one may use the GSE housekeeping display software to obtain a
formatted dump of the ROM on the LRP for comparison purposes. On the LRP the ROM
occupies locations 0 through OXOFFF (atota of 4K bytes). Notethat the ROMson all of the
RPWS instruments are identical so any ground unit may be used as areference (the externd
memory boards should also contain as-flown flight images).

8.7.2LRP,HRP and DCP Status Area

LRP/HRP/DCP Statusarea. During CDS downloads only the LRP areais updated.
During interna downloads, only the LRP and HRP areas are updated. When afailure occurs,
the DCP areaisupdated. Keep in mind that there isaunique areareserved for each of the
three processors

BYTE DESCRIPTION BYTE DESCRIPTION

+0-1 ALF Sequence +8-9 Loca ALF record count
+2-3 Local Load Address 10 Reason Code

+4-5 Local Skip Count 11 Count

+6-7 Local Load Count

8.7.2.1 ALF Sequence
The sequence field from the last correct ALF record.
8.7.2.2 Local Load Address

Decoded local address. Thisisthe memory location within the 8085 where the most
recent ALF record was stored.

8.7.2.3 Local Skip Count
Number of ALF_SKIP records processed.
8.7.2.4 Local Load Count

Number of ALF records that were |oaded into memory on the local processor. Keep
in mind that parts of the load are processed (i.e. loaded into memory) on al processors.
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8.7.2.5 Local ALF Record Count
Number of ALF records processed on the local processor.
8.7.2.6 Reason Code

Status of the ALF operation. This status remains zero until an unusual condition
occurs. The satusfield isupdated and processing stops.

VALUE | MEANING VALUE | MEANING

0x00 Normal (no problem) C checksum word error

B Booting I invalid identifier

C Word Count not 22 p packet count in ALF_EOF
S Sequence word error

8.7.2.7 Counter

Widl, it counts, doesn't it 27?

8.7.3 Most Recent ALF Record

This portion of the housekeeping record contains the most recent ALF record that has
been processed by the LRP.
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8.8 Deploy Unique Housskeeping

When operating with antenna deploy software loaded, the variable area contains aline
of static status data (i.e. most recent vaues read from the hardware registers) whilethe
remainder contains dynamic monitoring data

BYTE DESCRIPTION LSB MSB | VALUE
01 CCSDS Header 0x93 | OxOA | Ox0A93
62-63 Spare

Contentsof thevariable area.

BYTE DESCRIPTION
64-79 Static Area
80-191 Dynamic Area

The Static ar ea contains the following when executing a most
commands.

BYTE DESCRIPTION BYTE DESCRIPTION

64-65 Run Timer 73 Test Mask

66-67 Command RTI 74 Motor Current

68-69 Command pattern 75 Motor Temperature

70 Command Index 76 Element Position

71 Antennalndex 77 Limit Switch Register

72 Status 78-79 Reason Code
8.8.1Run Timer

Thisfield echoes the number of RTI periods remaining before the current operation
will beterminated. If thetimer expiresaerror status (reason code) will indicate that the timer
expired before the antenna element reached alimit switch.

8.8.2 Command RTI
Thisfield indicates the time the most recent command was received.

8.8.3 Command Pattern
Thisisthe 1. 16 bits of the most recent command. Theinternal monitoring software
may generate an Antenna Hold command to stop e ement movement.
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Command Pattern | Source Function
0x1080 Externa AntennaHold
I
0x1090 Internal AntennaHold (dynamic monitoring HOL D)

8.8.4 Command Index
Thisisadecoding of the most recent command.

1. Extend Element
2. Retract Element
3. Status Report

8.8.5 Antenna Index
Thisisadecoding of the antenna selection in the most recent command.

1. Element EX Plus
2. Element EX Minus
3. Element EZ

8.8.6 Status
Thisisaninternal statusflag.

8.8.7 Test Mask
Thisisan interna mask used to examinethe limit switches.

8.8.8Motor Current
Thisisthevalue read from the A/D channed associated with motor current.

8.8.9Motor Temperature
Thisisthevalue read from the A/D channel associated with the currently selected
antenna mechanism.

8.8.10 Element Position
Thisisthevalue read from the A/D channel associated with the currently selected
antenna mechanism.

8.8.11 Limit Switch Register
Thisisthe most recent value read from the antenna element limit switches. This
register is addressat OxCO onthe LRP.
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8.8.12 Reason Code

Thisisa 16 hit fidd used to return the satus of the antenna control software. The

table indicatesthe BIU discrete satus bit that is set when the status code is presented in

housekeeping. Severa of the status codes are not expected to appear and indicate a problem if

encountered (indicated with pfr in the DISC column).

Hex Status Vaue Reason Code DISC
0x56, Oxnn Hight Antenna Software version nn n/c
0x54, Oxnn & T Antenna Software version nn n/c
0x89, 0x01 Bad Antenna Command D7
0x00, 0x03 Drop during GO pfr
0x81, 0x04 Attempted to clear relay D7
0x00,0x05 Drop before GO pfr
0x81, 0x06 ON Timelimit reached D7
0x21, 0x07 Extend limit switch D5
0x21, 0x08 Retract limit switch D5
0x21, 0x09 Limit Switch reached D5
0x81, 0x10 Over Current D7
0x81,0x11 Position potentiometer limit D7
0x81, 0x12 Element stopped D7
0x81, 0x13 High temperature limit D7
0x81, 0x14 Low temperature limit D7
0x81,0x15 BIU discrete bit cleared D7
0x81, 0x16 BIU SLEEP asserted D7
0x02, OxXFF attempting element retract D4
0x02, OxFE attempting element extension D4
0x02, OxFD attempting initia retract before extend D4
0x03, OxF2 ANT_STATUS command received n/'c
0x03, OxF1 ANT_SETUP command received n/'c
0x02, OxFO ANT_HOLD command received n/'c
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The 1. byteisastatus class indicator. Status class of 2 indicates an antenna
movement command was received. Movement commands may be extend, retract or hold
commands. The extend command may enable or suppress handling of the caging pin but the
gatusindicates the type of command used to generate movement (in other words, 02FD isthe
status expected for anormal extend operation).

The Static area contains the following after a setup or status command. Fieldswith
the same name as the previoustable are identical.

BYTE DESCRIPTION BYTE DESCRIPTION

64-65 Run Timer 73 Minimum Current
66-67 Command RTI 74 Maximum Temperature
68-69 Command pattern 75 Minimum Temperature
70 Command Index 76 Maximum Position

71 Antennalndex 77 Minimum Pogtion

72 Maximum Current 78-79 Reason Code

8.8.13 Maximum/Minimum Current
These are the gatic limits checking vauesfor the selected antennaelement. A vaue
of zeroin both fidldsindicates that limits checking is disabled.

8.8.14 Maximum/Minimum Temperature
These are the gatic limits checking vauesfor the selected antennaelement. A vaue
of zeroin both fidldsindicates that limits checking is disabled.

8.8.15 Maximum/Minimum Position
These are the gatic limits checking vauesfor the selected antennaelement. A vaue
of zeroin both fidldsindicates that limits checking is disabled.

The Dynamic area contains the following record repeated 5 times.

BYTE DESCRIPTION BYTE DESCRIPTION

+0-1 RTI +12,14,16,1 | Element Position (2 sec)
8

+2 Motor Temperature +19 Average Current

+3,5,7,9 Motor Current (2 sec) +20 Minimum Current

+11,13,15,1 | Motor Current (2 sec) +21 Maximum Current

7

+4,6,8,10 Element Position (2 sec)
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8.8.16 RTI
The RTI at the beginning of the 16 second collection period.

8.8.17 Motor Temperature
Average motor temperature for the 16 second period.

8.8.18 Motor Current, 2 second average
8 sets of 2 second averages

8.8.19 Element Pogtion, 2 second average
8 sets of 2 second averages

8.8.20 Average Current
Average motor current for the 16 second period.

8.8.21 Minimum/Maximum Current
Minimum and Maximum motor current for the 16 second period.
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8.9 Science Unique Housekeeping

When operating with science software |oaded, the variable area contains micro-
packets that may originate from any subsystem within theinstrument. The specid
mai ntenance software is formatted in the same manner.

BYTE DESCRIPTION LSB MSB | VALUE
01 CCSDS Header 0x95 | OXOA | Ox0A95
62-63 Micro Packet Counter
64-191 Micro Packet area

8.9.1 Micro Packer Counter
This micro-packet counter isincremented as each micro packet is moved into the
housekeeping frame.

8.9.2 Micro Packet Area

BYTE DESCRIPTION BYTE DESCRIPTION
+0 Source ID +2-3 RTI
+1 Length +4.n-1 | satusdata

The micro packet appears much the same as adatamini packet. The length must bea
multiple of 16 with amaximum size of 128 bytes. The length is encoded in the same manner
asthe datamini packet, a 16 byte packet will have alength of 13 (i.e. thelength field isone
less than the number of bytesthat follow).

Micro Packets are stored in the micro packet area in the form of agtack (Last-in Frgt-
out). The micro packet located at byte offset 64 isthe most recent. Using the length field the
remaining micro packets can be extracted from the buffer.

Thereisno flow control mechanism so the source of the micro packets must make
arrangements to avoid overflowing the micro packet area.
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MICRO PACKET FORMAT TYPE

SEKEEPING RECORDS
o 1

TYPEMEMORY READOUT PACKED4 05 06 07 08 09 1 12 13 14 15
[ %o, ob| o |mwvem=] | [ [ | [ ]
STIM PACKET
[ 00, OD[ cbs=ils | " wss | 8% | e | e Pws | |
COMMAND COUNT PACKET

‘ X1 | oD ‘ RILNUMBER ‘ COMMAND COUNT ‘ MESSAGE COUNT ‘ BAD COMMAND couNT BAD COMMAND PATT‘ WDT TRIP COUNT ‘ HSK MESSAGE COUNT‘

[ X2, oD[ @ | | \

[ x4, oD[ mwves | | | | | | |

| X5, OD[ [ | \ \ \ \ \ \ \ \ \ \ \ |

0
0
1
2
3 [ x3, o] mmwe [ ]
4
5
6

| X6, 0D v | \ \ \ \ \ \ \ \ \ \ \ |
00 01 02 03 04 05 06 07 08 09 10 11

/N N
L LENGTHOD, 10, 2D, ... 7D
MICRO PACKET I.D. o lowa City, lowa, U.S.A

uuuuuuuuuuuuuuuuu

8.10 Micro Packet: MRO

Memory Readout packets that appear in housekeeping present 10 bytes of dump data
with 6 bytes of overhead (for atotal of 16 bytes) . No status bits are available to indicate the
processor or memory bank associated with this record.

BYTE DESCRIPTION BYTE DESCRIPTION
01 ID/Length OxDOOD 45 Memory Address
2-3 RTI 6-15 Memory Dump
8.10.1 Memory Address
16 bit address
8.10.2 Memory Dump
10 bytes of memory image
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8.11 Micro Packet: BFDL

BFDL gatus packets are generated when WBR, WFR, Dust or LFDR commands are
received by theinstrument. When acommand isreceived atimer is started and when the
timer expires an attempt is made to ddliver a gatus micro packet to the housekeeping process.
Several Stuations may occur that prevent the delivery of the BFDL status micro packet, first
being continuous commanding may keep the timer from expiring.

In addition, the status delivery activity is performed in the context of the IPC Watch
Dog Timer so no system service cals are allowed that may result in the process being
blocked. The queueread to obtain a buffer to hold and deliver the status micro packet is non-
blocking. Thismay result in failure to obtain a buffer with expected results. No attempt is
made to recover from thisfailure (i.e. the status record will be lost).

BYTE DESCRIPTION BYTE DESCRIPTION
01 ID/Length 0xC10D 89 Bad Count

2-3 RTI 10-11 Bad Command
4-5 Command Count 12-13 WDT Count
6-7 Message Count 14-15 WDT Packets

8.11.1 Command Count
Command counter. Each command extracted from the incoming buffer isregistered
with this counter.

8.11.2 M essage Count
Incoming command buffer counter. This counter isincremented as each IPC buffer is
received.

8.11.3 Bad Count
Count of the number of bad commands due to:

ODedtination Invalid. Not aWBR/WFR/DUST/LFDR command

1Command Index Bad. The WFR/WFR/DUST/LDFR commands make use
of a3 bit command index. Not al of these sub-commands are vaid.
Commands that specify an invalid index arergected and counted.

8.11.4 Bad Command
16 bit command pattern that wasinvaid. Thisfieldisonly overwritten by bad
commands so the most recent bad command received is awaysvisible.
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8.11.5WDT Count

When either of the data acquisition processes begin data collection, a softwaretimer is
darted to catch afailure of the DMA hardware. Any time this software timer expiresthe
event is counted with this counter. This particular event is probably indicative of a hardware
problem. (May occur with V2.2 during single channel LFDR activitiesthat areusing large
buffers).

8.11.6 WDT Packets

Count of the number of micro packets ddivered from the WBR/WFR command
process onthe HRP. If dataislost, there will be missing values from thisfield asit should
increase monotonically.

8.12 Micro Packet: DUST

The DUST micro packets make use of the TWEK processto deliver an MRO record
to housekeeping. Since the micro packet isformatted by the TWEK process, the header and
format are that of an MRO packet.

BYTE DESCRIPTION BYTE DESCRIPTION

01 | D/Length OxDOOD 10 #dug hitsat 20 dB gain
2-3 RTI 11 #dust hitsat 30 dB gain
4-5 Address 0x27EO 12 #dust hitsat 40 dB gain
6-7 #WBR packets examined 13 #dugt hitsat 50 dB gain
8 #dugt hitsat 0 dB gain 14 #dust hitsat 60 dB gain
9 #dust hitsat 10 dB gain 15 #dust hitsat 70 dB gain

8.13 Micro Packet: IPC

The IPC micro packets require an MRO command beissued (i.e. these are not
automatic). This seemsto be a convenient place to document the contents of the memory
within the IPC driver we are interested in.

The command required to dump the status block within the IPC driver may be issued
to any (or al) of the processors asfollows

73MRO, processor, HSK, 1170, 0

BYTE DESCRIPTION BYTE DESCRIPTION
0-1 ID/Length OxDOOD 89 TX Retry

2-3 RTI 10-11 TX Abort

4-5 Address 0x1170 12-13 RX Logt Data

6-7 TX Lost Data 14-15 RX No F5 available
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An expanded dump, comprised of two MRO records may be obtained using this
command (causing asecond MRO record to be generated):

73MRO, processor, HSK, 1170, 117F

BYTE DESCRIPTION BYTE DESCRIPTION
01 | D/Length OxDOOD 6-7 RX Abort
2-3 RTI 89 Trigger (aways 0x00)
Address Ox117A 10-15 "PROCES'
4-5
8.13.1 Address

This data areais mixed in with the process descriptor and is effectively located ina
datic dataarea. Thisaddress should not change and it isidentical on all 3 processors

8.13.2TX Lost Data

Transmit failure: receiving Sde did not assert Clear to Send. Thisisindicative of high
traffic loads or possibly afailed processor (although theloop count in housekeeping is
probably a better indication that DCP/HRP are dead or alive).

8133 TX Retry

This counter isincremented each time atranamit retry is attempted. Thisfield will be
incremented occasionally during periods of high traffic load (such as when high rate scienceis
active). Thisfield incrementing done (i.e. TX Lost Data and TX Abort remain zero) isnot an
indication of a problem.

8.13.4 TX Abort

Thisfield isincremented when the DMA activity for the transmit channel time out.
This occurs only when both processors involved in atransaction have agreed to adata transfer
S0 this counter is probably indicative of aproblem.

8.13.5RX Lost Data

This counter increments when no data buffer is available to receive an incoming
transaction. When this occurs, the incoming datais accepted into areserved buffer and
immediately discarded. Thereisno indication that a problem has occurred on the transmit
end.

8.13.6 RX No F5 Available
This counter increments when no data buffer isimmediately available to the receive
process. This counter isincremented before the receive process waitsfor activity on the
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incoming Request to Send lines. This does not mean that data was logt, rather this counter is
an indication that F5 buffers are scarce.

8.13.7 RX Abort

This counter isthe counterpart to the TX Abort counter above. It does not appear
when asingle MRO record is requested

8.14 Andillary Data

The instrument continuously maintains an ancillary data packet for collection by CDS.

The instrument keeps the contents of the table constantly updated. When running
mai ntenance software, the Langmuir probe bias voltageisvalid and flagged as vaid.

Word Bit Description Value
0 15-8 Message | dentification 0000 0010
5 Producer error flag 1indicates an error
4 CDS collection error flag 1 indicates an error
30 Datatype|D RPWS=0010
1 15-0 RTI number (13 bits of seconds)
Statusfor thissecond
2 15 HFR statusvalid 1=vdid status
14 HFR sounder active 1 = sounder running
13 HFR sounder enabled
11 Langmuir Probe status vaid 1 =valid status
10 Langmuir Probe electronicson
9 Langmuir Probe sweep 1 = sweep in progress
8 L/P Sphere Biasvdid 1 =indicates voltageis
vaid
7-0 LPBiasVoltage Oindicates-45 volts
FF indicates +45 volts
linear scaling
Statusfor upcoming second
3 150 Duplication of word 2
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8.15 L ow Rate Processor Port Map

Some of the processor ports are presented, essentially unchanged, in the housekeeping

data stream.

LOW RATE PROCESSOR PORT MAP |

80

CO
C8
DO
D8
EO
ES8
FO
F8

BCRTM REGISTER® I

D7 D6 D5 D4 D3 D2 D1 DO

D7 D6 D5 D4 D3 D2 D1 DO

MOTOR LIMIT SWITCHES
0 | 0 ‘-ZR‘-ZE‘-XR‘-XE‘+XR+XE

MOTOR CONTROL

R%}év MQTORRETRACT  RELAY -
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ADC READ ADC ADDRESS
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BIU MISC BITS
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3800 3000 2800 2000 1800 1000 0800 0000
3FFF | 37FF | OFFF | 27FF | 1FFF| 17FF | OFFF | O7FF

HFR DATAPORT
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HF Ié CMD
E K‘ DT‘ﬁgégT‘W%‘POWLP‘POWAWPOWH

N

CONTROL BITS
57‘ SG‘ 55‘ ngp‘gEEB‘RESB

LRP
[seee)st

ACTEL R

GISTERS

READ

R/W

WRITE

x0h<-LSB to HIld Reg
x1h<-MSB
ADC MAP

0[MFRO

MFR 1

MFR 2

HFR THERMISTOR
MOTOR CURRENT
HFR ANALOG (MUX)
MOTOR TEMP +X
MOTOR TEMP -X
MOTOR TEMP -Z
SC TEMPERATURE
POSITION +X
POSITION -X
POSITION -Z

HALT INTEGRATOR
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=
=

3
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8.16 Housekeeping Digplay: DSPHK/HKROM
The following display istypicd for the RPWS instrument. This display indicates that
the instrument is operating with the downlocaded science software.

1 CASSINI RPWS ROM housekeeping dump (HKROMb5) V6.1 In: 46

2 15 Housekeeping, Science (.record_type)2048 RTIU length 42086
3 Seq 68 Len 185 epoch:E96EF2EB Time:4ACB66A4.6 Dsp: 1450

4 0A95 C044 00B9 004A CB66 A4C0O 1997 279 15:47:27 Out: 0450

5

6 0000: 95 OA 44 CO B9 00 4A 00 66 CB CO A4 00 FF9D 00 ..D...J.f.......
7 0010: EE 01 37 00 00 04 15 06 4E 08 1A 79 00 03 00 8D ..7.....N..y....
8 0020: 8D 8C 00 A0 34 36 26 2D 04 A8 90 6A 00 00 D5 D1 ....468&-...j....
9 0030: DCE5BC D200 71 73 DB 30 00 80 8056 C321 00 ..... gs.0...V..
10 0040: C1 0D 87 1C 71 00 71 00 00 00 00 00 00 00 20 00 ....q.Q....... .
11 0050: C1 OD DF 16 61 00 61 00 00 00 00 00 00 00 1F 00 ....a.a.........
12 0060: C1 OD FB 14 60 00 60 00 00 00 00 00 00 00 1E OO ....". .........
13 0070: C1 0D 17 13 5F 00 5F 00 00 00 00 00 00 00 1D 00 ...._._.........
14 0080: C1 0D 33 11 5E 00 5E 00 00 00 00 00 00 00 1C 00 ..3.AAM........
15 0090: C1 0D 4F OF 5D 00 5D 00 00 00 00 00 00 00 1B 00 ..O.1.].........
16 00AOQ: C1 0D 6B 0D 5C 00 5C 00 00 00 00 00 00 00 1A 00 ..k\\.........
17 00B0: C1 0D 87 OB 5B 00 5B 00 00 00 00 00 00 00 19 00 ....[.[.........
18 Analog Monitors VOLTS --------=-=-=mmnmn

19 MFR 1[1.529] MFR 2[0.157] MFR 2 [0.510]

20 HFR T 23.9C Ant mtr | [0.000] HFR Ana 0 [0.059]

21 Motor Temp +X 20.4C -X 20.4C +Z 20.7C

22 Search Coil Temp 26.3C HALT 83%

23 Motor Position +X [1.020]089 -X [1.059]095 +Z [0.745]059

24 HFR 4.2mA +5:0.000V +6:0.000V -6:0.000V

25 LRP 213.2mA +5:5.024V +12:11.833V

26 MFR 108.4mA +5:5.306V +6:6.065V +12:11.903V -12:-11.840V -6:-6.103V
27 LP 42.1mA +45:49.841V -45:-49.984V

28 e Digital Monitors ------------------

29 Ant sts (in C0) [15] -ZR -XR +XR Pwr_Sts (out E8) [06] LP ME2

30 BIU_Disc_Cmmd (in EQ) [04] BIU_rst 0 BIU_RTI O

31 Sts (out FO) [00] ACTIVE Misc (in D8) [30] RAME BIUL

32 oo Command Monitors ------------------

33 Cmd Count [494] Valid [157] Invalid[0] Loop[55]

34 IEB ID [52 00] Bad-0[00] Good-0[0] IEB Mem Empty

34 ---- HRP status --------------------

35 LP P8155port C[C3] ADC PWR

36 LP MUX [56] DAC-0[80] DAC-1 [80]

816.1Linel
Housekeeping display software verson is shown toward the end of thelineadong
with a count of the number of records processed by the housekeeping display program.

8.16.2Line2

Thisline contains anindication of the software that is operating in the instrument.
There are three potential sets of downloaded software along with the ROM based set. Two of
the loads (maintenance and deploy) make use of identical CCSDS identification words (it will
take the display program severa records to correctly differentiate between deploy and
mai ntenance).
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There is some additional information that is useful for debugging problems with the
SC simulator used at lowathat are beyond the scope of this document (i.e. the record_type
and RTIU length fields)

8.16.3Line3

Digplays the sequence number and length field that occursin the CCSDS header, the
epoch of the data aswell asthe raw time contained in the CCSDS header. The epoch
information is not presented in the housekeeping telemetry athough it may appear in the
CHDO datadelivered from the SOPC.

The Dsp fields indicate the number of various packet types processed by the display
software. Thefirst vaue being the number of housekeeping records processed and the second

vaue being the number of science packets processed. This second field is useful to determine
if scienceteemetry isbeing received by the housekeeping program.

8.16.4Line4
Thisline contains ahex dump of the CCSDS header dong with thetimefield
converted to ahuman readable form.

The Out fieldsindicates the number of housekeeping and science packets that the
display program have written to the output file.

The CCSDS header is composed of Sx words:
5. CCSDSID word

Assigned by JPL.
6. Sequence

14 bit sequence, monotonically increasing. Upper two bit ways t.
7. Length

Length of data following the primary header, minusone. In other words add seven to
thisfield to arrive at the packet length. Should aways be 0x00B9.

8. Error Hags/ Time

8 bits of error flagsfollowed by bits 31-25 of SCLK.
9. Time

Bits 24-8 of SCLK

10. Time

210



Bits 7-0 of SCLK and 8 bits of millisecond. Only the upper 3 bits are of milliseconds
fidld are meaningful.

8.16.5Lines6-9

Hex dump of thefixed portion of the housekeeping record. Thisisthe area of
housekeeping that does not change with any of the software loads. Thisisessentidly the
global housekeeping data

The hex dump include an ASCII display that isprobably of little use.

8.16.6 Lines10-17
Hex dump of the private housekeeping data. This portion of the record changes with
each software download. The detailed format for each load is described earlier in this section.

This section al'so includesan ASCII display of the data. When dumping process
descriptors or other text areas, the ASCII dump becomes useful.

8.16.7 Lines19-27

Thisarea contains the 32 anaog channels converted to some convenient form. The
display program has severd sdlectable conversion methods but the nomina conversion
method is to convert to the most appropriate units.

8.16.7.1 Line 19

MFR channds. These are the voltages present on the 3 MFR integrators. Since there
isno useful conversion these channels are Smply converted to the voltage presented to the
A/D.
8.16.7.2 Line 20

HFR temperature, converted to degrees Celsius.

Antennamotor current. No useful converson may be done so thisissmply the
voltage presented to the A/D by the current monitor within the antenna drive el ectronics.

P/S multiplexer. Thisisthe voltage obtained from channel 0 of the HFR mux. This
should be the voltage presented to the A/D by the HFR current monitor in the power supply.

8.16.7.3 Line 21

Motor temperature. Thisisthe temperature of the drive motorsin the three antenna
mechanisms, converted to degrees Celsius

211



8.16.7.4 Line 22
Search coil temperature, converted to degrees Celsius.

Hat Integrator. The processor typicaly executesa HALT instruction when no work
remainsto be performed. The processor provides agatus signd to indicatethe HALT
instruction is executing and this status sgnd is passed through a smplefilter to yield avoltage
level that isan indication of how busy the processor is. Thisvoltageis converted toa
percentage indication of how much idle timethe processor has. Since the ROM does not
make use of the HALT ingtruction, the valueis O following areset (i.e. no idletime).

Also note that the EM does not contain the circuitry to implement the halt integrator
(the reading will aways be at the extreme end of the scale).

8.16.7.5 Line 23

Motor position, converted to volts. Calibration of the position pot requiresa
conversion table unique to each of seven elements. Thereading is smply the voltage at the
A/D.

Later versions of hkromydsphk will also display an approximation of the value that
appears on the antennamechanism GSE. Tablesexis that correlate the physica length of the
antenna with the readout on the GSE box.

8.16.7.6 Lines 24-27

Power Supply numbers. These are the 16 channels of data from the power supply.
All of the data numbers have been converted to current and voltage as appropriate.

8.16.8 Lines29-31
Digital Monitors
Title (port) [value] BITS

The digital monitors are staus values extracted from the globa housekeeping data

All of the lines follow the same genera format starting with a short descriptive title for
the statusword. In parenthesis, the source of the dataisindicated, usually a hardware port in
the 8085 processor. Next the hexadecimd vaue of the stlatus word is shown in brackets
Findly, short mnemonics (in uppercase) are listed for the active bits.
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8.16.8.1 Ant sts - Antenna Status

The following tags are displayed when the antennaelement is at the extend limit

switch or theretract limit switch

Retract Limit Switch Extend Limit Switch
X Dipole + +XR +XE
X Dipole- -XR -XE
Z monopole -ZR -ZE

8.16.8.2 Pwr_Sts - Power status

These tagsindicate that power is applied to the indicated receiver.

Digital and Anaog

Affected Section tag
Langmuir Probe LP
Andog Electronics
Main Electronics ME2
MFR, WBR, WFR
High Frequency Recelver HFR

8.16.8.3 BIU_Disc_Cmmd - BIU discrete command

Thisthe BIU discrete command bits presented to the LRP. No mnemonic decodeis

currently attempted on thisdata
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8.16.8.4 BlU-rst - BIU reset count

Indicates the number of times that the software, running in the LRP, has attempted to
reset the BIU. There are somerare Stuationsthat can trigger an interaction between the BIU
and the LRP. Thiscounter indicates that the BIU hasfailed to grant LRP accessto BIU
memory for a period exceeding approximately 10 microseconds. When the LRP detectsthis
condition it reacts by resetting and reconfiguring the BIU in an attempt to continue.

Thisisusudly anindication that the LRPis accessing the BIU in an inappropriate
manner.

An early version of flight software seems to have addressed the problem thisitem
addresses. Any time this counter has anon-zero vaue it is probably an indication of a
problem.

8.16.8.5 BIU_RTI - Simulated RTI count

Indicates the number of time that the RTI signal was ssimulated by the hardware. The
hardware that smulated the RTI notifies the software of this occurrence so that it may be

logged.

As part of the startup sequence, the hardware will mark exactly oneloss of the RTI.
Any vaue other than 1 indicates that the RT1 signa waslost. Occasiona events are nothing
to worry about, but seeing severa occurrences may indicate a 1553 problem(?).

Completeloss of RTI will probably not be vishblein this counter as the number of RTI
periods between housekeeping pickups is 512 while this counter, being 8 bits, rolls at 256.
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8.16.8.6 Sts - Status
Thisreflects the BIU discrete status information available within the processor.

Load Status tag
Deploy Antennamovement Fault AFLT
Maintenance Venus observation Fault
ROM L/PBiased to 10 Volts MAIN
Maintenance L/P biased to 32 volts
Deploy Antenna movement successfully complete ANOR
Maintenance Venus Observation complete
Deploy Antennamotor power enable AMOT
(does not indicate movement)
LRPisoperating a %2 Clock Speed LSLP
(750 Khz)
DCP and HRP are operating at 1/16 clock speed SLEEP
(around 100K hz)
Processors operating at full clock speed ACTIVE
(L5Mh2)
High Rate Reset HRST
Data Compression Reset DRST
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8.16.8.7 Misc - Miscellaneous status

Other gatusindicators from within RPWS

Load Status tag
Watch Dog Timer Status WDTO
WDT1
RAM Enable RAME
LRP ROM isdisabled
BIU Tables Loaded by LRP with non-default values BIUL
BIU should be compatible with CDS

Dead Time DTIM
BCRTM
Watch Dog Timer Enable WDTE

Write Protect Violation WPV

. Watch Dog Timer Status

Watch dog timer statusis normdly sitting at avalue of 0. LRP should never become
busy to the point that the watch dog timer cannot be serviced. Any time either of these
bitsis non-zero thisis an indication of a problem.

. RAME

Thisbit is set when downl oaded software disables the ROM and starts to execute the
downloaded software. Thishbit would indicate a problemif it is set when the
instrument first powers up or remains cleared following a downl oad.

. BIUL

Thisbit indicates that the BIU tables have been loaded with the values used by RPWS,
Thisbit should always be set and showing the bit asa zero indicates a problem.
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8.169Line33
Command statistics.

Cmd Count is the number of command bytes correctly processed by the 1% level
command decoder. This counter indicates that the initial command word has the correct
parity. ThisisaBY TE counter in spite of all commands being multiples of 16 bits

Valid isthe number of valid commands processed by the 1% level command decoder.
Commands are variable length, ranging from one to eight words. Only ALF and IEB_LOAD
commands exceed eight wordsin length. ALF and IEB_LOAD commands are counted
individualy (i.e. the command decoder recognizes these special cases).

Invalid indicates the number of command buffers that failed the parity test by the first
level command decoder. When the parity is suspect, no attempt is made to process
subsequent commands (i.e. any subsequent commands are discarded).

Asnoted in earlier sections, AL F commands have opposite parity with respect to dl
other commands and will be rg ected by any downloaded software.
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8.16.10Line 34

Thisline showsthe IEB handler status. Thislineis meaningful only with software
versonsV2.4 and newer. ThelEB ID fidd from the IEB handler indicates the current step
that the IEB handler isexecuting. The Bad/Good counters and flags give an indication of the
number of records processed by the IEB handler. Bad records are those with aninvaid
checksumfield. The Good field isthe number of |EB records loaded into memory. The top
bit of each of thesefiddsisagatusflag. The Bad flag being set when a memory checksum
operation indicates that IEB memory is corrupt (and |EB Triggers will not be executed). The
Good Flag is set when |EB memory has been loaded and the checksum operation is
successtul.

The Good Flag will be set when aninterna 1EB ismoved to |EB memory during the
ALF loading process.

The text at the right end of the line indicates the current status of |[EB memory as
determined by the statusflags. The flags indicate one of four possible conditions that |IEB
memory may bein.

Checksum Checksum |EB Memory condition
Error Status | Vdid Status
0 0 |EB memory not |oaded
(memory load may bein progress)
0 1 Successful load
(checksum valid)
1 0 Unsuccessful Load
(checksuminvalid, IEB_ TRIGGER
commands suppressed)
1 1 Successful load (checksum vaid)
following an unsuccessful load

8.16.11 Lines 36-37

L/Pstatusarea. Theselinesdisplay the available Langmuir Probe control bits (Power
and DMA enables) and the current voltage applied to the L/P sphere and the X antenna

(multiplexer bits determineif the sensors are actually being biased).
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8.17 Housekegping process notes
A description of how housekeeping telemetry is gathered and time-tagged.

The housekeeping processis used for all telemetry modes, it internally determinesthe
instrument operating configuration form the Data_ LRP_Antenna_Flag located in the system
datapage. Based on thisflag, the CCSDS ID word isloaded with the appropriate value.

As part of theinitiaization activity, the housekeeping buffer is cleared to zero. If CDS
happens to collect housekeeping shortly after this, the housekeeping packet will, of course,
show these zeros (setting off most of the Red Alarmsfor RPWS).

Housekeeping priority if rather low, with only the HFR Sounder processat alower
priority. Innorma operation the Housekeeping process completesin 33 RTI periods. If, for
some reason, L RP becomes CPU bound, the Housekeeping process may be delayed for about
477 additiona RTI periods without loss of any housekeeping data

Since the main housekeeping loop completesin 33 RTI periods, the peak pickup rate
for housekeeping isjust over 4 seconds.

8.17.1 A/D Channd

Note that MFR and Housekeeping share use of the LRP analog MUX (i.e. The MFR
channels are connected to to 3 of the A/D channels). The hardwareis shared using a2-level
scheme,

At oneleve, the Housekeeping process has exclugve access to the HFR bitsin the
MUX control register. MFR must collect the current HFR Mux setting and combine it with
it'sLRPMUX setting in order to allow the analog signd from the HFR MUX to the LRP
MUX to stabilize. Thisisaccomplished by smply having MFR and Housekeeping disable
interrupts when writing to the MUX control register and when accessing the System Data
Page location that holdsthese bits. The Disable-Interrupt / Enable-Interrupt instructions that
bracket these accesses prevent the other process from obtaining the CPU at acritical time.
The group of protected ingtructionsis small, o this method has less CPU impact than using an
Mx Flag to protect accessto the A/D hardware.

The second level operates much as thefirst, but does not require alocation in the
System Data Page for MFR and Housekeeping to communicate. Again, we ssimply make use
of Disable-Interrupt / Enable-Interrupt instructions to prevent a process dispatch from
occurring when accessng the A/D hardware. Again thisislessimpact on the CPU than
making use of the Mx Flag.

8.17.2 Housekeeping L oop
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8.17.2.1 Flag Set: F_LRP_HSK?2

Thisflag was used to notify another process that housekeeping cycle hasfinished. It
seems to have been removed at some point, but the flag operation has been retained in the
housekeeping process.

8.17.2.2 Flag Wait: F_LRP_HSK

BIU handler (BIUK6.ASM) setsthisflag following a housekeeping packet pickup,
allowing housekeeping process to release CPU until the next housekeeping record needsto be
collected.

Note that thetiming of the housekeeping cycleislimited by the frequency with which
thisflag is set and how many steps are in the housekeeping loop (each step requires 1 RTI to
complete)

8.17.2.3 Place CDS Timetag

Immediately following the flag wait, the CDS timetag is placed into the housekeeping
buffer. Thetime tag, therefore, marks the beginning of the housekeeping collection cycle. In
norma operation, thistimetag will be almost 64 seconds old when the housekeeping packet is
collected by the spacecraft.

8.17.2.4 Collect HFR Analog Channels

16 channels of HFR andog data are collected, one channd per RTI period. MUX
channel isset prior to the delay and the A/D conversion is performed following the delay.

The delay period isnominally 1 RTI period, but the housekeeping process simply
schedules await that expires at the next RTI period. This meansthe delay period can be short
if thereisggnificant activity on the LRP.

8.17.2.5 Collect LRP Analog Channels

Similar to the HFR collection activity, each channd of the LRP MUX is collected
with an intervening 1 RTI delay. The delay servesto spread the CPU requirements over a
longer period of time (settling time of the MUX is not an issue with the LRP analog channels).

8.17.2.6 Collect Bit Status

Several datus bytes are moved from the system data page to the housekeeping page.
This activity isnot spread out, it al occursin asingle RTI period.
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8.17.3 Housekeeping MicroPackets

Micro packets may be generated by any processin the instrument. The Housekeeping
process hooks the watch dog timer (which is part of the IPC process) to provide a mechanism
to pall for the arrival of micro packets every 4 seconds. During each cycle, al micropackets
that are available on the LRP are moved to the micropacket buffer are of the housekeeping
packet (in BIU memory).

The polling interva of 4 secondsis do reduce theimpact of micropacket processing
onthe CPU. Currently there are only afew sources of micropackets WBR/WFR handler
generates command Statistics on aoccasional basis (typically lessthan 1 bit per second);
DUST generates status packets on aregular basis (about 2.25 bits per second); and
TWEAK/MRO can generate about 10 bits/second(through external command).

Thereisno provison to throttle delivery of micropackets, if the presented load
exceeds the housekeeping pickup rate, micro packetswill be overwritten in the housekeeping
buffer (the micropacket delivery process does not have any notion of housekeeping pickup
rate, it Smply delivers micropacket traffic whenever it arrives .
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8.18 Stupid Housekeeping Tricks (asseen on Letterman)
Some notes on doing the seeming impossible

8.18.1 Housekeeping presented in the Science Telemetry Stream

Version 2.2 software has no direct method to place housekeeping records directly into
the Science Telemetry stream. It is Sraightforward, however, to use the 73MRO command to
route amemory dump record containing the housekeeping buffer in BIU memory to the
science telemetry stream.

73MRO, LRP, TLM, CC40, 0
or
73MRO, LRP, TLM, CC40, CCFO

Thefirgt variation will present the fixed area of the housekeeping record along with
half of the variable area of the housekeeping record.

The second variation will dump the entire housekeeping record.

Hight software verson V2.4 changes the length of an MRO record to 192 bytes
alowing the entire housekeeping buffer to be dumped usng asingle MRO record. This
means the either of the above commands will result in the entire housekeeping buffer
appearing in the science telemetry stream.

8.18.2 Housekeeping M RO decoding

HKROM/DSPHK understand how to decode housekeeping buffers that are embedded
within the science telemetry stream. All that is necessary isto redirect aminipacket file
(either segmented or unsegmented) into HKROM/DSPHK. The housekeeping display
program will search for MRO records from the L RP containing the correct memory address.

Note that the housekeeping buffer is 192 bytesin length and that MRO records are
128 byteslong (at least as of version 2.3 of the flight software). Also, the MRO record may
begin on a 32 byte boundary. The decoding of the MRO records keeps an internal image of
the 192 byte housekeeping buffer and updates the portion delivered by the MRO record. Each
and every MRO record results in updating the housekeeping display (i.e. the display update is
not very sophisticated). Although it may be expected that most valuesin the housekeeping
display update slowly, the display method may cause unexpected updates in the housekeeping

display.
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Version V2.4 flight software changesthe default MRO record Szeto 192 bytesto
match the housekeeping buffer sze. This kegps MRO packets within the 256 byte F5 buffer
and eiminates some redundant bytes, reducing the telemetry bandwidth requirements when
routing housekeeping through science telemetry (by sending MRO commands at regular
intervals).
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9 RPWS SoenceTdandry

This section isintended to provide a brief discusson of the CCSDS ID's and mini
packet format used to transport the instrument telemetry through the spacecraft to the ground.

00 01 02 03
I T PACKET TYPE
_ADDREO ADDR*1_ GROUND ONL
g RPWS 0001 MR (STIM
MINI 0010 HFR FILL)
*001l1
PKT 0100 Langmuir Probre
*0101
*0110
0111 =1 LFDR
o1t | ENGTH-1xe
*1 001
*1010
1011 DUST
*1100
1110 WeR Ref: CAS-3-281
*1111 FILL
: Universitv of lowa
I"{)fg ‘Qlf'\l/i’fm}lgqﬁAqnnnnmv
* INDICATES INVALID MP ID (BAD PARITY) T RPWSParter o

9.1 RPWS Mini packets

The vigble internal transport packaging entity isreferred to asamini-packet. The
mini-packet is astand-aone data set containing a segment of data from a particular receiver
within the instrument. The basic format of the mini-packet does not handle data segmentation
athough severd of the receivers has segmentation information in the body of their mini-
packet to alow data sets to be delivered to the ground that exceed the limits of the 12 bit
length field of amini-packet.

The mini packet consists of a consistent header that contains a4 bit identification field,
a 12 bit length field and a 16 bit timefield. Following these non changing header bits are the
gatus and data generated by therecelver. The status field tends to be optimized for the data
delivered by each receiver, containing only enough bytes of statusto fully describethe
hardware setup of the associated receiver.

Note the order of dataitems carefully asthey arelaid out to make the software within
the instrument manageable. Also keep in mind that the instrument isalittle-endian system
connected to aword system using the 1553 bus and that byte order may not be as expected.
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Mini Packet:

BYTEBIT DESCRIPTION
0:7.4 Data source
0:30 Length MSB
1:7.0 Length LSB (3 lessthan the total packet length)
2:7.0 RTI of data, LB
3:7.0 RTI of data, MSB
4..end Receiver Status and Data
9.2 RPWS CCSDS packets

Having described the mini-packet, now take a step back and let usexaminethe

transport mechanism used to ferry data from RPWS through the spacecraft to the ground. The

fildswill be described in essentidly the same terms asin the JPL document describing
gpacecraft intercommunications.

The issue of byte order is the same throughout these discussons. The CCSDS headers
are arranged in 8085 memory as 16 bit words. Thetime field becomes somewhat confusing

asitislarger than aword and therefore appears in arather peculiar order to the 8085.

CCSDSfield in the science telemetry.

WORD DESCRIPTION VALUE COMMENTS
0 CCSDS Header OxO0A81 Unsegmented Low Rate
O0x0AAOQ Segmented Low Rate
Ox0A82 unsegmented High Rate
Ox0AA3 Segmented High Rate
1 Source Sequence Count 0xC000 14 bit counter
to
OxFFFF
2 Packet Length 0x3B1 aways 952-7
35 Time & Error flags big-endian across words.
40 hits of time
8 bit error cntl
6-475 Instrument data mini-packets
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mTw o -OOATTN
oA SOOI

[ PKktID
(0A)

Seq Ctrl
| Length

i

TIME|
TIME|

RPWS"
MINI
PKT

T23 T16 T15 T8

17" 77 T Tolu7” msec ' Uo

R+0 ADDR + 1

rroococorpd

rorROOO
orrOROO
rRrRroOORORE

LENGTH-1

CDS P
STRUCTURE

Unsegmented LRS Type | 81
Unsegmented HRS Type | 82
Segmented LRS Type | AO
Segmented HRS Type | A3

Source sequence count

Packet Length  (Should be 1083/43B ) =
match ISS (Should be 945 /3B1) -

ACKET

U7-U5 RTINUMBER
<LU4-U1 SUB-RTI FOR SEQUENCING ONLY
U0 TIME QUALITY

MFR
HFR
Langmuir Probre . 2
Lang Ref: CAS-3-281
WBR
LFDR Uriversity of lowa
DUST o G Ty 4SO

RPWS operates 2 logical data channels, Low Rate Science and High Rate Science.

Each of these channels may contain segmented and unsegmented data. An unsegmented
record has a mini-packet that beginsin word 6 that contains instrument status. A segmented
record has a mini-packet that is continued from aprevious CCSDSrecord. HRS and LRS
streams are sequenced separately (keeping in mind that Segmented and Unsegmented are not
congdered unique telemetry streams)

Dueto some of the streamlining within its formatting routine, the HRS stream tends to

have a significant number of unsegmented CCSDSrecords. Thisissmply aresult of a
dightly different approach used to improve the rate at which datais formatted.

In some cases, the last severd bytes of a CCSDS record may be zerofilled. This

occurs particularly in high-rate telemetry where the cost of fragmenting athe mini-packet
header and status, interms of CPU use, isexcessive.

226



The RPWS minipacket is astanda one data set. Each minipacket begins with a status
areathat describes the configuration of the recaver at the time the data set was acquired. Note
that a minipacket islimited, in size, to lessthen 4K data bytes so the handlers for those
receiversthat generate data sets in excess of this size decommutate and segment the data set
where necessary. Segmented data sets will contain duplicate status information in each
minipacket. Decommutated data sets may not contain complete information on the state of
the receiver, but they do contain complete status for the data set (i.e. WFR in multi channd
mode, each data set describes only the channd of datain the data set, ignoring the other
channels).

9.2.1 CCSDS Packet Sequence

This section is effectively areview of the previous sections discusson of the scheme
used to sequence the CCSDS science telemetry. The S/C telemetry document lists 6 unique
identification patternsfor science telemetry. These 6 telemetry types may be further reduced
to a3 by 2 matrix using the following table:

Segmented L ow Rate Science Unsegmented Low Rate Science HRS
Segmented High Rate Science Unsegmented High Rate Science LRS
Segmented Memory Read Out Unsegmented Memory Read Out MRO

There are three basic types of data defined; L ow Rate Science, High Rate Science,
and Memory Read Oult.

Each of the these three types may be either Segmented records or Unsegmented
records.

Each of the three basic types are independently sequenced because each of these three
datatypes arelogicaly independent data. Also note that with the initia software release, the
Memory Read Out packet type isnot used (and should not appear in any telemetry produced
by the instrument).

The Segmented and Unsegmented data for each of the three basic types smply
indicate that the minipacket data contained in the CCSDS packet isthe start of anew
minipacket (in the case of Unsegmented) of a continuation of aminipacket (in the case of
Segmented).
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Another way to make thisalittle more obviousisto go into alittle more detail on how
LRS and HRS are produced within the instrument:

LRS datais handled by one process on the LRP (i.e. the BIU handler) and makes use
of asingle buffer within the BIU. This process maintains a private sequence counter whichis
placed in the LRS packets. (Y ou may also notice that the single buffer in BIU memory limits
the peak LRS datarateto asingle packet every other RTI period, or gpproximately 30K bps).

HRS datais handled by one process on the HRP (i.e. BIU Direct) and makes use of
two multi-packet buffers within the BIU. This process dso maintains a private sequence
counter which is placed in each HRS packet. In order to support the high datarate, each
buffer provides spacefor six CCSDS packets.

MRO datais produced by one of three copies of the MEM_TWEAK handler (one
copy on each of three processors). Intheinitial software release, the MRO datais treated
amog like science instrument by the data formatting routines so the MRO data appearsin the
LRS telemetry stream as a unique type of mini-packet. Since the MRO datais embedded in
the LRS data, no MRO packet type is produced (in other words no specia MRO-CCSDS

packet is produced).

The segmented / unsegmented indication within the CCSDS packet issimply an
indication of where the RPWS mini-packet beginswithin the CCSDS packet. When amini-
packet begins at the beginning of a CCSDS packet, the packet is marked as an unsegmented
packet . In most cases, however, amini-packet will span the boundary of a CCSDS packet
and the CCSDS packet will be marked as a segmented packet. Segmented / unsegmented
does not affect sequencing, in other words, RPW'S has defined three types of dataL RS, HRS,
and MRO. Current software produces two datatypes, HRS and LRS.

RPWS produces some L RS traffic when the recelvers are powered, the minimum data
rate being on the order of 30 to 50 bits/sec. LRStraffic may be produced at any rate up to the
architectural limit of 30K bps (although amoretypica rate would be afew thousand bits/
second). HRStraffic, when active, is produced at rates from 30K pbsto 350K pbs and will be
mixed with LRS data

9.2.1.1 LRS Sequencing

LRS Sequencing is performed on the LRP as al LRStraffic isdirectly handled by the
LRP (i.e. It isimpossible to sequence LRS anywhere elsein the system).
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9.2.1.2 HRS Sequencing

HRS sequencing may be performed on either LRP or HRP. All HRS data originates
and isformatted on the HRP. Formatting on HRP includes generating and placing sequence
numbersin the CCSDSrecords. In addition, the L RP has code that can sequence CCSDS
records.

Up through Version 2.4 sequencing was performed on the LRP. This presented an
uninterrupted sequence to CDS.

Version 2.5 disabled sequencing on the LRP to addressan I SA filed early in 2001.
Sequencing on LRP strips some information vital to reassembling mini-packetsaswell. With
sequencing moved to HRP, data gaps will become more evident. When we sequenced on
LRP. Dataloss, within the instrument, during mode transitions, would be masked by the LRP
sequencing. With the V2.5 load, the sequencing task ismoved to HRP so CCSDSrecords
that are discarded within the instrument will be evident.

9.3 CCSDS Timestamp

The timestamp placed in the CCSDS record is accurate to 125mS. No additiond
timing information can be extracted from the CCSDS timestamp asfar asRPWS s
concerned. What this meansisthat the lower 5 bits of the 40 bit timefield areimplicitly zero
for al intents and purposes. Ground processng, however, associates the full 40 bit time
(SCLK) with an actud event time (SCET).

