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1.1  Introduction

This is the software user manual for the PtolemyBOard Software. This software is installed in fuse
link PROMs in the Ptolemy flight model experimentthe Rosetta Lander.

1.2  Intended Readership

The intended readership includes those preparirggai@ procedures for the operation of any Ptolemy
model, either in flight or in ground tests. An enstanding of the operation of the gas chromatdgrap
and ion-trap mass spectrometer is assumed assvail appreciation of the context of the Ptolemy
instrument on the lander.

1.3  Applicability

This manual applies to the FM version of the sofeadated 06/04/2002 — this is the only release
containing both the safe-mode and science-mode/aaftand is the version held in the Ptolemy FM
fuse link PROMs.

14  Purpose

141  Of document

The purpose of this document is to provide an deerof the Ptolemy on-board software, bringing
together information from the documents listed .l 1

1.4.2 Of Software

The purpose of the Ptolemy on-board software @éwide control and monitoring of the Ptolemy
experiment, executing the required experiment segpgeon the comet. Its main functions are listed
below:

* Collection of experiment Housekeeping data and todng instrument safety

e Collection, collation and compression of measurdrdata

» Handling and execution of telecommands from theédan

e Generation of science and Housekeeping telemettyransmission to the lander

« Control and sequencing of the experiment scienstesy, of the ion-trap and of the oven
docking system.

1.5 How to usethisdocument

Detailed information on the Ptolemy On-board softnia to be found in the documents named in 1.5
This document is intended as an introduction tostbevare and its related documentation.
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1.6 Related Documents

The following documents contain much of the infotima required for the operation of the Ptolemy on-
board software. References shall be made to sedtidhese documents where required. Where this is
more convenient, information from these documerdy be repeated here.

RD1 | RO-LPT-RS-3103/EID B Experiment Interface Doewtnpart B -

includes an overview of the instrument as well detailed
description of Ptolemy TCs and TM formats (secddn

RD2 | RO-LPT-OU-DP-3205 Section 2.8/2.9 give an oi@mof the Ptolemy electronics
and science system.

RD3 | RO-LPT-OU-TN-3401 Ptolemy Hardware/Softwareetface Document —
describes the Ptolemy electronics hardware fronsdlfsvare
viewpoint.

RD4 | RO-LPT-OU-RS-3401 Modulus Ptolemy Software URequirements Document —
High-level overview of user requirements includingtrument
context.

RD5 | RO-LPT-RAL-RS-3403 | Ptolemy Safe Mode SoftwasetJRequirements Document
more detailed user requirements analysis for Saféem
software

RD6 | RO-LPT-RAL-RS-3405 | Ptolemy Science Mode Sofewdser Requirements
Document —

more detailed user requirements analysis for Seiemade
software

RD7 | RO-LPT-OU-PL-3101 Ptolemy Operations Plan 4udes a brief description of the
modes for the experiment

RD8 | RO-LPT-RAL-TN-3403 | Ptolemy Telecommand and Ted&ry Definitions — describeq
the TC and TM packets in detail — this informatisn
duplicated in RD2 2.8 & 2.9

RD9 [ RO-LPT-RAL-LI-3404 Ptolemy FM EEPROM Memory Map

1.7 Conventions

Data bits are numbered with bit 0 as the leasiifsignt bit (the opposite convention is used in/Ti@
documents).

The Ptolemy processor is configured with a “bigiantiarchitecture; words are stored MS byte first
and long words are stored MS word first. Intel @ssors use the opposite (“little-endian”) form.

1.8  Problem reporting

Problem reporting shall be via the same NCR prouased for Ptolemy hardware problems

Page5



MODULUS

Modulus Ptolemy On Board Software User Manual

Issue: 1

Document Number: RO-LPT-RAL-MA-3102

Date: 25th Feb 2002

2 OVERVIEW

2.1 Context

A context diagram for the Ptolemy On Board Softwiarghown here:

ROLAND
CDMS

Drive

r--r-r—————7""™""™"""™>""™""™>""™"""7"7/ T/ /=== |
: lon-Trap :
I lon Trap lon Trap data I
! T control acquisition !
I I
| 4 |
|| Heat / !
| ! Program ell:Counts |
| / |
| Y [ R A |
1
Trigger / R
1
l, |
/ I Pressure
TCs ! i sensors
AN I
|
HK I
Ptolemy i
Science On-board '
Temperature
Software I sensors
|
|
|
|
|
I Open/close

