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You’d better watch out
there may be dogs about
I have looked over Jordan and I have seen
things are not what they seem.
Roger Waters. Sheep

1 Introduction

1.1 Purpose of the document

This document presents the test plan and procedures for the verification and validation of the DPU OBS for
the PACS instrument. This test plan deals with all the DPU PACS OBS components as specified in AD3 and
constitutes the PACS DPU OBS acceptance test plan.

For the SW development PACS adopts the standard given in AD1 tailored to be fully equivalent to RD1.

1.2 Acronyms and Glossary

AVM Avionic Model
BC Bus Controller
CDMS Command and Data Management System
DEC/MEC Detector & Mechanism Controller
DM Data Memory (DSP)
DPU Digital Processing Unit
DSP Digital Signal Processor
EGSE Electrical Ground Support Equipment
ESA European Space Agency
HK Housekeeping
HW Hardware
IFSI Istituto di Fisica dello Spazio Interplanetario
OBCP On-Board Control Procedure
OBS On-Board Software
PACS Photoconductor Array Camera and Spectrometer
PM Program Memory (DSP)
SPU Signal Processing Unit
TC Telecommand
TM Telemetry

1.3 Document List

1.3.1 Applicable Documents

Ref. Name Number/version/date
AD1 Space engineering - Software - Part 1: Principles and re-

quirements
ECSS-E-40
28 November 2003

AD2 PACS DPU OBS User Requirements Document PACS-CR-RD-001
Issue 3.0. 5th May 2006

AD3 PACS DPU OBS Software Specifications Document PACS-CR-SR-013
Issue 3.1. 5th May 2006

AD4 DPU/ICU On Board Software Product Assurance Plan IFSI/OBS/PL/2000-001
Issue 1.1. 2 April 2001
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1.3.2 Reference Documents

Ref. Name Number/version/date
RD1 Guide to applying the ESA software engineering standards

to small software projects
BSSC(96)2
Issue 1. May 1996

RD2 Packet Structure Interface Control Document SCI-PT-ICD-07527
Issue 5.0. 20 July 2004

RD3 PACS DPU OBS User Manual PACS-CR-UM-024
Issue 3.4. 8 June 2009

RD4 PACS OBCPs and DMC Sequences PACS-ME-LI-005
Issue 2.1. 8 June 2009

RD5 SMCS332 User Manual DIPSAPII-DAS-31-06
Issue 2. 21 April 1999

Note: RD-3 and RD-4 have dates later than this document, see PACS-CR-TR-022, issue 4.9

1.4 Environmental Needs

The following equipment must be available in order for the complete tests to be carried out:

1. EGSE, complete of:

(a) SCOS2000 system, consisting of:

i. Personal computer running Linux SUSE 7.3
ii. SCOS2000 Version 2.3e + patch 5.1

iii. MIB version 9.4 (Flight Model) or 1.1 (Flight Spare)

(b) Router (java application SW provided by SRON)

(c) CDMS simulator, provided by RAL, consisting of:

i. Personal Computer running Windows
ii. DDC 1553 interface board version BU-65549

iii. Application SW CDMS SIM version 2.4, including the buslists and the telecommands that
will be used in the tests

iv. A set of buslists

(d) Subsystems simulators consisting of:

i. Personal Computer running Windows NT or 2000
ii. Spacewire 1355 interface board, drivers and test program version 1.4

iii. Application SW to simulate DEC/MEC1, Version 6.11b, provided by CSL
iv. Application SW to simulate SPU, Version 8 revision 7, provided by University of Wien. The

same SW simulates both SPU: blue or short wavelength SPU connected to link 1 of the 1355
interface, and red or long wavelength SPU connected to link 2

2. Support SW Tools:

(a) ObswLoader script resident on the SCOS2000 computer, used to uplink the series of TC (6,2)
commands with the image of the OBS executable. Loading procedure is described in RD3

(b) PacketRecorder script resident on the SCOS2000 computer, used to save on disk all the telemetry
packets received from the router

(c) TCGEN application SW version 2 to generate the list of Telecommmads to uplink the OBS
1Strictly speaking DPU interfaces with MEC only. For simplicity, in the following, MEC, DEC, DEC/MEC or DMC will be used

as synonims.
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(d) 1355 Communication library provided by CSL, consisting of an application program running in a
DOS window

The DPU OBS under test is version 9.04 and will be available on the SCOS2000 system as a set of TC
(6,2) telecommands produced with the TCGEN procedure; instructions to upload the TCs are in RD3.

On the same PC hosting the CDMS Simulator the following buslists will be available: Pacs Nominal.txt
and PACS Burst.txt.

