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1. INTRODUCTION

This document describes the User Requirements definition of the IBIS Data Handling System
(IDHS).

The IDHS is relevant to the On-Board scientific data processng and al the other functions
which support this adivity (TM/TC management, HK aaquisition formatting and transmisson,
Monitoring €tc.).

This document isthe URD, User Requirement Document, for IBIS on INTEGRAL. It contains
a mlledion of al data handling tasks, and definitions of al data formats for IBIS. The
colledion is based on inputs from the I1BIS sub-systems (ISGRI, PICSIT, VETO) as well as
general scientific and operational requirements.

This URD does not contain a performance a&sessnent of the necessry processng
charaderistics, and their compatibility with the on-board data handling hardware, in particular
the DPE processor.

1.1. PURPOSE

This document is devoted to list the User requirements relevant to the Data Handling functions
of the IBIS instrument, with the exception of the DPE Common Services Software (CSSWN).
This document provides the User Requirements relevant to the scientific data processng and
al the other functions which support this adivity for the IBIS Instrument on board the
INTEGRAL Satellite. These requirements define dl the caabili ties needed to control the IBIS
Instrument and to process sientific data.

This document is the input to HW/SW requirements definition and architecural design phases.

This document is pedally oriented to the following types of reader:

* ThelBIS hardware teams, responsible for the detailed design spedficaions,

* The software development teams (IASW, ISGRI, PICSIT, VETO, I1SDC);

* ThelBIS EGSE development team;

* Thedevelopers and users of the Spacecaft Simulator and Instrument Simulator software.

1.2. SCOPE

On the basis of the aurrent knowledge of the instrument eledricd design and data processng
required, the following products have been identified on board IBIS:

* Hardware Event Processor (HEPI)
* IBISInstrument Application Software (IASW)
* |ISGRI Eledronic Box Hardware and Software
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e PICSIT Eledronic Box Hardware and Software
e VETO Eledronic Box Hardware and Software

The @ove products will provide an integrated, reliable and efficient environment able to
support the red-time cmmmanding, scientific data seledion and processng needed for the
corred exploitation of al the Instrument Scientific Operations, including the necessary quality
and hedth cheding.
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1.3. LIST OF ACRONYMS

AOCS
AT
BC
BCPK
BCPK
BPI
CSSW
CRC
DC
DFEE
DH
DPE
EGSE
EID
EM
ESAM
FEE
FM
FS
HEPI
HK
IASW
IBIS
ICB
ICD
INTEGRAL
ISDC
ISGRI
ISOC
SO
ISSV
ISWT
MOC
MCE
MER
MGSE
MPE
N/A
OBDH
OBSW
OTF
PCB
PICSIT
PDU

Attitude Orbital Control System
Automatic Transition

BroadCast

BroadCast Pulse

BroadCast Padket

Broadcast Padket Interval

Common Services Software

Cyclic Redundancy Chedk

Dired Current

Digital Front End Eledronics

Data Handling

Data Processng Eledronics

Eledricd Ground Support Equipment
Experiment InterfaceDocument
Engineering Model

Emergency Safe Aquisition Mode
Front End Eledronics FM Flight Model
Flight model

Flight Spare model

Hardware Event Pre-procesor of IBIS
House kegoing

IBIS Instrument Application Software
Imager on Board of INTEGRAL Satellite
Instrument Communication Buffer
InterfaceControl Drawing

INTErnational Gamma-Ray Astrophysics Laboratory

Integral Science Data Centre

CdTe layer

Integral Science Operations Centre
Instrument Submode Operations
Instrument Spedfic Software
Integral Science Working Tean
Misgon Operations Centre
Module Control Eledronics
Multiple event reconstruction
Medhanicad Ground Support Equipment
Module Power Eledronics

Not Applicable

On-Board Data Handling
On-Board Software

On Target Flag

Printed Circuit Board

Cdl layer

Power Distribution Unit
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PLM PayLoad Module

PTM Padet TeleMetry

QM Qualification Model

RBI Remote Bus Interface

RTC Red Time Clock

SASW Standard Applicaion Software

SIC Spacecaft

SIS Spacecaft InterfaceSimulator

SM Structural Model

SMCT Service Module Central Tube

SOC Science Operation Centre

SRU Scientific Processor Unit

TBC To Be Confirmed

TBD To Be Defined

TC TeleCommand

™ TeleMetry

VEB Veto eledronic box

VS Veto Shield

1.4. REFERENCES

1.4.1. Applicable Documents

AD[1] Experiment Interface Definition Document, Doc. EID Part A, Isue 1, Rev. 6,

November 1998

AD[2] Experiment InterfaceDefinition Document, Doc. EID Part B, Issuie 4.2, 7 September

1998

AD[3] Integral Padket Structure Definition, Doc. INT-RP-AI-003Q Issue 3

AD[4] IBIS- Phase C & D, Doc. TL 1279Q Iswe 1, April 1997

AD[5] M.O.M. of the IBIS consortium meeing, Rome, 3-4/7/97.

AD[6] HEPI Requirements, Doc. IN-IM-TUB-REQ-001, Issue 2.0, February 1997

AD[7] HEPI InterfaceDescription, Doc IN-IM-TUB-TN/EL-018, Issue 4.1, , June 1998
AD[8] HEPI Design Report, Doc. IN-IM-TUB-DES-001, Issue 6.2,Decenber 1998

AD[9] Software Interface Control Document - Integral DPE CSSWN, Doc. INT-IC-GMV-

0001, Version 3.6, 19/5/98
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AD[14]

AD[15]

AD [16]

AD [17]

AD [1§]

Software Requirement Document, Doc. INT-RS-GMV-0001
Software Architedural Design Document, Doc. INT-DS-GMV-0001

VETO Modes of Operation, From IBIS: Data Links and Protocol Meding,
M.O.M. LA-IB-DT-MN-0007-97, 23-24 April 97

DPE Hardware Spedfication, Doc. INT-SP-AI-0001, Issue 03, 30 July 1998

|/F Data Documentation (EICD, MICD & TICD), Doc. INT-IC-CRS-0001, Issue 1,
1-April-1997

“Guide to Applying the ESA Software Engineeing Standards to Small Software
Projeds’, BSSC(96)2, Isuel

VETO Software Description, Version 6, SpaceReseach Centre, Polish Academy of
Sciences, June 1999

IBIS User Manual

IBIS Communicaion Protocol Definition, IN-IM-TUB-ICD-01, Isse 2.4,
JANUARY 1999

1.4.2. Reference Documents

RD[1]
RD[2]

RD[3]

RD[4]

IBIS Data Modes, and Operational Modes, Doc. IN-IM-TES-RP-017
Compresson With the Ma3175Q Technicd Note WS/LS/SG/1, Isaue 2, October 96

Handbook of Data Compresson Algorithms, Doc. ESA TM-06, ISBN 92-9092
0130

ISGRI In-Flight Energy Estimate, IN-1B-SAP-039, October 22th, 1997,
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1.5. OVERVIEW

This document is gructured in the following way:

In Sedion 2 a general description of the operational environment is given and the present
status of the interfaces definition is described. For the ISGRI, PICSIT and VETO HW and SW
there is no relevant information other than their interfaces with the IDHS and the list of their

control commands and housekeeping deta.

In Sedion 3 the spedfic requirements (including capability and constraint requirements) have

been listed.
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2.2. GENERAL DESCRIPTION

This sdion summarises the description of the IBIS Data Handling System (IDHS) with
referenceto the feaures of the IBIS components and their interfaces (seeADI[4]).

2.1.

PRODUCT PERSPECTIVE

From the two detedors (Csl and CdTe layers) scientific data shall be aguired and the
following scientific data processng shall be exeauted:

##aScientific Modes and Functions generation and management. Different Scientific
Functions (i.e. Photon by Photon, Spedral Timing etc.) shall be generated by applying
relevant processng to raw data aquired from the two layers. Different Scientific Functions
can be adive & the same time (i.e. exeauted in time sharing)

##4Csl events histogramming for single and multiple events separately

###Csl Calibration events histogramming

##Polarimetry histogramming

##4Csl ratemeters generation

##aData compresson of histograms

##Seledion of events which have produced a Compton scatering between the CdTe and
the Csl layersin order to reduce the badground

Other basic functions necessary to control the Instrument shall be:

##Housekeeping readout

##HRatemeters aayuisition from the Csl layer

##Monitoring of spedfic ratemeters in order to control malfunctioning pixels and/or to
deted dangerous conditions

##HRevery adions exeaution

##aScientific data formatting and transmisson

Other tasks are dso in charge of interfadng the CSSWV which provides low level services
required to support the aove functions. These tasks include:

##the reception, from the CSSN through the Communicaion Buffer, exeaution and
distribution of Telecmmands

##the transmisgon, to the CSSN through the Communication Buffer, of data and relevant
APIDsin order to generate Source Padkets
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2.2. USER CHARACTERISTICS

The users of this document are:

o ##HHW and SW developers

* [BIS hardware teamsin charge of testing the instrument functionality through the EGSE
and test equipment;

o ##HESOC/1SOC Operational staff in charge of nominal and contingency operations.

* IBIS spedalists and ISDC dtaff in charge of the quick-look and scientific data processng,
for performance monitoring and cdibration purposes.

o ##Guest Observers for scientific data exploitation.

2.3. GENERAL CONSTRAINTS

As later spedfied, one of the main problems to be facal is the high rate of scientific events
cgptured by the Instrument (up to about 15000 events/s from the Csl layer and about 1000
events/s from the CdTe layer).

Such a high datarate requires to optimise & much as possble the design of the system in order
to reduce the neaded processng time. In order to force this kind of design, requirements
concerning the maximum CPU time usage have been included and they will be the subjed of
periodic verificaions.

Also the available telemetry alocaion during the Satellite operations (58 Kbit/s) introduces a
constraint which reals to be solved by compressng data before their transmisgon. Data
compressgon can be adieved by performing a data suppresson and/or a bit reduction of some
event information as well as applying data cmmpresson algorithms to produced histograms.

In the description of the IDHS has been taken into acount the existence of a parale
development line for HEPI. HEPI is in charge of the most demanding tasks relevant to
scientific data processng. As regards the HEPI requirements sseAD[6].

Following AD[1] and RD[1], the resources available for IASW are:

* ROM size 48 kwords
* RAMsize 960 kwords
« CPUTime: 95 msecout of al25msec g/cle

* Telemetry datarate: 1 upto 184 padkets/8 seconds.

The duration of the Pointing Mode is typicdly 1200seconds (during Galadic Plane Scan the
dwell time on ead pointing can be lessthan 1200seconds). During these period are built the
TM Padkets relevant to Spedral |maging Function.
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2.4. ASSUMPTIONS AND DEPENDENCIES

The system defined in this document shall use the DPE and the CSSN running on its 31750uP
as a platform for the implementation of its requirements, thus the dependency of this g/stem on
the CSSN and its provided basic servicesisred and a dea interfacespedfication, through the

Communicaion Buffer, is required.

The cgability of the DPE 31750uP to exeaute the CSSWV and all, or a part, of the processng

defined in this document shall be caefully evaluated.




INTEGRAL Ref:IN.IB.IASUR.010/99
NS ON BOARD DATA MANAGEMENT Issue: 3draft

Y / USER REQUIREMENTSDOCUMENT Date: 29.09.1999

Z Page: 16

2.5. OPERATIONAL ENVIRONMENT

Scope of this edion is to describe the tasks relevant to the data handling (including scientific
data handling).

In the following are presented the IDHS subsystems and the different interfaces between them.
The IDHS subsystems are:

* Hardware Event Processor (HEPI)

* |SGRI Housekegping and Controlling

* PICSIT Housekegping and Controlling

* VETO and Calibration Housekegoing and Controlling
*  Common Services Software (CSSN).

* IBIS Applicaion Software (IASW)

Infigure 2.5.1.is presented the IDHS:

Calibration LBR IF
Box
LBR I/F
Csl CdTe Detector
LBR I/F -
Veto
System Csl Cdle
Output Output
addres s| FIFO FIFO address
address
HBR I/F HBR I/F
addres s Cslsync.
Cdr
IASW efync
address
4 LBR I/F Control
Data
LBR I/F i—t
/
HEPI HEPI
IcB HBR I/F A FIFO
N DPE HBR I/F B
HEPI
SwW FIFO
Init
CSSw BCP4 Buffer Area
clock Data Toggle
+5V
DPE Box

FIGURE 2.5.2. - IBISDATA HANDLING SYSTEM (THE MINIRTU LINES
ARE NOT SHOWN)
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For controlling and HK, the detedors, VETO and HEPI are mnneded via ow serial bus
interfaces to DPE. The recaver will be seleded by dedicated addresslines.