[ A 4 QU U ——" Y —

Chemistry set

|
I
I flow valves
|
I Monito
| Heat
Oven Docking :
station motor ! He Rupture Oven Chemistry set
! Valve heaters Heaters heaters
|
|
I
|
! Chemistry Set
e J
Roland CDMS Forwards TCs to Ptolemy, acquires HKds@nd receives science datg

frames from Ptolemy

Oven Docking Station
Motor

Software drives motor to dock and undock from owertarousel

He Rupture Valves

Valve is heated to open a Hetamk shortly before start of operations

Oven Heaters

Pulse width modulated by software

Chemistry set Heaters

Various heaters for reaqipss etc. PWM by software

Chemistry set flow valves

Used to control flow asghrough chemistry set. Two types: Level
controlled (Clippard & Injector) and Lindau (conteal by DAC heater)

Temperature sensors

All sensors are thermocouplFs90 sensor monitors reference juncti

Pressure sensors

Used to monitor pressure in piasfolds etc.

lon Trap data acquisition

Acquires channel:coummtsgfaom lon Trap and presents them to softw
in a FIFO.

are

lon Trap control

lon trap is controlled by a WGAaweform generator) which is
programmed via I12C interface by software. DACsléwel settings must
also be programmed. One of the heaters is appliitetlon Trap
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2.2 Top level structure and control

The Ptolemy On-board software has two major comptsnéhe Safe Mode software and the Science
Mode software:

Component Function

Safe Mode e Entered at power-on

e Performs power-on checks; locates page of workiAlyIR

¢ Responds to HK requests from CDMS

e Science System in safe state with most drivesofftc.

e Allows patch/dump TCs and comanded transition ierg&e Mode
(Standby)

Science Mode « Entered by command from Safe mode

e Always starts in Standby

¢ Responds to HK requests from CDMS

¢ No patch/dump

« Allows commanded execution of any of the science@sr
commanded transition to Safe Mode

* Sends science data frames when in on of the astieace modes

The top level software states and transitions laogve here:

Power-on Top Level Software States

Memory

test SW crash

Select
RAM pages

SW crash

Failure or

STANDBY SAFE TC

TC

SAFE
TCor
Failure

Mode Complete

Active
Modes (Sci)

Standby
Mode (Sci)

Select Active
Mode
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Power-on:

At power-on, the software first performs a teseath RAM page (there are 8 of these, pages 8-15,
each of size 64k bytes). The first working pag®aM is selected for the SAFE mode working data
memory (this will usually be page 8). Safe modenthegins operation.

Safe M ode:

On entering Safe mode, the software generatesoéetRy Power-on Start” event packet (RD8 3.6) and
then begins normal Safe-mode processing; houseaigdpta is provided to the CDMS as requested,
filling the 256 word frame with concise HK packetsere no event/acknowledge packets need to be
transmitted.

The following TCs are accepted:

* CONNECTION TEST (RD8 2.5) — responds with an ackeoge packet in HK frame

e  DUMP MEMORY (RD8 2.3) — produce dumps of PROM, EEmNRor RAM in the
Housekeeping frame.

« LOAD MEMORY (RDS8 2.2) — Allows patching to RAM orEFPROM (any page)

e CHECK MEMORY (RD8 2.4) — Responds with checksumravenemory block

+ COPY MEMORY (RDS8 2.6) — allows copying of data beem blocks in PROM, EEPROM or
RAM

At this stage, the science mode software may peeddrom PROM into RAM (by default, to page 9).
After this, patches may be loaded directly into RAMcopied from EEPROM. If no patching is
required, the science mode software may be exeauteBOM, without copying to RAM.