Seconds Sub-Seconds (i.e. approximately milliseconds* 4)
RTI number HRS Packet Counter Time
Quality
D31..D00 R2 R1 RO C3 C2 Cl CO Q0
9.3.1 Seconds

This clock isamonotonicaly increasing clock with anominal interval of 1 second.
The reference epoch isnominaly the 1958 astronomical epoch. Since the spacecraft does not
have a perfect clock, corrections to the spacecraft clock are calculated and applied on the
ground.

The secondsfield, inits entirety is supplied on aregular basis by the spacecraft
gysemsto theinstrument. Time delivery is scheduled to occur during RTI-6 allowing the
instrument to accurately establish time to within asingle RTI interval of 125 mSec.
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9.3.2RTI

The RPWS processors and operating software keep track of time to an accuracy of
125 mSec (dso referred to asthe RTI interval). Thetime, accurateto 125mSecisplacedin all
of the CCSDS data products produced by the instrument (i.e. science and housekeeping

telemetry packets).

Note that the processors do not have amechanism, with the exception of the WBR
receiver, to keep track of time with any more resolution than 125 mSec.

9.3.3 HRS Packet Count
Astheinstrument only keepstrack of timeto the granularity of the RTI interval, less
ggnificant bitsin the time field are used for other purposes within the instrument.

Housekeeping telemetry hasthisfield set to zero.
LRS science hasthisfield set to zero.

HRS science places aformatting count in thisfield. Aseach CCSDS record is
formatted, thisfield isincremented (starting from 1). Thenet effect being that all science
telemetry records have a uniquetimelabd. One sde effect of thisis aso that ground
processing will calculate the SCET for al HRS records that does not correspond to the
beginning of the RTI period.

9.3.4 DCP/HRP SCLK maintenance

DCP and HRP do not have adirect connection to the BIU and, therefore, do not have
direct accessto the regular time updates. We accommodate this limitation by sending two
hardware sgnals to the DCP and HRP to alow thelower hits of the SCLK to be aligned
without the need to have reliable updates using the |PC delivery mechanism.

Thisisaccomplished primarily through the use of the RTI-0 signdl that is generated on
the LRP. RTI-Oistriggered on LRP by the BIU handler during RTI-6 or RTI-7. The
hardware then asserts RTI-0 during RTI O by counting RT1 edges (L RP does not need to have
CPU cyclesavailable during acritical period, only at some point in a preceding RTI period.
HRP and DCP check the state of the RTI-0 sgnal in each RTI period and clear the lower bits
of the SCLK to zero when RTI-0isasserted. The upper bits may then be updated at any point
prior to the next RT1-0 sgna. Once an update occurs, the time is automatically advanced
during each RTI period. Aslong asno RTI interrupts are missed, HRP and DCP should
update their SCLK in amanner identical to LRP.

Bad time on DCP s of little consequence as there are no science data products that
require atime-tag (STIM records are tagged, but abad time isnot particularly fatal).

230



Bad time of HRP, however, affectstimetags for al of the dataproducts gathered on
HRP. Unfortunately, we have seen occurrence of this on the spacecraft. Theinitial
impressonisthat aRTI interrupt islost (at the time this paragraph was added, we don't know
if CDS, LRP, or HRP are to blame).

If CDS skipsan RTI period, this behavior would be observed.

It isnot clear if LRP can cause aproblem asthe RTI signal is not under software
control and the RT1-0 signd istrigger by software but synchronized by hardware.

If HRP keeps interrupts disabled too long, thereby missng the SCLK update, this
behavior would be observed.

What appears to happen isthat aswe are advancing time, the RTI-0 sgna appears a
the beginning of HRPsRTI 7. This causesthelower 16 bits of the 40 bit SCLK to be zeroed.
Normally, the RTI-0 signal would be presented in RTI 0 and HRP would increment the
current SCLK (which would match LRP) prior to testing the RTI-0 line and clearing the lower
SCLK hits. If HRPisan RTI period behind LRP, the SCLK updateisnot performed (asit is
not yet time), but thelow order bits of SCLK arecleared. Thisresultsin HRP being 256
seconds late (in other words, the SCLK is turned back 256 seconds).

Normally thiswould be ashort term problem as the LRP sends atime update message
to correct the upper 24 bits of SCLK 9 RTI periodsfollowing RTI-0. If the IPC traffic isnot
lost, this update will bring the upper bits of SCLK forward to the correct time. When thereis
HRS traffic, however, we occasonaly drop the SCLK update message. In most casesthis
isn't aproblem as HRP and LRP are marching timein lockstep. If, however, HRPis behind
and the update islost we will spend 257.125 seconds with HRP tagging data with bad time
information.

Rectification

We can, potentialy, mitigate the effects by changing the meaning of the sgnal from
RTI-0to RTI-1. The ACTEL hardware that generatesthe RT1-0 signa can betriggeredin
either RTI-6 or RTI-7. Current softwaretriggersthe RTI-0 signal during RTI 7. The
hardware istriggered by a port write and assertsthe RTI-0 signd at the next RTI pulse from
BIU. Thehardwareis aso capable of asserting the RTI-0 signa onthe 2™ RTI signal
following the port write (i.e. During RTI 6). 1f we change the meaning to RTI-1 and trigger
the RTI-0 on the 2™. RTI (but during RTI 7) we will seethe RTI-0 signa during RTI 1.

In addition, the handler on DCP and HRP will need to write a 0x20 to the low order
SCLK field (i.e. Thisisthe bit pattern that indicatesRTI 1, the RTI number isthe upper 3 bits
of thisfield) when the RT1-0 signdl is active (rather than the Ox00 that is currently written).

This does not completely clear the problem, but does dlow for a1 RTI dlip without
causing corruption of SCLK.
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Cause of the Problem

It looks like (prior to tests) that biuint_5 (or some other process) is keeping interrupts
disabled for long periods of time. Haven't yet looked to seeif thisis peculiar to a particular
data movement mode.

9.3.5 Time Quality Flag

The time quality flag is used to indicate that atime update has been delivered from the
gpacecraft. Intheevent that S/C fallsto deliver time, the instrument software will increment
the RTI field during the RTI-7/RTI-0 interrupt and set the time quality flag. A zeroindicating
that S/C updated the time (as expected) and a 1 indicating the time update did not occur.

Note that on the DCP and HRP no time updates from the SC occur so thishit is, as
expected, dways set to aone.
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9.3.6 Time calculationsusng CHDO information

When using the SCLK/SCET pairs supplied in the CHDO type 94 record keep in
mind that the SCET may not correspond with the start of the CCSDS record. In other words,
one must use dl 40 hits of the SCLK found in the SCLK/SCET datain the CHDO type 94
record but only the top 35 hits of the SCLK (with the lower 5 bits set to zero) that is derived
from the CCSDS packet or mini-packet.

The following ca culations represent the steps take to derive an spacecraft event time
of interest, such asthe start time of an MFR observation. Assume for the purpose of this
discusson that we have derived the 40 bit SCLK of the event from the 40 bit CCSDStimeteg
and the 16 bit MFR minipacket timetag.

. OFFSET-TIME40 = CHDO-SCLK40 - (MP-SCLK40 & OXFFFFFFEQ)
. MP_SCETmMS = CHDO-SCETmS - (OFFSET-TIMEA40 * 3.906)

In thefirst calculation, we determine the offset, expressed in 3.906 mSec units
(1000/256 or 1 second expressed in 8 bits) from the known time (CHDO) to the time of
interest (MP). Note that the instrument can only resolve to the nearest RTI, so the lower 5 bits
are suppressed.

Now we know the time difference, in 4mS steps, between a known time and the
desred time. The offset may now be subtracted from the known time (CHDO) to obtain the
desred time (MP). SCET inthe CHDO record is expressed in days/milliseconds so it
becomes a smple matter to come up with the desired time and adjust for any rollover inthe
milliseconds field.

Thisal assumes, of course, that the ground system at JPL isincluding correct
SCLK/SCET pairswith thedata. We also operate under the assumption that the CHDO type
94 record isrelatively recent. The spacecraft makes use of a stable oscillator, rather than a
precision standard, so thereis some clock drift. Aslong asthe CHDO tag appearsin the data
within several minutes of the time of interest, any errors introduced by this smple method are
bel ow the uncertainty within the instrument.

Also, bear in mind that we are accounting for adifference in the way RPWS treats the
sub-second portion of the time field and the way JPL treatsit. For the most part, al RPWS
scheduling is based on (or begins at) the beginning of the RTI. Only WBR providesa
mechanism to schedule a some point other than the beginning of the RTI (and thisisonly
used a very high datarates, thosein excess of 150,000 bits/second).
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94 Timerdationships

The point at which the CCSDS time stamp isapplied is subtlety different between the
LRSandthe HRS data. This difference arises due to the impact HRS has on HRP resources
(i.e. CPU).

The minipacket time field consists of 13 bits of second and 3 bitsof RTI. Thisallows
accurate timing of minipackets that linger within the instrument for periods over 2 hours. Any
data production rate above afew bits per seconds should be able to accurately attach time tags.

Note, however, that starting the instrument may flush stale mini packets through the
sysem. The BIU handler does not attempt to discard dataor deliver partial CCSDS packets
(i.e the BIU handler does not zero fill and ddliver dataleft in BIU memory).

9.4.1 LRStimestamp
The LRS timestamp (i.e. the 32 bit secondsfield in the CCSDS header) is applied
when the CCSDS record is marked for delivery to the spacecraft.

Asaresult, the CCSDStimefield is aways recorded following the timestamp in the
minipacket. In some cases the time stamps may be the same, but the CCSDS time never
occurs after the minipacket time stamp.

Since the minipacket time is aways before the CCSDS time, one may smply
decrement the CCSDS seconds field until the 13 overlapping seconds bits match to arrive &
the time aminipacket was acquired.

9.4.2 HRStimestamp
The HRStimestamp is applied sequentially asthe formatting process
places datainto the CCSDS packet buffer.

In other words, the timestamp in the CCSDS record is recorded when thefirst data
bytes are moved into the CCSDS buffer. Thisdifference should result in a CCSDS timestamp
that is, at mogt, afew seconds newer than the second minipacket inthe CCSDS buffer as HRS
is expected to be used when data production rates are in excess of what the LRS architecture is
capable of delivering.

The approach to resolve this potential problem within the GSE softwareisto dlow up
to 15 seconds of overlap in the time stamp.

Aswith the LRS, stale datamay be expected when the ingrument is started following
aperiod of inactivity.

This method of applying atimestamp to the data allowsthe formatting software to
proceed in aserid fashion, placing the timesamp into the CDS buffer at a convenient time.
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Thisis not expected to bea problem asthe high rate telemetry is not required when the
instrument is operating at lower bit rates, no packets are expected to remain on the HRP for
more than afew seconds.

9.4.3 Timestamp Strategy

Given the smal ambiguity in the HRS timestamp it gppears that one should not
operate the ingrument using the HRS delivery mechanism at low datarates. LRSis
architecturally limited to approximately 30 Kb/sec and that is the minimum pickup rate at
which the BIU handler will dlow HRS to operate. A reasonable breakover point is probably
in the 8Kb/sec range. (One must differentiate between the pickup rate that the BIU is
operating at and the data ddlivery rate that the instrument handlers are operating at).

The time delta between data setsis effectively the most time that can normally elapse
between data production and application of the CCSDS time stamp.

The GSE software that calculates the full event time assumes that the scheduling delta
never exceeds 15 seconds.

TIME ARROW IN RPWS DATA

RTI FIELD IN MINIPACKET IS ALWAYS OLDER

LRP COMPLETES LRS PACKET
LRS AND SETS 40 BIT TIME FIELD
CDS TAG ‘v
MP TAG ‘ % % ﬁ‘
MINI-PACKET IS COLLECTED (16 BIT RTI) CDS COLLECTS DATA

CDS TIME FIELD IS START OF HOUSEKEEPING CYCLE
H S K Hsk PLACES 40 BIT TIME INTO PACKET

CDS TAG | \‘b
N I A A A A \
DATA VALUES COLLECTED T
CDS COLLECTS DATA
SOME HOUSEKEEPING DATA IN THE FIXED AREA IS DEPOSITED Gy of ova
ASYNCHROUNOUSLY. TIME FOR SOME VALUES IS APPROXIMATE. T ——
TIME ARROW FOR MICRO-PACKETS AND ANTENNA STATUS T
1S AMBIGUOUS 17 [Document umoer 660027 Hnt
Date: June 24, 199 [Sheel T of L.
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10 RPWS Commands

These are the commands the RPW S instrument is capable of recognizing. Commands
listedin CAS 3-291 gart with 73, theidentification for RPWS. Commands starting with 00
are undocumented and intended to be issued only at the bench leve or internd to the
instrument.

Mogt of the commands are available only when science software isloaded (unless
otherwise indicated).

All of the commands contain parity of one type or another. ALF commands are odd
parity acrossthe 1%. 16 bits of the command while al other commands are even parity across
the 1%. word (more specifically odd parity acrossthe 1°. 2 bytes of the command). The ROM
code can process only the 3 types of ALF commands, so there are only three 16 bit patterns
that the ROM considers acceptable. The command decoder used in the downloaded software
checks parity on the first command word and will rgject any ALF recordsthat arrive (incorrect

parity).

CASSINI RPWS CDS COMMANDING

(8085 ADDRESS SPACE)
D7 DO D15 D8
COMMAND————> < ARGUMENTPAR] | DESTINATION INDEX | LENGTH | PAR|

BIU ADDRESS SPACE

D15 D8 D7 DO
| DESTINATION INDEX | LENGTH | PAR| [COMMANB———> < — ARGUMENT PAR]
LENGTH
NUMBER OF WORDS TO FOLLOW COMMAND
TOTAL OF P T et VARIABLE NUMBER OF BITS
1-8 WORDS TARGET PROCESS DETERMINES ACTUAL
QUEUE DESTINATION BYTE
PAR COMMAND LENGTH (BITS)
ODD PARITY QUEUE DESTINATION BYTE
QUEUE DESTINATION BYTE ARGUMENT
DESTINATION INDE QUECE DESTRATION BYTE ANY REMAINING BITS
QUEUE DESTIATION BYTE TARGET PROCESS DETERMINES MEANING

QUEUE DESTINATION BYTE

QUEUE DESTINATION BYTE

University of lowa
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CASSINI RPWS CDS COMMANDIN

@

COMMAND DECODE BY SOFTWARE LOAD

ROM ANTENNASCIENCE MAINT

STIM/DISC O | IGNORE | IGNORE | ACCEPT | IGNORE
DEPLOY | 1 IGNORE | ACCEPT | IGNORE | IGNORE
ALF 2 | ACCEPT | IGNORE/I| IGNORE/I| IGNOREI
TWEAK/MRO 3 | IGNORE | ACCEPT | ACCEPT | ACCEPT
IEB 4 | IGNORE | IGNORE | ACCEPT | IGNORE
POWER| 5 | IGNORE | IGNORE | ACCEPT | IGNORE
BIU HANDLER | 6 | IGNORE | ACCEPT | ACCEPT | IGNORE
DCP | 7 | IGNORE | IGNORE | ACCEPT | IGNORE
MFR | 8 | IGNORE | IGNORE | ACCEPT | IGNORE
HFR | 9 | IGNORE | IGNORE | ACCEPT | ACCEPT
LP | 10| IGNORE | IGNORE | ACCEPT | ACCEPT
WFR | 11| IGNORE | IGNORE | ACCEPT | IGNORE
WBR | 12| IGNORE | IGNORE | ACCEPT | IGNORE
LFDR | 13| IGNORE | IGNORE | ACCEPT | IGNORE
LFDR (DCP) | 14| IGNORE | IGNORE | ACCEPT | IGNORE
DUST | 15| IGNORE | IGNORE | ACCEPT | IGNORE
MAINT HONOR  UNIMPL  UNIMPL  HONOR

=
—o0

9]
P
o
o m
m

ﬂ
.. C
T2
cSO

===
;UEO
T
0l
T

Z10
s

=
)
(%2
C
m
w)

University of lowa
Dept. of Physics & Astronomy
lowa City, lowa, U.S.A.
COMMARD?.SHT

Tile

CASSINI RPWS, COMMAND STRUCTURE
REY

178 [DoCument Number
B

Dare:

JUE 20,199 TSheet of

237



101 ALF
ROM ONLY

Assisted load format. These are the 3 commands used to define the format of memory
downloads presented to the RPWS instrument. The ALF format provides severd levels of
error checking to alow avaid download to be verified before attempting to execute code.

Notethat ALF records haveinvalid parity and will beignored by the DEPLOY
LOAD and the SCIENCE LOAD. If ALF records are delivered when the instrument is
operating from RAM they should be ignored and flagged asinvalid commands. The ALF
mechanism is not useful for performing patches to memory.

The ROM code, in turn, is capable of processing only ALF records and will ignore
any other commandsthat arrive (treating them asinvalid ALF records).

All of thefields are documented in JPL. documents with the exception of the segment
fidd. Thisfieldisused to placethe 16 word memory image into the gppropriate memory
location. Thelower bits of thefield are used as the upper address bits to locate the memory
image. The upper 4 bits select any combination of processor and bulk memory alowing
common code to be loaded into all processors using asingle ALF record.

The segment field isdefined as follows:

BIT FUNCITON BIT FUNCTION
D15 DCP Sdlect D12 BULK Select
D14 HRP Select D11 BANK Select
D13 LRP Select D10-DO | AddressA15..A5

10.1.0.1 DCP Select

Thisbit, when set causesthe 16 word memory image to be loaded into the Data
Compression Processor.

10.1.0.2 HRP Select

Thisbit, when set causes the 16 word memory image to be loaded into the High Rate
Processor.

10.1.0.3 LRP Select

Thisbit, when set causes the 16 word memory image to be loaded into the Low Rate
Processor.
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10.1.0.4 Bulk Select

Thisbit, when set causesthe 16 word memory image to be loaded into the Bulk
Memory on the High Rate Processor.

10.1.0.5 Bank Select

This bit may be used to control the bank select hardware on the LRP and HRP. The
flight ROM's delivered at the time this document was written do NOT alow codeto be
downloaded into banked memory.

10.1.0.6 A15

The upper bit of the address. Theflight ROM's delivered at the time this document
was written do NOT allow code to be downloaded into upper haf of memory.

10.1.0.7 A14..A5

The upper address bits used to locate the ALF record in memory.
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10.1.1 73ALF, sequence, segment, 16 x data, 2 x checksum Rrowm onLY

32 byte memory line. Naturaly aligned (32 byte boundary). Sequenceis
monotonically increasing. Segment contains explicit addressing (data words have implicit
addressing by position). Checksumisadud 16 bit checksum (over every other word).

Note that the description of the segment field in the 3-291 document is
misleading/inaccurate. Although the segment field is used to generate the address within
processor memory, it isnot asmple caculation (in other words, note that the segment field is
not Smply composed of upper address hits).

10.1.2 73ALF_END, sequence, count, 2 x checksum rom oNLY

Indicates that the memory load is complete and execution of the downloaded image
may begin. The sequence field and checksum are verified and must be correct for the ALF
END to be recognized and processed.

The count field isnot used. The assumption here being that if the sequencefield is
correct throughout the load, there are no problems.

10.1.3 73ALF_SKIP, sequence, count, 2 x checksum  Rom ONLY
Indicates that a break in the sequence will occur to skip over abad storage areaiin the
SSR.

Thismust NOT occur asthefirs record in a download!

The previous segment field encountered isused to determineif thisrecord isto be
placed in bulk memory. The SKIP record must be placed in bulk memory in order for the
interna download to occur so skip records must be counted when cal culating bulk memory
use.

10.1.400ALF_RESET RoMONLY

This command issimply a specia case of 73ALF that is used to initialize the sequence
checking when performing adownload. Thisrecord must bethe firg record of adownload
and the segment field should have the upper 3 bits of the segment field cleared.

The 16 datawords of thisrecord may contain any desired data pattern (such asverson
control information). The ROM will discard the contents of thistype of data record.

10.1.4.1 73ALF, sequence, 4096, 16 x data, 2 x checksum

Thisindicatesthat the record is not to be loaded into any processor memory; being
treated as a specid case that saves the sequencefield.
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The bulk memory select bit must be set to match the rest of theload. 1n other words,
thisrecord must be present in bulk memory in order for an interna rel oad to occur.

10.1.4.2 73ALF, sequence, 0, 16 x data, 2 x checksum

This, again, isaspecia case of the 73ALF command. Note that the segment field is
st to zero. Thisishow the reset gppears a the beginning of aload that will not be placed into
Bulk Memory. Thiswould be the case at the beginning of the Deploy L oad.

10.1.56EXT_MEM_LOAD, sv, load type, device
CDS command used to download RPWS ingrument memory. This command islisted
here as a convenienceto the instrument user.

s Description

SSR A UseSSRA

SSR B UseSSRB
CONNECTED Use currently active SSR

In most cases, it seemslike CONNECTED is probably the optimal choice here. CDS
may have either A or B active (the inactive SSR may be off-line and therefore inaccessible)
and using CONNECTED will allow CDS to make the correct choice.

load type Description
DEFAULT Select the default SSR partition
this should contain the
SCIENCE LOAD
NON_DEFAULT Select the non-default SSR partition
would be used to hold updated flight
software
prior to fina acceptance.

device Description
RPWS Selects RPWS instrument load
CAPS, CDA, CIRS, Selectsthe other guy,
INMS, NAC, WAC, not of interest to RPWS
MAG, MIMI,
RADAR, UVIS,
VIMS
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10.2 Antenna Control
RESTRICTED COMMANDS

Antenna Movement Commands. These commands arenow listed as RED FLAG
items and will not be processed by ground software following successful deploy on 25
October 1997. These commands were processed only when the deploy softwareis loaded into
the processor. Additiond hints and information may be found in the Release Description
Document for the deploy software.

Although the antenna control commands are processed when the instrument isin
SLEEP mode, it is suggested that commands be issued with care (i.e. verified before
additional antenna commands are issued).

These commands are harmless when operating from ROM or when science software
isloaded into the ingrument. At sometimeprior to Venus-1 the deploy software will be
overwritten when the maintenance software isloaded on to the spacecraft, rendering these
antenna commands ineffective (i.e. no chance of an antenna command causing movement).

10.2.1 73ANT_HALT Restricted Command
10.2.2 OOANT_HALT Restricted Command

These commands cause power to be removed from the antennamechanism. The
commands areidentical in function with theinterna form being reserved for use by the
monitoring software. This makes the source of the command smple to determineif the
antenna element deploy operation terminates prematurely.

command hexadecima pattern
reflected in housekeeping
73ANT _HALT 0x1080
OOANT_HALT 0x1090
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10.2.3 73ANT_CNTL, direction, antenna Restricted Command

Basic antenna movement command. Selects one of the elements and the direction to
move. In order for the eement to move, the deploy e ectronics must be powered, the
appropriate BIU discrete bit must be enabled, and the e ement must be at the end of itstrave
(i.e. against the corresponding limit switch).

direction Description
out extend the antenna el ement
in retract the antenna element
antenna Description
ex_plus dipole dement EX+
ex_minus dipole dement EX-
ez plus monopole EZ

10.2.4 00ANT_CONT, direction, antenna Restricted Command

Allows a deploy operation that terminated early to be resumed without performing the
initiad 1 second retract. Asthis command is not documented in the 3-291 command
document, it must bewrapped. This command isintended to alow recovery from adeploy
operation that terminated early.
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10.2.500ANT_CNTL, direction, antenna, 2 x | lim, 2 x pot lim, deploy tmr
Restricted COmmand

Adds alteration of the static limits checking to the 73ANT_CNTL command. The
preferred method to changelimit valuesis through the OOANT_SETUP command.

direction Description
out extend the antenna € ement
in retract the antenna element
antenna Description
ex_plus dipole dement EX+
ex_minus dipole dement EX-
ez plus monopole EZ
I lim Description
nn current limit
pot lim Description
nn position pot limit
timer Description
nn deploy timer expressed in RTI periods
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10.2.6 0O0ANT_SETUP, antenna, 2x | lim, 2 x pot lim, deploy timer  Restricted Command
Altersthe gtatic limits checking fields for the selected antenna. This command has
been used during ground testing to alter the deploy timer (requires 73WRAP).

In the following examplesiill represent the min/max current levels and ppPP
represent the min/max position values. Setting them to zero effectively disablesthe static
check during the antenna operation.

EX+ 73WRAP, (1643, iill, ppPP, tttt)
EX- 73WRAP, (1645, iill, ppPP, tttt)
EZ 73WRAP, (1649, iill, ppPP, tttt)

10.2.7 00ANT_STATUS, antenna DpEPLOY ONLY
Causes the static limits table for the selected antennato appear in the housekeeping

data
antenna Description
ex_plus dipole dement EX+
ex_minus dipole dement EX-
ez plus monopole EZ

10.2.8 73mem_tweak, LRP, BYTE, 0x60, OXNN, ANT_ Restricted Command
Limit switch mask. Thistweak may be used to alter the limit switch exclusive-or
mask from it's default value of Ox3F.
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10.3 BIU Control
1553 Bus Interface Unit control.

10.3.173BIU_TLM_CNTL, command, parameter 1, parameter 2

command Description
parameter 1 Description
parameter 2 Description

10.3.273MEM_TWEAK, LRP,BYTE, 0x32, nn, BIUH
High Rate Science enable.

nn Description
0x00 Disable HRS
Oxff Enable HRS

10.3.373MEM_TWEAK, LRP,BYTE, 0x33, nn, BIUH

High Rate Science Sequencing control. CCSDS records are sequenced with a
monotonically increasing 14 bit sequence number. When sequenced on LRP, visibility into
the loss of recordsfrom HRP to LRPislost. HRP aways sequences CCSDS traffic and the
LRS sequencing may be suppressed or enabled.

Loss of sequence from HRP causes mini-packet reassembly to fail in odd way, so
garting with Version 2.5 the sequencing on LRP was suppressed by defaullt.
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Version 2.4 and prior.

nn Description
0x00 LRP sequences HRS (default)
Oxff HRP sequences HRS

Version 2.5 and later.

nn Description
0x00 HRP sequences HRS (default)
Oxff LRP sequences HRS

10.3.400MEM_TWEAK, LRP, Word, 0x10C6, nn

Setsthetarget BIU DIRECT buffer sze. Vauesfor various pickup rates are listed
below (we areinterested only in the size of the buffer, not if the pickup isevery RTI or every
other RTI).

This number islocated in the system data page rather than in any specific process.
Sincethisvaueisnot stored in a process, the absolute memory twesk command is required.

nn Description
0x03B8 1 Packet per RTI
0x0770 2 Packets per RTI
0x0B28 3 Packets per RTI
OxOEEO 4 Packets per RTI
0x1298 5 Packets per RTI
0x1650 6 Packets per RTI
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10.4 DCP data compresson
Data compression processor control.

This command is used to control the data compression routines running on the DCP.

Please keep in mind that the DCP makes use of a1.5Mhz 8085 for processing power. L/P
and WFR are both capable of overloading the DCP. 1n most setups, the DCP is not heavily
taxed (WFR hit rateisnominaly 360 bits/second and the L/P isless than 100 b/s). When
building modes that approach severa thousand bits'second it is not unusua to experience
transient overloads on the DCP. If therate issmply too high datawill be lost, as one might
expect. If the overload is minima, you may expect to see occasional |ost data sets. Bench
testing may provide a sufficient indication that the flight mode will handle a given load.

If the bench model RTI timing is off by just afew milliseconds, the resulting data
production rateislower (asit is based on the RTI timing) and the corresponding CPU cycles
available on the DCP are increased).

Notethat the flight software revison 2.3 added a capability to the IPC driver inthe
handling of free space. Prior to the 2.3 release, the DCP could deadlock when using the |PC
handler/ mini-packet assembler to deliver acompleted (i.e. compressed) data set to LRP.

This could occur when incoming data exhausted the F5 queue. The 2.3 release changesthe
minipacket assembler to alow it to conditionally request free space and abort delivery inthe
event that the F5 isexhausted. The abort resultsin apartial minipacket being delivered to
LRP (whereit is discarded), and the calling process being un-blocked so that it can processthe
next dataset. Although this prevents the deadlock (which, effectively killsthe DCP), a
minipacket segment islost (this being preferable to anon-functioning DCP).

Earth Encounter Notes

During Earth encounter, atrigger to exercise the L/P was tested on the bench successfully.
Thetrigger performed aset of 10 sweep/dengty cyclesat 1 minuteintervas. Thefirst 5 (or
30) sweeps were successfully processed on the DCP (16 to 12 bit packing only, to achieve
peak throughput). Theremaining data sets were missing aminipacket ssgment, indicating that
DCP had become overloaded and was dropping data (missing a complete segment indicates
either DCP or LRP were getting behind). The DCP isindicated as the CPU usage meter on
the LRP didn't indicate an overload and the combined L/P and WFR bit rates were well within
the capability of the LRP.

The theory being that the bench model runs dightly slower than the flight unit (Heurikon
68000 based RTIU without RTI interrupt hardware), alowing the DCP dlightly more timeto
process adightly ower datarate.
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10.4.1 73DCP_CNTL, source, method, Sze, backup, parameter 1, parameter 2

source Description
wir setup compression schemefor the wir
Ip_sweep setup compression schemefor
Langmuir Probe sweeps
Ip_densty setup compression schemefor
Langmuir Probe density measurements
Ip_lock setup compression schemefor
Langmuir Probe lock
method Description
wash
walsh-rice
packed
none suspend compression for this source
gze Description
0.12 wash dgorithm dataword size
backup Description
compress algorithm selects for maximum compression
speed algorithm selects for maximum speed
parameter 1 Description
0..1023
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parameter 2 Description
0..32767

10.4.2 73MEM_TWEAK, DCP, WORD, 0x60, nn, CMPX cycle delay

Thisdday setsthe number of RTI periods that the compression processwill idle
between minipackets. The minimum effectivevalueis 1 (i.e. loading azero in thisfield will
result in adelay until the next RTI interrupt.

104.3 73MEM_TWEAK, DCP, WORD, 0x62, nn, CM PX minipacket control flags
Thisfield controls some features of the mini-packet assembler for data ddlivered from
the DCPtothe LRP.

01 Checksum enable

Setting thisbit causes achecksum of the IPC packet to be generated before
ddivery tothe IX queue.

12 Non Blocking

Setting thisbit will cause MiniPKT processing to abort in the event that no free
gaceisavailable. Thishitisrequired to prevent the compression process from
deadlocking when free space is overrun.

24 Fast Delivery
Setting thishit eiminatesthe 1 RTI delay between successive | PC packets.
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10.5 Dug Detection Control

Dust detection data acquisition and andysis commands. Note that the compression
switch is present in two separate commands and this can present an incongistency in building
the commands. Please refer to the suggested order list when building DUST commands to
avoid placing the instrument into an invalid state.

Commands may be sent to the DUST control processwhen the instrument isin
S_EEP mode athough they will not be immediately processed. It should not be possible to
bring the instrument out of SLEEP mode inadvertently (i.e. modifications to offset 0x56).

DUST isaderivative instrument that makes use of the WBR to obtain sample data
that is analyzed within the insrument. There are some potentid problems when operating
both the WBR and DUST concurrently. The WBR section contains additiona noteson
interactions between the two logica 8 bit instruments.

Timing control of the dust acquisition may be setup to force synchronous acquisition
in spite of the fact that data acquigtion is controlled by the number of spare CPU cycles
available on DCP. Thisisaccomplished by performing a synchronous poll for data
acquisition commands. The timing control words at offset 0x50 and 0x52 are used to
schedule polling for DUST commands from the DCP.

Notethat dust operatesin amanner different than that of WBR/WFR/LFDR in that
the analysisis performed on DCP. The anadysis process on DCP operates at alow priority o
the data acquisition and andlyss are closaly coupled (anew data set isexplicitly requested as
each analysisis completed). Pay particular attention to the memory tweaks that control timing
on the data acquisition process for ingght on meeting scheduling needs

Version V2.6 adds a burst scheduling mode to WBR that can affect DUST data
acquisition. Thisburg mode alows a programmable number of WBR data sets to be acquired
with WBR automaticaly idling. To alow concurrent DUST activitieswith AGC active, the
WBR scheduling mode can force DUST to suppress data collection during the WBR burst.

251



Suggested order of commands

73DUST_AUTO_CNTL
OODUST_DATA _CNTL
73DUST_GAIN_CNTL
73DUST_MODE_CNTL, HOLD
73DUST_CMPRS_CNTL
73MEM_TWEAK offset 0x50
73MEM_TWEAK offset 0x52
73MEM_TWEAK offset 0x54
73MEM_TWEAK offset 0x56
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10.5.1 DUST Timing Control Process. Setup Storage Area

OFFSET L abel Default Description
0x2590 CMDp_Divisor 0x0008 MOD timing divisor
0x2592 CMDp_Remainder 0x0004 MQOD timing remainder
OX2594 | CMDp_Packet Delay | 0x0008 L?ngtna;dp?gﬁ gg?’
0x2596 CMDp_Run 0x01 Run Flag
0x2597 CMDp_AGC 0x00

0x2598 CMDp_Offset oxooo0 | 5294 i;”ﬁ;foggi(ﬁ;ﬁ[ﬂrf' to
Ox259A CMDp_Mode 0x0000

0x259C CMDp_Band 0x0000 Band Sdlect
OX259E CMDp_Length OX0400 (g%ﬁgﬁigﬁﬁgt
O0x25A0 CMDp_Dedtination | 0x490x05 | Data Routing Destination
Ox25A2 0x0000

Ox25A4 CMDp AGC H L | 0Ox1C0x32 AGC set points
Ox25A6 CMDp_Antenna 0x02 Antenna Selection
Ox25A7 CMDp_Gain 0x38 Gain Setting (D5..D3)
Ox25A8 CMDp_AGC_Flag OXFF AGC Enable
O0x25A9 0x00

Ox25AA 0x0000

OX25AC CMDp_DCC OX4E ACTElka{gLaa a3
Ox25AE
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10.5.2 DCP resour ce requirements
Discussion of the CPU resource requirements to perform the dust analysis.

DCP CPU Description
requirements
N/A RAW (bypass DCP)
N/A PACK
N/A RICE
N/A WALSH
N/A WALSH/RICE
.125 seconds 77? .
512 sample packet DUST andlys's

10.5.3 73DUST_AUTO_CNTL, low set, high set, averageinterval, time constant

This command isdelivered to the acquisition process. Automatic Gain Control
settings. The preferred high set point for dust is lower than that for WBR data. Whilethe rule
of thumb for the WBR isto dlow afactor of three (or about 10 dB) of headroom, the DUST
detection algorithm prefers about 20 dB of headroom. This helps eiminate some of the
spurious events (e.g., antenna switching transients) which can be mistaken for dust hits. This
means for the high set point avalue of 36 decimal would be optimum, athough thiswould
usualy prevent the 70-dB gain setting from being used. 1f more senstivity isdesired at the
risk of picking up false hits, then the value of 77 decima should beused. Here the low-band
isassumed to be the DUST detection setting. For the low set point, one should remember that
it must result in awindow which iswider than the 10-dB step Size of thegainamp. To givea
window which isabout 14 dB wide, thelow set point should be 30 for the 10-dB headroom
case, and 27 for the 20-dB headroom case.

Low Set High Set Description
EM Flight EM Flight
27 77 Dust, 10dB Headroom
28 50 C35value
30 36 Dust, 20 dB headroom
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10.5.4 73DUST_CMPRS CNTL, OFF, enable, word count

This command isdelivered to the acquisition process. Controls size of data set
delivered to dust andysscode. Thiscommand mimicsthe 73WBR_CMPRS _CNTL
command athough the compresson should never be enabled. Thisisthe command used to
specify dataset size. Theroute field may be specified with either legal value asit has no
effect when compression is not used.

Enable Description
off hardware compression not used
on hardware compression enabled
but you won't be able to perform the dust
anayss (WBR toggle mode!)
route Description
wcC_out EOP generated by WCR in 8237 only
wc_in EOP generated by WCR in Actel or 8237
word count Description
nn number of samplesin data set

10.5.500DUST_DATA_CNTL, degtination

This command isdelivered to the acquisition process. Controls routing of the raw 8
bit samples. During operations there isno reason to dter datarouting. During testing it is
useful, at time, to route the data directly to the Low Rate Science tdlemetry stream to bypass
the analysis code.

degtination Description
Irs WBR dataddivered to Low Rate Science
stream on Low Rate Processor
(appearsas WBR data)

hrs DUST Datadelivered to High Rate Science
stream on High Rate Processor
(appearsas WBR data)

dcc Irs DUST datadelivered to DCP for impact
analyss
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10.5.6 73DUST_DET_ANAL, method, parameter 1, parameter sdect, parameter 2
This command isdelivered to the analysis process. Control the dust anaysis
agorithm. Currently this command does nothing; to command the DUST detection process,

use 73MEM_TWEAK as detailed in section 10.5.7.

method Description
gdlagher

null

parameter 1 Description
0..1023

parameter select Description
threshld
bins
amp_rnge
intg_intvl
waveform

samples

bitsize

Sorl2 Spare
Forl3 Spare
Sorld Soare
Sorls Soare

parameter 2 Description
0..2047
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10.5.7 73DUST_GAIN_CNTL, enable, gain select
This command isdelivered to the acquisition process. Setsthe digital gain control.

enable Description
man manual gain control
auto automeatic gain control
gain select Description
0, 10, 20, 30, 40, ganlevd
50,60, 70

10.5.8 73DUST_MODE_CNTL, HOLD, band, antenna select

This command isdelivered to the acquisition process. Band and antennaselect. The
format of this command was defined early in the development process with subsequent
software architecture rendering thetrigger field useless and it should dways contain the
keyword HOLD.

band Description
Iband 36 uSec Sample period
hband 4.5 uSec sample period
antenna select Description
ex electric dipole, X
ez electric monopole, Z
bx search coil, X axis
hf HFR downconvertor
Ip langmuir probe

The antenna select field isaso stored in the W08 process when this command is issued.
The sdlection may be overridden with either amemory tweak or a 73WBR_MODE_CNTL
command. This setting(i.e. Within the W08l process) impacts the way AGC behaves. The
antenna sdlection is saved for both WBR and DUST aswe seldom use both of these at the
sametime.

73MEM_TWEAK, HRP, BYTE, 0x52, 0x00, WO08I
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The setting of thisfidd iscritical asit affects other receivers when improperly set. In
particular, the WFR will show switching trangents when operating in low band dueto the
length of time required to acquire adataset (i.e. severd secondswill usualy cover severa dugt
acquistions). Thisian't usualy evident in thetiming plots as DUST delivers datato the
ground at such alow datarate (i.e. DUST acquires many datasets prior to sending adata

packet to the ground).

10.5.9 73DUST_MODE_CNTL, TRIGGER, na, na

Trigger adust datacapture. Thisform of the DUST_MODE_CNTL command would
not beissued from theground. It isused interndly by the Dust Andysis Process on the DCP
to obtain additional datafor andyss. The band and antenna select filds are, effectively,
ignored and would be st to zero.

Thisform of the command does not ater either the band or antenna salection.

The acquisition control byte, located at offset 0x56 from the DSTC process, must be
st to Idle (avalue of 1) for thiscommand to be effective.

Thefollowing items control the dust data acquisition activity on
HRP.

Dust normally operates with the acquisition process waiting in an idle state and the
analysis routine requesting data sets as CPU cycles on the DCP become available. The dugt
acquigtion idle state makes use of aMOD function during the delay timeto alow acquisitions
to be synchronized, if needed. Set locations 0x50 and 0x52 to the desired schedule, keeping in
mind that the actua data capture occurs at the start of the next RTI period. Although this does
not imply that dust captures occur every cycle, it will cause capturesthat are requested by the
analysis process on the DCP to occur on the schedule.

This scheduling is dwaysfollowed, so some reasonable value needsto appear in
location 50/52.

105.10 73SMEM_TWEAK, HRP, WORD, 0x50, nnnn, DSTC
Scheduling period expressed in RTI ticks.

10511 73MEM_TWEAK, HRP, WORD, 0x52, nnnn, DSTC
Scheduling offset expressed in RTI periods.

Dust is not scheduled directly by the acquisition control process, rather the analysis
activity on DCP interacts with the acquisition process on HRP to limit the minimum period
between datasets. The dataacquisition control process, DSTC, normdly is programmed to be
idle (using location 0x56). The analysis process the sends atrigger command causing asingle
dataset to be acquired, when it isready for data
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Dust acquigition uses 0x50/0x52 values asaMOD timing to check for acquisition requests
from DCP. When arequest arrives from DCP, it will be processed when the DSTC process
next awakes. Thisallows dust acquisitionsto be synchronized with other activities within the
instrument (as well aswith activities on the spacecraft that are scheduled in asmilar manner).

Another way to think of thisisthat this causes data acquisitions to dow down to meet the
desired synchronization goals.

Dust isthe only process on HRP to use 0x50/0x52 during idle (WBR, WFR, and LFDR
idle in an unsynchronized 1 second polling loop).

105.12 73MEM_TWEAK, HRP, WORD, 0x54, nnnn, DSTC
Delay (expressed in RTI's) between minipackets. Used to throttle the data delivered to
the DCP.

10.5.13 73MEM_TWEAK, HRP, BYTE, 0x56, n, DSTC
Scheduling mode.

0 Stop

Dataacquidtionisstopped. 73WFR_MODE_CNTL, TRIGGERis
not processed. Internd triggers are not processed. Thisdateis
entered whenever deep is asserted.

1 ldle

Dataacquidtion is stopped but the process will accept atrigger to
perform asingle acquidtion. After the acquisition the process will
return to idle to await further triggers.

Whenidle, the handler releases the CPU by using the DELAY _
system service. ThisDELAY _ function isMOD based and may
be used to force data acquisition to occur, in effect, on aMOD
schedule.

2 Run

Dataacquidtion is continuous and based on the schedule specified
at offset Ox50 and Ox52.

3 Trigger

Single data acquigtion.
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105.14 73MEM_TWEAK, HRP, WORD, 0x58, nnnn, DSTC

8254 Offset from RTI. Used to control when the WBR sample occurs with respect to
the RTI pulsefrom the SC. Thisfield isexpressed in WBR samples 0 it is dependent on the
current WBR samplerate. In addition there are 2 special cases.

nnnn Description
0x0000 Immediate scheduling
0x0001..0xFFFE Offset from next RTI
OXFFFF (-1) Synchronize with WFR sampling

Offset table to place WBR sampling at the end of the RTI period.

sample/RTI | 512samples | 1024 samples | 2048 samples
36US 3472 2,960 2,448 1424
(0B90) (0990) (0590)
27,265 26,753 25,729
4.5uS 271,777 (6A81) (6881) (6481)

105.15 73MEM_TWEAK, HRP, WORD, 0x60, value, DSTC
(OODUST_DATA_CNTL)

IPC degtination queue. Thislocation is used to route the raw mini packets for DUST.
Normally the DUST traffic is delivered to the DCP for analysis, but the data may be routed
directly to the LRPif necessary to implement aWBR toggle mode.

value Description

0xC6 WBR Low Rate Science
0x47 DUST Andyss
Ox01 WBR High Rate Science
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10.5.16 7SMEM_TWEAK, HRP, BYTE, 0x68, nn, DSTC

AGC Enable Flag. Thisisthelocation that storesthe AGC enable bit. It may be
directly dtered to enable/disable gain without changing the gain level. Trigger 10 dtersthis
memory location in lieu of using the 73WBR_GAIN_CNTL command to avoid changing the
current gain selection. Thisavoids having WBR step gain levelswhenever we execute a
trigger that usestrigger 10 code to perform preliminary WBR configurati on/setup.

105.17 73MEM_TWEAK, DCP, WORD, 0x6E, nnnn, DUST
Target bit rate, expressed in bits per second, allocated for dust packets. Default is 10.
This essentidly limits how often a dust sample waveform minipacket will be produced.

105.18 73MEM_TWEAK, DCP, BYTE, 0x70, n, DUST

Three point dope criterion value. For three consecutive 8-bit ssamplesin aWBR data
s, referred toas W(l), W(l+1), and W(1+2), the DUST detection algorithm requires that
abs(W(1)-W(1+2)) >=n. Default is40 hexadecima. Also note that all 8-bit data hasits lower
4 bits zeroed by the agorithm, so infact only the upper 4 bitsare sgnificant. If thisvaueis
aufficiently high, it eliminates most low frequency snusoids.

10519 73MEM_TWEAK, DCP, BYTE, 0x71, n, DUST

Zero-crossing criterion value. After the 3-point dope criterion has been met, a
recovery timeislooked for in the waveform. The zero-crossing vaueistaken to be either 70
hexadecima or 80 hexadecima. After theinitid upward or downward steep change required
by the 3-point dope criterion, aminimum number of points are required to be above (for
upward) or below (for downward) the zero crossng. Default valueis 12. The purpose of this
criterion isto diminate high frequency features.

10520 73MEM_TWEAK, DCP, BYTE, 0x72, n, DUST
Initia flatness criterion value. Before the 3-point dope criterion is checked, an initia
flatnessis required, such that abs(W(l1)-W(I-1) <= n. Default vaueis 10 hexadecimal.

10521 73MEM_TWEAK, DCP, WORD, 0x7B, nnnn, DUST

Time between DUST housekeeping micro packets (see RPWS Housekeeping chapter
Micro Packet: DUST section), givenin RTIs. Default is512, which corresponds to once
every 64 seconds. Note that these micro packets are only produced as long asthe DUST
detection algorithm continues to receive datafrom the DSTC process onthe HRP. If the
DSTC processis shut down, the requests for data which come from the DUST detection
process are ignored, and no DUST micro packets are produced. If the DUST detection
processfindsit is being ignored, it waits for about a minute before requesting more data from
the DSTC dataacquigition process. Between requests, it Smply goes back to its usua game
of DOOM, athough it will accept any invitation for agame of NETDOOM ad so.
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10.6 HFR control
French HFR experiment.

Commands should NOT beissued to the HFR when the instrument isin S_LEEP mode
or whenever the HFR is powered off. Commands cannot be processed, resulting in Free
Queue elements being tied up. This can, eventually, result in LRP being uncommandable and
eventually resetting itsalf.

Command blocks to the HFR must be limited to no more than 31 commandsin order
to limit the command buffer sze. The command decoder in HFR and Sounder use asigned 8
bit counter to extract commands and supplying a buffer with more than 127 bytes will cause
the command buffer to beignored. Thisrestriction is most noticeable when using the |EB
handler to send commands to the HFR/Sounder.

HFR error recovery ismodified in the 2.1 rel ease to address a problem encountered
when using the 2.0 software. When this problem occursthe 2.1 software performsa cold
reset. If the reset fails severa times, any outstanding commands will be discarded to avoid a
deadlock where incoming commands consume al available free space and block the entire
LRP.

The HFR breaks commands down using the upper three bits (of the 16 bit command
word issued to the HFR) as amgjor function code. The command structure here mimicsthe
interna decoding of the commands. Some of the descriptions are taken from the HFR
command document and refer to the upper three bits of the HFR command word when
indicating Command Type.

Some of the HFR commands detailed here are decoded using a specid HFR command
tablelocated in thefile: cmd_hfr.txt
(ftp://rpwshp2.physics.uiowaedu/usr/cassini/cfg/cmd_hfr.txt). These commands do not start
with 73 or 00 asdl other RPWS commands do.
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HFR MINI PACKET

00 01 02 03

D7 DOID15 D8D7 DAD15 D8
D7 l DCUD7\\L DO

RPWS HEADER 0’170’ " ' ' ' (ENGTHL |
SA‘ 33‘ SZ‘ Sl‘ SD‘ RE‘ Rl‘ RD‘SlE‘Sll‘SlD‘SQ ‘SB ‘37 ‘SS ‘S

s | ACQUISITION TIME (RTI NUMBER)

EOF
SET TO 1 ON LAST SEGMENT
OF A GROUP

SEGMENT NUMBER

DATA AREA

SEGMENT LENGTH REFLECTS
LENGTQ BUFFER ALLOCATED
IN LRP MEMORY

TTTTT

10.6.1 73HFR_ANALYSIS, analysis

Command type 111 is the command which commands the HFR to perform an
analys's, usng the measurement mode setup earlier with the Parameter Load #0 and
Parameter Load #1 commands. Thetable below lists the currently defined sub-typesfor this
command.

analysis Description
OxEOQ0..0X EOFF Anayss
OxE100..0xE1FF Internal Calibration

10.6.1.1 14ANAL, command, ms, h2, hl, c, b, a

command Description
ANALY SE Andyss
CALIBRATE Interna Cdlibration
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Use thereceiver name to enable and the NA to suppress data collection on the
indicated channdl.