The data ae linked from ead detedor (ISGRI and PICSIT) through a High Bit Rate
Interfaces to HEPI. After pre-processng the HEPI sends the data through two HBR I/F to
DPE.

A ON/OFF line controls the HEPI initialisation.

For adetailed description of the hardware configuration, seeAD[2].

2.5.1. The Hardware Event Processor (HEPI)

HEPI is the interfacebetween the detedor plane and the DPE. The events are generated at the
CdTe layer (ISGRI) and the Csl layer (PICSIT). Each detedor layer is divided into eight
modules. A FIFO Data Manager (FDM) colleds the digital output data of these modules and
sorts them by time. HEPI gets the data via an unidiredional High Bit Rate Seria Interface
(HBR I/F) from ead detedor. The control of these HBR I/F is done by the HEPI. On HEPI
the data ae pre-processed and some of them are acamulated in histograms Then the DPE
reals out the data via two different HBR I/F's. These interfaces are controlled by the DPE.
Controlling and exchange of HK data and look up table data ae intended via a seria, bi-
dirediona Low Bit Rate Interface(LBR I/F). The DPE further processes the data and hands
them over to the IASW.

For further information seeAD[6], AD[7] and AD[8].

2.5.2. The ISGRI Subsystem Housekeeping and Controlling

The available ISGRI control commands are presented in
The available ISGRI housekeeping data ae presented in

There ae the following DPE to ISGRI lines, for module addressng:
LO, L1, L4, L5.

Parameters auch as ASICs =ttings, and some other digital data (CdTe bias, noisy pixels
parameters, MDU ON/OFF lines), have to be stored by IASW, before switching off ISGRI,
and then re-installed into ISGRI after switching on.

ISGRI and DPE are mnneded through a Low Bit Rate interface This I/F has the following

functions:

* recaving control commands from DPE.

* loading look uptables (LUT) or saved context from DPE.

» controlling the status of ISGRI (ISGRI will send HK data on request from the DPE,
toward the DPE.
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There ae 8 independent and identicd channelsin ISGRI having the same commands and HK
tables.

2.5.3. The PICSIT Subsystem Housekeeping and Controlling
The available PICSIT control commands are presented in .
There the following DPE Mini RTU linesto PICSIT:

* bi-level output:  addresslinesL3, L4, L5, L6

» on-off command: General Reset, Watchdog Enable, Watchdog Disable
» analogue monitor: +5V FSU_IF(N)

» digital monitor:  Watchdog Status.

Discriminator settings to be routed to PICSIT shall be stored by IASW for parameter control
and retransmitted to PICSIT after edipse switch off of instruments.

Low bit rate interface

PICSIT and DPE are wnneded through a Low bit rate interface This I/F has the following
functions:

* recaving control commands for different processng tasks from DPE

* loading look uptables (LUT) from the DPE

o ##hcontrolling the status of PICSIT (PICSIT will send HK data on request from the DPE),
for module addressng: LO, L1, L4, L5.

Parameters sich as ASICs sttings, and some other digital data (CdTe bias, noisy pixels
parameters, MDU ON/OFF lines), have to be stored by IASW, before switching off ISGRI,
and then re-installed into ISGRI after switching on.

ISGRI and DPE are mnneded through aLow Bit Rate interface This I/F has the following

functions:

* recaving control commands from DPE.

* Joading look uptables (LUT) or saved context from DPE.

» controlling the status of ISGRI (ISGRI will send HK data on request from the DPE,
toward the DPE.

There ae 8 independent and identicd channelsin ISGRI having the same commands and HK
tables.
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2.5.4. The VETO and Calibration Subsystems Housekeeping and Controlling

The available VETO control commands are presented in .
The available VETO housekeeping data ae presented in (seeAD[19]).

There the following DPE mini RTU linesto VETO:

* hbi-level output:  Development Mode Enable

» on-off command: Watchdog Enable, Watchdog Disable, Reset, PMT Off
* analogue monitor: +5V VECU 1, +5V VECU 2, +28VPMT

» digital monitor:  Watchdog Status.

PMT high voltage and discriminator settings to be routed to VETO shall be stored by IASW
for parameter control and retransmitted to VETO after edipse switch off of instruments.

VETO and DPE are monneded through a Low bit rate interface This I/F has the following
functions:

* recaving control commands for different processng tasks from DPE
» controlling the status of VETO (VETO will send HK data on request from the DPE)

2.5.5. The Common Services Software (CSSW)

The CSSN (seeAD[9], AD[10] and AD[11]) isthe part of the DPE software that suppies to
IASW the basic services (task scheduling, “non-scientific” TM and TC processng, “non-
scientific” housekeeping, interrupt handling etc.) and the interfaces with the DPE hardware
(RBI, mRTU, LBR), but HEPI hardware.

The data exchange interadions between CSSN and IASW occurs by means of the Instrument
Communicaion Buffer (ICB).

Then the scientific TM padkets and the TCs direded to IASW are transferred through the ICB.

As regards the TC direded to IASW, the CSSN performs a preliminary verificaion, but
IASW shall complete the verification and validation before to exeaute the TC (see figure
3.1.131).

The TM padkets ent by IASW to CDMU shall be transferred in the ICB. They are inserted by
the CSSW in the genera TM traffic of DPE.

The format of Integral TM padketsis described in AD[3], CSSN isin charge to insert the DPE
datain this format.

The formats of IDHS TM padkets to be transferred by IASW in ICB are described in figures
3.1.18.1-1 (Histogram Based Scientific HK Padket format), figure 3.1.18.1-2 (Event Based
Scientific HK Padket format), figure 3.1.18.2-1 (Housekeeping TM Padket format).
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3. SPECIFIC REQUIREMENTS

The User Requirements are divided in Capability and Constraints Requirements.

The Capability Requirements are relevant to the following items:

1. Operational Modes
Scientific Mode
Diagnostic Mode
Stand-By Mode

2. Scientific Submodes
Standard
Polarimetry
Photon By Photon

3. Scientific Functions

Spedral Imaging (Csl single/multiple histogramming)

Spedral Timing
Photon by Photon
Csl Polarimetric
CdTe Cdiibration
Csl Cdlibration

4. Data Handling Functions
Standard Housekeeping
Additional Housekeeging
Telecommand Handling
Initiali sation
Monitoring
Broadcast Packet Handling
Mode Management
Time Management

5. Operating Mode Phil osophy

The Constraint Requirements are relevant to the following items:

Sizing Requirements
Timing Requirements
Data Compresson Requirements

3.1. CAPABILITY REQUIREMENTS

3.1.1. Operational Modes




INTEGRAL Ref:IN.IB.JASUR.010/99
NS ON BOARD DATA MANAGEMENT Issue: 3draft
/// USER REQUIREMENTS DOCUMENT Date: 29.09.1999
_ Page: 21
UR/3.1.1.1. Operational M odes

The IBIS Data Handling System (IDHS) shall be based on the Operational modes presented in
table 3.1.1-1:

Operational TM Packet Generated
M odes

Scientific S1.0, S2.0, S3.0, S3.1 $4.0, 4.1,
S5.0,56.0,57.0, S7.1,S8,,513.1, S13.2,
H1, H2, H3, H4

Diagnostic S131, S132, S13.3, H1, H2, H3, H4,

Stand-By H1, H2, H3, H4, S5 - S7 only on
reguest

CSSW Initidisation |H1

Off -
TABLE 3.1.1-1

END-UR

3.1.2. Scientific Submodes and Functions

UR/3.1.2.1. Scientific Submodes

The IDHS Sientific Operational mode shall be divided in the Scientific Submodes presented in
table 3.1.2-1:

Scientific Submodes
Standard
Polarimetry
Photon by Photon

TABLE 3.1.2-1
END-UR

UR/3.1.2.2. Scientific Functions

The IDHS Sientific Submodes hall be based on the Scientific Functions presented in table
3.1.2-2:




INTEGRAL Ref:IN.IB.IASUR.010/99
NS ON BOARD DATA MANAGEMENT Issue: 3draft
/Z// USER REQUIREMENTS DOCUMENT Date: 29.09.1999
_/ Page: 22
Scientific Functions TM Packet
Generated
|SGRI PRV S1
CdTe Cdlibration S2
Compton PRM (single/multiple, cdibration) S3
PICSIT PRM (single/multiple) A
Csl Cdlibration S5
Csl Polarimetric S6
Spedral Imaging (single/multiple S7
histograms)
Spedral Timing S8
Diagnostic (CdTe raw, Csl raw) S13
TABLE 3.1.2-2
END-UR

Ead Scientific Function has a Data Type Code and can have aData Subtype Code. Type
Codes and Subtype Codes are used to identify the Telemetry padets produced by the
Scientific Functions.

UR/3.1.2.3. Scientific Functions Type Codes and Subtypes Codes

The Type Codes and Subtypes Codes of the Scientific Functions dhall be & presented in table
3.1.2-3:

Functions Packet Type Packet
Code SubType Code

ISGRI PRV 1 0
CdTe Cdlibration 2 0
Compton PPM single, cdibration 3 0
Compton PRM multiple 3 1
PICSIT PPM single 4 0
PICSIT PREM multiple 4 1
Csl Calibration 5 0
Csl Polarimetric 6 0
Spedral Imaging Csl Single 7 0
Histogram

Spedral Imaging Csl Multiple 7 1
Histogram

Spedral Timing 8 0
Diagnostic CdTe raw 13 1
Diagnostic Csl raw 13 2

TABLE 3.1.2-3

END-UR
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UR/3.1.2.4. Scientific Submodes Composition

The Scientific Functions must be combined together to define asub mode cnfiguration which
we refer as “Instrument Sub mode Operations (1SO)”.
In table 3.1.2-4 are presented the Instrument Sub mode Operations, their relevant Functions

and the science padkets generated with resped to the IBIS operational conditions:

Scientific Scientific Functions Packet Packet
Submodes Generated | Generated
in: Pointing | in: Slew
Standard Spedral Imaging (Csl single/multiple
histogr.) S7 -
Spedral Timing S8 -
ISGRI PRV S1 S1
Compton PRV S3 S3
PICSIT PRM - A
CdTe Cadlibration S2 S2
Cdl Cadlibration S5 S5
H1-H4
Housekeeping H1-H4
Polarimetry | Spedral Timing S8 -
ISGRI PRV S1 S1
Compton PRV S3 S3
PICSIT PRV - A
Cdl Polarimetric S6 -
CdTe Cadlibration S2 S2
Cdl Cadlibration S5 S5
Housekeeping
H1- H4 H1- H4
PRV ISGRI PRV S1 S1
Compton PRV S3 S3
PICSIT PRM A A
CdTe Cadlibration S2 S2
Cdl Cadlibration S5 S5
Housekeeping
H1- H4 H1- H4
TABLE 3.1.2-4
END-UR
UR/3.1.2.5. Scientific Function Configuration Table

The Scientific functions adive in the different Scientific Submodes sall be managed by means
of a mnfiguration table stored on-board and re anfigurable by Ground TC. Table 3.1.2-4
refleds the default configuration.

END-UR
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3.1.3. Non Scientific Operational Modes and Data Handling Functions

UR/3.1.3.1. Non Scientific Operational M odes

The IDHS shall be based on the Non Scientific Operational Modes presented in table 3.1.3- 1.
In the table ae dso presented the functions that produce telemetry padets.

Non Scientific Functions Packet
Operational Type
M odes
Diagnostic Diagnostic CdTe raw S13
Diagnostic Csl raw S13
Diagnostic Transparent| S13
Housekeeping H1-
H4
Stand-By Housekeeping H1-
H4
TABLE 3.1.3-1
END-UR
UR/3.1.3.2. Data Handling Functions

The IDHS shall be ale to perform the Data Handling Functions presented in table 3.1.3-2:

Data Handling Functions
Initiali sation
Standard Housekeeping
Additional Housekegoing
Telecommand Handling
Monitoring

Broadcast Padket
Handling

Mode Management
Time Management

TABLE 3.1.3-2

Note: the Initialisation Function does not produce telemetry padkets.
END-UR

3.1.4. Operating Mode Philosophy
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UR/3.1.4.1. Non Scientific Operational M odes Activation

The Data Handling Modes can be adivated by adedicated TC.