1.4.1 Switch on procedure

The following steps should be performed to setup the system ready for use:

1. Start SCOS2000

(a) Login as user sops23e passwd .TestControl

(b) Type startx and press return

(c) Open a terminal window

(d) Go to /home/sops23e (type cd)

(e) Execute script set links PACS MIB (type ./set links PACS MIB)

(f) Execute script s2.start (type s2.start)

(g) Change directory to local-bin (type cd local-bin)

(h) Execute script StartRouter (type ./StartRouter)

(i) Select EGSEServ, MON1, MSTK2, VPD2 and TCHIST2 buttons

(j) Press Start and confirm

(k) When two bars appear in the top and bottom of the desktop, login as username Matt (passwd Matt)
with role SUPE 001

(l) Disable warning bell. Press button Alarm tone disable, click alarm checkbox and confirm

(m) On the MON telemetry desktop window, click the AND button at bottom left of the window and
select, one after the other, the following items

• PA000380- - ->DPU HouseKeeping (show all the DPU HK)
• PA026380- - ->TC VERIFICATION (report all the TM (1,x))
• PA003390- - ->SPUL HouseKeeping (show the counter SPUL CIB used in the procedure

2.1.2)
• PA004400- - ->SPUS HouseKeeping (show the counter SPUS CIB used in the procedure

2.1.2)
• PA019420- - ->DMC CONTROLLER AND STATUS (show the counter DMC DPU CTRL PAC

used in the procedure 2.1.2)
• PA025380- - ->TM PACKET HEADER (used in the procedure 2.7 for TM (17,2))
• PA027380- - ->EVENT (report all the TM (5,x))
• PA028380- - ->DPU TIME (used in the procedure 2.6 for TM (9,9))
• PA029380- - ->MEMORY CHECK REPORT (show the content of TM (6,10))

(n) Wait until the Manual Command Stack (MSTK), the Variable Packet Displayer (VPD) and the
Telecommand History (TCHIST) windows appear

At this point the SCOS2000 system is up and running

2. Start the CDMS Simulator
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(a) Click on icon CDMS SIM

(b) Select the PACS Nominal buslist

(c) Click on Launch Router Command Interface

(d) Click on Connect

(e) Select NAME CLIENT; write pacs and click Send Command

(f) Select ADD CLIENT, write 480, click Send Command

(g) Click on Close Without Sending

The CDMS is ready to be started.

3. Start the subsystem simulators. This step is intended to be performed just before test procedure 2.8 and
it is reported here for the sake of readibility. If it is not executed at that moment it is likely that links
will not be started. However, the PC running the simulators must be switched on before DPU.

(a) In the directory containing the DEC simulator edit the file Spacewire.cfg; comment all the lines
with a trailing %; add the following line 0 1355 SLAVE 0; save the file

(b) In the directory containing the blue SPU simulator edit the file Spacewire.cfg; comment all the
lines with a trailing %; add the following line 1 1355 SLAVE 1; save the file

(c) In the directory containing the red SPU simulator edit the file Spacewire.cfg; comment all the lines
with a trailing %; add the following line 1 1355 SLAVE 2; save the file

(d) Double-Click on the Comexe.exe icon on the desktop

(e) Double-Click on the DEC simulator icon on the desktop

(f) Double-Click on the blue SPU simulator icon on the desktop

(g) Double-Click on the red SPU simulator icon on the desktop

1.5 Test case pass/fail criteria

Test criteria are based on the direct inspection of TC confirmation, Event and HK TM Packets received by the
EGSE. No facility is foreseen to inspect the content of science packets so that the simple reception of these
packets by the EGSE is the pass criterium.

2 Test procedures for OBS acceptance

The “Start CDMS Simulator” step implies that the initialization procedure is carried out as specified in Sec-
tion 1.4.1-2.

Unless otherwise noted, all commands are to be sent from SCOS2000: go on the Manual Stack win-
dow, click on the CMD button and select the command from the list. Press ok and choose the telecommand
parameters if specified in the test procedure. Press ok, then ARM and GO.

In the tables, column Time gives the Release time as reported in the TCHIST2 window; when a telemetry
packet is indicated as TM (x,y), x stands for packet type and y stands for packet subtype. Unless otherwise
specified, to verify reception of a packet means to use the Telemetry Desktop window PA022380 where the
fields HD PACKET TYPE, HD PCKT SUBTYPE and HD APID report the type x, subtype y and APID,
respectively. “Verify reception of TM (1,x)” means instead to use the Telemetry Desktop window PA023380.