Channel MS H2 H1 C B A
Enable MS H2 H1l C B A
Disable NA NA NA NA NA NA

10.6.1.2 Analysis

This command tellsthe HFR to do an andysi's, using the mode settings previoudy
defined. The command parameter salects the bands to analyze, asfollows

Bit Number Contents
5 MS
Band HF2
Band HF1
Band C
Band B
Band A

OlrIN|W| A~

When the bit 5is0 anormal andysiswill be performed. The bits set in the command
parameter determine which bandswill be analyzed. Thusif bit 4 is set, high frequency band
#2 will be analyzed, if bit O is set low frequency band A will be analyzed, and so on. Any
combination of set bitsis permitted. When thebit 5is set a specid millisecond (MS or Fast)
sequenceisinitiated where only one AGC issampled at rapid intervas. The parametersfor
this specia mode are determined by commands 73HFR_INITIALIZE, AExx and
73HFR_INITIALIZE, AFxx. Only the bits 3 and 4 are used in thismode: whichever of these
bits are set determineswhether the HF1 or the HF2 band isused. The selection defaultsto
HF1 when both bitsaresetto O or 1.
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10.6.1.3 Internal Calibration

This command pattern tellsthe HFR to perform an Interna Calibration sequence,
using the calibration settings stored in the PM RAM table. Normally these cadlibration settings
would never be changed The command parameter selects the bandsto calibrate, asfollows

Bit Number Contents
4 Band HF2
3 Band HF1
2 Band C
1 Band B
0 Band A

The bits set in the command parameter determine which bands will be calibrated.
Thusif bit 4 is set, high frequency band #2 will be calibrated, if bit Ois set low frequency band
A will be calibrated, and so on. Any combination of set bitsis permitted. Normdly al five bits
would be set, since wewill usualy want to calibrate the entire instrument.
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10.6.2 00HFR_DEVEL OPMENT, command, value
Commands used for instrument development and debugging. New commands are

frequently added and removed from thislist asdictated by instrument debugging needs. Of the

command sub-types described below, only sub-types 0 (a NOP command) and sub-type 1
(firmware revison command) arelikely to be useful in flight. The table below liststhe

subtypes for this command.
command binary Description
NOOP 0x0000..0x00FF | NO Operation
VERS ox0100.0x01F= | Return HFR firmware version
STEPorDELAY | o0x0200.0x02FF | Set frequency step of sounder delay
SWITCH 0x0300.0x03FE | Switch between two frequencies
START Ox0400.0x04FE | Start sounder test
BAND 0x0500..0x05eF | Force sounder band for test
TEST ox0600.0x06rE | Enable/Disable test mode
UNDEF 0x0700.0x07FF | Undefine subtype

10.6.3 73HFR_HK, value

value

Description

OxE000..0xFFFF
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10.6.4 73HFR_INITIALIZE, value
Command type 011 groups together a sub-set of the commands used to control HFR

operation. The table below lists the currently defined subtypes for this command

value Description
0x6000..0x67FF Set FPGA Words0..7
0x6800..0x68FH ReInitidlize FPGA 2
0x6900..0x69FF Re Initialize measurement modes
Ox6A00..0x6AFF Recalculate Filter Coefficients
0x6B00..0x6BFF Force Synthesizer selection
0x6C00..0x6CFF Set Data Compression Mode
0x6C00 No Compression
0x6C20 Meander
0x6C40 Rice
0x6D00..0x6DFF Set MFR antenna/ cdibration
D6 Cd signd Enable
D5 MFR Cd #2 enable
D4..03 00 MFR Cd #1 OFF
01 MFR Cal #1 +
10 MFR Cd #1 -
11 MFR Cd #1 +/-
D2 AntennaMFR #2 EZ enable
D1..D0 00 AntennaMFR #1 OFF
01 AntennaMFR #1 Ex +
10 AntennaMFR #1 Ex -
11 AntennaMFR #1 Ex +/-
Ox6EQ0..0x6EFF Set antennalimit relay state
0x6F00..0x6FFF Set atenuator state

267



10.6.4.1 6FPGA2-0, synth-hi, synth-lo, band, A-counter

10.6.4.2 6FPGA2-1, M-counter

10.6.4.3 6FPGA2-2, sounder-enable, sounder-band, sounder-pulse

10.6.4.4 6FPGAZ2-3, internal-cal, mfr-cal, fast-slow, level

10.6.4.5 6FPGA2-4, mfr-ez-cal, mfr-ex-cal, mfr-ex+cal,

mfr-ex-ant, mfr-ex-ant, mfr-ex+ant

10.6.4.6 6FPGA2-5, mfr-ez-cal, mfr-ex-cal, mfr-ex+cal,

mfr-ex-ant, mfr-ex-ant, mfr-ex+ant

10.6.4.7 6FPGA2-6, clamp-relay, sounder-relay

10.6.4.8 6FPGA2-7, attenuator, band

10.6.4.9 6CALC-COEF, high, sounder, low

10.6.4.10 6SYNTH-SEL, frequency

frequency
auto synthesizer selection isautomatic
If low frequency synthesizer selected
hf high frequency synthesizer selected
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10.6.4.11 6COMPRESS, method

method
off no compression selected
meander meander code
rice rice code

10.6.4.12 6MFR-ANT, cal, cal-ez, cal-ex, ant-ez, ant-ex

Command type 100 groups together a sub-set of commands used to control HFR
operation. The various sub-types define parameters for HFR Analysis modes. The table below
lists the currently defined sub-types for this command.

setup Description
Ox8000.0x81FE | Set measurement mode ABC
0x8200.0x83FE | Set extended measurement mode
ABC
ox8400.0xgsFF | Set ABC repeat count
ox8600.0x87eE | Set First Frequency Channel HF1
0x8800.0x8oFF | Set frequency step HF1

O0x8A00..0x8BFF

Set number of frequency steps HF1

0x8C00..0x8DFF

Set measurement mode HF1

Ox8E00..0x8FFF

Set extended measurement mode
HF1

0x9000.0x91FF | Set HF1 repeat count
0x9200.0x93rE | Set First Frequency Channel HF2
0x9400.0xo5FF | Set frequency step HF2
0x9600.0x97FE | Set number of frequency steps HF2
0x9800.0x99FE | Set measurement mode HF2

O0x9A00..0x9BFF

Set extended measurement mode
HF2

0x9C00..0x9DFF

Set HF2 repeat count
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Ox9E00..0x9FFF

Set cycle count

period

1s

1/2s

1/4s

1/8s

df-on

df-off

ant-2

a2-off

az-on

10.6.4.14 SABC-EXT, auto, cross

auto

auto-off

auto-on

10.6.4.13 SABC-MODE, period, df, ant-2, ant-1, filters

ant-1
al-off
al-plus Ex +
al-ex+
al-minus Ex -
al-ex-
al-both Ex +/
al-on
filters
8 8 filters per
filters 8 bend
16 16 filters per
filters-16 bend
32 32 filters per
filters:32 band
Cross
cross-off
Cross-on
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10.6.4.15 8ABC-REP, count

The number of timesto repeat the low frequency measurement per frequency sweep.
A frequency sweep is one pass through each of the bands A, B, C, HF1, and HF2.
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10.6.4.16 8HF1-MODE, period, df, ant-2, ant-1, filters

period al-plus Ex +
160mS al-ex+
80mS al-minus Ex -
40mS al-ex-
20mS al-both Ex +/
al-on
df
df-on filters
df-off 1 1 filters per
filters-1 band
a2 | 2 2 fi:)t"je‘rqs(;I per
0-off filters-2
az-on Ez _ 4 4 flltfae‘r%per
filters-4
8 8 filters per
ant-1 filters:8 bend
al-off

10.6.4.17 8HF1-EXT, auto, cross

auto Cross
auto-off cross-off
auto-on Cross-on

10.6.4.188HF1-REP, repeat count

The number of times to repeat the low frequency measurement per frequency sweep.
A frequency sweep is one pass through each of the bands A, B, C, HF1, and HF2.
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10.6.4.19 8HF1-START, start frequency

This command set thefirst (lowest) frequency for HFL. Expressed in 25Khz units.
10.6.4.20 8HF1-STEP, step size

Frequency step size expressed in units of 25K hz.
10.6.4.21 8HF1-COUNT, step count

This command set the number of frequenciesto scan. Rangeisdetermined by start
frequency, step size, and number of steps.
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10.6.4.22 9HF2-MODE, period, df, ant-2, ant-1, filters

period al-plus Ex +
80mS al-ex+
40mS al-minus Ex -
20mS al-ex-
10mS al-both Ex +/
al-on
df
df-on filters
df-off 1 1 filters per
filters-1 band
a2 | 2 2 fi:)t"je‘rqs(;I per
0-off filters-2
az-on Ez _ 4 4 flltfae‘r%per
filters-4
8 8 filters per
ant-1 filters:8 bend
al-off

10.6.4.23 9HF2-EXT, auto, cross

auto Cross
auto-off cross-off
auto-on Cross-on

10.6.4.24 9HF2-REP, repeat count

The number of times to repeat the low frequency measurement per frequency sweep.
A frequency sweep is one pass through each of the bands A, B, C, HF1, and HF2.

274



10.6.4.25 9HF2-START, start frequency

This command set thefirst (lowest) frequency for HF2. Expressed in 50K hz units.
10.6.4.26 9HF2-STEP, step size

Frequency step size expressed in units of 50K hz.
10.6.4.27 9HF2-COUNT, step count

This command set the number of frequenciesto scan. Rangeisdetermined by start
frequency, step size, and number of steps.
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Command type 101 groups together a sub-set of the commands used to control HFR
operation. The various sub-types define parameters for HFR Sounder modes, and the relay
and attenuator settings. The table below lists the currently defined sub-typesfor this
command.

Setup Description
OxA000.0xAOFF | Set Sounder Mode

OXAL.0XA1 Set first sounder frequency

OXA2..0XA2 Set |ast sounder frequency

OXxA3..0xA3 Set Sounder T1 Delay

OXA4..0xA4 Set sounder T2 delay

OXA5..0XA5 Set sounder T3 delay

OXAB.OxA6 | Set passive sweeps/ cycle

OXA7..OxA7 Set active sweeps/ cycle

OXxAS8..0XAS Set number of cycles

OxA9..0XA9 Set sounder relay state

OXAA..OXBA Set sounder output A

OXAC..0XDC Set sounder output B

OXAE. OXAE Set MS parameters A

OXAF..OXAF Set MS parameters B

10.6.4.28 10SND-MODE, antenna, mode

10.6.4.29 10MS-ANT, antenna, sample rate, sample count

Note that a sample count of 32768 isinvaid asthe HFR has insufficient memory for
thismany samples

Sample rate patch is available and may be downloaded using the appropriate IEB
LOAD dong with the appropriate IEB TRIGGER.
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8mS

160uS

8mS

16mS

160uS

16mS

32mS

160uS

32mS

64mS

160uS

64mS

sample count

256

antenna
EZ
EX+ Ex +
EX-PLUS
EX- Ex -
EX-MINUS
EX Ex +/
BOTH
samplerate

512

keyword un- patched

1024

2048

8192

16384

patched
500uS 160uS | 500uS
ImS 160uS ImS
2mS 160uS 2mS
amS 160uS amS

10.6.4.30 10M S-FREQ, frequency

Center frequency for the mixer. When using HF1 the frequency is expressed 25K hz
seps. When using HF2 the frequency is expressed in 100Khz steps with a 25K hz of f<t.

Somehow we manage to select HI/H2 with this command, but the command decode
tableis probably set up ingppropriately at thistime,

If the WBRisin use, note that the 8HF1-START command must be issued to send

the appropriate frequency to HRP for incluson in the WBR minipacket.
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10.6.5 73HFR_LOAD_MEM, value

Command type 010 groups together commands used for uploading new data to either
Program or Datamemory. Daais only written to memory when an Upper byte load
command (subtype 101) is received. For this command sub-types, bit 12 of the command is
used to choose either DM (P =0) or PM (P =1). Thetable below lists the subtypesfor this
command.

The command column is used for the extended commands that follow.

command value Description
LOWER Ox4000.0x40FE | Lower byte of load address
UPPER 0x4100.0xa1FF | Upper byte of load address
RAM o0xa200.0xa2FF | RAM pageto load
LSB Ox4300.0x43rE | Lower byte of load
MSB oxa400.0xa4rE | Middle byte of load
UsB O0x4500.0x45FF | Upper byte of load, PM
PC oxa600.0xa6ee | Load PC with upload address
ENAB oxa700.0xa7eE | Load Enable/Disable
USBPM 0x5500.0x55FF | Upper byte of load, PM

10.6.5.1 4ALOAD_MEM, command, byte-value

The command mnemonic is taken from the table and the byte-value as required.
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10.6.6 73HFR_MEM_DUMP, value
Command type 001 groups together commands used for dumping the contents of
Program or Datamemory. Some of the subtypes below are applicable to either program
memory (PM) or data memory (DM). For these sub-types, bit 12 of the command is used to
choose either DM (P =0) or PM (P =1). Thetable below lists the subtypes for this command.

command value Description
LOWER 0x2000.0x20FF | Lower byte of dump address
UPPER 0X2100.0X21FF | Upper byte of dump address
RAM 0x2200.0x22FF | RAM page to dump from
BYTE 0x2300.0x23FF | Dump bytes, DM
WORD 0X2400.0X24FF | Dump words, DM
BYTEPM 0X3300.0X33FF | Dump bytes, PM
WORDPM 0X3400.0X34FF | Dump words, PM
INST 0X3500.0Xx35eE | DUmp Instructions

The procedure for dumping data from memory is asfollows. Before dumping
memory, the firgt (that is, lowest) addressto dump from must be loaded. Thisis done usng
two commands, Low byte and High byte, Subtypes 000 and 001 below. The order inwhich
low and high address bytes are sent is not important. Then the RAM page to dump from is
loaded using Subtype 010. Finally, the datais dumped using the appropriate instruction. The
subtypes are described below.

10.6.6.1 2DUMP_MEM, command, byte-value

The command mnemonic is taken from the table and the byte-value as required.

10.6.7 73HFR_RELAY_ACC

Relay Actuate.
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10.6.8 73HFR_RELAY_ENA, postion

Controlsthe clamp relay.

position Description
open Antenna potential may exceed +12V
closed Clamped

10.6.9 73HFR_RESET, reset
Used to perform awarm reset (i.e. software reset) or cold reset (i.e. hardware reset) on
the HFR processor.

The HFR COLD RESET requires approximately 3 RTI periodsto complete. The
handler allows aperiod of 4 to 5 RTI for the reset to occur. 1n the event that the cold reset
falsto occur the handler will eventualy detect this condition and attempt to reissue the reset.
After saverd unsuccessful attempits, the handler will flush asingle HFR command and repesat
these steps.

Reset Description
cold cold reset, reloads memory
wam warm reset, no memory reload

For either reset method, note that the HFR is susceptible to areset failure that may
require power cycling the HFR to recover. Also notethat all other internal power switches
must be off prior to applying power to the HFR.

The symptom of areset failureisno LRP idletime asindicated in the housekeeping
page. In addition, loss of MFR data may occur due to ablocked CPU (i.e. HFR recovery
activity may be at a higher priority than the MFR processes).
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10.6.10 73HFR_SOUND, sounder

sounder Description
0xC000..0xDFFF Perform sounder analysis

Command type 110 is the command which commands the HFR to perform a sounder
analyss. There are no sub-types for thiscommand, and the command parameter isignored.
Command 110 smply performsasounder andysis using the previoudy defined sounder
mode settings.

10.6.10.1 12SOUND
No parameters required.

10.6.11 73SMEM_TWEAK, LRP, WORD, 0x0104, mod-count, HFRI

Thislocation controls the timing of the HFR analysis activity specified in location
Ox010A. Expressedin RTI periods. The next analysis command will be synchronized with
the time based on thisRTI cycle.

10.6.12 73SMEM_TWEAK, LRP, WORD, 0x0106, mod-remainder, HFRI

Thislocation containsthe remainder used to time the next HFR andlysis activity. The
remainder of (SCLK + mod-count) will be equa to this value when the next activity is
scheduled.
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10.6.13 73aMEM_TWEAK, LRP, WORD, 0x010A, hfr-command, HFRI
This command loads the 73HFR_ANALYSS command pattern that is used during
norma HFR operations. Thisisthe command that is sent to the HFR repeatedly.

Thistable smply lists some sample command patternsthat may appear in commands
issued to the instrument (i.e. these are taken from existing |EB's and commands sets).

HFR-command Description
OxXEOQ1F Do Andysisal bands
A, B, C, HF1, HF2
OxEO18 Do Andysis bands
HF1, HF2
OxEO1C Do Andysis bands
HF1, HF2,C
OxEOQ7 Do Andysis bands
A,B,C
0x0000 IdeHFR

10.6.14 73MEM_TWEAK, LRP, WORD, 0x60, enable-flag, SOND
Thislocation to enables the sounder. Set to 0x0000 to disable sounder. Set to OxFFFF
to enable sounder.

10.6.15 73MEM_TWEAK, LRP, WORD, 0x62, dday, SOND
Thislocation to setsthe delay, in RTIs, between sounder commands sent to the HFRI
command queue. If setto 0, then no commands are sent to the HFRI command queue.

10.6.16 73MEM_TWEAK, LRP, WORD, 0x64,
10.6.17sounder-command, SOND

Thislocation contains a sounder command. Normally this should be the pattern
0xC000, which isthe HFR sounder command. But it could be any HFR software command
which needsto be sent repetitively.
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10.6.18 0O0OPORT_TWEAK, LRP, 0x60, delay HFR DM A timing control register

Thistweak may be used to dter the DMA timing for the HFR data interface to the
LRP. Thisport control the clock used to strobe data from the HFR during data transfers. The
default timing vaueis 32 uSec when the LRPisreset.

Asof verson V2.3 the HFR handler does not dter thisdefault timing. Any changesto
the timing will remain in effect until the LRP is powered down (or additional changes are
made)

delay timing
OxFE 4 uSec
OxFD 8 uSec
OxFB 16 pSec
OXF7 32 pSec, default
OxEF 64 puSec
OxDF 128 puSec
OxBF 256 pSec
Ox7F 512 pSec
0x00 1020 uSec

The HFR data collection is performed open-loop. Thereisno signa from the HFR to
indicatethat it isready to deliver the next dataword so the timing must be sufficiently relaxed
to alow HFR to perform bookkeeping tasks between data blocks (in most casesthe HFR
handler will not be in synchronization with the HFR so we must allow for worst case
conditions here).

The vauein thisregister is the ones-complement of the desired transfer timing
expressed in 4 uSec units. Thetable aboveis provided only asaguide, and is not intended to
limit the choice of timing values

10.6.19 Down-convert Mode for the WBR
Thisisadiscussion of the method used to tag the WBR data that is obtained through
the HFR with appropriate status information with respect to the down-convert frequency.
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The WBR, when commanded into HF mode (i.e. using the HF to down-convert
sgnds) either HF1 or HF2 may be used to perform the mixing task. We make use of H1 for
frequencies below 4Mhz and H2 for frequencies above that point. The HFR mugt be
commanded into a quiescent mode, such as Millisecond mode, to eliminateinterference
in thesgnal ddivered tothe WBR (Note that millisecond datais required to obtain AGC
information to calibrate the WBR data). The HFR handler passes the frequency value in the
8HF1-START command to the HRP so the WBR handler can mark the WBR data with an
indication of the frequency band of the data

The spacecraft exhibitsinterference line a multiples of 50 Khz. Dueto this
interference the H1 down-convert mode is only commanded with odd numbersin the 8HF1-
START command (this being an operationa constraint, not alimitation within the HFR).
This hasless effect onthe HF2 asiit is spaced at 100K hz intervalswhen in the millisecond
mode, but with only 8 bits available to mark the data, we need a scheme to uniquely encode
the frequency in a compatible and consistent manner.

Keep in mind that when running in a down-convert mode, the WBR datais useful
only when HFR isquiet (i.e. idle or millisecond mode). This means, in effect, that we need
only interest ourselves in millisecond mode where the H2 frequency is specified in 100K hz
increments.

The following table shows the value that should be used asthe HF1 start frequency for
the various down-convert frequencies for both H1 and H2. Notethat it is necessary to send
the H1 command in order to deliver the correct valueto HRP/WBR for the status byte in the
WBR minipacket (it has no effect within the HFR)
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8HF1 H1 H2
START | frequenc | frequenc
frequency ;q Khz ﬁ/lhz

00 4,025

01

02 4125

03

o4 4,225

05 125

06 4,225

o7 175

08 4425

09 225

OA 4525

0B 275

oC 4,625

0D 325

OE 4725

OF 375

10 4.825

11 425

12 4925

13 475

14 5.025

15 525

16 5.125

17 575

18 5.225

19 625

1A 5.325

1B 675

1C 5.425

1D 725

1E 5525

1F 775

8HF1 H1 H2
START | frequenc | frequenc
frequency ;q Khz ﬁ/lhz

20 5.625

21 825

22 5725

23 875

24 5.825

25 925

26 5.925

27 975

28 6.025

29 1025

2A 6.125

2B 1075

2C 6.225

2D 1125

2E 6.325

2F 1175

30 6.425

31 1225

32 6.525

33 1275

34 6.625

35 1325

36 6.725

37 1375

38 6.825

39 1425

3A 6.925

3B 1475

3C 7.025

3D 1525

3E 7.125

3F 1575
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8HF1 H1 H2
START | frequenc | frequenc
frequency ;q Khz ﬁ/lhz

40 7..225

41 1625

42 7.325

43 1675

44 7.425

45 1725

46 7.525

47 1775

48 7.625

49 1825

4A 1.725

4B 1875

4C 7.825

4D 1925

4E 7.925

4F 1975

50 8.025

51 2025

52 8.125

53 2075

54 8.225

55 2125

56 8.325

57 2175

58 8.425

59 2225

5A 8.525

5B 2275

5C 8.625

5D 2325

5E 8.725

5F 2375

8HF1 H1 H2
START | frequenc | frequenc
frequency ;q Khz ﬁ/lhz

60 8.825

61 2425

62 8.925

63 2475

64 9.025

65 2525

66 9.125

67 2575

68 9.225

69 2625

6A 9.325

6B 2675

6C 9.425

6D 2725

6E 9.525

6F 2775

70 9.625

71 2825

72 9.725

73 2875

74 9.825

75 2925

76 9.925

77 2975

78 10.025

79 3025

A 10.125

7B 3075

7C 10.225

7D 3125

TE 10.325

F 3175
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EF

16.025

F1

F2

F3

F4

F5

F6

F8

F9

FA

FB

FC

FD

FE

8HF1 H1 H2
START frequenc
frequency friqlgre]; c ﬁ/lhz
EO 15.225
El
E2 15.325
E3
E4 15.425
ES
E6 15.525
E7
E8 15.625
E9
EA 15.725
EB
EC 15.825
ED
EE 15.925

FF
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10.7 1EB Commands

Instrument Expanded Block commands are used to load and execute macro level
commands within the instrument. The IEB memory may be |oaded with up to 16K bytes of
command and control tables.

The commands consist of instrument commands as documented in this section of the
Users Guide. These patterns are no different than the commands delivered by the spacecraft
and are inserted into the command processor asiif they arrived from the spacecraft.

The control consists of timing and loop control directives. Dueto lack of decison making
capability, the programmability is limited and depends on some assistance from the spacecraft
in the form of additional 731EB_TRIGGER, ID commands.

10.7.1 73IEB_HALT, modifier
Stopsthe currently executing |EB sequence.

modifier Description
idle suspend data acquisition
run dataacquigtion continuesin
last mode step executed in the |IEB
clear |EB execution is halted
and IEB memory is cleared to ZERO

10.7.1.1 73IEB_HALT, CLEAR

This command isintended to be used when an |EB load is provided from the ground.
Version 2.4 software has adefault 1EB load as part of the ALF load. Thisinterna |EB load
should be cleared prior to loading an IEB from the ground in order to force dl checksums and
unused memory to aknown state. This primes the integrity checking mechanism; checksums
must be caculated on the ground and included with the |EB |oad; the |oader smply
recal culates and verifies the checksum information provided by the ground.

10.7.1.2 73IEB_HALT, IDLE

This command will cause MFR to halt (along with al the other recaeivers). This
command issues a73POWER_CNTL, PAUSE command which has the potentia to hang
HRPif WBR in operating in high band mode.

NOTE that this command suspends all data collection activities.
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10.7.2 73IEB_L OAD, size, s:aquence, data?

Loads |EB memory. Thiscommand isa pecial case and is expected to arrive asthe
only command during any given RTI period. Command length isvariable although the
nominal command isused to deliver 64 words (128 bytes) if IEB image. The minimum
number of datawordsis, of course, one word.

Although the IEB_L OAD command may specify an arbitrary command size, the
desred sizeis64 words Thisresultsin apacket that contains 68 words (136 bytes) and limits
the command delivery system on the spacecraft to delivering no more than one command per
RTI period. Use of asizefield below 60 can result in multiple commands being delivered ina
sngle RTI period (caudng the command decode within the insgtrument to fail). The maximum
dgzeisaround 120 wordsin order to limit the total command size to a maximum of 125/128
words (imposed by the command decoder and spacecraft). 64 isthe maximum natura size
(i.e. power-of-two) that can be achieved while enforcing the sngle command per RTI
limitation of the instrument software. A sze of 120 is useful when storing loads using the
Library Storage Facility.

Thefield 9zeis used to specify the number of data wordsin the command.
The sequence field must start with zero at the beginning of the load and increase

monotonically. A break in the sequence field will cause all succeeding 73IEB _LOAD
records to be ignored.

gze Description
1 Minimum word count
66 _ 64 data words per record
Thisvaue seemsto work everywhere
32 data words per record
34 (in case it's needed!)

Obsarve 1 command/RTI limit

sequence Description
0.n-1 monotonically increasing from zero
data[ 0] Description
0xC000..0xFFFF |EB data address
0x8000..0xBFFF HFR Scientific Program address
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data[1..n-2] Description
0x0000..0xFFFF |EB data
0x0000..0xFFFF HFR program data
data[n-1] Description
0x0000..0xFFFF |EB data checksum
0x0000..0xFFFF HFR program checksum

10.7.3 73IEB_L OAD, 0, sequence
10.7.4 00IEB_END, sequence
10.7.5 00IEB_EOF

Thisisthe cueto vaidate the checksumsto the |IEB handler. The length

The 1* form of the command is documented in JPL 3-281. Notethe length fidd is
zero and that no data words follow the sequence number.

The 2™ and 39 Forms of the command are present in the local command decoder
only, they are not in the JPL 3-281 document. It serves smply as a shorthand form of the last
load command that causes the checksum to be performed. The 3" form skips the sequence
number, by smply inserting aonein the sequence field.

gze Description
0 End of load indicator
sequence Description
n Next sequence (i.e. 1 greater than the last
73IEB_LOAD command)

10.7.5.1 Some notes about EOF handling.

The length field in the 2 word of the 73IEB_LOAD command must be zero to
indicate to the IEB handler that the checksum tableisto be updated. The IEB handler is
tolerant of additional wordsin the command, soa 73IEB_LOAD, 0, sequence, 0 command
will causethe checksumto be calculated (try 73IEB_LOAD, 0, sequence, 2001 to eliminate
incrementing the invalid command count). The length field being zero isvita!
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10.7.6 73IEB_TRIGGER, type, identifier 1, identifier 2

Startsrunning astep inthe IEB sequence. To trigger internal command sequences,
the type field contains the keyword | D and the appropriate command sequence must be loaded
usng 73IEB_LOAD commands.

type Description
mask internal 1EB control
does not require IEB_L OAD data
id |EB step number
requiresan IEB_L OAD to operate

identifier 1 Description

10, 12, 14,? |EB trigger address

this specifies an address in memory
where an |EB trigger point begins

identifier 2 Description
0 parameter
should be zero

10.7.6.1 73IEB_TRIGGER, MASK, 0, O

Full Power ON command handled internally. Thisisthe preferred method to bring
the instrument to afull power state asit istimed and ordered to present the minimum pesk
current load to the S/C power bus.
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10.7.6.2 73IEB_TRIGGER, MASK, 0, 1

Basic science collection mode. Thistrigger, effective only after the instrument isfully
powered, begins collecting datafrom al of therecaivers. Indicated bit rates are estimates
befor e any data compression is applied.

Recaver Bit Rate Function
MFR 56 Toggle Ex/Bx
HFR 509 Composite mode
Sounder 0 OFF
L/P 0 OFF
WBR 0 OFF
WFR 360 5 Channd (EX, EX, Bx, By, Bz) Auto gain 2K samples
LFDR 32 Ex/Bx
DUST 10 Ez

10.7.6.3 73IEB_TRIGGER, MASK, 0, 2

Science Load

Same as previoustrigger.
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Special Maintenance L oad

Triggersthe HFR Venus observation. This requires that the specia maintenance
software isloaded in the instrument. Given theinterna storage capecity of 128K bytes, this
observation will take gpproximately 2 %2 hours

Recaver Bit Rate Function
MFR 0 OFF, No Power
HFR 130 Venus Observation Mode
Sounder 0 OFF
L/P 0 OFF, No Power
WBR 0 OFF, No Power
WFR 0 OFF, No Power
LFDR 0 OFF, No Power
DUST 0 OFF, No Power

10.7.6.4 73IEB_TRIGGER, MASK, 0, 3

Powers the Langmuir Probe dectronics and set the sphere biasto 32 volts. This
trigger is part of the V2.3 science software and isintended to alow maintenance activitiesto
be performed without the special maintenance software (i.e. this alows maintenance software
to be deleted from the SSR).

Recaver Bit Rate Function
MFR 0 OFF, No Power
HFR 0 OFF, No Power
Sounder 0 OFF, No Power
L/P 0 ON, Sphere biasto 32 Volts
WBR 0 OFF, No Power
WFR 0 OFF, No Power
LFDR 0 OFF, No Power
DUST 0 OFF, No Power

294



Exercise caution with the use of thistrigger asit can apply power to al recaivers. If
all receivers are powered then thisis not an issue, but if the instrument has been placed into
deep usng the 73POWER_CNTL, SLEEP, SLEEP command, then thistrigger will causethe
previous power state to be restored.

In normal use, thistrigger would beissued in isolation, following power-on and a
fresh load of the science software.

10.7.6.5 73IEB_TRIGGER, MASK, 0, 4

Exit Langmuir probe maintenance mode. The sphereisbiased to 0 volts but the
power isNOT removed from the L/P eectronics. Usethe SLEEP command to remove

POWer.

Power is not commanded in thistrigger to allow triggers 3 and 4 to be used when
operating the instrument in a science mode.

10.7.7 73IEB_TWEAK

Specid case of the 73MEM_TWEAK command. Thisisone of thoseredly nifty
well-thought out commands that was defined too early to beredly useful. Appearsas
73MEM_TWEAK in most command blocks. Refer to the 73MEM_TWEAK command for
detalls of the operation and use of this command.

Thisform of the command has some address range limits that are verified on the
ground. The command will be rgected if the address specified is out of the allowed range.

10.7.8 73WRAP, (4310, xx00)

Thisisthe hexadecimal representation of the 73IEB_L OAD command used to
terminate an IEB_LOAD where the xx is the sequence number. The command trandation tool
at JPL did not correctly process thisform of the 73IEB_L OAD command and it typically
needs to be wrapped in order to trandate correctly. Notethat xx must be expressed in
hexadecimal.
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108 IPC Handler

Although the IPC processisnot directly commandable, there are some interesting
areas within thishandler that are of interest. This command generates housekeeping data that
is described in the RPWS Housekeeping chapter under the Micro Packet: | PC section.

10.8.1 73MRO, processor, HSK, 1170, 0
Dumpsthe status area of the IPC handler.

10.8.2 73M RO, processor, HSK, 1170, 117F
Dumpsall of the status area of the IPC handler.
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109 LFDR Control

Low Frequency Digita recever commands. Note that the compression switchis
present in two separate commands and this can present an inconsistency in building the
commands. Pleaserefer to the suggested order lis when building LFDR commandsto avoid
placing the instrument into an invalid state.

Commands may be sent to the LFDR when the instrument isin S_EEP mode
athough they will not be immediately processed. It should not be possible to bring the
instrument out of SLEEP mode inadvertently (i.e. modifications to offset 0x56).

Version V2.6 add a band toggle capability to the LFDR. Thisallowsfor aternating
between high band and low band for succeeding acquisitions. The only controlsthat are
managed separately for the toggle mode are the gain settings. Since gain control resides
external to the LFDR control process, thereis support in the acquisition processto alow
independent automatic gain control for the high band and low band acquisition.

Note on synchronousidle: we considered switching to asynchronousidle on the
LFDR to accommodate some of the HFR/WBR modes in alittle cleaner manner. Consider
the effect if LFDR is operating in a peculiar mode with ascheduling interva that is
unreasonably long (5 minute WFR period comesto mind). Thiswill have noticeable impact
when transitioning to anormal modein that it will, in many cases, take take thislong period to
transition into a new mode (the command process would be stuck polling for commands at the
dow rate).

The toggle mode is enabled and disabled using the 73LFDR_TOGGLE_CNTL
command (as documented abit later in this section).
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Suggested order of commands

73LFDR_ANT_SEL
73LFDR_AUTO_CNTL
73LFDR_CHAN_CNTL
73LFDR_TOGGLE_CNTL
73LFDR_GAIN_CNTL
73LFDR_MODE_CNTL, HOLD, , NOCOMPRESS
73LFDR_CMPRS_CNTL, OFF
73LFDR_TOGGLE_CNTL
73LFDR_CNTL (DCP)
73MEM_TWEAK offset 0x50
73MEM_TWEAK offset 0x52
73MEM_TWEAK offset 0x54
73MEM_TWEAK offset 0x56
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10.9.1 LFDR Timing Control Process: Setup Storage Area

OFFSET L abel Default Description
Ox24A8 CMDp_Divisor MOD timing divisor
Ox24AA CMDp_Remainder MOD timing remainder
Ox24AC CMDp_Packet_Delay Inter packet delay
Ox24AE CMDp_Run Run Flag

Ox24AF CMDp_AGC

0x24B0 CMDp_Offset 8254 igfaf;gi;ﬁ[ﬂrsﬂ 0
0x24B2 CMDp_Mode Channel Mode: 1ch,3ch,5ch
0x24B4 CMDp_Band Band Sdlect

0x24B6 CMDp_Length (gggﬁl gﬁigﬁﬁgt
0x24B8 CMDp_Destination Data Routing Destination
Ox24BA

0x24BC CMDp AGC H L AGC set points
Ox24BE CMDp_Antenna Antenna Selection
Ox24BF CMDp_Gain_0 Gain Setting: Channel 0
0x24C0 CMDp_Gain_1 Gain Setting: Channel 1
0x24C1 CMDp _Gain 234 Gain Setting: Channels 2, 3,4
0x24C2 CMDp_Wadsh Walsh number
Ox24C4 CMDp_DCC ACTEéa{gLQG a3
0x24C6
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Fidd Field Location Description
Minipacket ID Byte0/D7..D4 1000
Minipacket Length gﬁgg; 20 12 bit length
Byte2 $4..50, R2..RO RTI time of data acquisition
RTI Byte3 S12..S5 Seconds & RTI
Lin Byte4 /DO
Anten Byte4/D1..D2
Sze Byte4/D3..D4
Chan Byte4/D5..D7
Gan Byte5
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10.9.2 DCP Resour ce Requirements
Each FFT andyssrequires about 5 seconds of CPU time on the DCP.

DCP CPU Description
requirements
N/A RAW (bypass DCP)
N/A PACK
N/A RICE
N/A WALSH
N/A WALSH/RICE
5 seconds .
512 sample packet FFT andlysis

10.9.3 73LFDR_ANT _SEL, sensor 0, sensor 1, sensor 2
Selects the antenna e ement that will be connected to the first 3 channd s of the 12 bit

andog converter. The 1% 3 channdshave a2 to 1 signal multiplexer.

Sensor 0 Description
exlo electric dipole antenna, X
Imr langmuir probe cylinder
sensor 1 Description
ezlo €lectric monopole antenna, Z
Imr langmuir probe cylinder
Sensor 2 Description
bx magnetic search coil
Ip langmuir probe sphere

10.9.4 73LFDR_AUTO_CNTL, low set, high set, averageinterval, time constant
This command isre-routed to the DCP by thefirst level command decoder (i.e. Thisisone
of 2 HRP commandsthat are handled as specid cases).

109.573LFDR_CHAN_CNTL, channd sdect
Sets the number of channels sampled by the 12 bit system.
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Channd select Description
CHO, CH1, CH2, single channd (using selected channel)
CH3, CH4
CHO1 dua channd mode
CHO12 three channel mode using first three channels
PROBE
CH234 three channel magnetic
CHALL al channels

10.9.673LFDR_CMPRS CNTL, OFF, route, word count

Used to define the length of an LFDR data capture expressed in samples. Data
compression should not be enabled for the LFDR. Aswith Dust Andyss, the LFDR involves
post processing so compression must never be enabled and the route field may contain any
lega keyword.

The LFDR hasa 6K byte buffer that is capable of holding 3072 samples. Asthe

LFDR is expected to run with alow duty-cycle, asingle buffer is available on the HRP for
acquiring theraw data

enable Description
off hardware compression not used
on hardware compression enabled
route Description
wcC_out EOP generated by WCR in 8237 only
wc_in EOP generated by WCR in Actel or 8237
word count Description
512,1024 single channd sample count
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1536, 3072

two channel word count
(requires a 3-channel mode)
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10.9.7 73LFDR_CNTL, select, mask, channels
Andysis control command ddlivered to the analys's process resident on the DCP.

Select Description

log
linear

Thefollowing is ahexadecima bit mask of the channels to suppress.

mask Description
Bit 0 ON Suppress channd 0 anaysis
Bit 1 ON Suppress channd 1 andysis
Bit 2 ON Suppress channd 2 anaysis
Bit 3ON Suppress channd 3 andysis
Bit4 ON Suppress channd 4 anaysis

Ox1A Default value Ex, Bx
channds Description

0..255
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10.9.8 73LFDR_GAIN_CNTL, control, gain 0, gain 1, gain 2-3-4

Selectsthe gain setting for the 12 bit system. There are 3 separate controls with
channd 0 and 1 having independent control and channels 2, 3, and 4 making use of acommon
gain control.

Version V2.6 software adds an enhancement to the AGC function by adding a control
field selection that skips setting the gain when the AGC is set to OFF.

control Description
man manua gain control
auto automeatic gain control
(data must be routed to DCP
for AGC to function)
gain0, gainl, Description
gain234
0 10 20 40 gainleve,indB

109.900LFDR_AUTO_SET, agc, channd, gain 0, gain 1, gain 2-3-4

Thisinterna command is used to select again settings independently for the primary
and secondary bands (this is how we manage gain when operating in atoggle mode). The agc
fidd selectsmanua (MAN) or automatic(AUTO) gain. The channel field selectsthe
primary(PRI) or secondary(SEC) band, and the three gain fields are similar to the gain selects
inthe 73LFDR_GAIN_CNTL command.
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10.9.10 73LFDR_TOGGLE_CNTL, control, gain 0, gain 1, gain 2-3-4 (V2.6)
Selects the gain setting for the alternate band in toggle mode.

A toggle mode was added in the V2.6 software to alow LFDR data, to be collected in
an dternate (or secondary) band, to replace afailling MFR band 2, a the sametime as datais
being collected in aprimary band. Thisisaccomplished by having LFDR flip the band
selection with each data acquisition (we are ftill limited by the single 5 channdl 12 bit data
acquigtion system on the HRP as well asthe CPU cycles available on the DCP to perform
dataandyss) . Toavoid gain problems, aseparate gain state is maintained for the high band
activity and thiscommand isused to set this gain Sate.

It isimportant to keep the configuration of the LFDR in mind when discussing
primary and dternate bands. Normally LFDR would be setup to operate in the low band (at
least that's the way we ranit prior to the introduction of the TOGGLE mode) with the
TOGGLE enable allowing callection of high band data. The correct imageto use, however, is
that of setting up the LFDR primary mode (channel selection, band, gains settings, timing,
ddivery, etc.) and then providing a starting gain point and enabling the toggle mode with this
command. On odd acquisitions, the band select bit isflipped and the secondary gain (supplied
in this command, updated as needed when AGC ison) isused to collect data. On even
acquigtions, the primary gain setting dong with the selected band isused. All the other
settings areidentical (no timing, channel, or antenna changes are alowed).

If you happen to setup the LFDR in high band (73LFDR_MODE_CNTL, HBAND,...) the
gain sdectioninthe 73LFDR_TOGGLE_CNTL command would then specify thelow band
gain setting.

If LFDR isbeing operated exclusively in one band, the this command would not be

used.
control Description
OFF Disable toggle mode
MAN Enable TOGGLE mode without AGC control
AUTO Enable TOGGLE mode with AGC control
gain0, gainl, Description
gain234
0 10 20 40 ganleve,indB
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10.9.10.1Compatibility note

This command isimplemented as an extension to the LFDR gain command
(73LFDR_GAIN_CNTL) inamanner that is reasonably compatible with earlier verson of the
flight software. Thistrigger can be used with earlier versions of software aslong asthe trigger
isimmediately followed by again control command. The reason for thisrestriction is that
older versons of the flight software will decode the 73LFDR_TOGGLE_CNTL command asa
73LFDR_GAIN_CNTL command and make use of the indicated gain levels. By following the
toggle command with anormal gain command, the effect in prior versonsis nullified while
newer verson will act accordingly.

In particular, trigger 10 will need to shut down toggle mode in amanner that is as
universa as possible, and thisis smply accomplished by adding the gain control command
immediately prior to the gain control command (this was done around the time of the C32
submission).

10.9.10.2 Effects of AGC when operating in Toggle mode.

When we are operating in toggle mode, the AGC activity (that executes on DCP) has
no meansto pick the dataset it will perform gain analysison. If there are few CPU cycles
availableto the gain process, it is possble for the AGC to become erratic. Operating in toggle
mode increases the CPU load on the DCP (cycles needed to perform sufficient gain analysisto
effect change on both channels on both bands).

AGC analyssisalow priority task on DCP

10.9.11 73LFDR_MODE_CNTL, HOLD, band, NOCOMPRESS
Selects sampling rate (140uSec or 10mSec) and anti-aliasing filter.

band Description
Iband 10 mSec Samplerate
hband 140 uSec sample rate
compression Description
nocompress no hardware compression
compress hardware compression
(ISFLIP chip)
LFDR can not function with compressed
data
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109.12 73MEM_TWEAK, HRP, WORD, 0x18, 1, LFDC

Thistweak may be used to bring the LFDR timing control process out of a delayed state
when changing insrument modes. Many of the LFDR bit rates require rather long cycle
periods and changing this period takes effect following the next scheduled data acquistion. If
LFDR timing control isnot currently delayed this tweak will have no effect. Seethe WFR
command section for adiscussion of the placement of this command.

10.9.1373MEM_TWEAK, HRP, WORD, 0x50, nnnn, LFDC
Scheduling period expressed in RTI ticks.

109.14 73MEM_TWEAK, HRP, WORD, 0x52, nnnn, LFDC
Scheduling offset expressed in RTI periods.

109.1573aMEM_TWEAK, HRP, WORD, 0x54, nnnn, LFDC
Delay (expressed in RTI's) between minipackets. Used to throttle the data delivered to
the DCP.

109.16 73MEM_TWEAK, HRP, BYTE, 0x56, n, LFDC
Scheduling mode.

00 Stop

Dataacquidtionisstopped. 73LFDR_MODE_CNTL, TRIGGER isnot
processed. Internal triggers are not processed. This state is entered
whenever dlegp isasserted.

01 Idle
Dataacquidtion is stopped but the process will accept atrigger to
perform asingle acquidtion. After the acquisition the process will
return to idle to await further triggers.

12 Run

Dataacquidtion is continuous and based on the schedule specified
at offset Ox50 and Ox52.

23 Trigger

» Singledataacquigtion.
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10.9.17 73SMEM_TWEAK, HRP, WORD, 0x60, nnnn, LFDC

LFDR datarouting control. 1t was not expected that this capability would be required,
30 the command decoder for this function is not implemented in the LFDR command decoder.
Since the LFDR makes use of the same routing method asthe WFR, it is possible to reroute
datawhen needed.

Nnnn Description

0x0343 Normal, datarouted to DCP for analysis

0x0245 Route datato DCP for WFR compression
Routeto WBR LRS queue (dud WFR

Ox03CA activities)

Note the second route appears on the ground as WFR data

109.18 73MEM_TWEAK, HRP, BYTE, 0x50, nn, W12J (affectsWFR)

RST-5 Clock Enable flag. Thisfieldisnormaly set to a-1 and should not be altered.
When cleared to zero, it causes the sample clock to the 12 bit A/D system to be stopped when
datais not being actively acquired. Thisclock does not appear to interfere with anything
within theinstrument (i.e. the WBR).

Clearing thisflag prevents WBR data acquisition when LBAND data s being acquired.

10.9.19 73MEM_TWEAK, HRP, WORD, 0x52, nn, W12J (affectsWFR)

Gain change settling time. Thisfieldisnormally a2 to alow at least 125 mSec of settling
time prior to data acquisition in the event that a gain change has occurred. If both LFDR and
WEFR are operating, setting thisfield to zero will probably cause problems. Gain leve
changes (i.e. auto gain) and antenna selection changesrequire thisfiddtobe setto 2 or
greater.
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10.9.20 73MEM_TWEAK, HRP, BYTE, 0x00, nn, LFDX

LFDR dud datarouting control. The copy of the waveform analyzed by the LFDR
process may be routed to the ground using thismemory tweek. Thisfeatureisintended for
debugging and checkout activities

Nnnn Description
0x00 Normal, datarouted to DCP for analysis
0x45 Dual routing

Route datato DCP for WFR compression
0xC3 Dual routing

Route datato LRP (unpacked raw data)
0x01 Dua Routing to HRS
ERROR - NOT FUNCTIONAL

When using the dua routing capability with WFR active, the WFR datamust be routed to
the HRS stream. Failure to observer thisrestriction will result in unrecoverable data sets.
There are several reasonsfor thisbehavior. First or dl, the LFDR raw datais smply WFR
datathat would normaly be routed to the DCP for the FFT analysis. The result of this
analysisis packaged as an LFDR minipacket that isforwarded for delivery to the ground.
Thereisno way to distinguish the raw datafrom WFR data. If both the LFDR raw data and
the WFR data are delivered to the C3 queue on the LRP, the BIU handler will mix the data
from the two sources together deleting some datain an attempt to keep the segmentation
information sequential.

If one were to attempt something deviant, such asrouting theraw LFDR datato and idle
queue (such asthe LP queue into the BIU handler, assuming that L Pisinactive), the data
might be recoverable on the ground but the task of sorting data in the presence of dropouts
becomes a daunting task.

The only workable solution is to make use of the HRS data path to deliver one of the
receiver sreamsto the ground and the LRS stream to deliver the other. Dual routing the
LFDR datathrough the HRS stream seems to cause the HRP to hang, so thisleaves HRS
available only to the WFR so that LFDR raw data can berouted to LRS (i.e. queue C3 or
queue 45).
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109.21 73MEM_TWEAK, HRP, BYTE, Ox6A, n, LFDX
Minipacket delivery flags

These values are added to obtain combined results. In particular, thislocation must be
tweaked when high speed LFDR datais being ddivered to the DCP for analysis.

0 Nominal behavior

Do not perform checksumming and delay 1 RTI between | PC packet
ddivery. Thisisappropriate for the limited datarates of the LFDR.

1 Checksum enable (not required by the analysis routines on the DCP)
Setting thisbit causes achecksum to be calculated on each |PC packet sent
to the IX queue for delivery.
2 Non blocking
Setting thisbit will cause minipacket processing to abort whenever the

free queue isempty (i.e. aconditiona queueread isused to obtain delivery
buffers and aread failure causes processing to be aborted).

4 Fagt delivery

Setting thisbit suppressesthe 1 RTI delay between each | PC packet
normally imposed by the minipacket assembler.

Notethat in most LFDR setups the default value for thisfield isused. 1EB loads prior to
C37 did not dter thisfield and the idle trigger did not restore thisfield to a proper defualt
vaue. When changing thisfield, it must be changed back to the correct default setting.
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10.10 L/P Control

Langmuir Probe.
L/P MINI PACKET
00 01 02 03
D7 l m DO
RPWS HEADER 100 ' ' ' ' (ENGTRI
[t 'ss 2 ‘st 'so vz s mo si2sisswso s s s ss| ACQUISITION TIME (RTI NUMBER)
’\}Iéé(JMES'PR ‘ C‘MP ‘ TY‘PE ‘ ‘LP D‘AC /‘SWE‘EP T‘ABL‘E ID‘ STATUS TYPE = 00 RAW SWEEP MODE
Y LS U 01 RAW DENSITY MODE
T el le clocdredolandood sedy T, 10 ANALYZED SWEEP
T T T T T T T T T T T T T T T 11 TBD
DATA AREA CMP = 00 UNPACKED
LENGTI% 01 PACKED
ig '&3:1?’ COMPRESSED
SEGMENTS defined as a data set
of 512 or fewer samples.
Fidd Field Location Description
Minipacket ID Byte0/D7..D4 1000
. Byte0/D3..D0 .
Minipacket Length Byte1/D7..D0 12 bit length
RTI Byte2 $4..0, R2..R0 RTI time of data acquisition
Byte3 S12.55 Seconds & RTI
Type Byte4/DO0..D1 Packet Type
Cmp Byte4/D2..D3 Compression Type
Segment Cur Byte4/DA4..D5 Segmentation, Current Index
Segment Max Byte4/D6..D7 Segmentation, Maximum Index
LPDAC Byte5 DAC vdue (density)
Swveep TableID Sweep Table (sweep)
Mux Byte 6 Mux setting (bit pattern)
Relay Byte7 Relay setting (bit pattern)

313




10.10.0.1 Type

Packet type. Used to distinguish between Sweep and Density packets.
10.10.0.2 Compression

Compression gtatus, indicating the compression applied to the data
10.10.0.3 Segmentation

Minipacket segmentation control. Used to alow data packetsin excess of 4K bytesto
occur (thereisonly 12 bit length field in the minipacket).

10.10.0.4 DAC setting

DENSITY MODE: Vduethat appearsin the DAC for this data set when it was
captured.