The Science mode software is started, either inl®ROIN RAM, by issuing the STANDBY TC. A
mode selection event packet (RD8 3.6) shall beng¢ae for inclusion in the next HK frame

Standby M ode:

Standby mode and the active science modes haymease code page from Safe mode, they share no
code but do share the same data structures (setheted data page). It is in Standby mode that
hazardous functions required for subsequent opastnhust be enabled. From Standby mode, the
software may be commanded either back to Safe motteone of the 16 active Science modes. TC
accepted in Standby are:

e SAFE - return to Safe mode

e PARAMETER UPDATE — update a parameter in a softwalbde

« HAZARDOUS FUNCTION - enable selected hazardoustions

e Select active Science Mode — MODE SELECT TC intp @fithe 16 active Science modes

Each of the 16 active Science modes are started Standby mode by the MODE SELECT TC. The
selected mode runs to completion and autonomoaslyns to Standby mode

Active M odes:

These active “Science” modes are invoked from Stgmdode. For each Science mode, a Mode Event
Sequence is defined; a table of Mode Events thatihnes the sequence of actions (heating, valve
operation, ion trap data acquisition etc.) thattaree performed for this mode. Each Mode Eveat is
high-level instruction to the software, the sequetgrminates with a Mode Event that commands the
software back to Standby mode. The Mode Event Semsemay be thought of as high-level programs
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that are interpreted by the Ptolemy on-board saéwahe tables are stored by default in EEPROM,
one for each Science mode.

In Science modes, the only TC accepted is SAFE;albws a return to Safe mode, aborting the
current Science mode.

Each Science mode has a separate set of limitedaanalogue parameters. Violation of a limit cause
the software to re-enter Safe mode.

The nominal completion of an active science modricwhen the End-of-Mode mode event is
encountered and the software returns to Standbymod
A detailed description of each Science mode isstfolind in RD7.

2.3 Memory Usage:

Type/ Page Addr ess

Range
PROM page 0 00000-0FFFF SIAFE mode code and initiali sation for SAFE/SCI data
PROM page 1 10000-1FFFF SICI modes code, may be exec uted here or relocated
1/0 page 2 20000-2BFFF Device registers for CPU Card

2C000-2FFFF Spacecratft interface (TM/TC)
1/0 page 3 30000-33FFF hot used by Ptolemy

34000-37FFF

RICA (lon trap control/acquisition ASCI )

38000-3FFFF

Dther peripheral registers

EEPROM page 4

40000-4FFFF

Normal Operating limts, | on Trap tables and Scan
functions for the 16 operating modes

EEPROM page 5

50000-5FFFF

Mode event sequences for the 16 active science
modes

EEPROM page 6

60000-6FFFF

Reserved for software upd ates

EEPROM page 7

70000-7FFFF

ables of PID constants f or Science modes

T
Shared data for SAFE and SCI
S

RAM page 8 BO000-8FFFF modes

RAM page 9 PO000-9FFFF Cl mode S/W may be relocate d here for patching
RAM page 10 AO0000-AFFFF

RAM page 11 BO000-BFFFF

RAM page 12 C0000-CFFFF

RAM page 13 P0000-DFFFF

RAM page 14 FO000-EFFFF

RAM page 15 FO000-FFFFF

The current usage and contents of the EEPROM pargeocumented in RD9
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3 INSTALLATION
This section is not applicable for the Ptolemy aadl-software as this is an embedded product,

installed in fuse-link PROMs on the flight model.

4 USING THE SOFTWARE

This is an embedded, real-time component rather dhanteractive software product. The use of the
software is generally covered by operations orpiestedures as outlined in RD7
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5 REFERENCE
51 ModeEvents

The mode events can have a length of one to seshgiepending on the number of parameters. The
first and second bytes follow a fixed format:

First byte of M ode Event:

Bit 07 [ 06 [ 05 [ 04 [03 p2 qI 00
Mode Event Type ID Sense

Mode Event Type: 18 mode events are defined, eagivén a 7 bit type identifier

Sense: In some mode events this bit is usedeifgpe.g dock/undock

Second byte of M ode Event (if present):

Bit 07 | 06 [ 05 04 [03 2 ! i

Device ID State
Device ID: If required, identifies a device (reagtealve etc.) to which the mode event refers
State: May be used to specify the sate of thecdg\d.g open/closed)
M ode Event Types:

The mode event type IDs are listed in the followtalgle. The IDs are numbered so that a single bit
change cannot produce another legal ID.

