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4.0 23/09/2003 * Updated for SPU HLSW Version 6.0

¢ Include two new DPU commands: “Copy data from RAM|t
EEPROM” and “Connect to DEC/MEC".

* Update the logical model (Watch Process and Commang
Interpretation and Acknowledgment) by including the
new commands

e Include a description of SPU HLSW SMCS handling in
Section 5.1.

e Include a list of HLSW HK parameters and updateHie
rate in Section 5.5

e« Compression SW Scheme updated (Figure 16)

* Raw Channel data compression included (Appendix3.1
and Section 5.9.1)

e Updated description for ramp fitting in Spectrosgop
(Section 5.9.4 and Appendix B.2.2.7) where sevsl@bes
can derived out of a ramp.

« Update the Section 6 “Feasibility and Resourcenkastes”,
and delete the decompression SW description fras th
Section

e Update Section 7 and 8 “Traceability Matrices”
¢ Include a CRISA document as reference document “RD()

e Update the tables for the Write command in Sechighll

4.1 13/10/2003 * Include software specifications for lossless corspien ode
(Section3.4.3.1.4)

« Update the traceability matrices according to ttideal
scpecifications above (Section78)

* Update Section 5.9.6 according to the specificatiabove

4.2 27/02/2004 * Include a parameter for the Half Compression Mate i
Photometry (20Hz readout rate)

* Modify the DIFS field in Compressed entity Headgr b
REAL (reduction algorithm) used on-board.

* Include two parameters for the Write command in
spectroscopy (Reduction algorithm to use, the dsgitch
or not)

« Update the appendixes for the used algorithms iSWL
version 8.

¢ Include the description of new data sorting altfon in
Appendix (Reorder)
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Include in Appendix the description of subrampirfigt
Update the TM rate calculated for Buffer transnassmode

after increasing the transmission rate (SPU-DPU) in
photometry and after including the TM packet header

4.3

26/03/2004

Include SW requirements
SPU-HSR-FN0202 and SPU-HSR-FN0203

Update the HK Table parameters Section 5.5.

Update Fill_InputBuffer Section 5.6 including thenEtions used
for mrmory scrubbing.

Updated Section 5.8.5 for Buffer Transmission Mode
Photometry

Noise resampling algorithm is implemented in thaksep
module. Update the the Peak-up description Seé&tib3.

Update the traceability matices in Section7 andc8ide the new
software requirements

4.4

13/04/2006

Include SW requirements (for FDIR)
SPU-HSR-SA0010, SPU-HSR-SA0011 and SPU-HSR-SA(

Update the traceability matix in 8 include the renftware
requirements

Include Section 9
Software Requirements vs. Software Verification &lidation
Traceability Matrix

Implementation of the reworked CASE Tool diagrams i
Section 2.2.

Update llc.c component description (Section 5.9.7)

Update Section A.1 of currently implemented aldoris for the
lossless compression

Update Section A.2 of library of available algonith for the
lossless compression

Update Section B.2 of library of available algomithfor the
fitting algorithms

4.5

01/09/2006

Update and include SW requirements according to TP code
review comments (see 588-200b_SPU_SSD_Comments.X

Update Section 9 (Software Requirements vs. Softwar
Verification & Validation Traceability Matrix)

Update Sections according to CAPTEC code reviawments
(see 588-200b_SPU_SSD_Comments.xIs)

4.6

05/11/2007

Adaption of requirements to HLSW version 13.8

Apply new naming conventions from the “cleaned i@r5(e.qg.
boll_2-> bol_ex, ...)

Add new algorithms in Section A.1: RZIP2
Add new algorithms in Section A.2: RZIP2, Data Rénag

012



HERSCHEL/PACS

PrRoJECT HERSCHEL/PACS
Doc. REr.: PACS-TW-GS-001
SPU HLSW IsSUE 4.8
DATE: 18-FeB-09
SPECIFICATION DOCUMENT
DOCUMENT SHEET: 6 of 217

(Reorder), FM Arithmetic Compression and VBWL_short
Add new Section B.2.4: Averaging and Rounding intBmetry

4.7 01/07/2008 + Added Compressed Sensing mode short descriptible (@
» Added Section “FM Averaging” in appendix B
4.8 18/02/2009 + Added appendix B.3: Decimation
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1 Introduction

1.1 Purpose of the document

The purpose of this document is to describe théwsoé specifications of the SPU HLSW developed by
UVIE/TUVIE according to the ESA Software Enginegristandards described in RD001, which includes the

Software Requirement Definition Phase (SR), Ardhiteal Design Phase (AD) and the Software Desigas€h
(SD). These specifications include the SW conadgrign, requirements and library of data reducdigorithms.

The SPU HLSW consists mainly of the ASW (Reduc@Barhpression), the watch process (it acts upon DPU

commands) and communication protocols with othérumits. The rest of the SPU development, whichsists of
HW-LLSW, is part of the IAC responsibility and ocoftthe scope of this document.

1.2 Definitions, Acronyms and Abbreviations

Acronyms and Description

Abbreviations

ADSP Analog device DSP

AID Activity ID

AOCS Attitude and Orbit Control Subsystem
ASW Application SoftWare

AVM AVionics Model

BOL BOLometers

CDMS Command and Data Management System
CPU Central Processing Unit

CQM Cryogenic Qualification Model

CRE Cold Readout Electronics

CSL Centre Spatial de Liege

Cvs Concurrent Versions System

DDR Detailed Design Review

DEC/MEC Detector Controller/Mechanisms Controller
DMC DEC/MEC

DMCH DEC/MEC Header

DPU Digital Processing Unit

DRCU Detector Readout and Control Unit

DSP Digital Signal Processor

EDAC Error Detection And Correction

EEPROM Electrically Erasable Programmable Read ®fdynory
FCU FPU Control Unit

FIRST Far Infrared and Sub-millimetre Telescope
FPU Focal Plane Unit

FS Flight Spare (Model)

HIFI Heterodyne Instrument for HERSCHEL (HiFi ingtnent)
HK House-Keeping

HLSW High Level SW
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HS High Speed

HSO Herschel Space Observatory

HW HardWare

I/F Interface

IAC Instituto de Astrofisica de Canarias

ID Identification

IFSI Istituto di Fisica dello Spazio Interplanétar
LLSW Low Level SW

LSB Least Significant Byte

LWL Long WavelLength

MFCU Mechanisms and Focal plane electronics Cofutrit
MSB Most Significant Byte

OBCP On-Board Control Procedure

OBS On-Board Software

PACS Photo-detector Array Camera and Spectrometer
PFM Proto-Flight Model

PHC PhotoConductors

PMA Program Memory Address

PMD Program Memory Data

PRIP Pattern Recognition and Image Processing
PROM Programmable Read Only Memory

RAM Random Access Memory

ROM Read Only Memory

SAU Smallest Addressable Unit

SCR Software Change Request

SDE Software Development Environment

SEU Single Error Upsets

SID Structure 1D

SPIRE Spectral and Photometric Imaging Receiver
SPR Software Problem Report

SPU Signal Processing Unit

SW SoftWare

SWL Short WaveLength

TBC To Be Confirmed

TBD To Be Defined

TBU To Be Updated

TBW To Be Written

TC TeleCommand

™ TeleMetry

TUVIE Technical UVIE

UR User Requirement

URD User Requirements Document

UVIE University of Vienna

WE Warm Electronics

Definition Description

BBID Building Block Identification

BSID Bolometer Setup Identification

CDH Compressed DEC/MEC Header
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CDHS
CEH

C

CMM
CPR

CR
CRCRMP
CRDC
CRDCCP
CRECR
CSD
CSW
DBID
DECID
DXS ID
GPR

HK

LBL
MEM_STATUS_CNTS
NACK
OBSID
PACK
PIX
RCS
RCX
REAL
ROSP
ROSS
RRR
scIS
SPR
SPUID
TMP
VID
VLD
WPR

Compressed DEC/MEC Header Size
Compressed Entity Header
Counter Increments
Compression Mode

Chopper Position Readback
Compression Ratio achieved

Current Readout Count in a RaMP
Current ReaDout Count

Current ReaDout Count in Chopper Position
CRE Control Readback

Compressed Science Data
Compression SoftWare

Data Block ID

DEcompression Code IDentification
Detectors Selection table IDentification
Grating Position Readback
HouseKeeping
Label

MEMory STATUS CouNTerS
Negative Acknowledgement
Observation Identification

Positive Acknowledgement

Packet Index

Raw Channel Selection

Raw Channel IndeX

REduction ALgorithm

Readout Specifications in Photometry
Readout Specifications in Spectroscopy
Readouts in Ramp Readback
compressed SClence data Size
Spare

SPU ID

Timing Parameters
Version ID
Validity

Wheel Position Readback
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To identify all software requirements they are ctinved as follows:

ID-type.number

Where

ID System identification (SPU-OBS for On Board 3@fte User Requirements or SPU-HSR for
HLSW Requirements)

type type of the requirement

... for ID = SPU-HSR:
FN. Functional
IF e, Interface
OP..coviniins Operational
RS....oi, Resource
VE e Verification
AT e, Acceptance Testing
DO...ccoovernen. Documentation
SA..eee Safety
QA ..o, Quality
... for ID = SPU-OBS:

ON.oovvrreren Switch On
(6] = Switch Off
SW.. . Software
CRuiiieie Communication
TM.iieniee, Telemetry

number serial number of the requirement
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1.3 References

1.3.1 Applicable Documents

ADO001

ADO002
ADO003
ADO004

ADO005
ADO06
ADO07

1.3.2
RDO001

RDO002
RDO003
RDO004
RDO005
RDO006
RDO07
RDO008
RDO009
RDO010
RDO11
RDO012
RDO013
RDO014

RDO015
RDO016
RDO17
RDO018

RDO019
RDO020

PT-PACS-02126

SCI-PT-ICD-7527
PACS-ME-ID-001
PACS-ME-SP-001

ESA-TM-06
PACS-ME-RS-005
IFSI/OBS/PL/2000-001

Reference Documents
BSSC(96)2

PACS-ME-PL-006
SCI-PT-1IDA-04624
PACS-ME-PL-005
DIPSAPII-DAS-31-06
PACS-TW-SR-001
PACS-TW-ID-001
PACS-IC-RD-001
PACS-CL-ID-004
FPL-IC-1214-01-CRS
FPL-IC-1214-04-CRS
FPL-TN-1214-03-CRS
Analog Devices

Com. ACM 24 Jun. 1981

FPL-SDD-1214-01-CRS
PACS-TW-HM-002
PACS-TW-TS-004

Proc. of SPIE Vol. 5487
(2004), Part 1, p. 481

PACS-CR-UM-024
PACS-TW-TN-014

FIRST/PLANCK Instrument Interface Document - Part Bastrument
PACS

Packet Structure Interface Control Document
PACS Instrument Interface Requirement Document

The Photoconductor Array Camera & Spectrometer (BGr the Far
InfraRed and Submillimetre Telescope (FIRST)

Handbook of Data Compression Algorithms
PACS Instrument Requirement Document
DPU/ICU On Board Software Product Assurance Plan

Guide to applying the ESA software engineeringdaads to small
software projects

PACS Project Configuration Management Plan
FIRST/PLANCK Instrument Interface Document |ID -rPA -
Operating Modes of the PACS Instrument

SMCS332 User Manual Issue?2

PACS SPU HLSW User Requirement Document

PACS SPU HLSW to DPU Interface Description

PACS SPU Start-Up SW and LLSW Drivers URD
DEC/MEC to SPU Interface Description

PACS SPU HW-SW Interface Control Document

PACS SPU LLSW drivers SW ICD

Planck/Herschel PACS SPU Technical Description {Lify 2001, issue 2)
ADSP-21020 User’s Manual. Second Edition, USA 1995

Random sample consensus: A paradigm for modeddittiith applications
to image analysis and automated cartography

HERSHEL PACS Start up and LLSW Drivers SDD (issye 1
PACS SPU HLSW User Manual
PACS SPU HLSW Acceptance Test Plan for FM Delivery

“Herschel/PACS On-noard Reduction/Compressionv&uoé
Implementation” (by R. Ottensamer et al.)

DPU OBS User Manual
The flightdata file from the compression point &w
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1.4 Overview of the document

This document is structured as follows:

- Section 1, an introduction and an outline of thisument is given.

- Section 2 contains the logical model descriptiothefSPU High Level Software.
- In Section 3, the SW requirements are listed.

- Section 4, a detailed description of the SPU HL3igh is given.

- Section 5 contains details about the SW comporamgheir functions.

- Section 6 includes the summarisation of the commpuegources required to build, operate and maintain
the software.

- Section 7 contains the User Requirements vs. SodtWeaceability Matrix
- Section 8 includes the Software Requirements veigoments Traceability Matrix and

- Section 9 displays the Software Requirements VviBware Verification & Validation Traceability Matxi
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2 Model Description
2.1 General

The Herschel Space Observatoiy the fourth cornerstone mission of the Europ&mace Agency (ESA)
"Horizon 2000' science plan. It will be implementedether with the Planck mission as a single ptojéis defined
as a multi-user “observatory type” mission with theal to open up the wavelength range60-600 pm to
photometry and spectroscopy with unprecedenteditsétiysand spatial resolution, unobscured by thartk's
atmosphere. The Herschel space observatory wikineched in 2008 to operate at a distance of 1lliomkm far
from the earth. The scientific topics of the missiaclude the formation and evolution of galaxiasthe early
universe, the search for protostars in our own x3aland the evolution of planetary systems inclgdine Solar
System.

MEC1 nominal
FPU
Cold Focal Pl Unit
o | MEC UF Modute e el
[ | Temp. Sensors
| DSP Module — KTMPE
Blue Ge:Ga Array
MEC Base & CRE
MPE / ANTEC /IMEC
CSL-Liege BOLC prire BOLA
I BOL 1 Blue Bol Array B;’;Z’L:"fy
DEC1 blue Module Buffer Amplifier “m
—— by
Blue DEC Module i TR Red Bol Array
ey & Read-out
Module Buffer Amplifier
SPU =
DEC Base CEA
fe— Red Ge:Ga Array
DPU SPU - i Codler —
Nominal Nominal  [] CSLliege Conwol [ [ SeRE
MPE / ANTEC /IMEC
IAC-Tenerife/ TU-Wien MEC2 redundant CEA
DPU 0.3 K Coodler
Ly | MEC UF Module -
SPU
[ :
Grating Assy
DPU SPU —
Gt |  DSP Module |~ Launch Lock
csLLiege
IFSI-Rome IAC-Tenerife/TU-Wien
MEC Base
Chopper Assy
CSL-Liege MPIA
Warm Interconnecting Harness DEC2 red 2 Filter Wheels
nominal DPU - MECL Red DEC Module |« s
redundant DPU - MEC2
nominal DPU - nominal SPU
redundant DPU - redundant SPU 2 Cal. Sources
MEC1 - nominal SPU DEC Base o
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Figure 1. PACS Instrument Block Diagram

! The previous name of Herschel Space ObservatasyFarInfraRed and Submillimeter Telescope ‘FIRST
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A payload complement of three instruments is hdusside a super fluid helium cryostat of the Tetgw:
“HIFI", “SPIRE” and “PACS”". Three consortia develdpem. Many of the involved processes are knowanhit
most of their luminosity in the far-infrared andbsmillimetre band, both as continuum radiation frdost and as
spectral line features. The shortest wavelengttd b80-210um, will be covered by the Photoconductor Array
Camera & Spectrometer (PACS), which will providehbphotometric and spectroscopic observing modisdsto
address the key scientific topics of the HERSCHES&sion. The electrical, thermal and configuratiepect of the
PACS instrument is given iRigure 1 As shown in this diagram, the instrument contamgeral sub-units, which are
developed by different institutions in a consortiled by MPE, Garching, Germany.

DEC/MEC, SPU, and DPU represent PACS warm eleictraub-units. CSL, IAC/UVIE and IFSI respectively
have the task to develop these modules. They apomsible for data handling and processing accgritirground
instructions.

2.1.1 The Signal Processing Unit (SPU)

The main function of the Signal Processing UnR($ of the PACS instrument consists of the dataicgdn
and compression for transmission purpose. Thisisagkhieved by the ASW and related programs, implged on
the DSPs. Furthermore, the SPU has to controldhewnication functionality with DEC/MEC and DPBigure 2
represents the communication links between the &Gkit) DEC/MEC and DPU. Transmission of science diaim
DEC/MEC is ensured by two IEEE 1355/spacewire tiaks. Two links also lie between SPU and DPU. Thdy
allow the transmission of compressed data, HLSWan DPU/SPU commands/responses. The SPU development
consists of two main parts: SPU HW+LLSW and SPU WL$Ve only consider the HLSW in this document.
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< Command/response >
Raw SPU Compressed data

Y
A

Data SWL Command/respons'

DEC/ / HK DPU
MEC

Raw S P U ’ Compressed data\
Data LWL | command/irespon:
/ HK

Figure 2. Communication Links between SPU and othdrsystems

The SPU unit consists of two CPU boards, which wiadependently. They are called SWL SPU and LWL
SPU. The HLSW will be identically implemented incekaSPU sub-unit (SWL and LWL). As both CPUs have
equivalent functionality, we only focus on the HLSW/scription of one board. The SPU contains twa dgiuts:

- Science data + header from DEC/MEC

- Commands from DPU

and three data outputs:
- Compressed data to DPU
- HKtoDPU

- Command response to DPU

The HLSW operates with these inputs to provide riguired output data. The overall DEC/MEC raw data
description can be found in the specific documen0@.
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2.1.2 The SPU High Level Software (HLSW)

The detector readouts are collected by the DEC/MEE put into packets. A header is attached to packet
including the data type, the observation configoratand the compression parameters. Then data tsaekel
headers are sent to SPU. The science data areetbdnd compressed by the SPU HLSW regarding the/REC
header information. The DEC/MEC header parametdisalso be compressed and packaged with the casapce
science data and will be sent to the DPU. The Hraaters, which consist either of data reductiomm@ssion
results of the HLSW whenever raw data are recefvoh DEC/MEC or the SPU status while no observaton
performed, will also be sent to DPU. The comprassiwode, which represents the way the reduction and
compression should be done, is read from the DE@Me&ader. It defines the way the compression sHaeildone.

The HLSW deals with the instrument configuratiorotigh the DEC/MEC header information as specified i
Section 3.4.2. The PACS instrument configuratiomsists of the instrument operating and observingleao
described in the document RD004.

- Instrument Operating Modes: They represent the basic activities carried athimthe PACS instrument.

- Instrument Observing Modes They represent the kind of imaging performed gy PACS instrument.
The data stream, size, and behaviour will depenith@mode used.
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2.2 Logical Model

The SPU HLSW is developed according to ESA engingesoftware standards described in RD0OO1. The
definition of the functions and procedures to di&thbthe software assurance for the SPU HLSW igtevriin

ADOO07 (approved Product Assurance Plan from DPU .SWe software design methodology is the Yourdon-
deMarco structured analysis method with the HaRbirbai real-time extensions.

The interaction between the HLSW, SUSW and LLSWvel as the handover to the SPU HLSW is given in
RDO015. The general layout of the SPU HLSW is regmé=d inFigure 3

from DEC/MEC @ __ from DPU
~

-
— command
initiate_SPU_Test_S ~
T — -~
- _ _—
DMC_data — -initiate_SPU_Test_P
test_data - — 1
_ WP_and_CIA
stat CSW — — — 7 _
test_data stop_CSW -
- —~
~ —
_ - start_Test”
— —stop_Test
—
[
I

|

I |

/ |
start._ HK

st?p_HK |

\
[ |

|

/
HK_parameters l
response
|
compressed_data |
|
HK

|

Application_SW

HK_parameters

HK_buffer

4
Data_Transmission

~ response
HK b

compressed_data

Figure 3. SPU HLSW Architecture
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The WP_and_CIA (Watch Process and Command Inteiwatand Acknowledgment) module is depicted in

Figure 4.
from DP\U _ y toData_Transmission to Application_SW
B response
\ response /v «< P! _ A 4
\ nse  / O
response start_PKUP
. P _
Command response -
\ / - 142
\ LoD e Peak Up )~ _
stop_CSW - -~ " response
- ‘slop, SV _RCs - -5
g\‘;\‘; stop_Test 10 P [ _PKU = response: —J» to Data_Transmission
«—stop_PKUP Watch — - _ - B 4
Process - = — WRS’ response
(stopiBBC PFA _ 14 oS e fese
“ WRT LTI S S e S S S 8sC — — — — — start CSW
. ~ P -~ — =
start_HK 7/ Activity ~ - — - stop_Csw
top_HK ~ = —STS ~ —~ -
/SOP_ // RN ~ - - - stop_Test I 3
~ .

N = to Application_SW
to HK ﬁ due N C2EEPROM “start Test— g PO
o HK_Module ~ ~

/ 4 / \ N “DMC_Con ~
/ e [\ N AN T « initiate_SPU_Test S
/ WD)(S / | \ invalid_PID N ~ N ~ ~A
. invalid_AID A N
/ s VXDCSW oo LEDEEN 2 \ initiate_SPU_Test_P to S_Gen
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/ / ! > \ h ~
/ 151 | \ A
\ Sel_Table Reject AN N N \ to P_Gen
1to 7 ivi
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Figure 4. WP_and_CIA Module
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The Watch Process module is illustrated in Figure 5
from DPU
h command _ _ % toHK Module
T~ - starLHK/
104 -
SPU_ldle /
/
/
/
comm\and stop_HK p b 4 to Load
< / s
Ve
SMCS // ¥ toDump
_—
N\ / Ve _ -~
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N
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Figure 5. Watch Process Module
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The components of the ASW (Application Software)dule are shown in Figure 6.

from DEC/MEC from S Gen
from P_Gen
from WP_and_CIA
DMC_data 7 N
slarl_CSW > N test_data
stop_CSW . test_data
P - start_Test
P slopreil
N
~
21
Supervisor
~ 22
=~ Supervisor_Test
start_ CSW
stop_CSW
AN
N\
AN
DMC_data \ test_data

23
Compression_SW

HK_parameters.

T o HK_Buffer

compressed_data

to Data_Transmission

Figure 6. ASW Module
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The CSW (Compression Software) concept is giveFfigare 7.
from Supervisor_Test to Supervisor
from Supervisor N —
test_data 7
- tart_CSW
DMC_data /zua;p:csw oS ulicy
HK_parameters
valid_data
231
Compression
Mode
photometry Switch
spectroscopy
photometry
spectroscopy
photomephotometry 250
spectroscopy BUF_Spec,

spectroscopy

409
BUF_Bol
compressed_data

HK_parameters ompressed_data compressed_dafa
compressed_data HK_parameters
compressed_data / compressed_dat
. to HK Buffer compressed_data
to HK_Buffer
v

to Data_Transmission to Data_Transmission

compressed_data

Figure 7. CSW Module
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The modules for all HLSW compression modes for 8pscopy (Specl to Spec5 and BUF_Spec) and for

Photometry (Boll to Bol4 and BUF_Bol) are represdrit Figure 8 to .

from Compression_Mode_Switch

spectroscopy

2522
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Header
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preprocessed
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Figure 8. Components of Spectroscopy Mode

1 (Spéodyle
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from Compression_Maode_Swilch

spectroscopy
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Figure 9. Components of Spectroscopy Mode 3 (Spdo8ule
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Figure 10. Components of Spectroscopy Mode 4 (§meuwd Photometry Mode 4 (Bol4) Module
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from Compression_Maode_Swilch from Compression_Made_Switch
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Figure 11. Buffer Transmission Mode in SpectroscyF _Spec) and Photometry (BUF_Bol)
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Figure 12. Components of Photometry Mode (Bol_exdile
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Figure 13. Components of Photometry Mode 3 (Bol8jiMe
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3 Specific Requirements
3.1 Functional Requirements
3.1.1 The Watch Process

SPU-HSR-FN0001
If the Watch Process detects a received DPU compiiasithll read it.

SPU-HSR-FNO0002

The Watch Process shall check whether the recéd®d command is Load, Dump, Check, Perform, Write or
Invalid command by use of reference table.

SPU-HSR-FN0003

The Watch Process shall abort data compressicanfpreceived command.

SPU-HSR-FNO004

If the received command is a Load command, attaclstd shall be checked (via checksum calculatiowl) a
written into memory if checksum is right. If theeztksum is wrong a NACK will be signalled.

SPU-HSR-FN0O005

The correctness of the Load shall be verified bgck&ing (via checksum calculation) the data writieto
memory. If the checksum is wrong a NACK will bersadjed.

SPU-HSR-FNOOO7

If the received command is a Dump command, theiredjuength of data is read from memory. A checksum
over the read data is calculated and attachedetdumped data.

SPU-HSR-FN0009

If the received command is a Check command, theimed) length of memory is checked via the checksum
calculation
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SPU-HSR-FNO0010

Program RAM, Data RAM, Extended Data RAM and DuattFRAM can be checked by HLSW. The HLSW

does not check the EEPROM and the PROM.

SPU-HSR-FN0011

If the received command is a Perform command, #iglity of the attached activity shall be checkesing a

reference table.

SPU-HSR-FNO0012

If Warm Reset command is received, HLSW shall cléendata buffers (Input Data buffer, Processinfieibu

Compressed DMC Header buffer and RC data buffegetrthe counters (Cl and PIX) to zero and reset th

connection to DPU and DEC/MEC (reset SMCS chip).

SPU-HSR-FN0013

If Raw Channel Selection command is received, HLSWIl upgrade the Raw Channel Selection table thith

attached parameters. The default value of Raw GHaBelection components at HLSW start-up is zem (n

selected channel and default channel index is zero)

SPU-HSR-FNO0014

If Stop command is received, Watch Process shaibsithe abortion of the data compression. If there data

compression when a Stop command is received norawill be performed.

SPU-HSR-FN0015

If Start command is received, Watch Process shglbsthe begin of the data compression. If Stammand is

received when data compression is ongoing the daapression will be aborted (compound of Stop-Start

command).

SPU-HSR-FNO0016

If SW Test command for photometry is received, WaRrocess shall disable the DEC/MEC link interrupt,

enables the internal data generation through Phaind then signal the begin of data compression.
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SPU-HSR-FNO017

If SW Test command for spectroscopy is receivedicW#rocess shall disable the DEC/MEC link intetrup
enables the internal data generation through Speand then signal the begin of data compression.

SPU-HSR-FN0020

If the received command is a Write command, théditglof the attached parameters shall be checleigua
reference table. The write command only checksvédid Parameter ID, valid length and valid checksiut
never checks the content of the attached datheI€hecksum is wrong a NACK will be signalled.

SPU-HSR-FNO0021

If the received command is a Write DXS1 (Blue Boéter sub-arrayl) command, attached data shall dxeked
(via checksum calculation). If checksum is corrétitSW shall upgrade the Table DXS1 with the attalctiata.
If the checksum is wrong a NACK will be signalled.