10.10.0.5 Sweep Table

SWEEP MODE: Indicates the waveform applied as the sweep occurs
10.10.0.6 Mux

Multiplexer control bits.
10.10.0.7 Relay

Relay control bits
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10.10.1 L/P Timing issues (sweep warning)

Langmuir Probe stimulates the plasma by biasing one of the sensors during adensity
sweep. Thishasthe potentia to interfere with other instrument sensors aswell as other
instruments. Other instruments on the spacecraft are warned using the sweep warning flag
that is broadcast in the ancillary data (L/P handler sends notification through the LRP).

The sweep warning flag is sent one second before the sweep occurs. At thistimethe
sensor biasis changed to the 1%, valuein the sweep table to alow adequate settling time (for
the L/P sweep that is about to occur). Thishbias changeis evident in most of the other RPWS
receivers

Therefore, when scheduling L/P sweeps, dlow for the bias change that occurs 1
second prior to the beginning of the sweep.

10.10.2 DCP Resour ce Requirements

Langmuir Probe makes use of the DCP to pack or compressthe collected data. Since
the L/P makes use of a12 bit A/D convertor (and we place each 12 bit sample into a 16 bit
memory location), the data may be passed to the ground in raw form, bypassng the DCP
atogether. For minimum impact, the DCP may be commanded to pack the data, requiring
about 1 second of CPU time for each 512 sample minipacket.

DCP CPU Description
requirements
0 RAW (bypass DCP)
1 sec/ packet PACK
RICE
WALSH
WALSH/RICE

10.10.3 73LP_MUXO_CNTL, function, state

Multiplexer control. The parameter function selects one of the bits within the mux to
changes to the specified state. This command does not apply to Langmuir Probe sweep mode;
when a sweep is done, the mux is always set to value 56 hex, meaning A/D connected to
Sphere, High-PassFilter, and Sphere biasfull range (-30.75 volts to +32.30 volts nominaly
for aAV of 63.05 volts).

function Description
bit0..bit7 multiplexer bit number
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Sate Description
off clear the sdlected bit
on set the selected bit
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Multiplexer Function

D7

D6

D5

D4

D3

D2

D1

DO

ADCP1
A/D Cylinder Probe Ex-

ADCP2
A/D Cylinder probe Ex+

ADSP
A/D Spherical Probe

HPF
High Pass Filter

LPF
Low PassFilter

SPBFR
Sphere biasfull range
-30.75 to +32.30 volts

SPBLR
Sphere biaslow range
-9.91 t0 -2.36 volts

SPBMR
Sphere bias medium range
-3.98to +3.60 volts

SPBHR
Sphere bias high range
+1.98 t0 9.60 volts

CYBFR
Cylinder biasfull range
-12.26 to +12.79 volts

CYBMR
cylinder bias medium range
-4.69 to +4.65 volts
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Low passfilter characteristics

Gan Frequency
0.98 dB DC
-1dB 3.0Hz
-3dB 5.4 Hz
-6 dB 6.3 Hz
delay 218 mSin passband

10.10.4 73LP_RELAY_CNTL, function, sate
Latching relay control. The parameter function selects one of five relaysto switch
into one of two states as specified by Sate.

function Description
rdayl..relay6 Relay to change (or set)
Sate Description
coil_a switch latching relay to coil A side
coil b switch latching relay to coil B side
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Relay 1 through 4 control connection of the dipole (the electric dipole referred to as
X+ and X- with the other receivers).

Relay 5 controls the Preamplifier gain setting.

Coil A Coil B Function
Relay 1 disconnect connect LMR X- I+
Relay 2 disconnect connect LMR X- |-
Relay 3 disconnect connect LMR X+ I+
Relay 4 disconnect connect LMR X+ |-
Relay 5 High Low Preampgan
Relay 6 Not implemented

10.10.5 73LP_SET_PARAM, function, value
Miscellaneous parameter control.

function Description
tsamp set samplerate
dmblok densty mode block size
swipid select sveep table
func7 dengty mode samplerate

73LP_SET_PARAM, TSAMP, nnnn sets the sample ratefor sweep mode. Nnnnisa
14-bit number which specifies how much the 125 kHz clock should be divided by to
determine the sweep mode samplerate. Thedefault value is 125, so that 1000 Hz isthe
sample frequency.

73LP_SET_PARAM, DMBLOK, nnnn setsthe density mode block size, i.e., how
many sampleswill be taken for each density mode measurement. The default valueis 256.
The maximum alowable size is 2048, since the Langmuir Probe dedicated buffer is 4096
bytes long, and each 12-bit sample requires 2 bytes of Sorage.
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73LP_SET_PARAM, SWPID, nnnn specifieswhich internally defined sweep table
should be used for the sweeps. The following are the possibilities:

0: smple linear up-going ramp, 512 samples, DACO starting a 0, going to FF
hex, with adwell time of two samples at each DACO setting. Sweep takes
0.512 seconds at 1000 Hz samplerate.

1: linear down-up ramp, 1024 samples, DACO starting at FF hex, going to O
hex, then back up to FF hex with adwell time of two samples at each DACO
Setting, except a 0, where thereisadwell time of 4 samples. Sweep takes
1.024 seconds at 1000 Hz samplerate.

2: logarithmic up-going ramp, 256 samples, DACO set to hex vaues 00, 40,
60, 70, 78, 7C, TE, 7F, 80, 81, 83, 87, 8F, 9F, BF, FF with each setting at a
dwell time of 16 samples. Sweep takes 0.256 seconds at 1000 Hz sample rate.

3: logarithmic up-going ramp, 256 samples, DACO set to hex vaues 00, 04,
08, 0C, 10, 14, 18, 1C, 20, 24, 28, 2C, 30, 34, 38, 3C, 40, 42, 44, 46, 48, 4A,
4C, 4E, 50, 52, 54, 56, 58, 5A, 5C, 5E, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
6A, 6B, 6C, 6D, 6E, 6F with each setting at adwdl time of 1 sample. Then
DACO st to hex values 70, 71, 72, 73, 74, 75, 76, 77 with each setting at a
dwell time of 2 samples. Then DACO set to hex vadues 78, 79, 7A, 7B with
each setting at adwell time of 4 samples. Then DACO set to hex values 7C,
7D with each setting at a dwell time of 8 samples. Then DACO st to hex
vaues 7E, 7F, 80, 81 with each setting at adwell time of 16 samples. Then
DACO st to hex values 82, 83 with each setting at adwell time of 8 samples.
Then DACO st to hex values 84, 85, 86, 87 with each setting at adwell time
of 4 samples. Then DACO &t to hex values 88, 89, 8A, 8B, 8C, 8D, 8E, 8F
with each setting at adwell time of 2 samples. Finaly, DACO st to hex values
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 9A, 9B, 9C, 9D, 9E, 9F, A1, A3, A5, A7,
A9, AB, AD, AF, B1, B3, B5, B7, B9, BB, BD, BF, C3, C7, CB, CF, D3, D7,
DB, DF, E3, E7, EB, EF, F3, F7, FB, FF with each setting at adwell time of 1
sample. Sweep takes 0.256 saconds at 1000 Hz sample rate.

73LP_SET_PARAM, FUNCY7, nnnn sets the sampl e rate for density mode. Nnnnisa
14-bit number which specifies how much the 125 kHz clock should be divided by to
determine the sweep mode samplerate. The default value is 6250, so that 20 Hz isthe sample
frequency. The maximum value which can be programmed into the 14-bit counter is 16383,
which would limit the density mode sample frequency to 7.63 Hz. If lower sample rates are
desired, thereisa"Slow Mode' possihility, but the timing is under software control instead of
the hardware clock. If nnnn is greater than 16384, then the lower 14 bits of nnnn are
interpreted as adelay count between samples, where the count isgivenin RTI's, i.e., units of
125 milliseconds. For example, if nnnn is specified as 16385, then the sample frequency is8
Hz. But there can be sample jitter in this mode.
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10.10.6 73LP_TRIGGER, type, destination
This command does nothing.

10.10.7 73LP_VOLT_CNTL, Ip dac, voltage O, voltage 1

Selects the voltage to be gpplied to the Langmuir probe sphere and the eectric antenna
elements when operating in current mode (i.e. as part of the Langmuir probe). The sdected
bias requires an appropriate relay and mux setting before any voltage is applied to the sensors
or antenna element.

If the Langmuir Probeisidleit is necessary to specify BOTH for thelp dac parameter
in order to immediately effect a change on DACO (the sphere). If |p dacisDACL or BOTH,
then the command is executed immediately. If |p dac is DACO, then the satting takes effect a
the next cycletime. The default cycletimeis 16 seconds, so the DACO setting may be delayed
by as much as 16 seconds. Thereason for thisdelay isthat it is assumed that normaly sweeps
and density mode measurements are aternated, and afixed DACO setting can not take effect

until the next density mode measurement.

Ip dac Description
dacO phere bias voltage
dacl cylinder bias voltage
both et both
voltage O Description
0..255 vaue applied to sphere (DAC 0)
(if selected)
voltage 1 Description
0..255 vaue applied to cylinder (DAC 1)
(if selected)
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10.10.8 73MEM_TWEAK, HRP, BYTE, 0x30, n, LP_|

The byte at offset 30 controls operation of the 2 portions of the Langmuir Probe
receiver. The upper nibble, when non-zero enables A/D converter only operations (referred to
as dendty mode) whilethe lower nibble enables the D/A and A/D together (referred to as
sweeps). If the value of n is FE hex, then a"smart sweep” isdone. This meansthat after the
sweep, an analysis of the sweep datais done, and the DA CO setting for the density mode
measurement is determined automaticaly. The agorithm used is to scan the 12-bit sweep
datafor the closest value to 800 hex, which represents zero current. The DAC vdue
corresponding to this measurement is then added to an offset to determine the DACO valueto
use for the density mode measurement. The default for the offset is40 hex, but this can be
modified viaamem_twesk command. In summary,

n Description

OxFO enables density mode measurements only

OxOF enables Langmuir Probe sweeps only

OxFF enables alternating sweeps and density mode
measurements

OxFE enables alternating sweeps and density mode

measur ements, with automatic setting of the
DACO value for the density mode
measurement

10.10.9 73MEM_TWEAK, HRP, BYTE, 0x31,n, LP_|I
The byte at offset 31 specifies the offset value to be used when doing a" smart sweep”.
The default value is 40 hex, which isa 16-volt offset at Full Range.

10.10.10 73MEM_TWEAK, HRP, WORD, 0x82,n, LP_|
The word at offset 82 specifiesthe cycle period in RTls, i.e,, the ddta-T between
sweeps. The default vaueis 128 (16 seconds).

10.10.11 73MEM_TWEAK, HRP, WORD, 0x84,n, LP_|I
The word at offset 84 specifies the RTI # when the 1-second warning is given just
prior to asweep. The default valueis6.

Note that operating the Langmuir Probe in sweep mode requires 8237 resources that
are shared. The other users of thisresource are the WBR data acquisition and the High Rate
Science formatting routine.
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10.10.12 73Mem_Tweak, HRP, Byte, 0x98, n LP_|

The byte at offset 98 hex specifiesthe Langmuir Probe data destination queue. The
default value for thisis 46 hex, which corresponds to the DCP L P compression queue.
Another useful valuefor thisis CE hex, which corresponds to the LRP LP data queue.
Specifying this value bypasses the DCP compression process, alowing faster output of the LP
data; however the datawould be unpacked (12-bit valuesin 16-bit words). If the queue
degtination is changed for some operation, then it should be reset to the default destination
later when the operation isfinished.
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10.11 Misc. Utility, TWEAK

Miscellaneous utility commands. These commands are processed by the memory
twesak process (not directly by any subsystem handler). Although these commands are rather
generic in nature, they are used to control instrument operation in ways that the documented
command structure is inadequate.

Note that the command decoder in the TWEK processis limited to 127 bytes of
commandsin any buffer. Thisaffects IEB loads by limiting the number of consecutive
73MEM_TWEAK commandsto 12 (each command requires 10 bytes).

These miscellaneous commands may be send when the instrument isin SLEEP mode
for immediate execution as they are not dependent on any power setting. Keep in mind that
both DCP and HRP are operating at reduced clock speed to conserve power when the
instrument isin SL EEP mode exacting a performance penalty.

It isalso interesting to take note of the internal process structure of the handler for
these commands as it affects some operations (particularly MRO activities). The modules that
handles this group of commandsisinternally named "TWEK" and you will notice that
modifications are made to the process descriptor to control the bank select mechanism. The
TWEK moduleisidenticd on al processors to reduce the number of ALF records required to
load the instrument. The code, being identical on al processors, makes use of the destination
field within the IPC packet used to deliver commands to determine the processor the
command is being handled on. Following loca processing the command is passed on to the
next processor in the chain for processing. The command is routed from the 1%, level
command decoder to the LRP followed by the HRP, the DCP, and finally back to the LRP
where the loop count isincremented.

Each command buffer is completely processed before being passed on the next
processor. Inthecase of MEM_TWEAK and PORT_TWEAK commands the processing
delay isnegligible and may beignored. Inthe case of the MRO command, however, the
processing time can be sgnificant due to bit rate limiting discussed in the previous paragraph.
Although thereis no practical way to overlap MRO commands destined for the housekeeping,
the science datarate istypicdly sufficient to handle concurrent dumps from al three
processors. Generating along MRO can cause significant problems as many internd
activitiesrequire the use of the MEM_TWEAK. S/C clock isupdated on DCP and HRP
using the MEM_TWEAK mechaniam, L/P activities are communicated from HRPto LRP
using the MEM_TWEAK mechanism, and HFR activities are communicated from LRP to
HRP using the MEM_TWEK mechanism.
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Assuming that internd activities can be temporarily suppressed (there are mechanisms
in place to accomplish this), concurrent MRO activity can occur when properly coordinated.
Firg there is a specific order that the 3 MRO commands must beissued in, 1%. to the DCP, 2.
to the HRP and 3“. to the LRP. Altering this order will cause one of the MRO commandsto
become blocked and the MRO will not occur concurrently. Second, the size of the MRO
blocks must be equd (or the time allowed for the dump to occur must be equal) to allow al
commands to clear through al of the TWEK processes.
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10.11.1 73MEM_TWEAK, processor, 9ze, offset, value, process name

Memory Tweak command. Used to ater the contents of memory in any of the
processors. Thiscommand aters memory within a selected process so the addressis
expressed relative to the process descriptor.

NO MORE THAN 12 MEM_TWEAK commands (120 total bytes) may be grouped
together for ddivery tothe TWEAK process. Part of the error checking imposesthislimit. In
particular, |EB sequences are susceptible to violating this constraint.

pprocessor Description
Irp execute on LRP only
hrp execute on HRP only
dcp execute on DCP only
al execute on all processors

The processor select fidd isabit field. The implementation of the command looks at
each individual processor bit so it ispossbleto build abit pattern that selects 2 of the3
processors. We have chosen no to document this capability in the JPL command document,
but the capability existsin the software.

gze Description
byte ater 8 bit value
word ater 16 bit value
(little-endian)
offset Description
Bench (lowa)
0..0xFFFF new word value in hexadecimal notation
Flight (JPL)
0..FFFF new word value in hexadecimal notation

When building commands for execution at JPL, thisfield isahexadecima number, it
may ONLY be expressed in hexadecimal. The Command parser used on the bench (in lowa)
isdightly moreflexiblein that it will accept both hexadecima and decima numbers. When
supplying avaue on the bench, use the c-convention of Ox preceding hexadecimal and
supplying decimal directly.
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value Description
0..0xFF Bench (lowa)
0..OxFFFF new byte vaue in hexadecimal notation
new word value in hexadecimal notation
0..256 Bench (lowa)
0..65535 new byte value in decimal notation
new word valuein decimal notation
0.FF Flight (JPL)
0..FFFF new byte vaue in hexadecimal notation
new word value in hexadecimal notation

Aswith the offset, this number is a hexadecima only field when building commands
for the spacecraft and ether when building commands on the bench modd.

process name Description
A.Z 0.9, _ process name

Process name isa4 character name. Vdid charactersare A-Z and 0-9 aswell asa
gpace character. Lowercase isnot used (and there better not be anyone generating a Process
Descriptor within the instrument that violatesthis rule).

By using a process-relative addressing scheme, we can re-assign memory addresses
within the processor complex without the need to alter any of the 73MEM_TWEAK commands.
This 73MEM_TWEAK is used to augment the command structure by altering flags and settings
that occur afixed locations within the instrument handlers

Code patches would be built using absolute memory addresses using the
OOMEM_TWEAK command that follows. Code patches, of course, would be used on acase by
case basis (i.e. we stop using them when the next software rel ease is upl oaded).

Findly, the 0OMEM_TWEAK command is used to patch vaues in the system data page.
The system data page occurs at afixed location in memory so software updates do not alter
the dlocations.
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10.11.2 0OMEM_TWEAK, processor, Sze, address, value

Memory Tweak Command. Used to alter the contents of an absolute addressin
memory. Thiscommand omits the process name found in 73MEM_TWEAK command so
the addressis not process relative but an absolute address.

NO MORE THAN 20 MEM_TWEAK commands may be grouped together for
delivery to the TWEAK process (these commands are only 3 words long, hence the 20
command limit, but we are still restricted to 60 words in acommand packet). Part of the error
checking imposesthislimit. In particular, IEB sequences are susceptible to violating this

constraint.

pprocessor Description
Irp execute on LRP only
hrp execute on HRP only
decp execute on DCP only
al execute on all processors

See 73MEM_TWEAK for additiona comments about the processor salection field.

gze Description
byte ater 8 bit value
word ater 16 bit value
(little-endian)
address Description
0x0..0xFFFF absolute memory address
value Description
0..0xFF new byte vaue
0..OxFFFF new word vaue
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10.11.3 00PROCESS _CREATE, processor, address UNIMPLEMENTED
Unimplemented in the current version(s) of software due to memory congtraints

This command was intended to alow creation of a processthat had, for example, been
placed in memory by aseries of OOMEM_TWEAK commands. Inthe current design, it is
actualy smpler to build the additional function and resubmit the entire software load.

jprocessor Description
Irp execute on LRP only
hrp execute on HRP only
decp execute on DCP only
address Description
0x0..0xFFFF absolute memory address

10.11.4 0O0OPORT_TWEAK, processor, port address, value
Port Tweak Command. Writes the specified pattern to the specified port.

NO MORE THAN 20 PORT_TWEAK commands may be grouped together for
ddivery to the TWEAK process (again, 3 word command here, till limited to 60 words per
command block). Part of the error checking imposesthislimit. In particular, IEB sequences
are susceptible to violating this constraint.

Processor Description
Irp execute on LRP only
hrp execute on HRP only
decp execute on DCP only
al execute on all processors

See 73MEM_TWEAK for additiona comments about the processor salection field.

port address Description

0x00..0xFF port address to be modified
value Description

0x00..0xFF new value, dways 8 bit
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Port Tweaksfor RTI/Dead Time Control

10.11.5 73PORT_TWEAK, LRP, 0x65, RTI_period
10.11.6 73PORT_TWEAK, LRP, 0x66, DTS period

The firgt tweak dtersthe timing values used to smulate RTI interrupts when S/C does
not deliver RTI pulses. The second tweak controls when the Dead Time Start interrupt occurs.

The RTI transaction should be available at al times but in the event that the RTI
transaction is not delivered by the S/C the hardware will generate an RT1 interrupt sgnd to
the processor 125.056 mS after the last RTI received from the S/C. Timing of thisinterrupt is
not terribly critical 0 if S/Cisalittle late delivering the interrupt it haslittle impact on
operations. The software keeps a count of the number of lost RTI interrupts and presentsthe
lost interrupt count in housekeeping.

Selecting avauefor the RTI register that is close to the actual period will dlow the
instrument to freewheel through periods when the RTI does not appear. Having the period a
little short would alow RTI interrupt processng to commence alittle earlier but may cause
thelost RTI counter to increment, athough this would have no other deleterious effects as
long as S/C continuesto supply the RT1 signa (loss of more than one RTI beginsto present
problemsif the programmed period is short).

The DTS transaction is generated by the S/C asthe lagt transaction during the RTI
period. The DTS transaction should occur no later than 120mS into the RTI period, dlowing
the instrument aminimum of 5mS to perform housekeeping tasks between each group of
transactions. Sincethe DTStransaction istied to thelevel of activity on the S/C bus, it can
occur dmost anywhereinthe RTI period (while keeping out of thelast 5mS). Keeping in
mind that the processor performs part of the BIU processing in a dead-time interrupt handler
and part of the processing following the RTI interrupt (i.e. the handler isa process and it
schedulesusing the DELAY system service), it isimportant the DTS interrupt not occur too
soon. The solution is two-pronged.

Firg, the DTS interrupt issimulated by the Actel gate array on the LRP. Unlike the
RTI interrupt, the smulated DTS is the primary source of the processor (non-maskable)
interrupt. Thetimer isreset when the RTI occurs (real or smulated) and when it expiresthe
DTSinterrupt is asserted.

The Second part of the DTS interrupt architecture isthat the interrupt is masked within
the interrupt and un-masked by the BIU handler when it is permissible to process the next
interrupt. This preventsinterrupts from overrunning the software.

Findly, the hardware on the LRP that generates RTI/DTS a so logs the occurrence of
the actual sgnal fromthe BIU. The processor can determine, inthe RTI and DTS interrupt
routines, if BIU supplied aRTI/DTS signd (this works because the interrupt processing will
always occur after the actual interrupt should have occurred, the DTS from S/C appearsalittle
to soon for our purposes).
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The tables on the following pages may be used to select valuesto load into the timing
control registersfor RTI and DTS interrupts. Valuesareidentical for both registers
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Value Time

00
01
02
03
04
05
06
07
08
09
0A
0B

131

130.
130.
130.
130.
130.
130.
130.
130.
130.
130.
130.

130.
130.
130.
130.
129.
129.
129.
129.
129.
129.
129.
129.
129.
129.
129.
129.
129.
129.
129.
129.
128.
128.
128.
128.
128.
128.
128.
128.
128.
128.
128.
128.
128.
128.
128.

128
127

. 008
944
880
816
752
688
624
560
496
432
368
304

240
176
112
048
984
920
856
792
728
664
600
536
472
408
344
280
216
152
088
024
960
896
832
768
704
640
576
512
448
384
320
256
192
128
064
. 000
. 936

Value Time

31
32

33
34
35
36
37
38

127.
127.

127.
127.
127.
127.
. 488
. 424
. 360
. 296
. 232
. 168
. 104
. 040
. 976

. 912
. 848
. 784
. 720
. 656
. 592
. 528
. 464
. 400
. 336
. 272
. 208
. 144
. 080
. 016
. 952
. 888
. 824
. 760
. 696
. 632
. 568
. 504
. 440
. 376
. 312
. 248
. 184
. 120
. 056
. 992
. 928
. 864
. 800

872
808
744
680
616
552

Value Time

62
63
64
65
66
67
68
69
6A
6B
6C
-6D
6E

124.
124.
124.
124.
124.
124.
124.
124.
124.
124.
124.
124.
123.
123.
123.
123.
123.
123.

. 584
. 520
. 456
. 392
. 328
. 264
. 200
. 136
. 072
. 008
. 944
. 880
. 816
. 752
. 688
. 624
. 560
. 496
. 432
. 368
. 304
. 240
. 176
112
. 048
. 984
. 920
. 856
. 792
. 728
. 664

736
672
608
544
480
416
352
288
224
160
096
032
968
904
840
776
712
648
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DT- AD

121.
121.
121.
121.
121.
121.

121.
121.
121.
121.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.

120.
120.
120.
120.
120.
119.
119.
119.
119.
119.
119.
119.
119.
119.
119.

Time

600
536
472
408
344
280

216
152
088
024
960
896
832
768
704
640
576
512
448
384
320

256
192
128
064
000
936
872
808
744
680
616
552
488
424
360

B7 1109.

2BBIBHIRBYIREIARGEIRLBRIAFH RAR

296
. 232
. 168
. 104
. 040
. 976
. 912
. 848
. 784
. 720
. 656
. 592
. 528
. 464

. 400

. 336
. 272
. 208
. 144
. 080
. 016
. 952
. 888
. 824
. 760
. 696
. 632
. 568
. 504
. 440
. 376
. 312
. 248
. 184
. 120
. 056

Value Time

. 992
. 928
. 864
. 800
. 736
. 672
. 608
. 544
. 480
. 416
. 352
. 288
. 224
. 160
. 096
. 032
. 968
. 904
. 840
. 776
. 712
. 648
. 584
. 520
. 456
. 392
. 328
. 264
. 200
. 136
. 072
. 008
. 944
. 880
. 816
. 752
FF 114.

688

Value Time
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10.11.7 73M RO, processor, stream, gart, op

Memory Read Out Command. Used to dump memory. Note that thiscommand is
capable of ddlivering the readout to either the housekeeping stream of the science telemetry
sream. The Sze of the data packet is dependent on the ddlivery stream. Housekeeping
packets are atota of 16 byte, 10 of which are memory data. Thetelemetry stream, being
higher bandwidth, allowsfor 192 bye memory blocksto be dumped. Also, the stop address
may be specified as zero, forcing asingle packet to be ddivered.

MRO MINI PACKET

RPWS HEAD

'w| ACQUISITION TIME (RTI NUMBER)
\wrroy MEMORY ADDRESS / STATUS
‘

BNK BANK SELECT
DCP DOES NOT HAVE

BANK SELECT
DATA FIELD
LENGT! HRP DATA FROM HRP
% 123 Sﬁlﬁus DCP DATA FROM DCP
132 LRP DATA FROM LRP

ROM DATA FROM ROM
ROM PRESENT ONLY IN BOTTOM
2K/4K OF MEMORY

The MRO command is bit rate limited with the data rate dictated by the destination of
theread out. Housekeeping dataislimited to approximately 10 bits per second (a 10 byte
dump record is generated every 64 RTI periods) while Science telemetry islimited to 1000
bits per second (actualy a 128 byte dump is generated every 9 RTI periods).

Processor Description
Irp execute on LRP only
hrp execute on HRP only
decp execute on DCP only
al execute on all processors
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Sream Description

hsk dump ddlivered in the housekeeping data
datarateis gpproximately 10 bits/sec

tim dump delivered in the science data
datarateis gpproximately 1000 bits/sec

The start addressis masked to dlow room for status bit to be embedded in the
minipacket. All currently know version use agranularity of 32 bytes when dumping datainto
the telemetry stream (The lower 5 bitsindicate the source of the dump). In the case of
performing a dump to housekeeping, thisis assumed to be areal-time activity where the exact
source of the datais know beforehand or that addresses are unique across procesors.

dart Description for tim stream
0..0xFFEQ absolute memory address
granularity of 32 bytes
(i.e. 0x0020)

The start addressis used, asis, without being masked.

Sart Description for hsk stream

0..0xFFFF absolute memory address
granularity of 1 byte

The stop addressrequires alittle care in specifying. When requesting adump that
covers more than a single mini-packet (128 bytes) or micro packet (16 bytes), it works best to
specify the stop addressthat is greater than dedred. Specifying the address of thelast location
to gppear inthe last MRO packet should dways work.

V2.4 changes the default packet sizeto 192 bytes plus overhead.

Stop Description
0 dump asngle block
(size depends on stream)
1..OxFFFF absolute memory address

335



MRO Packet Format TLM stream

Fidd Field Location Description
Minipacket ID Byte0/D7..D4 1101
Minipacket Length gﬁgg; 20 12 bit length
Byte2 $4..50, R2.R0 RTI time of memory dump
RTI Byte3 S12..S5 Seconds & RTI
AddressMSB Byte4/DO0..D7 Address BitsA15..A8
AddressLSB Byte5/D5..D7 AddresshitsA7..A5
Bank Byte5/D4 Bank bit
HRP Byte5/D3 Datafrom HRP
DCP Byte5/D2 Datafrom DCP
LRP Byte5/D1 Datafrom LRP
ROM Byte5/DO0 Datafrom ROM
MRO micro-Packet Format HSK stream
Fidd Field Location Description
MicroPacket ID Byte0/D7..D4 1101
. Byte0/D3..D0 .
MicroPacket Length Byte1/D7..D0 12 bit length
Byte2 $4..50, R2.R0 RTI time of memory dump
RTI Byte3 S12..55 Seconds & RTI
AddressMSB Byte4/DO0..D7 Address BitsA15..A8
AddressLSB Byte5/D0..D7 AddresshitsA7..A0
Memory data Byte5..Byte 15 Memory data
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MRO Data Rate Contral

10.11.8 73MEM_TWEAK, processor, BY TE, 0x60, 64, TWEK
10.11.9 73MEM_TWEAK, processor, BYTE, 0x62, 10, TWEK

These tweaks adter the datarate for 73MRO activities destined for the housekeeping
sream. The vaueat offset 0x60 is set to 10 bits/second and probably should never be altered
(i.e thisisthe number of RTI periods between each micro packet). The value at offset Ox62 is
the size of the micro-packet delivered to the housekeeping routine. The value of 10 resultsin
asingle 16 byte line of the variable area of the housekeeping buffer being used to ddliver the
MRO data

MRO Data Packet Size Control

10.11.10 73MEM_TWEAK, processor, BYTE, 0x64, 9, TWEK
10.11.11 73MEM_TWEAK, processor, BY TE, 0x66, 128, TWEK (V2.4)

These tweaks adter the datarate for 73MRO activities destined for the science
telemetry. The vaue at offset Ox64 is set to 1000 bits/second. This dday period can beraised
without too much difficulty (i.e. thisisthenumber of RTI periods between each mini packet).
The value at offset Ox66 isthe size of the micro-packet delivered to the BIU handler. The
value of 128 resultsin a convenient Size minipacket.

The value at offset 0x66 must not be set above 240 or the resulting datawill not fit
within asingle free space buffer that is used to ddliver the packet to the BIU handler. The
nominal vaueis 128 with achange to 192 being used to accommodate the contents of the
housekeeping buffer when routing housekeeping to the science telemetry stream.
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10.12 MFR Control
Medium Frequency Receiver is a stepped spectrum analyzer operating from 20Hz to

12Khz.
MFR MINI PACKET
00 01 02 03
D7 l % DO
RPWS HEADER 00’1 * ' ' ' [ENGTHI
[[sf o o s n mi ssioisswss ' & s 5| ACQUISITION TIME (RTI NUMBER)
IMBIMEY STATIS 21 COMPRESSION
A1/A0 00
DATA FIELD ALAD 10
LENGTHL LENGTH = 224 WHEN ALAD 11
COMPRESSION OFF
LENGTH VARIABLE
WHEN COMPRESSION ON
Fidd Field Location Description
Minipacket ID Byte0/D7..D4 1000
i Byte0/D3..D0 .
Minipacket Length Byte1/D7..D0 12 bit length
Byte2 $4..50, R2..R0 RTI time of data acquisition
RTI Byte3 S12..S5 Seconds & RTI
Antenna Byte4/D1..D0 Current Antenna Selection
Compression Byte4/D2 Compression enabled
. Fast switching
Fast Switch Byte4/D3 (16 second cycle)
Antenna-1 Byte4/D5..D4
Antenna-2 Byte4/D7..D6
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10.12.0.1 DO0..D1 Antenna
Antenna sdection.

When Fast Switch is Asserted, indicates the antenna sel ection for the 1%. Half of the
dataset with the 2™, sdlection in (Antenna-LJ/Antenna-277?).

10.12.0.2 D2 Compression
Set to indicate that the data has been compressed using a ?? compression scheme.
10.12.0.3 D3 Fast Switch

This bit, prior to verson V2.4, was atoggle indicator. Thisinformation was replaced ,
inverson V2.4, with afast switch status. When set, indicates that an antenna switch occursin
the middle of the dataset, effectively altering the data collection timing to switch antennas
every 16 seconds.

10.12.0.4 D4..D5 Antenna 1

10.12.0.5 D6..D7 Antenna 2
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Commands

10.12.1 73MFR_CNTL, command, compression, toggle, antenna 1, antenna 2

command Description
trig
mode
compression Description
compress enables compression
nocompress disables compression
toggle Description
cont antenna selection fixed on one antenna
sngle
toggle antenna sel ection toggles with each dataset
antenna 1 Description
ex electric dipole antenna, X
(574 electric monopole antenna, Z
bx magnetic search coil X
bz magnetic search coil Z
antenna 2 Description
ex electric dipole antenna, X
€ €lectric monopole antenna, Z
bx magnetic search coil X
bz magnetic search coil Z
na not applicable

10.12.2 73MEM_TWEAK, LRP, BYTE, 0X2A, mode, MFRI (v2.4)

| mode Description |
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Default

0x00 antenna change every 32 seconds
data packet covers 32 second period
High tempord resolution
OxFF

antenna change every 16 seconds
data packet covers 32 second period

Alter the MFR datacollection cycle. Origindly (and by default) the MFR collects data
with acycle time of 64 seconds. During the 64 second cycle, two 32 second data sets are
collected from two antennas. This gives the basic instrument cycdle time of 64 seconds.

Each 32 second cycle of the instrument gathers two complete cycles of the lowest
frequency. If higher temporal resolution isrequired, this tweak may be applied to collect data
from both antennas in a single minipacket.

Running the MFR at the higher tempora resolution can cause antenna switching
interference in other instruments as well as making the MFR sendtive to antenna switching
that is synchronized with the 64 second MFR cycle.

Commanding MFR into fixed mode (one antenna selected) with high tempord
resolution has no unusua effect. Results are no different than running in low temporad
resolution mode. Although it would seem peculiar to set this command state, it should be
benign.

10.12.3 73MEM_TWEAK, LRP, BYTE, 0X2B, idle, MFRI (v24)

idle Description
0x00 Defauit
MFR collects data
OxFF Idle
MFR stops data collection
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Prior to V2.4 software, the MFR would run any time that MEO2 power
was applied and the spacecraft collects data. The method to bring MFR to a
quiescent state was to smply lower the priority of the MFR data collection process
("MFRI™) to apriority below theidle process, effectively blocking its use of CPU.
The downside of this being that data collection stopped as soon as the tweak was
applied which would typically be in the middle of adata gathering activity.

Version 2.4 software adds a flag that may be set that causes the data
gathering activity to cease following the completion of the current data gathering
cycle (within 32 seconds). This has the benefit of aways producing MFR
minipackets that are correctly and accurately time tagged.

10.124 73MEM_TWEAK, LRP, BYTE, 0X15, priority, MFRI
Obsolete command

Alter the MFR control process priority. The MFR does not have any commands that
may be used to suspend the data gathering and delivery activity prior to V2.4. The only way
to accomplish thiswasto lower the process priority to avaue below the IDLE Process.

Toallow execution
priority - Ox64

To suspend execution
priority - OX7F
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10.13 Internal Power Contral
Control of power switchesinterna to the instrument.

Note that indiscriminate use of power commands may result in exceeding the power
alocation of the ingrument. Fight rule 73FRC5 discusses the impact and implementation
issues.

Also note that the Langmuir Probe handler, in loads prior to version 2.2, may be affected
by duplicate power on commandsthat are issued to the HRP (i.e. OOPORT_TWEAK, HRP,
0x03, 0x01).

10.13.1 73POWER_CNTL, assembly, state

Controlsthe 3 power switches located in the power supply. In addition to these power
switchesthere are 2 additiona switcheslocated on the HRP that are typicaly controlled using
internal OOPORT_TWEAK commands.

This command is effectively ignored when the instrument isin SLEEP mode.

When powering up the instrument manually (i.e. not using the 73IEB_TRIGGER,
MASK, 0, 0 command) the following command order should be used to prevent RPWS from
exceeding power dlocation. Also note that the instrument should be brought to a deep-like
date (i.e. all power switches off) before switching any power on to prevent the inrush current
from causing RPWS to exceed power allocation.

73POWER_CNTL, HFR, ON
73POWER_CNTL, ANALOG, ON
O0OPORT_TWEAK, HRP, 0x03, 0x01
73POWER_CNTL, LPROBE, ON
O0OPORT_TWEAK, HRP, 0x40, 0x01

The commands may bewrapped asfollows

73WRAP, (0x5126)
73WRAP, (0x512A)
73WRAP, (0x32C8, 0x0103)
73WRAP, (0x5132)
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73WRAP, (0x32C8, 0x0140)

assembly Description
hfr HFR digita/anaog eectronics
analog MEO2 (MFR/WBRAWFR) eectronics
Iprobe Langmuir Probe andog
deep secondary SLEEP control
stop acquiring data on (hrp)
pause
DO NOT ISSUE THISCOMMAND
Sate Description
off remove power (hfr, analog, |probe)
on apply power (hfr, analog, |probe)
deep deep modifier, enter deep state
(deep: low power)
active deep modifier, exit deep state
(deep: no power change)
hrp pause modifier, affects HRP data activity

(pause: idle hrp)
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The PAUSE operatesin amanner Smilar to the SLEEP modifier but was not intended
to affect any of the power switches. Asthings dways seem to turn out, thisis not actuialy the
case due to the implementation of the L/P power switching electronics. L/P digita power is
conditioned with the deep status line on HRP (i.e. the very sgnal that we use to implement the
pause command), S0 pulsing the deep status line dso pulsesthe digital eectronics switch on
the HRP. Asafurther consequence, the L/P andog power is conditioned by the L/P 5 volt
digital power, so it dsoisremoved briefly when pulsing the power line. ThisisNOT
desrable asit risks placing the L/Pin an nasty power state (although we haven't seen any
evidence of aproblem inflight or on the bench). We hope to remedy the Situation in afuture
FSW release (i.e. V2.,7). Inthemean time, we have removed al traces of the
73POWER_CNTL, PAUSE command from the |EB's loaded on the S/C (the V2.6 base load and
the C35 sequence do not make use of the pause, but the C35 load used for L SF testing
continues to use the 73POWER_CNTL, PAUSE command in severd triggers

Thisform of the command was intended to provide an out-of-band signding
mechanism that was used to stop data acquisition activitieson the HRP. When traffic levels
on the IPC bus are high, the LRP seemsto have arelatively high rate of packet loss. This
command is used to stop data acquisition activities on the HRP using the SLEEP line (it is
brought activefor 1 to 2 RTI periods). HRP reacts to activation of the SLEEP line by
immediately stopping scheduling activities. If the SLEEP lineisreleased in lessthan 4 RTI
periods, the power switcheswill beleft unaltered (i.e. power will remain on)

Verson 2.3 & 2.4 have an error in the implementation that causes the LRP to operate
at areduced clock rate (i.e. ¥z or norma speed) for the 2 RTI periods the deep signal is sent to
DCP/HRP. This seemsto cause problemswiththe BIU (WPV bit is set) when running cyclic
triggersthat use the 73POWER_CNTL, PAUSE command as part of amode switch (see
C20/Trigger-58). The error may be corrected by sending the following patches.

73MEM_TWEAK, LRP, BYTE, 0x65C, OxF3, MFRI
73MEM_TWEAK, LRP, BYTE, 0x64C, 0x0C, MFRI

The patches may be verified by dumping memory using either of the following MRO
commands

73MRO, LRP, HSK, Ox2F4C, 0
73MRO, LRP, HSK, Ox2F4C, 0
or

73MRO, LRP, TLM, 0x2F00, 0

This patch causes both deep control bits to be set and cleared when the command
issued.
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Port FO sleep control bits

D3 D2 LRP HRP/DCP Comment
0 0 1.5Mhz 1.5Mhz Full Speed Operations
I.e. Science operations
0 1 750K hz 287Khz ROM Sleep
0 750K hz 1.5Mhz ERROR Condition
1 1.5Mhz 287Khz Science Seep
2RTI Pause command
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10.13.2 00PORT_TWEAK, HRP, 0x40, state
Power control for the WBR and WFR anal og converters on the HRP.

Sate Description
0x00 remove power from WBR & WFR A/D
Ox01 apply power to WBR & WFR A/D

10.13.3 00PORT_TWEAK, HRP, 0x03, state

Power control for theL/P digital electronics. Note that L/P handler prior to verson
2.2 does not contain atime-out handler to allow recovery if this port tweak is sent when the
L/Pisacquiring data(i.e. will permanently hang the L/P process).

Sate Description
0x00 remove power from L/P A/D
O0x01 apply power to L/P A/D
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10.14 Misc Process Control, TIME LOCK

Misc tweaks that need to be documented, but don't belong to any recelver groups.

10.14.1 73MEM_TWEAK, LRP, BYTE, 0x60, active flag, LOCK
Default value is OxFF.

Setting thisflag to zero suppresses time updates to DCP and HRP. A side-effect of
thisisthat regular memtweak traffic is not supplied to the other processors and, most likely,
will result in awatch dog timer trip if the watch dog timer is active.

10.14.2 73MEM_TWEAK, LRP, WORD, 0x62, wdt_k, LOCK
Default valueis60* 10* 8, 60 seconds x 10 minutes x 8 RTI1. 4800 RTI.

Time lapse from loss of looper traffic until watch dog timer is no longer reset.

Time updates occur every 256 seconds (2048 RT1), so the default value allows about
11 minutes to e apse (without mem tweak traffic circulating) prior to resetting the 8085.

10.14.373MEM_TWEAK ,LRP,BYTE, Ox6E, behavior, LOCK
Watchdog timer control flag. Thisflag isused to enable the more restrictive watch
dog timer control.

V2.4 code adds the capability to monitor the DCP/HRP by looking for arrival of
MEM_TWEAK/MRO commands. These classof commands are routed through all
processors and terminate on the LRP. The terminating packet causesthe WDT update so loss
of either DCP or HRP will cause loss of these updatesand eventually aWDT trip.

Behavior Description
0x00 V2.3 operation
default setting V24 WDT hardwareistickled every RTI
interrupt.
OxFF V2.4 operation
WDT hardwareistickled aslong as looper
packets are flowing.

Theinitial implementation of the Watch Dog Timer was not intended to be well
behaved and functiond. 1t wasintended to Smply keep the timer from tripping. Thiswas
accomplished by tickling the WDT in an interrupt service routine (it would keep running
through al but the most catastrophic failures).
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The V2.4 implementation requiresthat al 3 processors be operating and have
sufficient resources available to ddliver IPC traffic (i.e. F5 buffersand CPU cycles). This
method is till susceptible to situations where handlers are blocked and cannot acquire and
deliver science data, but it does provide better protection than the origina implementation.
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10.15 External Power Control
These are the commands used to cycle power to RPWS ingrument and antenna
deploy dectronics.

These commands are PPS commands that are listed with the RPWS identifier.

10.15.1 73PS ANT_MOTOR, on/off Restricted Command
Command to switch the SSPSthat controls power to the antenna deploy mechanism

10.15.273PS _RPWS, on/off
Command to switch the SSPS that powers the RPWS instrument.

This power is gpplied only when the antennas are deployed at the beginning of the
mission following launch.
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10.16 BIU Controal

BIU control commands are managed within the 1553 interface and may be issued a
any time. The BIU control commands are grouped into two distinct groups, one group of
commands that are defined by the RPWS instrument and a second group that are defined
within the BIU.

Nominal command states areindicated in bold in the 73RT commands.

RPWS Control Bits

BlIU DISCRETE BIT ASSIGNEMNTS
D7 D6 D5 D4 D3 D2 D1 DO

MEMORY| SOFTWARE ANTENNA | ANTENNA | ANTENNA | PROCESSORROCESSOQRROCESSQR

LRP
write | MAINT %EG”) wDpT | LRP
proTecT MODE| EX+| EZ | EX oisase | RESE
ASSERT ASSERT ASSERT ASSERT ASSERT ASSERT RESET

TO TO TO TO TO TO LINE
DISABLE APPLY APPLY APPLY OPERATE DISABLE ON
WRITE POWER POWER POWER IN THE WDT 8085
PROTECT TO TO TO NORMAL FUNCTION CHIP
CIRCUITS EX+ EZ EX- MODE

TO ANTENNA ANTENNA ANTENNA (DEFAULT TO
FUNCTION LOGIC LOGIC LOGIC LOW POWER

OPERATION)

University of lowa
lowa City, lowa, U.S.A.

DISCRI

CASSINI REAL-TIME KERNEL

DISCRETE BITS
7ze [Docamen TNGmber REY

B
Date: Jly 16,199 TSheet of
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Commands

10.16.1 73RT_EX_N_CNTL, enable/disable Restricted command

BIU Discrete bit that controls the antenna control mechanism lockout for the X+
antennaelement. The antenna element deploy circuit requiresthis bit to be set before the
power routing relay is switched to allow power to reach the antenna deploy mechanism. In
other words, this bit must be set to start adeploy but it does NOt remove power onceit has
been applied (dthough the software does detect the loss of the bit and reacts by removing
power).

10.16.2 73RT_EX_P_CNTL, enable/disable Restricted command

BIU Discrete bit that controls the antenna control mechanism lockout for the X-
antenna element. The antenna element deploy circuit requires this bit to be set before the
power routing relay is switched to allow power to reach the antenna deploy mechanism. In
other words, this bit must be set to start adeploy but it does NOt remove power onceit has
been applied (dthough the software does detect the loss of the bit and reacts by removing
power).

10.16.3 73RT_EZ_P_CNTL, enable/disable  Restricted command

BIU Discrete hit that controls the antenna control mechanism lockout for the Z
antenna e ement. The antenna element deploy circuit requires this bit to be set before the
power routing relay is switched to allow power to reach the antenna deploy mechanism. In
other words, this bit must be set to start adeploy but it does Not remove power onceit has
been applied (dthough the software does detect the loss of the bit and reacts by removing
power).

10.16.4 73RT_MAINT, on/off AFFECTS ROM/MAINTENANCE ONLY
BIU Discrete bit that triggers maintenance mode when operating out of ROM or the
Specid Maintenance download

10.16.573RT_MEM_WRT_PRT, ena/diS DOES NOT AFFECT CURRENT SOFTWARE LOAD

BIU Discrete hit that disables the write protect on the lower area of 8085 memory on
the LRP. Current software architecture does not make use of this capability(i.e. the 8085
never configures the memory protection hardware).

10.16.6 73RT_RESET, reset/release

BIU Discrete bit used to reset the 8085 on the LRP. Typically the reset sequence
dessarts, asserts, then dessertsthe discrete bit. Theinitial deassertion helps eliminate problems
with astuck reset line (RPWSis edge sendtive so the line being stuck active will not prevent
RPWS from operating).
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Notethat aflight rule dictates that 5 seconds e apse following any 73RT_RESET
command.

10.16.7 73RT_SL EEP, active/deep
BIU Discrete bit to allow RPWSto operatein high power modes. When thishbit is
clear, RPWS operatesin alow power mode with all internal power switches off.

The instrument will not honor the maintenance bit when the deep discrete is cleared to
0(i.e. indeep date).

The instrument will not process a norma speed ALF load when the deep discrete is
cleared.

Note that the housekeeping telemetry may indicate that the instrument is still in
SLEEP following the reception of aRT_SLEEP, ACTIVE command. Thisissmply an artifact
of theway the BIU handler processes the deep discrete. The BIU handler will
unconditionally enter the deep state when the discrete bit is asserted but it does not exit the
deep date. The power control codeis responsble for releasing the sleep state so a power
command is required before housekeeping telemetry indicates the insrument has exited sleep.
The deep indication in the housekeeping telemetry is simply an indication that the instrument
has received no power commands and is currently in alow power state.

10.16.8 73RT_WDT_CNTL, enable/disable
BIU Discrete hit to disable the 8085 watchdog timer. Both the ROM and any
downloaded software take care of operating the watchdog timer so this should never be

necessay.
BIU Internal Control Bits

The BIU Interna commands control internal operation the BIU. Specifically the BIU
implements a write-protected area of memory tha containstheinitia transaction table. This
initial transaction tableis write protected with any attempts to write from the host generating
an error status.

The BIU also implements awatch dog timer that disablesthe loca transmitter if not
updated periodicaly. CDSisresponsble for updating the watch dog timer. If CDSisnot
able to update the watch dog timer the BIU will disableit's transmitter until the
RT_WDTERR command isreceived. Inthe event that a BIU beginsto babble, these
updates cannot occur and dl of the BIU's will shut down, allowing CDS to systematicaly
isolate the offender.

10.16.9 73RT_WDTERR_RPWS, set/clear

BIU Interna Control of the BIU watch dog timer. This command can mute the
transmitters (set) or unmute the transmitters(clear). It can not be used to suppressthe watch
dog timefunction (i.e. if the time expires, the trangmitter will be muted again).
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Thiscommand isalso used to clear aWDT failure (i.e. the WDT issued by CDS over the
1553 bus).

10.16.10 00RT_WDTFNC_RPWS, enable/disable

BIU Interna Control of the BIU watch dog timer. Thiscommand can be used, during
internal testing, to disable the BIU interna watch dog timer. When disabled, the SC
smulator does not need to send regular watch dog timer triggers

When the BIU fails to receive watch dog timer updates (i.e. when thisflag isin the enable
gate), it will disableit's 1553 bus tranamitter.

This command does not seem to appear in the JPL command document?

10.16.11 73RT_WPERR_RPWS, st/clear
BIU Interna Control of the BIU write protect violation flag.

Thisflag indicates either CDS or the instrument have attempted to write to the lower
portion of memory.

CDS may dso assert thisflag for testing purposes.

10.16.12 73RT_WPFNC_RPWS, enable/disable

BIU Interna Control of the BIU write protect enable. Normally theinternal write protect
is enabled such that attempts to accessto lower portion of BIU memory, containing the default
transaction tables, is suppressed.

CDS may disable the write protect to perform diagnostics

The instrument does not have access to this area and will cause awrite protect violation to
be flagged when attempting to write to this area.of memory.
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10.17 StimulusEcho

Commands to echo asmall packet into the science telemetry stream. The resulting
packet, which is 16 byteslong, contains an echo of the ID fields, timeinformation and the day
of year that the stim process was assembled. The day of year isintended to be used for
version verification of the loaded software,

These commands are not dependent on any power state and may be issued when the
instrument isin . EEP mode.