The VPD2 window is used for the following TM packets: (6,6), (14,4), (18,9), (18,11) and (18,13). The
first time the window appears type 65535 in the Data Stream cell and 1152 in the APID cell, these values will
be never changed. “Verify reception of TM (x,y)”, for instance (14,4), means to push STOP button, to type 14
in the cell named Type and 4 in the cell Sub-Type, to push Apply button and then to push button LIVE in the
right top bar.
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Unless otherwise noted, each test procedure starts from the final conditions of the previous one.
Important! If the DPU under test is the redundant unit the APID reported in the procedures must be

changed according to this table

If a test procedure reports APID use this APID for the redundant unit
0x480 0x481
482 483
484 485
48A 48B
488 489
486 487
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A Matrix of compliance

In the following table all the requirements written in AD3 are reported, along with the test procedure and the
step(s) inside the procedure that cover it. If the step is not reported this means that the whole procedure covers
the requirement.

Requirement Test procedure Requirement Test procedure
OBS-FSR-TC1 2.2 but in principle verified

each time a telecommand is
sent; see also the definition
of struct TC packet in
LT TMdef.h

OBS-FSR-TC2 2.5.1 step 18

OBS-FSR-TC3 Verified with each TC re-
ceived

OBS-FSR-TC4 It can be verified with code
inspection: see the definition
of struct TM packet in
LT TMdef.h

OBS-FSR-TC5 2.13 step 13.2 OBS-FSR-TC6 Verified with each TM packet
sent

OBS-FSR-TC7 2.2, but also verified for each
telecommand sent to DPU

OBS-FSR-TC8 2.2, but also verified with
each TM(1,x) packet

OBS-FSR-TC9 2.2 step 2.2 OBS-FSR-TC10 2.2 step 3
OBS-FSR-TC11 This requirement can not be

tested with SCOS2000
OBS-FSR-TC12 2.2 step 4

OBS-FSR-TC13 2.2 step 5 OBS-FSR-TC14 2.2 step 1, but also verified
for each telecommand sent to
DPU since the TM (1,1) or
(1,2) are sent well within 2
seconds

OBS-FSR-TC15 2.8 all steps but the first two;
2.11 steps 3.1, 3.3, 3.7, 6.1;
2.13 steps 13.1, 14.3, 15.1

OBS-FSR-TC16 2.3 steps 1.4 and 4.1;
2.8 steps 3.1, 3.2, 3.3;
2.13 steps 13.1, 14.3, 15.1

OBS-FSR-TC17 2.3 steps 1.1, 1.2, 1.3, 1.5,
4.2; 2.5.1 steps 4, 8; 2.9 steps
1.4, 2.3, 3.3

OBS-FSR-HK1 2.1 steps 3 and 11;
2.5.1 steps 1, 2, 3

OBS-FSR-HK2 2.1 step 3

OBS-FSR-HK3 2.1 steps 4 and 6 OBS-FSR-HK4 2.5.1 steps 1, 2, 3
OBS-FSR-HK5 2.5.1 steps 1, 2, 3 OBS-FSR-HK6 It can be verified with code

inspection of the routine that
generates HK packets: see
T5 HKMON.c

OBS-FSR-EV1 2.9 steps 1.3, 2.2, 3.2 OBS-FSR-EV2 2.9 steps 1.3, 2.2, 3.2
OBS-FSR-EV3 2.3 step 4.2 OBS-FSR-EV4 There is one only event (5,4)

in the present code; it has
been verified with a specific
setup (JTAG)

OBS-FSR-MM1 2.3 steps 1.4, 2.1, 3.1, 4.1 OBS-FSR-MM2 2.3 steps 1.2, 1.3, 1.4
OBS-FSR-MM3 2.3 steps 1.1, 1.2, 1.5 OBS-FSR-MM4 2.3 steps 2.1 and 2.2
OBS-FSR-MM5 2.3 steps 2.1 and 2.2 OBS-FSR-MM6 2.3 step 2.2
OBS-FSR-MM7 2.3 steps 3.1 and 3.2 OBS-FSR-MM8 2.3 steps 3.1 and 3.2
OBS-FSR-MM9 2.3 steps 3.2 OBS-FSR-MM10 2.10
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Requirement Test procedure Requirement Test procedure
OBS-FSR-MM11 2.10 steps 2.1 and 2.2 OBS-FSR-MM12 2.10 steps 3.1 and 3.2
OBS-FSR-FM1 2.5; 2.9 from step 1.1 to 3.5 OBS-FSR-FM2 2.5 step 1
OBS-FSR-FM3 2.5 step 2 OBS-FSR-FM4 2.9
OBS-FSR-FM5 2.5; 2.9 from step 1.1 to 3.5 OBS-FSR-FM6 2.9 steps 1.1, 1.2, 1.6, 2.1,