SPU-HSR-FN0022

If the received command is a Write DXS2 (Blue Boéden sub-array2) command, attached data shall éekeHd
(via checksum calculation). If checksum is corrétitSW shall upgrade the Table DXS2 with the attalctiata.
If the checksum is wrong a NACK will be signalled.

SPU-HSR-FN0023

If the received command is a Write DXS3 (Blue Boéter sub-array3) command, attached data shall éxeked
(via checksum calculation). If checksum is corrétitSW shall upgrade the Table DXS3 with the attalctiata.
If the checksum is wrong a NACK will be signalled.

SPU-HSR-FN0024

If the received command is a Write DXS4 (Blue Boéden sub-array4) command, attached data shall éekeHd
(via checksum calculation). If checksum is corrétitSW shall upgrade the Table DXS4 with the attalctiata.
If the checksum is wrong a NACK will be signalled.
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SPU-HSR-FN0025

If the received command is a Write DXS5 (Red Boltarlecommand, attached data shall be checked (via
checksum calculation). If checksum is correct, HLSKéll upgrade the Table DXS5 with the attached.dét
the checksum is wrong a NACK will be signalled.

SPU-HSR-FN0026

If the received command is a Write DXS6 (Photocaoiumain array “Blue array for Blue SPU or Red ar
for Red SPU”) command, attached data shall be @te¢kia checksum calculation). If checksum is aotitre
HLSW shall upgrade the Table DXS6 with the attacketh. If the checksum is wrong a NACK will be
signalled.

SPU-HSR-FNO0027

If the received command is a Write DXS7 (Photocatoiusecondary array “Red array for Blue SPU oreBlu
Array for Red SPU”) command, attached data shalclecked (via checksum calculation). If checksum is
correct, HLSW shall upgrade the Table DXS7 with d&ttached data. If the checksum is wrong a NACK el
signalled.

SPU-HSR-FN0028

If the received command is a Write Detector Cortstéar Photometry command, attached data shalhbeked
(via checksum calculation). If checksum is corrétitSW shall upgrade the Detector Constants for &hetry
Table with the attached data. If the checksum @gra NACK will be signalled.

SPU-HSR-FN0029

If the received command is a Write Detector Coristdar Spectroscopy command, attached data shall be
checked (via checksum calculation). If checksunederect, HLSW shall upgrade the Detector Constémts
Spectroscopy Table with the attached data. If Hezksum is wrong a NACK will be signalled.

SPU-HSR-FN0030

If the received command is a Write Simulated Datenmand, attached data shall be checked (via checksu
calculation). If checksum is correct, HLSW shalftgde the Simulated Data Table with the attach¢al dfathe
checksum is wrong a NACK will be signalled.
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SPU-HSR-FNO031

If Copy Data from RAM to EEPROM command is receivéite HLSW shall copy the program source code data
from RAM to EEPROM.

SPU-HSR-FN0032

If Connect to DEC/MEC command is received, the HLSN@uld start the link to DEC/MEC as slave or maste
depending on the attached parameter.

3.1.2 Application Software

SPU-HSR-FN0100
If the Application SW detects DEC/MEC data, it $lmabd them.

SPU-HSR-FN0101
The Application SW shall be able to trigger the @oession Software in case of the START command.

SPU-HSR-FN0102

In case of HLSW Started Mode (i.e. Start commarzkiked), the Application SW shall check whether the
received data are photometric, spectroscopic @lithdata.

SPU-HSR-FN0103

After reception of Start command, HLSW buffers dstarting from the first sample in ramp “spectrqgsco
Data read up to this sample are ignored excepuffeBTransmission Mode.



HERSCHEL/PACS

PrRoJECT HERSCHEL/PACS
Doc. REr.: PACS-TW-GS-001

SPU HLSW Issue 4.8

DATE: 18-FeB-09
SPECIFICATION DOCUMENT

DOCUMENT SHEET: 40 of 217

SPU-HSR-FNO0104

A buffer ready for compression shall contain datth wniform header i.e. valid-flagged data, one @BSand
one compression mode. In case of non-uniform he@@etransition to a new OBSID or compression gjothe
data buffers are cleaned and filled with new irgata.

SPU-HSR-FN0105

The application software shall be able to procesa dccording to the received compressed mode akd in
ready to DPU.

3.1.3 HK Module

SPU-HSR-FN0200
HLSW shall transmit HK packets to DPU at maximumsiinterval of 2000 ms.

SPU-HSR-FN0201

Successive HK packets shall contain an incremenotatter starting from 0.

SPU-HSR-FN0202

EDAC status concerning single error correction dadble error detection in RAM is signalled withiretHK.
Memory check status word is generated in every ldskpt in SPU idle mode and for every 256 HK packets
SPU started mode.

SPU-HSR-FN0203

Ground SW has to detect the permanent memory dsodsimping and analyzing the failing addressesnted
with EDAC check. Information for dumping the armafyfailing addresses can be found in RD016.

SPU-HSR-FN204

To correct single errors and avoid additional dewsrors memory scrubbing shall be performed erémate in
idle mode and every 20 min when the SW is started.
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3.2 Performance Requirements

SPU-HSR-FN0300

In started mode, HLSW shall process a data buffierteansmit the resulted compressed packets bafoewv
buffer is filled and ready for processing.

SPU-HSR-FNO0301

In started mode, HLSW shall not integrate slopemfdifferent chopper plateaus.

3.3 Interface Requirements
3.3.1 DPU Commands

SPU-HSR-IF0001

If a DPU command is received, HLSW shall abort amning activity (data compression).

SPU-HSR-IF0002

The maximum response time for the DPU command & r26. In case of Dump and Check commands, data
length shall not exceed 10 KB to fulfil the maxpesse time requirement.

SPU-HSR-IF0003

The HLSW shall acknowledge any received DPU commaMACK or PACK) according to the protocol
described in RD0OO07.

3.3.1.1 LOAD Command

SPU-HSR-IF0010

If a Load command is received, HLSW shall abort amyning activity, acknowledge the execution of the
command according to the protocol described in RD00
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SPU-HSR-IF0011

Data can only be loaded to Data RAM, Extended Ba#&M and Dual Port RAM. The HLSW does not write

data into Program RAM or EEPROM.

3.3.1.2 DUMP Command

SPU-HSR-IF0020

If a Dump command is received, HLSW shall abort amyning activity, acknowledge the execution of the

command according to the protocol described in RD00

SPU-HSR-IF0021

Data can be dumped from Program RAM, Data RAM, Boéel Data RAM and Dual Port RAM. The HLSW

does not read the EEPROM and the PROM.

3.3.1.3 CHECK Command

SPU-HSR-IF0030

If a Check command is received, HLSW shall abogt amning activity, acknowledge the execution of th

command if correct parameters according to theopodtdescribed in RD0O7.

3.3.1.4 RESET Command

SPU-HSR-IFO050

If a Warm Reset command is received, HLSW shalttadiy running activity, acknowledge the receptidithe

command, and execute the command if correct paeamet
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3.3.1.5 RAW_CHAN_TRAN_MODE Command

SPU-HSR-IFO060

If Raw Channel Selection command is received, HLSNdll abort any running activity, acknowledge the
execution of the command and update the Raw Chatiatdé.

3.3.1.6 STOP_REDUCT_COMPR Command

SPU-HSR-IF0070

If Stop command is received, HLSW shall acknowledige reception of the command, and execute the
command. If there is no data compression when p &mmand is received no action will be performed.

3.3.1.7 START_REDUCT_COMPR Command

SPU-HSR-IFO080

If Start command is received, HLSW shall abort aopning activity, acknowledge the reception of the
command, and execute the command if parameteaect.

3.3.1.8 ACT_TEST_PHOT Command

SPU-HSR-IF0090

If SPU Test command for photometry is received, WLShall abort any running activity, acknowledge the
reception of the command, and execute the comnigra@ameters are correct.

3.3.1.9 ACT_TEST_SPEC

SPU-HSR-IF0100

If SPU Test command for spectroscopy is receiveldS\W shall abort any running activity, acknowledge t
reception of the command, and execute the comnigra@ameters are correct.
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3.3.1.10ACT_BOL_BGND_CANCEL Command

SPU-HSR-IF0110... deleted

If Bolometer Background Cancelling command is reedj HLSW shall abort any running activity, ackneudge
the reception of the command, and execute the cowhih@orrect parameters.

3.3.1.11Write Commands

SPU-HSR-IF0120

If a Write command is received, HLSW shall abory aonning activity, acknowledge the execution oé th

command.

3.3.1.12CP_DATA_RAM_EEPROM Command

SPU-HSR-IF0130

If a Copy Data from RAM to EEPROM command is reeeivthe HLSW acknowledges the reception of the
command and starts copying data into EEPROM if rpatars are correct. If the copy to EEPROM failg th

failure shall be reflected in the HK.

SPU-HSR-IF0131

While data is copied from RAM to EEPROM, no HK patkare transmitted to DPU.

3.3.1.13CONNECT_DMC Command

SPU-HSR-IF0140

If a Connect to DEC/MEC command is received, HLSWn@wledges the reception of the command and starts

the Link to DEC/MEC as Master or Slave accordingh® command parameter settings. The status dfrntke

connection with DEC/MEC is reported in the HK.
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3.3.2 The Compressed Entity

SPU-HSR-IF0200
HLSW transmits TM packets with fixed size of 1012t&. The useful data size in the last TM packet is
calculated using this formula:

Data Size in Last TM Packet = (250 * Total Nb. & Packets per Compressed entity) — (7+SCIS+CDMHS)

The size unit is 4-byte words.

SPU-HSR-IF0201

In started mode, HLSW transmits output packets (@a&tkets or HK packets) to DPU. HLSW may buffer a
maximum number of 75 output packets in a FIFO when®PU is not ready to receive packets from SPU.
Overflowing this number of packets, TM packets last. Remark: the DPU is not informed that the éufias
overflowed. The DPU input buffer is limited to 4packets (RD019), therefore modes with higher datesrthan
120 kbit/s (Buffer Transmission Mode) must senddhta delayed.

3.3.3 DEC/MEC to SPU Interface

SPU-HSR-IF0300
HLSW does not acknowledge the reception of DEC/MIa€ packets.

SPU-HSR-IF0301

HLSW shall detect corrupted DEC/MEC data packetsuph the fields: Type and CMM. Packets must be of
valid Type and CMM, otherwise they are designatedarupt.

SPU-HSR-IF0302
HLSW shall distinguish between photometric and spscopic data through the Type field.

SPU-HSR-IF0303
The HLSW shall signal the DMC Link connection statni the SPU HK.
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SPU-HSR-IF0304

The maximum DEC/MEC packet size accepted by the WLS 250 Word in spectroscopy and 272 Word in
photometry as specified in RD009. If the receivedket lengths differs from these specificationsEECIMEC
header error is signalled in the HK.

3.4 Operational Requirements
3.4.1 DEC/MEC Header Usage
3.4.1.1 Spectroscopy

Generality

SPU-HSR-OPO000L.. obsolete (this restriction does no longer apply)

Buffer granularity of the compression SW is 8He. ISPU starts data compression if at least 32 g@&6Hz
readout rate) are collected for a coherent DEC/NtE&der. If not the already stored data frames eleteti and
a new buffering will start. Coherent header referthe label usage (see Label Section)

SPU-HSR-OP0002

SPU starts compression after collecting a maximumlbyer of frames of 512 (2s Buffer at 256Hz readate).

SPU-HSR-OP0003
DEC/MEC header is compressed lossless and traesimifthin TM.

SPUID

SPU-HSR-OP0010
SPUID is not taken into account. It is deleted friwa buffer.
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Type

SPU-HSR-OP0020

If the Type is not conform to the specificationsf¢t Spectroscopy packet and 2 for Photometry pckiee
science data is not buffered and a DEC/MEC header is signalled in the SPU HK.

SPU-HSR-OP0021

If the Type is set to 1 ,Spectroscopy packet”, HL8Wecks CRCRMP to start buffering with the firstngde of
a ramp.

Current Readout Count in a Ramp

SPU-HSR-OP0030

This field signals the begin of a ramp. It is thstfreadout stored in a buffer.

SPU-HSR-OP0031

Each begin of a ramp, chopper position, gratingtippsand validity fields are checked and storedaaskup
table for processing this buffer.

Readout in Ramp Readback

SPU-HSR-OP0040
This field together with CRCRMP signals the bedim oamp.

SPU-HSR-OP0041

The last RRR is used for the compression i.ebiégin and an end of buffer has different RRR, ttanps are fit
using the last received RRR.
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Compression parameter

SPU-HSR-OPO0050

If a buffer is stored with compression parameteraamform to the specifications, a DEC/MEC headeoreis
signalled in the SPU HK and the buffer is comprdsaehe default compression mode for spectroscopy.

SPU-HSR-OP0051

If a buffer storage is not completed (Frames ctdiécare less than 512) and the compression panaimase
changed, the previous buffer is closed, compreasédtransmitted. Then a new buffer storage begihe.last
ramp of the previous buffer may be cancelled ifiber CMM value arrives within a ramp

Validity

SPU-HSR-OPO0070

This field is checked for every ramp once. It isyarhecked for the first sample of a ramp.

SPU-HSR-OPO0O071.. obsolete

If several ramps should be integrated, invaliddled) ramps are not included.

SPU-HSR-OP0072

If no integration over ramps is required on boawdalid ramps are also transmitted within the TM.

Chopper Position Readback

SPU-HSR-OP0080

This field is checked for every ramp once. It isyarhecked for the first sample of a ramp.
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SPU-HSR-OPO008L1.. obsolete

If several ramps should be integrated, only suceesamps from the same chopper plateau are irtefyra
together. Ramps from different chopper plateausiatéogether integrated.

SPU-HSR-OP0082

A slope is calculated over a ramp within choppetiomoif not invalid-flagged.

SPU-HSR-OP0083

The default value for the max allowed chopper parsitleviation is 100. It is calculated as following

Max.Chopper position deviation = Abs (Actual CPRrevious CPR)

Label

SPU-HSR-OP0090

Bit O of this field is checked. It set to 1, aneénhthe DEC/MEC sequence for wavelength switchinglenis
running. The grating position is taken into accofort the integration. Chopper positions are notetaknto
account.

SPU-HSR-OP0091

If label is signalled, the previous stored buffsrciosed (if bigger than buffer granularity), amdiividually
compressed while a new buffer will begin. If théseno previous stored buffer nothing will be sentl@a new
buffer will begin.

Grating Position Readback

SPU-HSR-OP0100

This field is checked only in the wavelength-switch mode. It is checked for every ramp once. lbigy
checked for the first sample of a ramp.
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SPU-HSR-OPO0101.. obsolete

If several ramps should be integrated, only sudeesamps for the same grating position are intiegiéogether.
Ramps from different grating positions are not thgeintegrated.

SPU-HSR-OP0102

The default value for the max allowed grating positdeviation is 100. It is calculated as following

Max. grating position deviation = Abs (Actual GPRPervious GPR)

BBID

SPU-HSR-OP0110

BBID is not taken into account in the compresslbis transmitted within the TM packet.

Time

SPU-HSR-OP0120

Time is not taken into account in the compresdiois. transmitted within the TM packet.

Wheel Position Readback

SPU-HSR-OP0130

WPR is not taken into account in the compressiois.ttansmitted within the TM packet.

CRECR

SPU-HSR-OP0140

CRECR is not taken into account in the compresstasa.transmitted within the TM packet.
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3.4.1.2 Photometry

Generality

SPU-HSR-OP020Q.. obsolete (no granularity)

Buffer granularity of the compression SW is 10Hr ttee Blue SPU and 2.5Hz for the red SPU i.e. SRlUss
data compression if at least 4 frames for blue Ehdrames for red SPU (40Hz readout rate) are ciaitefor a
coherent DEC/MEC header. If not, the already stateth frames are deleted and a new buffering talts
Coherent header refers to the label usage (sed Sabton)

SPU-HSR-OP0201

SPU starts compression after collecting a maximwmber of frames of 120 frames for Blue SPU and 480
frames for red SPU (3s and 12s Buffer at 40Hz retudate). Compression also starts for less cokkatember
of frames if the label field is signalled (See ladection)

SPU-HSR-OP0202
DEC/MEC header is compressed lossless and traesimifthin TM.

SPUID

SPU-HSR-OP0210

SPUID is not taken into account. It is deleted fribva buffer in the actual version of the SPU HLSW.

Type

SPU-HSR-OP0220

If the Type is set to 2 ,Photometry packet®, HLS\Wecks CRDCCP to start buffering with the first séamp
chopper plateau.
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Current Readout Count in a Chopper Plateau

SPU-HSR-OP0230

This field signals the begin of a chopper platesegage”. It is the first readout stored in a buffe

SPU-HSR-OP0231

Each time this counter is set to 1, chopper positiochecked and stored as lookup table for praugghis
buffer.

Current Readout Count

SPU-HSR-OP0240

This field is not taken into account in the compies. It is transmitted within the TM.

Compression parameter

SPU-HSR-OP0250

If a buffer is stored with compression parameterammforming to the specifications, a DEC/MEC heagleor
is signalled in the SPU HK and the buffer is conspeal in the default compression mode for photometry

SPU-HSR-OP0251

If a buffer storage is not completed (Frames ctdéare less than 120 for blue or 480 for red S&hd) the
compression parameter has changed, the previotder bsfclosed, compressed and transmitted. Therva n
buffer storage begins.

Validity

SPU-HSR-OP0270

This field is checked for every readout.
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SPU-HSR-OP0271

Invalid-flagged readouts are discarded and theaaireg always begins using the first valid sample.

SPU-HSR-OP0272

If all samples for an average are flagged invahdy will not be transmitted within the TM.

Chopper Position Readback

SPU-HSR-OP0280

If integration, only successive averages from e chopper plateau are integrated together. Agerigm
different chopper plateaus are not together intedral' his may affect the compression rate in thalfgh mode
if chopper is moving faster than 5 Hz.

SPU-HSR-OP0281

The default value for the max allowed chopper pasitieviation is 100. It is calculated as following

Max.Chopper position deviation = Abs (Actual CPRervious CPR)

Label

SPU-HSR-OP0290

Bit O of this field shall be checked. It indicatle start of a sequence, if set to 1.

SPU-HSR-OP0291

If label is signalled, the previous stored bufferclosed, and individually compressed while a nexffeln will
begin.




HERSCHEL/PACS

PrRoJECT HERSCHEL/PACS
Doc. REr.: PACS-TW-GS-001

SPU HLSW Issue 4.8

DATE: 18-FeB-09
SPECIFICATION DOCUMENT

DOCUMENT SHEET: 54 of 217

Data Block ID

SPU-HSR-OP0300

This field is used to distinguish between blue agdl SPU. An incorrect value will cause a DMC heasteor
signalled in the HK.

BBID

SPU-HSR-OP0310

BBID is not taken into account in the compresslois transmitted within the TM packet.

Time

SPU-HSR-OP0320

Time is not taken into account in the compresdiois. transmitted within the TM packet.

Wheel Position Readback

SPU-HSR-OP0330

WPR is not taken into account in the compressiois.ttansmitted within the TM packet.

BSID

SPU-HSR-OP0340

BSID is not taken into account in the compressibis. transmitted within the TM packet.
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3.4.2 Instrument Configuration

3.4.2.1 Instrument Operating Modes

SPU-HSR-OP0400
The SPU HLSW shall be adapted to operate with &miyeoinstrument operating modes described in Table

Mode Description SPU Task

Safe PACS is in this mode when other instrumentHK transmission
are prime

Standby State needed for the stabilization of tREC | Compressed data + HK transmission

Prime All instrument observing modes listed below Compressed data + HK transmission
in Table 2

Parallel All instrument observing modes listed belo | Compressed data + HK transmission
in Table 2

Test Check instrument functionality with synthetic Compressed data + HK transmission
data

Table 1. PACS Instrument Operating Modes

SPU-HSR-OP0401

The SPU HLSW shall allow a safe transition from ade to another with a minimum loss of useful sdfent

data.

SPU-HSR-OP0402
The parameters of the instrument-operating modeaireent to the SPU HLSW with the DEC/MEC raw data

3.4.2.2 Instrument Observing Modes

SPU-HSR-OP0500
The SPU HLSW shall be adapted to operate with &tlyeoinstrument observing modes describeddhle 2
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Mode Description

Dual-Band Photometry Standard photometry mode. Bethctor arrays are operating
simultaneously (BOL)

Single-Band Photometry One detector array is opgy&dBOL).

Line Spectroscopy A short spectral coverage fohgacel is produced. Both detector arrays
(PHC) are used at a time

Range Spectroscopy Large spectral range coveragadbh pixel is produced. Both detector
arrays (PHC) are used at a time

Parallel Dual-Band and Single-Band Photometry asxlu

Calibration Various instrumental settings

Measurements/Observations

Table 2. PACS Instrument Observing Modes

SPU-HSR-OP0501
The instrument observing parameters are not s¢hirvthe DEC/MEC header to the SPU HLSW.

3.4.3 SPU HLSW Compression Modes
3.4.3.1 Compressed Data Transmission Mode

SPU-HSR-OP0600

The transmission of additional raw data is optiofidle remaining difference to the maximum data (a0
kbits/s) could be used for transmission of losstesspressed raw data from a few consecutive charihBlaw
Channel Selection parameters are set accordingly.

SPU-HSR-OP0601

The DEC/MEC header shall be compressed and traesimitith the compressed data except in the buffer
transmission mode.

SPU-HSR-OP0602

The following parameters shall be sent within theUSHLSW HK: Housekeeping Header, Observation
Identification, Packet Index, Counter Incrementd®Reion Algorithm used, Saturation Flag, Glitch otar
information, Number of maintained subramps, CPUklead, DEC/MEC link status, Number of integrated
ramps, SW Version Identification, Raw Channel IndeC/MEC header error, Counters for EDAC Memory
Checks, SW Sub-version, Invalid LLC Parameter amhitdred Write Parameter.
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SPU-HSR-OP0603

In nominal case one compressed entity is genemtedy 12 seconds for red photometry (LWL) whilasit
generated at 3 seconds interval for blue photon{S¥yL).

SPU-HSR-OP0604

In nominal case one compressed entity is genesatexy 2 seconds for spectroscopy (LWL and SWL).

3.4.3.1.1 Default Compression Mode

SPU-HSR-OP0610
HLSW shall be able to support the TM rate of 12Gt&b in the default compression mode.

SPU-HSR-OP0611

In started compression SW, the transmitted HK piaitklowing an already-sent compression entity kbaihtain
the compression results as described in RD0O07.

3.4.3.1.2 Double Compression Mode

SPU-HSR-OP0620
HLSW shall be able to support the TM rate of patatiode by integrating over a predefined set ofioeits.

3.4.3.1.3 Half-Compression Mode (Photometry only)

SPU-HSR-OP0625

For 20 Hz readout rate in photometry, every twaceasive samples are reduced (averaged) in nonzeal One
compressed entity is generated every 24 second®dophotometry (LWL) while it is generated at @@eds
interval for blue photometry (SWL).

3.4.3.1.4 Lossless Compression Mode

SPU-HSR-OP0630

HLSW shall be able to select a few detectors dataugh DXS tables, to compress them lossless anchie
them available to DPU.
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SPU-HSR-OP0631

HLSW shall not compress all selected pixels lossles avoid SW crash. Maximum data size for lossless
compression mode is decribed in Section 5.9.6.

SPU-HSR-OP0632

If all pixels are selected, HLSW shall be able étest few detectors data (Maximum data size) amdpcess
them lossless.

3.4.3.2 SPU Test Mode

SPU-HSR-OP0640
HLSW shall be able to support SPU test mode. lega®gs internally simulated data and compresses. the

3.4.3.3 Transparent Mode

SPU-HSR-OP0650

HLSW shall be able to support SPU transparent matea few selected pixels.

3.4.3.4 Buffer Transmission Mode

SPU-HSR-OP0660

Buffer transmission mode (described in Section®f8: photometry and Section 5.8.9 for spectrosgspall be
used in PACS Burst mode. Remark: the DPU is nariméd that burst mode is executing.

SPU-HSR-OP0661

Compression software shall be in stopped staterddf® run of the buffer compression and vice vetse
switch to the buffer transmission mode from an adse commanded compression mode, while compression
software is started, may lead to an unpredictadsalt.

3.4.3.5 Compression Mode for 4s Reset (Spectroscopy only)

SPU-HSR-OP0670

The 4 seconds data buffer shall be subdivided to itentical 2 seconds buffers, where each sub-bigfe
independently compressed and put into telemetry.
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3.5 Resource Requirements

SPU-HSR-RS0001
HLSW shall have 20% more memory capacity at the @wihDDR.

SPU-HSR-RS0100
HLSW software shall have 20% spare processing tgpstahe time of the DDR.

3.6 Verification Requirements

SPU-HSR-VF0001

The software shall undergo acceptance verificabased at the validation and verification test pdrnthe
following levels:

- Equipment level
- Subsystem level

- System level

SPU-HSR-VF0002
It should be ensured that compressed data candoengeessed to yield the original data.

SPU-HSR-VF0003

It should be ensured that test data sets are chtoséully execute all paths of the algorithm logand to
demonstrate handling of worst-case data.
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3.7 Acceptance Testing Requirements

SPU-HSR-AT0001

For Acceptance Tests the test cases listed irttening table shall be performed.

Task name AVM CQM PFM FS
DPU to SPU SWL Communication Interface

SWTC.1 X X X X
DEC/MEC to SPU SWL Communication Interface

SWTC.2 X X X X
Application Software Test

SWTC.3 X X X X
Integration of HLSW in LWL SPU

SWTC.4 X X X X

Table 3, Acceptance Test

3.8 Documentation Requirements

SPU-HSR-DO0001

The software specification document shall replaectiiree documents: Architectural Design Docunigetailed
Design Document and the Software Requirement Dontime

3.9 Portability Requirements

SPU-HSR-PT0001

The software shall be compiled with G21K from Armlbevices. It is runnable on the ADSP 21020 with th
communication chip SMCS332 and under Virtuoso OjegeSystem.
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3.10 Quality Requirements

SPU-HSR-QA0001

The software development shall be performed in dampe with the Software Quality Assurance Plare(se
ADO0OQ7).

SPU-HSR-QA0002

The software source code shall be commented acaptdithe rules described in AD0O7.

3.11 Reliability Requirements

SPU-HSR-QA0100
The software shall handle anomalies with respect to

- Command execution

SPU-HSR-QA0101
The software shall be designed to avoid
- deadlock, starvation and endless looping.

- dynamic memory allocation.

SPU-HSR-QA0102

The software shall include mechanisms in respeptdtect data and resources shared between pracesse

SPU-HSR-QA0103
The software shall be able to handle RAM and EEPRERW.