The STIM process does, however, meter the outgoing stim packets. This may result
in packets being discarded if too many commands are ddlivered to the STIM process. This
limit is approximately 1 command every 10 seconds.

STIM MINI PACKET

00 01 02 03

LJ—Dk_I;DlDJ—DADJL_DJ
D7 l % DO
RPWS HEADER 0 0o © " " " [ENGTH-I ' ' | LENGTH TYPICALLY 13

1S4 ‘Q'l ‘Q? ‘Q1 ‘Qﬂ ‘R? ‘R1 ‘Rﬂ ‘Q1R‘Q1A‘Q1?‘Q17‘Q11‘Q1ﬂ‘qﬂ ‘QR CURRENT TlME
T T T T T T T T T T T T T T T
IS4 S3 S2 S1 S0 R2 R1 R0 S15514S13S12511S10S9 S8 |N|T|AL TlME (RT' NUMBER)

enate) [ 77 7 SEQUENCE SEQUENCE STARTS AT 1
A A SEQUENCE INCREMENTS WITH EACH DELIVERY
o I SEQUENCE STOPS AT OXFF
5, | ID-0FROM 73STIM COMMAND
T | ID-LFROM 73STIM COMMAND
- ID-2 COMPLETE 00STIM COMMAND WORD
ZERO FOR 73 STIM
ID-3 DATE STRING
Field Field Location Description
Minipacket ID Byte0/D7..D4 1000
- Byte0/D3..D0 .
Minipacket Len 12 bit length
packet Length Byte1/D7..D0 ot
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Fidd Field Location Description
Byte2 $4..50, R2..RO RTI time of data acquisition
Current RTI Byte3 S12.S5 Seconds & RTI
. Byte4 $4.50, R2..RO RTI time of data acquisition
Initid RTI Byte5 S12.S5 Seconds & RTI
Sequence Byte6/Byte7 Sequence Number
ID-0 Byte8/Byte9 ID-0field from 73STIM command
ID-1 Byte 10/ Bytell ID-1fied from 73STIM command
ID-2 Byte 12/ Byte 13 73STIM command pattern
ID-3 Byte 14/ Byte 15 Date String (version control)

10.17.0.1 Current RTI

RTI from when the STIM packet was generated.
10.17.0.2 Initial RTI

RTI from when the 73STIM command was first processed.
10.17.0.3 Sequence

Sequence number. Thisfiddisinitialy set from the 73STIM command and
decrements with each STIM packet that is generated until the sequence number reaches zero.

In most cases, where we are using STIM as an indication of which |EB trigger is
executing, the sequence count is set to zero, causing asingle STIM packet to be generated
from each 73STIM command.
10.17.0.4 1D-0

Bit field from the 73STIM command.
10.17.0.51D-1

Bit field from the 73STIM command.
10.17.0.6 ID-2

16 pattern of the 73STIM command (taken directly from the 73STIM command).
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10.17.0.7 ID-3

Version control information. Se the verson control section of the UG/SOM (this
document) to see the expected value of thisfidd. Thisfield changeswith each software
update.

Software version ID-3 Location Offset
26 Ox3E99 0x99
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Commands
10.17.173STIM, id 0,id 1
ID-Oisa7 bit unsgned integer. ID-2isa16 bit unsigned integer. If ID-0 is non-zero,
256 STIM packetswill bedelivered into the LRS stream at regular intervals.

idO Description
0 generate asingle stim record
1.127 generate multiple stim records
id1 Description
0..65535

10.17.200STIM, idO
Interna form of 73STIM that deliversasinglerecord to the LRS stream.
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10.18 WBR Control

Wide Band Recelver commands. Note that the compression switch is present in two
Separate commands and this can present an incongstency in building the commands. Please
refer to the suggested order lis when building WBR commands to avoid placing the
instrument into an invalid state.

Commands may be sent to the WFR when the instrument isin SLEEP mode athough
they will not beimmediately processed. It should not be possible to bring the instrument out
of SLEEP mode inadvertently (i.e. modifications to offset 0x56).

Although not evident, it is possible to combine the DUST and WBR logicd
instruments to implement atoggle mode. Thisis accomplished by commanding the DUST
instrument with a setup for the 2™. antenna (i.e. identical sample size and timing parameters).
Although it is possbleto set the schedule up to request both sensors at the sametime, the
hardware lacks this capability and the software is structured so the acquisitions will occur
sequentialy. In order to obtain congstently time data sets, it isnecessary to use the MOD
timing to delay the data capture on one of the sensors (would work best to schedule them
evenly when considering theimpact on LRP). The command listsfor DUST contains the
MEM_TWEAK required to dter the datarouting to ddliver to the ground.

Version V2.6 implements a burst scheduling mode for the WBR. Thisallowsaburst
of WBR acquisitionsto be collected with, effectively, an automatic idling of the WBR. An
additional capability alows DUST collection to be suspended during the WBR burst to avoid
AGC interactions.

Note that the LFDR sync mode isincompatible with the DCC hardware. Do not
gpecify hardware compression when using LFDR synch mode!

Notethat the 73WBR_MODE_CNTL command aters the contents of offset 0x52 in the
WO08I process, forcing antenna selection between datasets to match that selected in the
73WBR_MODE_CNTL command. Changesto this selection must be commanded after the
73WBR_MODE_CNTL command aswell as after the 73DUST_MODE_CNTL command.
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Suggested order of commands

73WBR_AUTO_CNTL
73WBR_DATA CNTL
73WBR_GAIN_CNTL
73WBR_MODE_CNTL, HOLD
73WBR_CMPRS_CNTL
DIR_ offset 0x60

WO08I offset 0x52

73MEM_TWEAK
73MEM_TWEAK
73MEM_TWEAK
73MEM_TWEAK
73MEM_TWEAK
73MEM_TWEAK
73MEM_TWEAK
73MEM_TWEAK

WBRC
WBRC
WBRC
WBRC
WBRC
WBRC

offset 0x50
offset 0x52
offset 0x54
offset 0x58
offset Ox5A
offset 0x56
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WBR MINI PACKET

RPWS HEAD

LENGTI%

D7

00

01

02 03

b7 polp1s  pelp7 popis gl

|

DO D7

DO

K110

" LENGTAL T

T T T T LI S B B | T
S4 S3 S2 S1 SO R2 Rl ROSI2S11S10S9 S8 S7 S6 S5

T
SizE

T T T
SEGMENT ‘ﬁ;AGJTF *

T T
* GAIN

COMPRESSIONMS!

T T
;J ANTENNA‘

T T T T T
AGC VALUE

LI B
HRP XLATE/LP DAC 0

LI B B
SUB RTI (MSB)

DATA AREA

S=SECONDS

ACQUISITION TIME (RTI NUMBER) < R=RTI NUMBER

STATUS CMP O = OFFSET
SIZE SEGMENT COUNT

SEGMENT SEGMENT NUMBER
AGC VALUE
RAW A/D FROM WBR
AGC CHANNEL
TF TIME FLAG. 1=POOR TIME
MSF, MORE SHIT FOLLOWS
INDICATES ADDITIONAL STATUS WORD
ANTENNA SELECT = HF
FREQUENCY TRANSLATION INDEX
ANTENNA SELECT = LP
L/P DAC 0 VALUE
ANY OTHER ANTENNA SELECTS
STATUS =0

University of lowa

Dept. of Physics & Astronomy
lowa City, lowa, U.S.A.
PKTWBR.SHT

T
RPWS Packet Format, WBR

178 [DoCument Number REY

Date:

Epember 76, 1996 TSHeet of
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10.18.1 WBR Timing Control Process Setup Storage Area

OFFSET L abel Default Description
0x2520 CMDp_Divisor 64 MOD timing divisor
0x2522 CMDp_Remainder 0 MOD timing remainder
0x2524 CMDp_Packet_ Delay 0 L ?NsoitnLtgedp?glr(i gesl)ay
0x2526 CMDp_Run 1 Run Flag
0x2527 CMDp_AGC
0x2528 CMDp_Offset 8254 igfaf;gi;ﬁ[ﬂrsﬂ 0
Ox252A CMDp_Mode
0x252C CMDp_Band Band Sdlect
Ox252E CMDp_Length (g%ﬁgﬁigﬁﬁgt
0x2530 CMDp_Destination Data Routing Destination
0x2532
0x2534 CMDp AGC H_L AGC set points
0x2536 CMDp_Antenna Antenna Selection
0x2537 CMDp_Gain Gain Setting (D5..D3)
0x2538 CMDp_AGC_Flag AGC Enable
0x2539
Ox253A
0x253C CMDp_DCC ACTE%rg?er 43
Ox253E
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10.18.2 WBR Minipacket For mat

Fidd Field Location Description
Minipacket ID Byte0/D7..D4 1110
- Byte0/D3..D0 12 bit length
MinipacketLength | g0 1 /D700 n-3)
RTI Byte2 $4..0, R2..R0 RTI time of data acquisition
Byte3 S12.55 Seconds & RTI
Sze Byte4/D7..D4 Number of segmentsin dataset (n- 1)
Segment Byte4/D3..D0 Segment number (n- 1)
Frequency Band
FB Byte5/D7 1 =4.5uSec (80Kh2)
0= 36uSec (10Khz)
AGC
AGC Byte5/D6 1indicates AGC enabled
Time Quality Flag
TF Byte5/D5 lindicatesLFDR synchinuse
Timeout
™O Byte5/D4 1 indicates dataset invalid
spare Byte5/D3
. Gainlevel
Gan Byte5/D2.00 0dB to 70dB in 10 dB steps
Compression Byte6/D7..D4 Compression status
More Status Follows
MSF Byte6/D3 1 indicates bytes 6 and 7 present
Antenna Byte6/D2..D0 Antenna Selection
AGC vdue
AGC vaue Byte7/D7..D0 Vaueread from AGC port following
acquigtion
HFR trandation frequency
HFR Xlate Byte8/D7..D0 when M SF set and antennaselect is3
Langmuir Probe DAC voltage
LPDACO Byte8/D7..D0 when M SF set and antennasdlectin4
Sub RTI Byte9/D7..D0 Time stamp with sub-RTI resolution

vaid when non-zero (see discusson)
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10.18.3 Status
Satusfidd definitions for WBR data

10.18.3.1 Size/Segment, Byte 4

Size and segment information is used to alow for a dataset that exceedsthe size
avalable in the length filed of the minipacket header. Although 2 segmentsareall that is
required to accommodate hardware restrictions on the WBR, the field is provisoned with 4
bitsfor each field such that it matches the WFR packet format.

10.18.3.2 FB bit, Byte 5, bit 7

Frequency Band hit. Set to 1 to indicate high band data acquisition, 4.5uSec sample
interva. Setto 0toindicate low band dataacquisition, 36 uSec sample interval.

10.18.3.3 AGC bit, Byte 5, bit 6

AGC activehit. Set to indicatethat AGC control isenabled. Clear to indicate the
AGC control isnot in use

Thisbit isadded mostly asa verification that the intended command state has been
achieved. WFR hasasimilar gatus bit (although it is replaced with other status information
when the data is compressed).

Prior to V2.6 this bit isnot used and will be st to zero.
10.18.3.4 TF bit, Byte 5, bit 5
Time qudity Flag bit. Set to indicatethe WBR is operating in synch with the LFDR

sample clock. Thisindicates that the time status byte may be off by up to 10 milliseconds (we
latch the high resolution time bits and the wait for the next LFDR sampleto occur)..
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10.18.3.5 TMO bit, Byte 5, bit 4

Time Out bit. Set to indicate atimeout has occurred while waiting for WFR data
acquigtion. Thishit, when set, probably indicates a corrupt data set that should be
discarded. Thiswill most likely occur when operating WBR in synch with the LFDR when a
WEFR data acquisition occurs. This problem is obvious when viewed on atiming plot, where
WBR acquisitions should occur frequently (every other RTI or faster) and aWFR dataset is
acquired. WBR datawill occur once per second, which is the timeout interval for the WBR.
When the timeout timer expires, the WO08I processis released from await for data acquisition
to complete and processes the data normally, even though a completion interrupt did not
occur.

By setting this bit, the instrument informs the ground system that a potential problem
with a specific data set has occurred.

10.18.3.6 Gain level, Byte 5, Bits 2-0

Hardware gain level used for acquisition of thisdataset. 0to 7 represent Oto 70dB in
10dB steps.

10.18.3.7 Compression status, Byte 6, bits 7-4

We have both DCP and DCC compression available for use with the WBR data
athoughit isvery unusud to use DCP to perform this task.

Value Compression
0000 RAW (no compression)

365



10.18.3.8 MSF Bit, Byte 6, bit 3, "More Status Follows"

The WBR status may be augmented with two additiond status bytes when required.
The presence of these status bytesis flagged using the MSF bit in afixed location in the status
area. When the MSF bit is set the minipacket length increases by two to accommodate the
additional status bytes.

The additional status byteswill be included in the WBR minipacket under the
following conditions.

WBR antenna selection is set to the HFR input ( and the HFR is operating
in afrequency trandation mode). The 1°. extra status byte indicates the
HFR frequency sdlection. Information about the current HFR frequency
selection is updated in the system data page by the HFR process on the
LRP. WBR process can pick up the trandation setting and placeit in the
minipacket.

WBR antenna selection is set to the L/Pinput. The 19. extra status byte
indicates the value loaded into DAC-0 (i.e. the sphere bias). L/P process
keeps the system data page updated with the current valuethat isloaded in
to DAC-0 so the WBR may collect theinformation and placeitin the
minipacket.

WBR is not operating synchronized with the RTI pulse (indicated when
WBRC offset 0x58 is zero). Normaly WBR data collectionis
synchronized with the RTI pulse using one channd of an 8254. This
alowsthe data collection to begin afixed period of time after the RTI
pulse. In order to achieve very high bit rates, the WBR data collection is
allowed to occur as soon as data buffers become available. The offset from
the RTI pulseis measured usng another channel of an 8254 and this value
is shifted appropriately and placed into the 2™ extra status byte.

WBR is operating synchronized with the LFDR sampling (indicated when
WBRC offset 0x58 is OxFFFF). Thiswould be used to operate WBRin
high-band mode at the same timethat LFDR isrunning. Inthiscasethe
Sub-RTI fidd will have reduced tempora accuracy asthe WBR data
acquisition may occur up to 10 mSec after the Sub-RTI counter has been
read.

NOTE that scheduling data acquisition at afixed offset from the RTI pulseis not
noted in the status field of the minipacket anywhere.
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Dust detection routines telemeter data using the WBR minipacket. The compression
method is used to indicate that the data is a special 4bit format from the dust detection
agorithm. Thisdatamay be collected late into RTI period to keep S'C noise from triggering
the detection agorithm (the L/P sphere seemsto be sensitive to BIU transactions). No
indication is provided in the minipacket status to indicate that the data collection was
scheduled late in the RTI period.

Findly, keep in mind that the 1%. Extra status byteis not particularly interesting when
the antenna select in not set for HFR or L/P antennas. The M SF hit indicates both bytes are
present even if only on of them isrequired.

10.18.3.9 Antenna Select, Byte 6, bits 2-0

10.18.3.10 AGC Value, Byte 7

Thisfield, an unsigned 8 hit value, contains the value read from the AGC integrator.
This corresponds with the value supplied to the 73wBR_GAIN_??? command.

10.18.3.11 HFR Xlate frequency, Byte 8

Thisfield contains an indication of the HFR downconvert frequency when the
Antenna Select is set to the HFR. The HFR command section contains the frequency select
table. See 73xxx command in the HFR section.

10.18.3.12 LP DAC O, Byte 8

Thisfield contains an indication of the voltage on the Langmuir Probe when the
Antennasdect field isset to LP. We don't send down the MUX/Relay settings (We keep
track of them through benign intuition).

10.18.3.13 Sub-RTI, Byte 9

Thisfield rangesin valuefrom 244 down to 9. Each count represents 512 micro
seconds. The count starts at 244 at the beginning of the RT1 period and counts down until the
Dead Time begins, 120 milliseconds into the RTI period (i.e. 5 mSec prior to the next RTI
pulse).

A vaue of zero indicates that the WBR is operating with a known offset from the
beginning of the RTI period (i.e. the Sub-RTI is not vaid when it containsazero). Thiscan
occur when the antennamux is set to select either the HFR or the L/P (i.e. when these antenna
sectionsarein use, an additional 2 status bytes are delivered to the ground, you will see the
Sub-RTI field as part of the additiona status, even if it is not needed).
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The RTI and Dead Time signals are combined and delivered asasingle sgna from
LRP, the sgnd level transitions from low to high when the RTI begins and trangtions from
high to low when Dead Time begins (sgnd is high for 120 mSec and low for 5 mSec). This
sgnd is connected to the 8254 gate and stops the counter when low and reloads the counter a
the risng edge (we didn't notice the behavior in timeto haveit any other way).

Dead Time Start is synthesized in the Actel gate array on LRP. The starting point of
thissigna, by convention, is 120mSec into the RTI period. The starting point is
programmable (on the LRP), however, and affects the point at which the 8254 counter is
stopped. The Dead Time must be long enough to alow the processors sufficient timeto
accomplish dead time activities (in other words, it can't get shorter to accommodate HRP
goaswithout interfering with BIU communications functions).

10.18.4 Data Area

The dataarea conssts of 8 bit unsigned samples. The dataset can be any length up to
5120 byteswith atypica length of 2K or 4K bytes. Operating in synch with the LFDR
imposes a hardware restriction of 2048 on the dataset size (if the hardware is programmed for
alonger dataset Sze, the LFDR datamay be corrupted).
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Commands

10.18.5 73WBR_AUTO_CNTL, low s, high set, averageinterval, time constant
Setstrip points for the automatic gain control software.

The auto gain implemented within the data acquisition processisrather primitive. It reads
the AGC level following each data set and adjuststhe gain level based on thereading. This
scheme depends on the AGC circuit in the receiver to supply a meaningful integrated level for
the incoming sgnd. Several problems can make obtaining meaningful AGC readings
difficult.

Thefirst problem being that the 8 bit analog system operatesin two distinct frequency
bands which makes optimizing the AGC circuit difficult.

The next difficulty that may arise is antenna/gain switching. The AGC circuit requires
some relatively long period of timeto adjudt it's output level when the incoming signa
changesradically. Thiscan occur when the antenna multiplexer is changed or when the gain
setting is changed just prior to acquiring adata set. When WBR is operating in conjunction
with the DUST, the 2 logica instruments are handled independently. Antenna selection and
gain selection are made just before performing the data acquisition (possibly upsetting the
ACG circuit). Problems associated with gain changes are reduced somewhat by immediately
loading new gain selections into the hardware when the AGC decision is made following the
acquigtion of adata set.

Andfindly, there can be an oscillation induced into the system due to the double buffering
used to improve the rate of data production. The current gain level ismaintainedina data
structure common to the entire thread of activity that isinvolved in producing and delivering
data What can occur when running at high speeds is a gain update can be made in the
common data structure after the other data buffer has already been loaded with the current
gain setting and queued for processing. When the 2™, Buffer arrives, the origind gainis used
and the AGC processing performs a2™. gain change. This causesthe receiver to oscillate by
2 gan seps. Thisproblem isavoided by suppressing the gain update on every other
acquisition. This solvesthe potentia oscillation when running at high data rates at the
expense of alower AGC update rate (particularly evident when running DUST at alow rate).

Low Set High Set Description
EM Flight EM Flight
11 31 58 77 WBR, 10dB headroom
08 28 31 50 WBR, 15dB Headroom
07 27 42 60 WBR IEB (C18)
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Version V2.5 software dtersthe AGC timing scheme in an attempt to improve the speed
with which it reacts to changesin the environment. Previoudy the AGC was used every n
datasetsto changethegain, if required. Thisbasically ignored the gain informationisall
other data sets. V2.5 handles AGC by suppressing updatesfor n cycles. The update rate
numbers work, essentidly, the same as before, but the AGC will react to changes dmost
immediately (AGC issampled after the dataset isacquired). Asbefore, updateswill not
occur more frequently than the defined schedule, but the updates will not necessarily appear to
beon aMOD schedule.

V2.5 software has a bug the can be patched. V2.6 hasthe AGC patch. The patchto V2.5
Isasfollows (this code runs on HRP):

3C30: 21 2211 Lxi H AGC Throttle
3C33: AF XrA A
3C34: 9 Ret

31C4: CD 3C30 Call Patch
This code fragment inserts an instruction to clear the accumulator prior to a compare
sequence. We simply overwrite a 3 byte ingtruction (the Lxi H) with acall and insert the clear
accumulator (XraA). Theflaw inthe V2.5 showsup asalong (i.e. up to 255 data sets) period
of time where the gain will not change.

10.18.6 00WBR_AUTO_ADJ, direction
Used by interna gain control routineto adjust gain.

10.18.7 00WBR_RATE_CNTL, direction
Used by data throttling routine to adjust the sample period for the WBR. The change
is accomplished by shifting the scheduling period word |eft or right by 1 bit.

370



10.18.8 73WBR_BURST, enable, target, data-set count V2.6
10.18.9 73WBR_BURST_TRIGGER, enable, target V2.6
10.18.10 73WBR_BURST _SIZE, data-set count V2.6 (no data acquisition)

Thelogica instrument must have the scheduling mode st to IDLE in order for this
command to execute. If the scheduling modeis set to any other mode, the command will be
ignored (see 73MEM_TWEAK, HRP, BYTE, 0x56, n, WBRC).

These commands control the WBR burst data acquisition. The specified number of
dataacquistionswill be performed. Anenable bit isused to suppressdust acquisition if
needed (i.e. 73WBR_BURST _SIZE only setsthe number of data setsto acquire, it
doesn't acquireany data).

Thisisaone or two word command with two words being required to set the size of a
databurst. A singleword form may be used to trigger aburst using a previously stored burst
count. An enable bit gppearsin the command word that is clear to suppress performing the
data captures (i.e. Thisallows amethod to initialize the burst count without actudly triggering
datacollection, particularly useful in trigger 10).

Findly, keep in mind that the Mux Control Byte has a very noticeable impact on this
AGC behavior. With theVV2.6 release (i.e. Thisiswhere this command first appears) the IEB
setups are not well configured to alow AGC to operate correctly (most of our triggers have Ez
sl ected between datasets which artificialy reducesthe gain level).

Enable Description
nodust DUST data acquistions are suppressed whilethe burst is
active.
dust DUST data acquigtions are dlowed to continue while the
burst isactive.
Target Description
MP Counting data set acquisitions.
(Counting Mini Packets)
CDS Counting CDS records
Data-set count Description
nn Number of data setsto acquire
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The CDS packet count driven burst modeis very decoupled. Once the sepcified CDS
packet count has been delivered, the data acquisition process will stop acquiring data. Any
datathat has not been delivered, up to this point, will be formatted and delivered, resulting in
what appears to be an overflow. AsWBR isdouble buffered, an additional pair of acquisition
buffers may be outstanding, so an additiona 80,000 bits or so may be delivered to the
gpacecraft after the burst has ended (maximal packet sizeis 5120 bytes, double buffered).

10.18.1173WBR_CMPRS_CNTL, enable, route, word count
This command turns the ISFLIP chip on/off, selects the word count used to count the
data (i.e. uncompressed samples or compressed bytes), and sets the number of samples.

Theroute fidd is used to enable an externa word count register that dlowsvariable
dze minipackets to be produced (i.e. with afixed number of samples). The 8237 always
counts bytes transferred to memory.

The WBR is double buffered with a maximum sample count of 5120.

Enable Description
off hardware compression not used
on hardware compression enabled
Route Description
wcC_out EOP generated by WCR in 8237 only
wc_in EOP generated by WCR in Actel or 8237

Har dware L imitation when using the DCC chip with WBR in High Band.

When WBR is operating at the 4.5uSec samplerate (i.e. high band) with hardware
compression (i.e. usng the DCC chip) while keeping the number of samples constant (i.e.
wc_in, using the word count register in the Actel), it is susceptible to adeadlock condition that
may be triggered any time the processor clock is slowed down (i.e. by asserting the SLEEP
sgnd fromthe LRP). In order to avoid the potentia condition with V2.3 or older software it
isessential that we_in not be used in conjunction with hband.

V2.5 software crashed once due to this hardware limitation.

V2.6 and later software removes (from interna 1EB and subsequent IEB loads) a
command that may trigger this

V2.7 software disables the offending command. Thereisno longer code on LDRP
that can trigger this.
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Notethat theinstrument is, however, susceptible to having the assertion of the deep
discreet bit cause the HRP to hang, although it will reboot itsdf internally. The instrument
would be rebooted before we take any recovery action.

word count Description
nn number of samplesin data set
5120 samples maximum

Hardware L imitation: Do not use compression and LFDR sync at the same time.

The hardware will not start correctly when WBR high band is
programmed when using the LFDR sampleto trigger WBR data
acquisition. Thisresultsin acomplete hang of the HRP (8237 take over
the processor bus and never releases, RESET isthe only way out).

Version V2.7 software avoids the potentid deadlock by forcing
compression off whenever LFDR SYNC is specified (i.e. even if you
command compression, it will not be used).

Har dwar e Limitation: Do not use word count in excess of 2048 when WBR isin
high band and LFDR sync is specified.

2048 4.5 uSec sampleswill fit between 10mSec WFR/LFDR
samples. Using alarger data set sze will cause both WFR/LFDR and
WBR datato be corrupted as thelogic is not built to accommodate
concurrent activities

Version V2.7 software avoids the potentia data corruption by
limiting the dataset Sze to 2048 samples when LFDR Sync is enabled
and WBR is set to high band mode.
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The V2.7 software does dlow for the amplification of some sequences
involving the WBR hardware limitations. In particular, consder a set of triggersthat
would normaly operate WBR with adata set size of 4096 samples using high band.
With the WBR configured, we can change WBR to usethe LFDR Sync mode without
the need to alter compression and data set Size (i.e. the driver will limit dataset size and
compression setting as needed). Also note that this changein behavior affects WBR
only when needed, it does not alter the commanded state of WBR, so switching WBR
out of LFDR Sync mode will dlow the compression setting and data set Sze to return
to its previous setting.

10.18.12 73WBR_DATA_CNTL, destination

Selects the data route used to deliver the datato CDS. Allows selecting the HRS, LRS
and possibly the DCP as a degtination for the data (although selecting DCP is pointless as
there is no software in place to accept WBR data).

degtination Description
Irs WBR data ddlivered to Low Rate Science
stream on Low Rate Processor
hrs WBR Data ddlivered to High Rate Science
stream on High Rate Processor

10.18.13 73WBR_GAIN_CNTL, enable, gain select
Select the current gain level and enables/disables the automatic gain control. See
73WBR_AUTO_CNTL for additional notes

enable Description
man manual gain control
auto automatic gain control
gain select Description
0, 10, 20, 30, 40, ganlevd
50,60, 70
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10.18.14 73WBR_MODE_CNTL, HOLD, band, antenna select
Antennaand filter sdection.

band Description
Iband 36 uSec Sample period
hband 4.5 uSec sample period

Seethe hardware limitation note for the 73WBR_CMPRS_CNTL command when
making use of hband with this command.

antenna select Description MSF
ex electric dipole antenna, X
(574 €lectric monopole antenna, Z
bx search cail, X axis
hf HFR downconvertor sttol
Ip langmuir probe sttol

M SF column indicates that when selecting either of these two antennas, the M SF bit will
be set.

The antenna select field is aso stored in the WO8I process when this command is issued.
The sdlection may be overridden with either amemory tweak or a 73DUST_MODE_CNTL
command. This setting(i.e. Within the W08 process) impacts the way AGC behaves.

10.18.1573MEM_TWEAK, HRP, BYTE, 0x60, nn, DIR_
BIU Direct processing mode. Details of thistweak are discussed in the section labeled
High Rate Science

nn Description

0 Programmed move

(datarate limit of approx 100K b/sec)
1 Smple DMA
(8237 acquired as needed)
2 DMA/Programmed
Mx dependent
3 Restart-5
(8237 acquired between LFDR samples)
4 Burst DMA
(8237 acquired for multiple move operations)
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10.18.16 73MEM_TWEAK, HRP, WORD, 0x50, nnnn, WBRC
Scheduling period expressed in RTI ticks.

A vaue of zero may be used to indicate immediate scheduling. This becomes necessary
when attempting to operate at elevated bit rates (i.e. in excess of 131,000 typically).

10.18.17 73SMEM_TWEAK, HRP, WORD, 0x52, nnnn, WBRC
Scheduling offset expressed in RTI periods.

A dataacquisition is scheduled, typicaly for the next RTI period, when the remainder of
the division of the system time by location 0x52 matches the offset in location 0x52.

10.18.18 73SMEM_TWEAK, HRP, WORD, 0x54, nnnn, WBRC
Delay (expressed in RTI's) between minipackets. Used to throttle the data delivered to
either the DCP or LRP.

10.18.19 73MEM_TWEAK, HRP, BYTE, 0x56, n, WBRC
Scheduling mode.

0 Stop

Dataacquidtion isstopped. 73WBR_MODE_CNTL, TRIGGER isnot
processed. Internal triggers are not processed. This state is entered
whenever sleep is asserted.

1 Idle

Dataacquidtion is stopped but the process will accept atrigger to
perform asingle acquidtion. After the acquisition the process will
return to idle to await further triggers.

2 Run

Dataacquidtion is continuous and based on the schedule specified
at offset Ox50 and 0x52.

3 Trigger
Single data acquigtion.
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8 Burg

Collect aBURST of WBR data, scheduled as specified in locations
0x50 and 0x52, collecting the number of samples specified in
location Ox5A. Following the burst of data, the scheduling mode
revertsto 1 (I1dle).

This scheduling mode must be selected withaMEM_TWEAK
each timeitisrequired (i.e. it does not reschedule automaticaly).

Location Ox5A must be loaded with a reasonable count prior to
releasing the control processto acquire the burst of data

9 Burgt, no DUST

Same as scheduling mode 8, but DUST will suspend acquisition
until the WBR burst completes.

This scheduling mode is intended to alow both DUST and WBR
to operate with AGC active. Dust collection is suspended to
prevent discontinuitiesin the AGC level selected by the data
acquisition process

Location Ox5A must be loaded with a reasonable count prior to
releasing the control processto acquire the burst of data

10&11 CDS counting burst

Similar to 8 and 9, but counts CDS packets. Note that the control
and counting process are very decoupled, so there will be extra
datathat trickles out of the system.

12& 13 Interna Burst sate

Do NOT st thisvalue, it will cause avery long WBR burst
(of 65535 records) if the internal counter has completed a burst
(and, therefore, contains avalue of zero). The WBR control
process uses this stateinternally after updating the data set counter.
DUST process suspends acquisition while 13 is active.

10.18.19.1 Operational notes: scheduling modes 8 & 9

The burst of activity may be aborted early by dtering the scheduling mode to avalue
of Oor 1. Aborting the burst leavesthe interna counter untouched, soitispossible to
continue acquiring the burst by setting the scheduling modeto 12 or 13. Using ascheduling
mode of 8 or 9 reloadsthe interna counter (from location 0x5A) and starts anew burst.
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Condder adatathrottling mode that provides for externa initiation of aburst
scheduling mode (i.e. 8 or 9) and where we achieve data throttling by shutting the burst down
early by changing the scheduling modeto O or 1. Eachtimethe burst isstarted (8 or 9) anew
count value (from location 0x5A) is loaded and we start from the beginning part way through
some bursts, data-throttling causes the burst to be terminated early, leaving the count non-zero.
Thiswill work fine as each time the burst is started the count is rel oaded.
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10.18.20 73MEM_TWEAK, HRP, WORD, 0x58, nnnn, WBRC

8254 Offset from RTI. Used to control when the WBR sample occurs with respect to
the RTI pulsefrom the SC. Thisfield isexpressed in WBR samples 0 it is dependent on the
current WBR samplerate. In addition there are 2 special cases.

nnnn Description MSE

0x0000 Immediate scheduling w0l
0x0001..0xFFFE Offset from next RTI

OXFFFF (-1) Synchronize with WFR sampling swttol

The MSF bit is set when the indicated scheduling offsets are selected. Thiswill add 2
gtatus bytes to the WBR minipacket.

These values will cause data sampling to occur near the end of the RTI period. 1t may
be desirable to move the sampling up in the RTI period dlightly to avoid hitting the 1553
traffic that causesthe RTI interrupt. The 1553 transaction that causesthe RTI interrupt (and
the synchroni zation pulse within RPWS) occurs about 2uSec prior to the RT1 as seen within
RPWS.

sample/RTI | 512samples | 1024 samples | 2048 samples
36US 3472 2,960 2,448 1,424
(0B90) (0990) (0590)
27,265 26,753 25,729
4.5uS 271,777 (6A81) (6881) (6481)

V2.7 note: When OxFFFF is specified in this command, the compression command
that is passed from the timing control processto the data acquisition processisforced to
ZERO (i.e. Compressionisdisabled). Thisavoidstriggering a hardware deadlock condition
that will hang the HRP and eventually cause the processor complex to reset and reload from
bulk memory.

V2.7 note: When OxFFFF is specified in this command, the data set sizeis limited to
2048 samples. Thisavoids causing data corruption in both WBR and WFR/LFDR data
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10.18.2173MEM_TWEAK, HRP, BYTE, Ox5A, nn, WBRC (V2.5 only)

Version V2.5 flight software implements a software interlock to prevent interference
with the WFR when WBR is operating in high band mode. Thisisaccomplished by having
W12| ask for the WBR Mx when both WFR and WBR arein high band (FSW assumes that
when WFR isusing low-band, that the WBR will be operating in synch with the WFR
sampling pulse).

Unfortunately, the W12l process|ooks at the wrong control word (thereisasmple
error in the source that will be corrected in V2.6 software). Thistweak isto the control word
that W12l inspects for making the decision. Setting the variable to non-zero will cause W12
to ask for WBR Mx when W12l is performing a high-band acquigtion.

nn Description
0x00 Cause W12| to ignore WBR Mx
OxFF W12l will seize WBR Mx

Version V2.6 flight software corrects the hiband lockout so that it is not necessary to
explicitly manage the flag and reassigns the meaning of thisfield. InV2.6 thisfield holdsthe
burst count. Altering thisfield inaV2.5 fashion isincompatible with using the new WBR
burst mode.

10.18.22 73MEM_TWEAK, HRP, BYTE, Ox5A, nn, WBRC (V2.6)
Version V2.6 flight software uses thisfield to hold the WBR BURST mode count.
Thisisacount of the number of WBR data setsto acquire in burst mode,

Thisfield istreated in the same manner asall control fields, that isto say, they are
read-only asfar asthe control processis concerned. The data-set count must be (re)loaded
only when it changes

The time required to acquire the data setsis determined by the timing control words a
offsets Ox50 and 0x52. Also note that offset 0x54 can affect timing by preventing data buffers
from becoming available for re-use when ddlivering datato the LRS handler (it isineffective
when delivering data through the BIU-direct path).
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10.18.22.1 V2.5 / V2.6 compatibility

Upgrading to V2.6 should not present significant impacts as the use of offset Ox5A is
somewhat mutualy exclusive.

V2.5 compatible |EB's treat thislocation as ahi-band flag while V2.6 software
correctly handlesthe interlock function correctly (looking at the hi-band location). Setting the
location, with the intent of causing the lockout to occur will continue to cause the lockout.

V2.5 IEB'sthat make use of the burst collection scheduling mode are created knowing
that the hi-band flag is handled correctly.

10.18.23 73SMEM_TWEAK, HRP, BYTE, 0x68, nn, WBRC

AGC Enable Flag. Thisisthelocation that storesthe AGC enable bit. It may be
directly atered to enable/disable gain without changing the gain level. Trigger 10 dtersthis
memory location in lieu of using the 73WBR_GAIN_CNTL command to avoid changing the
current gain selection. Thisavoids having WBR step gain levelswhenever we execute a
trigger that usestrigger 10 code to perform preliminary WBR configurati on/setup.
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10.18.24 73MEM_TWEAK, HRP, BYTE, 0x50, n, W08I

AGC updaterate control. Thisfield controlsthe ratewith whichthe gainleve is
updated when operating the WBR. When operating the WBR &t elevated datarates, the
double buffering will cause erratic gain updates to the WBR when attempting to update with
each data set.

Description

1 Updates ACG following each data set
Use only when acquiring at

rates below 1 data set per RTI

2 Updates AGC every other data set

Suitable for elevated acquisition rates.

n Updates AGC every n data sets
Suitable for al acquidtion rates.

V2.5 software dters the behavior of the AGC dightly. Rather than performing
updates every n" data set, AGC updates are suppressed for n-1 datasets. When conditions are
changing, this alows updates at the desired rate but when conditionsare datic, it dlowsa
change to occur quickly.

Asaresult of this new software, gain changes do not necessarily occur at a predictable
time, they smply do not occur any closer than the prescribed number of data acquisitions.

V2.6 software actualy

10.18.25 Byte offset 0x51 PROCESSWO8
Working counter for gain control activity.

Do not ater thislocation when using the new WBR Burst command/capability. It
may be possibleto load avaue of 1 into this counter for early termination, but setting offset
0x56 in WBRC to a0 or 1 would be easier to understand.
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10.18.2673AMEM _TWEAK, HRP, BYTE, 0x52, n, WO08|

MUX Control. Thedefault value (ZERO) for thisfield leaves the antennaMUX with
it's current setting. Desdlecting the MUX should allow the AGC integrator to settle out prior
to acquiring adata set (thismay improve AGC performance when operating the WBR ina
toggle mode or when operating with DUST active).

Note that thistweak may aso be used to select a specific channel of the MUX. This
may be useful in atoggle mode where the 2™, channdl is not using AGC control.

n Description
Leave MUX selected

to current channel

73WBR_BURST
0x80 MUX revertsto Ex antenna
0x81 MUX revertsto Bx antenna
0x82 MUX revertsto Ez antenna
0x83 MUX revertsto HFR
0x84 MUX revertsto Langmuir Probe
0x07 Desdlect MUX between data sets

A non-zero value enables MUX reversion with the upper 5 bits being stripped prior to
use in the antenna select port.

MUX control and AGC

MUX setting has a noticeable impact on what the AGC integrator deliversto the AGC
A/D convertor. Switching the MUX can present two signasto the AGC integrator; one being
the signal from the other antenna (i.e. When set to adifferent antenna than what the WBR is
looking at), and the second being atransient caused by a DC offset between the two antennas
The transent can berdatively large (and, therefore, the impact on AGC can be quite
noticeable).

To operatein BURST mode (i. e. using the 73WBR_BURST command) avaue of 00
might be best in the W08l MUX control location.

It appearsthat gain level changes may intrude into WBR/MFR data when the MUX
byteis set to zero 77?
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10.18.27 Byte offset 0xX53 PROCESS W 08I

Spare, to maintain word and page aignment. Thislocation Smply keeps the process
descriptor of the next process digned on a 16 byte boundary.

10.18.28 73SMEM_TWEAK, HRP, BYTE, 0x60, nn, DIR _

High Rate Science data movement control. Thisfield controlsthe HRS data formatting
and s, effectively, shared for WBR and WFR ddlivery activities. Both data sources may not
use HRS at the same time. A discussion of the appropriate values arelisted in aprevious
section on HRS data

10.18.29 Byte offset Ox61 PROCESSDIR _
Spare, to maintain word and page aignment.

10.18.30 Byte offset 0x62/0x63 PROCESSDIR _
Working location for 0x60 to alow for mode changes

10.18.31 73MEM_TWEAK, HRP, WORD, 0x64, nnnn, DIR_

Minipacket szefor WBR data. Thisfield isused to control the Size of the minipacket that
isformatted for ddivery through the HRS stream. The default value of 1024 is appropriate for
al WBR modes.

Some WFR modes require a different value to be specified in thisfield to accommodate a
large dataset size.

10.18.32 73MEM_TWEAK, HRP, WORD, 0x66, nnnn, DIR_
Minipacket szefor WFR data. Thisfield isused to control the sizeof the minipacket that
isformatted for delivery through the HRS stream.

384



10.19 WFR Contrad

Wave Form Recelver commands  Note that the compression switch is present in two
Separate commands and this can present an incongstency in building the commands. Please
refer to the suggested order lis when building WFR commands to avoid placing the
instrument into an invalid state.

Commands may be sent to the WFR when the instrument isin SLEEP mode athough
they will not beimmediately processed. It should not be possible to bring the instrument out
of SLEEP mode inadvertently (i.e. modifications to offset 0x56).

Suggested order of commands

73WFR_ANT_SEL
73WFR_AUTO_CNTL
73WFR_CHAN_CNTL
73WFR_DATA_CNTL
73WFR_GAIN_CNTL
73WFR_MODE_CNTL, HOLD
73WFR_CMPRS_CNTL
73WFR_TOGGLE_CNTL
73MEM_TWEAK offset 0x50
73MEM_TWEAK offset 0x52
73MEM_TWEAK offset 0x54
73MEM_TWEAK offset 0x56

Version V2.3 software has amechanism in place to prevent 12 bit data acquisition
from being corrupted by 8 bit data acquisition. When either WBR or DUST arein high band
mode, the 12 bit system will ask for the WBR Mx flag whenever performing a high band data
acquisition. The Mx isnot requested during low band activities under the assumption that 8
bit system will be using set to synchronize with the sampling on the 12 bit system and acquire
small data sets (i.e. 2048 samplesor less). This mechanism adlows WBR high band
acquisition to occur during ongoing LFDR acquisitions while alowing for the occasond
WER capture.
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10.19.1 WFR Timing Control Process. Setup Storage Area

OFFSET L abel Default Description
0x2430 CMDp_Divisor MOD timing divisor
0x2432 CMDp_Remainder MOD timing remainder
0x2434 CMDp_Packet_Delay Inter packet delay
0x2436 CMDp_Run Run Flag
0x2437 CMDp AGC
0x2438 CMDp_Offset 8254 igfaf;gi;ﬁ[ﬂrsﬂ 0
Ox243A CMDp_Mode Channel Mode: 1ch,3ch,5ch
0x243C CMDp_Band Band Sdlect
Ox243E CMDp_Length (g%ﬁgﬁigﬁﬁgt
0x60 CMDp_Destination Data Routing Destination
0x2442
0x2444 CMDp AGC H L AGC set points
0x2446 CMDp_Antenna Antenna Selection
Ox2447 CMDp_Gain_0 Gain Setting: Channel 0
0x2448 CMDp_Gain_1 Gain Setting: Channel 1
0x2449 CMDp _Gain 234 Gain Setting: Channels 2, 3,4
Ox244A CMDp_Wadsh Walsh number
Ox244C CMDp_DCC ACTEéatrg'nSter a3
Ox244E
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Fidd Field Location Description
Minipacket ID Byte0/ D7..D4 1000
- Byte0/ D3..D0 :
Minipacket Length Byte 1/ D7.DO0 12 bit length
Byte2 $4..80, R2.R0 RTI time of dataacquisition
RTI Byte3 S12.S5 Seconds & RTI
Sze Byte4/D7..D4 Number of segmentsin dataset (n- 1)
Segment Byte4/D3..D0 Segment number (0 to n-1)
Frequency Band
FB Byte5/ D7 1 =140 uSec (2.5Khz)
0 =10 mSec (40hz)
LP mode
LP Byte5/ D6 0: mode-6 ischannds 2,34
1: mode-6 ischannds0,1,2
. Ganlevd, channds?2, 3,4
Gan234 Byte5/ D5..D4 0dB to 3008 in 10 dB steps
. Gainlevd, channd 1
Gan1l Byte5/D3.D2 0dB to 30dB in 10 dB steps
. Gainlevd, channd 0
Gan0 Byte5/D1.D0 0dB to 30dB in 10 dB steps
Compression Byte6/D7..D4 0
More Status Follows
MSF Byte6/D3 lindicatesbytes 6 and 7 present
Antenna Byte6/D2..D0 Antenna Selection
Wadsh Digital Gain Factor
Welsh DGF Byte7/D7..D6 (véid only for DCP compresson)
Toggle Enable bit
Toggle Byte7/D7 (when datais passed directly to the L RP)
AGC enable bit
AGC Byte7/D6 (when datais passed directly to the L RP)
Chan Byte7/D5..3 Channdl
Mode Byte 7/ D2..D0 Channd Mode
Langmuir Probe DAC 0 voltage
LPDACO Byte8/ D7..D0 when MSE set
Langmuir Probe DAC 1 voltage
LPDAC1 Byte9/ D7..D0 when MSE st
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10.19.2 Status Field
10.19.2.1 Size/Segment, Byte 4

WFR data may be up to 10,240 samples (20,480 bytes) which requires aminimum of
3 bits (each) for the sze/segment fidd. By allocating afull 4 bitsfor each field, it becomes
possible to acquire large datasets while still making use of the DCP to perform compression
tasks (DCP will correctly process only WFR datasets of 512 or 1024 ?? samples).

The range of thesefieldsis 0-15, so the number of segmentsin the datasetsis
expressed as(n-1).

10.19.2.2 Frequency Band, Byte 5, D7

Asindicated in the table aove, this bit indicates which sample rate was used to
acquire this dataset.

Oindicates low band, 10mSec sample period, 26Hz Filter.
1 indicates high band, 140uSec sample period, 2.5Khz filter.

10.19.2.3 Langmuir Probe, Byte 5, D6
When s&t, indicates that the Langmuir Probe configuration isin effect for mode-6 (3
channdl). The 3 channel mode may select either magnetic sensors (i.e. channels 2, 3, 4) or the

electric sensors (0, 1, 2). TheO, 1, 2 sensors may aso be connected to the Langmuir Probe
sensors (hence the LP designation).

10.19.2.4 Gain select, Byte 5, D5-4, D3-2, D1-0

Gain amplifier setting for magnetic sensors (i.e. channels 2,3,4; bits 5-4), and eectric
sensors (channd 0 usesbits 1-0, channd 1 useshits 3-2). Vaue of 0 to 3 indicates 0dB to
30dB in 10dB steps.

LP bit doesNOT change channel assgnments.
10.19.2.5 Compression, Byte 6, D7-4

Thisindicates the type of compression gpplied to the data (aswell as where
compression was applied).

10.19.2.6 MSF, Byte 6, D3

More Status Follows. Thisbit, when set, indicates that an additiona 2 bytes of status
appear in the status area (data starts 2 bytes | ater).

Similar to the MSF bit in the WBR, this it indicates that two additional status bytes
areincluded in the minipacket. These additiona status byteshold the current L/P DAC
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settings and are included whenever one of the 5 WFR channels is connected to any of the L/P
inputs.

10.19.2.7 Antenna Select, Byte 6, D2-0

Channels 0, 1, and 2 my be connected to e ectric/magnetic sensors or to the Langmuir
Probe with these bitsindicating the current selection.

D2 isthe saect bit for channel ?
D1 isthe saect bit for channel ?
DO isthe saect bit for channel ?

10.19.2.8 Walsh DGF bits, Byte 7, D7-6

These bits are not shown in the above packet diagram as they were added following
the construction of the diagram. They indicate ?? happened in the Walsh transform, and
therefore are only valid if data has passed through the DCP.

Internally these bits hold the TOGGLE and AGC bits. Thesehitsare used by DCPto
accomplish AGC functions and would normally be stripped on the DCP (or replaced with the
Walsh DGF hits), but will appear if the datais shipped directly to LRP (either BIU direct or
bypassing DCP to achieve higher datarates).

Notethat theinterna bitswill appear in the WFR minipacket when the DCPis
bypassed (i.e. in the case of LFDR dual routing or when the DCC hardwareisin use).

The normal decompression performed on the WFR data should remove these bits as
part of the decompression activity. If these bits appear set in decompressed data, this should
indicate TOGGLE MODE or AGC ENABLE. The compresson status may be used to
determine their validity (i.e. A compresson status that indicates the data has passed through
DCP would indicate these to bits are Wa sh DGF, while any other compression status pattern
would indicate these are TOGGLE MODE and AGC ENABLE bits

10.19.2.9 Toggle/AGC, Byte 7, D7-6 (also Walsh DGF Bits)

These two bits are overloaded in that they perform 2 distinct functions. Within the
instrument, these bits allow the band toggle mode to manage gain levels independently (i.e.
high band vs. low band). This management function isnot realy necessary for interpreting
data on the ground so when we make use of the Wa sh compression method, these bits are
used to deliver adigital gain factor with the dataset.

Keeping in mind that we would, for the vast mgority of cases, compress WFR data
and these bitswill ddiver the DGF status. Occasionally, however, we manageto ddliver rav
WFR data to the ground (dua routing LFDR ddivers 12 bit data directly to the LRP, sowe
will see the data as uncompressed WFR data on the ground). When using one of the unusua
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configurations, the bitswill contain the gain control bits that we need internally to implement
gain control.

Handling of Toggle/AGC bitsduring Decompr ession (ground)

It seemslike the correct handling of these bits on the ground would be to clear them
whenever we encounter uncompressed data (if the datais not compressed, we can't have any
shifting that is the result of the Walsh transform and the DGF would be zero).

10.19.2.10 Channel, Byte 7, D5-3

The dataset istypicaly demultiplexed prior to ddlivery (thisisto accommodate the
compression performed on DCP). Thisfield indicates which of the 5 channels this data set
corresponds with. Vauesof 0to 4 indicatethe 5 channelswhile avalue of 7 isused to
indicate multiplexed data (when using the DCC chip to perform compression).

Note that decompression, performed on the ground, will demultiplex the data and
produce individua datasets for each channel. Each dataset will have the channel bits set

appropriately.
10.19.2.11 Mode, Byte 7, D2-0

This satus field indicates the channel mode the receiver isoperating in. Thereare5
single channel modes (corresponding to the 5 channels available with this receiver), a2
channel mode (using channel 0 and 1), two 3-channd modes (the LP bit is used here), and a5
channel mode.