Stand-By shall be entered at DPE switch on after completing CSSNV and IDHS initialisation by
amode transition TC . In Stand-By Mode the IDHS shall perform TC Handling, Housekeeping
and Monitoring tasks. Stand-By can be dso adivated by a mode transition telecommand from

any other mode.
END-UR

UR/3.1.4.2. Data Handling Functions Activation
Initialisation function shall be performed at IASW start-up.

The following functions dall always be adive in any operational mode (except Off and CSSNV

initialisation ):

» Standard Housekeeping

* Additional Housekeeping
*  Telecommand Handling

* Monitoring

* Broadcast Padet Handling
* Mode Management

* Time Management
END-UR
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UR/3.1.4.3. IBIS M ode Switching

Infigure
FIGURE 3.1.4-1 are presented the possble transitions among the Operational modes and
Submodes:

LEGEND TELEMETRY PACKETS
H1: periodic technical HK data CSSW/IASW

LEGEND MODE CHANGES (including VETO/PICSIT and ISGRI essential)
TC: By telecommand H2: IASW additional Hk

BC: triggered by broadcast packet H3: ISGRI/PICSIT addtitional HK

PDU: driven by system power H4: Veto HK Spectra

75 : Task Parameter Report
D1: Dump Packet

S1: CdTe PPM

52: CdTe Calibration

53: Compton

S4: Csl PPM

55 Csl calibration Histogram
S6: Csl Poalrimetry Histogram

Power Off

PDU

(TC to CDMU) PDU

(TC to CDMU)

Diagnostic CSsw ) ; )
Mode initialisation 57 Csl smgle/mulltlple h|§togram
H1,H2, TC Mode 58: Csl Spectral timing histogram

H3,H4,513,T5 H1 (*1), D1 513: Transparent packet

*1:periodic technical HK data CSSW only
*2: only after start of task for read out

TC/BC interrupted histograms

Stand by mode
H1,H2,H3,H4,
T5, S5(*2),
S6(*2), S7(*2)

TC TC/BC

/ Scientific Mode \
(" N

Slew tandard Sub Mode Pointing
+54 +S7, S8
TC/BC——p
- J
t Polarimetry Pointing h
i inti
S:g“’l” Sub Mode +S6, S8
¢——TC/BC—p
- J
t Photon by Photon Pointing N
y inti
S:;“’l" Sub Mode +S4
¢——TC/BC—p
- J

\\ H1, H2,H3,H4,S1, S2, S3, S5 /

D:AINTEGRAL\PLOTS\mode_diag2.abc Mi, 10. Feb 1999

FIGURE 3.1.4-1 - IDHS OPERATIONAL MODES
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END-UR

In normal operational conditions IBIS is performing one of the SO described in table 3.1.2-4.
In case of malfunctioning can be adivated (by TC) the Diagnostic Mode that alows to perform
diagnostic operations.

The Instrument Scientific Operations can be performed autonomously or under Ground
control.

UR/3.1.4.4. Automatic | SO Transitions

Within the Scientific Mode the transition between Pointing and Slew configuration, based on
BC padket, shall be mnfigurable by Ground TC, i.e. enable or disable the automatic SO
transitions as described in table 3.1.4-1:

From: To: Upon event: Deteaed
from:
Standard S7, S8 Standard $4 IOT: Pointing --> Slew BCPK
Polarimetry S6, S8 Polarimetry 4 IOT: Pointing --> Slew BCPK
Standard $4 Standard S7, S8 IOT: Slew --> Pointing BCPK
Polarimetry 4 Polarimetry S6, S8 IOT: Slew --> Pointing BCPK
TABLE 3.1.4-1
Legend: |OT: Instrument Operational Transition
BCPK: Broadcast Packet TC(15,1)
END-UR
UR/3.1.4.5. Automatic M ode Switching

The mode switching described in table 3.1.4-2, cdled Automatic Transition (AT) medanism,
shall be based on BC padket information and configurable individually (enable/disable
automatic medhanism) by Ground TC.

From: To: Upon condition: Deteaed
from:
Any 1SO Stand-By SHRB/ECL/ESAM/ISOI | BCPK
TABLE 3.1.4-2
Legend: Status Lines means information from the subsystems

BCPK: Broadcast Packet TC(15,1)

SF/RB/ECL/ESAM/1SOI: Solar Flares or Radiation Belts or Eclipse or
ESAM or Instr. Switch off imminent
END-UR
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UR/3.1.4.6. Automatic Transition M echanism Disabled By TC Mode Transition

After recetion of any TC requiring a mode trangition, the Automatic Transition (AT)
mechanism shall be disabled.

END-UR

UR/3.1.4.7. AT Overridden by TC

In any condition a TC shall be ale to overridethe AT mecdhanism.
END-UR

UR/3.1.4.8. Scientific Functions Priority Levels

It shall be possble to define the priority of the scientific functions by means of a "Load Task
Parameter” command.
END-UR

3.1.5. Scientific Mode

Hardware configuration:
» al IBIS subsystems powered on
* DPE powered on.

The Scientific Mode is applicable during the following S/C modes:
*  Commissoning mode
*  Operational mode.

Transition to Scientific Mode and from Scientific Mode: seeUR/3.1.30.1. and UR/3.1.30.2. .

3.1.6. Spectral Imaging Function
UR/3.1.6.1. Spedral Imaging (Csl sngle/multiple histogramming)

It shall be posshle to acawmulate single and multiple PICSIT events in a fixed time interval
(pointing dwell time) and a defined range and number of energy channels (256 as default value)
for ead detedor pixel.

An energy estimate shall be goplied by HEPI to both single and multiple Csl event.

Both transformations shall be stored in the form of one look up table (i.e. one LUT for both
single and multiple events corredion) which may be reloaded from Ground.

The single and multiple events sal be acumulated in histograms within the HEPI memory.
The histograms sall be read-out by IASW, then the data shall be mmpressed and inserted in
two types of scientific padets: one for single and one for multiple event histograms.

Thistask shall be performed alternatively with resped to Polarimetric histogramming.
END-UR
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Notel: for theinitialisation of the threshold values and other parameters relevant to this
operational mode, seethe Initialisation sedion.

Note2 : itisasumed that the typica pointing dwell time is between 1200and 1800sends,
and in any case no lower than 940 seconds.

UR/3.1.6.2. Start of Spedral Imaging

Spedral Imaging shall start when IBIS is entering into the Standard 1SO and following

conditions are valid:

» Thefunction is enabled in the Scientific Function Configuration Table (seeUR/3.1.2.5.)

» Satelliteisin pointing mode

* Ontarget flag isvalid (condition appliceble if AT is enabled)

* Available Pointing time is larger than the requested integration time (condition applicable if
AT is enabled)

» at least one histogram buffer of thistypeisfree

Integration of histograms dhall i nterrupted when on target flag goes off and is flagged as valid.
END-UR

UR/3.1.6.3. End of Spedral Imaging
Spedral Imaging shall end when:

* entering Slew mode

* requested integration timeis over and an additional complete histogram could be integrated
until expeded end of pointing.

* |IDHSisentering in Stand-By Mode.

END-UR

UR/3.1.6.4. Spedral Imaging HEPI Binning Csl Look Up Tables

There shall be one look uptable for the anplitude binning of single event and one look uptable
for the anplitude binning of multiple eventsto be used by HEPI for the histogramming of Csl
events.

Ead of thetwo LUTs dall contain 1024 values of 8 bit predsion. Then the dimension of eath
of thetwo LUTs dhall be 1024 bytes.

END-UR

Notel: HEPI cdculatesthe energy value using a predsion of 10 bits. Then the energy values
that can be represented cover arange from 0 to 1023(1024 mssble values). Each
value shall be assgned to one of the 256 channel of the histogram. Thenit is
necessary a LUT of 1024 elements whose value is between 0 and 255

Note2: for LUT handling seelnitialisation sedion.
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UR/3.1.6.5. Spedral Imaging Csl Events Energy Corr edion

There shall be alook uptable for single and for multiple events corredion to be used by HEPI
for the energy estimate of al Csl events.

This ddl be valid aso in Spedral Imaging function.

The energy estimate Csl look uptable to be used by HEPI for the events of the Csl detedor
shall contain 40960ffset corredtion (gj) and 4096 @in corredion (bj) values. The predsion of
the constants gj shall be 6 bit and of the gain bj shall be 10 bit. The dimension of thisLUT shall
be 8192bytes.

Note: the same LUT shall be used for the energy estimate of Csl events for Spedral Timing,
Compton PRV, and Polarimetric functions but not for Csl Calibration that shall have its own
LUT.

END-UR

UR/3.1.6.6. Spedral Imaging Histogramming Togde Buffer

HEPI shall use one buffer for histograming and a toggle buffer to read out the histograms of
the previous pointing .

The switch between the data buffer and toggle buffer shall be controlled by IASW.
END-UR

UR/3.1.6.7. Spedral Imaging Data Packet

The Spedral Imaging histograms TM shall be obtained as follows:

* anew histogram is darted

* linking down of TM only during pointing mode

 continue of transmitting data dter interruption due to switch in stand by mode, when bacdk
in any science mode but only in pointing

» continue of transmitting deta &ter interruption due to switch in stand by mode in stand by
mode on request of TC

* TM rate of current histogram shall be set acwrding to integration time of next histogram
(constant TM rate)

* No Histogram TM during satellite Hand over (information shall taken from BCPK)

* TM huffer islessthan upper threshold of thistype and subtypes (ref. UR/3.1.21.3.)

END-UR

UR/3.1.6.8. Spedral Imaging Subtype Field Code

In Spedral Imaging two types of histograms exist, one for Csl single and one for Csl multiple.
To distinguish among the &ove combinations the Subtype field in the Spedra Imaging data
padkets sal assume the following values:
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Subtype Histogram Type
Field Value
0 Cdl Single
1 Csl Multiple
END-UR

Single events histogramming(single Csl events) with 4096 pxel positions, 256 energy
channels, 8 bit depth. That is 1,048576 bytes. The HEPI mass memory for single events
histogramming is 1 Mbyte.

Multiple events histogramming (multiple Csl events) with 4096 pxel positions, 256 energy
channels, 8 bit depth. That is 1,048576 bytes. The HEPI mass memory for multiple events
histogramming is 1 Mbyte.

UR/3.1.6.9. Compresson of Spedral Imaging Data

The sizeof Spedral Imaging Data Padkets (single and multiple events) shall be reduced using a
data compresson algorithm.

The compresson shall be gplied to a data subset that, after compresson, can stay in asingle
telemetry padket. Inthisway if a TM padket is lost, the remaining part of the histogram can be
restored.

The compresson shall be losdess

END-UR

UR/3.1.6.10. Spedral Imaging TM Packet Organisation
The TM padket header shall include & least

» Start time of histogram

* Integration time of histogram

o Start addressof first cdl in TM padket

* HistogramID

(Padket structure definition ref. AD17)
END-UR

3.1.7. Spectral Timing Function

UR/3.1.7.1. Spedral Timing

It shall be posshble to acaumulate both Csl single and multiple events in eight programmable
energy channels without any information of position. Time resolution shall be represented with
apredsion between 1 millisecond and 500milli seconds. According of the anplitude single and
multiple events are using the same histogram channels.
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END-UR

The single and multiple events dall be acemulated in histograms within the HEPI memory.
HEPI colledsthe Csl single and multiple events in histograms with 8 energy channels within a
variable short time period. This time period is programmable from 0.976 msec up to 500 msec.
The energy values of the events are within 8 programmable energy ranges. The width of eat
energy channel is 8 hit. Then the resulting histograms has a dimension of 64 bits. The position
information of the events are discarded.

Note: for the initidisation of the threshold values and other parameters relevant to this
function, seethe Initialisation sedion.

UR/3.1.7.2. Start of Spedral Timing

Spedral Timing shall start when IBIS is entering into one of the following 1SO:

» Standard - Pointing mode

* Polarimetry - Pointing mode

provided the function is enabled in the Scientific Function Configuration Table (see
UR/3.1.2.5)

END-UR

UR/3.1.7.3. End of Spedral Timing

Spedral Timing shall end when:
* either IDHS is entering in ew mode
* or IDHSisentering in Stand-By Mode.

END-UR

UR/3.1.7.4. Spedral Timing Csl Events Energy Calculation
SeeUR/3.1.6.5. .

END-UR

UR/3.1.7.5. Spedral Timing Data Packet

The Spedral Timing histograms TM shall be obtained
* TM huffer islessthan upper threshold of thistype (ref. UR/3.1.21.3.)
END-UR

The TM padket format of spedral timing is acording .