Mode Event | Mode Event
Type ID

Clippard Valve Mode Event
Injector Control Valve Mode Event
Lindau Valve Mode Event
Reactor Mode Event
Mass Spectrometer Operation Mode Event
10 | Heater Mode Event
12 | SMA heater Mode Event
17 | Pressure monitoring Mode Event
18 | Temperature monitoring Mode Event
20 | Auxiliary Data Mode Event
24 | Time Delay Mode Event
33 | Sample Collector Mode Event
34 | Mass Spectrometer Activation Mode Event
36 | WGA Memory check Mode Event
40 | Timer Mode Event
48 | Set Injector Control Valve opening duration Mode Event
65 | RF Frequency Calibration Mode Event
127 | End of Mode Mode Event

| o 0] W O
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511

Length: 2 bytes

Clippard Valve Mode Event (1 D=0):

Bit
Byte 07 | 06 05 | 04 | 03 p2 ql 00
0 0 unused
1 Valve number Op/Cls
Valve Number  Number of valve to operate: 0 :V1
1 :Vv2
This mode event is used to 2 V3
command a Clippard valve 3 :Vv4
open or closed 4  :valve deleted
5 :valve deleted
6 V7
7 :V8
8 :V9
9 :VI10
10 :v11
11 :valve deleted
12 :Vi13
13 :valve deleted
14 :V15
15 :V16
Op/Cls 1 for open, 0O for close
5.1.2 Injector Control Valve Mode Event (ID=3):
Length: 2 bytes
Bit
Byte 07 | 06 05 | 04 | 03 p2 ql 0
0 3 unused
1 Valve number Not used

The indicated injector valve is pulsed open fordbeation specified by the Set-injector-controlweal
opening-duration mode event (ID 48).

Valve Number

N

umber of valve to operate:

16 :VA
17 :VB
18 :VvC

L S bit

Ndg

t used for this mode event
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5.1.3 Lindau Valve Mode Event (I D=5):

Length: 2 bytes for close, 6 bytes for open

Bit
Byte 07 | 06 | 05 | 04 |03 (PZ 0]1 00

0 5 unused | Always

1 Valve number Oph/Cls Present

2 Target Pressure (high byte) Present

3 | Target Pressure (low byte) 0fn|y
or

4 Pressure Sensor I Open

5 Max power

For Close commands, heating of the Lindau valveraaditoring of the pressure are stopped. For Open
commands, the software begins heating the Lindueyasing a PID algorithm to keep the designated
pressure sensor reading the target pressure.

Valve Number Number of valve to operate: 24:LV1
25:LV2
26: valve deleted
27: valve deleted
28: LV5
29:LV6
30: LV7

Opn/Cls 1:.0pen, O:close
Target Pressure  Tha target pressure (in telemetry counts for sensor)
Pressure Sensor  Designates which pressure 32:G1
sensor to monitor: 33: G2

34: G3

35: G4

36: G5
Max Power Maximum Power (in DAC counts) that PID may demand
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514

Reactor Mode Event (1D=6):

Length: 2 bytes for end-heating, 6 bytes for dSteting

Bit
Byte 07 | 06 | 05 | 04 |03 (PZ 0]1 00

0 6 Always
1 Reactor number Bed/End Present
2 Target Temperature (high byte) Present
3 Target Temperature (low byte) only
4 Start of Power Window Bfgg;in
5 End of Power Window

For end heating commands, heating of the reactary@n) and monitoring of the temperature are
stopped. For begin heating commands, the softwegab heating the reactor/oven using a PID
algorithm to keep the reactor/oven temperaturessaeading the target value.

Reactor Number

pd

umber of reactor to
heat:

41: R2
42: reactor deleted

49-51: no reactors
52: R13

53: R14

54: R15

55: OVEN

Beg/End

[1: Begin heating 0: End heating

Target Temperature

The

target temperature (in tim counts for sensor)

Start of power window

In wh

ch PWM slot the heating pulse is to start

End of power window

Lat

est PWM slot in which heating pulse must end

The power window specifies the range of (1024Hngtslots in the 4Hz pulse-width-modulation cycle

that the PID algorithm may use for switching potcethe reactor/oven heater. The PID varies the
width of the power pulse by altering the end dteeping the start slot the same. The pulse width is
limited to that allowed by the specified “Power \tfaw”.
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515 Mass Spectrometer Operation Mode Event (1 D=9):