10.19.2.12 LF-WBR Notes

LF-WBR mode involves operating the WFR in asingle channe mode to emulate the
operation of the WBR. This mode makes the dower capture rates of the WFR available asa
psuedo-wideband receiver. To achieve near continuous coverage, the data set Sze may be
increased to make use of an entire WFR buffer of 10240 samples.

Thereisa potentiad hardware issue when operating inlow band (i.e. 100Hz sample
rate). A dataset, when configured in this manner, requiresin excess of 100 secondsto
acquire. When changing WFR modes, it is necessary to allow any active data set acquisitions
to complete prior to reconfiguring the WFR. Thisis easly accomplished with minimum
impact to other data collection activities by idling the WFR afew minutes before sending any
other commands to the ingrument. Asan example, the following command may be used to
stop the WFR from acquiring any additional data sets.

73MEM_TWEAK, HRP, BYTE, 0056, 0000, WFRC
The symptoms of failing to observe thisrestriction isusualy a hang in the WFR that

may require areload of flight software (use care as you may be waiting for an acquisition to
complete). This can occur when using the DCC hardware and terminating a data collection
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cycleearly. Thisseemsto placethe WFR/DCC into an odd state that (permanently) prevents
further use. It looks as though the hardware should provide a meansto reset the DCC <o if
this becomes an issue there should be some method for the software to recover (this should be
possible usng OOPORT_TWEAK commands).

10.19.3 Data Format

The RAW data congists of aseriesof 16 bit words containing 12 bit samples (upper 4
bits are zero). In most cases the segments (aswel as the data sets) are aconvenient power-
of-2 size (i.e. 1024 or 2048 samples). Also, the multi-channel modes are typicaly
decomutated prior to ddivery to accommodate compression activities on the DCP, a complete
cycle of datawould consist of aseries of 5 datasets.

When the DCC hardware is used for compression, all channels are mixed asthisis
how data is presented to the hardware and cannot be decommutated prior to the
decompression step. Inthis casethe datais mixed, in order (i.e. channels 0-4 sample O occurs
followed by channes0-5 sample 1, etc.).

10.19.4 DCP Resour ce Requirements
Aswith Langmuir Probe, WFR acquires 12 bit samples (storing thisin a 16 bit word)
S0 We can gpproach data compression in severad manners.

DCP CPU Description
requirements
N/A RAW (bypass DCP)
512 s%snm%pflznp()jacket PACK
RICE
WALSH
WALSH/RICE
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Commands
10.19.5 73WFR_ANT _SEL, sensor 0, sensor 1, sensor 2

Three of the five WFR channels make use of a2 channel multiplexer to salect 3
additional recaiver channds. Channds 3 and 4 are fixed on the search coil.

sensor 0 Description
exlo electric dipole antenna, X
Imr langmuir probe cylinder
sensor 1 Description
ezlo €lectric monopole antenna, Z
Imr langmuir probe cylinder
Sensor 2 Description
bx magnetic search coil
Ip langmuir probe sphere

10.19.6 73WFR_AUTO_CNTL, low =, high s, aver ageinterval, time constant

This command isrerouted for processing on the DCP. The WFR hardware does not
contain any hardware assistsfor use with automatic gain control, so the software must
examine the data to determine when again changeisrequired. Thisactivity, performed on the
DCP, is controlled using this command.

10.19.7 00OWFR_AUTO_ADJ, direction, channd

Thisisaninternd command used by the AGC software. It isused to adjust the gain
setting 10dB in the specified direction for the specified channdl. If the command requests an
invalid gain setting (i.e. below 0dB or above 30dB) it isignored.

10.19.8 00OWFR_AUTO_SET, agc, channd, gain 0, gain 1, gain 2-3-4

Thisinterna command is used to select again settings independently for the primary
and secondary bands (this is how we manage gain when operating in atoggle mode). The agc
fidd selectsmanua (MAN) or automatic(AUTO) gain. The channel field selectsthe
primary(PRI) or secondary(SEC) band, and the three gain fields are similar to the gain selects
inthe 73WFR_GAIN_CNTL command.
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10.19.9 00WFR_RATE_CNTL, direction
Thisinterna command dters the timing period specified at word 0x50. Thevaue
pecified isexpressed in RTI ticks
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10.19.10 73WFR_CHAN_CNTL, channel select

Selects channelsto sample,
Channd select Description
CHO, CH1, CH2, sngle channd (using selected channel)
CH3, CH4
CHO1 dua channd mode
CHO12 three channel mode using first three channels
PROBE
CH234 three channel magnetic
CHALL al channels
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10.19.11 73WFR_CMPRS CNTL, enable, route, word count

This command is used to specify the total number of samples(i.e. 3 channels of 1024
samples each requires 3072 for a sample count). The compression control is used to control
use of the hardware compression. Software compression requir esthat hardware compression
bedisabled. Theroute parameter determinesiif the packet length is determined before or after

compression.

The WFR isdouble buffered with a maximum sample count of 10240. The sample
count isacombined count for al channels 0 the sample count must be multiplied by the

channd count to arrive at the word count.

enable Description
off hardware compression not used
on hardware compression enabled
word count restrictions
route Description
wcC_out EOP generated by WCR in 8237 only
word count is the number of 16 bit words |eft
in memory (number of samples may be more
or less than indicated by word count)
wc_in EOP generated by WCR in Actel or 8237
word count isthe number of 12 bit samples
ddivered into the DCC hardware. Number
of samples may belessif compressonis
paoor.
word count Description
nn number of samplesin data set
(DCClwc_out) total sample count, not samples/channe
10240 samples maximum
nn sample count must be amultiple of 1024
(DCCwc.in) samples when usng DCC compression.
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Note the restriction on the word count when operating the WFR through the DCC
compression hardware and controlling the number of samples. When DCC/wc _inis
specified, the sample count register, which isloaded with amultiple of 1024 samples, is
enable and used to terminate the data acquisition. The lower 10 bits of the word count are
truncated/discarded as the sample count register is only 4 bits wide (thus limiting the absolute
dataset sizeto 16,384 samples).

Keep in mind that DCC israrely used in conjunction with the WFR so this problem
does not appear often. The symptom of using an invalid word count being a data set with an
unexpectedly small number of samples.

Also look in the 73DCP commands for discussions about CPU limitations on the
compression processor. Thiswill affect setups where L/P and WFR are attempting to operate
a elevated bit rates. The WFR may be commanded into data collection schedules that use
excess CPU cycleson the DCP.

10.19.12 73WFR_DATA_CNTL, destination

Setsthe route that the data product will take within the instrument. The datamay be
ddivered to the LRP directly (although thisisnot desrable in flight), through the software
compression on the DCP (where automatic gain processing occurs), or directly to CDS using
the HRS route.

degtination Description

Irs WFR data ddivered to Low Rate Science
stream on Low Rate Processor

hrs WFR Dataddivered to High Rate Science
stream on High Rate Processor
dcc Irs WFR data delivered to DCP for Wadh/Rice
(dcp_Ir9) compression

Note that the label used to route data to the compresson processor (for software
compression) isconfusing. The mnemonics were selected very early, prior to code
implementation in some cases. Changing the mnemonics involvesfiling ECR requests with
JPL and the possihility that the commands will be mis-interpreted so we have eected to keep
the (confusing) keywords.

Refer to the IEB source code for examples of setting compresson method correctly.

397



10.19.13 73WFR_GAIN_CNTL, control, gain 0, gain 1, gain 2-3-4
Selectsthe gain setting for the 12 bit system. There are 3 separate controls with
channdl 0 and 1 having independent control and channels 2, 3, and 4 making use of acommon

gain control.

Aswith LFDR, V2.6 addsthe SET keyword to the control field. Thissetsgain levels
without changing the AGC setting and is effective only when AGC is set to AUTO. Thisnew
keyword isintended to be used internally by the AGC code that runs on DCP.

control Description
MAN manua gain control
AUTO automeatic gain control

(datamust be routed to DCP for AGC to function)

gain0, gainl, Description
gain234
0 10 20 40 gainleve,indB

10.19.14 73WFR_MODE_CNTL, HOLD, band, compression
Selects the sample rate and anti-aiasing filter.

For most setups the WFR will make use of the DCP for compression which dictates that
the compression selection in this command be set to NoCompress. Selecting compression
with this command and routing data to the DCP will corrupt the compression status bit
rendering the data unreadable.

band Description
Iband 10 mSec Samplerate
hband 140 uSec samplerate
compression Description
nocompress no har dwar e compression
compress har dwar e compression
(ISFLIP chip)

HEY'! ThisisHARDWARE compression sdlect !!!
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These are the two forms that this command should take when sending through the DCP
for packing or compression.

73WFR_MODE _CNTL, HOLD, LoBand, NoCompression

73WFR_MODE_CNTL, HOLD, HiBand, NoCompression
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10.19.15 73WFR_TOGGLE_CNTL, control, gain 0, gain 1, gain 2-3-4 (V2.6)
Selects the gain setting for the high band toggle mode.

A toggle mode was added in the V2.6 software to alow WFR data, to be collected in
aternating low-band and high-band mode. Thisis accomplished by having WFR flip the
band selection with each data acquisition (we are ill limited by the sngle 5 channel 12 bit
data acquisition system on the HRP aswell asthe CPU cycles available on the DCP to
perform compression) . To avoid gain problems, a separate gain state is maintained for the
aternate band with this command being used to set the dternate gain sate.

KEEP IN MIND that using this feature may affect the data collection schedule when
operating at elevated datarates due to the increased time required to collect datain lo-band
mode. Thisis noticeablewith Trigger 1A that appearsin the BASE.IEB load that isincluded
with the ALF load, the hi-band acquisition occursimmediately following the lo-band
acquisition but isdelayed afew RTI periods. Inthisexample, dat acquisition requires 20.47
seconds, leaving barely enough time to get the next acquisition setup before the RTI (seemsto
be4 or 5RTI'slate).

The software accomplishes the toggle mode by storing an aternate set of gain values
and ssimply inverting the band control bit, with these actions being taken every other
acquigtion. Itisnot possibleto dter any other settings (asthisis intended to smply be aband
toggle mode) athough we don't redly careif the primary setup is hi-band or lo-band (at least
not within the WFR acquisition control code).

Notethat thisimpliesthat the gain selectionin the 73WFR_TOGGLE_CNTL command
refersto the gain of the dternate band (not high band or low band, per se). The primary band
isselected inthe 73WFR_MODE_CNTL command and the gain selection in this command
refersto the dternate band selection (i.e. the other band).

An AGC assist isaso implemented by the control keyword SET. This control may be
used to ater gain settings without affecting the AGC setting. In addition, the gain level will
only be changed if AGC isenabled. This control, therefore, may be used by the AGC
software on DCP to cause the AGC control bit to become effective. (Internaly thereisan
AGC control command that has primary/dternate bit that is not documented here)

When WFR is being operated exclusively in high-band or low-band mode, the this
command would not be used.
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control Description
OFF Disable toggle mode
MAN Enable TOGGLE mode without AGC control
AUTO Enable TOGGLE mode with AGC control
SET Change gain level, leaving AGC enable unchanged
gain0, gainl, Description
gain234
0 10 20 40 ganleve,indB

10.19.15.1Compatibility note

This command isimplemented as an extension to the WFR gain command
(73WFR_GAIN_CNTL) inamanner that is reasonably compatible with earlier verson of the
flight software. Thistrigger can be used with earlier versions of software aslong asthe trigger
isimmediately followed by again control command. The reason for thisrestriction is that
older versons of the flight software will decode the 73WFR_TOGGLE_CNTL command asa
73WFR_GAIN_CNTL command and make use of the indicated gain levels. By following the
toggle command with anormal gain command, the effect in prior versonsis nullified while
newer verson will act accordingly.

In particular, trigger 10 will need to shut down toggle mode in amanner that isas
universa as possible, and thisis smply accomplished by adding the gain control command
immediately prior to the gain control command (this was done around the time of the C32
submission).

Another way to obtain compatibility with older versionsisto duplicate the gain
sdections from the 73WFR_GAIN_CNTL command inthe 73WFR_TOGGLE_CNTL command.
Thisway the mis-interpreted command duplicates the correct gain control command and the
gain ends up being set as desired.
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10.19.167SMEM_TWEAK, HRP, WORD, 0x18, 1, WFRC

Thistweak may be used to bring the WFR timing control process out of a delayed state
when changing insrument modes. Many of the WFR bit rates require rather long cycle
periods and changing this period takes effect following the next scheduled data acquistion. If
WEFR timing control isnot currently delayed this tweak will have no effect.

There are two methods of using this tweak, synchronized and unsynchronized.

The unsynchronized method will typicaly cause an immediate data acquisition to occur
and requiresasingletweak. Thisisaccomplished by smply placing the tweak following the
last WFR command (i.e. the setting of |ocation 0x50 or 0x56).

73WFR_ANT_SEL
73WFR_AUTO_CNTL
73WFR_CHAN_CNTL
73WFR_DATA_CNTL
73WFR_GAIN_CNTL
73WFR_MODE_CNTL, HOLD
73WFR_CMPRS_CNTL
73MEM_TWEAK offset 0x50
73MEM_TWEAK offset 0x52
73MEM_TWEAK offset 0x54
73MEM_TWEAK offset 0x56

73MEM_TWEAK , HRP, WORD, 0x18, 0x01, WFRC

The synchronized method requires an additiona tweak to location 0x56 to idle the WFR
timing control process followed by the twesk to location 0x18 to bring the WFR timing
control process out of adelay. These two tweaks should be placed befor e any other WFR
commands.

73MEM_TWEAK , HRP, WORD, 0x56, 0x00, WFRC
73MEM_TWEAK , HRP, WORD, 0x18, 0x01, WFRC
73WFR_ANT_SEL

73WFR_AUTO_CNTL

73WFR_CHAN_CNTL

73WFR_DATA_CNTL

73WFR_GAIN_CNTL

73WFR_MODE_CNTL, HOLD

73WFR_CMPRS_CNTL

73MEM_TWEAK offset 0x50

73MEM_TWEAK offset 0x52

73MEM_TWEAK offset 0x54

73MEM_TWEAK offset 0x56

10.19.17 73MEM_TWEAK, HRP, WORD, 0x50, nnnn, WFRC
Scheduling period expressed in RTI ticks.

10.19.18 73SMEM_TWEAK, HRP, WORD, 0x52, nnnn, WFRC
Scheduling offset expressed in RTI periods.
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10.19.19 73MEM_TWEAK, HRP, WORD, 0x54, nnnn, WFRC

Delay (expressed in RTI's) between minipackets. Used to throttle the data delivered to
either the DCP or LRP. Thetotd WFR data buffer is 20K words requiring that data be
delivered asslowly asit is processed.
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10.19.20 73SMEM_TWEAK, HRP, BYTE, 0x56, n, WFRC
Scheduling mode.

00 Stop

Dataacquidtionisstopped. 73WFR_MODE_CNTL, TRIGGER isnot
processed. Internal triggers are not processed. This state is entered
whenever degp isasserted.

01 Idle

Data acquidition is stopped but the process will accept atrigger to
perform asingle acquidtion. After the acquisition the process will
return to idle to await further triggers.

12 Run

Dataacquidtion is continuous and based on the schedule specified
at offset 0x50 and Ox52.

23 Trigger

* Singledataacquistion.
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10.19.2173MEM_TWEAK, HRP, BYTE, Ox5A, nn, WBRC
WBR Mx control word. WBR/\WFR interference control.

Seethe WBR section for a discussion of this variable.

10.19.22 73MEM_TWEAK, HRP, BYTE, 0x60, n, WFRX
WFRo_SEGMENT_SIZE. Control the sze of a WFR minipacket segment.

The nomina vaueinthislocation is 1024, giving a minipacket size of 512 samples
(this number is expressed as araw byte count). The nomina valueisappropriate for use with
the DCP compression routines. This size can be altered ONLY when not making use of the
DCPto pack/compressthe data. Specificaly, when operating in a single channd mode (i.e.
psuedo-WBR modes), it is preferred to limit the dataset size to 8192 samples and leave this
parameter at it's default setting to maintain the capability of usng DCP for compression when
operating at lower bit rates.

10.19.23 Byte offset 0x62 PROCESSWFRX
Segment Szeworking area.

10.19.24Byte offset 0x64 PROCESS WFRX
WFRo DATA_ADDRESS

10.19.25Byte offset 0x66 PROCESS WFRX
WFRo_DATA_COUNT

10.19.26Byte offset 0x68 PROCESS WFRX
WFRo MPCB_DATA_ADDRESS

405



10.19.27 73SMEM_TWEAK, HRP, BYTE, Ox6A, n, WFRX
Minipacket delivery flags

These values are added to obtain combined results. In particular, thislocation must be
tweaked when high speed WFR datais being ddlivered to the DCP for compresson.

11 Checksum enable (default vaue)

Setting thisbit causes achecksum to be calculated on each |PC packet sent
to the IX queue for delivery.

12 Non blocking

Setting thisbit will cause minipacket processing to abort whenever the
free queue isempty (i.e. aconditiona queueread isused to obtain delivery
buffers and aread failure causes processing to be aborted).

14 Fast ddlivery

Setting thisbit suppressesthe 1 RTI delay between each | PC packet
normally imposed by the minipacket assembler.

15 Checksum enable and fast ddlivery (fast WFR data)

This setting is used to obtain pesk WFR datarates through the Data
Compression Processor. Eliminating the delay between |PC packets
reduces the unrecoverable idle time on the DCP when running WFR data
rates above 5,000 bits/second.

10.19.28 73SMEM_TWEAK, HRP, BYTE, 0x60, nn, DIR _

High Rate Science data movement control. Thisfield controlsthe HRS data formatting
and s, effectively, shared for WBR and WFR ddlivery activities. Both data sources may not
use HRS at the sametime,

The only valid vauefor nn is ZERO when used with WFR data

10.19.29 73MEM_TWEAK, HRP, BYTE, 0x50, nn, W12J (affectsL FDR)

RST-5 Clock Enable flag. Thisfieldisnormaly set to a-1 and should not be altered.
When cleared to zero, it causes the sample clock to the 12 bit A/D system to be stopped when
datais not being actively acquired. Thisclock does not appear to interfere with anything
within theinstrument (i.e. the WBR).

Clearing thisflag prevents WBR data acquisition when LBAND data s being acquired.

10.19.30 Byte offset 0x50 PROCESSW 12J
Restart Clock. Thislocation isset to OXFF to keep the RST-5 clock running.
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10.19.31 73MEM_TWEAK, HRP, WORD, 0x52, nn, W12J (affectsL FDR)

Gain change settling time. Thisfieldisnormally a2 to alow at least 125 mSec of settling
time prior to data acquisition in the event that a gain change has occurred. If both LFDR and
WEFR are operating, setting thisfield to zero will probably cause problems.

Gainlevel changes (i.e. auto gain) and/or antenna selection changes require thisfield to be
St to 2 or grester.

Thisisintended to alow a L ow-frequency WBR mode to be implemented at closeto
100% duty cycle. TheLFDR, isenabled, must use the same antenna and gain settings. Auto
ganisnot possble (i.e. gain level changes may trigger the AGC code to continuously change
gainlevels. Antennasdectionisaso criticd. Evenin single channe mode, the WFR must be
commanded to use identica antennas asthe LFDR for the unused antenna.

10.19.32 73MEM_TWEAK, HRP, BYTE, 0x66, nnnn, DIR_

Minipacket szefor WFR data. Thisfield isused to control the sizeof the minipacket that
isformatted for delivery through the HRS stream. Thisfield interacts with the memory map
on the HRP so the value must be chosen with care (data from any individual minipacket must
not be alowed to cross the memory bank boundary).
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10.19.33 WFR Buffer Memory

WFR BUFFER Oislocated a& 0x0C400 while WFR BUFFER 1 islocated at 0x19400.
Thisresultsin 0x3C00 (15,360) bytes of buffer O being located in bank 0 and 0x1400 (5120)
bytes being located in bank 1. Buffer 1islocated entirely in bank 1.

When sdlecting sizes for minipackets care must be exercised to avoid having aminipacket
cross the bank boundary as the data movement code sel ects the memory bank prior to
processing each minipacket (if a minpacket crosses the bank boundary, data from logical
addresses above 0x10000 will be taken from the bottom of memory, i.e. Code will be palced
in the minipacket rather than WFR data). Note that since WFR buffer 1 islocated entirely
within bank 1, that symptoms would be every other dataset has some corrupted data).

Another factor to keep in mind is that the minipacket assembler (doesBIU_do thisas
well?) decomutates the WFR data when operating in amulti-channel mode. The minipacket
gzeis, effectively, multiplied by the channe count.

Minipacket size 1 channd 3 channd 5 channd
512 vaid vaid vaid
1024 vaid vaid vaid
1536 vaid vaid
2048
2560 vaid vaid
3072 vaid vaid
3584
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10.20 Wrap Command
Provided to allow asubset of the commands listed to be implemented in the various
parsers. Thiscommand alows any bit pattern (i.e. any command) to be generated.

10.20.1 73WRAP, (valug1..n])

Used to implement any command the instrument is capable of decoding. Commands
not documented in 3-291 may be issued using this mechanism. When issuing 73WRAP
commands, responsibility for generating parity lies with the command generator. Wrapped
commands may be specified with invalid parity.

Also note that because the 73WRAP command smply defines a group of command
words, multiple commands may be grouped into a single wrap command.

All RPWS commands may be wrapped, when needed. The command parsing tool,
parser, located onthe RPWS GSE systemsis capable of trandating all RPWS commands
into thisformat.

The dataitems are acommadelimited list of hexadecima numbers containing any
number of command patterns that will fit within the limits of the ground system, CDS, and
RPWS buffers. A value of lessthan 121 wordsis reasonable within the instrument.
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10.21 Storage Manager (Special Maintenance)

Commands to this handler are in the form of memory tweaks. All of the Process
Descriptor words arelisted here for reference. Most of them arelocated here to alow the use
of 73MRO for ingpection athough a current memory load map isrequired to determine the
appropriate locations.

10.21.1 73MRO, LRP, hsk/tim, SMGR+0x60 SM_Next Address
Next Ram Disk Addressto be written.

10.21.2 73MRO, LRP, hs/tlm, SMGR+0x62 SM_Address
Current Ram Disk Address being written.

10.21.3 73MRO, LRP, hsk/tim, SMGR+0x64 SM_L ength
Size of Ram Disk buffer, always 128.

10.21.4 73MEM_TWEAK, LRP, WORD, 0x60, nn, SMHK HK_Flag
Thislocation may be cleared (i.e. set to zero) to cause the housekeeping dump to
begin at the beginning of memory.

10.21.5 73MRO, LRP, hsk/tim, SMHK+0x62 HK _Address
Current Ram Disk buffer being moved to housekeeping

10.21.6 73MRO, LRP, hsk/tim, SMHK+0x64 HK L ength
Size of Ram Disk buffer, always 128, just like SM_Length. If thesetwo aremis-
matched, you'rein big troublel

10.21.7 73MRO, LRP, hsk/tim, SMST+0x60 Timeout_Count
Timer location to allow error recovery from lost Ram Disk packet.

10.21.8 73MRO, LRP, hsk/tlm, SM ST+0x62 Power_Flag
Set to -1 when the Ram Disk is full and power has been removed from the HFR.

10.21.9 73MRO, LRP, hsk/tim, SMST+0x64 Fault_Bits
Hold completion status bits.

10.22 Maintenance Manager (Special M aintenance)
This code manages the activities triggered by asserting the maintenance discrete bit.
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10.22.1 73SMEM_TWEAK, LRP, WORD, 0x60, nn, MANT Seep Delay

This determines the minimum period that will be spent in SLEEP mode when the
Special Maintenance software isloaded into the processor. The value loaded with the
software (i.e. the default value) is 256 giving aminimum dwell time of 32 seconds

10.23 Ram Disk Manager (Special Maintenance)
No tweak-able control fields. No datafields keyed to the P.D.
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11 Hight SoftwarePatches

Asof 2003, it appears we will not be updating our flight software. Most of the
problems encountered up until this point in time have been addressed with the V2.6 FSW
load. Severd smal anomdies are still present, but we are able to address them with minor
patchesthat are applied with asmall number of MEM_TWEAK commands

This section discusses the patches we have built, how they are applied, and when they
are gpplied. Notethat not all of the patches accomplish their goals (in which case they are
noted as non-functiona and smply document a potentid problem and the remedy that was
attempted)

11.1 V2.6 patch lig

Patch 5 has undergone extensive testing and is incorporated into the base IEB starting
with C39. Theidletrigger performs the memory patches required to implement this update.

1111 V2.6 Patch 001

#

# Patch to V2.6 code

# 19 Sep 2002 WTR

# 73POWER_CNTL command in 73IEB_HALT, IDLE

#

# Examine memory locations prior and subsequent

# to patching. This, I hope, will give us a record,

# in telemetry, of the application of the patch.

# This patch may be applied more than one time

# without causing any problems.

#

# Patch 001 19 SEP 2002 73Pwr_Cntl, Pause

#

00:00:10 73mro, Irp, hsk, 3B54, 0 # Examine the areas
00:00:12 73mem_tweak, Irp, word, 0x0858, 0x0101, IEBC # Remove

# # Power_CNTL

# # Instruction
00:00:14 73mro, Irp, hsk, 3B54, 0 # Examine the areas

Patch 1 removes the last remnants of the 73POWER_CNTL, PAUSE command
fromtheinternal IEB. Theexternal 1EB is updated continuoudy, so has not had any
of thiscommand present for some time.

This patch is not absolutely necessary aswe never issue any commands that
will cause the problem ingtruction to be executed.
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1112

1113

V2.6 Patch 002

# Patch 002 03 OCT 2002 DMA mode 3 fixup

# 05 NOV 2002 Mode-3 doesn't even work,

# so there is NO point in fixing

# the code

#

#00:00:20 73mro, hrp, hsk, 37bd, 0 # Examine

#00:00:22 00mem_tweak, hrp, byte, 0x37BD, 0x0011  # Change port address
#00:00:24 00mem_tweak, hrp, byte, 0x37C1, 0x0011 # Change other port address
#00:00:26 73mro, hrp, hsk, 37bd, 0 # Examine result

Patch 2 isafailed attempt to address a problem in one of the transfer modes on
the HRP. The correct solution requires an update to V2.7 flight software. The patch
here isineffective (note that usng DMA MODE 3 on HRPwill result in CPU lockup
or total loss of WBR data).

V2.6 Patch 003

#

# Patch 003 12 DEC 2002 Time fixup on HRP

# Change RTI-0 signal to RTI-1.

# Allows HRP to slip 1 RTI wothout messing up
# Time too bad.

# Found problem (hope we did anyway), so this

# patch not really needed either...

#

#00:00:30 73mro, hrp, hsk, 0xOFCO, 0

#00:00:31 73mro, dcp, hsk, OXxOFES8, 0

#00:00:32 73mro, Irp, hsk, 0x4B40, 0

#00:00:35 00mem_tweak, HRP, BYTE, OxOFC1, 0x01  #HRP RTI-1
#00:00:36 00mem_tweak, DCP, BYTE, OXOFED, 0x01  # DCP RTI-1
#00:00:37 00mem_tweak, LRP, BYTE, 0x4B43,0x63  # send 2 RTI delay
#00:00:40 73mro, hrp, hsk, 0xOFCO, 0 # during RTI-7
#00:00:41 73mro, dcp, hsk, OXxOFES8, 0

#00:00:42 73mro, Irp, hsk, 0x4B40, 0

Patch 3 isafalled attempt to remedy a problem we seem to encounter on HRP
on occas on (as described elsewhere, the HRP occasiondlly dlips time when an
interrupt islogst).

This patch will mask the time regression, limiting it toasingle RT1. Note that
thiswill dso makeit very difficult to locate bad sections of WBR data
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11.1.4 V2.6 Patch 004

#

# Patch 004 19 DEC 2002 Time fixup on HRP

# biuint_5 seems to be keeping interrupts

# off for too long. stick in a pair of

# El instructions to alleviate the problem

#

00:01:00 73mem_tweak, hrp, byte, 0x15, Ox7F, BIU_ # lower priority (BLOCK)
# # BIU handler

00:01:01 73mro, hrp, hsk, 29BB, 0 #look at initial conditions
00:01:02 73mro, hrp, hsk, 2B44,0 #

#

# Load new code fragments

#

00:01:05 00mem_tweak, hrp, byte, 0x3CFO, OxFB # El

00:01:06 00mem_tweak, hrp, byte, 0x3CF1, 0x3A #LDA

00:01:07 0O0Omem_tweak, hrp, word, 0x3CF2, 0x23D2  # DMA_WORM_HOLES
00:01:08 00Omem_tweak, hrp, byte, 0x3CF4, 0xC9 #RET

#

00:01:11 0OOmem_tweak, hrp, byte, 0x3CF5, OxFB # EI

00:01:12 00mem_tweak, hrp, byte, 0X3CF6, 0x3A #LDA

00:01:13 00mem_tweak, hrp, word, Ox3CF7,0x3C2C  # DMA_WBR

00:01:14 0O0Omem_tweak, hrp, byte, 0x3CF9, 0xC9 #RET

#

# We do it in this order so screw-up doesn't crash HRP

#

00:01:21 00Omem_tweak, hrp, word, Ox29BC, 0x3CFO  # Patch LDA address
00:01:22 00mem_tweak, hrp, byte, 0x29BB, 0xCD # Change to CALL
00:01:23 00mem_tweak, hrp, word, 0x2B45, 0x3CF5  # Patch LDA

00:01:24 00Omem_tweak, hrp, byte, 0x2B44, 0OxCD # Change to CALL

#

00:01:31 73mro, hrp, hsk, 29BB, 0 #look at final conditions
00:01:32 73mro, hrp, hsk, 2B44,0 #look at final conditions
00:01:33 73mro, hrp, hsk, 3CF0, 3CFE #look at final conditions
#

00:01:40 73mem_tweak, hrp, byte, 0x15, 0x6B, BIU_  #return priority to normal

Patch 4 isan attempt to remedy the lost interrupt issue. Herewe patchin an
Enable Interrupt ingtruction into the BIU-DIRECT processin an attempt to get
interrupts enabled alittle sooner.
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11.1.5 V2.6 Patch 007

#

# Patch 005 20 MAR 2003 AGC Glitch (WO08l)

# Patch 007 24 JUL 2003 (mem_tweak to 0x32CE should be WORD to 32CD)
Gain control code fragment in WO08I

was glopping up the antenna select. Puts glitches

in WFR and MFR. Found and extra instruction to

delete (talk about careful planning).

Also, the 73WBR_MODE_CNTL and 73DUST_MODE_CNTL
commands are patched such that they no longer

alter the MUX control byte

H o HHHHH R

00:02:00 00mem_tweak, hrp, word, 0x32CD, 0
00:02:01 73mem_tweak, hrp, byte, 0x14, 0x40, TWEK
00:02:02 00mem_tweak, hrp, byte, 0x8225, 0x3A
00:02:03 00mem_tweak, hrp, byte, 0x82D4, 0x3A
00:02:04 73mem_tweak, hrp, byte, 0x14, 0x00, TWEK

Patch 5 eliminates an antenna switching glitch we have encountered from time
to timein theinstrument. This patch removes an instruction that incorrectly dtersa
the contents of the antenna control register for the WBR. By removing the offending
instruction, the WBR dataacquisition handler operates correctly (asorigindly
intended). Thisaso permitsthe 73WBR_BURST command to operate asintended.

In flight, we rarely seethe effects of this as the offending code fragment is
executed only during a change in WBR gain (this occurs very infrequently during
Cruise).
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11.1.6 V2.6 Patch 008

#

# Patch 008 04 FEB 2004 HSK RTI Loss Counter (HSK_)

# Move RTI LOSS field from data page to HSK page

#

00:02:30 00mem_tweak, Irp, byte, 0x18F0, 0x21 # Lxi H,

00:02:31 00mem_tweak, Irp, word, 0x18F1, 0x0039 # RPWS_RTI_LOSS
00:02:32 00mem_tweak, Irp, byte, 0x18F3, 0x19 # Dad D

00:02:33 00mem_tweak, Irp, byte, Ox18F4, Ox3A #Lda

00:02:34 00mem_tweak, Irp, word, 0x18F5, 0x1046 # RTI_LOSS LSB
00:02:35 00mem_tweak, Irp, byte, 0x18F7, Ox77 # Mov M, A

00:02:36 00mem_tweak, Irp, byte, 0x18F8, 0xC3 #JImp

00:02:37 00mem_tweak, Irp, word, 0x18F9, 0x17C7 # “Step”

00:02:38 00mem_tweak, Irp, word, 0x1855, 0x18F0 # Patch it into HSK _

Patch 6 isto dlow the RTI LOSS counter located in the system data pageto
appear in the housekeeping sream. 1t was supposed to happen thisway, but it looks
likeit got missed.
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12 TdemeryModes

Telemetry modes have changed very little over the course of the mission, but with the
arriva at Saturn some modes that have been deferred will begin to appear on the Space Craft.
This section of the Users Guide will attempt to provide alist of those telemetry modes that the
various versions of the software support and methods to work around any unusua telemetry
modes that might suddenly appear (any change in telemetry modes appears sudden to us).

Version V2.6 makes some minor changes to the telemetry modes that we
implemented in theinitial release of theflight software.

As noted elsewhere in the manud, we deliver either LRS or HRS during any given
RTI period (never acombination of 1 LRSand therest HRS). 1 LRS packet or up to 6 HRS
packets (or an empty packet). We NEVER ddiver both LRS and HRS in the same RTI.

12.1 Spacecr aft Tdemetry M ode changes

Telemetry modesin the instrument are controlled in several ways. The STM words
delivered with the time update (once each second) are used to enable HRS and to set the size
of the HRS buffer (i.e. the number of CDS packets that will be delivered with each
transaction). Unknown STM patterns are handled by |eaving the tdemetry mode unchanged
(i.e. continuing with the previous mode). When anew telemetry modeis encountered a HRS
enable flag and the packet count (number of CDS packets to be delivered during each RTI
period from HRPto LRP, the HRS packet count) are updated. The HRS packet count isthen
used to caculate aword count for BIU direct transactions (packet count « packet Sze). The
word count islater propagated to the HRP.

When changesin BIU direct word count occur, we expect to see amid-match in word
countsto cause an |PC timeout if BIU direct data transfer isactive. In most cases, however, a
mode change will occur when thereisno BIU direct activity and we will not notice the short
period of time where LRP and HRP have mis-matched BIU direct word counts. In most cases
we activate HRS modes for ashort period of time that never overlaps mode changes.

12.2 High Rate Science and Spacecr aft Telemetry Mode changes
What happens when we change telemetry modes during a high-rate trigger?

Have we observed some problems on the bench? Seemslike the mode information
has problems circulating over to the HRP if thereisaload of IPC traffic (from the HRS
mode). Solved the issue by smply re-issuing the trigger which ends up doing two things: 1)
idling theinstrument, allowing traffic on IPC to clear and 2) re-commanding the BIU handler
to dlow it to send new mode information to HRP.
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12.3 ModeTable

TLM MODE | LSBof TLM MODE HRS Commentsor
WORD Mode MNEMONIC | Mode MODE Name
xx00 NO SCl
0000 PCHK
0600 0345 IM-40
(03000303 RTE-5
C300 0306 RTE-10
C300 0309 00 RET-20
C300030C RET-40
C300 030F RTE-158
C300 0312 RTE-948
C300 0315 RTE-189%
(03003309 PB&RTE-40
xx02 02 FAST 1 Yes PC/RTIU mode
xx03 03 FAST 3 Yes
C303 0321 PRLY
Xx06 06 FAST 1
0306 0324 X ER-1
xx08 08 FAST 6 Yes PC/RTIU mode
xx09 09 FAST 3 Yes
0309 0324 S ER-2
xx0C e FAST 1 Yes
030C 0324 S&ER-3
XXOF OF FAST 6 Yes
030F 0324 X ER-4
Xx12 FAST 1 Yes
0312 0324 12 S&ER-5
03120327 X ER-10
0B12 0324 S&ER5-RPWS 77?
Xx15 15 FAST 1
03150324 S&ER-6
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TLM MODE LSBof TLM MODE HRS Commentsor
WORD Mode MNEMONIC | Mode MODE Name
xx18 18 FAST 6 Yes
0318 0324 K ER-7
xx1B 1B FAST1
031B 0324 S8 ER-8
xxX1E 1E NO SCi
031E 0324 S& ER-9
xx21 FAST 6 Yes
0321 032A RTE& SPB-14.22
03210330 RTE& SPB-22.12
0321 0336 21 RTE& SPB-35.55
03210339 RTE& SPB-82.95
0321 033C RTE& SPB-124.5
0321033F RTE& SPB-165.9
Xx24 o NO SCi
0324 033F SAF-248
xx27 NO SCi
1B27 0342 SAF-248-ALT3
0327 FAST 1 Yes
0327 0324 7 SAF-248-ALT2
1327 0342 SAF-142
0B27 FAST 6 Yes
0B27 0342 SAF-248-ALT1

12.4 0312 xxxx

S& ER-5 and S& ER-10 share atelemetry mode ID and they are not the same pickup rate.
V2.6 BIU handler knows of this and configures correctly.

12.5 Xx27 XXxX

Thismode is decoded in 3 different manners based on the M SB of the telemetry
mode. 0327, 0B27, and 1B27 are handled separately.

Is thisamode that no longer appears on the spacecraft (in other words, can it be

removed from the flight software)?.
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12.6 XxX02 XXXX and XX08 XXXX

These are modes |eft over from early devel opment when we were making use of the
PC-based RTIU. Telemetry modes on this SC smulation conssted of asmall number of
modes with little flexibility in the selection of STM words.

These patters are relics of the past and smply provide some unused telemetry mode
patterns that may be patched in the flight software, a convenient location to patch in anew
telemetry mode we may encounter.

12.7 ModeDescriptions
Thetitles used here are taken from the BIU handler onthe LRP. These aretheinternd
names!

Asof verson V2.6 it gppears that we do not have to support the 3.8Kb mode (i.e. 1
packet per second). Thismeansthat all science modes are HRS capable with the lowest
pickup rate being 30Kb/sec. Assuming we manage to get the HRS word count correct (i.e. the
number of packets/RTI) the instrument will automatically manage science data flow to CDS.

In the 30K b/sec mode, LRP will assert the FLOW control line to HRP every other
RTI to limit the flow of HRS data. 1n other modes (i.e. one or more packets each RTI) LRP
will assert the FLOW contral line when necessary to deliver LRS packets (if HRP is not
producing enough datato require aBIU direct transaction each RTI period, the LRP can move
LRS traffic without needing to assert FLOW).

127.1 NO SCI: Nosciencetdemetry
No Science Telemetry is picked up.

FLOW will be continuoudy asserted. Any HRS data produced will, after atimeout
period, be discarded to allow memory buffersto recirculate (and keep HRP from staling).
Databuffers are statically assgned on HRP (as they are much larger then F5 queue elements)
S0 stopping data with the FLOW line does not impact F5 buffers (so we can continue to send
commands and gather status on HRP).

What happensto LRS data? (does BIU handler automagically pitch datawhen it sees
aNO PICKUP mode to avoid impacting the F5 queue?)

What to MFR do?

12.7.2 FAST 1. up to60Kb

This mode coversrates up to 1 packet per RTI. Both LRS and HRS are dlowed to
flow in this mode with the packet pickup throttling data delivery. Rates below 60Kb will
make use of the hardware flow mechanism to limit HRS delivery rate. When an LRS packet
isready for ddivery, the hardware flow mechanism disables HRS long enough to release the
sngle LRS packet.
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BIU direct packet countisset to 1 (i.e. theword count is set to 1 CDS packet).

12.7.3 FAST 3: 180Kb
BIU direct packet count isset to 3 (i.e. the word count is set to 3 CDS packets).

LRS ddivery will cause the hardware flow to suspend HRS delivery for 1 RTI period
(in other words, delivering 1 LRS packet suspends dl HRS ddlivery for an RTI period)

12.7.4 FAST 6. 360Kb
BIU direct packet count isset to 6 (i.e. the word count is set to 6 CDS packets).

LRS ddivery will cause the hardware flow to suspend HRS delivery for 1 RTI period
(in other words, delivering 1 LRS packet suspends dl HRS ddlivery for an RTI period)

12.7.5 GOOFY: 3.8Kb (noHRS) or 60Kb
This mode required inspecting the M SB of the telemetry mode as well as PB/RTE
mode word to determinethe bit rate. The 3.8Kb rate has HRS disabled.

12.7.6 SLO FAST: 3.8Kb (noHRS) or 60Kb
Not used with Verson V2.6.

12.7.7 BIU muted
Used during probe activities.

BIU thinksit isddlivering dataif CDS starts a transaction.

CDS should be handling this setup the same as the NO SCI setup with the collection of
all data products suspended (with BIU muted, CDS will mark RPWS as DEAD and stop
collecting data). Broadcast transactions should continue (RT1 Start, Dead Time Start, and
Ancillary broadcast). Ancillary data broadcast will probably contain information from the last
successful pickup (i.e. immediately prior to muting the orbitersinstruments BIU's).

Because of Ancillary dataissues, should we always havethe instrument idle prior to
being muted??? Consider what is broadcast to therest of the spacecraft if we are muted inthe
middle of a sounder or L/P sweep).
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13 Ingrument handlers, €c.

This section contains descriptions of the internal operation of the various instrument
handlers and the limitations of the way the handler operate.

There are discussions of some of the support systemsaswell where they are of
interest.

Some of the discussionsin this section refer to kernel supported data structures and
kernel services. Information on these items may be found in the kerndl users handbook.

13.1 IPC inter processor communications
The IPC handler manages communications between the three processors.

Communi cations between processorsis handled by the IPC driver. The IPC driver is
also capable of managing communications needs within asingle processor. The IPC driver
handles data in 256 byte records with longer data items requiring segmentation to be handled.
Thereisaspecia casefor HRStraffic from HRP to L RP to support high data rates (300K b/s).

Thedriver is composed of 3 processes and some associated mutua exclusion flagsto
control access to the communications hardware. The 3 processes are an input process, output
process and watch dog process.
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IPC packet structure

QUE DATA - IPC DATA
+0 SPARE DESTINATION +0 Sequence | DESTINATION
+2 | BYTE count DATA +2 | BYTE count DATA
+4 : +4 ’
+6 . CHECKSUM OPTIONAL+s
+8 - IF CHECKSUM IS USED

+8
APPLICATION PROGRAM MUST
GENERATE CHECKSUM OVER
BYTES 1 THROUGH N+3

(SEQUENCE BYTE NOT IN

DATA

. DATA CHECKSUM) :
N+3 MUST BE ZERO WHEN NOT N+3
N+4| CHECKSUM [ UNUSED USED. N+4| CHECKSUM| UNUSED

8 BIT SUM FROM DESTINATION
THROUGH CHECKSUM IS ZERO

+254 UNUSED UNUSED

MAXIMUM DATA LENGTH252
OVERHEAD BYTES: 4

The data tructure operated on by the driver is a queue element taken from the F5 free
gpace queue. Although the buffer may contain less than 256 bytes of data, the entire 256 byte
buffer isawaystransferred in order to reduce the CPU cyclesrequired to ddiver the data.

13.1.1 Datafiddswithin the | PC packet.
There are severd fields that must be present for the |PC driver to function leaving up
to 252 byte available to hold user data

13.1.1.1 Sequence Byte

The IPC driver sequencestraffic delivered to each of the other two processors. The
sequencefield isavailable for debugging but not used or checked by the IPC driver. An
application process can not effectively make use of the sequence field asthereisno way to
guarantee that a group of packets are contiguous.

13.1.1.2 Destination Byte

Thisfield controls routing of the packet. The upper 2 bits determine the processor that
the packet should be ddlivered to (which may bethe loca processor). The bottom 5 bits
selects 1 of 32 possible destination queues on each processor. And findly, thereisaretry
inhibit bit to allow suppression of the error recovery mechanism within the driver.
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Retry inhibit is provided the support time synchronization of DCP and HRP. The
occurrence of aretry can, potentially, cause a time update message to be delayed long enough
to render the time update in accurate.

13.1.1.3 Byte Count

Thisfield contains the number of useful data bytesin the block. It may be any value
upto 252. Thisfield doesnot control the number of bytes transferred over the IPC bus, but is
used in calculating the checksum field.

13.1.1.4 Data
Up to 252 bytes of data

13.1.1.5 Checksum.
Optional modulo-256 checksum of
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13.1.2 BIU Direct

BIU direct isused to transfer HRS packets directly to BIU memory from the HRP.
Thisisaspecia casefor the IPC driver asthe address and word count used to effect the
transfer are taken from the system data page rather than from the F5 queue element.

+0 SPARE | DESTINATION [0, 0 00 00 0 1
+2 QDB ADDRESS — DESTINATION
+4 SPARE * *[ LENGTH DERIVED FROM
SPARE* IPC DRIVER SYSTEM DATA PAGE
+6 (Ptr to QUE elem) USES THIS
'8 USER DATA WORKSPACE > ADDRESS OF QDB THAT THIS
TO BUILD QCB IN ORDER PACKET WILL BE RELEASED
TO RELEASE THE QUEUE TO AFTER DATA TRANSFER
ELEMENT. IPC DRIVER (CAN'T GO TO 'F5' QUEUE,
WILL REUSE QUE ELEMENT, SO PASS IN THE ADDRESS OF
THE 'ALTERNATE' FREE QUEUE)
USER DATA
(INFORMATION PASSED ~ (SPARE *)
TO LRP VIA IPC PORT) IPC DRIVER USES THIS AREA
. CONTENT APPROPRIATE ~ TO BIULD A QCB TO DELIVER
+6K USER DATA ) FOR USE BY THE BIU THE PACKET TO THE QUEUE
BCRTM CHIP SPECIFIED IN THE QDB ADDRESS
(NOT IPC PROTOCOL
DEPENDANT)
TYPICAL DATA LENGTH: 6K (MULTIPLE OF 545 WORDS) unversy oflows
OVERHEAD BYTES: 8 L e
QUE DATA AREA
iV R—

The BIU direct packet issmilar to the norma |PC packet for thefirst 2 bytes. This
alowsthe IPC driver transmit code to determine that thisis BIU direct and notify the LRP that
an atempt to transfer BIU direct traffic is about to take place. The HRP makes use of aword
count stored in the system data page while the L RP uses the word count and data buffer
address stored in the system data page. The word count is normally synchronized so that HRP
and LRP transfer complete the transaction correctly (if thisisnot the case, one of the
processors will recover using the help of the watch dog process).

The first 8 bytes are not transferred to the LRP but are used to deliver to the data
buffer back to the appropriate queue asthere are 2 different data sources that can make use of
the HRS data channel through the IPC driver to the BIU. Note that the destination field, being
2 bits, selects 1 of 4 destinations, with destination zero being the specia case of BIU direct.

The buffer address, stored in the system data page on the LRP, is updated during the
1553 bus dead time to provide double buffering in support of the high datarate. The IPC
driver on the HRP synchronizes with the RT1 interrupt that follows the dead time to keep the
datatransfers out of the BIU synchronized with the spacecraft.
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Error recovery is not attempted when using the BIU direct destination { aretry
operation would not save data when operating at full speed).

13.1.3 Minipacket Assembler

Thisisacode fragment that is common to al processors The code fragment is used
to break a data set into buffers small enough to be transported through the IPC handler. Itis
provided with minipacket status information and a separate data buffer. The codefragment
then proceeds to request free space, moving status and data to the newly acquired buffer and
ddivering the buffer tothe IPC handler. Thisisall donein the context of the calling process
providing synchronization and multithreading (on the HRP, for example, L/P, WFR, LFDR,
DUST, and WBR may all be using the minipacket assembler at the same time).

The HRP is, essentially, deadlock-free when using this system. When the minipacket
assembler isblocked, waiting for free space, the IPC handler will, eventually, release free
gpace for use by other processes. Thereisno high volume user of free space, other than the
minipacket assembler (all the free space piles up in between minipacket assembler and the
IPC driver, with the IPC driver constantly releasing free space astraffic is delivered).

The LRPis reasonably immune from free space blockage. We haven't identified any
potential deadlocksin the LRP architecture a thistime. MFR, having a small minipacket,
does not require more than 1 free space buffer to hold aminipacket. Although MFR can block
for lack of free space, it will resume when data buffers are, again, available. HFR hasa
dedicated set of buffers that are used to move datainto the BIU handler. Theremaining free
gpace isavailable for command delivery and datadelivery. Dataddivery queues have timers
that discard stale datato prevent free space buffer loss. Command delivery will drop
commands in the event that data buffers are not available.

The DCP, prior to V2.3 software, had a deadlock in the data handling scheme. Data
was accepted from the HRP by the IPC handler and posted to an incoming data queue for one
of the compression/data anayss processes. The same process uses free space buffersto
deliver data (through the |PC driver) to LRP. If incoming dataused dl available free space,
the output activity would block waiting for free space and the DCP would be rendered dedf,
crashed for al intentsand purposes. Incoming IPC traffic would be accepted and discarded
(so LRP/HRP would not hang or become sluggish due to IPC handler not being able to seethe
DCP).