SPU-HSR-QA0104
The software shall be able to handle corrupt andriiplete DEC/MEC data.
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SPU-HSR-QA0105

The software shall be able to detect and handkbnagtic errors. Divisions by O shall yield to thesult
OXFFFFFFFF (-1).

SPU-HSR-QA0106

The software shall not lead to buffer overflow/urrda.

3.12 Maintainability Requirements

SPU-HSR-QA0200

The software shall be maintainable to later extent.

SPU-HSR-QA0201

Maintainability shall contain error detection asdlt repair until launch.

SPU-HSR-QA0202

The SW build shall follow automated procedures gisialiverable scripts.

SPU-HSR-QA0203

The SDE shall include all software licences andstém be frozen and made available to MPE.

SPU-HSR-QA0204
The SW deliveries shall include a detailed mapgdileduced by ADSP compiler.

SPU-HSR-QA0205

The in-house tools needed in development or tedk s documented.

SPU-HSR-QA0206

For problem reporting the SPR/SCR systemhtip://pacs.ster.kuleuven.ac.bstiall be used and for CVS
repository management the CVS systertt://cvs.ster.kuleuven.bshall be used.




HERSCHEL/PACS

PrRoJECT HERSCHEL/PACS
Doc. REr.: PACS-TW-GS-001

SPU HLSW Issue 4.8

DATE: 18-FeB-09
SPECIFICATION DOCUMENT

DOCUMENT SHEET: 63 of 217

3.13 Safety Requirements

SPU-HSR-SA0001

The order of commands, HK and telemetry are cliaskds safety critical. The commanding must strifcillow
the User Manual (RD016).

SPU-HSR-SA0010

The HK shall provide a detailed SPU HLSW statusichvishould indicate memory failures on the SPUatad
consistency failures (DEC/MEC Header).

SPU-HSR-SA0011

Memory failures detected by the EDAC should bedat#d in the HK The corresponding HK parameter is
described in RD016. Permanent memory errors shmeiidolated and recovered by dumping and analyhieg
failing addresses.

SPU-HSR-SA0012
The HLSW shall signal DEC/MEC header errors inkfie The list of errors is given in RD016.
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4  System Design
4.1 Design Method

A top down approach is used for structuring the WL® small modules.

4.2 Decomposition Description

The HLSW has been decomposed in three main tasks

- The Watch Process This task listens to the DPU link. It interrupgtse Application SW whenever a
command is received for its acknowledgment. Balsicahy running activity on board SPU is interrupte

whenever a command is received from DPU.

- The Application Software: This task performs data reduction and compresamording to DEC/MEC
header received within the raw data. Its respolityils to achieve the required compression raticoading

to telemetry requirements and to the compressiotemo

- TheHK module: This task generates HK, which is sent to the PW.9 seconds interval.

A detailed component description follows in Secton

4.2.1 The Watch Process and Command Interpretation and Aknowledgement

The responsibility of this module is to listenttee DPU communication link. If a DPU command iseiged,
actual running activities are interrupted and tbenmand is acknowledged and executed. In fact, g Bommand
consist of memory load, dump, check, write or perfahe sub-unit warm reset, start/stop compresstart SPU
test mode and raw channel selection. The desarmiptithese commands is reported in RD0O7.
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Nc Yes Yes
DPU command DPU command <

No 5 Proceed with

current activit

Read theCommand I[

Read the Activity

— Run the Load Routine Start the Compression S

— Run the DumgRoutine Perform SPU Test for | |

Photometry

— Run the Check Routine Perform SPU Test for | |

Spectroscopy

Run the Write Routines:
|| DXS1..7, DET_CST_SPEC,
DET_CST_PHOT or SIM_DATA

Perform Raw Channel
Selection Settings

Invalid Command Il Copy data from RAM to | |

EEPROM

Perform SPU link start-u
to DEC/MEC

Nao
DMC

No

No

Stop the Compression S\IN—-

Invalid Activity ID Perform a Warm Reset

Figure 14. Flowchart of the Watch Process + CommArknowledgment Algorithm
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4.2.2 The Application SW

This task performs data reduction and compressioarding to the DEC/MEC header. The ASW consistg of
main parts:

- Supervisor
- Compression software

4.2.2.1 Supervisor

The DEC/MEC science data + header are composediaritdic data and information about the observatio
configuration and the compression parameters.

The supervisor is implemented at the top of th& $BW. It reads from the DEC/MEC header the way the
compression should be done. Then, it buffers thmars¢éely DEC/MEC header and the science data. Ifinal
activates the compression software whenever atigffeady for compression.

Furthermore, the supervisor listens to the watciegss and wait for a signal to start or stop dedagssing.
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Stop CSW
command?

/ Read the Type

Photometry?

N

A 4 A 4

Read Compression Read Compression
Mode Mode

Y Y

Fill DMC Header and Fill DMC Header and
Science Data Buffer Science Data Buffer
Compression of the Compression of the
data if buffer is full data if buffer is full

5 5

Figure 15. Flowchart of the Supervisor Algorithm

4.2.2.2 Compression Software

Figure 16 represents the general layout of the cesspn software modules. This part representsdne of the
SPU HLSW. It is the SW part in which data is redliaed/or compressed using arithmetical and logipatations.

This module is responsible of:

- Science data compression following the DEC/MEC bkedatjic
- DEC/MEC header compression

- Putting the compression results in the HK

- Building the compressed entity packet

- Transmission of the compressed data

- Raw channel data lossless compression
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The CSW performs data reduction and compressioordityy to the header information. It consists of a
sequence of functions to fulfil the required congsien mode.

4.2.2.2.1 HLSW Compression Modes

The SPU HLSW has 12 possible compression modeshvene listed and described below.

Compressed Data Transmission Mode

In the compressed data transmission mode, redarng@compressed data including DEC/MEC header have t
be transmitted to DPU. They consist of either samplerage rates in photometry mode or slope rdteangps
generated by the ramp-fitting module in spectrogcopaging. Then, data may also be treated by ttegiation
module to achieve the required compression rathas Hata will be further processed by redundanciucgon
modules and finally by a lossless coding moduleickvtwill produce a stream of 16 bit words. The daling
compression modes are available:

+  Default Compression Mod&OL1 (Photometry) SPEC1 (Spectroscopy)
* Double Compression ModBOL2 (Photometry) SPEC2 (Spectroscopy)
e Half Compression ModdBOLO (Photometry)

e Compressed Sensing Mode: BOLCS (Photometry)

Lossless Compression Mode

In the lossless compression mode, a selectioneafsmrement values shall be transmitted withoutlasg of
information, while the non-selected data are omittEherefore, data from selected detectors willcbmpressed
(lossless compression only), and then transmitietle DPU subsystem. The following modes are abvigila

e BOL3 (Photometry) SPEC3(Spectroscopy)

Transparent Mode

In the transparent mode, data from selected deteate transmitted without any compression. Funtbee, the
DEC/MEC header is compressed and transmitted to @tun the science data packet. The following nodes
available:

« BOL4 (Photometry) SPEC4(Spectroscopy).

Buffer Transmission Mode

In the buffer transmission mode, data from alkedtirs are transmitted without any compressionréfhee the
whole data memory apart the output buffer will lled with a continuous raw data stream. The follmyymodes are
available:

« BUF_BOL (Photometry)BUF_SPEC(Spectroscopy).
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Compressed Sensing Mode (Photometry only)

In this compression mode a selection of sample® figorojection onto an incoherent basis will be endlche

following mode is available:

« BOLCS (Photometry).

Compression Mode for 4s Reset (Spectroscopy only)

In this compression mode a 4 seconds buffer wikldedivided into two 2-seconds buffers. Each buffilrbe
independently processed using the default commnessode in spectroscopy. The following mode is labég:

e SPEC5(Spectroscopy).

4.2.2.2.2 Summary of Compression Modes

The compression modes are representddlyle 4 It shows the used functions for each mode.

HLSW IC\:A(())rgepressmn DXS PRE F;RBE/E T_SRR | LLC (;:aé\%\ UMSeemory CMM
BOLO . . . . . 1 Buffer | 0x02
BOL1 . . . . . 1 Buffer | 0x00
BOL2 . . . . . 1 Buffer | 0x01
BOL3 . . . 1 Buffer | 0x04
BOL4 . 1 Buffer | 0x07

BUF_BOL 5 Buffers| 0x09
BOLCS . 1 Buffer | 0x0C
SPEC1 . . . . . . 1 Buffer | 0x10
SPEC2 . . . . . . 1 Buffer | 0x11
SPEC3 . . . 1 Buffer | 0x14
SPEC4 . 1 Buffer | 0x17
SPEC5 . . . . 2 Buffers| 0x18

BUF_SPEC 5 Buffers| 0x19

Table 4.

Photometric and Spectroscopic compressiodes
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Figure 16. Compression SW Scheme.




HERSCHEL/PACS

PrRoJECT HERSCHEL/PACS
Doc. REr.: PACS-TW-GS-001

SPU HLSW Issue 4.8

DATE: 18-FeB-09
SPECIFICATION DOCUMENT

DOCUMENT SHEET: 71 of 217

4.2.3 The HK Module

The SPU HLSW HK is sent from the SPU to the DPoitsists either of compression results and stdttise
HLSW whenever raw data are received from DEC/MECthe SPU HLSW status while no observation is
performed. Depending on their availability, the SHUSW HK are transmitted at a data rate compatitite the
overall PACS HK.

The functionality of the SPU HLSW is continuouslyecked by the DPU monitoring some SPU HLSW HK
data. The “Are you alive SPU” is described in tlewment RD0O07.



Communication Interface

“datatx.c”, "dorada.s”, "spu_io.c”, “supervs.c”, atchpc.c”

Command Acknowledgment

“C2EEPROM.c”, “check.c”, “DMC_Con.c” “dump.c”, “Lad.c”,
“perform.c”, “Rc_Sel.c”, “spu_tst.c”, “Str_Stp.c™w_reset.c”,
“write.c”

Compression Software

"average.c”, “bitmodel.c”, “bol_ex.c”, “boll_2.c","bol3.c”,
“bol4.c”, "buf bol.c”, "buf spec.c”, “csw.c”, “dmchcp.c”,
"dxs.c”, “fill_in.c”, “fill_out.c” , “integ.c” , “l lc.c” , “pacscod.c”,
“p_proc.c” , “pacs_srt.c’, “gsmodel.c’,  “ramp_ft,c
“rangecod.c”, “specl_2.c”, “spec3.c”, “spec4.¢T, S_Red.c”,

“T_S fm.c”

Housekeeping

“Hk.c”

Miscellaneous

“phot_gn.c”, “pkup_pg.c”, “spec_gn.c”, "Spvs_Tst.¢folib_a.s”

Table 5. Software Files of the SPU HLSW

MAIN

Virtuoso Node

v

v
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Component and Functional Description
SW Component Files
Header Files “bitmodel.h”, “pacscod.h”, “gsmodel.h”;  “rangecot.h
“genspu.h”, “spu_io.h", “spuasw.h”, “spulib.h”
Low Level Driver Library “|_dsp.h”, “|_errcod.h”, “|_gendef.h", “l_hwmap.h"
“|_smcsco.h”,  “I_smcsge.h”, “l_smcsin.h”,  “I_smcdng
“|_smcstr.h”, “l_itimis.oba”, “I_memory.oba”, “l_nmaory.obc”,
“l_smcsge.obc”, “l _smcsco.obc”, “l_smcsin.obg”
“|_smcsre.obc”, “l_smcstr.obc”, “I_dsp.oba”, *“I_dspc’ ,
“|_pscgen.obc” , “I_eeprom.obc”

Misc. SW
phot_gn.c

_ I_<e_rne_| HLSW Main
Initialisation spu_io.c
Com. I/F Watch Process Application SW Housekeeping
datatx.c watchpc.c supervs.c Hk.c
CSw.c

spec_gn.c
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5.1 Main Task
5.1.1 Type

spu_io.c — main task

5.1.2 Function

This is the main program task of the HLSW. It cgaofies and initialises the connection SPU-DPU and-SP
DEC/MEC. When connection is established, it stdmsHLSW task (Watch process, Supervisor, HK,...).

The following functions are contained:

(D] 0] [00] o] o1 Tox AR Start the Littkvards DPU

ConnectLinkAsSlave  ................ Start the Link Connection as Slave

ConnectLinkAsMaster  .............. Start the Link Connection as Master

DMCLINKCONNECt ....cccevvvvriieeeennnnns Start the Link ConnectiorDEC/MEC as Slave or Master
LinkSmcsRead ...........ccoecvvivinnnn. Reads from SMCS camiuation link memory

Link1355Write .o Writes to SMCS commuation link memory

Memory Error_Check ................. Checks for Single and/or DoublecEFailure in memory
MemoryScrubbing .......cccccciiinnne. Scrubs the Memory and otir&ngle Bit Error Failure in memory
ResetLink ... Resets theG3/communication link

SMCSHandlerC .......cccccceeeveiiiiiiins Wrapper for AssemisR

5.1.2.1 SMCS Chip Handling by SPU HLSW

» SPU Handover to HLSW

The SPU HLSW is configured to start the DPU LinKvester (see link Start-up Protocol in RD005). Wi
SPU control is handed over from LLSW to the HLSW& following steps are performed :

Reset SMCS chip

Set the DEC/MEC Link Connection Status in the HKOteF
Set Nominal Configuration of the SMCS

Set DSP Interrupt at IRQ2 to Signal SMCS Events

Configure SMCS sub-interrupt for the two links (DRbd DMC). Unmask the following sub-interrupt
(CH1_PAR_DIS_ERR, CH1_DATA_TXED, CH1_EOP_RXED, CHAR_DIS_ERR,
CH2_DATA_TXED and CH2_EOP_RXED)

Start the link to DPU as Master
7. Wait 9 seconds
8. If Connection to DPU is not established, then gcklta Step 1.

a s wbdh e

o
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9. Start the Application SW tasks
a. Communication Tasks and HK
b. Compression Tasks
c. Tasks for SPU Test Mode

The link start-up to DMC is performed under requesing the command CONNECT_DMC. The start-up
protocol (Master/Slave) could be chosen by the.user

The DEC/MEC Link Connection Status in the HK is 82tON, whenever the connection between SPU and
DMC is established.

» Connection Loss between SPU and Other Subunits
= DPU-SPU Disconnect Error

When the SPU HLSW detects a disconnect error obBid link, the following steps are performed:

1. Stop the Application SW tasks
i. Communication Tasks and HK
i. Compression Tasks
iii. Tasks for SPU Test Mode
2. Perform the Steps 1-9 in the Paragraph ‘SPU HandodLSW’ above.

= DMC-SPU Disconnect Error

When the SPU HLSW detects a disconnect error odME€ link, the DMC Link Status in the HK is
set to OFF.

5.1.3 Interfaces

Call: KS_TaskGroupStart(SPU_INIT).......c..cccueee. r&t@ommunication and HK tasks

Call: KS_TaskGroupStart(SPU_ASW).................... Stagmpression software task

Call: KS_TaskGroupStart(SPU_TEST_TASKS) ....Starts dateeigeors for photometry and spectr. tasks
Call: KS_TaskGroupAbort(SPU_INIT)........cceveee... Abmcommunication and HK tasks

Call: KS_TaskGroupAbort(SPU_ASW)..........c....... Abartsnpression software task

Call: KS_TaskGroupAbort(SPU_TEST_TASKS)...Aborts dataggators for photometry and spectr. Tasks
Call: KS_TaskSIleep .......cccccuvrvvriiiiiiiieieiieeeameen Time delay

5.1.4 Dependencies

None
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5.1.5 Processing

See flowchart in Figure 17.

BEGIN
> 1 <&

(0

| Set the link connection timeout to 934(:

v

Reset the SMCS chip |

Set the DEC/MEC Link Connection
Status to Not Connected

Set Nominal Configuration of the SMC]

Set DSP Interrupt at IRQ2 to Signal
SMCS Events

v

Configure (Unmask) SMCS Interrupt fq
DPU and DEC/MEC Link

=

v

Start high level SMCS Driver the 1st titlne

Clean the Sema of the Warm Reset]

Start the link to DPU as Master

Connection
to DPU

No Yes

¥

estabished? |

Start all ASW tasks

No

Warm Reset Yes

command?

DPU Link Yes

disconnection
error’

A 4

Abort all ASW tasks

|_

DMC Link
disconnection

Set DMC Link status in HK to OFF |

error’

@

Figure 17. Flowchart of the Main Taks.

5.1.6 Data

None
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5.1.7 Resources
SMCS Chip
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5.2 Watch Process
5.2.1 Type

watchpc.c  — task

5.2.2 Function

The watch process program listens to the DPU Mdken a command is received, all running activi(esscept
the HK task) are interrupted and the respectivetfan is called to acknowledge and execute the canein
5.2.3 Interfaces

Call: Link1355Read ...... Reads from SMCS communicatiok twards DPU

Call: LinkSMCSRead.... Reads from SMCS communication link

Call: InitDetectorSelectionTables Initialise the DatdeBton Table
Call: InitTables.............. Initialise the Bit Mask Ola
Call: KS_FIFOPut......... Send the response packet to th® flrata Transmission task)

Call: KS_SemasSignal .... Signals the start of HK trandioniss
Call: KS_TaskSleep ...... Time delay

Call: Load..........euvveeeeeee. Calls procedure to ackiedlge and perform the Load Command request

Call: Dump.......ccoeennnes Calls procedure to ackremlgle and perform the Dump Command request

Call: ChecK........cccceeee.n. Calls procedure to ackedge and perform the Check Command request

Call: Perform................ Calls procedure to ackremlge and perform the Perform Activity command regue
Call: Write...........coene Calls procedure to ackiexrige and perform the Write Command request

5.2.4 Dependencies

Called from the main task.

5.2.5 Processing

See flowchart in Figure 18.
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BEGIN

Initialisation of the parameters for theg
SPU ldle Mode

¥

Initialisation of the DXS tables and bi
mask tables at start-up

) 4
=

Listen to the DPU link

Call Load function

Call Dump function

Call Check function

Call Perform Activity function

No DPU Yes
command 1
received?
| Interrupt tasks (CSW and Test TasksI)
Load
command?
Dump
command?
Check
command?
Perform
command?
No Write
¥ command?

Call Write function

N I I

Send NACK (Invalid Command ID)

®

Figure 18. Flowchart of the Watch Process Task

5.2.6 Data
Read data from SMCS Link1.

O,
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5.2.7 Resources
SMCS Chip
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5.3 Supervisor
5.3.1 Type

supervs.c — task

5.3.2 Function

The supervisor task listens to the DMC link. ItdedMC packets whenever received. If a start CSWnoand
is signalled, the DMC packets are buffered and dbmpression is started. Otherwise, new DMC pachéits
overwrite the old ones (DMC data are ignored).

Furthermore, the Supervisor prepares the lookulesgaioom the received DMC header and makes thedyrea
for the CSW, whenever the CSW is started.

The DMC packet structure is outlined below. Morgéade can be found in RD009.

DEC/MEC Raw Data Stream to SPU

Figure 19 represents one detector array in spectroscopyy €thasist of a total of 18x25 detectors. Each
detector will deliver a 16-bit signal. One row 8 #letector data is added at the DEC level. Thegefibre total
science data frame size is 468 words.

Y

column

1 26

row

18

Figure 19. Detector array for the Spectroscopy.

Figure 2(a represents the 8 arrays of the SWL photometeFande 2M the 2 arrays of the LWL photometer.
They consist of a total of 2048 detectors for SWid 12 detectors for LWL. Each detector will detiwe16-bit
signal.
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Figure 20. Configuration of the (a) SWL-Detectorays and of the (b) LWL-Detector Arrays.

The maximum packet size sent from DEC/MEC to SPQ56 words (64 Bytes DMC header + 26x18x16/8
Bytes science data = 1000 Bytes) in spectroscody2di2 words (64 Bytes DMC header + 16x16x2x16/8By
science Data = 1088 Bytes) in photometry as depict&igure 21andFigure 22

|Heade|l

1

46¢€

Figure 21. Resulting DMC packet structure for Spasttopy.
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array 1 array 2
| Header|@ @|@ @|
1 51z
array 3 array 4
| Header|@ @|@ @|
1 512
array 5 array 6
| Header|® |® )|
1 51z
array 7 array 8
| Header|@ @|@ @|
1 512
()
array 9 array 10
| Header|@ @|@ @|
1 51z
(b)

Figure 22. Resulting DMC packet structure for (&yISPhotometry and for (b) LWL-Photometry.

DEC/MEC Header Structure

The DEC/MEC header structure is represented in BEBLSW User Manual)
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Label (LBL)

The Label statement is meant to indicate to the -BRBW across which "quadruples” it has to average i
photometry. It is further used also to indicate th@mber of discrete chopper steps within a sequehte
spectroscopy the Label statement is used in wag#ieswitching mode when Bit 1 and Bit 6 are settddéer, the
following conventions for the Label in photometry:

If Label is set to 0, then no sequence is actihemtise
Bit1 ... is set to 1, to indicate that DMC seqgeeis active.

Bit 2-6 ... counts chopper positions within sequence
Bit 7 ... signal from BB1
Bit 8 ... signal from BB2

LABEL = 63 has a special meaning and indicatesZeeframe mode"

Validity (VLD)

The “Validity” statement defines if the data isidabr not. If the data is declared invalid the datéhbe ignored
and the buffer is cleaned until valid data is angv

Compression Parameters

The compression and transmission mode which carespto the Compression Parameters field in srediin
Table 6.

Comp. and Photometry Spectroscopy

Trans. Mode ID

0x00 Default Mode None

0x01 Double Compression Mode None

0x02 Half Compression Mode None

0x04 Lossless Compression Mode None

0x07 Transparent Mode None

0x09 Buffer Transmission Mode None

0x10 None Default Mode

0x11 None Double Compression Mode
0x14 None Lossless Compression Mode
0x17 None Transparent Mode

0x18 None Compression Mode for 4 second rgset
0x19 None Buffer Transmission Mode

Table 6. List of Compression Parameters for Photoynend Spectroscopy
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5.3.3 Interfaces
Call: Link1355Read .........ccevvvvvveeviivnn. Readsf SMCS link towards DPU
Call: LinkSmcsRead.......cccoeeeeeieeeeeeiinennn, ReadsifSMCS link
Call: WriteInCircularBuffer .................... Calls predure to fill the Input Buffer with Science data

Call: KS_SemasSignal(SEMA_ASW)......Signals the starhef¢compression software task
Call: ResetCircularBuffers ............cccc.... Memorlpadtion for buffering of DMC header, science and
telemetry data
5.3.4 Dependencies

Called from the main task.

5.3.5 Processing
See flowchart in Figure 23, Figure 24, Figure 28 an

‘Compress_Now = true in the flowchart means: “Close the actual buffend make it ready for
compression. Begin to store data in a new buffer.”
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BEGIN

| Memory Allocation for Data Buffering |

DMC data
received?

Spectroscopy?

Photometry?

| Frame counter =0 |

DEC/MEC Header Erro
signaling in the HK

®

Figure 23. Flowchart of the Supervisor Task (Payt 1

Figure 24. Flowchart of the Supervisor Task (Part 2

see next page

Figure 25. Flowchart of the Supervisor Task (Part 3

see page after next
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5.3.6 Data
Read data from SMCS Link2.

5.3.7 Resources
SMCS Chip
1 MB allocated Data Memory
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5.4 Data Transmission
5.4.1 Type

datatx.c — task

5.4.2 Function
The data transmission program module waits fortisks outputs and sends them to the DPU. This task
organizes the data flow from SPU to DPU.

5.4.3 Interfaces
Call: LinkSmcsWrite............... Writes to SMCS commutica link
Call: KS_FIFOGetW.............. Wait that another taski@giin the FIFO

5.4.4 Dependencies

Called from the main task.

5.4.5 Processing

See flowchart in Figure 26.
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Figure 26. Flowchart of the Data Transmission Task.
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5.4.6 Data
Data read from FIFO.

5.4.7 Resources
SMCS Chip
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5.5 Housekeeping

5.5.1 Type
hk.c — task

5.5.2 Function

This program module produces HK parameters asdc®nds interval. One relevant parameter is aernnental
counter as described in RD0O07 (“Are You Alive SPUNhen the CSW is started some parameters arefraad
HK buffer (compression information).

Following parameters are included in the HK:

HK_HEADER .................. Housekeeping Header
OBSID....vvvveeeeiiiieeee e, Observation Identification

PIX e Packet Index
Claeee e Counter Increment

REAL ...t Reduction Algorithm used
SATUR_FLAG.................. Saturation Flag
SAMP_CORR.....ccccceeee... Glitch counter information
MAINT_RAMPS .............. Number of maintained subramps
CPU_WORKLOAD .......... CPU workload
DMC_LINK_STATUS ....... DEC/MEC link status
INTEG_RAMPS ................ Number of integrated ramps

VID .o, Version Identification

RCX i, Raw Channel Index

DMC ERROR................... DEC/MEC header error
MEM_STATUS_CNTS...... Counters for EDAC Memory Checks
SUBVERSION................... Subversion of the SPU HLSW
LLC ERROR.....ccccvvveeeee.n. Invalid LLC Parameter
PAR_MONITOR ............... Monitored Write Parameter

5.5.3 Interfaces
Call: KS_FIFOPuUt.................. Sends the HK packeh&oFIFO (Data Transmission task)
Call: KS_TaskSleep ............... Time delay

5.5.4 Dependencies

Called from the main task.
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5.5.5 Processing
[ BEGIN ]
Yes
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Read parameters
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A
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|

Write HK

Delay of 1.5 seconds

5.5.6 Data

Figure 27. Flowchart of the Housekeeping Task

Writes data to the FIFO.

5.5.7 Resources

None
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5.6 Fill_InputBuffer
5.6.1 Type

fill_in.c — procedure

5.6.2 Function

The Fill_InputBuffer programme module is used todia the data flow from/to the memory. It consisfs
circular buffer and functions to load and dump datikom the memory.

Contains of following functions:

DeclareCircularBuffer ... Reserves a memory space in the SPU RAMdta buffering

WriteInCircularBuffer ... Fills the input buffer with the DEC/MECisnce data

ReadInCircularBuffer ... Reads the science data from input buffe

CircularBufferQuerySpace ..Checks the empty memory space in science dat# fnyffer

CircularBufferQueryUsed ... Checks the used memory space in science maé buffer

CircularBufferRemoveLastWrittenValues .. Remove the last values from a circular buffer

CircularBufferRemove  ............ Clears a circular buffer by depletion

ResetCircularBuffers ... Memory allocation for buffering of soee header, DMC and telemetry
data

5.6.3 Interfaces

None

5.6.4 Dependencies

Called from Supervisor or Supervisor_Test.
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5.6.6 Data

None

5.6.7 Resources
2 MB Memory

28. Flowchart of the Fill_InputBuffer Procerk
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5.7 Command Interpretation and Acknowledgement
5.7.1 LOAD Command
5.7.1.1 Type

load.c — procedure

5.7.1.2 Function

This procedure acknowledges and executes (if L@aidmpeters are correct) the Load command received fr
DPU. This command is used to transfer data in SRAR and DPRAM. For more details see RDOO7.