3.1.8. Photon by Photon
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UR/3.1.8.1. Photon by Photon (deleted, covered by following UR)
END-UR

In table 3.8-1 are presented the Photon by Photon functions; in the last two columns are shown
the relevant data and padets types.

Functions Data Type Packet Type
ISGRI PRM CdTesingle S1
Compton PRV CdTeand Csl S3
PICSIT PRM Csl only A
TABLE 3.1.8-1
UR/3.1.8.2. PPM Type Information Representation

The PPAM Functions information shall be represented in byte digned data structures with
minimum losses of space(i.e. minimum of spare bits).
END-UR

3.1.8.1. ISGRI PPM Function

UR/3.1.8.1.1. ISGRI PPM

These ae events corresponding to avalid deteded signal from ISGRI only. This type requires
the data of position (14 bits), rise time (7 bit), pulse height (11 bits) and time that shall be
represented with a predsion of 60 microseconds. Energy estimation is performed.

END-UR

Note: for theinitialisation of the threshold values and other parameters relevant to this
function, seethe Initialisation sedion.

UR/3.1.8.1.2. Start of ISGRI PPM

ISGRI PPM shall start when IBIS is entering into one of the following 1SO:

e Standard

* Polarimetry

 PPRM.

provided the function is enabled in the Scientific Function Configuration Table (see
UR/3.1.2.5)

END-UR

UR/3.1.8.1.3. End of ISGRI PPM

ISGRI PRM shall end when:
* |DHSIisentering in Stand-By Mode.
END-UR
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UR/3.1.8.1.4. ISGRI PPM |ASW Energy Estimate CdTe Medanism

IASW shall perform energy estimate of CdTe events for seledion purposes.

The dgorithm shall base ather on individual or pixel wise grouped rise time depending
parameters.

END-UR

UR/3.1.8.1.5. ISGRI PPM Data Packet

The ISGRI PPM data padkets shal be obtained as follows:

* TM buffer islessthan upper threshold of thistype (ref. UR/3.1.21.3.)
* The TM padket format of ISGRI PRV Data padet isacmrding RD17.
END-UR

3.1.8.2. Compton PPM Function

UR/3.1.8.2.1. Compton PPM

These ae events corresponding to vaid deteded signals in both ISGRI and PICSIT
simultaneoudly (including cdibration tagged events). The accetance window should be
programmable. Due to the high data volume an on board seledion of good events sal be
performed. This type requires the data of ISGRI and PICSIT postions (14 bits and 12
bits)andpuse heights (8 bits and 8 hits), ISGRI rise time (7 bits) and event time that shall be
represented with a predsion of 60 microseconds.

END-UR

Note: for the initidisation of the threshold values and other parameters relevant to this
function, seethe Initialisation sedion.

UR/3.1.8.2.2. Start of Compton PPM

Compton PRV shall start when IBIS is entering into one of the following 1SO:

- PRAM

 Standard Pointing

+ Polarimetry

provided the function is enabled in the Scientific Function Configuration Table (see
UR/3.1.2.5)

An energy corredion shall be gplied by HEPI to ead Csl event.
END-UR

UR/3.1.8.2.3. End of Compton PPM
Compton PRV shall end when:
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* |DHSIisentering in Stand-By Mode.
END-UR

UR/3.1.8.2.4. Compton PPM Csl Events Energy Corr edion

SeeUR/3.1.6.5.
END-UR

UR/3.1.8.2.5. Compton PPM Event Seledion

For this Data Type aCompton Seledion algorithm shall be performed by IASW. The seledion
starts below a programmeable (by TC) threshold. The dgorithm shall be gplied to ead single
and multiple event padket acquired from HEPI, after the energy estimate has been performed.
No seledion shall be gplied to Compton cdibration events,

END-UR

UR/3.1.8.2.6. Energy Binning Performed By IASW (deleted, wrong UR)
END-UR

UR/3.1.8.2.7. Compton PPM Data Packet

The Compton PPM data padets dhall be obtained as follows:

* TM buffer islessthan upper threshold of thistype and subtypes (ref. UR/3.1.21.3.)
* The TM padket format of thistypeisacwording RD17.

END-UR

UR/3.1.8.2.8. Compton PPM Subtype Field Code

In Compton PPM exist threetypes of event types, one for CdTe single in combination with Csl
single, one for CdTe single with Csl multiple and one for CdTe cdibration with Csl cdibration.
To distinguish among the &ove combinations the Subtype field in the Compton PPM shall
asaume the following values:

Subtype Histogram Type
Fied Value
0 CdTe Singleand Csl Single
and CdTe alibration and Csl calibration
1 CdTe Single and Csl Multiple

To distinguish between cdibration and not cdibration events for subtype 0 an additional flag in
the data field shall be used.
END-UR

3.1.8.3. PICSIT PPM Function
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UR/3.1.8.3.1. PICSIT PPM

These ae events corresponding to avalid deteded signal from PICSIT only. This type requires
the data of postion (12 hbit), amplitude or pulse height (10 bit) and time that shal be
represented with a predsion of 60 microseconds.

An event energy estimate is needed. The energy corredion shall be performed by HEPI.

This function comprises both Csl single and multiple but not Csl cdibration events.

END-UR

Note: for theinitialisation of the threshold values and other parameters relevant to this
function, seethe Initialisation sedion.

UR/3.1.8.3.2. Start of PICSIT PPM

PICSIT PRM shall start when IBIS is entering into one of the following 1SO:

+ Standard - ew mode

+ Polarimetry - dew mode

« PPAM.

provided the function is enabled in the Scientific Function Configuration Table (see
UR/3.1.2.5)

END-UR

UR/3.1.8.3.3. End of PICSIT PPM

PICSIT PRM shall end when:

« IDHS isentering in Stand-By Mode.

* or entering pointing mode ather from Standard slew or Polarimetry slew mode
END-UR

UR/3.1.8.3.4. PICSIT PPM Csl Events Energy Calculation

SeeUR/3.1.6.5..
END-UR

UR/3.1.8.3.5. Csl Events Seledion On An Energy Window

An energy seledion shall be gplied to Csl events by HEPI. The seledion shall apply to upper
and lower energy thresholds.
END-UR

UR/3.1.8.3.6. PICSIT PPM Subtype Field Code

InPICSIT PPM exist two types of event types, one for Csl single and for Csl multiple. To
distinguish among the &ove cmmbinations the Subtype field in the PICSIT PRV shall assume
the following values:
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Subtype Histogram Type
Field Value
0 Cdl Single
1 Csl Multiple
END-UR

UR/3.1.8.3.7. PICSIT PPM Data Packet
The PICSIT PPV data padets dall be obtained as follows:

* TM buffer islessthan upper threshold of thistype and subtypes (ref. UR/3.1.21.3.)

* The TM padket format of thistypeisacwording RD17.
END-UR

3.1.9. Csl Polarimetric Function

UR/3.1.9.1. Csl Polarimetric histogramming

It shall be possble to acaumulate Polarimetric histogramming. This function applies only to

Csl double events that undergo a Compton scatering in the neighboured pixels.

This function shal acaimulate for afixed time period (pointing dwell time) a three dimensional
array containing for ead pixel (4096in total) the energy spedrum (64 channels) and for eat
energy the distribution of the scatering angle (8 polarisation angles) This task shall be

performed by HEPI.
END-UR

Polarimetric histogramming acamulates the incident pixel, the total energy and the scatering
angle of double Csl events with 4096 pxel positions, 64 energy channels, 8 polarisation angles,

8 bit depth. Thisrequires atotal amount of 2 Mbyte massmemory.

Note: for theinitialisation of the threshold values and other parameters relevant to this data

mode, seethe Initiadlisation sedion.

UR/3.1.9.2. Start of Polarimetric

Polarimetric shal start when IBIS enter the Polarimetry 1SO and follwing conditions are valid:

+ Thefunction is enabled in the Scientific Function Configuration Table (seeUR/3.1.2.5.)

» Satelliteisin pointing mode

* Ontarget flag ison

» Available Pointing time is larger as requested integration time .
» At least one histogram buffer isfree
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Integration of histograms dhall interrupted when on target flag is off.
END-UR

UR/3.1.9.3. End of Polarimetric

Polarimetric shall end when:

+ either IBISisentering in Slew Mode

« or IDHS isentering in Stand-By Mode.
* requested integration timeis over
END-UR

UR/3.1.9.4. Polarimetric HEPI Binning Csl Look Up Tables

There shall be one look up table for the anplitude binning of polarimetric events to be used by
HEPI for the histogramming of Csl events.

The LUTs sall contain 1024 values of 8 bit predsion. Then the dimension of the LUTs sl
be 1024 bytes.

END-UR

UR/3.1.9.5. Polarimetric HEPI Energy Corr edion

SeeUR/3.1.6.5.
END-UR

UR/3.1.9.6. Polarimetric Histogramming Togde Buffer

HEPI shall use one buffer for histogramming and a toggle buffer to read out the Polarimetric
histograms of the previous observation.

The switch between the data buffer and toggle buffer shall be controlled by IASW.

END-UR

UR/3.1.9.7. Polarimetric Data Packet

The Polarimetric histograms TM shall be obtained as follows:

* anew histogram is darted

* linking down of TM only during pointing mode

» continue of transmitting data dter interruption due to switch in stand by mode, when bacdk
in any science mode but only in pointing

» continue of transmitting deta dter interruption due to switch in stand by mode in stand by
mode on request of TC

* TM rate of current histogram shall acwrding integration time of next histogram (constant
TM rate)
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* No Histogram TM during satellite Hand over (information shall taken from BCPK)
* TM huffer islessthan upper threshold of thistype (ref. UR/3.1.21.3.)

END-UR

UR/3.1.9.8. Compresgon of Polarimetric Data
SeeCompresson of Spedral Imaging Data Padkets (UR/3.1.6.9.).
END-UR

UR/3.1.9.9. Polarimetric TM Packet Organisation

The TM padket header shall include & least
» Start time of histogram

* Integration time of histogram

» Start addressof first cdl in TM padket

* HistogramID

(Padket structure definition ref. AD17)

3.1.10. CdTe Calibration Function

UR/3.1.10.1. CdTeCalibration PPM

It shall be possble to processand download CdTe PPM Calibration tagged events. This task
shall be performed by IASW. For eat event the anplitude or pulse height (11 bits), rise time

(7 bits) and position (14 bits) shall be recorded.
END-UR

Note: for the initidisation of the threshold values and other parameters relevant to this data

mode, seethe Initialisation sedion.

UR/3.1.10.2. Start of CdTe Calibration

CdTe Cadlibration shall start when IBIS is entering into any 1SO, provided the function is

enabled in the Scientific Function Configuration Table (seeUR/3.1.2.5.)

END-UR

UR/3.1.10.3. End of CdTe Calibration

CdTe Cadlibration shall end when:
« IDHS isentering in Stand-By Mode.
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END-UR

UR/3.1.10.4. CdTe Calibration IASW Energy Estimate CdTe M echanism (deleted,
wrong UR)

END-UR

UR/3.1.10.5. CdTe Calibration Data Packet

The CdTe PPRM Calibration events sall be obtained as follows:
* TM huffer islessthan upper threshold of thistype (ref. UR/3.1.21.3.)
END-UR

3.1.11. Csl Calibration Function

UR/3.1.11.1. Csl Calibration histogramming

It shall be possble to acaumulate Csl Calibration histogramming for single Csl events (multiple
events are discarded on the detedor). This task shall acawmulate Csl cdibration events with
4096 pxel positions, 64 energy channels, 8 bit depth .This task shall be performed by HEPI.
The histograms dal be read-out by IASW, the data shall be mmpressed and inserted in the
scientific padets.

The typicd integration time of Calibration histogramsis 10000seconds.

END-UR

Note: for theinitialisation of the threshold values and other parameters relevant to this data
mode, seethe Initidisation sedion.

UR/3.1.11.2. Start of Csl Calibration

Cdl Cadlibration shall start when IBIS is entering into any SO and at least one histogram buffer
of this type is free The function is garted only if enabled in the Scientific Function
Configuration Table (seeUR/3.1.2.5.)