The solution, for the DCP, isto tell the minipacket assembler that the outgoing dataiis
not too important. Version 2.3 software has a new minipacket assembler that alows the queue
read for free space to be performed conditionally. In the event that free space is not available,
the minipacket assembler aborts the ddlivery attempt. This allows the host process to continue
on and read the incoming queue and begin processing the next data buffer. Asthe next data
request is processed, the buffers holding the data (accepted from HRP by the IPC process) are
released to free space. This processing makes the lack of free space atransent condition that
the DCP will recover from without intervention from the ground. Notethat it issengtiveto
the volume of data being moved through the DCP. Asthe CPU becomes saturated, the
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output rate will fal below the input rate and the blocking condition will occur with the
corresponding buffer discard. Also, sincethe BIU handler on L RP expects complete
minipacket segments, the LRP will discard the beginning of the minipacket. The net result is
the loss aminipacket.

13.2 BIU Handler
Interesting stuff about the BIU handler.

13.2.1 HRS sequencing

BIU handler has the capability to sequence HRS records prior to releasing them to the
pacecraft. Thiswas the slandard operating procedure prior to verson V2.5 of theflight
software. During the summer of 2000 the spacecraft was cycling through several different
telemetry modes and it was noticed that the instrument was releasing duplicate HRS records.
Thiswas areault of Sx HRS records being placed in BIU memory as the spacecraft
transitioned to a1 packet per RTI pickup mode. The extra 5 recordswere left in BIU memory
asthe HRS feed moved to 1 packet per RTI. Upon the next trandtion, where S/C again
garted to pick up 6 packets per RTI, the old records were collected and delivered to the
ground. This caused aregression in the packet sequence numbers, somewhat upsetting parts
of the ground software.

To solve this problem, the BIU handler no longer sequences HRS traffic (but the
handler in the HRP has dways assigned sequence numbers) and the BIU handler clearsthe
length field of an HRS packet to zero following collection. With this change, when the
Spacecraft transitions between telemetry modes (in particular, when changing pickup rates) the
lost packets are discarded and extra packets that are collected are zero-length (and discarded).

13.2.2 Alterationsto the BIUH process.

The BIU handler normally would be used to sequence HRS packets. This method
should cause dll traffic presented to CDS to be correctly sequenced, even if dataislost
between HRP and LRP. The sequencing activity on the LRP may be suppressed using the
following MEM_TWEAK in order to alow the sequence number generated by the HRP to
remain intact. Packetslost within RPWSwould, in this case, bealittle more evident.

Suppress sequencing of HRS telemetry

73MEM_TWEAK, LRP, BYTE, 0x33, OxFF, BIUH

Resume sequencing of HRS telemetry

73MEM_TWEAK, LRP, BYTE, 0x33, 0x00, BIUH

13.2.3 BIU accommodations
The BIU appears to have some deficiencies that require software accommodation.
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13.2.3.1 Write Cycles and BCRTM Registers

In order to accommodate 8 bit processors, the BIU design has an 8 bit holding register
that is used to build up a 16 bit transaction when writing to BCRTM registers. The host
processor (the 8085) writesthe lower 8 bits of the register image to the holding register by
writing to the L SB address of the register followed by writing the upper 8 bitsto the MSB of
the register (causing all 16 bitsto be transferred to the BCRTM regigter).

The holding register isonly partially decoded causing it to accept any data written to
an even addressin BIU address space (i.e. It is sengitive to both register and memory
access). Thisimpliesthat any register accesses must be handled as atomic operations (and
not be interrupted by writesto BIU memory). In most casesthisisnot an issue asthe
BCRTM regigersthat are accessed on aperiodic basis are accessed from within an interrupt
routine (i.e. From within the non-maskabl e interrupt service routine with interrupts disabled,
50 the 8085 cannot be interrupted). Dueto the partia decoding of the holding register in the
BIU itispossblefor the 8237 to perform amemory write cycle to BIU memory when the
8085 iswriting to the BCRTM registers causing register corruption.

In the version 2 implementation of the BIU handler, only R6 and R2 are accessed ona
periodic basis, dl other registers are initiaized and remain un-touched when the 8237 is
active. R2, the descriptor table base address register, seems to be imperviousto corruption as
it isrequired to be aigned on a 512 word boundary (making the lower 9 bits of the register
don't-care, must-be-zero). RG6, theinterrupt log list pointer register, issendgtiveto corruption.
Since the upper 8 bits of the register are written without problem, the interrupt log list can
appear anywhere within the 256 byte page selected by the upper 8 bits of the write when the
writeto R6iscorrupted. Thisversion of the BIU handler placestheinterrupt log list in page
1, the bottom 64 words of which are write protected.

The Verson 2.5 BIU handler avoids this problem by disabling the 8237 during R2/R6
update. Thisisaccomplished by reading the command regiter, setting the disable bit, and
rewriting the command register. Thisisonly possible when using the Harris 8237 (Intel/OKI
chips do not provide access to the command register). Thisresultsin a40 microsecond period
where the 8237 will not transfer data from either IPC or HFR.

13.3 TWEAK/MRO Handle
This process makes use of common code on all 3 processorsto reduce the
requirements for ALF records.

Using the MRO commands blocks the handler for the duration of the memory dump.
Dumpsto science telemetry are limited to 1000 bits per second and dumps to housekeeping
telemetry arelimited to 10 hits per second.
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No command is provided to control memory bank selection, one must 7Z3MEM _
TWEAK the process descriptor.
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13.3.1 Alterationsto the TWEK process.

Some dterations may be made to the TWEK processto dter data rates and packet
szes. The housekeeeping stream typically uses a 10 byte dump to keep the micro packet
within asingle 16 byte dump line (on GSE the display). Dumpsto telemetry have a default
dze of 128 with software version prior to V2.3 while later versions have adefault size of 192.
The sze of the science telemetry MRO record can be easily tweaked when using software
V2.4 and later.

In addition the datarate out of the TWEK processislimited and may be changed if
required.

In the following examples, the firss TWEAK maintainsthe 10 bit/second datarate
through the housekeeping telemetry (thisisthe RTI delay between successive deliveriesto the
housekeeping manager). The second TWEAK dtersthe number of data bytesin each packet
delivered.

10 Byte Housekeeping dump, 16 byte packet

73MEM_TWEAK, *, BYTE, 0x60, 64, TWEK
73MEM_TWEAK, *, BYTE, 0x62, 10, TWEK

26 Byte Housekeeping dump, 32 byte packet

73MEM_TWEAK, *, BYTE, 0x60, 128, TWEK
73MEM_TWEAK, *, BYTE, 0x62, 26, TWEK

58 Byte Housekeeping dump, 64 byte packet

73MEM_TWEAK, *, BYTE, 0x60, 256, TWEK
73MEM_TWEAK, *, BYTE, 0x62, 58, TWEK

122 Byte Housekeeping dump, 128 byte packet

73MEM_TWEAK, *, BYTE, 0x60, 512, TWEK
73MEM_TWEAK, *, BYTE, 0x62, 122, TWEK
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It ispossble, although very version specific, to dter the bit rate for data ddlivered to
the science tdlemetry stream. This alteration will alter instructions and it's location will
change from version to version. Thevalue n, is set to 0009 in the |oaded software indicating
that 9 RTI periods should e apse between each MRO packet ddlivered to LRP. Changing this
vauewould dlow abit rate of up to approximately 9,000 bits/second.

Version 2.4 flight software makes use of TWEK V60 with these values moved to fixed
locations.

V2.3 tweak:

73MEM_TWEAK, *, BYTE, 0x01D3, n, TWEK
V2.4 tweak:

73MEM_TWEAK, *, BYTE, 0x0064, n, TWEK

Alsoin TWEK V6O (flight version VV2.4), the size of the MRO record sent to the
science telemetry stream may be dtered.

73MEM_TWEAK, LRP, BYTE, 0x0066, 128, TWEK

And, of course, change back to the nomina 192 bye record when done.

73MEM_TWEAK, LRP, BYTE, 0x0066, 192, TWEK

134 Time Synchronization Handler

This handler is responsblefor updating the system time field on the DCP and HRP.
This handler operates under the assumption the, for the most part, S/IC is delivering accurate
SCLK data (i.e. notimejumps). Every 256 secondsin RTI-0, when the lower 8 bits of SCLK
are zero, the RT10 signal is asserted for 1 RTI to clear the lower bits of SCLK (and zero the
RTI) on DCP and HRP. Thetimelock process sends a copy of the upper 24 bits of the time to
DCP/HRP completing the time synchronization process. With the 256 seconds cycle, the
timing requirements are consderably relaxed (the upper 24 bits of thetime are stable for the
entire 256 second period, so atime update does not need to be delivered within a second).

Aslong asthe time update is byte aligned, we can make use of the TWEK processto
manipulate the upper bits of SCLK. Since we make use of acommon kernel image, the data
pageislocated at the same address on each processor, easing address caculations.
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13.4.1 Alterationstothe LOCK process.
One alterations may be madeto the LOCK process to suspend time updates. This
may be required when processing long memory dumps

Suspend time update activities

73MEM_TWEAK, LRP, BYTE, 0x60, 0x00, LOCK

Resume time update activities

73MEM_TWEAK, LRP, BYTE, 0x60, OxFF, LOCK

Enable new Watch Dog Timer capability.

73MEM_TWEAK, LRP, BYTE, Ox6E, OxFF, LOCK

Disable new Watch Dog Timer capability (i.e. resume operating in the 'old
fashion).

73MEM_TWEAK, LRP, BYTE, Ox6E, 0x00, LOCK

Thislocation contains the constant that represents the maximum number of RTI
periods that may elapse between looper packets (i.e. time updates). This constant would
normally be twice the time between updates and is set to 10 minutesin the V2.4 flight
code. When looper packetsfail to gppear onthe LRP (if DCP or HRP software crashes)
for thislength of time, the watchdog timer hardware in no longer reset (Ox6E must be set
non-zero).

73MEM_TWEAK, LRP, BYTE, 0x62, nn, LOCK
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135 WBR, WFR, LFDR, and DUST

WFR WBR LFDR DUST DATA ACQUISITION

QUEU QUEU

KEY
PROCESS QUEUE

eI

WFR LFDR DUST WBR
CONTROL CONTROL CONTROL CONTROL
'WFRC' 'LFDC' 'DSTC' 'WBRC'
‘wizr ‘W8I
WFR12 WBR8
ACQUISITION ACQUISITION

IPC A IPCB IPCC DIRECT
DELIVERY DELIVERY DELIVERY DELIVERY

LFDO' | 'WFRO' | 'WBRO!|, DIR_

®SS® |3

The wideband/waveform system makes use of much common hardware so the handler
for these two physical instrument iscombined. The LFDR and DUST instruments are
software derivatives of the WFR and DUST respectively.

13.5.1 Commanding

The command decoding is contained within asingle processfor al four logica
instruments. The command process is blocked only when waiting for incoming commands
and should be capable of processing commands at any reasonable rate. The command
decoding is broken into 2 levelswith thefirs level responsible for decoding only the 4 bit
RPWS destination field. The second level decode is responsible for decoding the individua
instrument commands (i.e. the 3 bit instrument command field) and extracting the appropriate
control bits (antenna/gain select, etc.).

The command decoder isthe only process within the handler that is detected and
dtarted aboot time. 1t then proceedsto create al queues and additional processes.
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13.5.2 Alterationsto the process descriptors.

Some of the commanding for this set of receiversis accomplished by atering specific
memory locations within each process. These memory locations arelocated in afixed area
that is adjacent to the process descriptor so the locations are, effectively, fixed.

13.5.2.1 Timing Process WFRC WBRC LFDC DSTC

13.5.3 Queues

The handler creates one queue to hold incoming commands, 3 queues to manage
DMA buffers, 2 queuesto passinternal acquisition commands, one queue to manage HRS
formatting, and 4 queuesto manage data delivery.

The incoming command queueis used by the |PC driver to deliver commandsto the 4
logica ingruments. The IPC driver is used to combine the commands for the 4 logicd
instrumentsinto asingle queue for command processing. A single command decode process
isused to process the incoming commands. The command process waits for acommand to
arrive, decodes the command and updates the instrument command date table for the
gpecified instrument (although the command are combined into a single queue, the routing
fiddis4ill present in the command and is used to determine which of the 4 logica instrument
isbeing specified). Sincethe only action that resultsfrom the arrival of acommand is
updating the instrument state table, the command process cannot block for any reason other
than waiting for the next command to arrive, in other words, the command process will not
cause the free space queue to become exhausted by failing to process incoming commands.

The DMA buffers are saticaly dlocated to the WFR, LFDR, and WBR/DUST.
WBR and LFDR make use of separate buffersto alow formatting and delivery operationsto
be overlapped with dataacquisition. WFR buffers may bein use for long periods when large
acquigtion buffers are specified and passed to either LRP or DCP.

WBR and DUST do not throttle delivery of their dataand share acommon buffer
pool. Since the output process does not normally throttle the data to provide buffering on the
HRP (delaysin the WBR/DUST Low Rate Science delivery are present to alow LRP
aufficient timefor processng), the DUST and WBR can share buffers with minimal impact.
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The internal acquisition commands are embedded within the DMA buffer QUE's.
These queue elements are passed from the four timing control processes to the two data
acquisition processes. WBR and DUST make use of the 8 bit A/D system and therefor sharea
common acquisition process. Likewise, the LFDR and WFR make use of the 12 bit A/D
system and share the other acquistion process. Keegping in mind that the architecture of the
operating system isinherently single threaded, coordination of WBR and DUST (aswell as
LFDR and WFR) is essentially automatic. Although two acquisition commands may be
waiting in the input queue for the acquisition process, the can only be processed one at atime.
Several hardware conflicts may arise that are handled using the Mutual Exclusion facilities of
the operating system (L/P sharesaDMA channd with WBR, the compression hardware may
be used by WBR and WFR, block moves require both WBR and WFR DMA channdls, etc.)

The data delivery queues are used to connect the acquisition processes to the data
ddlivery processes. Two data ddlivery processes are used to handle WFR and LFDR datato
prevent blocking of data. A single data delivery processis used for the WBR and DUST Low
Rate Science asthe problem of blocking delivery isinsignificant. Thefina data delivery
gueueis used to route WBR datato High Rate Science,

HRS formatting must be handled by acompletely separate process as thisinvolves
building CCSDS headers rather than IPC headers. I1n order to meet the desired 300,000+
bit/second datarate there are two buffers dedicated to holding the formatted CCSDS packets.
These 2 buffers are described by QCB'sthat are typicdly held in aspecia HRS free queue.
The direct delivery process then accepts data from the acquisition process, requests ablock of
memory to reformat the data into, reformats the data and passes the formatted data to the IPC
driver and releasesthe DMA buffers back to the appropriate free queue.

Low Rate Science data is handled by the three data formatting processes. Eachis
essentidly an identica processthat has dightly different timing parameters used to delay an
appropriate period of time. This process reformats the data into mini-packet format for
ddlivery through the IPC mechanism to either the LRP or DCP as needed.

Also used by the handlers, but not created is the standard free queue. Incoming
commands and LRS ddlivery require the use of free queue. These buffers are recirculated into
the free queue asthey are used.

13.5.4 Processes
The WBR/WFR/DUST/LFDR handler is made up of 11 processes

13.5.4.1 FBC_ Command and Control

Master process as mentioned above. This process waits on the command queue WC
and decodes the incoming commands. The command decode involves altering a control block
for one of the four logical instruments that contains the hardware state of the logica
instrument (antenna, gain, band, etc.). Aseach command is decoded afew bitsinthe
hardware state table are updated and the command buffer isreleased to the F5 queue.
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Thereisalso atimeout processor that islocated in the command decoder that runsin
the context of the IPC watch dog timer. Thisalows the time-out handler to use CPU cycles
each RTI period without having to use an additional process or having to effect a polling loop
in the command decoder (i.e. this reduces the CPU cycles required to implement polling).

13.5.4.2 LFDC LFDR Timing Control
13.5.4.3 WFRC WFR Timing Control
13.5.4.4 WBRC WBR Timing Control

Timing control processfor thefour logical instruments. These processes implement
the data acquisition cycle timing for the four instruments. Each of the processes are logically
identical athough they differ inimplementation asapair is associated with each of the
physica instruments.

The timing involves using the hardware ate tables (i.e. the delay and offset timing
vaues) to calculate the time of the next data acquisition. The process the rel eases the CPU by
using the kerndl delay service. When the requested number of RTI periods has eapsed, the
timing processis placed on the computable list and recaeives the CPU when it becomes
avallable. Thetiming processthen requestsa DMA buffer from the appropriate free queue
(the diagram above should help in visualizing this activity) and builds the hardware state in
the queue element. The DMA buffer isthen delivered to the data acquisition process by
writing it to the appropriate queue. Note that the timing may be skewed by lack of CPU,
assuming that a higher priority processesisusing the CPU, or by lack of aDMA buffer if
resources aretight (typicaly dueto high data rates).

13.5.4.5DSTC DUST Timing Control

DUST timing control is built as part of the WFRC modules (i.e. using common source
code), but is handled dightly different. In order to provide some MOD based timing control,
the DUST timing control process uses a synchronous polling scheme. Just asthe other three
logica receivers useaMOD timing function to collect data, DUST usesaMOD timing
function to poll for data acquisition commands. The scheduling controls when DUST will
ultimately gather data, although DCP will only set the collection flag when it isready for data

13.5.4.6 W8I _ WBR/DUST data acquisition
13.5.4.7 W121 WFR/LFDR data acquisition

The data acquisition process waits an internal acquisition command to arrive and then
attemptsto perform the specified operation. Asyou will notice in the diagram above each of
the acquisition processes has a single input queue that isfed by the two logical instrument
timing control processes. Theincoming queue effectively seridizesthe acquisition requests
so that only one hardware operation may occur at any given ingtant.
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Once an internal acquisition command arrives, the acquisition process request
exclusive access to the required hardware (WBR shares the 8237 with L/P, the compression
hardware is shared between 8 bit and 12 hit systems) usng akernel service. Once exclusive
access has been granted, the hardware state table in the internal acquisition command is
moved to the hardware and a data acquisition begins.

As expected, the acquisition process releases the CPU using akernd serviceto await
the completion of the dataacquisition. The operation may complete normaly or be
terminated by atimer in the control process, in either case the data acquisition process regains
control of the CPU, notes the abnormal termination, if it occurs, and passes the data buffer on
to data formatting using information stored in the hardware state table.

The acquisition process then returns to the top of it's control loop to begin the next
operation.

(V2.3) Resource management is performed within these acquisition routines to avoid
dataacquigtion cyclesthat areinvaid (i.e. interfere with each-other). W12l will ask for the
Mx on the WBR DMA channd whenever attempting a data acquisition when either of the 8
bit timing processes indicate that high band datamay be acquired.

V2.5 adds an additional interlock in w121 in an attempt to prevent WBR/WFR
interference when both systems are operating in high-band. w12 checksto seeif either WBR
or DUST are set to high band, if so an additiona check of the current 12 bit acquisitionis
performed, and if high-band isindicated, w121 will ask for the WBR Mx to preclude both
sysems form operating at the sametime. Due to a mis-typed variable name, however, it
doesn't work as easily as planned (an additional mem _twesak is required to WBRC to make this
code snippet work).

Note that when looking atiming diagrams of data taken when using this feature, the
WBR data set may initially appear to occur during the last few WFR sampleswhen, in
actudity, the WBR occurs following the WFR acquisition, but later in the same RTI (you
have to have been there for this statement to make sense...).

13.5.4.8 LFDX LFDR Data Delivery
13.5.4.9 WFRX WFR Data Delivery
13.5.4.10 WBRX WBR Data Delivery

These processes were renamed in Version 2.3 as some tweak-able locations are now
available. The name change provides command compatibility with previous software loads as
any MEM_TWEAK's applied using the new names will beignored by any older software.

The acquired data must be formatted and delivered tothe DCP or LRP. The DCPis
used to perform dataanayss or compression on some of the data products before being
passed on to the LRP for telemetering to the ground. These three data delivery processes are
build from asingle source and differ only in the timing used to provide some buffering on the
HRP for the data products.
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The formatting involves copying the status from the queue e ement and the data from
the DMA buffer to free space buffers and passing the free space buffers on the |PC driver for
ddivery to the other processors

Again, these processes can be blocked when free space (i.e. F5 buffers) becomes
unavailable.

Once the acquired data has been reformatted and passed on to the IPC driver, the
DMA buffer isreleased back to the appropriate free queue (again, information is stored in the
queue element that describesthe DMA buffer) .

As expected, the cycle is repeated endlessly wit the process being blocked by lack of
CPU, blocked waiting for free space, or smply being blocked waiting for the next data
acquigtion to occur.

LFDR/WFR notes

Routing multiple data sources through asingle delivery process, specifically LFDR
and WFR routing to compression on DCP, should work aslong as AGG isoff for LFDR. If
AGC isenabled on LFDR gain, the LFDR gain changeswill be applied to the WFR. Timing
on the ddlivery process may require adjusting to obtain smooth data flow without loss of data
on the DCP.

Routing LFDR and WFR through the same delivery processto different queues on
DCP (i.e. kegping WFR looking like WFR and LFDR looking like LFDR) will not gain any
useful results as thereis no issue with mixing LFDR and WFR data in the telemetry stream.

What we want isaway to ddiver the dual-routed LFDR data to the DCP for
compression while providing data to the LFDR process on the DCP. Can't be done sorry for
now (changesto LFDX might accomplish this, but as of V2.6 forget it, we keep trying and
sumbling into the AGC issue).

13.5.4.11 DIR_ High Rate Science formatting

Thisislogicdly similar to the other Data Delivery activities, but involves making use
of aspecidly formatted IPC buffer referred to asaBIU Direct Packet. Thistransfer
mechanism is optimized to support the higher data rates encountered in High Rate Science
modes.

Aswith the LRS data delivery mechanism, thisformatting step takes the status and
data and builds minipackets within CDS packets that are ready to be placed in BIU memory
for delivery to the ground.

Aswith the LRS data ddivery, incoming data arrives in one input queue and empty
CDShuffersarrivein asecond. Following the formatting step the data buffers are returned to
the queue used by timing control and the CDS buffers are delivered to the I|PC handler.
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Several hardware assists may be employed by this handler to increase the rate with
which dataisformatted. Since the 8085 has no intrinsic block move ingtruction, the 8237 may
be employed to move blocks of data from the acquisition buffer to the direct data buffer. The
8237 mugt, of course, be shared with other activities so there are severd sharing schemes that
may be employed. In addition, operating the LFDR tends to use one channdl of the 8237 for
long periods of time (preventing the 8237 from being used for block moves). Thereisan
assist mechanism implemented in the Actel chip to generate an interrupt following each
LFDR sample to alow the processor to make use of the 8237 to perform block moves and
restore the LFDR channel.

13.5.5 Automatic Gain Control

Both WBR and WFR are provided with aform of automatic gain control. The WBR
has asimple hardware assist while the WFR provides a mechanism for a downstream AGC
process to adjust the gain.

Both mechanism have shortcomings that will be discussed here.
13.5.5.1 WBR Automatic Gain Control

The WBR receiver contains apeak detector that integrates the peak sgnd leve as
seen by the WBR. The peak detector islocated close to the output of the WBR soiit is
detecting the processed waveform (i.e. the amplified and filtered waveform). Theintegrator
has atime congtant of ?7?2.

The WBR has a 2 channel multiplexer prior to the A/D converter to dlow ether the
waveform data or the AGC datato bedigitized. It is, therefore, impossble to samplethe
AGC channd while actively collecting data. In addition, the control hardware for the WBR
does not provide a meansto perform slow sampling of the AGC data so it must be manually
sampled, effectively limiting the sample rate to the RTI interval of 8 Hz or dower.

. Version 2.2 Implementation

Following every data capture, asingle vaue from the AGC channel isread and
included with the dataset. In order to eliminate problems encountered during high speed
modes (i.e. 1 data set per RTI or fagter), every other AGC sampleisignored resultingina
nominal AGC update ratethat is half of the data set acquisition rate.
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The pipdine effect isaresult of the double buffering used to attain the 300,000+
bit/second modes (it shows up whenever WBR isrunning at or above 1 data set per RTI). The
gain update is posted to the WBR scheduling process rather than to the data acquisition
process to allow implementation of the dust detection scheme (also necessary to implement a
toggle mode on the WBR). Sincethere are 2 acquisition buffers available fast scheduling
typically resultsin both buffers being posted to the acquigition process at al times. An AGC
update does not take effect until the current buffer is posted back to the scheduling process
Gain updates are processed by the scheduling process and have no effect on buffers already
posted to the acquisition process.

. Version 2.3 Implementation

The RTI count between gain updates may now be dtered. Thischangewassmply a
matter of moving the delay count to an accessible location. When operating the WBR at
lower datarates, the gain may be updated with every capture without problems

13.5.5.2 WFR Automatic Gain Control

The WFR has no hardware asssts to aid in making decisions about signal strength.
Asaresult, the data must be examined by on-board software in order to determine when gain
changes arerequired. AGC for thisreceivesis, therefore, strictly a software implementation.
Resources, such as memory (for code and buffers) and available CPU cyclesdrive
architecture,

Asafurther complication, channels 3, 4, and 5 share common gain control bitswhile
channels 1 and 2 each have adedicated set of gain control bits.

. Version 2.2 Implementation

Resources on the HRP are in short supply so the gain control analysisis performed on
the DCP as part of the compression activity. Bypassng the compresson step will result in
bypassing the AGC andyss.

When sufficient time is avalable on the DCP, the WFR buffers are examined by the
AGC code and adecision is made asto needed gain changes. A single step gain changeis
implemented by sending an interna gain command back to the HRP. Although commands
are available to change gain up or down by asingle step, the V2.2 implementation extracts the
gain leve from the data set and builds an appropriate gain command with anew leve

specified.

13.6 MFR Handler
Antenna switching shows up in the WBR/WFR data

Fixed schedule (MOD(SCLK ,32)=0)
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. Version 2.2 Implementation

The antenna switching is not synchronized with the spacecraft clock bit 6. Thefirst
antenna selected in the 7Z3MFR_CNTL command. Depending on when power is applied to
the MFR analog dectronics the first sweep may occur on the even or the odd period. This
makes attempts to share Ex antennawith HFR Direction Finding rather difficult.

. Version 2.3 Implementation

The antenna switching is now synchronized with the spacecraft clock bit 6. This
change in the synchronization scheme alowsthe antenna selection to be predicted. This
change allows the HFR activities to be scheduled such that they do not interfere with the
MFR.

13.7 HFR Handler
Don't forget about the register in the actel chip used to control the time between data
acknowledge pulsesto the HFR.

Sounder noatification to both ancillary sub-addressin BIU and to HRP.

Dedicated memory areafor scientific programs. Smilar to |EB but dedicated to HFR
activities.

Dedicated buffer memory for data acquisition and free space to ddliver datato BIU
handler.

13.8 Langmuir ProbeHandler
Relay issues. Latching relay may need to be switched with each sweep.

LP notification to ancillary addressin BIU.
Makes use of DCP for compressing data

Ancillary data presented through the BIU may limit or constrain the usefulness of
synchronizing L/P sweeps with the WFR/LFDR. WFR and L FDR both notice when L/P
performsasweep. This couples between the L/P sphere and the electric antenna. One
suggestion isto acquire the Mx for the WFR DMA channdl, preventing the L/P sweep from
occurring during WFR activities (WBR is already blocked due to shared resources).

Using the WFR Mx will, when a conflict occurs, will cause the pending activity
information in the ancillary data, to be displayed for several seconds. This extended ancillary
datus may cause other instruments on the S/C to hold off observations for an unacceptable
period of time.
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14 DataFormats

This seems like an easy place to keep details of the data products produced by the
instrument and processed by the lowa GSE software. This chapter coversthe level-0 data
(raw telemetry datain the form of CDS records and reformatted datain the form of RPWS
minipackets) aswell as Archive data

Some details of the dataset organization are also kept here.

The Cassni dataset is maintained on the Space Physics Clugter at lowa. Thefilesare
segregated into directories according to various mission phases. The base location for mission
datais /opt/project/cassini/data with directories below thislevel, such as
lopt/project/cassini/data/deploy, /opt/project/cassini/data/venus 1,
Jopt/project/cassini/data/ico_m14, /opt/project/cassini/data/venus 2, and
Jopt/project/cassini/data/earth_1 holding data recovered up to Earth encounter.

Subsequent cruise periods should appear in directories such as
lopt/project/cassini/data/c16 wherethe c16 would refer to cruise sequence 16 data

14.1Mini packets
Generd details of the minipacket Sructureis listed with the commands in the previous
section. Additional details are provided here.

Typicaly the entire dataset is available in the fileswhose name endsin u00. These
fileshave dl data produced by the instrument. Compressed data is decompressed and the data
sets are compl ete, assuming the compl ete data set reached the ground. WFR and L/P data sets
cong st of separate groups for each antenna (or sweep/dendity in the case of the L/P).

In addition, the L/P and HFR data may be segregated into individua filesfor
convenience. Both of the segregated datasets would normally include STIM packetsto aid in
identifying mode changes.

14.2 CDS packet

The raw CDS records are located in fileswhose name endsin r00. Thesefiles contain
the science telemetry stream as well as the housekeeping telemetry stream. The housekeeping
datain not propagated beyond this point.

Engineering plots require accessto this data

14.3 SFDU items
SFDU information is not present in the data sets at thistime.

14.4 CHDO items
CHDO records of the 92 and 94 are copied into the r00 and uQ0 files.
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14.5 Quaternions
Attitude information.

Queried and kept somewhere convenient.
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14.6 RPWS/GSE records
All of the data products use by the GSE software make use of a common record
sructure that consists of header data followed by insrument data. The header datais common
to al record types while the instrument data appearsin several formats.

0 f length

4 record_type

8 status

12 cds_time_tag_a
16

20 cds_time_tag_b
24

28 ws_time_tag_a
32

36 ws_time_tag_a
40

44 compress_method
48 | compress_bit_count
52 compress_result
56 stream_info

60 length_data_start
64 | length_data_length
68 segment_count
72 segment_number
76 record_count

80 record_number

record length -4
(number of bytes remaining in the record)

record typeflag
(table follows)

CDS pkt SCLK of the beginning data bit

CDS pkt SCLK of the ending data bit
(empty for CDSrecords)

BCD time tag from workstation when data first
processed

BCD timetag from workstation when data last
processed

length of compressed/raw data packet

length of uncompressed data packet
(may exceed 4K)
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84

epoch

88

sequence

UNIX Epoch. Add thisvaueto SCLK to arrive a
UNIX time.
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92 chdo_type_92
176 chdo_type 94
208 filler 0
212 filler 1
216 filler 2
220 filler 3
224 filler 4
228 biust
232
236 f sclk
240
244 f scet
248
252 f ert
256
260 f rct
264
268 instrument data

f_length r_length

Compressed Header Data Object

This CHDO contains status information, ERT and
RCT

Compressed Header Data Object

This CHDO contains status information, SCET and
SCLK

oare
oare
oare
oare
oare
BIU status word, when available

SCLK from CHDO header, when available
Spacecraft Clock

SCET from CHDO header, when available
Spacecraft event timefor the associated SCLK
ERT from CHDO header, when available

Earth Recelve Time for the associated data record
RCT from CHDO header, when available

Record Creation Time for the associated datarecord

CDS or Minipacket data

Totd record length - 4 (allows working backwards
through file)
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14.6.1f length
32bit record length, big-endian.

For arecord that contains 1000 bytes, thisfield will contain 996. Thisisthe number
of bytesremaining intherecord. To read avariable length record, read the first 32 bits (4
bytes) then use these 32 bitsto determine the number of bytes remaining in the datarecord.

14.6.2 record type
bits 0-7 (1%. byte in the field) indicate minipacket type.
Bits 8-15 indicate data type. (CDS, segmented mini packet, unsegmented minipacket)
The header file, rtiu.h, contains definitions for the datarecord types that follow.

The firgt group of definitions cover bits 0-15 (i.e. define data trype and minipacket
type)

DATA_MP_packet packetized products
DATA_MPP MFR MFR packet
DATA_MPP HFR HFR packet
DATA_MPP WFR WFR packet
DATA_MPP WBR WBR packet
DATA_MPP_DUST DUST packet
DATA_MPP_MRO MRO packet
DATA_MPP LFDR WBR packet
DATA_MPP_LP LP packet
DATA_MPP_HK Housekeeping packet
DATA_MPP_STIM STIM packets
DATA_MP_segment segmented data products
DATA_MPS HFR HFR SEGMENT (1K segment)
DATA_MPS WFR WFR SEGMENT (1K segment)
DATA_MPS LFDR WFR SEGMENT (1K segment)
DATA_MPS WBR WBR SEGMENT (1K segment)
DATA_MPS DUST WBR SEGMENT (1K segment)
DATA_MPS MRO MRO packet
DATA_MPS LP LPSEGMENT (1K segment)
DATA_MP_large_segment segmented data products
DATA_MPL_HFR HFR SEGMENT (4K segment)
DATA_MPL_WFR WBR SEGMENT (4K segment)
DATA_MPL_LFDR WBR SEGMENT (4K segment)
DATA_MPL_WBR WBR SEGMENT (4K segment)
DATA_MPL_DUST WBR SEGMENT (4K segment)
DATA_MPL_MRO MRO packet
DATA _MPL_LP LPSEGMENT (4K segment)
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DATA_MP_complete_segment complete data products

DATA_MPC_HFR HFR SEGMENT (64K segment)
DATA_MPC WFR WFR SEGMENT (64K segment)
DATA_MPC_LFDR LFDR SEGMENT (64K segment)
DATA_MPC WBR WBR SEGMENT (64K segment)
DATA_MPC_DUST DUST SEGMENT (64K segment)
DATA_MPC_MRO MRO packet

DATA_MPC LP LPSEGMENT (64K segment)

The bottom 8 bits have the following meanings

PACKET_TYPE invdid
PACKET_TYPE_gim
PACKET_TYPE_mfr
PACKET_TYPE_hfr
PACKET_TYPE Ip
PACKET_TYPE Ifdr
PACKET_TYPE_wfr
PACKET_TYPE dug
PACKET_TYPE_mro
PACKET_TYPE_wbr
PACKET_TYPE fill

Theseindicate CDS records.

DATA_telemetry
DATA _RTIU telem
DATA _RTIU_hsk

14.6.3 gatus

14.6.4 cdstimetaga
32 hitsof SCLK.

Thistimeis obtained from the first CDS record that containsthe data. If thisisrawv
data, thiswill amply bethe SCLK extracted from the CDSrecord. In the case of minipacket
data, thisisthe CDStime tag obtained from the first CDS record containing the minipacket.
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14.6.5 cdstimetagb
32 hitsof SCLK.

Thistimeis obtained from the last CDSrecord that containsthe data. If thisisraw
data, thiswill be zero. Inthe case of minipacket data, thisisthe CDS time tag obtained from
the last CDS record containing the minipacket. \When segmented data sets are reconstructed,
this time tag should be from the last segment.

14.6.6 wstimetag a
BCD time.

Thistimetag isplaced in the record asit isfirst created. Thisisintended to give aclue
asto when thedataisobtained. Thistime has nothing to do with when the data was collected
on the spacecraft. Thereislittle point in displaying thistimetag, it isintended as adiagnostic
adfor GSE software.

14.6.7 wstimetagb
BCD time.

Thistag is updated whenever the data product is modified or reformartted.
14.6.8 compress method

Thisfield stores the method used to compress data on the spacecraft. Itisloaded by
the decompression step. Expect thisfield to be zero for data that has never been compressed
of has not been decompressed.

14.6.9 compressbit count
14.6.10 compressresult
14.6.11 stream info
14.6.12 length data sart

Datalength prior to decompression.

14.6.13 length data length
Datalength following decompression.

14.6.14 segment count

14.6.15 segment number
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14.6.16 epoch

Thisfield contains the difference between UNIX epoch and Spacecraft epoch. This
field may be added to SCLK to derivethe UNIX clock. Thisderived timeisused by UNIX
time functions (i.e. to convert SCLK to text that may be used on a plot)

The caculation used to arrive at this number is only accurate to seconds. Milliseconds
are not taken into account. Thistypically causesthisfield to jitter by 1 count.

14.6.17 chdo type 92
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0 chdo type

2 chdo length

4 originator

S last modifier

6 scft id

7 data source

8 status flags

10 ert

16 | rs codeword status

17 | frame extract count

18 dsn record
sequence

22 bet

23 fly

24 decode status

25 decode method

26 sync flags

27 pn errors

28 virtual channel id

29 | virtual frame count

30 | frame header err fig

31 rs decode errors

32 spare

33 frequency band

34 bit rate

38 spare

92

earth recavetime
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40 snt

44 ssnr

48 signal level

52 antennas

53 receivers

4 master antenna
35 master receiver
56 dtm group

57 tim channel
58 lock status

60 version

61 build

62 orig source

63 curr source

64 rct record creation time
70 anomaly flags
72 lock count

74 Irn

76 pub

82 block v receivers

Event time structure used for RCT, ERT, and SCET

0 days days from Epoch
2 | milliseconds of day | 32bitmSec
4 0..86,400,000
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Event clock gtructureused for RCT, ERT, and SCET

0 seconds seconds from Epoch, 32 bits
2
4 milliseconds milliseconds, 0..999
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14.6.18 chdo type 94
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0 chdo type

2 chdo length

4 cds error flags

6 src pkt seq count

8 non fill length

10 packet apid

12 | super pkt seq count

14 cas sclk

20 scet

26 probe rs errors

27 scet flags

28 spare
14.6.19 biust

gpacecraft clock
gpacecraft event time

BIU status word collected from the instrument on aregular bass. Currently thisfield
has useful contents only when running on the bench (i.e. with the EM).

(Don't currently know which CHDO type contains this information)

14.6.20 f sclk

SCLK extracted from CHDO record.

Event time sructureused for f_scet, f_ert, f_rct

spare

days

milliseconds of day

D [IDN]O

days from Epoch (16 bit number)
millisecond of day
0..86,400,000 (32 bit number)

Event clock structure used for f_sclk
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0 seconds seconds from Epoch (32 bit number)
2
4 milliseconds millisecond, 0..999 (16 bit number)
6 spare
14.6.21 f scet
SCET extracted from CHDO record.
146.22f ert
ERT extracted from CHDO record.
14.6.23frct
RCT extracted from CHDO record.
14.6.24 instrument data
CDS or minipacket data
14.6.25r length

samevaueasf_length.

Useful to work backwards through the dataset.

456



14.7 Archive Datasst / Wideband and Waveform

Wideband and Waveform datahare acommon format in the archive dataset. The only
difference being that Wideband datais stored in 8 bit samples and Waveform datais stored in
12 bit samples (each 12 bit sample isstoredin a 16 bit word). The header information for
each time seriesis stored using an identical format.

Conault the RPWS WBR_WFR_ROW_PREFIX.FMT file on the archive volumeto
determine the size of thesefields

14.7.1 Record Header: SCLK

The record header conssts of time information and receiver configuration
information.

14.7.1.1 SCLK_SECOND

Secondsisthe 32 bit seconds field that is used within the instrument as atime base.
Thistimeisinferred from the 13 bit seconds field stored in the minipacket that transported this
time series to the ground and the 32 bit clock of CDS packet used to transport the associated
minipacket. Also referred to as SCLK.

14.7.1.2 SCLK_PARTITION

The clock on the Cassini was set at launch, and with the seconds portion being 32 bits
wide, we can expect the clock not to roll over during the life of the mission. Inthe (unlikely)
event that the SCLK does regress, a partition number is externdly added to force SCLK to be
unique, providing ameansto derive time from SCLK.

Nominally thisfield will contain a1, dthough avaue of either 1 or O refersto partiton
1

14.7.1.3 SCLK_FINE

Sub-second timing resolution is stored in thisfiedld. RPWS stores time information
only to aresolution of 1 RTI (the RTI period being 125mSec) in the minipacket time field.
Thisfiled, then, contains the RTI number, from the minipacket, in the upper 3 bits. Lower 5
bits should dways be zero.

14.7.2 Record Header: SCET

The SCLK field above, isconverted the UT which is stored in the SCET field. The
SPICE kernd isused for the conversion at the time indicated in thelabel file. The most
current SCLK/SCET fileisused to derive SCET.
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14.7.2.1 SCET_DAY
Epoch Jan 1, 1958.

14.7.2.2 SCET_MILLISECOND
Milliseconds since start of day (i.e. Midnight ZULU)

14.7.3 Record Header: RECORD BYTES
Record size, in bytes. Total number of bytesin this record.
14.7.4 Record Header: SAMPLES
Sample count. Number of samplesin thisrecord.
14.7.5 Record Header: DATA_RTI
RTI field from ninipacket.
14.7.6 Record Header: VALIDITY_FLAG

Validity flags, some collected from the minipacket directly, some generated (derived)
from the data

14.7.6.1 MSF
More Status Follows. Statusbit present in both WBR and WFR minipacket. Set to
indicate an additiona 16 bits of statusis present in the minipacket. The archive software

passes this bit dong and usesit to set assitional status bits and load some of the header data
fieds.

14.7.6.2 WBR

Settoindicate WBR data. Mutually exclusive of WFR hit.
14.7.6.3 WFR

Settoindicate WFR data. Mutually exclusive of WBR hit.
14.7.6.4 VALID _WALSH_DGF

May be set for WFR dataonly. Set when datawas compressed using the Walsh
algorithm and additiond gain bitsare present. See GAIN field that follows.

14.7.6.5 VALID_SUB_RTI

May be set for WBR dataonly. Indicatesthat the SUB_RTI field that follows
contains additional timing information. The WBR is frequently run out of synchronization
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with the spacecraft RTI Sgnd. Thisbit, when s&t, indicatesthat the SUB_RT] field contains
an offset from the above SCLK/SCET time of when the WBR datawas acquired.

14.7.6.6 VALID_HFR_XLATE

WBR antenna selection is st to the HFR, which is providing frequency trandation.
14.7.6.7 VALID_LP_DAC_O

LP_DAC 0 containsvaid data
14.7.6.8 VALID_LP_DAC_1

LP_DAC 1 containsvaid data

14.7.7 Record Header: STATUS FLAG

14.7.7.1 AGC_ENABLE

May be set for WBR data produced by flight software V2.6 and later. Set to indicate
WBR isusing the AGC to control the gain setting. For older software and the WFR thishit is
aways cleared.

14.7.7.2 FINE_TIME_QUALITY

When s¢t, indicatesthat SUB_RT] is accurate to no better than 10 milliseconds
When running WBR and LFDR (i.e. WFR low-band) at the sametime, the WBR data
acquisition istriggered by the next LFDR data acquisition, which occurs every 10
milliseconds. Due to hardware restrictions, we can only determine the point in time that we
enable the WBR data acquisition, with the actua data acquisition beginning after then next
LFDR sample.

(I think there might be a much larger discrepancy that occurs when switching the 12
bit system to high band and back, where the 10mS sample clock is suppressed... Did | make
the WFR/WBR acquisition process senditive enough to completely suppress WBR... -Willy)

14.7.7.3 TIMEOUT

This bit, present in WBR data produced by FSW V2.6 and later, is set to indicate that
this time series was not completely captured (it most likely, didn't cgpture anything). Rather
than dedicate code within the instrument to discard bad data, we smply set the satus bit and
pass the data to the ground. This doesn't occur frequently enough to be an issue with respect
to data volume.

Discard this data.
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14.7.7.4 SUSPECT

Thisbit isastatus bit from the archive software that indicates that there is something
suspect in the WBR or WFR data

In particular, iswe divide the datainto even/odd pairs (i.e. treat it as WFR data) there
should be some characteristics that are unique to WBR and WFR. If welogicaly or the odd
column and logically of the even column, the WBR data should have some of the upper 4 bits
in both columns set. The WFR, however, should have one of the columns with the upper 4
bitscleared (asitis 12 bit data).

Problems with the ground software seems to occasionaly mix data, and for some
reason it seemsto get WFR data marked as WBR data. Bad or missing records are the cause
of this problem.

14.7.7.5 HFR_H2

With WBR connect to the HFR mixer, this bit indicates that the H2 isbeing used asa
mixer for the do\wn convertor.

14.7.7.6 HFR_H1

With WBR connect to the HFR mixer, this bit indicates that theH1 isbeing used asa
mixer for the do\wn convertor.

14.7.7.7 EU_CURRENT

WFR Ex+ connected to Langmuir Probe cylinder, in other words the Ex+ is operating
asacurrent sensor.

14.7.7.8 EV_CURRENT

WFR Ex- connected to Langmuir Probe cylinder, in other words the Ex+ is operating
asacurrent sensor.

14.7.8 Record Header: FREQUENCY_BAND
Band sdection index. 2 vduesare vaid for WBR and 2 values arevalid for WFR.
14.7.9 Record Header: GAIN

Composite gain setting. Combination of the gain level selection of the receiver and
the Walsh gain factor. For WBR thereisno Walsh gain asit is not compressed using the
Walsh dgorithm(therefore the Walsh bits are always 0).

14.7.9.1 Walsh_DGF

Scaling applied to the data during compression by the Walsh agorithm.
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14.7.9.2 ANALOG_GAIN

Ganamplifier setting. WBR makes use of the entire range from 0dB to 70dB while
the WFR gain range is 0dB to 30dB. Both WBR and WFR step in 10dB steps, so the data
hereisin 10dB steps

14.7.10 Record Header: ANTENNA
Receiver antenna sl ection index.
14.7.11 Record Header: AGC

WBR AGC integrator voltage. Thisisthe value used by the automatic gain control
codefor the WBR. Always set to zero for WFR.

14.7.12 Record Header: HFR_XLATE

HFR trandation frequency. Seethe HFR section of the commands chapter for specific
vaues that appear here.

14.7.13 Record Header: SUB_RTI
Thisisthe millisecond offset of the start of WBR dataacquisition.
14.7.14 Record Header: LP_DAC 0
Langmuir Probe DA C voltage (sphere).
14.7.15 Record Header: LP_DAC 1
Langmuir Probe DA C voltage (cylinder).
14.7.16 Record Header: FSW_VER

The archive software determines the flight software version based on the SCLK of the
mini packet.

14.7.17 WBR timeseries
8 bit samplesin 8 bit octets.
14.7.18 WFR time series
12 bit samplesin 16 bit words. Big-endian (MSB).
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15 Command Parsa/IEB ImageBuilde

Tools exigsfor the unix environment and for the PC that may be used to trandate the
commands, as documented in the previous section, into several useful formats. Any
commands not listed in the 3-291 document (i.e. those that do not have the instrument
identifies 73 in their command stem) must be presented in the form of a 73WRAP command.
A trandation to numericd (i.e. hexadecimal) form is required during the process of building
IEB LOAD 's.

This section will briefly describe the capability and function of the RPWS command
parser.

15.1 73WRAP Generation

I nstrument commands may be trandated from 3-291 format to hexadecimal (in
73WRAP form) using the utility that is called "parser" and istypicaly run on aunix system
(the RPWS GSE system rpwshp2)

There are 3 control flagsfor generating wrapped commands. In most cases the text
parameter would be 73WRAP.

-wrap text
-lwrap text
-pwrap text

The firgt form places the text parameter followed by acomma deimited list of
hexadecimal words. Thisform does not contain alength field.

The second form places the text parameter followed by aword count and then the list
of hexadecima words (dl commadelimited).

The third form placesthe text parameter followed by a parenthesis enclosed, comma
delimited list of hexadecimal words. Thisform does not contain alength field. Thisisthe
form expected when submitting commandsto JPL.

152 1EB Generation 1

Thefirst step in generating and IEB_L OAD involves trandating instrument
commands, typicaly in the form documented in 3-291, into aform that is acceptable for the
assembler. Theutility that isused for thisstepis called "parser” and istypically run on aunix
gystem (the RPWS GSE system rpwshp?2)
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There are severa control flagsthat are useful for building IEB_LOAD files. Thisisthe
first step in amulti-step process that requirestrandating individua commandsinto aform that
is acceptable for use with an assembler.

1521 MASM Assembler

The assembler supplied with the PC should be adequate to produce an |EB load
(although thisis not the method currently used at lowa). The label parameter isused to
provide aglobal symboal for the group of commands. Thisgloba symbal is used by thelinker
to reference the group of commands.

parser -masm label

15.2.2 AVOCET Assembler

The assembler used for flight software has been used for most IEB's prior to launch.
The label parameter is used to provide agloba symbol for the group of commands. This
global symboal isused by the linker to reference the group of commands,

parser -avocet label

15.2.3Generic Assembler

parser -ieb
parser -ieb label

153 1EB Generation 2
The second step makes use of an assembler on the PC (either the 8085 assembler or
the 8086 assembler should work for this step).

The assembler is used to resolve address references within the IEB load and allows the
load to be modularized. This modularization, it is hoped, will allow many components of the
load to be reused.

The commands, trandated into an assembler source file in the 1% step, are combined
with the timing and looping control to form theload. The assembler/linker produce an Intel
Hex File containing abinary image of the |EB load.
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154 1EB Generation 3

Thefinal step of the processinvolves trandating the Intel Hex Fileinto the format
used by the JPL using the HEXBUILD utility.. Thisactivity isessentialy identical to the
operation performed on the instrument software so the same utility is used to gather the Intel
Hex Files together for the creation of an |EB module. As mentioned earlier in this document,
the HEXBUILD utility documentation is usually bound with the users guide.