5.7.1.3 Interfaces
Call: KS_FIFOPuUt.................. Sends the responsegtdokhe FIFO (Data Transmission task)

5.7.1.4 Dependencies

Called from watch process.

5.7.1.5 Processing

See flowchart in Figure 29.



HERSCHEL/PACS
PrRoJECT HERSCHEL/PACS
Doc. REr.: PACS-TW-GS-001
SPU HLSW IsSUE 4.8
DATE: 18-FeB-09
SPECIFICATION DOCUMENT
DOCUMENT SHEET: 97 of 217
Read the load command
parameter
¥
Calculate checksum of the data
field
memtype
= ok?
address
=ok?
Set NACK parameters for chfc;l:(s:)um
invalid memory type B
Yes

memblock

Set NACK parameters for

invalid address

=ok?

A 4

/ Write data to memory/
v

Set NACK parameters for
invalid checksum

Re-read data from
memon

Set NACK parameters for
invalid memory block

A

Calculate checksum
of the data

Set PACK parametel

invalid checksum after re-readi
]

Set NACK parameters for ’L
9

y
| Send the Response Pack¢ the FIFC |

END

Figure 29. Flowchart of the Procedure for Load Coand Handling

5.7.1.6 Data

Writes data to the FIFO.

5.7.1.7 Resources

None
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5.7.2 DUMP Command
5.7.2.1 Type

dump.c — procedure

5.7.2.2 Function

This procedure acknowledges and executes (if Duanarpeters are correct) the Dump command receioed fr
DPU. This command is used to transfer data from 8RAW. For more details see RD007.

5.7.2.3 Interfaces
Call: KS_FIFOPuUt.................. Sends the responsegtdokhe FIFO (Data Transmission task)
Call: KS_TaskSleep ............... Time delay

5.7.2.4 Dependencies

Called from watch process.

5.7.2.5 Processing
See flowchart ifFigure 3Q
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BEGIN
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END

Figure 30. Flowchart of the Procedure for Dump Coamah Handling

5.7.2.6 Data
Writes data to the FIFO.

5.7.2.7 Resources

None



HERSCHEL/PACS

PrRoJECT HERSCHEL/PACS
Doc. REr.: PACS-TW-GS-001
SPU HLSW IsSUE 4.8
DATE: 18-FeB-09
SPECIFICATION DOCUMENT
DOCUMENT SHEET: 100 of 217

5.7.3 CHECK Command
5.7.3.1 Type

check.c - procedure

5.7.3.2 Function

This procedure acknowledges and executes (if Chackmeters are correct) the Check command recéived
DPU. This command is used to check the SPU RAM.nkare details see RD0O7.

Contains of following functions:

O o Calculates the Checksum

5.7.3.3 Interfaces

Call: KS_FIFOPUt..........ccc..... Sends the responsegidokthe FIFO (Data Transmission task)

5.7.3.4 Dependencies

Called from watch process.

5.7.3.5 Processing

See flowchart in Figure 31
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Figure 31. Flowchart of the Procedure for Check Goamd Handling

5.7.3.6 Data

Writes data to the FIFO.

5.7.3.7 Resources
2 MB Data Memory
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5.7.4 Perform Activity Command
5.7.4.1 Type

perform.c — procedure

5.7.4.2 Function

This procedure acknowledges the reception of thdofe command and starts the appropriate function
according to the received Activity ID.
5.7.4.3 Interfaces

Call: PerformCopyToEeprom. .............. Copy Data from REMEEPROM

Call: PerformWarmReset ............cc....... Warm Resettfan

Call: PerformRawChannelSelection..... Raw Channel Seleftioction

Call: PerformStartStop .........cccvvvvveeenen. Start pESCSW function

Call: PerformSpuTestMode.................. SPU Test facipscopy or Photometry function

Call: PerformConnectToDmc............... Start Link to DMEC as Master or Slave

Call: KS_FIFOPUL........uvveieeiiiiiiiiiaeeenn, Sendsriponse packet to the FIFO (Data Transmissid) tas

5.7.4.4 Dependencies

Called from watch process.

5.7.4.5 Processing
See Flowchart ifrigure 32
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Figure 32. Flowchart of the Procedure for the PenficActivity Command Handling
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5.7.4.6 Data
Writes data to the FIFO.

5.7.4.7 Resources

None
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5.7.5 CP_DATA_RAM_EEPROM Command

5.7.5.1 Type
C2EEPROM.c — procedure

5.7.5.2 Function

This procedure acknowledges the reception of they@ata from RAM to EEPROM command and updates the
HLSW in SPU EEPROM. It Copies the HLSW from PRAMIzr DRAM to EEPROM..

5.7.5.3 Interfaces
Call: PerformCopyToEeprom Copies Data from RAM to EEPROM
Call: KS_FIFOPUt..........ccc..... Sends the responsegidokthe FIFO (Data Transmission task)
Call: KS_TaskSleep ............... Time delay

5.7.5.4 Dependencies

Called from perform activity command module.

5.7.5.5 Processing

See flowchart in Figure 33.
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Figure 33. Flowchart of the Procedure for Copy Ddtam RAM to EEPROM Command Handling

5.7.5.6 Data
Writes data to the FIFO.

5.7.5.7 Resources

None
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5.7.6 RESET Command
5.7.6.1 Type

w_reset.c — procedure

5.7.6.2 Function

This procedure performs a Warm Reset of the HLSMEHU HLSW receives the Warm Reset command it
cleans all buffers (DCMH data, science data aneimetry data buffers), reset the HK counter CI ai Rill all
tasks (Supervisor, Watch Process, Data TransmissidrHK) , reset the SMCS chip and restart the dimnection
to DPU.

5.7.6.3 Interfaces

Call: KS_FIFOPUt..........ccc..... Sends the responsegidokthe FIFO (Data Transmission task)
Call: KS_TaskSleep ............... Time delay
Call: KS_SemasSignal(WARM_RESET_SEMA).......... Reset SMAiB and all the tasks apart the spu_io

5.7.6.4 Dependencies

Called from perform activity command module.

5.7.6.5 Processing

See flowchart in Figure 34.
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Figure 34. Flowchart of the Procedure for Warm ReSemmand Handling

5.7.6.6 Data
Writes data to the FIFO.

5.7.6.7 Resources

None
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5.7.7 RAW_CHAN_TRAN_MODE Command
5.7.7.1 Type

Rc_Sel.c - procedure

5.7.7.2 Function

This procedure is used to select the number andxiraf channels from which data should be lossless
compressed and transmitted. The channels indexamdber could be selected for photoconductors afwhimiers.
At startup this index and number are set to zero.

5.7.7.3 Interfaces
Call: KS_FIFOPuUt.................. Sends the responsegtdokhe FIFO (Data Transmission task)

5.7.7.4 Dependencies

Called from perform activity command module.

5.7.7.5 Processing

See flowchart in Figure 35.
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Figure 35. Flowchart of the Procedure for Raw Chah8election Command Handling

5.7.7.6 Data
Writes data to the FIFO.

5.7.7.7 Resources

None
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5.7.8 START/STOP_REDUCT_COMPR Command

5.7.8.1 Type
Str_Stp.c — procedure

5.7.8.2 Function
This procedure is used to Start or Stop the CSW.

- TheStart command is performed to run the SPU CSW for DECIMiata.

- The Stop command is used to abort any running activity. Whballed it deletes the buffered data (DCMH
data, science data and telemetry data buffers).

5.7.8.3 Interfaces

Call: KS_FIFOPUL.......cuveieeeiiiiiiaaeenn, Sends thepomse packet to the FIFO (Data Transmission task)

Call: KS_TaskSleep .........ccceeevvvvnnnnnns Time delay

Call: ResetCircularBuffers ................ Memory alldoatfor buffering of science header, DMC and telegne
data

5.7.8.4 Dependencies

Called from perform activity command module.

5.7.8.5 Processing

See flowchart in Figure 36.
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[ BEGIN ]
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Send the Response Packet to the FIFO

A 4
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[ END ]

Figure 36. Flowchart of the Procedure for the Stand Stop Commands Handling

5.7.8.6 Data

Writes data to the FIFO.

5.7.8.7 Resources

None
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5.7.9 ACT_TEST _PHOT/SPEC Command
5.7.9.1 Type

Spu_tst.c — procedure

5.7.9.2 Function
This procedure is used to start the SPU Test Mod&pectroscopy or Photometry.

5.7.9.3 Interfaces
Call: KS_FIFOPUL........uviiiiiiiiiiiiiiiiieaee e Sends the response packet to the FIFO (Data issisn task)
Call: KS_SemasSignal(SPU_SPVS_TST)........ Signals theattdne Supervisor for the SPU Test
Call: KS_SemasSignal(SEMA_SPUTESTS) ... Signals the stadtteotlata generator of photometry' frames
Call: KS_SemasSignal(SEMA_SPUTESTP) ... Signals the statteoflata generator of spectroscopy' frames

5.7.9.4 Dependencies

Called from perform activity command module.

5.7.9.5 Processing

See flowchart in Figure 37.
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[ BEGIN ]
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[ END ]

Figure 37. Flowchart of theProcedure for SPU Tesin@nand Handling

5.7.9.6 Data
Writes data to the FIFO.

5.7.9.7 Resources

None
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5.7.10 CONNECT_DMC Command

5.7.10.1Type
DMC_Con.c — procedure

5.7.10.2Function

This procedure acknowledges the reception of thean€ct to DEC/MEC command and starts the link to
DEC/MEC as Master or Slave depending on the atthpheameter.
5.7.10.3nterfaces

Call: PerformConnectToDmc.DEC/MEC Link Start Task

Call: KS_FIFOPuUt.................. Sends the responsegtdokhe FIFO (Data Transmission task)

Call: KS_TaskSleep ............... Time delay

5.7.10.4Dependencies

Called from perform activity command module.

5.7.10.5Processing

See flowchart in Figure 38.
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Figure 38. Flowchart of the Procedure for ConneztDEC/MEC Command Handling

5.7.10.6Data
Writes data to the FIFO.

5.7.10.7Resources

None
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5.7.11 Write Command
5.7.11.1Type

write.c

— procedure

5.7.11.2Function

This procedure is used to update the compressimkufptables (DXS, DET_CST_PHOT, DET_CST_SPEC
and SIM_DATA tables).

It contains the following functions:

InitDetectorSelectionTables Initialises the Data Selection Table
InitTables ..o Initialises tB& Mask Tables

A short description of the ten-lookup tables isegivbelow.

» Write of Detectors Selection Table in the SPU Memgr(WRT_DXS)

Seven write commands allow the upgrade of the ttetables from which data are requested. Thectiete
(photoconductors and bolometers) information idtemiin seven tables. Five for the bolometers amdfor the
photoconductors. The length of each DXS table iB@@&s (0x18 words).

The same HLSW is running in both SPUs Red and Blie SW accepts all seven write commands
WRT_DXS1-7. The user has to choose the commandend slepending on the Detector type (photometer
WRT_DXS1-5 or spectrometer WRT_DXS6-7).

Both SPUs have the same set of commands, the S¥ptacl commands but the usage of the tables dspen
on the observing mode (photometry or spectroscapgthe wavelength (SWL and LWL).

WRT_DXS1-5 commands are required for photometra gadcessing for both SPUs
WRT_DXS6 command is actually required for spectopscfor both SPUs

WRT_DXS1-4 and WRT_DXS6 commands are required Yot lata processing in any SPU
WRT_DXS5 and WRT_DXS6 commands are required for Lifdta processing in any SPU

WRT_DXS7 command may be used in degraded mode whepnee SPU sub-unit has to process data
from both detectors (SWL and LWL). In the curre/ Sersion WRT_DXS7 is not exploited as the
degraded mode is not implemented .

See RD016 (HLSW User Manual) for more details.

» Write of Detectors Constants for Spectroscopy in th SPU Memory (WRT_DET_CST_SPEC)

It allows the upgrade of the table of photoconductimstants, which are relevant for the pre-prangsstep
in spectroscopy. The table length is 96 Bytes (Ox@8&ls). See RD016 (HLSW User Manual) for more itketa
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» Write of Detectors Constants for Photometry in theSPU Memory (WRT_DET_CST_PHOT)

It allows the upgrade of the table of bolometerstants, which are relevant for the pre-processiag m
photometry. The table length is 96 Bytes (0x18 wpr&ee RD016 (HLSW User Manual) for more details.

» Write of Simulated Data Parameters in the SPU Memoy (WRT_SIM_DATA)

It allows the upgrade of the parameters table, kil be used for data generation in the SPU testle.
The table length is 96 Bytes (0x18 words). See RDBHLSW User Manual) for more details.

5.7.11.3nterfaces

Call: InitDetectorSelectionTables ..... Initialises thetd&election Table

Call: KS_FIFOPUt.......cvvvveeveeieeeeeenn, Sends thepomse packet to the FIFO (Data Transmission task)

5.7.11.4Dependencies

Called from watch process.

5.7.11.5Processing

See flowchart in Figure 39.
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BEGIN
/ Read Parameter ID /
Parameter ID Yes
= ok? ¥
Set Address according to Parameter|(ID
v

Set NACK parameters for
Invalid Parameter ID

Read Write parameters
(Data Length an

Set NACK parameters for
Invalid Length

-

Calculate Checksum

Set NACK parameters for
Invalid Checksum

(DCS, DCP or SDP)

Update the table ﬁ | Store DXS ID and Setup Table|

!

Call DX_Table_lInit |

| Set PACK Parameters

!

| Send the Response Packet to the DPU

Figure 39. Flowchart of the Procedure for Write Cmiand Handling

5.7.11.6Data

Writes data to the FIFO and the data memory.

5.7.11.7Resources

None
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5.8 Compression Software
5.8.1 Compression Software Main Task
5.8.1.1 Type

csw.c — task

5.8.1.2 Function

The compression software compresses the scienee atabrding to the required compressed mode. The
compressed parameter is received via the supervi$mr compression software will accordingly stayprpriate
tasks.

5.8.1.3 Interfaces
Call: PhotoReductionAndCompression..... Boll and Bol2 m@ssion procedure
Call: PhotoLosslessCompressionMode...... Bol3 compressmredure
Call: PhotoTransparentMode .................... Bol4 corsgian procedure
Call: PhotoBufferTransmissionMode......... Procedure foff@urransmission Mode in Photometry
Call: SpectroReductionAndCompressionMode..Specl and Speunfression procedure
Call: SpectroLosslessCompressionMode .. Spec3 compressioadure
Call: SpectroTransparentMode.................. Spec4 cesswn procedure
Call: SpectroBufferTransmissionMode..... Procedure fof@ufransmission Mode in Spectroscopy
Call: KS_TaskSleep ........ccccuvvvvviiiiiieeeenenn. Tidegay
Call: KS_SemasSignal.......ccccccvvvveeeeeeennnnnn. Sigrthk start of HK transmission

5.8.1.4 Dependencies
Called from the main task.

Activated by Supervisor or Supervisor_Test task.

5.8.1.5 Processing
See flowchart in Figure 40 and Figure 41.
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!

Get the Observing and Compression
Modes from the Supervisor

Photometry?

Default compression procedure
in Photometr

Yes

Buffer under
granularity size?

Set HK parameters for invalid Compression

Mode a{nd

call default compression procedure for Photometr}/

Double compression procedulle

in Photometr ~

Half Compression procedure N

in Photometr 7

Lossless compression ~

procedure in Photome d

Transparent mode procedurd >
in Photometr

Buffer Transmission Mode -

procedure in Photome e

Free DMC Header & Science|

Data Buffers ~

Ny,

7

Y

Figure 40. Flowchart of the Compression SoftwareitMBask (Part 1)
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Spectroscopy?

Set HK parameters for Invalid
Observing Mode

Default compression procedule
in Spectroscopy

Lossless compression

procedure in Spectroscc

Transparent mode procedure jn

Spectroscor

Default compression procedurg

in Spectroscopy for 4s re

Buffer Transmisson Mode

procedure in Spectroscopy

Noise Resampling procedure i
Spectroscopy

Yes

Buffer under
granularity size?

Free DMC Header & Science|

Data Buffers

Set HK parameters for invalid Compression Mode And
call default compression procedure for Spectrosco¢y

©

Figure 41. Flowchart of the Compression SoftwareitMBask (Part 2)

5.8.1.6 Data

None

5.8.1.7 Resources

None
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5.8.2 Photometry Modes 0, 1 and 2
5.8.2.1 Type

bol_ex.c — procedure

5.8.2.2 Function

This procedure performs data compression in phetignfior the Boll or Bol2 modes depending on treeieed

compression parameter.

*  Boll (Default Compression Mode): This is the aldf mode for photometry.

* Bol2 (Double the Compression Ratio): This modeused whenever the default compression ratio dhoell

doubled.

*  Bol0 (Half Compression Mode): This mode is usettenever the readout rate in photometry is dectets@0

Hz. It performs 2 sample averaging for reduction.

5.8.2.3 Interfaces

Call: DmcHeaderCompression..DMC header extraction antpoession

Call: DXS...vvveiieieiiieee e Detectolestion

Call: PreProcessing ................... Pre-processirigetiata

Call: FloatAveraging................. when averaging taeloy number of samples

Call: AveragingdSamples.......... default averaging

Call: PhotoCompression............ Temporal and spaimdancy reduction, lossless coding
Call: PhotoCompression2.......... Temporal and spatialirdancy reduction, lossless coding

Call: BuildCompressedEntity....Write the compressed datathe output buffer

5.8.2.4 Dependencies

Called from the compression software main task.

5.8.2.5 Processing
See flowchart ifFigure 42
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BEGIN
DEC/MEC Header extraction and
compression
No Blue Yes
¢ Bolometers? ¢
Call Detector Selection 1 time Call Detector Selection 4 times for 4 sub-arfays
v v
Call Pre-processing Call Pre-processing
v i
Call Robust Averaging and Glitch Rejectign Call Robust Averaging and Glitch Rejectioh
v v
Call Temporal and Spatial Redundancy| Call Temporal and Spatial Redundancy
Reductiol Reductiol
v v
Call Lossless Coding Call Lossless Coding
v ]
Write the compressed data into the output Write the compressed data into the outpyt
buffer buffer
[ I
END
Figure 42. Flowchart of the Bol_ex Procedure
5.8.2.6 Data

None

5.8.2.7 Resources

None
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5.8.3 Photometry Mode 3
5.8.3.1 Type

bol3.c - procedure

5.8.3.2 Function

Bol3 (Lossless Compression Mode) is used for tssléss compression of photometry data from selecte
detectors.

5.8.3.3 Interfaces

Call: DmcHeaderCompression............. DMC header etitna@nd compression
Call: DXS..evvveiiiiicieee e Detector selection
Call: TSReductionForPhotolLlc_.......... Temporal andigpegdundancy reduction

Call: LosslessCompressionForPhoto....Lossless Coding

Call: BuildCompressedEntity............... Write the coegsed data into the output buffer

5.8.3.4 Dependencies

Called from the compression software main task.

5.8.3.5 Processing
See flowchart irfFigure 43



HERSCHEL/PACS

lys

PROJECT. HERSCHEL/PACS
Doc. REF.: PACS-TW-GS-001
SPU HLSW ISsUE 4.8
DATE: 18-FB-09
SPECIFICATION DOCUMENT
DOCUMENT SHEET: 126 of 217
[ BEGIN ]
DEC/MEC Header extraction and
compression
No Blue Yes
l Bolometers? ¢
Call Detector Selection for 1 time Call Detector Selection 4 times for 4 sub-arrd
Call Temporal and Spatial Redundancy Call Temporal and Spatial Redundancy
Reductiol Reductiol
v v
Call Lossless Coding Call Lossless Coding
v v
Write the compressed data into the output Write the compressed data into the output
buffer buffer
I I
v
[ END ]
Figure 43. Flowchart of the Bol3 Procedure
5.8.3.6 Data

None

5.8.3.7 Resources

None
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5.8.4 Photometry Mode 4
5.8.4.1 Type

bold.c  — procedure

5.8.4.2 Function

Bol4 (Transparent Mode) is used for the transpgar@de. It transmits raw data from selected detsatithout

compression.

5.8.4.3 Interfaces

Call: DmcHeaderCompression..DMC header extraction antpoession

(OF-1| N B ) Detectolestion

Call: BuildCompressedEntity ....Write the compressed thtathe output buffer

5.8.4.4 Dependencies

Called from the compression software main task.

5.8.4.5 Processing
See flowchart ifFigure 44
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[ BEGIN ]

I

DEC/MEC Header extraction and
compression

\y'S

No Blue Yes
l Bolometers? i
Call Detector Selection 1 time Call Detector Selection 4 times for 4 sub-arrg
Write the compressed data into the outpuf Write the compressed data into the output
buffer buffer
I |
v
[ END ]
Figure 44. Flowchart of the Bol4 Procedure
5.8.4.6 Data

None

5.8.4.7 Resources

None
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5.8.5 Photometry Buffer Transmission Mode
5.8.5.1 Type

buf_bol.c — procedure

5.8.5.2 Function

This procedure deals with the Buffer Transmissioode in photometry. It fills the memory for a cértéime
with the data, then sends them in raw mode.

BUF_Bol (Buffer Transmission Mode): The entire naynbuffers will be filled with DEC/MEC header and
science data (Blue SPU: 5 x 3 seconds; Red SPULJ seconds). After 15/60 seconds (Blue/Red SP&SIAU
HLSW ignores the input DEC/MEC data and start segndine buffered data for duration of 150 secondsase of
Blue SPU and 155 seconds in case of Red SPU. Tthagdthen transmitted to the DPU with rate conipatio the
telemetry rate in burst mode. The telemetry pacaetsdransmitted at 60 msec average time intetgdBPU i.e. 37
TM packets are made ready for DPU every 2220 msec

In SWL the buffers will be filled with 15 seconds datarir all detectors. This data will be stored in fiudfers
(bufferl, buffer2, buffer3, buffer4 and bufferS)hdrefore, each buffer includes 3 seconds of datanThe SPU
HLSW ignores all incoming data from DMC and begdimgransmit the buffered 15 seconds data to DP &y Will
be sent in the following sequence: buffer5, buffebliffer2, buffer3 and then buffer4. The data csissiof
uncompressed DMCH (only from 1 array ID) and uncoesped science data. In the compressed entity hdzle
CDHS is set to Zero while SCIS contains the fulladsize (size = Ox1E618 words = 497760 Bytes). myuthis
period HK are transmitted at regular rate to DPU.

- Blue SPU: 5 x 498 packets = 2490 packets of B}i@s are sent at average time interval of 50 ms

- SPU puts every 2220 msec 37 TM packets to DPRQIEAZ=60 ms time interval between two TM packets).

- 28 B + 497760 B (SD & DMH) + 24 B (TM Header) 28 packets = 509740 Bytes x5 = 2548700Bytes

- 2548700Bytes*60ms/1024Bytes = 149,4sec (150sec)

- 2548700Bytes /(150+15) sec = 121 kbit/s

- The averaged TM rate for the blue SPU is 121/&bit

In LWL the buffers will be filled with 60 seconds datarfr all detectors. This data will be stored in findfers

(bufferl, buffer2, buffer3, buffer4 and buffer5)hérefore, each buffer includes 12 seconds of ddtan the SPU
HLSW ignores all incoming data from DMC and begiogransmit the buffered 60 seconds to DPU. Thdlybei
sent in the following sequence: buffer5, bufferlyffer2, buffer3 and then buffer4. The data consists
uncompressed DMCH and uncompressed science dathe loompressed entity header the CDHS is set to Ze

while SCIS contains the full data size (size = BA%word = 516480 Bytes). During this period HK atemsmitted
at regular rate to DPU.

- Red SPU: 5 x 517 packets = 2585 packets of BYd€s are sent at average time interval of 50 ms

- SPU puts every 2220 msec 37 TM packets to DPQQ&BZ=60 ms time interval between two TM packets).
-28 B + 516480 B (SD & DMH) + 24 B x 517 packet§28916 Bytes x5 = 2644580 Bytes

- 2644580 Bytes*60ms/1024Bytes = 154.9 sec (155sec)

- 2644580 Bytes/(155+60) sec = 90kbit/s

- The averaged TM rate for the red SPU is 90 kbit/s
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- The averaged TM rate for both SPUs is 211 kbit/s.

5.8.5.3 Interfaces
Call: ReadInCircularBuffer ............... Reads the scéedata from input buffer

Call: BuildCompressedEntity ............ Write the compeabdata into the output buffer

5.8.5.4 Dependencies

Called from the compression software main task.

5.8.5.5 Processing

See flowchart in Figure 45.

BEGIN

No Blue Yes
Bolometers?

number < 4

DMCH extraction
v

Science Data extractior

Buffer
number = 4

Ignore DMC data
No | |

from the 4 sub-regions
¢ No Buffer Yes
number < 4
| Last DMCH extraction | DMCH extraction
! v
Last Science Data ex- - -
. Science Data extraction
traction foithe 4 sub-r. NO | Ignore IiMC data | from the 4 sub-regions

Write the compressed dgta | Last DMCH extraction |
into the output buffer !

! Last Science Data ex-

Buffer new data traction for the 4 sub-r.
v

Write the compressed dgta
into the output buffer
i
| Buffer new data
[
A 4
END

Figure 45. Flowchart of the BUF_Bol Procedure
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5.8.5.6 Data

None

5.8.5.7 Resources

It requires at least 3 MB of memory.
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5.8.6 Spectroscopy Modes 1 and 2
5.8.6.1 Type

specl 2.c — procedure

5.8.6.2 Function

This procedure performs data compression in spemtpy for the Specl, Spec2 or Spec5 modes degeodin
the received compression parameter.

*  Specl (Default Compression Mode): This is thiadk mode for spectroscopy.

* Spec2 (Double the Compression Ratio): This madesed whenever the default compression ratio dhoeil
doubled.

The Spec5 mode performs a default compression rfuode 4-second ramp. The ramp is subdivided tol2 su
ramps of 2-second length.

*  Spec5 (Compression Mode for 4s Reset): This misdesed to handle detectors data with a resatvaitef 4s.
The compression software receives 1024 frames anthem into two buffers. Each buffer contains Srb2Znes.
Then the SW resamples the data from 256Hz to 8lttztive implemented fitting algorithm.

5.8.6.3 Interfaces

Call: DmcHeaderCompression..DMC header extraction antpoession

Call: DXS...vvviiiieieiiieee e Detectolestion
Call: PreProcessing ................... Pre-processirigetiata
Call: RampFit..........cooeeeciiiiinns Ramp fittingdaglitch rejection

Call: TSReductionForSpectro ...Resorting the data andpbesthand spatial redundancy reduction
Call: LosslessCompressionForSpectro....Lossless Coding

Call: BuildCompressedEntity ....Write the compressed thtathe output buffer

5.8.6.4 Dependencies

Called from the compression software main task.