END-UR

UR/3.1.11.3. End of Csl Calibration

Csl Calibration shal end when:
« IDHS isentering in Stand-By Mode.
END-UR
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UR/3.1.11.4. Csl Calibration HEPI Histogram Binning Csl Look Up Table

There shall be aLUT (1024 bytes) for amplitude seledion of the 64 energy channels. The
energy channels are divided in two parts for ead of the two cdibration lines.
END-UR

UR/3.1.115. Csl Calibration HEPI Energy Corr edion

There shall be one look up table for single event Csl Calibration corredion (multiple event are
discaded at detedor level) to be used by HEPI for the energy estimate of Csl cdibration

tagged events.
Thislook up table to be used by HEPI for the events of the Csl detedor with cdibration tags

shall contain 4096 offset corredion (&) and 4096 gin corredion (bj) values. The predsion of
the constants g shall be 6 bit and of the gain bj shall be 10 bit. The dimension of this LUT shall
be 8192bytes.

Note: this LUT shall be different with resped the LUT used for the energy estimate of Csl
events for Spedral Timing, Compton PRV, PICSIT PRV and Polarimetric functions.

The default values of LUT corredion elements shall be:
« 1forgan

« Ofor offset.

END-UR

UR/3.1.11.6. Csl Calibration histogramming togde buffer

See Spedral Imaging Histogramming Toggle Buffer (UR/3.1.6.6).
END-UR

UR/3.1.11.7. Csl Calibration Data Packet

The Cdl Cdlibration histogram TM shall be obtained as follows:

* anew histogram is darted

» continue of transmitting data dter interruption due to switch in stand by mode, when bacdk
in any science mode

» continue of transmitting data &ter interruption due to switch in stand by mode in stand by
mode on request of TC

* TM rate of current histogram shall acwrding integration time of next histogram (constant
TM rate)

* No Histogram TM during satellite Hand over (information shall taken from BCPK)

* TM huffer islessthan upper threshold of thistype (ref. UR/3.1.21.3.)

END-UR

Cdl Cadlibration histogramming
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This task acaumulates sngle Csl Calibration events: with 4096 pxel positions, 64 energy
channels, 8 bit depth. Thisrequires 262 Koyte massmemory for this type of histogram.

UR/3.1.11.8. Compresgon of Csl Calibration Data

SeeCompresson of Spedral Imaging Data Padkets (UR/3.1.6.9.).
END-UR

UR/3.1.11.9. Csl Calibration TM Packet Organisation
The TM padket header shall include & least

» Start time of histogram

* Integration time of histogram

» Start addressof first cdl in TM padket

* HistogramID

(Padket structure definition ref. AD17)
END-UR

3.1.12. Diagnostic Function
UR/3.1.12.1. Diagnostic Function (Transparent function)

The diagnostic function colled al events corresponding to Csl raw or CdTe raw events
This event type acontains the full information of time (234 nseq), rise time (8 bit, only CdTe),
amplitude (11 bit CdTe, 10 bit Csl), position (14 bit CdTe, 12 bit Csl), cdibration flag and
multiple event flags. No additional processng is performed to such events. They will only
generated when HEPI is programmed in transparent mode via science function table.
END-UR

UR/3.1.12.2. Start of Diagnostic Function

The diagnostic function shall start when IBIS is entering any 1SO mode, where no cther
scientific function is sleded by the Scientific Function Configuration Table (seeUR/3.1.2.5)

END-UR

UR/3.1.12.3. End of Diagnostic Function
The diagnostic function shall end when IDHS is entering Stand by mode.
END-UR
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UR/3.1.12.4. Diagnostic Subtype Field Code

In Diagnostic function exist two types of event types, one for Csl raw events and for CdTe
raw events. To distinguish among the &ove combinations the Subtype field in the Diagnostic
TM shall assume the following values:

Subtype Histogram Type
Fied Value
0 CdTeraw events
1 Csl raw events

END-UR

UR/3.1.125. Diagnostic Data Packet

The Diagnostic TM shall be obtained as follows:

* TM buffer islessthan upper threshold of thistype and subtypes (ref. UR/3.1.21.3.)
* The TM padket format of Diagnostic TM padket isacmrding RD17.

END-UR

3.1.13. VETO Spectra Function

UR/3.1.131. VETO Spedra

The VETO Spedra function shall be performed as a badkground task that shall require, every
100to 600 secthe Spedra Housekegoing from VETO. These data shall be inserted in the
VETO additional HK padkets H4.

END-UR

UR/3.1.13.2. Start of VETO Spedra

VETO Spedrashal start when IBIS is entering into stand by mode and VETO is switched on
and in nrominal mode.
END-UR

UR/3.1.133. End of VETO Spedra

VETO Spedrashall end when VETO isin stand by mode.
END-UR

UR/3.1.134. VETO Spedra Data Packet
The VETO Spedradata TM padkets dall be obtained as follows:
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* The TM padket format of VETO Spedra Data padket isacording RD17.
END-UR

3.1.14. Patch & Dump

UR/3.1.14.1. IASW Patch and Dump M ode

No explicit Patch and Dump mode of IASW isrequired. IASW patch and dump shall be
nominally exeauted when IDHS isin CSSW initialisation Mode.
END-UR

Hardware configuration:
« all 1BIS subsystems powered off
« DPE powered on.

The Patch & Dump is applicable during the following S/C modes:
« Commisgoning mode

+ Contingency: ESAM mode

+ Operationa mode.

UR/3.1.14.2. Patch

The IDHS (IASW, HEPI and sub systems) shall have aMode by which can be uploaded the
following deta:

« IDHSLUTsand parameters (including LUTs and context tables of periphery)

+ RAM areaof DPE

+ RAM areas of ISGRI, PICSIT and VETO micro controller.

No controls on the contents of data padets or on the aeato be patched (neither in content
nor if it isat an existing addresg shall be performed.
END-UR

UR/3.1.14.3. Patch of | ASW code and DPE RAM

It shall be possble to patch all the DPE RAM. In particular shall be possble to patch any
segment of RAM with IASW code or data.

Patching of DPE RAM shall be possble during CSSW initialisation mode via RBI register
under control of the CDMU.

END-UR

Note: the patch of the IASW LUT isalow level function that can be used as a badk-up of the
load LUT TC.
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UR/3.1.14.4. Periphery Patch

Patching of peripheral code and data shall be possble by IASW in stand by mode or in IASW
diagnostic mode.
END-UR

UR/3.1.14.5. Allowed Functionsin Patch & Dump
Deleted
END-UR

UR/3.1.14.6. Patch of the LUTs of HEPI

IASW shall be ale to patch any of the look up tables of HEPI.

The patching shall be performed in two steps:

1. patch of the IASW data structure wntaining the relevant HEPI LUT
2. load of therelevant LUT to HEPI.

END-UR

UR/3.1.14.7. Patch of the IASW Task Scheduling Table

Deleted, becuse task scheduling is under control of CSSN and ASTRES operating
system.
END-UR

UR/3.1.14.8. Patch of | SGRI Software and Data RAM

It shall be possble from ground, by means of suitable commands, to patch data RAM into the
microcontroller. No patch of software is required.
END-UR

UR/3.1.14.9. Patch of PICSIT Software and Data RAM

It shall be posshble from Ground, by means of a suitable command, to Patch the software and
the data RAM of the PICSIT microcontroller.
END-UR

UR/3.1.14.10. Patch of VETO Software and Data RAM

It shall be posshble from Ground, by means of a suitable command, to Patch the software and
the data RAM of the VETO microcontroller.
END-UR
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UR/3.1.14.11. Dump

The IDHS (IASW, HEPI and sub systems) shall have aMode by which can be downloaded the
following deta:

+ IDHSLUTsand parameters

+ RAM areaof DPE

+ RAM areas of ISGRI, PICSIT and VETO micro controller.

No controls on the contents of data padcets or on the aeato be dumped (neither in content
nor if it isat an existing addresg shall be performed.
END-UR

UR/3.1.14.12. Patch of | ASW code and DPE RAM

It shall be possble to patch al the DPE RAM. In particular shall be possble to patch any
segment of RAM with IASW code or data.

Patching of DPE RAM shall be possble during CSSWV initialisation mode via RBI register
under control of the CDMU.

END-UR

Note: the patch of the IASW LUT isalow level function that can be used as a badk-up of the
load LUT TC.

UR/3.1.14.13. Periphery Patch

Patching of peripheral code and data shall be possble by IASW in stand by mode or in IASW
diagnostic mode.
END-UR

UR/3.1.14.14. Allowed Functionsin Patch & Dump
Deleted
END-UR

UR/3.1.14.15. Patch of the LUTs of HEPI

IASW shall be ale to patch any of the look up tables of HEPI.

The patching shall be performed in two steps:

 patch of the IASW data structure mntaining the relevant HEPI LUT
+ load of therelevant LUT to HEPI.

END-UR
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UR/3.1.14.16. Patch of the IASW Task Scheduling Table

Deleted, becuse task scheduling is under control of CSSN and ASTRES operating
system.
END-UR

UR/3.1.14.17. Patch of | SGRI Software and Data RAM

It shall be possble from ground, by means of suitable commands, to patch data RAM into the
microcontroller. No patch of software is required.
END-UR

UR/3.1.14.18. Patch of PICSIT Software and Data RAM

It shall be posshble from Ground, by means of a suitable command, to Patch the software and
the data RAM of the PICSIT microcontroller.
END-UR

UR/3.1.14.19. Patch of VETO Software and Data RAM

It shall be posshble from Ground, by means of a suitable command, to Patch the software and
the data RAM of the VETO microcontroller.
END-UR

UR/3.1.14.20. Dump

The IDHS (IASW, HEPI and sub systems) shall have aMode by which can be downloaded the
following deta:

+ IDHSLUTsand parameters

+ RAM areaof DPE

+ RAM areas of ISGRI, PICSIT and VETO micro controller.

No controls on the contents of data padcets or on the aeato be dumped (neither in content
nor if it isat an existing addresg shall be performed.
END-UR

UR/3.1.14.21. Dump of IASW code and DPE RAM

It shall be possble to dump all the DPE RAM. In particular shall be possble to dump any
segment of RAM with IASW code or data.

Dumping of DPE RAM shall be possble during CSSN initiali sation mode via RBI register
under control of the CDMU.

END-UR
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Note: the dump of the IASW LUT isalow level function that can be used as a badk-up of the
read LUT TC.

UR/3.1.14.22. Periphery Dump

Dumping of peripheral code and data shall be possble by IASW in stand by mode or in IASW
diagnostic mode.
END-UR

UR/3.1.14.23. Dump Data Format and Data Rate

Deleted
END-UR

UR/3.1.14.24. Dump of the LUTsof HEPI

IASW shall be ale to dump any of the look uptables of HEPI.

The dump shall be performed in two steps:

+ realout of the requested HEPI LUT and copy it into the relevant IASW data structure
+ dump of the IASW data structure.

END-UR

UR/3.1.14.25. Dump of the Scheduling Table

Deleted, becuse task scheduling is under control of CSSN and ASTRES operating
system.
END-UR

UR/3.1.14.26. Dump of ISGRI RAM

It shall be possble from Ground, by means of a suitable mmmand, to Dump the RAM of the
ISGRI microcontroller.
END-UR

UR/3.1.14.27. Dump of PICSIT RAM

It shall be possble from Ground, by means of a suitable mmmand, to Dump the RAM of the
PICSIT microcontroller.
END-UR

UR/3.1.14.28. Dump of VETO RAM

It shall be possble from Ground, by means of a suitable mmmand, to Dump the RAM of the
VETO microcontroller.
END-UR
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3.1.15. Diagnostic Mode

Hardware configuration:
« all 1BIS subsystems powered on
« DPE powered on.

Mode is applicable during the following S/C modes:
« Commisgoning mode

+ Contingency: ESAM mode

+ Operational mode.

Trangition to Diagnostic Mode and from Diagnostic Mode: seeUR/3.1.30.1. and
UR/3.1.30.2..

UR/3.1.15.1. Diagnostic Mode

The IDHS shall have aDiagnostic Mode by which ‘primary* information from the detedors
(not vetoed, not screened or cleaned) may be transmitted.

In this function in the telemetry padkets sal be down linked raw event data and/or processed
datatype (only in sub systems and HEPI) . Parameters ranges for events sledion (e.g. switch
on/off of ISGRI or PICSIT modules or individual pixel) or spedal TM padkets sall be
seledable via telecommands.

The Diagnostic Mode can be started after a TC request.