2.5, 3.1, 3.5
OBS-FSR-FM7 2.9 step 1.4, 2.3, 3.3 OBS-FSR-FM8 2.5 step 3
OBS-FSR-TM1 It can be verified with

code inspection: see case
RT MODE SYNCHRONIZE
in isr1553.c

OBS-FSR-TM2 It can be verified with
code inspection: see func-
tion update TM buffer in
LT upTMb.c

OBS-FSR-TM3 2.6 step 1 OBS-FSR-TM4 2.6 step 2
OBS-FSR-PT1 2.13 step 7 OBS-FSR-PT2 2.13 step 5
OBS-FSR-PT3 2.13 steps 9, 10, 11, 12 OBS-FSR-PT4 2.13 steps 4, 6, 8
OBS-FSR-PT5 2.13 steps 4, 6, 8
OBS-FSR-TS1 2.7 step 1 OBS-FSR-TS2 2.7 step 1
OBS-FSR-CP1 This requirement has been

tested with an ad hoc proce-
dure

OBS-FSR-CP2 2.11 steps 9.1, 9.2, 9.3

OBS-FSR-CP3 2.11 steps 3.1, 3.3, 3.6, 3.7,
3.8, 3.9, 3.11, 6.1, 9.5

OBS-FSR-CP4 2.11 steps 3.1, 3.3, 3.6, 3.7,
3.8, 3.9, 3.11, 6.1, 9.5

OBS-FSR-CP5 2.8 all the steps but the first
two

OBS-FSR-CP6 2.11 steps 8.1 and 8.2

OBS-FSR-CP7 2.11 steps 6.3 and 6.4 OBS-FSR-CP8 2.11 steps 7.1 and 7.2
OBS-FSR-CP9 2.11 steps 5.1, 5.2, 5.3 OBS-FSR-CP10 2.11 steps 1, 9.1, 9.3
OBS-FSR-CP11 2.11 steps 2, 3.4, 6.2 OBS-FSR-CP12 2.11 steps 4, 5.2, 6.4, 7.2, 8.2,

9.4
OBS-FSR-MC1 It can be verified with code

inspection: see the func-
tions from 1DM to 2DM
and from 2DM to 1DM in
MM 21020.s

OBS-FSR-MC2 It can be verified with code
inspection: see the func-
tions from 1DM to 2DM
and from 2DM to 1DM in
MM 21020.s

OBS-FSR-MC3 In all TM packets DPU uses
unsigned int which cor-
responds to PTC 3, PFC 12
(for 16 bits) or PTC 3, PFC
14 (for 32 bits)

OBS-FSR-MC4 It can be verified with
code inspection: see
TC acceptance function
in L4 LIB.c

OBS-FSR-MC5 It can be verified with
code inspection. All the
TM packets used in the
OBS are listed in the
Tm packet enabled
array defined in init.h

OBS-FSR-MC6 It can be verified with code
inspection. All the APIDs
used in the OBS are stati-
cally stored in the function
get APID in LT upTMb.c

OBS-FSR-MC7 In case one TM packet has a
wrong checksum SCOS2000
immediately reports the
problem
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Requirement Test procedure Requirement Test procedure
OBS-PRF-SR1 Verified with an external tool OBS-PRF-SR2 It can be verified with

code inspection. The
TC acceptance function is
called just after the reception
of a TC, see T4CNTRLR.c

OBS-PRF-SR3 See previous requirement OBS-PRF-SR4 2.1 step 4; 2.12
OBS-PRF-SR5 2.13 steps 13.1 and 13.2 OBS-PRF-SR6 2.13 steps 15.1 and 15.2
OBS-PRF-SR7 Two independent tasks

are used to packetize sci-
ence data: T7 SPSRX and
T8 SPLRX

OBS-PRF-SR8 The current dimension is less
than 0x1505A PM words

OBS-IRF-SR1
to
OBS-IRF-SR76

The whole set of these requirements has been tested at ALENIA and ASTRIUM
premises. Moreover, many of them are verified for every received telecommand
packet and for every sent telemetry packet

OBS-IRF-SR77 2.4 step 1 OBS-IRF-SR78 2.4 step 1
OBS-IRF-SR79 2.4 steps 2.1, 2.2, 2.3 OBS-IRF-SR80 2.4 steps 3.1, 3.2, 3.3
OBS-IRF-SR81 2.4 steps 3.1, 3.2, 3.3 OBS-IRF-SR82 Transparent mode is the de-

fault in the SMCS chip
OBS-IRF-SR83 2.8 steps 3.1, 3.2, 3.3
OBS-OPR-SR1 The transition from one

mode to the other is per-
formed with specific OBCP
that can be tested at instru-
ment level