5.8.6.5 Processing

See flowchart in Figure 46.
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5.8.6.6 Data

None

5.8.6.7 Resources

None

[ BEGIN ]

!

DEC/MEC Header extraction and compressibn

!

Call Detector Selection

¥

Call Pre-processing

v
Call Ramp Fitting and Glitch Rejection

'

Call Temporal and Spatial Redundancy
Reductiol

!

Call Lossless Coding

!

Write the compressed data into the output
buffer

y

[ END ]

Figure 46. Flowchart of the Specl_2 Procedure
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5.8.7 Spectroscopy Mode 3
5.8.7.1 Type

spec3.c - procedure

5.8.7.2 Function
Spec3 (Lossless Compression Mode) is used fologmess compression of spectroscopy data fronttsele
detectors.
5.8.7.3 Interfaces
Call: DmcHeaderCompression..DMC header extraction antpoession
Call: DXS...vvviiiiereiireee e Detectolestion
Call: TSReductionForSpectro ...Resorting the data andpdesthand spatial redundancy reduction
Call: LosslessCompressionForSpectro  Lossless Coding

Call: BuildCompressedEntity ....Write the compressed thtathe output buffer

5.8.7.4 Dependencies

Called from the compression software main task.

5.8.7.5 Processing

See flowchart in Figure 47.
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[ BEGIN ]

l

DEC/MEC Header extraction and compressit)n

!

Call Detector Selection

!

Call Temporal and Spatial Redundancy
Reductiol

!

Call Lossless Coding

!

Write the compressed data into the output
buffer

N

Figure 47. Flowchart of the Spec3 Proce

5.8.7.6 Data

None

5.8.7.7 Resources

None

dure
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5.8.8 Spectroscopy Mode 4
5.8.8.1 Type

specd.c — procedure

5.8.8.2 Function

Spec4 (Transparent Mode) is used for the transpam®de. It transmits raw data from selected detsct
without compression.

5.8.8.3 Interfaces
Call: DmcHeaderCompression..DMC header extraction antpoession
Call: DXS...vvviiiiereiireee e Detectolestion
Call: BuildCompressedEntity ....Write the compressed thtathe output buffer

5.8.8.4 Dependencies

Called from the compression software main task.

5.8.8.5 Processing

See flowchart in Figure 48.

[ BEGIN ]

|

DEC/MEC Header extraction and compressi}an

'

Call Detector Selection

!

Write the compressed data into the output
buffer

Figure 48. Flowchart of the Spec4 Procedure

5.8.8.6 Data

None

5.8.8.7 Resources

None
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5.8.9 Spectroscopy Buffer Transmission Mode
5.8.9.1 Type

buf_spec.c — procedure

5.8.9.2 Function

This procedure deals with the Buffer Transmissiade in spectroscopy. It fills the memory for ataer period
with data, and then sends them in raw mode.

BUF_Spec (Buffer Transmission Mode): The entiremogy buffers will be filled with DEC/MEC header and
science data (Blue and Red SPU: 5 x 2 second®r At seconds the SPU HLSW ignores the input DEQMEta
and start sending the buffered data for duratiot5# seconds. The data is then transmitted to e Bith rate
compatible to the telemetry rate in burst mode. T¢lemetry packets are transmitted at 60 msec geetimne
intervals to DPU i.e. 37 TM packets are made rdadipPU every 2220 msec.

In LWL andSWL the buffers will be filled with 10 seconds datarfr all detectors. This data will be stored in
five buffers (bufferl, buffer2, buffer3, buffer4 dibuffer5). Therefore, each buffer includes 2 sdsoof data. Then
the SPU HLSW ignores all incoming data from DMC dradjins to transmit the buffered 10 seconds daPto.
They will be sent in the following sequence: buifeloufferl, buffer2, buffer3 and then buffer4. Tdata consists of
uncompressed DMCH and uncompressed science dathe loompressed entity header the CDHS is set to Ze
while SCIS contains the full data size (size = 008 words = 494 kB). During this period HK are sanitted at
regular rate to DPU.

- Blue/Red SPU: 5 buffer x 506 packets = 2530 ptckf 1000 Bytes are sent at average time intef@d ms.

- SPU puts every 2220 msec 37 TM packets to DPRQIEAZ=60 ms time interval between two TM packets).
-28 B + 494 KB (SD & DMH) + 24 B (TM packet heajlg 506 packets = 518028 Bytes x5 = 2590140 Bytes
- 2590140 Bytes /1024B*60ms = 151.77sec (152sec)

- 2590140/(152+10) sec = 124.91kbit/s

The averaged TM rate per SPU board is 124.91 kbit/s

The averaged TM rate for both SPUs is 249,82 kbit/s
5.8.9.3 Interfaces

Call: ReadInCircularBuffer ....... Reads the science ftata input buffer

Call: BuildCompressedEntity ....Write the compressed thtathe output buffer

5.8.9.4 Dependencies

Called from the compression software main task.

5.8.9.5 Processing

See flowchart in Figure 49.
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No Buffer Yes
number < 4 l
| DMCH extraction |
Buffer Yes
number = 4 ‘ +
| Science Data extractiod
NO | Ignore DMC data |
v
| Last DMCH extraction |
!
Last Science Data
extraction.
v

Write the compressed data
into the output buffer

v

| Buffer new data |
I

END

Figure 49. Flowchart of the BUF_Spec Procedure

5.8.9.6 Data

None

5.8.9.7 Resources

It requires at least 3 MB of memory.
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5.9 Compression SW Modules
5.9.1 Detector Selection
5.9.1.1 Type

dxs.c — procedure

5.9.1.2 Function

This procedure performs the data selection accgriinthe detector tables. The detectors selectbles are
directly set by DPU in the SPU memory using a weibenmand. This is used to identify the selecteéatets from

which data are solicited.

The solicited data are transmitted to DPU usingptedefined compression mode. If the compressiodemo

requires data reduction (compression modes specpezb or bol_ex), additional raw data from fewrcteds can

be transmitted lossless-compressed to fill the Evidwidth.

5.9.1.3 Interfaces

None

5.9.1.4 Dependencies

Called from Bol_ex, Bol3, Bol4, Specl_ 2, Spec3 pe&} procedure.

5.9.1.5 Processing

Detector selection procedure is depicted in Figre
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Figure 50. Flowchart of the Detector Selection Rrdare

The currently implemented raw channel data compmesdgorithm is described in Appendix A.1.3.

5.9.1.6 Data

None

5.9.1.7 Resources
2 MB data memory
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5.9.2 Preprocessing
5.9.2.1 Type

p_proc.c  — procedure

5.9.2.2 Function

This procedure is used in photometry and spectmsoaode in order to transform the received sigoahe
appropriate form (linear ramps in spectroscopy @ntstant signal in photometry). In fact, the us¢haf module is

still TBD depending on the efficiency of the eleetics and the electric filters.

5.9.2.3 Interfaces

None

5.9.2.4 Dependencies

Called from Bol_ex or Specl_2 procedure.

5.9.2.5 Processing

See flowchart in Figure 51.
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Figure 51. Flowchart of the Preprocessing Procedure
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5.9.3 Robust Averaging
5.9.3.1 Type

average.c  — procedure

5.9.3.2 Function

This procedure is used to perform glitch rejecton oversampling reduction of the photometry data.

5.9.3.3 Interfaces

None

5.9.3.4 Dependencies

Called from Bol_ex procedure.

5.9.3.5 Processing

See flowchart in Figure 52.

A library of fitting algorithms for photometry dats proposed in Appendix B.2.1.
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Figure 52. Flowchart of the Robust Averaging Proeed

The currently implemented averaging algorithm isadibed in Appendix B.1.1.

5.9.3.6 Data

None

5.9.3.7 Resources

None
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5.9.4 Ramp Fitting
5.9.4.1 Type

ramp_ft.c — procedure

5.9.4.2 Function

This procedure is used to perform glitch rejectonl calculating a slope or a mean out of a predéfset of
samples in spectroscopy. The number of samplesg@an be set using the write detectors constas{seictroscopy
command (Section 5.7.11). From one to several slapmans can be derived out of a ramp dependindesdt
parameter (Number of sample per sub-ramp)
5.9.4.3 Interfaces

None

5.9.4.4 Dependencies

Called from Specl_2 procedure.

5.9.4.5 Processing
See the following flowchart.

A library of fitting algorithms for spectroscopytdas proposed in Appendix B.2.1.
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Figure 53. Flowchart of the Ramp-fitting Procedure

The currently implemented ramp-fitting algorithndisscribed in Appendix B.1.2.
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5.9.4.6 Data

None

5.9.4.7 Resources

None
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5.9.5 Integration (obsolete)
5.9.5.1 Type

integ.c — procedure

5.9.5.2 Function

This procedure performs on-board integration over sensor readings in order to achieve the desired
compression ratio.

5.9.5.3 Interfaces

None

5.9.5.4 Dependencies

Called from Bol_ex or Specl_2 procedure.

5.9.5.5 Processing

See flowchart in Figure 54.
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Figure 54. Flowchart of the Integration Procedure

5.9.5.6 Data

None

5.9.5.7 Resources

None
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5.9.6 Temporal and Spatial Redundancy Reduction

5.9.6.1 Type
T_S _Red.c - procedure

5.9.6.2 Function

The aim of this procedure is to eliminate the terap@nd spatial correlation of the sensor readiagd
resorting the data for better peroformance of &ssstoding.

In case of Lossless Compression Mode, this modbéels and selects the maximum data size allowed for
lossless compression.

Maximum data size= 120 Kbytes:
- First 60 detectors (Figure 19) in spectroscopycamsen
- First 256 detectors (Figure 20) in photometryaresen for SWL SPU

- First 64 detectors (Figure 20) in photometry dresen for LWL SPU

5.9.6.3 Interfaces

None

5.9.6.4 Dependencies
Called from Bol_ex, Bol3, Specl_2 or Spec3 procedur

5.9.6.5 Processing
See the flowchart in Figure 55 for spectroscopy Rigdre 56 for photometry.
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Figure 55. Flowchart of the Temporal and SpatiadRedancy Reduction Procedure for Spectroscopy
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Figure 56. Flowchart of the Temporal and SpatiadRedancy Reduction Procedure for Photometry

5.9.6.6 Data

None

5.9.6.7 Resources

None
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5.9.7 Lossless Coding
5.9.7.1 Type

llc.c — procedure

5.9.7.2 Function

This procedure performs the lossless coding otitta.

5.9.7.3 Interfaces
Call: pacs_Srt....ccccvvvvvveeeeeeeieeiieeeeeenn, Stints data for following compression algorithm
Call: initmodel (in pacs_cod.c).......... initializatiohthe dynamical model for the range coder
Call: pacs_encode (in pacs_cod.c) .... applies the modetalls the range coder

Call: deletemodel (in pacs_cod.c) ..... deletes the model

5.9.7.4 Dependencies
Called from Bol_ex, Bol3, Specl_2 or Spec3 procedur

5.9.7.5 Processing
See flowchart in Figure 57.

A library of Lossless Coding (LLC) algorithms isoposed in Appendix A.2.
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Figure 57. Flowchart of the Lossless Compressioadeédure

The currently implemented Lossless Coding algoritbnscience data can be found in Appendix A.1.2.

5.9.7.6 Data

None

5.9.7.7 Resources

None
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5.9.8 Header Compression
5.9.8.1 Type

dmch_cp.c - procedure

5.9.8.2 Function

This procedure performs a lossless compressidmeafeiceived DEC/MEC header.

5.9.8.3 Interfaces

Call: ReadInCircularBuffer ............... Reads the DM@dher from input buffer

5.9.8.4 Dependencies

Called from Bol_ex, Bol3, Bol4, Specl_2, Spec3 pe&! procedure.

5.9.8.5 Processing

See flowchart in Figure 57.

A library of Lossless Coding (LLC) algorithms isoposed in Appendix A.2.
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Figure 58. Flowchart of the DEC/MEC Header CompreasProcedure

The currently implemented lossless compressionrigfgo for DEC/MEC header can be found in Appendix
Al.l

5.9.8.6 Data

None

5.9.8.7 Resources

None
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5.9.9 Fill_OutputBuffer
5.9.9.1 Type

fill_out.c — procedure

5.9.9.2 Function

The Fill_OutputBuffer procedure is used to preghecompressed entity and build the PUS packesgtstthe
packet ready-to-transmit to the data transmissioctfon.

The compressed entity represents the data pagkefrem the SPU to the DPU. It consists of the paased
science data and the compressed DEC/MEC headsholld be packaged and split into blocks, whichrfithe
telemetry packets (AD002) and made available toDR& according to document RD0OO7. The compresséty en
packet structure is described in the document RD0O07

The compressed entity is split by the SPU intakdao fit into the telemetry packets (AD002). Aalder of 12
Bytes (Block Header) is added to each block betasesent to the DPUHjgure 59. 8 Bytes of this header will be
ignored in the DPU as described in RD007.

CEH CDH | CSD S g

Data (1000 Bytes)| Data (1000Bytes)| Data (1000 Bytes)| « « « « » «| Data (1000 Bytes)

/

Block Data Block Data Block Data DO
Heade Heade Heade
- = = _/
Y Y Y
1012 1012 1012

Figure 59. Splitting of the Compressed Entity amgl Resulting Science Data Blocks

5.9.9.3 Interfaces
Call: KS_FIFOPUt..........ccc..... Sends the responsegidokhe FIFO (Data Transmission task)
Call: KS_TaskSleep ............... Time delay
Call: WriteIlnCircularBuffer ...Store The TM packet in thetput buffer
Call: KS_SemasSignal............. Signals the start of Hitgmission

5.9.9.4 Dependencies
Called from Bol_ex, Bol3, Bol4, BUF_Bol, Specl_2e83, Spec4, Spec5 and BUF_Spec procedure.



HERSCHEL/PACS

SPU HLSW

SPECIFICATION DOCUMENT

PROJECT
Doc. REF.:
ISSUE
DATE:

HERSCHEL/PACS
PACS-TW-GS-001
4.8

18-FeB-09

DOCUMENT

SHEET: 158 of 217

5.9.9.5 Processing

See flowchart in Figure 60.
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Figure 60. Flowchart of the Fill_OutputBuffer Prahgre
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5.9.9.6 Data
Writes data to the FIFO.

5.9.9.7 Resources
1 MB data memory
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5.10 Supervisor for Test Mode

5.10.1 Type
Spvs_Tst.c — task

5.10.2 Function

The supervisor for test mode task listens to tha danerators. It reads test data packets wheneseived. If a
start CSW command is signalled, then the test piat&ets are buffered and the compression is started

It performs the supervisor activities while SPU tesde is activated.

5.10.3 Interfaces
Call: WriteInCircularBuffer .................... Calls predure to fill the Input Buffer with Science data
Call: KS_SemasSignal(SEMA_ASW)...... Signals the starhef¢ompression software task

5.10.4 Dependencies

Called from the main task.

5.10.5 Processing
See flowchart in Figure 61, Figure 62, Figure 68 Rigure 64.

‘Compress_Now = true in the flowchart means: “Close the actual buffend make it ready for
compression. Begin to store data in a new buffer.”
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Figure 61. Flowchart of the Supervisor for Test Motiask (Part 1)

Figure 62. Flowchart of the Supervisor for Test Motiask (Part 2)
See next page

Figure 63. Flowchart of the Supervisor for Test Motiask (Part 3)
See page after next
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Figure 64. Flowchart of the Supervisor for Test Motiask (Part 4)

5.10.6 Data

Read data from the data generator.

5.10.7 Resources
1 MB allocated Data Memory
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5.11 Photometry Data Generator

5.11.1 Type
phot_gen.c — task

5.11.2 Function

This program generates simulated data for photgmetr

5.11.3 Interfaces

Call: KS_SemasSignal(SPU_TEST)......... Signals the sfaiteoSPU Test Mode

Call: KS_TaskSleep ........cooeeuvvvvriniinnnnen. Timddye

5.11.4 Dependencies

Called from Spu_tst procedure.

5.11.5 Processing

See flowchart in Figure 65.
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Figure 65. Flowchart of the Photometry Data Generatfask

5.11.6 Data

None

5.11.7 Resources

None
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5.12 Spectroscopy Data Generator
5.12.1 Type

spec_gen.c — task

5.12.2 Function

This program generates simulated data for speapysc

5.12.3 Interfaces

Call: KS_SemasSignal(SPU_TEST)......... Signals the sfaiteoSPU Test Mode.

Call: KS_TaskSleep ........coeeevuvvivriiiinennen. Timddye

5.12.4 Dependencies

Called from Spu_tst procedure.

5.12.5 Processing

See flowchart in Figure 66.
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Figure 66. Flowchart of the Spectroscopy Data Gemer Task

5.12.6 Data

None

5.12.7 Resources

None
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6 Feasibility and Resource Estimates
6.1 Memory Allocation

The operations of the SPU HLSW are limited byahailable memory size. Figure 67 represents the
memory allocation within one SPU board. Table Ashthe memory allocation for the SPU HLSW.

Memory Type Memory Memory Description
Size [MB] | Allocation [%]
EEPROM 15 17 for storage and backup of the prograde to avoid

several uplinks of the same program code in ca§Paf
switch offfon, RAM corruption etc.

Program Memory 3.0 258 used to store and run the program code.

(PRAM)

Data Memory 4.0 94 for static data allocation and data proogssiorage.
(DRAM)

SMCS Memory 32 kB 87.5 used for data transfer between SPU —/MIEC and
(DPRAM) SPU - DPU.

Table 7. Memory Allocation of the SPU HLSW.

The memory usage is at least 10% less than theongeatiocated.

DPRAM (32 kB)

PRAM (3 MB) X DRAM (4 MB)
Margin I/0 Buffers
Program Code ) Stack and Heap
.5 MB 1.1 MB
and Data ( ) (0 & MR) |"'."(' ______ ) _____ :
(0.5 MB) 1 Science Data Buffer

Static Data Allocation] |kz====z==i==zz==2
and 1 DMCH Buffer 1

Processing Memory| | L (52.1 kB, circular):

(2.3 MB)

1 Output Buffer i
' (74.1 kB, circular)

Figure 67. SPU HLSW Memory Map.

3 In the buffer transmission mode (see Section 588 Section 5.8.9) program memory is also useddéa buffering.
Therefore the program memory allocation increasé&9t95%.
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In data memory (DRAM) three circular buffers anaitable per SPU board for data acquisition, steragd
transmission, in addition to the processing memboy. data compression the SPU HLSW swaps betweerd i
Mbytes buffered data. After the buffering of 0.5 s of input data (science data and DEC/MEC h@gatier
compression of this data starts while the secohd/ytes buffer is filled.

The memory map is given in RD016. The PRAM is pattected from overwriting by the HLSW because the
PRAM is used by two compression modes for dataebinfj (Buffer Transmission Mode and 4s Reset maode i
spectroscopy). Furthermore, the write command lis ibaccess the PRAM area.

6.2 Processing Power

The SPU consists of two CPU boards (TSC21020). dibek frequency of each CPU is 18 MHz with 54
MFLOPs (peak) and 36 MFLOPs (sustained) (see RDPage 11). The exact CPU workload derived for all
compression modes, for a HLSW version, can be famitide respective HLSW user manual (RD016).

6.3 Application SW Estimates

In this section, additional requirements of thenpoession SW (ASW) on the signal in order to achithe
required compression ratio are given.

6.3.1 Compression Ratio

Nominal PACS science data rate is about 120 khitsprime mode. Therefore, the allocated ratestdence
data excluding the header is about 118 kbits/s.

Based on this assumption the minimum required ceagion ratio is calculated below.

Photometry

Science Data Input (2048 + 512) detectors x 40 H& kit = 1600 kbit/s
Minimum CR in photometry: 1600/11813.56

Spectroscopy

Science Data Input 2 (boards) x (26x18) detectdS6Hz x 16 bit = 3744 kbit/s

Minimum CR in spectroscopy 3744/118%.73
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6.3.2 Entropy Estimates for Redundancy Reduction

In this Section, we calculate the redundancy in glgmal, in terms of bits, that is required to asli the
minimum compression ratio. We only consider thelless compression part of the ASW. A compressiotofgsee
Table 8) should be already achieved by the lossyptession module in nominal compression modes.

In the lossless compression module one referenicr Vs kept every & time interval. The differences to the
reference are calculated (see also Figure 68) agieldcin nbit bits (noise). For more details sediSe®.9.6.

A-pixels

reference
pixel reference reference

? / pixel pixel
% A-pixels

pixels  pixels pixels pixels pixels
of of of of of
frame 1 frame 2 frame 3 frame 4 frame 5

channel x .
1 1 1 1 1
1 1 1 1 1
h N
C Opper 1 1 1 1 ]
o —
1 1 1 1 1
1 1 1 1 1
? @ @ Q |
sampbsol P
channelx & 1 1 6 0 0 o
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1

Figure 68. Redundancy Reduction.

The compression ratio (CR) achieved by the redundesduction module can be calculated as follows:

CR =[16 X N, X tet X vs/ CR_fit] / [chop_pos x 16 + nbit X ¢\ tes X vs/ CR_fit — chop_pos)]

where
Ng coeveereerennn, number of detectors
VS wererrenneneees sampling frequency
CR_fit.......... compression ratio of the previoossy compression step (averaging/ramp fitting mejdul

chop_pos..... number of chopper positions (one eafax per chopper plateau).
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Therefore, the maximum number of bits allocatethéonoise can be calculated as follows:

nbit = [(16 X Ny X tes X Vs/ CR_fit) / CR — chop_pos x 16]/ [X te X vs / CR_fit — chop_pos] .

Table 8 depicts the maximum number of bits allotdte the noise required to fulfil the TM rate. Thase
calculated for 4 Hz chopper frequency.

Observing Mode Minimum CR | CR by lossy | CR by lossless number of bits
compression | compression | allocated to the noise
module module

Photometry 13.56 4 3.390 472
Spectroscopy 31.73 32 0.992 16.13
16 1.983 8.06

8 3.966 4.03

4 7.933 2.02

2 15.865 1.01

Table 8. Number of Bits Allocated to the Noise.

6.4 Data Rates Estimate

Table 9 and Table 10 show the data rates estimatallfcompression modes in photometry and speutims
These numbers are calculated as presented in xhsuizsections.

Compression | Description Selected Expected TM Rate Packets
Mode in Detectors [kbits/s] per
Photometr second
Y SPU | SPU | SPU SsPU Total
LWL SWL LWL SWL
BOLO Half Compression Mode 512 2048 87.44 29.93 | 117.37 15.05
BOL1 Default Mode 512 2048 81.95 21.53 103.48 13.17
BOL2 Double Compression Mode 512 2048 41.68 11.45 53.13 6.76
) 512 2048 323.39 81.89 405.28 51.57
BOL3 Lossless Compression Mode
148 592 94.53 24.67 119.20 15.17
512 2048 | 1289.11 | 323.28 1612.39 | 205.15
BOL4 Transparent Mode
37 148 94.48 24.63 119.11 15.16
BUF_Bol Buffer Transmission Mode 512 2048 94.5( 118.60 213.10 27.11

Table 9. Expected Data Rates for the Compressiodedaon Photometry
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Compression | Description Selected Expected TM Rate Packets
Mode in Detectors [kbits/s] per
Spectroscopy SPU SPU SPU SPU Total second
LWL SWL LWL SWL

SPEC1 Default Mode 450 450 58.76 58.76 117.52 14.95

SPEC2 Double Compression Mode 450 450 30.47 30.47 60.94 7.75
SPEC3 Lossless Compression Mode 450 450 454.88 454.88 909.75 115.75

57 57 59.53 59.53 119.06 15.14
SPEC4 Transparent Mode 450 450 1812.94 | 1812.94 | 3625.88 | 461.34

14 14 58.46 58.46 116.92 14.88

SPEC5 Compression Mode for 4s Reset 450 450 58.[73 3587 117.47 14.95
BUF_Spec Buffer Transmission Mode 450 450D 122.71 AR2|  245.42 31.23

Table 10. Expected Data Rates for the Compressioddd in Spectroscopy

The data rate for one raw channel in photometry is
40 Hz x 16 bit =0,625 kbits/s
and for one raw channel in spectroscopy
256 Hz x 16 bit =4 kbits/s.

6.4.1 Photometry

The nominal data rates in photometry are calculatefibllows:

Step 1: Averaging
Since we have to average 4 samples, we reducaghedcience data by a factor of 4.
The input science data of 1280 + 320 = 1600 klzitssreduced to 320 + 80 = 400 kbit/s here.

Step 2: Redundancy Reduction
- SWL:
16 bits x 10 (averages) x 2048 (detectors) aftem averaging = 327680 bits per array
(4 x 16 bits) + 4 bits x (10 x 2048 detectorg =81968 bits per array
The ratio achieved in this step is 327680/819&39977

- LWL :
16 bits x 10 (averages) x 512 (detectors) afta dveraging = 81920 bits per array
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(4 x 16 bits) + 4 bits x (10 x 512 detectors =40528 bits per array
The ratio achieved for the red SPU is 81920/20533906

The science data is reduced8@0469 + 20.0469 = 100.0938 kbit/s here.

Table 11shows the nominal data rates for photometry. Theutation of the header rates is described below.

SWL LWL SWL & SWL
[kbits/s] [kbits/s] [Kbits/s]
Compressed Science Data 80.0469 20.0469 100.0938
Compressed DEC/MEC Header Rate 1.3333 1.3333 2.6667
Compressed Entity Header 0.0729 0.0182 0.0911
Packet Header 0.5000 0.1289 0.6289
Total 81.9531 21.5273 103.4805

Table 11. Nominal Data Rates for Photometry.

Compressed DEC/MEC Header Rate
If we consider 512 Bytes per compressed entityHfercompressed DEC/MEC header then we get
SWL: 512 Bytes / 3 s = 170.67 Bytesls333 kbits/9
LWL: 2048 Bytes / 12 s = 170.67 BytesIs333 kbits/g

Compressed Entity Header Rate
If we consider 28 Bytes per compressed entitylier@GEH then we get
SWL: 28 Bytes / 3 s = 9.333 Bytesfs({729 kbits/$
LWL: 28 Bytes / 12 s = 2.333 Bytes&(182 kbits/3

Packet Header Rate

If we consider a packet size of 1000 Bytes we lgetiumber of packets

SWL (28B + 512B + [3s x 2048 x 40Hz x 2B / 15.99CR{]) / 1000B = 31.265
— 32 packets/buffer; 32 packets / 3s = 10.667 patket
LWL (28B + 2048B + [12s x 512 x 40Hz x 2B / 15.99@R)]) / 1000B = 32.814

— 33 packets/buffer; 33 packets / 12s = 2.75 paftkets
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If we consider 6 Bytes per packet then we get &qtdweader rate of
SWL: 10.667 packets/s x 0.046875 kbit8.5 kbits/s
LWL: 2.75 packets/s x 0.046875 kbit©0=289 kbits/s

6.4.2 Spectroscopy

The nomunal data rates in spectroscopy are cadtlibes follows:

Step 1: Ramp Fitting
Since we have to fit over 8 samples, we reducéniingt science data by a factor of 8.
The input science data of 2 x 1800 = 3600 kbitésraduced to 2 x 225 = 450 kbit/s here.