END-UR

UR/3.1.15.2. Start of Diagnostic M ode

The diagnostic mode starts after transition from stand by mode acording UR/3.1.30.1. and
UR/3.1.30.2.
END-UR

UR/3.1.15.3. End of Diagnostic M ode

The diagnostic mode ends after transition to stand by mode acording UR/3.1.30.1. and
UR/3.1.30.2.
END-UR

UR/3.1.15.4. HEPI Set-up for Diagnostic Mode

In IDHS Diagnostic Mode the HEPI status shall be programmeable.

For test purposes HEPI shall diredly transmit the raw event data (without pre-processng)
fromthe Csl or CdTe detedorsto the DPE. This mode of HEPI is cdled Transparent.
END-UR
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UR/3.1.155. Parametric Sampling Rate
Deleted
END-UR

UR/3.1.15.6. Loading of the Sampling Rate Parameter

Deleted
END-UR

3.1.16. CSSW Initialisation Mode

Hardware configuration:
* DPE powered on.

Mode is applicable during the following S/C modes:
« Commisgoning mode

+ Contingency: ESAM mode

+ Operationa mode.

Transition to CSSN Initialisation Mode
» from OFF mode: by powering the DPE

UR/3.1.16.1. CSS3W Initialisation M ode

The CSSW initialisation mode shall be entered after powering on the DPE.
During transition to stand by mode IASW shall be initiali sed.
END-UR

In CSSW Initialisation Mode no IASW is running.

UR/3.1.16.2. CSSN HK TM

During CSSW Initialisation Mode the DPE shall processonly TC related to CSSN by APID as
defined in AD [9].

END-UR

UR/3.1.16.3. CSSN HK TM

During CSSW Initialisation Mode the DPE shall send only eseential HK without information
from IASW and sub systems with data & defined in AD [9]

END-UR

3.1.17. Stand-By Mode

Hardware configuration:
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« all 1BIS subsystems powered on
« DPE powered on.

Mode is applicable during the following S/C modes:
« Commisgoning mode

+ Contingency: ESAM mode

+ Operationa mode.

Trangition to Stand-By Mode:
« from CSSN initialisation mode : by TC

« fromall other operational modes : seeUR/3.1.30.1. and UR/3.1.30.2.

Trangition from Stand-By Mode:
+ to OFF mode: by switching off the DPE

+ to ather Operational mode: seeUR/3.1.30.1. and UR/3.1.30.2.

UR/3.1.17.1. Stand-By Mode

Stand-By shall be started after completing the Initialisation .

After Initialisation, the AT medhanism shall be enabled.

During the Stand-By Mode the only functions performed shall be: TC Handling, Monitoring,
Standard Housekeeping, Additional Housekeeping, BCPK Handling, Mode management and

Time management functions.
END-UR

3.1.18. OFF Mode

Hardware configuration:
all 1BIS subsystems powered off by S/C PDU

The OFF Mode is applicable during the following S/C modes:

+ Launch mode

+ Coast mode

« Commisgoning mode
+ Contingency mode.

Transition to OFF Mode:
 from contingency to any other S/C modes
+ in nominal operation complete switch off is not foreseen

Transition from OFF Mode:

« thistrangtion is controlled by S/C PDU by powering dedicated LCL linesin a sequence

defined in the User Manud
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3.1.19. Power-Save Mode
Deleted
3.1.20. Telemetry Handling
UR/3.1.20.1. Standard TM Organisation

The IDHS shall be ale to cope with an allocation up to 184 mdets/8 seconds.

Thetypicd TM padkets will be organised as follows:

+ 129 mdkets 8 semndsin Solar Min. period, divided in 128 Scientific padketsand 1
Standard HK padket

+ 136 mdkets 8 semndsin Solar Max. period dvided in 135 Scientific padkets and 1
Standard HK padket.

END-UR

UR/3.1.20.2. Start and stop of transmisson of TM

Science TM padket type shal use individual lower and upper thresholds for TM padket
controlling. Thisisalso valid for TM(5,4) with task ID 32 and 146(dump of table) .

TM handling between IASW and CSSN stops for the spedfic type dter excealing the upper
threshold. If the number of eventsin the TM buffer below the lower threshold, TM generation
of the spedfic shall start again.

END-UR

UR/3.1.20.3. Start and stop of processng of spedfic events
Following list shows what shall happen, when TM thresholds are readed

TM Type Upper threshold | Lower threshold | TM Buffer fill ed
H1 not defined, will be transmitted in any na
case by CSSNV
H2-H4 ignored ignored generate OEM
™ (5,4) ignored ignored generate OEM
TM (5,4) (Table | Retry one minute | Send TM when generate OEM
dump) to send TM, if not | reading threshold | (only if upper
succesdul delete | after lessthan one | threshold is >50)
TM and generate minute
OEM
S1to H4, S8, S13 | Stop processng of | Start processng of | generate OEM
spedfic datatype | spedfic datatype. (only if upper
Generation of H2 | threshold is >50)
padket, marker in
TM padket with
start time.
S5to S7 Retry eight times | Send TM when generate OEM
to send TM reading threshold |  (only if upper
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padket, if not | after lessthan 1,25| threshold is >50)
succesdul, delete sec
TM and generate
OEM
END-UR
3.1.21. Telemetry Types
As gated in AD[1] the DPE TM Padkets will be assembled by the CSSW based on inputs by
the IASW.
UR/3.1.21.1. Telemetry Types

|ASW shall manage the generation of the inputs for the TM included in the following classes of
Telemetry Functions (seeAD[3)]):

Packet header APID Data field header Description of Packet
type
Source ID  [VC |FormatID | Type Sub Type Spare Time
hitO-bit3 |bit4 [bit5-hit10 | bit0-hit 3 bit 4 - bit 7 bit 8 - bit 15 bit 16 - hit 32
not used setto | OBT inserted
0000 0000
all other bit | repetition of
combination [ APID bit 7 - bit
sare 10
reserved
00 0000 0001 1000 by CSSW | VC 0: Periodic (or
CSSW) HK
1010: IBIS 00 0001 0001 upto 16 by IASW VCO: Additional
Housekeeping
nominal 0 00 0101 0101 different by IASW VCO0: On-request - Task
Management
000110 0110 subtypes by CSSW | VCO: On-request -
Memory Dump
00 1001 1001 by IASW VCO: On-request - TLM
Management
1011 : 1BIS repetition of repetition of
APID bit 5 - bit | APID bit 8 - bit
8 10 with two
leading "0"
redundant 00 0000 0000 0000 by IASW VC 1: Science Packet
type (0,0)
00 0001 0000 0001 by IASW VC 1: Science Packet
type (0,1)
1 to
111110 1111 0010 by IASW VC 1: Science Packet
type (15,2)
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‘ 11 1111 1111 0011 by IASW VC 1: Science Packet
type (15,3)
END-UR

UR/3.1.21.2. Standard TM Packet Size and Format

The sizeof a Standard TM padket shall be 440 bytes.
The format of the Standard TM padket is presented in figure 3.1.18-1:

Field Name Field Dimension
Packet Header 6 bytes

Data Field Header 4 bytes

Data Field 428bytes

CRC 2 bytes

FIGURE 3.1.21-1 - STANDARD TM PACKET FORMAT

The value of CRC shall be cdculated using the suitable function supgied by CSSWN only for
VCO TM padckets.

The Standard TM Padket format, except CRC cdculating, is valid for all the dasses of TM
padkets described in UR/3.1.18.0.1.1.

END-UR

UR/3.1.21.3. Events Accumulation Overflow

In case the events are acomulated at a rate so high that cannot be downloaded with the
available TM datarate, then the events acamulation shall be stopped.

The discarded events $al be counted and the wunter value shall be included in IASW
additional HK padket.

When, later, the events data rate dlows the restarting of events acaimulation, then in the
scientific TM padket shall be inserted a particular Data Padket that indicates this condition and
contains the time & which events recording restarted.

END-UR

3.1.22. Standard Housekeeping Function

UR/3.1.22.1. Standard Housekeeping Function

After Initidlisation, Standard Housekeeoing data shal be aquired from al the instruments
acording they are switched on.

Standard Housekeegping data shall be generated and handed over acording DPE CSSWV ICD
(seeAD[9]) PUT_IASW_HK_TM procedure.

The IDHS housekeeping data shall be formatted as described in RD[19]

END-UR
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Standard Housekegping data shall regard the status of the IBI'S subsystems (control parameters
configuration, acknowledge to the commands, current operating mode dc.) and shall colled
and format HK data coming from the hardware dements (e.g. temperatures, voltages, current
monitors etc.).

UR/3.1.22.2. Start of Standard Housekeeping Function

As described in Figure

FIGURE 3.1.4-1, Standard Housekeeping shall be started after IDHS initialisation by the
CSSW Initialisation Mode.

END-UR

UR/3.1.22.3. End of Standard Housekegping Function

As described in Figure
FIGURE 3.1.4-1, Standard Housekeeping shall end only when IDHS (and IBIS) is turned off.
END-UR

The number of padcets alocaed to IBIS is not fixed a priori. It will vary ac@rding to misson
planning and avail abili ty of bandwidth.

UR/3.1.22.4. Additional Periodic Housekegping Data

Additiona periodic housekeeping data shall be generated and colleaed from PICSIT, ISGRI
and VETO. They shall handed over to the CSSV in VC 0 acording UR/3.1.21.1.

Sub System Colleding Period | Sub Type Name

PICSIT 32sec 2t09 H3 (joined with ISGRI)
ISGRI MCE 1t08 |[32sec 2t09 H3 (joined with PICSIT)
VETO 100to 600sec 10,11 H4

Table 3.1.22.4.-1: Colleding Period of additional periodic Housekeging
END-UR

UR/3.1.225. Start of Additional Periodic Housekeging Data

The aditional periodic housekeeping function shall start after change into Stand By Mode
from CSSW initialisation mode.
END-UR
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UR/3.1.22.6. End of Additional Periodic Housekeegping Data

The alditional periodic HK data shall stop when IDHS is turned off.
END-UR

UR/3.1.22.7. Non Periodic Additional Housekeging Data (H2)

The alditional non periodic housekegoing shall inform about the occurrence of different cases
and shall include information which are neeled for corred processng of science data.
In following cases IASW shall generate an non periodic additional HK:

» Start Science Mode

» Stop Science Mode

» Start Histogram

» Stop Histogram

o Start of Pointing

o Start of Slew

*  On Request by command from Ground

* Restart Processng of dedicated TM type
* Resynchronisation of HEPI

3.1.23. Scientific Telemetry Packets

The Datafield structure of al Science TM padketsis described in . When the Data Field of one
TM padket isfull thenit is passed to CSSN through the ICB.

UR/3.1.23.1. Scientific TM Packets

Ead science function shall generate apadket per data type and sub type acording Table
3.1.2-4.
END-UR

3.1.24. Housekeeping Telemetry Packets
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UR/3.1.24.1. Housekeguing Colledion From ISGRI

The different types of Housekeeping data (periodic and additional) from ISGRI shall be
colleaed by IASW sending a command to |SGRI.
END-UR

| SGRI Housekeeping data ae presented in
ISGRI control commands are described in

UR/3.1.24.2. Housekeging Colledion From PICSIT

The different types of Housekegoing data (periodic and additional) from PICSIT shall be
colleaed by IASW sending a command to PICSIT.
END-UR

PICSIT Housekeeping data ae presented in .
PICSIT control commands are presented in .

UR/3.1.24.3. Housekeging Colledion From VETO

The different types of Housekegoing data (periodic and additional) from VETO shall be
colleaed by IASW sending a command to VETO.
END-UR

VETO Housekeguing data ae presented in .
VETO control commands are presented in .

UR/3.1.24.4. Housekeging Colledion From HEPI

The different types of Housekegping datafrom HEPI shall be wlleded every 8 seconds by
|ASW sending a suitable command to HEPI (HEPI control commands are described in .
END-UR

UR/3.1.24.5. Housekeging Report from [ASW

Every 8 seconds, IASW shall provide HK data relevant to the status of the Functions
performed (i.e. if the Functions have been exeauted corredly or not).
END-UR
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UR/3.1.24.6. Housekeging TM Packet Structure

The Housekegping TM Padket format shall be & presented in. As described in AD[3] sedion
3.2.8, the TM(1,8) padkets sal contain aso the On Event telemetry and the TC Padket
Verificaion Report. For IDHS this dal be done inthe HK TM padkets.

END-UR

UR/3.1.24.7. Application Process Dentifier (APID) Values

The APIDs relevant to IDHS TM padket types dhal be a described in .
END-UR

3.1.25. On Request Packet Generation Function

UR/3.1.25.1. On Request Packet Generation Function

After Initiaisation, it shall be possble to generate On Request TM padkets as a response to the
corresponding request from Ground (TC(5,4), TC(8,5), TC(8,6), TC(8,7)), without affeding
the regular HK padket generation.