Length: 6 bytes

Bit

07 | 06 I 05 |O4 |03 IOZ ql 0

9 0

Scan Function Number

lon Trap Electrical Characteristics Table Number '

Number of Mass Spectra (high byte)

Number of Mass Spectra (low byte)

oY)
mbwmpoé

Spectrum Repeat Period

This mode event is used to set up the ion trapaaedciated electronics for a particular collection
mode; operation is started and stopped using thrép activate/deactivate mode event (34)

Scan Function Number The number (0-7) of the scan function to be
started.

lon Trap Elec. Char. Table Number (index) of the table of lon trap

Number set-up values etc. to use

Number of Mass Spectra The[number of mass spectra to collect

Spectrum Repeat Period Peripd (in seconds) at which spectra are to
be acquired
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516 Heater Mode Event (1D=10):
Length: 2 bytes for heater off, 5 bytes for heate(Lindau valve) 6 bytes for heater on (PWM hédater

For Lindau valves:

Bit
Byte 07 | 06 | 05 | 04 |03 (PZ 0]1 00
0 10 0 Always
1 [Lindau valve Number On/Off |Present
2 Target Temperature (high byte) Present
3 Target Temperature (low byte) only
4 Max power for On
For Pulse Width Modulated Heaters:
Bit
Byte 07 | 06 | 05 | 04 |03 (PZ 0]1 00
0 10 unused | Always
1 Heater Number On/Off Present
2 Target Temperature (high byte) Present
3 Target Temperature (low byte) only
4 Start of Power Window for On
5 End of Power Window
Lindau Valve Number Number of Lindau valve to 24:LV1
heat: 25:LV2
26: valve deleted
27: valve deleted
28: LV5
29:LV6
30: LV7
On/Off 1:Heating on, 0:Heating off
Target Temperature  Thgq target temperature for heater in tim counts
Max Power Maximum Power (in DAC counts) for Lindau valves
Start Power Window  First 1024Hz slot to use for PWM heaters
End Power Window Last 1024Hz slot to use for PWM heaters
5.1.7 SMA heater Mode Event (ID=12)
This is a single byte mode event which turns SMAtimg on or off:
Bit 07 | 06 [ 05 [ 04 [03 2 ! 0
12 On/Off

on/off: 1: Heater on, 0: Heater off
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5.1.8 Pressure Monitoring Mode Event (ID=17):

Length: 6 bytes

Bit
07 | 06 | 05 | 04 | 03 p2 ql 0
17 unused

Pressure Guage Number unused
Target Pressure (high byte)
Target Pressure (low byte)
Timeout period (high byte)
Timeout period (low byte)

oY)
mbwmpoé

This mode event waits until a target pressuretéregd. When this pressure is reached, or the wait
exceeds the specified timeout period, the modetemnpletes and the mode event sequence continues

Pressure guage number  Designator for pressure guage 32:G1
to monitor: 33: G2
34: G3
35:G4
36: G5
Target Pressure Pressure (in tim counts) above which event
completes
Timout period Tinpe in seconds after which event completes
n| regardless of pressure reading
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519 Temperature Monitoring Mode Event (ID=18):

Length: 6 bytes

Bit
07 | 06 | 05 | 04 | 03 lO2 ql 0
18 unused

Temperature sensor Number unused
Target Temperature (high byte)
Target Temperature (low byte)
Timeout period (high byte)
Timeout period (low byte)

oY)
mbwmpoé

This mode event waits until a target temperatuedtaned. When this temperature is reached, or the
wait exceeds the specified timeout period, the meat completes and the mode event sequence
continues

Temperature sensor Designator for temperature 24:1LV1
number guage to monitor: 25: LV2
26-27: none
28: LV5
29:LV6

30: LV7

40: R1

41: R2

42: reactor

49-51: no
reactors
52: R13
53: R14
54: R15
55: OVEN
56: ENCL1
57: ENCL2
58: PIPE
59: GC

60: ION

Target Pressure Terpperature (in tim counts) above which event

completes

Timout period Tinpe in seconds after which event completes
n| regardless of temperature reading
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5.1.10 Auxiliary Data Mode Event (ID=20)

This is a single byte mode event which causeseamibf auxiliary data to be read and added to the
current Aux Data record.