Step 2: Redundancy Reduction
- SWL & LWL :
16 bits x 32 (slopes) x 450 (detectors) afteadidting = 230400 bits per array
(4 x 16 bits) + 4 bits x (32 x 450 detectors =47648 bits per array
The ratio achieved in this step is 230400/5764839967

The science data is reduced to 36?969 = 112.5938 kbit/s here.

Table 12shows the nominal data rates for spectroscopy.calweilation of the header rates is described below.

SWL LWL SWL & SWL
[kbits/s] [kbits/s] [Kbits/s]
Compressed Science Data 56.2969 56.2969 112.5938
Compressed DEC/MEC Header Rate 2.0000 2.0000 4.0000
Compressed Entity Header 0.1094 0.1094 0.2188
Packet Header 0.3516 0.3516 0.7031
Total 58.7578 58.7578 117.5156

Table 12. Nominal Data Rates for Spectroscopy.
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Compressed DEC/MEC Header Rate
If we consider 512 Bytes per compressed entityiffercompressed DEC/MEC header then we get
SWL & LWL: 512 Bytes / 2 s = 256 Bytes/ kbits/s)

Compressed Entity Header Rate
If we consider 28 Bytes per compressed entitylier@GEH then we get
SWL & LWL: 28 Bytes / 2 s = 14 Bytes/6.(L094 kbits/3

Packet Header Rate
If we consider a packet size of 1000 Bytes we lgetiumber of packets
SWL & LWL: (28B + 512B + [2s x 450 x 256Hz x 2B 137 (CR)]) / 1000B = 14.95
— 15 packets/buffer; 15 packets / 2s = 7.5 packets/s

If we consider 6 Bytes per packet then we get &gtdweader rate of
SWL & LWL: 7.5 packets/s x 0.046875 kbit9;3516 kbits/s
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7 User Requirements vs. Software Traceability Matrix

User
Requirements

Software
Requirements

Description

SPU-OBS-ON1 SPU-SUSW2610 | SPU handover to HLSW (see RD015 page 41)

SPU-OBS-ON2 SPU-HSR-FN0200 | HK to DPU

SPU-OBS-OF1 No data storage before the switch off of the SPI) un

SPU-OBS-SW1 | SPU-HSR-FN0102..103 HLSW performs the data reduction and compressicording to DEC/MEC

header

SPU-OBS-SW2 | SPU-HSR-FNOOO5 | HLSW has the possibility to detect data corrupfinthe Loaded memory area
SPU-HSR-FN0202
SPU-HSR-FN0203

SPU-OBS-SW3 | SPU-HSR-OP0611 | The compression results are included in the HK wliencompression is startg

SPU-OBS-SW4 | SPU-HSR-FN0020..30| HLSW upgrades the parameters for data reduction

SPU-OBS-SW5 SPU-HSR-FN0014, | HLSW aborts data processing whenever a stop comisaedeived
SPU-HSR-IF0003,
SPU-HSR-IF0070

SPU-OBS-SW6 SPU-HSR-FNO0015, | HLSW starts data processing whenever a start comhisareceived
SPU-HSR-IF0003,
SPU-HSR-IF0080

SPU-OBS-SW7 SPU-HSR-FN0012, | HLSW performs the warm reset when a reset comnsneteived
SPU-HSR-IF0003,
SPU-HSR-IF0050

SPU-OBS-SW8 SPU-HSR-FN0018, | HLSW starts the peak-up program when a peak-up @odris received

deleted SPU-HSR-IF0003,

SPU-HSR-IF0040

SPU-OBS-SW9 SPU-HSR-0OP0400, | HLSW supports all the operating and observing madéise PACS instrument

SPU-HSR-OP0500

SPU-OBS-SW10

SPU-HSR-FNO0O016,
SPU-HSR-FNO0017,
SPU-HSR-IF0003,
SPU-HSR-IF0090,
SPU-HSR-IF0100,
SPU-HSR-OP0640

HLSW generates simulated data for test purpoggedred by DPU command

SPU-OBS-SW11

SPU-HSR-FN0007,
SPU-HSR-FNO0O008,
SPU-HSR-IF0002,
SPU-HSR-IF0003,
SPU-HSR-IF0020

HLSW could dump data from RAM

SPU-OBS-SW12

SPU-HSR-FN0004,
SPU-HSR-FNOOO5,
SPU-HSR-FNO0O006,
SPU-HSR-IF0003,

SPU-HSR-IF0010

HLSW could Load data into RAM

SPU-OBS-SW13

SPU-HSR-FNO000S9,

SPU-HSR-FN0010,

HLSW could check a specific RAM area
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SPU-HSR-IF0002,
SPU-HSR-IF0003,
SPU-HSR-IF0030,

SPU-OBS-SW14

SPU-HSR-FN0020..3(

SPU-HSR-IF0003,
SPU-HSR-IF0120

HLSW could write detector selection tables and cieteconstant tables to RAM

SPU-OBS-SW15

SPU-HSR-FNO0019,

HLSW performs the Bolometer Background Cancelling matienever a BBC

deleted SPU-HSR-IF0003, |command is received

SPU-HSR-1F0110

SPU-OBS-CR1 | SPU-HSR-FN0102..105HLSW performs the data reduction and compressia@ording to DEC/MEQ
header
SPU-OBS-CR2 SPU-HSR-FN0300 | No data loss during data acquisition
SPU-OBS-CR3 | SPU-HSR-OP0600..04,HLSW supports several compression modes
SPU-HSR-OP0610..11

SPU-HSR-OP0620,

SPU-HSR-OP0625,

SPU-HSR-OP0630,

SPU-HSR-OP0631,

SPU-HSR-OP0632,

SPU-HSR-OP0640,

SPU-HSR-OP0650,

SPU-HSR-OP0660..62

SPU-HSR-OP0670
SPU-OBS-CR4 SPU-HSR-IF0200..01] Compression data is split into packets which fibitite telemetry packet
SPU-OBS-CR5 SPU-HSR-IF0200..01| Compressed data packet structure fulfil the protdeskribed in RD0O07
SPU-OBS-CR6 SPU-HSR-IF0300..04| HLSW is able to receive data packets from DEC/MEC
SPU-OBS-CR7 SPU-HSR-RS0001, | HLSW is adapted to the SPU hardware

SPU-HSR-RS0100
SPU-OBS-CRS8 SPU-HSR-IF0003 | HLSW acknowledges the reception of all DPU commands
SPU-OBS-CR9 SPU-HSR-FN0200 | HLSW sends HK to DPU

SPU-OBS-CR10

SPU-HSR-FN0200

Regular rate for the HLSW HK transmission to DPU

SPU-OBS-CR11

SPU-HSR-FN0201

“Are You Alive” SPU is available in the HLSW HK

SPU-OBS-TM1 SPU-HSR-0OP0610 | HLSW supports the PACS prime mode (120 Kbits/s )

SPU-OBS-TM2 SPU-HSR-0OP0660 | HLSW supports the PACS burst mode (~300 Kbits/s )

SPU-OBS-TM3 SPU-HSR-0OP0620 | HLSW supports the PACS parallel mode

SPU-OBS-TM4 SPU-HSR-OP0611 | The compression results are included in the HK veliencompression is started
SPU-OBS-TM5 SPU-HSR-IF0200..01 | Compression data is split into packets which fivitite telemetry packet




HERSCHEL/PACS
PrRoJECT HERSCHEL/PACS
Doc. REr.: PACS-TW-GS-001
SPU HLSW IsSUE 4.8
DATE: 18-FeB-09
SPECIFICATION DOCUMENT
DOCUMENT SHEET: 179 of 217

8 Software Requirements vs. Components Traceability fsltrix

Software
Requirements

Component

Description

SPU-HSR-FNO0OO0O1

spu_io.c, watchp.c

HLSW is able to receive command packets from DP|

SPU-HSR-FN0002

watchp.c

HLSW is able to identify the DPU command

SPU-HSR-FNO0O003

watchp.c

HLSW aborts data compression if DPU command is|
received

SPU-HSR-FN0O004

watchp.c, Load.c

HLSW can load data into SPU RAM

SPU-HSR-FN0005 | Load.c HLSW checks the consistency of the data before the
load
SPU-HSR-FNO0006| Load.c Data load only to DRAM, Ext. DRAM and DPRAM

transfered to
SPU-HSR-IF0011

SPU-HSR-FNOOO7

watchp.c, dump.c

HLSW can dump data from SPU RAM

SPU-HSR-FN0008
transfered to
SPU-HSR-IF0021

dump.c

Data dump only from PRAM, DRAM, Ext. DRAM an
DPRAM

SPU-HSR-FNOO09

watchp.c, check.c

HLSW can check SPU RAM

SPU-HSR-FNO0010

check.c

Data check only for PRAM, DRAM, Ext. DRAM and
DPRAM

SPU-HSR-FNO0O11

watchp.c, perform.c

HLSW checks consistency of the parameter of the
perform activity command

SPU-HSR-FNO0012

w_reset.c, fill_in.c, spu_io.c

HLSW can perform warm reset

SPU-HSR-FN0013

Rc_Sel.c

HLSW can transmit data from selected channelswvn

SPU-HSR-FN0014

Str_Stp.c

HLSW can abort data compression

SPU-HSR-FN0015

Str_Stp.c

HLSW can start data compression

SPU-HSR-FNO0016

spu_tst.c, phot_gn.c, Spvs_Tst.c

HLSW can generate simulated photometry data on
board for test purposes

SPU-HSR-FNO0017

spu_tst.c, spec_gn.c, Spvs_Tst.c

HLSW can generate simulated spectroscopy data o
board for test purposes

SPU-HSR-FN0018

peak_up.c, pkup_pg.c, csw.c

HLSW provides an interface to the peak-up programn

h

)|

deleted
SPU-HSR-FN0019| bol_bc.c, bbc_pg.c, csw.c HLSW provides an interface to the bolometer
deleted background cancelling program

SPU-HSR-FN0020

watchp.c, write.c

HLSW checks consistency of the parameter of theew
command

=

SPU-HSR-FN0021 | write.c HLSW can load detectors table from subarray 1 in
photometry

SPU-HSR-FN0022 | write.c HLSW can load detectors table from subarray 2 in
photometry

SPU-HSR-FN0023 | write.c HLSW can load detectors table from subarray 3 in
photometry

SPU-HSR-FN0024 | write.c HLSW can load detectors table from subarray 4 in
photometry

SPU-HSR-FN0025 | write.c HLSW can load detectors table from subarray 5 in
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photometry
SPU-HSR-FN0026 | write.c HLSW can load detectors table from subarray 1 in
spectroscopy
SPU-HSR-FN0027 | write.c HLSW can load detectors table from subarray 2 in
spectroscopy
SPU-HSR-FN0028 | write.c HLSW can load detector constants table in photgmetr
SPU-HSR-FN0029 | write.c HLSW can load detector constants table in
spectroscopy
SPU-HSR-FN0030 | write.c HLSW can load simulated data table for SPU testempod
SPU-HSR-FN0031 | C2EEPROM.c HLSW can copy SW code from RAM to EEPROM
SPU-HSR-FN0032 | DMC_Con.c, spu_io.c HLSW connects to DEC/MEC upon DPU command
SPU-HSR-FNO0100 | spu_io.c, supervs.c HLSW is able to receive data packets from DPU
SPU-HSR-FN0101 | csw.c HLSW can start data compression
SPU-HSR-FN0102 | Supervs.c HLSW can distinguish between photometry and
spectroscopy data
SPU-HSR-FN0103 | Supervs.c, fill_in.c HLSW is able to buffer DEC/MEC data to memory
SPU-HSR-FN0104 | Supervs.c, csw.c For real time processing procedures are implemeanted
HLSW to handle the buffers
SPU-HSR-FNO0105 | csw.c, bol_ex .c, bol3.c, bol4d.c, HLSW supports eleven compression modes

buf_bol.c, specl_2.c, spec3.c,
spec4.c, spech.c, buf_spec.c

SPU-HSR-FN0200

hk.c, datatx.c

HLSW send permanently HK packets to DPU

SPU-HSR-FN0201

hk.c

LAre You Alive* SPU is implemented in the HLSW HK

SPU-HSR-FN0202

hk.c

EDAC check status is implemented in the HLSW HK

SPU-HSR-FN0203

hk.c

Ground people are responsible for analyzing tHa i
memory addresses detected using EDAC check

SPU-HSR-FN0300

All

HLSW fulfils real time data processing requirement

SPU-HSR-FN0301

Supervs.c, integ.c

HLSW doesn't allow science data loss

SPU-HSR-IF0001

watchp.c

HLSW aborts any running activity, if DPU command|is
received

SPU-HSR-IF0002

watchp.c, Load.c, dump.c,
C2EEPROM.c, check.c, DMC_Con.c,
perform.c, w_reset.c, Rc_Sel.c,
Str_Stp.c, spu_tst.c, write.c,

datatx.c

Maximum response time for DPU commands is 200ms

SPU-HSR-IF0003

watchp.c, Load.c, dump.c,
C2EEPROM.c, check.c, DMC_Con.c,
perform.c, w_reset.c, Rc_Sel.c,
Str_Stp.c, spu_tst.c, write.c,

datatx.c

HLSW acknowledges any received DPU command
according to the defined protocol

SPU-HSR-IF0010

watchp.c, Load.c, datatx.c

HLSW acknowledges the execution of the load
command

SPU-HSR-IF0011

Load.c

Data load only to DRAM, Ext. DRAM and DPRAM

SPU-HSR-IF0020

watchp.c, dump.c, datatx.c

HLSW acknowledges the execution of the dump
command

SPU-HSR-IF0021

dump.c

Data dump only from PRAM, DRAM, Ext. DRAM and
DPRAM
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SPU-HSR-IF0030

watchp.c, check.c, datatx.c

HLSW acknowledges the execution of the check
command

SPU-HSR-IF0040
deleted

watchp.c, perform.c, peak_up.c,
pkup_pg.c, csw.c, datatx.c

HLSW acknowledges the reception of the peak-up
command

SPU-HSR-IF0050

watchp.c, perform.c, w_reset.c,
datatx.c, spu_io.c

HLSW acknowledges the reception of the warm reset
command

SPU-HSR-IF0060

watchp.c, perform.c, Rc_Sel.c,

HLSW acknowledges the execution of the raw chanpel

datatx.c selection command

SPU-HSR-IF0070 | watchp.c, perform.c, Str_Stp.c, HLSW acknowledges the reception of the stop
datatx.c command

SPU-HSR-IF0080 | watchp.c, perform.c, Str_Stp.c, HLSW acknowledges the reception of the start
datatx.c command

SPU-HSR-IF0090

watchp.c, perform.c, spu_tst.c,
phot_gn.c, Spvs_Tst.c, datatx.c

HLSW acknowledges the reception of the SPU test |n
photometry command

SPU-HSR-IF0100

watchp.c, perform.c, spu_tst.c,
spec_gn.c, Spvs_Tst.c, datatx.c

HLSW acknowledges the reception of the SPU test |n
spectroscopy command

SPU-HSR-IF0110
deleted

watchp.c, perform.c, bol_bc.c,
bbc_pg.c, csw.c, datatx.c

HLSW acknowledges the reception of the Bolomete
Background Cancelling command

SPU-HSR-IF0120

watchp.c, write.c, datatx.c

HLSW acknowledges the execution of the write
command

SPU-HSR-IF0130

watchp.c, perform.c, C2ZEEPROM.c,
datatx.c

HLSW acknowledges the reception of the Copy Data to
EEPROM command

SPU-HSR-IF0131

C2EEPROM.c

No HK packet are transmitted to DPU while data areg
copied to EEPROM

SPU-HSR-IF0140

watchp.c, perform.c, DMC_Con.c,
spu_io.c

HLSW acknowledges the reception of the Connect tp
DEC/MEC command

SPU-HSR-IF0200

fill_out.c, datatx.c

HLSW is able to transmit TM packets to DPU

SPU-HSR-IF0201

fill_in.c, datatx.c, spu_io.c

HLSW can buffer a maximum number of 75 TM
packets

SPU-HSR-IF0300

Supervs.c

HLSW doesn’'t acknowledge the reception of
DEC/MEC packets

SPU-HSR-IF0301

Supervs.c, csw.c, hk.c

HLSW can detect some corrupted fields in the
DEC/MEC packets

SPU-HSR-IF0302

Supervs.c

HLSW can distinguish between photometry and
spectroscopy packets

SPU-HSR-IF0303

spu_io.c, hk.c

DEC/MEC link connection status is set in the HLSW
HK

SPU-HSR-IF0304

Supervs.c, csw.c, hk.c

DEC/MEC packet size

SPU-HSR-OP0001,
obsolete

Supervs.c, csw.c

HLSW set the buffer granularity in spectroscopyto
Hz

SPU-HSR-OP0002

Supervs.c, fill_in.c, csw.c

HLSW can compress a maximum buffer size of 468kB
in spectroscopy

SPU-HSR-OP0003

dmch_cp.c, fill_out.c, datatx.c

HLSW compresses DEC/MEC header lossless

SPU-HSR-OP0010| Supervs.c DEC/MEC header field in spectroscopy (SPUID)
SPU-HSR-OP0020| Supervs.c, csw.c, hk.c DEC/MEC header field in spectroscopy (Type)
SPU-HSR-OP0021| Supervs.c DEC/MEC header field in spectroscopy (Type)
SPU-HSR-OP0030| Supervs.c DEC/MEC header field in spectroscopy (CRDCR)
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SPU-HSR-OP0031| Supervs.c DEC/MEC header field in spectroscopy (CRDCR)
SPU-HSR-OP0040| Supervs.c DEC/MEC header field in spectroscopy (RRR)
SPU-HSR-OP0041| Supervs.c DEC/MEC header field in spectroscopy (RRR)

SPU-HSR-OP0050

csw.c, hk.c, specl_2.c

DEC/MEC header field in spectroscopy (CMM)

SPU-HSR-OP0051

supervs.c, csw.c, specl_2.c,
spec3.c, spec4.c, specs.c,
fill_in.c

DEC/MEC header field in spectroscopy (CMM)

SPU-HSR-OP0060
deleted

supervs.c, csw.c, specl_2.c,
spec3.c, spec4.c, spec5.c,
fill_in.c

DEC/MEC header field in spectroscopy (OBSID)

SPU-HSR-OP0070

supervs.c

DEC/MEC header field in spectroscopy (Validity)

SPU-HSR-OP0071
obsolete

supervs.c, integ.c

DEC/MEC header field in spectroscopy (Validity)

SPU-HSR-OP0072

Supervs.c

DEC/MEC header field in spectroscopy (Validity)

SPU-HSR-OP0080

Supervs.c

DEC/MEC header field in spectroscopy (CPR)

SPU-HSR-OP0081]
obsolete

Supervs.c, integ.c

DEC/MEC header field in spectroscopy (CPR)

SPU-HSR-OP0082

supervs.c, ramp_ft.c

DEC/MEC header field in spectroscopy (CPR)

SPU-HSR-OP0083| supervs.c DEC/MEC header field in spectroscopy (CPR)
SPU-HSR-OP0090| supervs.c DEC/MEC header field in spectroscopy (Label)
SPU-HSR-OP0091| supervs.c, csw.c, fill_in.c DEC/MEC header field in spectroscopy (Label)
SPU-HSR-OP0100| supervs.c DEC/MEC header field in spectroscopy (GPR)

SPU-HSR-OP0101
obsolete

supervs.c, integ.c

DEC/MEC header field in spectroscopy (GPR)

SPU-HSR-OP0102

supervs.c

DEC/MEC header field in spectroscopy (GPR)

SPU-HSR-OP0110

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in spectroscopy (BBID)

SPU-HSR-OP0120

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in spectroscopy (Time)

SPU-HSR-OP0130

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in spectroscopy (WPR)

SPU-HSR-OP0140

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in spectroscopy (CRECR)

SPU-HSR-OP0200
obsolete

supervs.c, csw.c, fill_in.c

HLSW set the buffer granularity in photometry toH8
in SWL and 2.5 Hz in LWL

SPU-HSR-OP0201

supervs.c, csw.c, bol_ex.c,
bol3.c, bol4.c, fill_in.c

HLSW can compress a maximum buffer size of 480k
in photometry

SPU-HSR-OP0202

dmch_cp.c, fill_out.c, datatx.c

HLSW compresses DEC/MEC header lossless

SPU-HSR-OP0210| supervs.c DEC/MEC header field in photometry (SPUID)
SPU-HSR-OP0220| supervs.c, csw.c, hk.c DEC/MEC header field in photometry (Type)
SPU-HSR-OP0230| supervs.c DEC/MEC header field in photometry (CRDCCP)
SPU-HSR-OP0231| supervs.c DEC/MEC header field in photometry (CRDCCP)

SPU-HSR-OP0240

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in photometry (CRC)

SPU-HSR-OP0250

csw.c, hk.c, bol_ex.c

DEC/MEC header field in photometry (CMM)

SPU-HSR-OP0251

supervs.c, csw.c, bol_ex.c,
bol3.c, bol4.c, fill_in.c

DEC/MEC header field in photometry (CMM)

SPU-HSR-OP0260
deleted

supervs.c, csw.c, bol_ex.c,
bol3.c, bol4.c, fill_in.c

DEC/MEC header field in photometry (OBSID)

SPU-HSR-OP0270| supervs.c DEC/MEC header field in photometry (Validity)
SPU-HSR-OP0271| average.c DEC/MEC header field in photometry (Validity)
SPU-HSR-OP0272| average.c DEC/MEC header field in photometry (Validity)
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SPU-HSR-OP0280| integ.c DEC/MEC header field in photometry (CPR)
SPU-HSR-OP0281| supervs.c DEC/MEC header field in photometry (CPR)
SPU-HSR-OP0290| supervs.c DEC/MEC header field in photometry (Label)

SPU-HSR-OP0291

supervs.c, csw.c, bol_ex.c,
bol3.c, bol4.c, fill_in.c

DEC/MEC header field in photometry (Label)

SPU-HSR-OP0300

supervs.c

DEC/MEC header field in photometry (DBID)

SPU-HSR-OP0310

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in photometry (BBID)

SPU-HSR-OP0320

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in photometry (Time)

SPU-HSR-OP0330

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in photometry (WPR)

SPU-HSR-OP0340

supervs.c, fill_out.c, datatx.c

DEC/MEC header field in photometry (BSID)

SPU-HSR-OP0400

supervs.c, csw.c, hk.c

HLSW supports PACS operating modes

SPU-HSR-OP0401

supervs.c

Flexibility of the HLSW in science data compression

SPU-HSR-OP0402

none (see RD009)

mode parameters are not sent within DEC/MEC data

SPU-HSR-OP0500

supervs.c, Csw.c

HLSW supports PACS observing modes

SPU-HSR-OP0501

none (see RD009)

mode parameters are not sent within DEC/MEC data

SPU-HSR-OP0600

dxs.c, llc.c, fill_out.c,
datatx.c, Rc_Sel.c

Raw data from selected channels can be sent ifresju

SPU-HSR-OP0601

dmch_cp.c, fill_out.c, datatx.c

DEC/MEC header is compressed lossless apart in the
buffer transmission mode

SPU-HSR-OP0602

hk.c, fill_out.c, ramp_ft.c,
average.c

Specified parameters are included in the HLSW HK

SPU-HSR-OP0603

supervs.c, spuasw.h, fill_out.c

Nominal compressed entity time interval is 12s for
LWL and 3s for SWL in photometry

SPU-HSR-OP0604

supervs.c, spuasw.h, fill_out.c

Nominal compressed entity time interval is 2s fayIL
and SWL in spectroscopy

SPU-HSR-OP0610

csw.c, bol_ex.c, specl_2.c

HLSW supports the PACS prime mode

SPU-HSR-OP0611

hk.c, fill_out.c

Compression results are included in the HLSW HK

SPU-HSR-OP0620

csw.c, bol_ex.c, specl_2.c

HLSW supports the PACS parallel mode

SPU-HSR-OP0625

csw.c, bol_ex.c

HLSW supports the PACS prime mode

SPU-HSR-OP0630

csw.c, bol3.c, spec3.c, dxs.c

HLSW can compress data from selected detectors
lossless

SPU-HSR-OP0631

csw.c, bol3.c, spec3.c, dxs.c,
T_S_Red.c

HLSW can compress data from selected detectors
lossless

SPU-HSR-OP0632

csw.c, bol3.c, spec3.c, dxs.c,
T_S_Red.c

HLSW can compress data from selected detectors
lossless

SPU-HSR-OP0640

Spvs_Test.c, spu_tst.c, csw.c,
phot_gn.c, spec_gn.c

HLSW supports SPU test mode

SPU-HSR-OP0650

csw.c, bol4.c, spec4.c

HLSW can transmit data from selected detectors
without compression

SPU-HSR-OP0660

csw.c, buf_bol.c, buf_spec.c,
fill_out.c

HLSW supports buffer transmission mode

SPU-HSR-OP0661

supervs.c, csw.c

HLSW should be in stopped compression mode befpre
running the buffer transmission mode

SPU-HSR-OP0670

csw.c, specs.c, specl 2.c

HLSW splits 4s ramp in two 2s ramps

SPU-HSR-RS0001

All

memory processing

SPU-HSR-RS0100

All

processing capacity

SPU-HSR-VF0001

All

SW acceptance verification
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SPU-HSR-VF0002 | All  (+ decompression SW components) ensure compression/decompression yields to ortg. d

SPU-HSR-VF0003 | All ensure fully execution of algorithm logic by testal

SPU-HSR-AT0001 | All test cases for acceptance tests

SPU-HSR-DO0001| All SDD replaces ADD, DDD and SRD

SPU-HSR-PT0001 | All Compiler G21K, Processor ADSP 21020,
Communication Chip SMC S332, Operating System
Virtuoso™

SPU-HSR-QA0001 | All HLSW development complies with the QA plan

SPU-HSR-QA0002| All HLSW source code is commented

SPU-HSR-QA0100 | watchp.c handle anomalies with respect to command executig

SPU-HSR-QA0101| All SW design to avoid flaws

SPU-HSR-QA0102| All mechanisms to protect data and resources

SPU-HSR-QA0103| spu_io.c, supervs.c, fill_in.c, handle RAM and EEPROM SEU

hk.c

SPU-HSR-QAQ0104 | supervs.c handle corrupt and incomplete DEC/MEC data

SPU-HSR-QA0105| asmlib.s detect and handle arithmetic errors

SPU-HSR-QA0106| lic.c not lead to buffer overflow/underrun

SPU-HSR-QA0200| All  (+ documentation) maintainable to later extend

SPU-HSR-QA0201| All  (+ documentation) error detection and fault repair

SPU-HSR-QA0202

make.bat
(in CVS: / obsw/ spu/ tools/ compilation)

deliverable scripts for SW build

SPU-HSR-QA0203

files in CVS: / obsw/ spu/ tools

SDE includes SVéfices and tools

SPU-HSR-QA0204

HLSW.MAP
(in CVS: / obsw/ spu/ tools/ compilation)

detailed map for SW deliveries

SPU-HSR-QA0205

files in CVS: / obsw/ spu/ tools

documentation of in-house tools

SPU-HSR-QA0206

seehttp://pacs.ster.kuleuven.ac.svall
andhttp://cvs.ster.kuleuven.be/

use of SPR/SCR and CVS management

SPU-HSR-SA0001

All

order of commands, HK and telemetry

SPU-HSR-SA0010| hk.c HK provide detailed SPU status
SPU-HSR-SA0011 | hk.c, spu_io.c, fill_in.c Memory failure detection
SPU-HSR-SA0012| hk.c DEC/MEC Header Errors

[

5
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Proc.