END-UR

UR/3.1.25.2. On Request Packet Structure

The On Request Padket format (Task Parameter, Memory Dump, Memory Chedksum,
Monitoring and Diagnostic), shall be & presented in AD [1], AD[3] and .
END-UR

UR/3.1.25.3. On Request Packet Generation

The On Request Padket shall replacethe science padets, if not enough telemetry bandwidth is
available.
END-UR

3.1.26. Telecommand Handling Function

3.1.26.1. IASW control commands

UR/3.1.26.1.1.  Served Telemmmand Classes
IASW shall serve the TCsincluded in the following classes of Telecommands (seeAD[3]):

Packet TC Type Function Packet Sub TC Function
Type Type
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5 Task Management TC(5,1) |Start Task
TC(5,2) |Stop Task
TC(5,3) |Load Task Parameter
TC(5,4) | Report Task Parameter
TC(5,5) | Mode Transition
6 Memory Maintenance
TC(6,2) | Dump Memory
TC(6,3) | Calculate Memory Chedksum
9 Telemetry Management TC(9,1) | Report TM Packet Generation Status
TC(9,4) | Enable Generation of Spedfic Packets
TC(9,5) | Disable Generation of Spedfic Packets
13 Test Command TC(131) | Test Command
15 Broadcast Packet TC(15,1) | Broadcast Packet

padket.
END-UR

UR/3.1.26.1.2.

The TC (see AD[3]) direded to IASW are routed to IASW by CSSN through the ICB. The
CSSWN performs a preliminary verification, but 1ASW shall complete the verification and
validation before the eventual exeaution of the TC.

Verification and Validation of Telecoommands

The validation of a TC shall consider the following controls:

IASW shall report the regedion of eat recaved TC by an On Event message: “TC

corred APID (Applicaion Identifier)

corred chedksum
legal padket length
legal padket header

Verificaion Report/Unsuccessul Acceptance”, within the periodic HK padket.
END-UR

UR/3.1.26.1.3.

Distribution of Telecommands

IASW shall corredly distribute the TC receved from Ground to the IBIS subsystems.
END-UR
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UR/3.1.26.1.4. Verification of TC Exeaution

In case the exeaution (diredly by IASW or by one of the IDHS subsystems) of an accepted TC
is unsuccesgul, IASW or the sub systems dall issue ar On Event message TM indicating TC
“Verification Report / Unsuccesful Exeaution”. IASW shall generate the relevant TM padket
to be transmitted to ground.

END-UR

UR/3.1.26.1.5. Teleammmmands Packets Format

The TC Padet format isacording AD[3]) .
END-UR

UR/3.1.26.1.6. Internal Command Format

The internal command format between DPE and sub systemsis acording AD [18] and
END-UR

UR/3.1.26.1.7.  Context Exchange Control

Exchanging context tables between IASW and ISGRI, PICSIT or VETO requires a control of
the dhedsum of the data.
END-UR

3.1.26.2. HEPI control commands
UR/3.1.26.2.1. HEPI Control Telecmmmands
The data of HEPI registers (Data axd Control) shall be ather set-up or readout via the LBR

|/F with a dedicated telecommand of the |ASW.
END-UR

In are described the HEPI control commands.

3.1.26.3. ISGRI control commands

In are described the I SGRI control commands.

3.1.26.4. PICSIT control commands

In are described the PICSIT control commands.
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3.1.26.5. VETO control commands

In are described the VETO control commands.

3.1.27. Initialisation Function

This edion isrelevant to IBIS subsystems initiali sation and interfacemanagement, to be
performed by IASW.

UR/3.1.27.1. Initialisation Function

The Initialisation Function shall consist in the loading of LUTS, thresholds, initialisation of the
interfaces and the initialisation of any other IDHS parameter.
END-UR

UR/3.1.27.2. Start of Initialisation Function

After performing the bootstrap CSSN shall be initiaised. The SW shall enter the CSSNV
initiali sation mode.
END-UR

UR/3.1.27.3. Initialisation After Power-Off (Cold Start)

At receotion of TC: "Change to nhominal mode " in CSSN initialisation mode, the IASW shall
perform the initialisation of all interfaces and the initialisation of LUTS, thresholds and the
other parameters used by IASW with the default values dored in lASW data structures.
END-UR

UR/3.1.27.4. Initialisation After Power-Save (Warm Start) Deleted
END-UR

3.1.27.1. HEPI Initialisation

UR/3.1.27.1.1.  HEPI I nitialisation

The HEPI shall be initialised by command viaLBR I/F.
END-UR

Loadable parameters:

To get a high flexibility of HEPI all thresholds and LUTs of the different data processes are
programmable by command via DPE. The LUTs are stored inside aRAM in HEPI and the
thresholds diredly on the ASIC registers (Data and Control). The data of these registers and
LUTscen berea out viathe LBR I/F with a dedicated telecommand of the IASW.
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UR/3.1.27.1.2. TheLUTsof HEPI
Thelook uptable(LUT) structure of HEPI shall be &s follows:

HEPI LUT Structure Dimensions
Energy estimate Cdl (gain (10 bit) + offset (6 hit) ), 8192bytes
single/multi ple histogram 4096 psitions
Energy estimate Cdl (gain (10 bit) + offset (6 hit) ), 8192bytes
cali bration histogram 4096 psitions
Amplitude bin of Csl single 1024(10bit), 1 byte 1024bytes
histogram
Amplitude bin of Csl multiple | 1024(10 bit), 1 byte 1024bytes
histogram
Amplitude bin of Csl 1024(10hit), 1 byte 1024bytes
calibration histogram
Amplitude bin of Csl 1024(10hit), 1 byte 1024bytes
polarimetry histogram
Spare - 4096bytes

END-UR

UR/3.1.27.1.3.  Copy of the LUTsof HEPI in IASW Memory

A copy of the LUT of HEPI shall be present in IASW memory. The LUT shall be identified
with a (binary) code that shall be stored on-board together with the values of the LUT. This
code shall be shared with the ISGRI energy seledion LUTs (ref. UR/3.1.27.6.1.)

END-UR

The mde as2ciated to the LUT has the scope to identify uniquely the set of values contained
inthe LUT.

UR/3.1.27.1.4. Initialisation of the LUTs of HEPI

Theinitialisation of HEPI LUT will be performed by TC ” Init HEPI” command from ground.
END-UR

UR/3.1.27.1.5.  Uploading of the LUTsof HEPI

HEPI LUT shall be uploaded by IASW. The IASW contains the master of the HEPI LUT. It
shall be uploaded by memory patch commands from ground. Then the master table shall be
transmit by TC “ Restore HEPI LUT” in HEPI LUT RAM.

END-UR

UR/3.1.27.1.6.  Saving of theLUTsof HEPI in IASW

It shall be possbleto save the HEPI LUT in IASW by TC ” Save HEPI LUT” .
END-UR
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UR/3.1.27.1.7.  Initialisation of the Control Register of HEPI

At start-up IASW shall initialise the Control Register of HEPI. This Function will be
performed using default values gored inside the HEPI data structures.
END-UR

UR/3.1.27.1.8.  Initialisation of the Data Register of HEPI

At start-up IASW shall initialise the Data Register of HEPI. This Function will be performed
using default values gored inside the HEPI data structures.
END-UR

UR/3.1.27.1.9. The Threshold Parameters of HEPI
It shall be possble to load and modify al Threshold Parameters of HEPI

HEPI Thresholds Parameters Dimensions
Multiple event double events amplit ude threshold 1 byte
recnstruction triple events amplitude 2 byte

thresholds
Time wincidence acceptance window 1 byte
Spedral timing time resolution 1 byte
thresholds of energy bins 9 byte
Synchronising CdTe sync delay 1 byte
detedor
Synchronising Csl sync delay 1 byte
detedor
Csl amplitude seledion lower and upper threshold 2 byte

END-UR

UR/3.1.27.1.10. Initialisation of the Threshold Parameters of HEPI

At start-up IASW shall initidise dl the Threshold Parameters of HEPI. This Function will be
performed using default values gored inside the HEPI data structures.
END-UR

UR/3.1.27.1.11. Uploading of the Threshold Parameters of HEPI

IASW shall be ale to upload, first in from lASW memory and then in HEPI memory, any of
the Threshold Parameters of HEPI after reception of a Load Task Parameter command
TC(5,3) .

END-UR
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UR/3.1.27.1.12. Initialisation of the Event Ratesfor Burst Detedion of HEPI (deleted)
END-UR

UR/3.1.27.1.13. Initialisation of Detedion Time Coincidence between CdTe and Csl
events

Sincethe time jitter is TBD secfor CdTe events and TBD secfor Csl events a variable time
window with a programmable width is used to compare the time information of the events.
Thistime value shal be set-up in the HEPI variable time window.

The delay time of the synchronisation pulse is changeadle for ead layer.

END-UR

UR/3.1.27.1.14. Initialisation of the Width of Each Energy Channel

The width of the histogram energy channels sall be initiali sed.
END-UR

UR/3.1.27.1.15. Initialisation of the Time Period for Spedral Timing

The time period for Spedra Timing (programmable from 0.976 msecup to 500 mseq) shall be
initiali sed.
END-UR

UR/3.1.27.1.16. Initialisation of the Event Counters

An event counter for ead layer is intended to control the rate of the incoming events. These
count rates could be compared on ground with the number of receved events.

The event counters sall be initialised.

END-UR

UR/3.1.27.1.17. Initialisation of the Rate M eters

For the Cdl detedor there ae rate meters of eadt pixel. Eadch rate meter counts the number of
events and may be read out viathe LBR I/F to the DPE.

The rate meters dall be initialised

END-UR

3.1.27.2. ISGRI Initialisation and Interfaces Management

UR/3.1.27.2.1.  Uploading of the parameters of | SGRI

It shall be possble to upload and modify all parameters and configuration tables of ISGRI:
PMT high voltage and discriminator settings to be routed to |SGRI shall be stored by IASW
for parameter control and retransmitted to ISGRI after edipse switch off of instruments.
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END-UR

Context saving: before switching off ISGRI the aurrent setting of eady module must be saved
inside the DPE and then reloaded to the modules after switching on. This context is around 2
700bytes for eatr modules, so 21 600for ISGRI

UR/3.1.27.2.2.  Uploading of ISGRI Energy Estimate CdTe Look Up Table

It shall be possble to upload the energy estimate CdTe look uptable to be used by IASW for
all theindividual events of the CdTe detedor.
END-UR

UR/3.1.27.2.3.  Initialisation of the ISGRI Monitoring Tables (deleted)
END-UR

3.1.27.3. PICSIT Initialisation and Interfaces Management

UR/3.1.27.3.1.  Uploading of the parametersof PICSIT

It shall be possble to upload and modify all parameters and configuration tables of PICSIT:
PMT high voltage and discriminator settings to be routed to PICSIT shall be stored by IASW
for parameter control and retransmitted to PICSIT after edipse switch off of instruments.
END-UR

UR/3.1.27.3.2. Loading o PICSIT Energy Estimate Csl Look Up Table

SeeUR/3.1.27.1.4. and UR/3.1.27.1.5..
END-UR

UR/3.1.27.3.3.  Initialisation of the PICSIT Monitoring Tables (deleted)
END-UR

3.1.27.4. VETO Initialisation and Interfaces Management

UR/3.1.27.4.1.  Uploading of the parametersof VETO

It shall be possble to upload and modify all parameters and configuration tables of VETO:
PMT high voltage and discriminator settings to be routed to VETO shall be stored by IASW
for parameter control and retransmitted to VETO after edipse switch off of instruments.
END-UR
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UR/3.1.27.4.2.  Initialisation of the VETO Monitoring Tables (deleted)
END-UR

3.1.27.5. CSSW Interfaces Management

UR/3.1.275.1. |ASW/CSSN Interface

The data exchange interadions between CSSNV and IASW isruled by CSSA/IASW ICB (see
ADI[9)).

|ASW shall use the basic services and HW/SW interfaces suppied by CSSN.

END-UR

3.1.27.6. IASW Initialisation and Management

The synchronisation pulse receved by HEPI is BCP4 that is generated ead 1 second by DPE.