Bit
Byte 07 | 06 | 05 | 04 | 03 lO2 ql 0
0 20 unused
1 Aux data channel unused
The Aux data channels are as follows:
64:tLV1 80: tR1 103: AD590
65: tLV2 81: tR2 104: 5 Volt Rall
68: tLV5 83: tR4 105: 28 Volt Bus
69: tLV6 84: tR5 106: 5 Volt Rail Current
70: tLV7 85: tR6 107: 28 Volt Bus Current
72: pG1l 86: tR7 108: Docking Station Potentiomenter
73: pG2 87:tR8 112: Nanotip Drive Current
74: pG3 88: tR9 113: Detector HT Voltage
75: pG4 92: tR13 114: RF Amplitude
76: pG5 93: tR14
94: tR15
95: tOVEN
96: tENC1
97: tENC2
98: tPIPE
99: tGC
100:tION
5.1.11 Time Delay Mode Event (1D=24):
Length: 3 bytes
Bit
Byte 07 | 06 05 [ 04 [03 2 a1 0
0 24 unused
1 Time Delay (high byte)
2 Time Delay (low byte)

This mode event causes the mode event sequeneede for <Time Delay> seconds

5.1.12 Sample Collector Mode Event (1D=33)

This is a single byte mode event which commandsitioking or undocking of the sample collector:

Bit

07 |

06

[ 05

|O4

|03

|02

(L 0

33

Dck/Und

Dck/Und: 1: Dock 0: Undock
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5.1.13 Mass Spectrometer Activation Mode Event (ID=34)

Length: 2 bytes (activate), 1 byte (de-activate)

Bit
Byte 07 | 06 | 05 | 04 |03 (PZ O[l 00
0 34 Act/Dea | Always pr
1 lon Trap Electrical Characteristics Table Number Act only
Act/Deact 1] Activate Mass Spectrometer
0: Deactivate Mass Spectrometer
lon Trap Elec. Char. Table Number (index) of the table of lon trap
Number set-up values etc. to use — present only in
activate case
5.1.14 WGA Memory Check Mode Event (I D=36)
This is a single byte mode event which initiatd&@A memory check — no parameters
Bit 07 06 [ 05 [ 04 [03 2 ! 0
36 not used
5.1.15 Timer Mode Event (I D=40):
Length: 3 bytes (Start Timer), 1 byte (Wait for B
Bit
Byte 07 | 06 | 05 | 04 |03 (PZ O[l 00
0 40 Strt/Wt Always
1 [ Time Period (high byte) Start
2 | Time Period (low byte) Timer
Strt/Wt 1:Start Timer (using time period)
0: Wait for Timer to elapse
Time Period Number of seconds for timer
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5.1.16 Set Injector Control Valve Opening Duration Mode Event (1D=48):

Length: 4 bytes

Bit
Byte 07 | 06 | 05 04 | 03 p2 ql 0
0 48 unused
1 Pressure Guage Designation unused
2 Duration Constant 1
3 Duration Constant 2
Sets the duration of the pulse for opening thectojecontrol valves.
Pressure Guage Designation  32: GL
33: G2
34: G3
35: G4
36: G6
Duration Constant 1 Constant in arbitary units
Duration Constant 2 Constant in arbitary units
5.1.17 RF Frequency Calibration Mode Event (1D=65)
This is a single byte mode event initiates an REdency calibration:
Bit 07 | 06 [ 05 [ 04 [03 2 ! 0
65 unused

5.1.18 End of Mode Event (I D=65)

This is a single byte mode event marks the endhafcéive science mode, when this mode event is
encountered, the software returns to standby mode.

Bit 07 | 06

[ 05

I 04 I 03 IOZ ql 0

127 unused
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52 Tables

5.2.1  Scan Function

The scan function table describes a mode of operafithe RICA and WGA for collection of Spectra

from the lon Trap.