3.6.4.1 — 6 (phot)

9 Software Requirements vs. Software Verification & \dlidation Traceability Matrix
Software Verification Activity Description
Requirements |in RD0O17
SPU-HSR-FNO0OO1 | Proc. 3.4.4.1 - 15 HLSW is able to receive comnyzamkets from DPU
SPU-HSR-FNO0O002 | Proc. 3.4.4.1 - 15 HLSW is able to identify the D&dnmand
SPU-HSR-FN0003 | Proc. 3.5.4.1 — 6 (spec) HLSW aborts data compression if DPU command is

received

SPU-HSR-FN0004

Proc.

3.4.4.1

HLSW can load data into SPU RAM

SPU-HSR-FNOOO5 | Proc. 3.4.4.1 HLSW checks the consistency of the defore the
load
SPU-HSR-FN0OO0O6| Proc. 3.4.4.1 Data load only to DRAM, Ext. DRAM anBRAM
transfered to
SPU-HSR-IF0011
SPU-HSR-FNOQOQ7 | Proc. 3.4.4.2 HLSW can dump data from SPU RAM
SPU-HSR-FN0008| Proc. 3.4.4.2 Data dump only from PRAM, DRAM, Ext. DRAand
transfered to DPRAM
SPU-HSR-1F0021
SPU-HSR-FNO0O0Q9 | Proc. 3.4.4.3 HLSW can check SPU RAM
SPU-HSR-FN0010| Proc. 3.4.4.3 Data check only for PRAM, DRAM, Ext. DRAnd
DPRAM
SPU-HSR-FNO0O11 | Proc. 3.4.4.4 - 15 HLSW checks consistency of #rampeter of the
perform activity command
SPU-HSR-FNQO012| Proc. 3.4.4.4 HLSW can perform warm reset
SPU-HSR-FN0013 | Proc. 3.5.4.7 — 16 (spec) HLSW can transmit data from selected channelsvn r

Proc.

3.6.4.7 — 28 (phot)

SPU-HSR-FN0014

Proc.
Proc.
Proc.

3.4.4.6 — 8 (sim), Proc. 3.4.4.9-11 (s

3.5.4.1 -4 & 6 (spec)
3.6.4.1 — 4 & 6 (phot)

rHLL.SW can abort data compression

SPU-HSR-FN0015

Proc.

3.5.4.1 - 2 (spec)

HLSW can start data compression

Proc. 3.6.4.1 — 2 (phot)
SPU-HSR-FNO0016 | Proc. 3.4.4.9 - 10 HLSW can generate simulatedgphetry data on
board for test purposes
SPU-HSR-FNO0O017 | Proc. 3.4.46 - 7 HLSW can generate simulatedtspmopy data on
board for test purposes
SPU-HSR-FN0018| N/A HLSW provides an interface to the peak-up program
deleted
SPU-HSR-FN0019| N/A HLSW provides an interface to the bolometer
deleted background cancelling program
SPU-HSR-FNO0020 | Proc. 3.4.4.6, Proc. 3.4.4.9 HLSW checks consigtefthe parameter of the writg

command

SPU-HSR-FN0021 | Proc. 3.6.4.7 — 10 HLSW can load detectors talole fsubarray 1 in
photometry
SPU-HSR-FN0022 | Proc. 3.6.4.11 — 14 HLSW can load detectors tabla Subarray 2 in

photometry
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SPU-HSR-FN0023| Proc. 3.6.4.15 - 18 HLSW can load detectors tabla subarray 3 in
photometry

SPU-HSR-FN0024 | Proc. 3.6.4.19 — 22 HLSW can load detectors tabla subarray 4 in
photometry

SPU-HSR-FN0025 | Proc. 3.6.4.23 — 26 HLSW can load detectors tabla subarray 5 in
photometry

SPU-HSR-FN0026 | Proc. 3.5.4.7 — 10 HLSW can load detectors talole fsubarray 1 in
spectroscopy

SPU-HSR-FN0027 | Proc. 3.6.4.11 — 14 HLSW can load detectors tabla Subarray 2 in
spectroscopy

SPU-HSR-FN0028| Proc. 3.4.4.13 HLSW can load detector constaile ia photometry

SPU-HSR-FN0029| Proc. 3.4.4.12 HLSW can load detector constants falspectroscop

SPU-HSR-FN0030 | Proc. 3.4.4.6 (spec) HLSW can load simulated data table for SPU testenpd

Proc. 3.4.4.9 (phot)
SPU-HSR-FNO0031 | Proc. 3.4.4.12 HLSW can copy SW code from RAM to RE
SPU-HSR-FN0032 | Proc. 3.2 (item 16) HLSW connects to DEC/MEC upon Bi@bhmand
SPU-HSR-FNO0100 | Proc. 3.5.4.1 — 2 (spec) HLSW is able to receive data packets from DMC

Proc.

3.6.4.1 — 2 (phot)

SPU-HSR-FN0101

Proc.
Proc.

3.5.4.1 - 6 (spec)
3.6.4.1 — 6 (phot)

HLSW can start data compression

SPU-HSR-FN0102

Proc.
Proc.

3.5.4.1 - 2 (spec)
3.6.4.1 — 2 (phot)

HLSW can distinguish between photometry and
spectroscopy data

SPU-HSR-FN0103

Proc.
Proc.

3.5.4.18 — 20 (spec)
3.6.4.30 — 32 (phot)

HLSW is able to buffer DEC/MEC data to memory

SPU-HSR-FN0104

Proc.
Proc.

3.5.4.1 - 6 (spec)
3.6.4.1 — 6 (phot)

For real time processing procedures are implemented
HLSW to handle the buffers

SPU-HSR-FN0105

Proc.
Proc.

3.5.4.1 — 23 (spec)
3.6.4.1 — 35 (phot)

HLSW supports eleven compression modes

SPU-HSR-FN0200

Proc.
Proc.

3.5.4.1 - 6 (spec)
3.6.4.1 — 6 (phot)

HLSW send permanently HK packets to DPU

SPU-HSR-FN0201

Proc.
Proc.

3.5.4.1 — 6 (spec) => HK analysis
3.6.4.1 — 6 (phot) => HK analysis

JAre You Alive* SPU is implemented in the HLSW HK

SPU-HSR-FN0202

Proc.
Proc.

3.5.4.1 — 6 (spec) => HK analysis
3.6.4.1 — 6 (phot) => HK analysis

EDAC check status is implemented in the HLSW HK|

SPU-HSR-FN0203

Proc.
Proc.

3.5.4.1 — 6 (spec) => HK analysis
3.6.4.1 — 6 (phot) => HK analysis

Ground people are responsible for analyzing tHmégi
memory addresses detected using EDAC check

SPU-HSR-FN0300

Proc.
Proc.

3.5.4.1 - 6 (spec)
3.6.4.1 — 6 (phot)

HLSW fulfils real time data processing requirement

SPU-HSR-FN0301

Proc.
Proc.

3.5.4.1 — 6 (spec) => TM Packet analy|
3.6.4.1 — 6 (phot) => TM Packet analy

sk$LSW doesn't allow science data loss

5iS

SPU-HSR-IF0001

Proc.
Proc.

3.5.4.1 — 6 (spec)
3.6.4.1 — 6 (phot)

HLSW aborts any running activity, if DPU command fis

received

SPU-HSR-IF0002

Proc.

344.1-15

Maximum response time for DPiroands is 200ms

SPU-HSR-IF0003 | Proc. 3.4.4.1 — 15 HLSW acknowledges any receivietd bommand
according to the defined protocol

SPU-HSR-IF0010 | Proc. 3.4.4.1 HLSW acknowledges the execution eidlad
command

SPU-HSR-IF0011 | Proc. 3.4.4.1 | Data load only to DRAM, Ext. DRAM and DPRAM
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SPU-HSR-IF0020 | Proc. 3.4.4.2 HLSW acknowledges the execution efilhmp
command
SPU-HSR-IF0021 | Proc. 3.4.4.2 Data dump only from PRAM, DRAM, Ext. DRAM and
DPRAM
SPU-HSR-IF0030 | Proc. 3.4.4.3 HLSW acknowledges the execution eftieck
command
SPU-HSR-IF0040 | N/A HLSW acknowledges the reception of the peak-up
deleted command
SPU-HSR-IF0050 | Proc. 3.4.4.4 HLSW acknowledges the reception efithrm reset
command
SPU-HSR-IF0060 | Proc. 3.4.4.5 HLSW acknowledges the execution @fr#tw channel
selection command
SPU-HSR-IF0070 | Proc. 3.4.4.8, Proc. 3.4.4.11 HLSW acknowledgesaheption of the stop
command
SPU-HSR-IF0080 | Proc. 3.5.4.2 (spec) HLSW acknowledges the reception of the start
Proc. 3.6.4.2 (phot) command
SPU-HSR-IF0090 | Proc. 3.4.4.10 HLSW acknowledges the receptioh®f3PU test in
photometry command
SPU-HSR-IF0100 | Proc. 3.4.4.7 HLSW acknowledges the reception ®3RU test in
spectroscopy command
SPU-HSR-IF0110 | N/A HLSW acknowledges the reception of the Bolometer
deleted Background Cancelling command
SPU-HSR-IF0120 | Proc. 3.4.4.6, Proc. 3.4.4.9 HLSW acknowledges#eeution of the write

command

SPU-HSR-IF0130 | Proc. 3.4.4.12 HLSW acknowledges the receptioh®fQopy Data to
EEPROM command

SPU-HSR-IF0131 | Proc. 3.4.4.12 No HK packet are transmitted to Ditlile data are
copied to EEPROM

SPU-HSR-IF0140 | Proc. 3.2 (item 16) HLSW acknowledges the receptiothe Connect to
DEC/MEC command

SPU-HSR-IF0200 | Proc. 3.4.4.6 / 7 (sim), Proc. 3.4.4.9 / 10 (simHLSW is able to transmit TM packets to DPU

Proc

.3.5.4.1 -2 (spec)
Proc.

3.6.4.1 — 2 (phot)

SPU-HSR-IF0201

Proc

.3.5.4.1 — 6 (spec) => TM Packet analy
Proc.

3.6.4.1 — 6 (phot) => TM Packet analy

D

S

SPU-HSR-IF0300

Proc

.3.5.4.1 -6 (spec)
Proc.

3.6.4.1 — 6 (phot)

HLSW doesn't acknowledge the reception of
DEC/MEC packets

SPU-HSR-IF0301

Proc

.3.5.4.1 -6 (spec) => HK analysis
Proc.

3.6.4.1 — 6 (phot) => HK analysis

HLSW can detect some corrupted fields in the
DEC/MEC packets

SPU-HSR-IF0302

Proc

.3.5.4.1 -6 (spec)
Proc.

3.6.4.1 — 6 (phot)

HLSW can distinguish between photometry and
spectroscopy packets

SPU-HSR-IF0303

Proc

. 3.5.4.1 — 6 (spec) => HK analysis
Proc.

3.6.4.1 — 6 (phot) => HK analysis

DEC/MEC link connection status is set in the HLSW|
HK

SPU-HSR-IF0304

Proc

. 3.5.4.1 — 6 (spec) => HK analysis

DEC/MEC packet size

Proc. 3.6.4.1 — 6 (phot) => HK analysis
SPU-HSR-OP0001| Proc. 3.5.4.1 — 6 => TM analysis HLSW set the buffanularity in spectroscopy to 8 Hz
SPU-HSR-OP0002| Proc. 3.5.4.1 — 6 => TM analysis HLSW can compeessaximum buffer size of 468kB

in spectroscopy

sisLSW can buffer a maximum number of 75 TM packets
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SPU-HSR-OP0003

Proc. 3.5.4.1 — 6 =>TM analysis

HLSW compresse€MMEC header lossless

SPU-HSR-OP0010

is not taken into account by HLSW

DEC/MEC header field in spectroscopy (SPUID)

SPU-HSR-OP0020

Verifiable by code inspection

DEC/MEC header figldspectroscopy (Type)

SPU-HSR-OP0021

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (Type)

SPU-HSR-OP0030

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (CRDCR)

SPU-HSR-OP0031

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (CRDCR)

SPU-HSR-OP0040

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (RRR)

SPU-HSR-OP0041

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (RRR)

SPU-HSR-OP0050| Proc. 3.5.4.1 — 65 DEC/MEC header field in spectrpg¢@MM)

SPU-HSR-OP0051| Proc. 3.5.4.1 — 6 => TM analysis DEC/MEC header fieldpectroscopy (CMM)

SPU-HSR-OP0060| Proc. 3.5.4.1 -6 DEC/MEC header field in spectrog¢@BSID)
deleted

SPU-HSR-OP0070| Proc. 3.5.4.1 — 6 => TM analysis DEC/MEC header fieldpectroscopy (Validity)

SPU-HSR-OP0071

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (Validity)

SPU-HSR-OP0072

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (Validity)

SPU-HSR-OP0080

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (CPR)

SPU-HSR-OP0081

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (CPR)

SPU-HSR-OP0082

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (CPR)

SPU-HSR-OP0083

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (CPR)

SPU-HSR-OP0090

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (Label)

SPU-HSR-OP0091

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (Label)

SPU-HSR-OP0100

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (GPR)

SPU-HSR-OP0101

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (GPR)

SPU-HSR-OP0102

Proc. 3.5.4.1 — 6 => TM analysis

DEC/MEC header fieldpectroscopy (GPR)

SPU-HSR-OP0110

is not taken into account by HLSW

DEC/MEC header field in spectroscopy (BBID)

SPU-HSR-OP0120

is not taken into account by HLSW

DEC/MEC header field in spectroscopy (Time)

SPU-HSR-OP0130

is not taken into account by HLSW

DEC/MEC header field in spectroscopy (WPR)

SPU-HSR-OP0140

is not taken into account by HLSW

DEC/MEC header field in spectroscopy (CRECR)

SPU-HSR-OP0200

Proc. 3.6.4.1 — 6 => TM analysis

HLSW set the udf@nularity in photometry to 10 H
in SWL and 2.5 Hz in LWL

SPU-HSR-OP0201

Proc. 3.6.4.1 — 6 => TM analysis

HLSW can compeessaximum buffer size of 480kB
in photometry

SPU-HSR-OP0202

Proc. 3.6.4.1 — 6 => TM analysis

HLSW compresse€MMEC header lossless

SPU-HSR-OP0210

is not taken into account by HLSW

DEC/MEC header field in photometry (SPUID)

SPU-HSR-OP0220

Proc. 3.6.4.1 — 6 => TM analysis

DEC/MEC header fielghotometry (Type)

SPU-HSR-OP0230

Proc. 3.6.4.1 — 6 => TM analysis

DEC/MEC header fieldhotometry (CRDCCP)

SPU-HSR-OP0231

Proc. 3.6.4.1 — 6 => TM analysis

DEC/MEC header fieldghotometry (CRDCCP)

SPU-HSR-OP0240

is not taken into account by HLSW

DEC/MEC header field in photometry (CRC)

SPU-HSR-OP0250| Proc. 3.6.4.1 - 6 DEC/MEC header field in photomé@yiM)

SPU-HSR-OP0251| Proc. 3.6.4.1 — 6 => TM analysis DEC/MEC header fieldhotometry (CMM)

SPU-HSR-OP0260| Proc. 3.6.4.1 — 6 DEC/MEC header field in photom@dBSID)
deleted

SPU-HSR-OP0270| Proc. 3.6.4.1 — 6 => TM analysis DEC/MEC header fieldhotometry (Validity)

SPU-HSR-OP0271

Proc. 3.6.4.1 — 6 => TM analysis

DEC/MEC header fieldhotometry (Validity)

SPU-HSR-OP0272

Proc. 3.6.4.1 — 6 => TM analysis

DEC/MEC header fieldhotometry (Validity)

SPU-HSR-OP0280

Proc. 3.6.4.1 — 6 => TM analysis

DEC/MEC header fieldhotometry (CPR)

SPU-HSR-OP0281

Proc. 3.6.4.1 — 6 => TM analysis

DEC/MEC header fieldhotometry (CPR)
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SPU-HSR-OP0290

Proc. 3.6.4.1 — 5 => TM analysis

DEC/MEC header fieldhotometry (Label)

SPU-HSR-OP0291

Proc. 3.6.4.1 — 5 => TM analysis

DEC/MEC header fieldhotometry (Label)

SPU-HSR-OP0300

is not taken into account by HLSW

DEC/MEC header field in photometry (DBID)

SPU-HSR-OP0310

is not taken into account by HLSW

DEC/MEC header field in photometry (BBID)

SPU-HSR-OP0320

is not taken into account by HLSW

DEC/MEC header field in photometry (Time)

SPU-HSR-OP0330

is not taken into account by HLSW

DEC/MEC header field in photometry (WPR)

SPU-HSR-OP0340

is not taken into account by HLSW

DEC/MEC header field in photometry (BSID)

SPU-HSR-OP0400

3.5.4.1 — 32 (spec)
3.6.4.1 — 41 (phot)

HLSW supports PACS operating modes

SPU-HSR-OP0401

3.5.4.1 — 32 (spec)
3.6.4.1 — 41 (phot)

Flexibility of the HLSW in science data compression

SPU-HSR-OP0402

is not taken into account by HLSW

mode parameters are not sent within DEC/MEC data

SPU-HSR-OP0500

3.5.4.1 — 32 (spec)
3.6.4.1 — 41 (phot)

HLSW supports PACS observing modes

SPU-HSR-OP0501

is not taken into account by HLSW

mode parameters are not sent within DEC/MEC data

SPU-HSR-OP0600

Proc. 3.5.4.1 — 2 (spec)
Proc. 3.6.4.1 — 2 (phot)

Raw data from selected channels can be sent ifnestji

SPU-HSR-OP0601

Proc. 3.5.4.1 — 32 (spec) => TM analysis
Proc. 3.6.4.1 — 41 (phot) => TM analysis

DEC/MEC header is compressed lossless apart in t
buffer transmission mode

(0]

SPU-HSR-OP0602

Proc. 3.5.4.1 — 32 (spec) => HK analysis
Proc. 3.6.4.1 — 41 (phot) => HK analysis

Specified parameters are included in the HLSW HK

SPU-HSR-OP0603

Proc. 3.6.4.1 — 32 => TM analysis

Nominal compresassity time interval is 12s for LWL
and 3s for SWL in photometry

SPU-HSR-OP0604

Proc. 3.5.4.1 — 41 => TM analysis

Nominal compressed entity time interval is 2s fayIL
and SWL in spectroscopy

SPU-HSR-OP0610

Proc. 3.5.4.1 — 2 (spec)
Proc. 3.6.4.1 — 2 (phot)

HLSW supports the PACS prime mode

SPU-HSR-OP0611

Proc. 3.5.4.1 — 32 (spec) => HK analysis
Proc. 3.6.4.1 — 41 (phot) => HK analysis

Compression results are included in the HLSW HK

SPU-HSR-OP0620

Proc. 3.5.4.1 — 2 (spec)
Proc. 3.6.4.1 — 2 (phot)

HLSW supports the PACS parallel mode

SPU-HSR-OP0625

Proc. 3.5.4.1 — 32 (spec)
Proc. 3.6.4.1 — 41 (phot)

HLSW supports the PACS prime mode

SPU-HSR-OP0630

Proc. 3.5.4.7 — 10 (spec)
Proc. 3.6.4.7 — 10 (phot)

HLSW can compress data from selected detectors
lossless

SPU-HSR-OP0631

Proc. 3.5.4.7 — 16 (spec)
Proc. 3.6.4.7 — 28 (phot)

HLSW can compress data from selected detectors
lossless

SPU-HSR-OP0632

Proc. 3.5.4.7 — 10 (spec)
Proc. 3.6.4.7 — 10 (phot)

HLSW can compress data from selected detectors
lossless

SPU-HSR-OP0640

Proc. 3.4.4.6 — 7 (sim spec)
Proc. 3.4.4.9 — 10 (sim phot)

HLSW supports SPU test mode

SPU-HSR-OP0650

Proc. 3.5.4.11 — 17 (spec)
Proc. 3.6.4.23 — 29 (phot)

HLSW can transmit data from selected detectorsowith
compression

SPU-HSR-OP0660

Proc. 3.5.4.11 — 20 (spec)
Proc. 3.6.4.23 — 32 (phot)

HLSW supports buffer transmission mode

SPU-HSR-OP0661

Proc. 3.5.4.11 — 20 (spec)
Proc. 3.6.4.23 — 32 (phot)

HLSW should be in stopped compression mode before
running the buffer transmission mode
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SPU-HSR-OP0670

Proc. 3.5.4.21 — 23 (spec)

HLSW splits 4s rampvim 2s ramps

SPU-HSR-RS0001

Proc. 3.5.4.1 — 32 (spec) => TM/HK analysis
Proc. 3.6.4.1 — 41 (phot) => TM/HK analysis

20% more memory capacity

SPU-HSR-RS0100

Proc. 3.5.4.1 — 32 (spec) => TM/HK analysis
Proc. 3.6.4.1 — 41 (phot) => TM/HK analysis

20% spare processing capacity

SPU-HSR-VF0001

All

SW acceptance verification

SPU-HSR-VF0002

All (+ PCSS test harness)

ensure compression/deesipn yields to orig. data

SPU-HSR-VF0003 | All ensure fully execution of algorithm logic by testal
SPU-HSR-AT0001 | All test cases for acceptance tests
SPU-HSR-DO0001| see RD0O0O1 SSD replaces ADD, DDD and SRD
SPU-HSR-PT0001 | see RD016 Compiler G21K, Processor ADSP 21020,

Communication Chip SMC S332, Operating System
Virtuoso™

SPU-HSR-QA0001

Verifiable by code inspection

HLSW development ciegowith the QA plan

SPU-HSR-QA0002

Verifiable by code inspection

HLSW source codeasmented

SPU-HSR-QA0100

Proc. 3.5.4.1 — 6 (spec)
Proc. 3.6.4.1 — 6 (phot)

handle anomalies with respect to command executig

SPU-HSR-QA0101

All

SW design to avoid flaws

SPU-HSR-QA0102

All

mechanisms to protect data and resources

SPU-HSR-QA0103

Verifiable by code inspection

handle RAM and EEPROBUS

SPU-HSR-QA0104

Proc. 3.5.4.1 — 32 (spec) => TM/HK analysis
Proc. 3.6.4.1 — 41 (phot) => TM/HK analysis|

handle corrupt and incomplete DEC/MEC data

SPU-HSR-QA0105

Verifiable by code inspection

detect and handléharétic errors

SPU-HSR-QA0106

Verifiable by code inspection

not lead to buffeediow/underrun

SPU-HSR-QA0200

Verifiable by code inspection (+ see RD016)

mairghle to later extend

SPU-HSR-QA0201

Verifiable by code inspection (+ see RD016)

errdedion and fault repair

SPU-HSR-QA0202

N/A

deliverable scripts for SW build

SPU-HSR-QA0203| N/A SDE includes SW licences and tools
SPU-HSR-QA0204 | N/A detailed map for SW deliveries
SPU-HSR-QA0205| N/A documentation of in-house tools
SPU-HSR-QA0206 | N/A use of SPR/SCR and CVS management

SPU-HSR-SA0001

Verifiable by code inspection (+ see RD016)

order of commands, HK and telemetry

SPU-HSR-SA0010

Proc. 3.5.4.1 — 32 (spec) => TM/HK analysis
Proc. 3.6.4.1 — 41 (phot) => TM/HK analysis

HK provide detailed SPU status

SPU-HSR-SA0011

Proc. 3.5.4.1 — 32 (spec) => TM/HK analysis
Proc. 3.6.4.1 — 41 (phot) => TM/HK analysis

Memory failure detection

SPU-HSR-SA0012

Proc. 3.5.4.1 — 32 (spec) => TM/HK analysis

Proc. 3.6.4.1 — 41 (phot) => TM/HK analysis

DEC/MEC Header Errors

Note:

N/A indicates that this requirements coudd lme tested or visualised at SVV level (HK, TMcode

insepction) or belongs to SW management or del@Wdasks.
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Appendix A:
LLC Algorithms
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A.1 Currently implemented Algorithms
A.1.1 Lossless DEC/MEC Header Compression

The actually implemented algorithms in SPU HLSWsi@n 13.8 are:
1) D_S_TRR

2.) ZRS
3.) RzIP

4.) RZIP2

See Appendix A.2 for more detail. These algorithmage been tested for the worst case with severatiems
in the DEC/MEC header. The maximum compressed hesgmewill not exceed 0.5 Kbytes.

A.1.2 Lossless Science Data Compression

The actually implemented lossless compression ihgos in SPU HLSW version 13.8 are:

1.) Photometry

a.
b.

C.

Temporal and Spatial redundancy Reduction
VBWL encoder
FM Arithmetic Coding

2.) Specstropcopy

a.
b.

c
d.

e.

f.

Data Sorting and Spatial Redundancy Reduction
pacs_codec

RZIP (with range 3)

Temporal Redundancy Reduction

Rampdiff

FM Arithmetic Coding

See Appendix A.2 for more details.
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A.1.3 Raw Channel Data Compression

The actually implemented Raw Channel compressigoridhms in SPU HLSW version 13.8 are:

1.) Photometry

a.
b.
c.
d.

D_S_TRR
RZIP (with range 7)
RZIP (with range 6)
RZIP (with range 4)

2.) Specstropcopy

a.
b.

Data Sorting and Spatial Redundancy Reduction
RZIP (with range 3)

See Appendix A.2 for more details.
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A.2. Library of LLC Algorithms
A.2.1 List of Available Algorithms

The following table shows a summary of possible Lal@orithms.