UR/3.1.27.6.1. Initialisation of the LUT of |ASW

At start-up IASW shall initialise the CdTe Energy Estimate Look Up Table. This Function will
be performed using default values gored inside the IASW data structures.
END-UR

UR/3.1.27.6.2.  Uploading of the LUT of IASW

IASW shall be ale to upload the CdTe Energy Estimate Look Up Table.
The Function shall be performed after the reception of the relevant TC.
END-UR

UR/3.1.27.6.3.  Initialisation of the Instrument Scientific Operations On-Board Tables

At start-up IASW shall initialise the Instrument Scientific Operations on-board tables. This
Function will be performed using default values gored inside the IASW data structures.
END-UR

UR/3.1.27.6.4. Uploading of the Instrument Scientific Operations On-Board Tables

IASW shall be ale to upload the Instrument Scientific Operations on-board tables.
The Function shall be performed after the reception of the relevant TC.
END-UR

3.1.28. Monitoring Function
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For monitoring of Broadcast Padket information see3.1.29.

UR/3.1.28.1. Monitoring Function

IASW shall perform a monitoring of the Instrument status, 1SO, environment conditions etc.
These information should be put in the HK Padkets including the On Event TM messages.
END-UR

UR/3.1.28.2. Monitor TM Reports (deleted)
END-UR

UR/3.1.28.3. On Event M essages

If some malfunction is deteded then an On Event message (see AD[3]) shall be produced for
insertion into HK padket (seeAD[3] and AD[9]).
END-UR

UR/3.1.28.4. Instrument High Voltages M onitoring (deleted)
END-UR

UR/3.1.285. Detedion of Instrument Malfunction (deleted)
END-UR

UR/3.1.28.6. Monitoring o HEPI Control Registersand Data Registers (deleted)
END-UR

UR/3.1.28.7. Monitoring of I1SGRI

|SGRI shall be monitored in order to deted posshle malfunctions, included possble noisy
pixels.
END-UR

UR/3.1.28.8. I SGRI Pixels Status (deleted)
END-UR
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UR/3.1.28.9. Monitoring of PICSIT

PICSIT shall be monitored in order to deted posshble malfunctions, included possble noisy
pixels.

END-UR

UR/3.1.28.10. PICSIT Ratemeters

PICSIT pixels dhall be monitored in a structure (ratemeters) in which the number of
transmitted events are wunted in order to deted possble noisy pixels.
END-UR

UR/3.1.28.11. PICSIT Pixels Status (deleted)
END-UR

UR/3.1.28.12. Monitoring of VETO (deleted)

VETO shall be monitored in order to deted possble malfunctions.
END-UR

UR/3.1.28.13. Monitoring o MiniRTU (deleted)
END-UR

3.1.29. Broadcast Packet Handling Function

UR/3.1.29.1. Broadcast Packet Handling Function

The IASW shall aaquire information from the Broadcast padket (BCPK) and initialise adequate

steps.
END-UR

UR/3.1.29.2. Missng Recetion of BCPK

The missng receotion of BCPK shall not cause ay software hang-up or crash.
END-UR

UR/3.1.29.3. Radiation Belt Crossng Start Time

In case this automatism is enabled IASW shall read the Radiation Belt Crossng Start Time and
IASW shall enter in the Stand-By Mode.

IASW shall switch off of VETO HV and ISGRI BIAS.

END-UR
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UR/3.1.29.4. Radiation Belt Crossng Exit Time

At Radiation Belt Exit time no external readion from |ASW shall ocaur.
END-UR

UR/3.1.29.5. Eclipse Time

In case this automatism is enabled IASW shall read the Eclipse Time and IASW shall enter in
the Stand-By Mode.

|ASW shall perform the context saving of the Periphery Subsystems data structures, i.e. these
data structures sl be saved in DPE RAM. IASW shall switch off ISGRI BIAS.

END-UR

UR/3.1.29.6. Slew Begin Time (deleted)
END-UR

UR/3.1.29.7. Imminent Off DPE IBIS

IASW shal read the Imminent Off DPE IBIS field. In case the ndition is true and this
automatism is enabled, the arrent mode shall be immediately terminated and the IDHS shall
enter in the Stand-By Mode.

IASW shall perform the context saving of the Periphery Subsystems data structures, i.e. these
data structures sl be saved in DPE RAM .

IASW shall switch off of VETO HV and ISGRI BIAS.

END-UR

UR/3.1.298.  Telemetry Share DPE IBIS (deleted)
END-UR

UR/3.1.29.9. Radiation Monitor Count Rates

In case of Radiation Monitor validity flag is st to true and this automatism is enabled IASW
shall read the Radiation Monitor Count Rates field , compare this value ajainst the threshold
values dored on-board in DPE memory and, in case the threshold has been passed, the arrent
mode shall be immediately terminated and the IDHS shall enter in the Stand-By Mode.

IASW shall switch off of VETO HV and ISGRI BIAS.

END-UR
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UR/3.1.29.10. ESAM

If this automatism is enabled |ASW shall read the ESAM field. In case the condition is true,
the aurrent mode shall be immediately terminated and the IDHS shall enter in the Stand-By
Mode.

|ASW shall switch off of VETO HV and ISGRI BIAS.

END-UR

UR/3.1.29.11. OTF

IASW shal read the OTF field in the Brodcast Padet. In case the flag is valid it should be
used to start and stop histogram integration when IBIS is st in Standard or Polarimetry Mode.
END-UR

UR/3.1.29.12. Ground station Hand Over flag

If the ground station hand over condition is true IASW shall stop transmitting of histogram
TM data padets.
END-UR

UR/3.1.29.13. AOCS Modes

The AOCS Mode field shall be used to identify if the satellite isin pointing.
END-UR

UR/3.1.29.14. AOCS SubModes

The AOCS sub mode field shall be used to identify if the satellite isin pointing or not.
END-UR

UR/3.1.29.15. Pointing ID

The pointing ID field shall be used to identify if the satellite is in pointing or not.
END-UR

UR/3.1.29.16. Pointing Duration

The pointing duation field shall be used for estimate the possble integration time of
histograms.
END-UR

UR/3.1.29.17. BCPK Field Don't Care (deleted)
END-UR
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3.1.30. Mode Management Function

UR/3.1.30.1. M ode M anagement Function

The IASW shall control the mode switching initiated from Ground TC, by BCPK or
autonomously and report the present statusin the periodic HK padket.
END-UR

UR/3.1.30.2. M ode Transition

A trangition from Stand-By Mode to another shall be dlowed only after reception of a mode

change TC.

A transition from a Operational mode to Stand-By Mode shall be dlowed:

* byaMode change TC

* by automatic trangition after detedion from BCPK of a condition that requires to switch to
Stand-By.

A dired transition from a generic Operational mode (but Stand-By Mode) to another generic

Operational mode (except Stand-By Mode) shall not be dlowed.

END-UR

UR/3.1.30.3. Control on the TCs Allowed for the Curr ent Operational mode

In an Operational mode the IASW shall accept only the BC Padcet and the TCs alowed for
that Operational mode (e.g. in scientific mode only mode dchange commands).

In case of receotion of a TC not alowed for the aurrent Operational mode ar On Event
message: “TC Verification Report/Unsuccessul Acceptance” shall be produced and inserted
within the periodic HK padket.

END-UR

3.1.31. On Board Time Management Function

UR/3.1.31.1. Time Synchronisation

Time synchronisation shall be performed by IASW using CSSN time serviceroutines.
END-UR

The Locd On Board Time (LOBT) management is implemented by CSSN serviceroutines.

UR/3.1.31.2. Time Synchronisation of the detedors

Time synchronisation of the detedors gl be performed by IASW at start of observation
(switch to science mode) by the synchronisation pulse distributed and individually delayed by
HEPI.

END-UR
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3.2. CONSTRAINTS REQUIREMENTS

The ISO described in table 3.1.2-4 are composed in severa Scientific Modes. When a SO is
started, then all the Functions relevant to the Scientific Modes of that SO shall be performed.
This means that all the Functions dhal be performed in paralel that is in multitasking
configuration.

In AT the time base of IASW shall be the time interval between two Broadcast padkets, that is
8 seands. In fads, entering or leaving an 1SO can be determined on the information contained
in the next Broadcast padket.

Ead BPI is subdivided in time interval of 125 milli seconds given by the arival of the BCPK 2
that isthe Red Time Clock (RTC).

The software time base is the RTC interval. This is the minimum interval required for atask to
be started (scheduled) or stopped. A RTC interval is also cdled a period.

On-Board task are divided in cyclic and sporadic.

+ Cyclictask are scheduled periodicdly on the base of a scheduling table

+ Sporadic tasks are aynchronous tasks that can be scheduled on request by aTC or on
occurrence of a particular event.

The on-board scientific task management shall be performed by IASW using the basic services
suppdied by CSSW.

UR/3.2.1. Operational modes Classfication

The Scientific Functions sall be gyclic tasks.

The Standard Housekegping and Monitoring Functions sall be gclic tasks.
The other Data Handling Functions sall be sporadic (asynchronous) tasks.
END-UR

UR/3.2.2. Operational modes Classfication (deleted)
END-UR
UR/3.2.3. IDHS Programming L anguages

IASW shall be amded in Ada 83.

VETO software shall be mded in C.

| SGRI software shall be aded in C.

PICSIT software shall be coded in C.

The use of assembly shall be justified. As regards the MA3150assembly, shall be followed the
standard MIL-STD-1750A instruction set.

END-UR
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UR/3.2.4. ADA Tasking Not To Be Used
The ADA Tasking system shall be not used for process sheduling.
END-UR
UR/3.2.5. IDHS Software Development Standard

The development of the software of the IDHS components dhall be & follows:

« for the IASW, it shal be compliant with the “Guide to Applying the ESA Software
Engineeing Standards to Small Software Projeds’, BSSC(96)2, Issue 1 (AD[15]).

« for the firmware of ISGRI, PICSIT and VETO no spedfic software standard will be
followed. The firmware of ISGRI, PICSIT and VETO shall be mnsidered as part of the
relevant eledronic boxes (IEB, PEB and VEB) and therefore it will be developed, tested
and accepted at box level only.

END-UR

3.2.1. Sizing Requirements

UR/3.2.1.1. IASW Memory Size

The ROM size available for IASW is 48 kwords.

The RAM size available for IASW is 960 kwords.

Adequate margins acaording to EID-A (AD[1]) shall be taken into consideration.
END-UR

UR/3.2.1.2. Standard TM Packet Size
The sizeof a Standard padket is 440bytes
END-UR

3.2.2. Timing Requirements

UR/3.2.2.1. IASW CPU Time

The CPU Time available for IASW is 95 msecout of a 125msec g/cle,
Adequate margins acaording to EID-A (AD[1]) shall be taken into consideration.
END-UR

UR/3.2.2.2. Schedulability of the Scientific M odes

For ead 1SO a schedulability analysis sal be performed in order to asaure that al the
Functions relevant to that 1SO have enough CPU time to perform their tasks.
END-UR
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UR/3.2.2.3. Spedral Imaging Function

The duration of the Pointing Mode is at least 980 seconds. During these period shall be built
the TM Padkets relevant to Spedral Imaging Function.
END-UR

UR/3.2.2.4. Telemetry Data Rate
The IDHS shall be ale to cope with an allocation up to 184 mdets/8 seconds.

Thetypicd Telemetry data rates will be:

« 129 mdkets8 seconds in Solar Min. period = 129x (428 bytes of Data Field)/ 8 sec = 55.2
kbits/s

+ 136 mdkets/8 seconds in Solar Max. period = 136 x (428 bytes of Data Field)/ 8 sec = 58.2
kbits/s

END-UR

UR/3.2.2.5. Spedral Imaging and Polarimetric Minimum Processng Time

The minimum processng time for Spedral Imaging and Polarimetric functions sall be 975
seoonds.
END-UR

3.2.3. Data Compression Requirements

The RICE agorithm is a losdess compresson agorithm. It is reasonable to have a
compresgon ratio of 2:1. This means that the single and multiple histograms will stay in 1
Mbyte.

Asthe Data Field of the TM padketsis 428 bytes, then it will be necessary 2450TM padketsto
download the Spedral Imaging histograms.

UR/3.2.3.1. Data Compresson Algorithm

The data cmpresgon algorithm to be used for scientific data compresson shall be alosdess
compresgon algorithm.
END-UR

The RICE agorithm is suggested.

UR/3.2.3.2. Data Compresson Factor

The compresson ratio to be reated for scientific data compresson shall be dose to 2:1 for
standard operation and data rates.
END-UR
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