Sample Build File

|

! Sample IEB load

|
[Title="CASSINI/RPWS IEB Load"
/subtitle="IEB sample"
/header=RPWS
/header=RPWS_IEB
/header=current_date
/header=User_Name
/header=RPWS_IEB_x.X
/header=(not_SSR_image_data)
/eof=1
/supress_hex=1
Junix_flag=xx
fieb_version=xx
fieb_sequence=0
fieb_checksum=1
/ieb_address_mask=0xC000
fieb_size=64
fieb_eof_flag=xx
fieb_format=xx

Sample

s:\ieb\Sample.HEX
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Example Build File (14 month checkout):
|

! IEB load

|
[Title="CASSINI/RPWS 14 month checkout |EB Load"
/subtitle="Instrument checkout, Earth-1"
/header=RPWS
/header=RPWS _CHK 14
/header=current_date
/header=William_Kurth
/header=RPWS_CHK14 0.3
/header=(not_SSR_image_data)
leof=1
/supress_hex=1
fieb_address mask=0xC000
fieb_checksum=1
lieb_eof flag=0
fieb_format=0
lieb sze=64

CHK_M14
checkout.HEX

Example Batch File (14 month checkout):

et sasf_delta t=3

set unix_flag=0

st ieb verson=2
s\gse\hexbuild checkout

dd chk_ml4d.ss

ren chk_ml4.ssf chk_ml4.sas
set unix_flag=3

st ieb verson=2
s\gse\hexbuild checkout

set unix_flag=0

st ieb verson=1
s\gse\hexbuild checkout > chk_m14.cks
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Example Link File (14 month checkout):
checkout = checkout, maint, stv_ieb, intcd, basdlfdr, Ipdeltan,
bcommonl, bcommon2, hical, base_hfr,
fast_bas, bl_lbnd, bl_local, wskbase, wskmode,
mfrnoise, wfrnoise, wbrnoise, Ifdrnois, sounder,
Ipcheck, dlcal, memdump, mag, venus,
noisy, ipcruise, hirate, hfrpat, hfr
-PutSeg(IEB_Begin_Memory, 08000h)
-Order(IEB_Begin Memory, IEB_Memory,
IEB_Pointers, IEB_Commands
IEB_Com 1, IEB_Com 2,
IEB_Com_3, IEB_Com 4,
IEB_mem_dump, code,data)
RecLen=16
-ShowPublics
-Symbols
-ShowMods

The bold items should be coded as shown to create the correct header linesin thefile.
Substitute the italic items as appropriate. The non bolded items are suggested control items
that are not strictly necessary.

This sample will produce afile SAMPLE.IEB from thefile SAMPLE.HEX. The
examplewill produce afilein SASF format for post-processing and submissionto JPL . The
sample above was used to produce the |EB for test and submisson. Notethat severd
HEXBUILD runswere used to producefilesin various formats.

The/ieb_versonisset to 1to generatefilesfor internd useand to avalue of 2 to
generatein SASF format for use with the command building tools on the science
workstation. Depending on how the SASF formatted fileis transferred to the workstation,
setting of the /unix_flag may need to be added with avaue of 3.

The/ieb_eof flag vauewould normaly be a1 to produce avaid 73WRAP record for
the end- of-file indicator.

fieb_format valueisnormaly 1, but may be O to generate ¢ style hex numbers records
(i.e /ieb_format=0 yields 0x1234 while /ieb_format=1 yields 1234).
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The following is the result of the HEXBUILD operation used for 14 month checkout
(datavalues dtered in this example, but the header information is verbatim).

#RPWS

#RPWS CHK14
#1998:09:08
#William_Kurth
#RPWS CHK14 0.3
#(not_SSR_image_data)
#*
#* Tue Sep 08 09:16:39 1998 "CASSINI/RPWS 14 month checkout IEB Load"
#* "Instrument checkout, Earth-1"

#* CASSINI RPWS module builder, Version 12.3

#V1 IEB August 1998

#* Output format O

#* Checksum method 1

73IEB_LOAD, 66, 0, (C000,00D0,0000,0000,0000,0000,0000,0000,
0000,00D8,0000,0000,0000,0000,0000,0000,0000,00E0,0000,0000,
0000,0000,0000,0000,0000,00E8,0000,0000,0000,0000,0000,0000,
0000,00F0,0000,0000,0000,0000,0000,0000,0000,00F8,0000,0000,
0000,0000,0000,0000,0000,0100,0000,0000,0000,0000,0000,0000,
0000,0108,0000,0000,0000,0000,0000,0000,0000,38A0)

73IEB_LOAD, 66, 1, (?)

73IEB_LOAD, 66, 2, (?)

73IEB_LOAD, 66, 3, (?)

73IEB_LOAD, 66, 4, (?)

73IEB_LOAD, 66, 5, (?)

73IEB_LOAD, 66, 6, (?)

73IEB_LOAD, 66, 7, (C380,8080,A13D,A12A,A126,3868,0030,00F0,
504C,495F,9240,6D40,C1AB,A262,8080,A131,A138,A129,A126,B020,
9240,6367,9240,6D48,80FD,C123,C1A7,B3A1,0444,9240,6363,B031,
80C7,B3A1,0444,C131,C1A7,A120,A125,9240,6D48,9240,6360,9240,
6D48,B3A1,0444,C1AD,80D5,0000,0000,0000,0000,0000,0000,0000,
0000,0000,0000,0000,0000,0000,0000,0000,0000,A8CC)
73WRAP,(4310,0800)
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CCSD3ZF0000100000001NJPL3KSOLO15$$MARKSS;

MISSION_NAME = CASSIN];

SPACECRAFT_NAME = CASSINI;

DATA_SET_ID = SPACECRAFT_ACTIVITY_SEQUENCE;

FILE_NAME = CHK_M14_load;

APPLICABLE_START_TIME = 1999-000T00:00:00;

APPLICABLE_STOP_TIME = 1999-000T00:00:00;

PRODUCT_CREATION_TIME = Tue Sep 08 09:16:35 1998;

PRODUCER_ID = RPWS_Group;

SEQ_ID = CO00;

HOST _ID = casrpws;

CCSD3REO0000$$MARK$$HJIPL3IFOM01300000001;

$$CAS  SPACECRAFT ACTIVITY SEQUENCE FILE

*PROJECT CAS

*SPACECRAFT 082

*OPERATOR RPWS_Group, 700 VAN, 319-335-1696

*FILE_CMPLT TRUE

*DATE  Tue Sep 08 09:16:35 1998

*SEQ_GEN V23.0 Tue Sep 08 09:16:35 1998

*BEGIN  1999-000T00:00:00

*CUTOFF  1999-000T00:00:00

*TITLE CHK_M14 Load

*EPOCH_DEF

*IEBLOAD, 1999-000T00:00:00.000

*EPOCHS_END

$$EOH

$$EOD

request(CHK_M14 Load,
START_TIME, IEBLOAD-+000T00:00:00,
REQUESTOR, "RPWS_Group, Ul, 319-335-1696",
PROCESSOR, "SEQ",
KEY, "RPWS")

command(1,
SCHEDULED_TIME\00:00:00\,FROM_REQUEST_START,

73IEB_LOAD( 66, 0, [0xC000,0x314D,0x2034,0x3056,0x372E,
0x3020,0x5332,0x5045,0x3839,0x4090,0x40EC,0x4128,0x4164,
0x4182,0x41A8,0x41E4,0x4220,0x40AE,0x423E,0x425C,0x4202,
0x4684,0x410A,0x40B8,0x40B4,0x40C4,0x40C8,0x40CC,0x40D0,
0x40D4,0x4090,0x4090,0x4090,0x40D8,0x40DC,0x40E0,0x40E4,
O0x40E8,0x459A,0x462C,0x4662,0x427A,0x42A0,0x42B6,0x42FA,
0x4318,0x4328,0x4444,0x4090,0x4090,0x4482,0x449E,0x4 348,
0x4392,0x42E0,0x4090,0x4338,0x44E2,0x4502,0x4552,0x4532,
0x4572,0x457A,0x4588,0x476E,0xEA23))

------------------- lots more stuff here, but you get the idea?
command(95,
SCHEDULED_TIME\00:04:42\,FROM_REQUEST_START,
73WRAP([0x4310,0x5E00])
),
end;
$SEOF
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Thefollowing is an example of a contingency load that is produced by setting the
environment variableieb_sequence flagto 1 and sadf deta t setto 3,1. The
ieb_sequence flag variable causesthe 731EB_LOAD,0,0 command (i.e. the EOF record that
must be "wrapped") to be inserted prior to each load record. Since each |oad record contains
both an address and a checksum, each record istreated as stand-alone with the assumption that
the checksum will detect any problems not addressed by the spacecraft data system. The
sasf_deta t variable controls the time tag applied to each command. In this examplewe
assume that the command bit dictates a3 second interva between commands (due to the
length of the command). The EOF record, however, being only 2 words long, only requires 1
second (hencethe 3,1 is 3 seconds for LOAD and 1 second for EOF).

Sincethisisintended as acontingency for lost commands, the first command isthe
EOF in order to clear any outstanding problemsin the IEB handler. If, for example, the EOF
record waslog, it would be necessary to send an EOF in order to prepare the IEB handler for
the upcoming load. Rather than making the determination prior to sending the new command
set, we smply send the EOF as the first command.

CCSD3ZF0000100000001NJPL3KSOLO15$$MARKSS;
MISSION_NAME = CASSIN];

SPACECRAFT_NAME = CASSINI;

DATA_SET_ID = SPACECRAFT_ACTIVITY_SEQUENCE;
FILE_NAME = CHK_VEN_Load;
APPLICABLE_START_TIME = 1999-000T00:00:00;
APPLICABLE_STOP_TIME = 1999-000T00:00:00;
PRODUCT_CREATION_TIME = Mon Nov 02 09:30:11 1998;
PRODUCER_ID = RPWS_Group;

SEQ_ID = CO00;

HOST _ID = casrpws;
CCSD3REO0000$$MARK$$HJIPL3IFOM01300000001;
$$CAS  SPACECRAFT ACTIVITY SEQUENCE FILE
*PROJECT CAS

*SPACECRAFT 082

*OPERATOR RPWS_Group, 700 VAN, 319-335-1696
*FILE_CMPLT TRUE

*DATE ~ Mon Nov 02 09:30:11 1998

*SEQ_GEN V23.0 Mon Nov 02 09:30:11 1998
*BEGIN  1999-000T00:00:00

*CUTOFF  1999-000T00:00:00

*TITLE CHK_VEN_Load

*EPOCH_DEF

*|IEBLOAD, 1999-000T00:00:00.000

*EPOCHS_END

$$EOH

$$EOD
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request(CHK_VEN_Load,
START_TIME, IEBLOAD+000T00:00:00,
REQUESTOR, "RPWS_Group, Ul, 319-335-1696",
PROCESSOR, "SEQ",
KEY, "RPWS")
command(1,
SCHEDULED_TIME\00:00:00\,FROM_REQUEST_START,
73WRAP([0x4310,0x0000])
),
command(2,
SCHEDULED_TIME\00:00:01\,FROM_REQUEST_START,
73IEB_LOAD( 66, 0, [0xC000,0x3256,0x2020,0x3056,0x372E,
0x3020,0x5332,0x5045,0x3839,0x4090,0x40B8,0x40B8,0x40B8,
0x40B8,0x40B8,0x40B8,0x40B8,0x40AE,
0x40B8,0x40B8,0x40B8,
0x40B8,0x40B8,0x40B8,0x40B4,0x40B8,0x40B8,0x40B8,0x40B8,
0x40B8,0x4090,0x4090,0x4090,0x40B8,0x40B8,0x40B8,0x40B8,
0x40B8,0x40B8,0x40B8,0x40B8,0x40B8,0x40B8,0x40B8,0x40B8,
0x40B8,0x40B8,0x40B8,0x4090,0x4090,0x40B8,0x40B8,0x40B8,
0x40B8,0x40B8,0x4660,0x40B8,0x40B8,0x40B8,0x413A,0x411A,
0x415A,0x4162,0x4170,0x40B8,0x4A64])
),
command(3,
SCHEDULED_TIME\00:00:04\,FROM_REQUEST_START,
73WRAP([0x4310,0x0000])
),
command(4,
SCHEDULED_TIME\00:00:05\,FROM_REQUEST_START,
73IEB_LOAD( 66, 0, [0xC080,0x40B8,0x40B8,0x40B8,0x40B8,
0x40B8,0x40B8,0x40B8,0x40B8,0x0182,0x0004,0x0186,0x0004,
0x018A,0x0025,0x018A,0x0002,0x0192,0x0002,0x0196,0x0002,
0x019A,0x0000,0x4090,0x01A2,0x0040,0x40AE,0x019E,0x0000,
0x0182,0x0004,0x0186,0x0004,0x018A,0x0025,0x018A,0x0002,
0x0192,0x0002,0x0196,0x0002,0x019A,0x0000,0x4090,0x3862,
0x0032,0x00FF,0x4942,0x4855,0x34F2,0x10C6,0x1650,0x3879,
0x0050,0x0001,0x4257,0x4352,0xC1E5,0xC298,0x0800,0xC131,
0x3879,0x0050,0x0000,0x4257,0xAFDD])
),
command(5,
SCHEDULED_TIME\00:00:08\,FROM_REQUEST_START,
73WRAP([0x4310,0x0000])

------------------- lots more stuff here, but you get the idea?

command(25,
SCHEDULED_TIME\00:00:48\FROM_REQUEST_START,
73WRAP([0x4310,0x0000])

),
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command(26,
SCHEDULED_TIME\00:00:49\FROM_REQUEST_START,
73IEB_LOAD( 66, 0, [0xC600,0x9240,0x6800,0x9240,0x6D07,
0x9240,0x6F00,0x9240,0x8401,0x9240,0x80DE,0x9240,0x8203,
0x9240,0x9001,0x9240,0x8CDE,0x9240,0x8E03,0x9240,0x860A,
0x9240,0x8801,0x9240,0x8A46,0x9240,0x9C01,0x9240,0x98DC,
0x9240,0x9A03,0x9240,0x9228,0x9240,0x9404,0x9240,0x9646,
0x34F2,0xCC4E,
0x0000,0x34F2,0xCC50,0x0000,0x3483,0xCC40,
0x0000,0x3483,0xCC80,0x0000,0x4090,0x0000,0x0000,0x0000,
0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,0x0000,
0x0000,0x0000,0x0000,0x0000,0x133A])

command(27,
SCHEDULED_TIME\00:00:52\,FROM_REQUEST_START,
73WRAP([0x4310,0x1A00])

end;
$SEOF

155 |EB loaded with AL F load
Availablein Flight Software Verson 2.4.

Although BULK Memory is not large enough to hold the flight code and the | EB |oad,
it should not be necessary to store the IEB load in BULK Memory asit iskept in an areaor
LRP memory that is not scrubbed during areset and, hopefully, not affected by software or
hardware problems on the LRP. Code on the LRP normally leaves the area of memory that
holdsthe IEB load desdlected. It ishoped that thiswill prevent corrupting the IEB Memory if
the processor suffersa SEU or softwarefalure. Note that his would be the case when loading
the |EB separately from the ALF load.

15.5.1 Restriction on ALF loads

ALF loads are regtricted to loading the lower part of memory on the 8085.
Specifically, the ALF records are alowed to load 0000-7BFF and 7FO0-7FFF. The areafrom
7C00-7EFF and dl of memory above 8000 are restricted by theflight ROM on all 3
processors. Also keep in mind that the memory from 0000-7FFF is scrubbed (zero-filled)
immediately following areset.

Thisredtriction in the flight ROM's prevents direct accessto IEB memory by the ALF
loading mechanism. Asof version V2.3 of the flight software, the code that is resdent on the
LRP requires about 20K bytes of the 31K bytes available to the AL F loading mechanism,
leaving about 9K bytes of unused memory.

15.5.2 Workaround to ALF restriction

In order to work around the load restriction imposed by the ALF mechanism, the IEB
load isregtricted to about 8K-9K bytes. Thisisabout haf of the available IEB memory and
should be sufficient to establish a reasonable set of science operationa modes. The |IEB load
must be offset from it's normal location to alocation specified in the|EB handler. In addition
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the load that is generated will include a checksum table that islocated at an fixed address,
again defined by the IEB handler.

The |EB Handler may then examine the area of memory that is expected to contain the
|EB load and moveit to IEB memory if, in fact, the load was delivered. If the IEB load is not
included with the ALF load, the handler may proceed to checksum verification in the
expectation that |EB memory still contains agood copy of the IEB load.

15.5.3 Workaround to limitson |[EB size

IEB memory consists of a16K byte block of memory that is controlled by abank
switching mechanism on the 8085. In norma operation, the IEB bank is disabled by
activating an dternate bank of memory at the samelocation. The Sze of the IEB memory is
determined by the hardware bank switching mechanism.

Since the memory available on the LRP to temporarily hold the IEB load issmaller
than the available IEB memory, it is reasonable to expect that apartid 1EB load would be
included inthe ALF load. Asaresult the beginning of IEB memory that contains the dispatch
table or vector table may be partially populated. Asan example, the |IEB load used for the firg
instrument checkout contains 16 triggers that define some basi ¢ science modes that occupy the
first 48 bytes of IEB memory. Assuming that the vector table contains sufficient place-
holdersto fill out to trigger number 7E or 8E, it becomes clear that we will require some of the
73IEB_LOAD commands, used to fill out the IEB load following the ALF load, to be odd
lengths. Asan dterndive, we can require that the entire IEB memory be reloaded (i.e. no
partid reloads).

155.4 |EB " load-ability" issues

The IEB handler in V2.3 requires that a complete | EB |oad be presented to the
instrument in order to correctly load. Each 73IEB_LOAD command contains address,
checksum, and sequence information. The checksum must be valid and the sequence must be
montonically increasing in order for the IEB record to be loaded into memory.

If any record is damaged in transmission to the spacecraft, the damaged command
along with successive commands will be discarded.

If we expect to ddliver |IEB loads directly from the ground, perhaps a better scheme
would be to discard invaid records (i.e. those with invalid checksum) and load dl vaid
records. A second load could be attempted to fill in any gapsthat occur. A record can be kept
of breaksin the sequence that could be obtained on the ground through the use of MRO
commands or perhaps the error report could be delivered to the housekeeping process through
amicro-packet.

As part of the new scheme, we may consder an additiona 73IEB_TRIGGER, MASK
command to be used to clear IEB memory prior to loading. Thiswould diminate al traces of
the |IEB contained inan ALF load. Thiswould eiminate the possibility of afase checksum
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(i.e. achecksumin the old load that matches onein anew load, making it difficult to
determineif the IEB is properly loaded.

15.6 |EB ssquence issues

Inthe event that problems delivering agood IEB Load in red-time occur, a
workaround exigs to bypass some of the error checking mechanismsinthe IEB handler. This
change effectively disables the sequence checking implemented in the handler by presenting
each |IEB Load record as a standalone load to the IEB handler.

The IEB handler expectsto seethe EOF record, 731EB_LOAD, 0, 0 & theend of a
load. The handler does not, however, have any expectations about the length of theload. If
each record is marked with a sequence number of zero and followed by an EOF record, the
loader will place the record in IEB memory and recal culate the checksums. If any record is
dropped the entire load may be resent to the instrument with the expectation that the problem
record will be successfully recelved during a subsequent transmission. |If, during the
subsequent transmission, any records are lost that are aready in memory, thisis of no
conseguence.

The HEXBUILD utility has the capability to insert an EOF record prior to each |IEB
Load record. This placement provides an EOF record to the IEB handler in order to reset the
expected sequence number in the event that the EOF record was not received. The timing
control is aso independently adjustable for the IEB_L OAD and the EOF record. Sincethe
EOF record isonly 2 words long, it should require less time to transmit to the spacecraft.
Load times can be improved by reducing the time all ocated to the EOF record.

473



16 Flight Rules

This section contains discussions of the various flight rules established for the RPWS
instrument.

16.1 73FRC1 RPWSALF Load Redriction
Thisrule clarifies thelimited processing capability when in deep mode.

The instrument performanceis significantly reduced while operating in deep mode.
Thisrule smply documents the fact the RPWS must be operating out of deep in order to
perform adownload. A suggested work-around involves sending ALF records at areduced
rate. When operating in deep, the instrument will process ALF records, but the processing
time required to handle each record increases to severd RTI periods. Adding anidletimeof 4
to 8 RTI periods between each group will dlow the instrument to successfully perform the
download.

Failure to honor the spirit of the rule will cause the instrument to fail to perform the
download.

A corollary to thisrule would indicate that the 73AL F commands (i.e. memory |oad
commands) are ignored by any downloaded software. In other words, it isnot possibleto
reload software without resetting the instrument.
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16.2 73FRC2 RPWSRecovery timefollowing reset
This rule attempts to meet the minimum idletime following areset.

The processors perform amemory scrub operation following reset. During this scrub
operation the processors ignore incoming commands and BIU Discrete bits. The processor
clocksare all st to the dowest state to guarantee the instrument isonit's lowest power state.

Asthe reset signal used by the instrument (i.e. BIU Discrete 0) is edge sensitive, the
rising edge triggers the reset activity. The signa may remain high indefinitely or be brought
low amost immediately (i.e. in the following RTI period). Thisflight ruleisintended to
prevent commands, other than the reset control commands, from reaching the instrument
during the initiaization period.

Failure to honor the spirit of the rule will cause the instrument to fail to perform the
download.

We have specified aminimum idle time following any 73RT_RESET command of 5
seconds. Thisresultsinaminimum of 10 seconds following the actual reset before any
commands may be delivered to RPWS. Bear in mind that the instrument will start an interna
|EB load approximately 23 seconds after the 73RT_RESET, RESET command is delivered and
that you should schedule the 6SSR_MEM_LOAD command close enough to the 73RT_RESET,
RELEASE command to avoid having the instrument processing an interna load.

10 seconds between commandsis margind for operations on the bench, it seemsto
work better if you make use of some delta-t of 6-8 seconds between the 73RT_RESET and
6SSR_MEM_LOAD commands.

For Example

00:00 73RT_RESET, RELEASE
00:06 73RT_RESET, RESET
00:12 73RT_RESET, RELEASE
00:18 6SSR_MEM_LOAD
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16.3 73FRB3 RPWSAntennaMotor on timelimit
Thisrule atemptsto minimize the window during which power may be gpplied to the
antenna mechanism.

The antenna mechanism is controlled through 3 separate control paths. The
mechanism is powered separately from the main electronics. The power routing relay is
enabled through aBIU Discrete bit assgned to each mechanism. And finally, the processor
selects an element and direction to move.

The on time limit is intended as another interlock to reduce the opportunity for
unintended element movement to occur. The processor removes power when alimit switch is
encountered, so leaving motor power on, athough not desirable, isnot immediately fatal.

Asan operational interlock, this rule may be interpreted as referring to the time the
discrete bits are allowed to be on. Aslong asthe software is functioning normally, deasserting
the BIU discrete bit to meet this rule will not interfere with successve deploy operations
(whereas removing power from the deploy e ectronics would obviously prevent any
successve activities).

The ruleisintended to time the period from the issue of a 73ANT_CONTROL
command until the corresponding 73RT_Ex_x_CNTL, DI SABLE command.
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164 73FRC4 RPWSAnNtenna Discreebit
Thisrule clarifies the function of the 3 antenna discrete bits.

Thisrule makes a note of the fact that the discrete bit is required to be asserted before
antenna e ement movement will occur. Three of the eight BIU discrete command bits are
used as interlocks to the antenna control eectronics. The corresponding discrete bit must be
asserted before power is routed to the antenna depl oy mechanism

Failure to honor the rule will not result in any permanent damage, the selected eement
will smply not move. The Stuation may be remedied by asserting the appropriate discrete bit
and re-sending the antenna deploy command.

Note that the discrete bits control latching relays within the antenna control
electronics. The discrete bit must be enabled to allow the respective rdaysto be enabled. The
discrete bits do not directly control power to the motors. Asaresult, the discrete bits do not
directly stop antenna e ement movement onceit has started (the software monitors the BIU
discrete bits and stops antenna element movement if required).
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16.573FRC5 RPWSPower up Redriction
Thisrule explainsthe internal power up sequence requirements that are intended to
prevent RPWS from exceeding it's power alocation.

Thisruleisamed at cases where the HFR would be powered on when L/P and/or
MEQ2 are dready powered. When the instrument subsystems are powered on in a particular
order, the associated current transients never exceed the peak power allocated to RPWS. If,
however, the specific order is not followed, the turn-on transient will exceed the allocation,
possibly driving the §/C into a bus undervoltage condition.

The smple method to avoid this problem is to place the instrument into S EEP and
then apply power in the prescribed sequence, leaving any unused portion of the instrument
powered off (i.e. smply deeteit's power-on command).

Also note that any software reload will cause power to be removed from the receivers.
In other words, a software reload will have the same effect as sending a sleep command.

All versons of the flight software (i.e. those later than version 2.0) have been
modified to dow theinterna power sequencing to avoid a case where two interna supplies
were switched during the same RTI period.

To clarify therule, any interna power change requiresthat the insrument beina
deep-like state (i.e. internal subsystems powered off) prior to the power change. The smple
method to accomplish thisisthrough the 73RT_SLEEP, 73POWER_CNTL, SLEEP or the
73RT_RESET commands
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Acceptable Power
Sequences

Comments

73PS_RPWS, ON

Initial power on does not apply
power to receivers

73RT_RESET, RELEASE
73RT_RESET, RESET
73RT_RESET, RELEASE

ROM code removes power
from receivers
This executes ROM code

73RT_SLEEP, SLEEP
73RT_SLEEP, ACTIVE

Discrete SLEEP state removes
power from receivers

73RPWS_POWER, SLEEP, SLEEP
73RPWS_POWER, SLEEP ACTIVE

Commanded SLEEP state removes
power from receivers

6EXT_MEM_LOAD

Requires prior 73PS_POWER
or 73RT_RESET

Notethat the 6EXT_MEM_LOAD command does nat, by itself, trigger any power
activity within the indrument. This command always appears following an instrument reset
(either power-on using 73PS_RPWS or explicitly using 73RT_RESET). If thiscommand is
issued without having the instrument in areset Sate (i.e. executing out of ROM) the memory
load will be ignored and the power switcheswill remain unaltered.
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16.6 73FRB6? RPWS AntennaCommand Restriction
This rule restricts use of antenna control commands.

Following successful deploy on 25 October 1997, no additiona antenna movement is
planned during the mission. To thisend, the set of 7Z3ANT commands as well asthe
73PS_ANT_MOTOR command have been listed asrestricted or not to be used.

The intent, of course, being that the antenna elements are not to be retracted a any
time during the misson. Once deploy softwareis purged from the S/C (planned for late 1997
or early 1998) no software will exist on the S/C to effect antenna movement. In other words
once the deploy softwareis gone, the 7Z3ANT commands will be ignored by the instrument
(ROM, science, and deploy software).

In addition, as long as the antenna control & ectronics remain un-powered, no
hardware command from the instrument processors can calise antenna element movement.
Even a software crash/fault will not cause a problem.

Therefore, consder the 73PS_ANT_MOTOR as the critical item to observe (i.e. DMD
channel X-7???) isthe antenna control e ectronics power switch.

73ANT commands, athough they should not appear, will not cause antenna el ement
movement.
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17 Conaumableltems

In normal operations there are no consumabl e resources within the RPWS instrument.
The design was not concelved with any restrictions on power cycling or power on hoursin
mind. Within the DPU section, conservative timings were used in the design to allow for
reasonable/expected degradation due to radiation effects. The software used for science and
deploy operationsis dso configured to reduce power disspation by reducing bus activity
during idle periods (8085 HLT ingtruction) In addition Power dissipation within the
recelversis spread across alarge board area.

The antenna deploy mechanism, being amechanical unit, hasalimited life. The
mission profile calls for the three antenna mechanisms to be deployed once during the misson
so thisis not viewed directly as aconsumable item. Note that the mechanism specificdly
avoided the use of abrush type motor to enhance reliability in the event that the motor is
called on after along period of dormancy.
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18 Power Consumption

Power consumption tables.

18.1 Teemetry Callection Schedules

When observing telemetry from the power supply (i.e. 12 voltage monitorsand 4
current monitors) keep in mind that the MEO1 current measurement is instantaneous and will
depend on the collection schedule used by CDS. Various activitiesthat occur on LRP will
affect when housekeeping datais collected (i.e. Activities on LRP that have ahigher priority
than housekeeping may cause a housekeeping reading to occur alittle later in the RTI period
than what would nomindly occur. Also, CDS may schedule high priority activities before
telemetry pickupsin the RTI period.

This can have asignificant effect on the MEOL current number we see, asthe BIU
current draw, as seen by the MEOL power supply, changes by about 100mA whenthe BIU is
transmitting. In a 360Kb mode the BIU tranamitsfor dightly over 57 mSec.

The net effect of thisisthat for aportion of the RTI period the BIU isdrawing an
additional 100mA of current that may be visiblein housekeeping. It seemsto betypical tha
the bench modd will show the additional current while the instrument on the spacecraft will
not. Wethink that isexplained asfollows:

The bench modd exists asasingle instrument on the PPCRTIU, thus requiring no
1553 bus bandwidth to support engineering and science subsystems. We do not have models
of the other subsystems and cannot have the 1553 traffic present for the other subsystems.
The 1553 traffic to support our instrument occurs at the beginning of the RTI period where the
housekeeping task would trigger the A/D system. This causes the current spike to be visible
on the bench.

The flight model, on the other hand, coexists with the full complement of scienceand
engineering subsystems on the spacecraft. Thelevd of traffic is much greater, with typica
1553 usage being at asustained level (around 75% to 80% ?7?). Thetraffic from RPWS (i.e.
the 6 science telemetry records) will, most likely, occur later in the RT1 period than they do on
the bench.

Also keep in mind that the collection scheduleis dictated by CDS, we will transmit as
much data as CDS demands, but smply mark mogt of it as empty when there is not sufficient
datato be delivered.

Also keep in mind that the 1553 trafficis, effectively, prioritized by the order inwhich
CDS arranges pickups and deliveries. Science telemetry is (probably) the lowest priority
activity and would, therefore, occur asthe last transactionsin any given RTI.
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Typica CPU usage levelson the LRP are on the order of 25%-30% so we might
expect to completely miss seeing the BIU traffic on the current monitor atogether. In
addition, it is probably not unreasonable to see the BIU current when RPWSisin adow data
collection mode.

The monitoring limits we have established on the ground seem to be reasonable, based
on severd years of operation. We see occasiond excursionsinto the yellow limits and rarely
see asample that isjust into the red overcurrent.

483



18.2 Suggested Power-On Sequence

The following sequence presents the optimd current load to the spacecraft. The HFR
presents the largest power on surge followed by the lowareceivers (MEQO2). Both of the
power switches located on the HRP (L/P digita and HRP A/D) have dow turn-on to minimize
the turn-on spike. The L/P digita must be powered on before the L/P and og to avoid damage
to the L/P A/D converter (thisis enforced with a hardware interl ock).

HFR Electronics

MEO2 MFR, WFR, WBR receiver
Langmuir Probe Digital
Langmuir Probe Analog
WFR/WBR A/D section on HRP

18.3 Ingrument power-on current plot

184 Ingrument idle power
Measurements of instrument power requirements

18.4.1 Flight Electronics

SLEEP RUN MAINTENANCE
SLEEP | ACTIVE HALT NOP ON OFF
ROM N/A
MODE
RAM N/A N/A N/A
MODE
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18.4.2 Flight Spare Electronics

SLEEP RUN MAINTENANCE
SLEEP ACTIVE HALT NOP ON OFF
ROM N/A
MODE
RAM N/A N/A N/A
MODE
18.4.3 Engineering
SLEEP RUN MAINTENANCE
SLEEP ACTIVE HALT NOP ON OFF
ROM 102ma 116ma N/A 116ma 172ma 116ma
MODE
RAM 98ma 98ma 104ma N/A N/A N/A
MODE

485




18.5 Low Rate Science

Measurements of instrument power requirements

18.5.1 Flight Electronics
SAF 142

POWER CONSUMPTION

BASE

NET(NO BIU)

HFR

HRP

MEQ2

L/PDIGITAL

L/P ANALOG

BASE

HFR

BASE

HRP

MEOQO2

BASE

L/PDIGITAL
L/P ANALOG

18.5.2 Flight Spare Electronics

SAF 142

POWER CONSUMPTION

BASE

NET(NO BIU)

GROSS (WITH BIU)

HFR
HRP

MEOQO2
L/PDIGITAL

L/P ANALOG

BASE
HFR

GROSS (WITH BIU)




SAF 142

POWER CONSUMPTION

BASE

HRP

MEOQO2

BASE

L/PDIGITAL

L/P ANALOG

18.5.3 Engineering M odd

SAF 142 POWER CONSUMPTION
NET(NO BIU) GROSS (WITH BIU)

BASE <100ma
HFR 292ma
HRP 376ma
MEOQO2 478ma
L/PDIGITAL 512ma
L/PANALOG 552ma

BASE <100ma
HFR 292ma

BASE <100ma
MEOQO2 242ma
HRP 328ma
BASE <100ma
L/PDIGITAL 118ma
L/PANALOG 122ma
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18.6 High Rate Science

Measurements of instrument power requirements

18.6.1 Flight Electronics
SAF 248

POWER CONSUMPTION

BASE

NET(NO BIU)

HFR

HRP

MEQ2

L/PDIGITAL

L/P ANALOG

BASE

HFR

BASE

HRP

MEOQO2

BASE

L/PDIGITAL
L/P ANALOG

18.6.2 Flight Spare Electronics

SAF 248

POWER CONSUMPTION

BASE

NET(NO BIU)

GROSS (WITH BIU)

HFR
HRP

MEOQO2
L/PDIGITAL

L/P ANALOG

BASE
HFR

GROSS (WITH BIU)




SAF 248

POWER CONSUMPTION
BASE

HRP

MEOQO2

BASE

L/PDIGITAL
L/P ANALOG

18.6.3 Engineering M odd
SAF 248

POWER CONSUMPTION
NET(NO BIU) GROSS (WITH BIU)

BASE
HFR
HRP
MEO2

L/PDIGITAL

L/P ANALOG

BASE
HFR

BASE
HRP
MEQ2

BASE
L/PDIGITAL
L/P ANALOG
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19 SoftwareChanges

This section contains details of the changes applied to the software following launch.

19.1 Vagon 27
Thisverson isplanned for 3Q/4Q of 2003 (looks like we may not even bother).

Verson V2.7 findly has aworking implementation of RST-5 memory move assist.
Thisisdemonstrated in trigger 32 of the base IEB where we run WBR and LFDR
concurrently with WBR producing data are arate of about 250K bits/sec.

The 73POWER_CNTL, PAUSE command is dso rendered harmlessin thisrelease
(the code to pulse the SLEEP line has been removed).

CTLWBR will not pass compression dong if WBRC offset 0x58 is set to OXFFFF
(i.e. will not allow compressionin LFDR SYNC mode as thiswill cause HRP to hang).

BIU Direct handler seemsto have had the interrupts disabled for long periods of time.
At certain points this can block atime update on HRP, causing the SCLK to be retarded by
256 seconds when RTI-0 occurs. Enabling interrupts an adightly earlier point should alow
RTI interrupt to occur correctly.

DUST andysis on the DCP was operating a the same priority astheidle process.
Thiswould starve DUST analysis of CPU cycles. Thelow priority definitionsfor DCP were
atered (increased by 1).

73WBR_BURST requires an appropriate setting of the W08l MUX byte,
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19.2 Verson 2.6/ Patch leve 005

Thisisaset of patches that are used to address the following problem (this patch set
was used with C39 and later IEB loads). C39/C40 implemented the remova of the MUX
control byte setting only for trigger 10, It did not eiminate the MUX control byte setting in
other triggers. Thefull implementation of thisfix id in the base?26 5 directory.

19.2.1 WBR AGC glitch.

Fix aproblem in the gain control code in WO8I that was causing an invalid AGC
reading to occur. Thisresulted in gain settingsthat wereincorrect. This patch aso eliminates
the need to use the W08l MUX control byte.

# Patch 005 20 MAR 2003 AGC Glitch (W08lI)

Gain control code fragment in W08
was glopping up the antenna select. Puts glitches
in WFR and MFR. Found and extra instruction to
delete (talk about careful planning).

Also, the 73WBR_MODE_CNTL and 73DUST_MODE_CNTL
commands are patched such that they no longer
alter the MUX control byte

00:00:00 00mem_tweak, hrp, byte, 0x32CE, 0

00:00:01 73mem_tweak, hrp, byte, 0x14, 0x40, TWEK

00:00:02 00mem_tweak, hrp, byte, 0x8225, 0x3A

00:00:03 00mem_tweak, hrp, byte, 0x82D4, 0x3A

00:00:04 73mem_tweak, hrp, byte, 0x14, 0x00, TWEK

HoH HHHH T
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19.3Verson 2.6/ Patch leve 006
Thisisaset of patchesthat can be used to address the following problems.

19.3.1 73POWER_CNTL, PAUSE
This patch group removes an instruction that can cause the HRP to hang. Not of
ggnificant importance aswe don't use the code that can cause the problem.

19.3.2 Timefixup on HRP

This patch re-enablesinterrupts in the BIU-direct handler. Thisisintended to
eliminate a problem we have seen where time on HRPregresses. 73WBR_MODE_CNTL
and 73DUST_MODE_CNTL commands are patched so that they no longer dter the MUX
control bytein WO8I.

19.3.3 WBR AGC glitch.
Fix aproblem in the gain control code in WO8I that was causing an invalid AGC
reading to occur. Thisresulted in gain settings that were incorrect.

19.3.3.1 Listing of Patch Level 006

Patch 005 isincorporated into the |EB loads starting with C39.

Patch to V2.6 code
19 Sep 2002 WTR
73POWER_CNTL command in 73IEB_HALT, IDLE

Examine memory locations prior and subsequent
to patching. This, | hope, will give us a record,
in telemetry, of the application of the patch.

This patch may be applied more than one time
without causing any problems.

HHHFHHH IR

# Patch 001 19 SEP 2002 73Pwr_Cntl, Pause

#

00:00:10 73mro, Irp, hsk, 3B54, 0 # Examine the areas

00:00:12 73mem_tweak, Irp, word, 0x0858, 0x0101, IEBC # Remove Power_CNTL
# Instruction

00:00:14 73mro, Irp, hsk, 3B54, 0 # Examine the areas

# Patch 002 03 OCT 2002 DMA mode 3 fixup

# 05 NOV 2002 Mode-3 doesn't even work,

# so there is NO point in fixing

# the code

#

#00:00:20 73mro, hrp, hsk, 37bd, 0 # Examine

#00:00:22 00mem_tweak, hrp, byte, 0x37BD, 0x0011 # Change port address
#00:00:24 00mem_tweak, hrp, byte, 0x37C1, 0x0011 # Change other port address
#00:00:26 73mro, hrp, hsk, 37bd, 0 # Examine result
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# Patch 003 12 DEC 2002 Time fixup on HRP

# Change RTI-0 signal to RTI-1.
# Allows HRP to slip 1 RTI wothout messing up
# Time too bad.

# Found problem (hope we did anyway), so this

# patch not really needed either...

#

#00:00:30 73mro, hrp, hsk, OXOFCO, 0

#00:00:31 73mro, dcp, hsk, OxOFES8, 0

#00:00:32 73mro, Irp, hsk, 0x4B40, 0

#00:00:35 00mem_tweak, HRP, BYTE, OxOFC1, 0x01 #HRP RTI-1
#00:00:36 00mem_tweak, DCP, BYTE, OXOFED, 0x01 # DCP RTI-1
#00:00:37 00mem_tweak, LRP, BYTE, 0x4B43, 0x63 # send 2 RTI delay
#00:00:40 73mro, hrp, hsk, OxOFCO, 0 # during RTI-7
#00:00:41 73mro, dcp, hsk, OxOFES8, 0

#00:00:42 73mro, Irp, hsk, 0x4B40, 0
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# Patch 004 19 DEC 2002 Time fixup on HRP

# biuint_5 seems to be keeping interrupts
# off for too long. stick in a pair of

# El instructions to alleviate the problem
#

00:01:00 73mem_tweak, hrp, byte, 0x15, 0x7F, BIU_# lower priority (BLOCK)
#

00:01:01 73mro, hrp, hsk, 29BB, 0 # look at initial conditions
00:01:02 73mro, hrp, hsk, 2B44, 0 #

#

# Load new code fragments

#

00:01:05 00mem_tweak, hrp, byte, 0x3CFO0, OXFB # EI

00:01:06 00mem_tweak, hrp, byte, 0Ox3CF1, Ox3A # LDA

00:01:07 00mem_tweak, hrp, word, 0x3CF2, 0x23D2 # DMA_WORM_HOLES
00:01:08 00mem_tweak, hrp, byte, 0x3CF4, 0xC9 # RET

#

00:01:11 00mem_tweak, hrp, byte, 0x3CF5, OxXFB # El

00:01:12 00mem_tweak, hrp, byte, Ox3CF6, 0x3A # LDA

00:01:13 00mem_tweak, hrp, word, 0x3CF7, 0x3C2C # DMA_WBR
00:01:14 00mem_tweak, hrp, byte, 0x3CF9, OxC9 # RET

#

# We do it in this order so screw-up doesn't crash HRP

#

00:01:21 00mem_tweak, hrp, word, 0x29BC, Ox3CFO0 # Patch LDA address
00:01:22 00mem_tweak, hrp, byte, 0x29BB, OXCD # Change to CALL

00:01:23 00mem_tweak, hrp, word, 0x2B45, Ox3CF5 # Patch LDA
00:01:24 00mem_tweak, hrp, byte, 0x2B44, OxCD # Change to CALL

#

00:01:31 73mro, hrp, hsk, 29BB, 0 # look at final conditions
00:01:32 73mro, hrp, hsk, 2B44, 0 # look at final conditions
00:01:33 73mro, hrp, hsk, 3CF0, 3CFE # look at final conditions
#

00:01:40 73mem_tweak, hrp, byte, 0x15, 0x6B, BIU_# return priority to normal

# Patch 005 20 MAR 2003 AGC Glitch (WO08lI)

Gain control code fragment in W08
was glopping up the antenna select. Puts glitches
in WFR and MFR. Found and extra instruction to
delete (talk about careful planning).

Also, the 73WBR_MODE_CNTL and 73DUST_MODE_CNTL
commands are patched such that they no longer
alter the MUX control byte

00:02:00 00mem_tweak, hrp, byte, 0x32CE, 0

00:02:01 73mem_tweak, hrp, byte, 0x14, 0x40, TWEK

00:02:02 00mem_tweak, hrp, byte, 0x8225, 0x3A

00:02:03 00mem_tweak, hrp, byte, 0x82D4, 0x3A

00:02:04 73mem_tweak, hrp, byte, 0x14, 0x00, TWEK

HoH o HHH
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194 Verdon 2.6
Thisverson wasreleased to PSL on 02-OCT-2002.

Version 2.6 adds some capabilities that started out asawork-around to replacea
faling MFR-2. Significant changes occurred on the HRP with code moving about and some
interna commands being deleted (early portions of the AGC code that are not used).

Thisverson aso has some updates to the STM tables (Spacecraft Telemetry Mode).
In particular, S& ER-5 and S& ER-10 had mod words that wereidentica and they are handled
correctly with this software revision.

WBR/WFR high-band lockout corrected. We can now schedule high-band WBR
activities without needing to stop WFR/LFDR, the lockout works correctly now. W12J
sample clock now reverts to 100Hz following data acquisition (helps LFDR synch mode work
smoothly). MMISR has some fixesto the RST-5 code (we haven't used this too much yet).
WFROUT correctly handles large segment counts now. WO08l AGC timing works correctly
now. WO08I sub-RTI gtatus byte now appearsto be accurate. CMPX (on DCP) now looks for
AGC enable bit and skips forwarding packets that have AGC disabled to the AGC process
(saves some DCP CPU cydes). |IEB handler isalittle more robust with respect to handling
73IEB_LOAD commands.

New Commands

73WBR_BURST

73WFR TOGGLE CNTL
73LFDR_TOGGLE_CNTL
0OWFR_AUTO SET
0OLFDR _AUTO_SET

Minipacket Status Changes

WBR minipacket now has a bit that indicates when a timeout has
occurred. Thishit, when set, indicatesthat the WBR datais
invalid (stale data, from aprevious acquisition cycle).

WFR minipacket has 2 status bits that are overloaded. Their
meaning depends on how the packet was handled in the
instrument.

Commandsto look out for in |EB's that will cause problems with thisversion.

73MEM_TWEAK, HRP, BY TE/WORD, 0X5A, NN, WBRC

Thiswill dter the burst count for 73WBR_BURST

commands. Was used to force WBR/LFDR sync mode to
work.
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OOMEM_TWEAK, HRP, BY TE/WORD, 87C9, 0000
OOMEM_TWEAK, HRP, BY TE/WORD, 87CB, 0000
Was used to force WFR mode to work correctly. Will
ater ingructions and possbly cause a crash.

OOMEM_TWEAK, LRP, BY TE'WORD, 0x29xx-0X31xx, nn
Was used to fix a pattern used to control clock speed
on al processors. Will dter an instruction and possibly cause
acrash.

Setup sequences may have new commands separated from similar
commandsto alow for V2.5 compatibility. May want to regroup these
following V2.6 upload.

73POWER_CNTL, PAUSE command isbeing phased out. Itisundesirable
becauseit causes power to be removed from Langmuir Probe for
approximately 2 RTI periods.

The 73IEB_HALT, IDLE command has a 73POWER_CNTL, PAUSE
command that may need to beremoved if thiscommand isto beused. The
following MEM_TWEAK may be used to remove the offending power
control command:

73MEM_TWEAK, LRP, WORD, 0x0858, 0x0101, IEBC

195Vedon 25
WPV found. BIU has adeficiency that allows corruption of BCRTM R6. V2.5 hasa
sample work-around for the problem (we disable the 8237 when accessing BCRTM regigters).

Change to WBR auto-gain from 1-of-N to holdoff-N.
Watch-Dog timer defaultsto ENABLED.

Another |SA addressed: HRS sequencing occurs on HRP and BIU handler zeros
record length on HRS packets after delivery. Thisdiminates aproblem with duplicate
packets when mgor mode changes occur (i.e. When telemetry mode on S/C changes).

196 Vardon 24
Following ddlivery of the 2.3 modifications, we begin work on the next group of
improvements and fixes

19.6.1 TWEAK/MRO

Asaresult of housekeeping issues raised with activities in support 14 month checkout,
the memory read out function has been dightly modified to provide access to the constant that
defines the Sze of aminipacket delivered to the science telemetry stream. This change dlows
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the housekeeping buffer to fit within asingle MRO minipacket of 192 data bytes. This make
both Science and Housekeeping parameters easily tweakable.

19.7 Verdon 2.3
Thisverson is planned to be uploaded prior to 14 month checkout. Since we have
very little operating time with the prior version, minimal changes are planned.

19.7.1 Power and SLEEP Contral

Added amethod to control the HRP instruments through the SLEEP control line. This
change alows amethod of shutting down data collection on the HRP without using the IPC
mechanism. 1PC is susceptible to packet oss under high load Situations, such aswhen
operating at high datarates. This change dtersthe handling of the SLEEP line breaking it
downinto a2 step activity.

When HRP detects that the SLEEP line is asserted, it'sfirst actionisto idlie al data
collection on the HRP. Only when 4 successive RTI periods with SLEEP asserted occur, will
power be switched to L/P and the WBR/WFR A/D system.

19.7.2 TWEAK/MRO

Asaresult of issuesraised with activitiesin support of Venus-1, the memory read out
function has been dightly modified to provide cleaner access to the timer that controls the bit
rate for memory read out mini packets. In the previous version, the delay between MRO
packetswasfixed at 9 RTI's. Altering thisvaue required a code patch. This change smply
moves the timer to afixed location in the process descriptor area so that any future changes
will not require changesto |EB or other commands

19.7.3 IPC/F5/Miniproc

Bugfix inIPC: Error recovery timer would occasionally loose an interrupt. Setup
changed to improve immunity to this condition. Upgradeto MiniPkt: Non-blocking flag and
Fast-ddlivery flag added. F5 restructured to make room for MiniPkt changes (lost a buffer on
LRP)

19.7.4 MAINTENANCE

During the first RAM Maintenance activity, it was noticed that the discrete status bit
was not correctly set to indicate that maintenance mode was active. Changes to the code prior
to launch moved the code fragment that sets the status bit to apoint in the control flow that
was too early to alow the bit to be properly asserted. The code fragment to set the status bit
was moved to the appropriae postion to alow the satus to appear correctly.

19.75MFR

In prior versions, the MFR operated asynchronoudy with respect to antenna
switching. Although an individua sweep was synchronized with the SCLK, the antenna
selection was not locked to the SCLK in any way.
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Changing the antenna selection code to make it synchronous with SCLK alows other
receiversto avoid activities that may cause interference with the MFR.

19.7.6 WBR

The AGC update rate is now programmable (previoudy it was fixed at %2 of the data
st capturerate). When operating in higher data rates, the AGC activity must not occur any
faster than before, but when operating the WBR at lower datarates (i.e. 2 RTI's between
captures and dower), the ACG may be updated every RTI if desired.

Also note that the AGC update rate may a so be set to ower speeds, if desired.

19.7.7 WFR/WBR interference
Adds Mx to 12 bit acquisition process to prevent WBR Hband interference during
WFR Hband when using LFDR sync (affects SKR science mode).

This appears to not work asintended, but no adverse s de-effects have been detected.
Will look at this more closdly following V2.3 submission.

19.7.8HFR
Remove the meander table patch from the HFR handler, reducing AL F requirements.

Determined that the cross-correlation g problem fix didn't work well, so it was
removed. This 1 ingtruction patch can beincludedinthe |EB if required.

Add code to HFR handler to alow downloading RICE code from the HFR-IEB area
of memory.
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