The Format of the Scan Function in memory is devid:-

Field No bytes

Number of Bins 2 range 0-1024 set to 65535 if no scan function
Scan Function Duration 4 range 0-4294967295

Transmit Spectrum as Type 1 Full=1, One packet=0

TABLE number 1 range 0-7 set to 255 if no scan function defined
TABLE Start Address (in WGA) 2 01Chto 1FFh

TABLE data variable range 1-484
WAVESs Data variable
Wave Data:
Wave table field No. bytes
WAVE Number 1 range 0-9. set to 255 for End of Scan Function
WAVE Start Address 2 200h — 5FFh
WAVE Stop Address 2 200h — 5FFh
WAVE Data variable 8 — 1024 bytes
Wave data:

Each byte represents the Least Significant Bytb@butput of the WGA. The onboard software pads
out the Most Significant Byte with Zero as thisssvnemory because this redundant zero is not stored
The total number of states in all 10 WAVES mustexiteed 1024. Fewer than 10 WAVES may be
specified, this is indicated by placing a byte rafte last 'WAVE data’ with 255 in it. The formdtthe
bytes that describe the 'WAVE data’ is explaineskiction 2.5.15 of the 'Ptolemy Hardware/Software

Interface Document'.
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5.3 Patches

The following patches have been identified for Btelemy On-board Software

5.3.1 SAFE mode HK collection patch

Problem

In SAFE mode, the interval at which analogue mlgtipr channels are selected for analogue HK
collection defaults to a low value (a few ps). For higher impedance channels, this causes an inaccurate
value to be returned because of insufficient sgttime.

Resolution

The delay between HK samples is determined by iagiteop. The count for this loop is held in the
constant _MaximumConverterDelayCount at addressEHD® the data page (nom. page 8). Patching
this address to 600H (exact value not criticathalates the problem.

Patch:

Patch page 8 address ODCEH to 0600H

5.3.2 Temperature Servo PID patch

Problem

For large temperature errors, the current temperatervo PID gives no change to the heater outiput (
remains at 0 and so heating never occurs).

Cause

Examination of the temperature PID implementatiewenled that the heater output update was being
checked against the physical limits (0-255) aftanversion from floating point to integer. For large
temperature errors (as expected at the beginnihgatfng), the calculated heater update is outbiele
range of a 16 bit integer and the RTX-C run-timstem substitutes 0. If the range check were made
before conversion to integer, the large heater désyavould be limited to 255.0 which would convert
successfully to 255.

Resolution

A temporary work-around was to reduce the PID aoristto the point at which the integer conversion
was successful for the demand encountered. Subsgagatch was created which converts any
heater demands to large to convert to an integermimumber of the same sign with an exponent of 14
and an arbitary mantissa. The exact value of tineben is not important as it shall in any case be
clipped to the range 0-255.
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Patch

The following patch has been prepared and testedeo@hemistry set simulator:

#
# Patch 1 - patch to fix the Heater PID bug.
#
# In the science-mode function ManageHeatingMaintai nedModeEvent ( in source
# file C0123333.c), the result of the expression (( float)PowerValue)+DeltaP
# is converted to an integer before range checking is performed. If the value
# is too large to fit a 16 bit integer, as may happ en if the PID constants
# are large and there is a substantial difference b etween measured and
# demanded temperature, 0 shall be returned, with t he result that the PID
# algorithm never starts heating.
#
# This patch checks the exponent of the above expre ssion and limits it to
# 14 so that any very large demand is reduced to a number in the ranges
#-16384 to -8191 or 8192 to 16383. Such numbers ar e in any case clipped to
# the power limit (a much lower value) subsequently so any number is
# suitable that shall result in a large integer of the correct sign.
#
# Link: patch 6810h (call d020h) to address 9164h o f code page
#
# org $d020 # patches start at end of baseline code
patch_1::
dup # copy exponent
$e - # compare to 14
0< 0= #ifitis less than 14
cjp 1.1 # skip - is not too big
drop $e # else replace with 14
p_1 1:

call $cfdc  # execute the overwritten instruction
; # return to baseline program

#
# object code shown below

# Disassembler for the RTX 2000 C Cross Compiler

#vl.2g

# COPYRIGHT 1990 HARRIS CORPORATION ALL RIGHTS RESE RVED

#0d020 : a0cO 1 dup

#0d022 : b4ce 1 slit$e -
#0d024 : a001 1 0<

#0d026 : b008 1 0=

#0d028 : 8817 1 cj$d02e do02e
#0d02a : ae40 1 drop

#0d02c : bede 1 slit $e

#0d02e : 67ee 1 call cfdc
#0d030 : a020 1 nop;

#
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