OBS-OPR-SR2 See previous requirement

OBS-OPR-SR3 See OBS-OPR-CP1 OBS-OPR-SR4 No TC can be executed
until the previous one
has been completed. See
T4CNTRLR.c

OBS-OPR-SR5 2.9; 2.10 OBS-OPR-SR6 For DEC sequences 2.5.1
steps 14, 14.1, 15, 15.1, 16,
17, 17.1

OBS-OPR-SR7 2.9 steps 4.1, 4.2, 4.3, 4.4,
4.5, 4.6, 4.7, 4.8

OBS-OPR-SR8 2.12

OBS-OPR-SR9 2.14 step 1 OBS-OPR-SR10 2.9 steps 1.1 and 1.2
OBS-OPR-SR11 It can be verified with

code inspection, see
T5 HKMON.c

OBS-OPR-SR12 This requirement can be ver-
ified with code inspection of
the routine event packet in
T5 HKMON.c

OBS-OPR-SR13 The buffers dimension is de-
fined in the file 1553 def.h:
#define EV NUM 32
#define HK NUM 64
#define SC NUM 400

OBS-OPR-SR14 The DPU internal time is ini-
tialized in the file T1 INIT.c.
It is possible that the first two
HK packets are generated be-
fore the DPU received the
first synch from the CDMS,
in this case the time stamp of
the packets have the MSb set
to 1
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Requirement Test procedure Requirement Test procedure
OBS-OPR-SR15 This requirement can be ver-

ified with inspection of the
HK monitoring task code in
T5 HKMON.c

OBS-OPR-SR16 2.1 step 7

OBS-OPR-SR17 This requirement is actually
on the boot SW

OBS-OPR-SR18 2.1 step 10

OBS-OPR-SR19 This requirement can be veri-
fied with inspection of the ar-
chitecture file pacs.ach

OBS-OPR-SR20 2.14 step 3

OBS-OPR-SR21 For the DPU this is just a
command sent to DEC

OBS-SEC-SR1 This requirement can be ver-
ified with inspection of the
HK monitoring task code in
T5 HKMON.c

OBS-SEC-SR2 2.5.1 step 6

OBS-SEC-SR3 2.5.1 step 6 OBS-SEC-SR4 Autonomy functions are
started inside T5 HKMON
task which runs every two
seconds, so it is impossible
that the same function can
be started after less than 2
seconds

OBS-SEC-SR5 2.5.1 steps 4, 5, 6, 7, 8 OBS-SEC-SR6 The list of HK to be written
in each HK packet is defined
in init.h and reported in RD3

OBS-SEC-SR7 2.3 steps 4.1 and 4.2 OBS-SEC-SR8 This requirement can only be
verified with a specific setup
using the JTAG

OBS-QTY-SR1 This requirement can be ver-
ified with code inspection

OBS-QTY-SR2 This requirement can be ver-
ified with code inspection
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B TC—TM reference table

Here is a table that shows the combinations (type,subtype) of each TC accepted by the DPU and the telemetry
(TM) packets associated. This list is a subset of all the services allowed in RD2. If a TM packet is not
associated to a TC packet this means that it is generated autonomously by the DPU. TM (1,1) and TM (1,2)
are not reported.

Report on completion
Name TC TM Success Failure

HK reports — (3,25)

Event report — (5,1)
Exception report — (5,2)
Error report — (5,4)

Memory load (6,2) — (1,7) (1,8)
Memory dump (6,5) (6,6) (1,8)
Memory check (6,9) (6,10) (1,8)

Start function (8,1)
Stop function (8,2)
Perform activity (8,4) (1,7)2 (1,8)
Status of function (8,5)

Time verification (9,7) (9,9)

Enable TM packet (14,1)
Disable TM packet (14,2)
Report TM packet (14,3) (14,4)

Test connection (17,1) (17,2)

Load OBCP (18,1) (1,7) (1,8)
Delete OBCP (18,2) (1,8)
Start OBCP (18,3) (1,3)3 (1,7) (1,8)
Stop OBCP (18,4) (1,8)
Suspend OBCP (18,5) (1,8)
Resume OBCP (18,6) (1,8)
Communicate parameters (18,7) (1,8)
List of OBCP (18,8) (18,9)
List of active OBCP (18,10) (18,11) (1,8)
OBCP status (18,12) (18,13) (1,8)

Science data A — (21,1)
Science data B — (21,2)
Science diagnostic data — (21,3)

2Only for particular DPU commands.
3Sent just before start of execution.
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