Name of Algorithm Description Implemented in
HLSW v13.8
Dynamic and Static Temporal Redundancy Reductior5(00RR) | see section A.2.2 4]
Simple Zero Repetition Suppression (ZRS) see gedtin.3 4]
RZIP/RZIP2 see section A.2.4 4]
Arithmetic Coding (ARC) see section A.2.5 4]
Data Resorting (Reorder) see section A.2.6 4]
PACS Codec (new_srt) see section A.2.7 4|
FM Aritmetic Compression see section A.2.8 4|
VBWL_short see section A.2.9 4|

Table 13. List of available LLC algorithms.

A.2.2 Dynamic and Static Temporal Redundancy Redumn (D_S_TRR)

We consider 512 frames whereas each contains 1&svafrdata (DMCH). Then the algorithm of the DTRR i
as follows:

Frame001 is not changed

Frame002new = Frame001 — Frame002
Frame003new = Frame002 — Frame003
Frame004new = Frame003 — Frame004

Frame512new = Frame511 — Frame512

In the next step the STRR algorithm is done:

Frame001 is not changed

Frame002new = Frame001 — Frame002
Frame003newnew = Frame002new — Frame003new
Frame004newnew = Frame002new — Frame004new
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Frame512newnew = Frame002new — Frame512new

A.2.3 Simple Zero Repetition Suppression (ZRS)

ZRS is a small algorithm to quickly get rid of berf§ with many zeroes. It simply ignores zeroesrnpding
non-zero symbols and their relative position indhiginal buffer - or, in other words, the numbérzeroes between
the symbol and the one that was encoded before.

A symbol sequence of
AOBOOOOOOOCOOO0OA

Is encoded to
AOB1C7A3

Note that the first symbol’s position informatianalways 0. Another thing is that a buffer, whickes not at least
contain as many 0s as other symbols, is not corsgddsut expanded.

A.2.4 RZIP/IRZIP2

Rzip is a simple lexicographic compression algonithritten for PACS OBSW DMC header compression (see
RDO018). The goal is to achieve maximum compresgiitim a minimum of processing power on a 32-Bit biglian
DSP. Though its power lies within iteration, ittignsiderably faster than conventional I1z-basedrélgns and much
more efficient than encoders using DPCM and VBW.L.

Let SOURCHbe a buffer of data to compress with a siz88IZE.
Let DESTbe the destination buffer where the compresseal widitbe put.
Let ALPHAbe a working buffer o6SIZE (it could beSSIZE bits, but this would be slow).

SYMBOLSIZEis a parameter, which determines the number sftbitise for the symbols.
RANGEWIDTI$ a parameter, which determines the number sftbitise for encoding ranges.
A width of 3 means that tHRANGEwill be 7 (Z-1).

Let the SYMBOLSIZEbe 32bit. Let ourSSIZE be 128 Bytes. Hence tf@OURCEconsists of 128*8/32
symbols. Add the necessary empty bits to the bifffieis not separable by tHeYMBOLSIZE Store the number of
bits added that way imAIL , which will contribute to the compressed headé&rimation. In our example we have
32 symbols a 32 bit and the tail is 0.
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We will now take a look at the symbols. Our buffeay look like:
A-A-B-C-A-B-A-C-D-... (32 32bit Symbols)
0-0-0-0-0-0-0-0-0-... (This is our alpha channel)

a) Select the first unused (alpha=0) Symbol. Thi®w@mn bold above. Set the Alpha 1.

b) Look ahead if you find the symbol in the next symsheithin RANGEIf you do so, cod&¥ESin 1 bit plus
the RANGEwithin RANGEWIDTHbits. Set the Alpha of the found symbol 1. ReketRANGEo 0 and
continue until no further occurrences are foundd€9Oin 1 bit.

c) Go back to a) until the buffer is finished.

d) Encode the original size plus the tail in the headeu may also encode a version number, the sysikel
and the range width optionally.

NOTE THAT:
The difference betwee®A will be encoded 0 (0 symbols are between them).
The difference betweef-X-X-A will be encoded 2.
Once you have already coded all As, the differdoeteveen the Bs in
B-A-C-B will be encoded as 1 (the As are already invisihle to the ALPHA).

Our DEST looks like:
A-Y0-Y2-Y1-...-N

B-Y1-...-N
C-YO-...-N
D...

Iteration:

Once you have coded your buffer with a set of patars, it can be encoded another time with differen
parameters. For example, for DMC compression a 32-8 32-5 triple run showed the best compression.

The following keys are used for compression-deca@sgion interface to identify the different RZIP
combination.

RZIP Combination Key
(in term of range)
3 OX30XXXXXX
3-3 OX22XXXXXX
3-3-3 OXO3XXXXXX
7 OX7 OXXXXXX
6-6 OXO0XXXXXX
7-6-4 OXO7XXXXXX

Table 14. Keys for RZIP Combinationss

RZIP2 works in principle in the same way as RZI;ept that the symbols, answers and ranges aredsioa
separated way. First, the 32-bit symbols are stdtesh the block of ranges, padded by the blocansfvers. That
way better iterative characteristics are achieved.
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A.2.5 Arithmetic Coding (ARC)

The algorithm for encoding data using arithmetiding works conceptually as follows:
The encoding process begins with a current intdtvaH[ initialised to [0 ; 1[.
For each symbol of the file, two steps are perfame

0 The current interval is divided into subintervalag for each possible alphabet symbol. The
size of a symbol's subinterval is proportionalite &stimated probability that the symbol will
be the next symbol in the file, according to thedelmf the input.

0 The subinterval corresponding to the symbol thaiadly occurs next in the file is selected as
the new current interval.

Enough bits are output to distinguish the finalrent interval from all other possible final intelsa

The length of the final subinterval is clearly elgieathe product of the probabilities of the indiual symbols,
which is the probability p of the particular seqoemf symbols in the file. The final step uses atexactly - logp
bits to distinguish the file from all other possililles. An additional mechanism is needed to iatdiche end of the
file, either a special end-of-file symbol codedtjosce, or some external indication of the fileisgth.

In the second step, it is required to compute ¢y subinterval corresponding to the symbol thanadly
occurs. To do this, two cumulative probabilities defined, Pc= 2 p (for k = 1 to i-1) (the cumulative probability)
and Pp=2 p, (for k = 1 to i) (the next cumulative probabilitylfhe new subinterval is [ L+P¢H-L), L+Pn (H-L)

]- The need to maintain and supply cumulative pbdtiges requires the model to have a complicatathdtructure.

Example: a non-adaptive code, encoding the strdzbrubing arbitrary fixed probability estimates$0.4, p
= 0.5, and por=0.1.

Encoding proceeds as shown in Table 15.

Current Interval Action Subinterval Subinterval Subinterval Input
a b EOF

[0.0000 ;1.0000[ | Subdivide | [0.0000 ; 0.4000[ [0.4000 ; 0.9000[ [@OeQ 1.0000[ b

[0.4000 ;0.9000[ | Subdivide | [0.4000 ; 0.6000[ [0.6000 ; 0.8500[ BD8 ; 0.9000[ b

[0.6000 ;0.8500[ | Subdivide | [0.6000 ; 0.7000[ [0.7000 ; 0.8250[ [(682 0.8500([ b

[0.7000 ;0.8250[ | Subdivide | [0.7000 ; 0.7500[ [0.7500 ; 0.8125] [®87, 0.8250[ EOF

[0.8125 ;0.8250] | Subdivide

Table 15. The Basic Arithmetic Coding Process

The final interval is [0.8125, 0.8250[, which imhry is approximately [0.11010 00000, 0.11010 0110bis
interval is uniquely identified by outputting 1100®m. According to the fixed model, the probabilfiyof this
particular file is (0.5) (0.1) = 0.0125 (exactly the size of the final iwtd) and the code length (in bits) should be -
log2 p= 6.322. In practice, 7 bits are needed.

For further details see AD005.
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A.2.6 Data Resorting (Reorder)

The aim of this algorithm is to increase the lomadundancy (between successive samples) of thebdata
resorting the samples.

We consider 64 ramps from 450 detectors wher eatip contains 8 samples. The Reorder algorithmtisert
data as follows:

1% sample of 1 ramp of #' detector

15" sample of # ramp of £' detector

15 sample of 64 ramp of f' detector
1% sample of T ramp of 3% detector

1% sample of 2 ramp of 3% detector

15" sample of 64 ramp of 2° detector

1% sample of 64 ramp of 45¢} detector
2" sample of T ramp of f' detector

2" sample of ¥ ramp of f' detector

2" sample of 64 ramp of ' detector

8" sample of T ramp of 458 detector

8" sample of ¥ ramp of 458 detector

8" sample of 64 ramp of 458 detector
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A.2.7 PACS Codec (new_srt)

This algorithm is based on szip, which uses a Busr@/heeler Transform like block sorting technique,
followed by a dynamic model range coder.

BEGIN

Convert buffered data from
4Bytes to 1Byte alignment
L]
pacs_srt (irpacs_srt.y
(]
initmodel (inpacs_cod.x
()
L] E|
pacs_encode (ipacs_cod) %
¥ Q
Q
fixafterfirst (in pacs_cod) g
(] o
pacs_encode (ipacs_cod)
(]
deletemodel (ipacs_cod.)x
L]
convert_byte to_int
(]
sort_me
L]
convert_byte to_int

END

Figure 69. Scheme of the PACS Codec algorithm.

A.2.8 FM Arithmetic Compression

The compression scheme has been adapted to addeesmta from the FM detectors in a better way. In
principle, the encoding process is still the samaahe standard Arithmetic Compression, withva fieodifications:

- the chunksize is fixed at 8192 byte to replacddikission by a right shift.

- The input symbol width is 32 bit
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- Input values bigger than 255 are encoded with $pél“symbol” and sent to the “spillover”

- The “spillover” is a separate buffer which will bempressed by VBWL. The VBWL algorithm used is
a slight modification of in the VBWL only setting.

- The data model is semi-static: The fitst chunkampressed with a built-in statistic, each next &hisn
compressed with a statistic derived from the pnevichunk.

A.2.9 VBWL

A standard VBWL implementation with a few modifimats, allowing for better flexibility. The block®zis
pretty short (4 symbols). Three different code thagare used: the standard length is 3 bits, asidigethe majority
of the encoded (positive) differences. A 7-bit léngis used for encoding bigger differences.
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Appendix B:
Fitting Algorithms
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B.1 Currently implemented Algorithms
B.1.1 Robust Averaging in Photometry

The actually implemented algorithm in SPU HLSW i@msl2.2 is:

1.) Mean Value Calculation for signed or unsignaegers (see Appendix B.2.1.2).

B.1.2 Ramp-Fitting in Spectroscopy

The actually implemented algorithm in SPU HLSW i@msl2.2 is:
1.) Least Squares Fit for more than 2 samples to ditafat) (see Appendix B.2.2.2)

2.) Two-sample difference (see Appendix B.2.2.7) itesquare fit if selected and 2 samples per sulsarg
considered

3.) Mean algorithm if selected (see Appendix B.2.1.2)
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B.2 Library of Fitting Algorithms
B.2.1 List of Available Algorithms

The following table shows a summary of possiblénfit algorithms for robust averaging in photomedryd
ramp-fitting in spectroscopy.

Action Name of Algorithm Description Implemented in
HLSW v13.8

Photometry

Glitch Detection and | Sample Deviation Detection Method see section B1212 M

Rejection Averaging with Median + Mean Value see section B.2.2.1.2 O
Calculation

Averaging Mean Value Calculation see section B.2.2.2|1 M

Spectroscopy

Glitch Detection and | Crossed Slope Deviation Detection see section B2A.3 %}

Rejection

Ramp-Fitting Least Squares Fitting see section B.2.3.2.1 M
Two-Sample-Fit see section B.2.3.2.4 M
Slope Deviation Detection Method see section B2253. O
Two-Samples Difference Method see section B.2.3.2.6 M
Subramp Fitting see section B.2.3.2.[7 M

Averaging Mean Value Calculation see section B212. M

Table 16. List of available fitting algorithms.
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B.2.2 Robust Averaging in Photometry
B.2.2.1 Glitch Detection and Rejection
B.2.2.1.1 Sample Deviation Detection Method

The glitch detection uses the Sample Deviation Qe Method. It performs the following:

1-

2-

S(0)

Calculate the sum of valid quadruples.
S(i DIV 4) = sum(X(4*(i DIV 4):4*(i DIV 4)+3))

Calculate the deviation (using the weighted sajgfievery sample in the quadruple comparing to the

calculated sum.
Dev(i) = 4X(i) — S(i DIV 4)

If no glitches occur, all deviations would be Ié&ssn a predefined Threshold

Remove all deviations that are above a certairskuld

Average all the remaining readouts with the cutyemplemented averaging algorithm.

()
(0]
D

®©

v

Dev(0) Dev(2) I De\/(8)0 Dev(10)
| S@) -

' Dev(9) Dev(il)
i * ' Dev(13)
| L 2

Dev(5) Dev(7)
S(1) +e—t——at

* Dev(15)

Dev(12) It
E Dev(14)

S(0) = X(0) + X(1) + X(2) + X(3)
Dev(0) = 4*X(0) — S(0)

Dev(1) = 4*X(1) — S(0)

Dev(2) = 4*X(2) — S(0)

Dev(3) = 4*X(3) — S(0)

S(1) = X(4) + X(5) + X(6) + X(7)
Dev(4) = 4*X(4) — S(1)

Dev(5) = ...

Figure 70. Example showing the sample deviatiorcti&in method
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B.2.2.2 Averaging
B.2.2.2.1 FM Averaging algorithm

Beginning with software version 13.9, photometryd apectroscopy both use the same statistical angrag
algorithm for the calculation of mean values. Ipgorts arbitrary number of samples to average aditianal bit
rounding at the same time. There is also a randomber generator involved for statistically corregt/down-
rounding.

The mean value of this averaging method is gergadollows:

n

1 1 3 rand (1)
- +-sgn )+ —=
o o 2V S0 (;y.) o

Where n is the number of samples to average, heisitmber of bits to round, sgn() is the signunctiom and
rand(1) is a random number being 0 or 1. Afterakion, the result is cast to an integer. Noté the mean is right
shifted yb r bits if bit rounding is used.

mean=

i=1

For both, spectroscopy and photometry it is posdibluse the “old” averaging algorithms via a patEmin the
detector constants photometry/spectroscopy table.

B.2.2.2.2 Mean Value Calculation

This averaging method consists of calculating efrirean value. All points in the support set arerafor the
mean calculation. The advantage of this methotidssimplicity of the mean value calculation. Onsuagption on
the support set is that any kind of drift, skewnegtector behaviour, etc. is corrected by the noegssing step.

The main objective of the averaging method iskausb oversampling reduction to facilitate the daiacessing.
Further data processing can be performed on ground.

The mean value of this averaging method is geeeratr 4 data values as follows
= V() + y(x+2)+ y(x+2) + y(x+3)+2)
4

where y represent either signed or unsigned integjeies. In the software the mean is calculatesl biglow.

mea

Pseudo-Code example:

Mean_val= ((y[x] + y[x+1] + y[x+2] + y[x+3]) + 2) > >2

Definitions :

signed : int Mean_val, y;
unsigned int x;

unsigned : unsigned int Mean_val, y, X ;
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After the summation a bitwise shift by two wasfpened. This is equal to a division by 4. The réesfithis mean
value calculation is either signed or unsignedgeteThe remainder of the division is truncated.

B.2.3 Ramp-Fitting in Spectroscopy
B.2.3.1 Glitch Detection and Rejection
B.2.3.1.1 Crossed Slope Deviation Detection

The glitch detection and rejection using the Wittgp8 Deviation Detection metho#igure 71 is performed

as described below:
1- Calculate the differences between samples in a esipllows:
D(i,dist) = X(i) — X(i+dist)
2- Calculate the deviation of these differences devi.
Dev(i,dist) = D(i,dist) — dist * D(i,1)

For the first sub-ramp the difference of the firgd samples is compared with the difference offits¢ and
last sample in the sub-ramp. For all the follow&udp-ramps the difference of the last two samplebhef
previous sub-ramp is compared to the last samptleeofiew sub-ramp.

If deviations are under a certain threshold, theimformation of glitches is available.

3- Fit all safe readouts in a ramp with the curremtiplemented ramp-fitting algorithm till glitch iofmation
occurs. If a glitch occurs then reject the 8 faileg samples and go to point 1Average all fittezpsls

when the whole ramp was processed.

D(0,1)
o

o

o
o

D(0,3)

Dev(0,3) = D(0,3) — 3 * D(0,1)
D(2.1) Dev(2,5) = D(2,5) — 5 * D(2,1)

»

|
e}
1
1

time

Figure 71. Example showing the crossed slope deviatetection
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B.2.3.2 Ramp-Fitting
B.2.3.2.1 Least Squares Fitting

The least squares solution can be easily calcuiatadalytic form and it is optimal with respectttee Gaussian
noise process. However, in case of heavy outliexs ¢litches) it performs very poor.

Figure 74a) shows an example where least squares is peniprvery well, wherea&igure 74b) shows the
least squares solution on the same data Bgyure 74a) where one sample is an outlier. One can cleadythat the

obtained ramp is far from being perfect.

(a)

(b)

Figure 72. Least Square Fitting (1)

»
|

time

Figure 73. Least Square Fitting (2)
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The slope of this fitting method is generateddaamp or sub-ramps as follows

> XY y=ny xy
(Zx)2 -ny x?

slope=

where

z X :=sumX

Z X? = Sum_of X_Square

2
(z X) :=Sum_of X _By X
Z Xy :=sumXY

z Yy :=sumY

are float values. The result is an integer valueretthe float result is truncated.

Pseudo-Code example:

I* */
/* Least Square Tables Preparation */

Sum_of_X[0]=Sum_of_X_Square[0]= Sum_of_X_By_X[0]=0 ;

LSQ_Denominator[0]= 1; /* To Avoid Division By Zero */
f or (i=1;i<512;i++)
{

Sum_of_X[i] = i+Sum_of_X[i-1];
Sum_of X Square]i] =(i*i)+Sum_of X Squareli-1];

Sum_of X By X]i]= Sum_of X[i]*Sum_of _X[i);
LSQ_Denominator]i]= ((i+1) * Sum_of X Squareli] - Sum_of X By X[i]);
}
Definitions :
float Sum_of X, Sum_of X By X, Sum_of X Square, L SQ_Denominator;
unsigned int i;

I* =*/
/* Slope Calculation for Every Ramp/Sub-ramp */
[* calculated in ramp_ft.c */
/* denominator isset in write.c */

f or (i=0; i<ramps; i++)

sumY = sumxXY = 0;
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/* Intermediate Sums */
f or (j=0; |[<RRR; j++)
{

sumxy += j*y[j];
sumy += y([il;
}

/* Intermediate Results */
slope_z = (RRR * sumXY - sumY * sumX[RRR -1]);
slope_n = denominator[RRR-1];

i f (slope_z>0) /* Choose the Rounding Error for the Division */
/* Write The Final Result into Buffer */
MEMWRITE((u4*)(buffer+i+1), (int)((slope_z/slope
el se
/* Write The Final Result into Buffer */
MEMWRITE((u4*)(buffer+i+1), (int)((slope_z/slope

y += RRR;
}

Definitions :

Example:

with RRR =64

5 12457
6 12509
7 12563
8 12616
..... Fommeee

float sumX, sumY, sumXY, denominator, slope_z, sl

inty;
unsigned int i, j, RRR;

sumX =26.
Sum_of X _Square =174.
Sum_of X By X =676.
sumXY = 326208.
sumY =50145.

The numerator is:
slope_z =sumXsumY —nsumXY =1303770.— 1304832.-2062.

The denominator is:

slope_ N =Sum_of X By X—n Sum_of X Square =676. — 696. =20.

The result is therefore:
= (slope_z/slope_n)*RRR+0.5 =53.1*64-0.5(float) =>slope

slope

_n)*RRR+0.5)&0xffff);

_n)*RRR-0.5)&0xffff);

ope_n;

= 3397 (integer)
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B.2.3.2.4 Two-Sample-Fit

This ramp-fitting method consists of calculating: thlope by the difference of the second and lastobe
sample point. The advantage of this method is ithplity of the difference value calculation. THesadvantage is
that all other samples of the ramp are neglected.iilBmind of a cumulative process where all infation of the
preceding samples are included in the last sampte fhis method

Assumptions on the points of the support set:
No glitches (should be eliminated by the deglitghask)

No non-linearity (e.g. saturation, etc.)

The calculation of the differences is performedodisws:
D(@i) = X((i—1) *N + 2) — X(i*N — 1) for N> 4

The differences are represented as unsigned intafiers. Figure 74 shows the ramp-fitting method.

o N=8: D(0)=X(1)— X(6)
D(1) = X(9) — X(14)
D) =...

»
»

D(0)

D(1) i

" time
Figure 74. Example showing the ramp-fitting met{fitcand residuals)
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B.2.3.2.5 Slope Deviation Detection Method

The idea of the ramp fitting using the Slope DawimaDetection Method is very simplBigure 76shows one
example ramp using the Matlab generator with tigtieehes). It performs the following:

4- Calculate the differences between all successmgauts in a ramp. As the readout interval is egtadi,
the differences represent the slopes using twoessoee readouts.

D(i) = X(i) — X(i+1) (Figure 77)

5- Calculate the deviation of these slopes. It isdifferences of the differences of successive sample
Dev(i) = D(i+1) -D(i) (Figure 78)
If no glitches occur, all deviations would be cléaseero

6- Remove all deviations that are above 0.03 (3%ayfesbrecision)

7- Average all the remaining slopes (This is the it¢sul

Dev(0) = D(1) — D(0)

»
|

time

io . Dev(1) = D(2) — D(1)
| o Dev(2) = ...
b ot
| K/D(C)/D@ R
Dev(0) | o
Dev(1) | o!
| o
| | o
! . o
| : o
| I o

Figure 75 Example showing the slope deviation desaanethod
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Ramp with 3 Glitch Occurences
SDDD T T T T T T T

“oltage

1000 -

500

0 20 40 B0 a0 100 120 140 160
Time

Figure 76. Photoconductor Readouts from 1 Chanrithl Additive Noise

Sample Differences

250 T T T T T T T
o
200 ! 1
:
;
150 -
o :';
= i
@ H
100} i 1

0 20 40 B0 a0 100 120 140 160
Time

Figure 77. Successive Slopes in the Ramp
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Slope Deviatian
1DD T T T T T T T

o0t & _
(5 : &
00t : .
50t |
200t & .
_250 1 1 1 1 1 1 1
0 20 40 B0 a0 100 120 140 160

Time

Figure 78. Successive Slope Deviations in the Ramp

Advantages of the Method

Very Robust as all the slopes are tested
Very fast it only calculates samples differences. ¥ readouts (3N-3) operations are required

Well-suited for PACS. As each readout is equivakenthe number of photon/time. For an equidistant
readout interval, this number is fix in the ideabe. It only changes with any temperature drifit¢B),
which will be easily detected and rejected.

It could be generalized for other applications

Disadvantages of the Method

Not suited to short ramps. If a glitch occurs, duld be hard to find the best slope for a longxati@n
time (For PACS, we decided to have ramps no shtwtene second as the CRE are only stable andspreci
for a long ramp)

Conclusion

The method was tested for several ramp cases ampaced with standard methods (RANSAC and Least
Squares). It gives the best results with a very tmmnplexity. We have also optimised the complexifythe
algorithm to 3N/2-1 for the same precision.
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B.2.3.2.6 Two-Samples Difference Method

In case of 2 samples to fit, the slope is calcdlatsing the difference between two successive ssnim. 32
slopes are calculated out of a 64 samples ramp

The calculation of the differences is performedodisws:
D(i) = X(2* — 1) — X(2*)
The differences are represented as unsigned intagjess.

: D(0) = X(0) — X(1)
N D(1) = X(2) — X(3)

\/o o D(2)=...

»
|

time

Figure 79. Example showing the Two-Samples Diffexéviethod
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B.2.3.2.7 Subramp Fitting

The SPU On-board SW reduces the ramp by derivitngrethe ramp slope or the ramp mean dependingeon t
algorithm chosen by the the user. It contains aopgo derive not only 1 slope/mean per resetrvate but also
slopes/means for every 2,4,8,16,32,... samplesinvdghramp. The number of samples to fit is a conuahfe
parameterFigure 80 illustrates the sub-ramp fitting procedure. Tittég result is then subslope (in case of least
square fit) of submean (in case of mean algorithirhg used algorithm could be read from the compresntity
header (See RD016 for more details).

Example: 32-sample ramp

A e
[ J
[ J
[ J
[ J
[ J
[ J
[ J e
.....
Voltage ®e
[ J
e Slope4/

Slopel/ |

| 2 o Mean4
Meanl Slope2/ Slope3/ ®o

Mean?2 ®e
Mean3 ®oe Cooe
Time .

Figure 80. Illustration of Sub-ramp Fitting
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B.2.4 Averaging and Rounding in Photometry

Averaging and rounding in photometry is now alsaelby the FM Averaging algorithm (see a few pades/a).
The “old” algorithm can still be used and is deised hereafter.

Rounding has been developed and implemented asntecmeasure against high noise settings. In tfautie
averaging process 4 samples are added up and dlivyjdé. The datatype is 16 bit short and no decdrgits are
kept, so the value 2 has to be added before divisigiet a rounded average instead of a truncatedlio other
words, there is already a 2-bit rounding made énrtbminal averaging process. The SPU softwareléstab
intensify the rounding inside the averaging process

oo V() + y(x+2)+ y(x+2) + y(x+3)+2)
4

Instead of the defaultmea

additional roundings can be

(X)+ y(X+1)+ y(X+2)+ y(X+3)+4)) *2 andsoon.

calculated by mean= int((y 8

In addition to that, the number of samples to ayeiia also freely configurable. Instead of 4 sas|dde 5, or any
other number 0<n<120 can be chosen.

For more information see document RD020.

B.3 Decimation

B.3.1 Decimation in Photometry

Beginning with SPU SW version 13.95 frame droppsignplemented via two uploadble parameters DPRE an
DPOST (see user manual for usage). DPRE deterrtiinasumber of frames to be discarded at the beginoii an
averaging group and DPOST does so for the endvAraging group is 4 frames in default mode, 8 fraine
double mode or any number of frames when the nuwibieames to average is overridden with the NAVG
parameter. The implementation is done by a pregsiicg module (in p_proc.c) that copies (in placaines to be
averaged and leaves out frames to be dropped.etueed number of frames and the modified numbéaofes to
average are then passed to the averaging module.

B.3.2 Decimation in Spectroscopy

Similarly, frames at the start of a complete ramg at its end can be dropped. The implementatitireisame as in
photometry with the difference that not the avarggiroups (= the submeans) are decimated, buthbéewamp is.



