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SAFARI Warm Electronics

PAYLOAD ‘ DCU (DetectorsControl Unit ),
e —— to drive theinstrumenfTES detectors
:FE:E..F:E_I:;::
() T HOPU (Digital Processing Unit), to
o .
Biasmeaters control the overall instrument and to
data commands . . .
(s J implementthe sciencedata compressior
qui . .
andpacketisation
Detectors
D
et T A=TSCU(FTSmechanisnControl Unit),
Sou - -
Lol > — - to co_ntrol the spectrometer scan
Cryocoaler damiozmﬁds meChanlsm
Thermom. [
L
— TS dr_ivar«s-'sransars AFWCU (F”ter Wheel ContI‘OI Un|t), tO
T P e . : control the onboard filter wheel
0 W drivers/zensors moveme ntS ’
W < data‘commands _
- > Icu
—_— ACCU (Cooler Control Unit), to control
QEREEEEIETEE T WARM FLFC the cooler and the instrument
thermometry implementing an active
thermal control and to monitor of the
onboardcalibrationsource
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ICU Redundancy scheme

ICU BOX
Power Bus \
T PSU ‘
I
< » DCU
> DPU < > MCU < » Mechanisms
< > CCuU < » Cryocooler
S/C | Nominal ]
Power Bus \
PSU ‘
I
< » DCU
N DPU < > MCU < » Mechanisms
< > CCuU < » Cryocooler
Redundant
Cold redundancy.
The two links towards DCU are cross -strapped inside DCU.
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ICU mechanical design
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ICU mechanical design

Box material: aluminum Alloy,

=~ A rough estimate of the box mass is about 55009 (cables, connectors, boards and electronic components not included) »
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Mechanical characteristics

Warm Mass, total (with margin) kg 30.78
DCU (Detector Control Unit) kg 11.71
ICU (Instrument Control Unit:

MCU, DPU, CCU, PSU) kg 13.94

Margin 20% 5.13

ICU Dimensions
Dimension Value(mm)
Length 380
Width 330
Height 270
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ICU thermal analysis

- Preliminary thermal analysis to predict the temperature distribution over the structure.
- The heat loads specified for each module have been applied at the mounting interfaces

between boards and drawers.

- power dissipations increase from bottom to top. In the worst case the unit placed on top of the
structure can be 10° warmer than the bottom one: the units with an higher power budget shall

be placed on the bottom.
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Complete analysis to be done with the actual
power distribution over the boards and the
t hermal <charac
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ICU Structural analysis Preliminary structural analysis to verify the compatibility with
the stiffness and strength requirementsA additional stiffening

1 seeeer ribs and fixation points needed. mm :sae
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Structure vibratiormodes:-
™08 ST - 193Hz (left, top),
o7 A MR :
- ﬁ:“: ;:\"\ \- 4 S % (/";4’)
5 = N S ¢ - 220Hz (left, botton),

e AL - 230Hz ( right, bottom).
s @ : ;ﬁ!apS

J9 A. M. Di Giorgio INAF ¢ IAPS, Rome




Italian Workshop on SPICA Rome, INAF HO 7-8 Feb 2013

VonMisesstresses computed on the structure, Y loading direction

TYTit’ T
‘it:%sj gl X Y —— A Z2.008e+E2
i 2. T g , 1 § B 1.857e+@2
= it = = — T 1.7l4e+@2
i E —— D 1.571le+B2
_-

— I EB.37V1le+81

.2B8Ee+E1
.B57e+dl
LA289e+E1
BBEe+Bd

o =0
o= Nl

(L LIS NLE

The maximum VoiMisesstress of 200MPa was computed in the normal direction to the interface ptane
Q.swell within the yield stress of the Al 7075 that is assumed as reference for the structural component:
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DPU requirements

Data rates:

SPICAwiIll havea DTCPof atleast8 hours,with atelemetrybudget30 GB/day

20 (TBC) observhours,availablerate 30/20/3600*8 = 5.2 Mbit /s.

- Sciencedata

- housekeepindata(statusvaluessentindependentdf the sciencadata)

- metrologydata(timing and positionalparametersieededo interpretthe detector
data)

Expecteddetectors(DCU) datarate 6-12Mbps(TBC)
HK datarate - maxratelkHz datafrom MCU

ScienceData Compressionon board is necessary
A LosslessCompression - Collaboration with University of Wien

Buffering: compressiomlgorithmdependent
Processingcompressiomlgorithmdependent

Preliminarycompressionestsstartedin the pastmonthon thefirst setof simulated
_ Iinterferograms
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DPU High level architecture
D P U FPGA ACTEL VIR ?“,E;TE
RTAX 1000S iy
* Contral + data \
signals
SpW LEON 3 - FT _Small capacity Aqtel FPGA to
CDMU N ROUTER AEROFLEX Implement additional IOglC:

ATMEL AT7910 UT699 E - control signals for subsystems
switch ON/OFF
- DPU board HW monitoring

: | functions
ji jE ji jE - DPU board reset (TBC)
PROM EEPROM ot o
F,;cu * ] Aeroflex UT699 Leon3-FT processor:
FWEU ey e - 4 integrated SpW ports, two of which supporting RMAP
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- 53 MIPS at 66 MHz clock frequency:

WARNING: can be insufficient if science data rates from
DCU highly exceed 4 Mbits/s (=> compression algorithm
with a CPU load greater than 20-30 MIPS)

Atmel AT7910 SpW Router connected to the external SpW links
and to Leon processor

-Time Codes from SPICA network automatically propagated to all
the Safari units, as required by the internal synchronization

scheme

- non-blocking crossbar switch connecting any input port to any

output port Estimated memory requirements:

- the 8th SpW port of the Router can provide a second - PROM: 256 kB

connection to CDMU (if crossed strapping required) or a third - EEPROM: 3 MB
<«onnection to the Leon (to improve bandwidth) - SRAM: 40 MB (32 + 8 for EDAC redundancy)
o :
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DPU On Board Software

Aelemetry andelecommandaxchange with the

S/C ‘ Instrument Subsystems
. . d HK Dat
Anstrument Commanding, based on the receiveqm2™ s | __________ A<l laa
and interpreted TCs, in agreement with the : . |
. i : - Detector data | |
current instrument operating mode | SIS Hkacquisition & acquisition & | !
I i : : i Commanding S/SMonitoring ; I
(implementation of detectors calibration ! buffering |
procedures based on DCU data TBC) ‘ 1 ‘
1 A 1
Anstrument monitoring and control, based on | Data
the Housekeeping data (HK) acquired from the 1| 'mstrumentcontrol & ggﬁgf:g;?oi‘
other instrument units ; Y
Metectors readout data acquisition,-pre Teleimetry :
processing and formatting according to the i | Telecommand |« Datapacking | !
selected Telemetry protocol ! Interface !
1 y 1
. e !
AOn board time management and
synchronization of all the instrument activities Ry
AOn board Memories management Spacecratft
9, o
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SAFARI On Board Software

1. DPUOBS (Instrument Control and data processing/compression)
2. MCU OBS(FTS/FW control)

3. Common Layer SW (Boot SW, FDIR, OBSM, On board time
handling)

ARTEMS operating systefRTEMS, RealTime Executive for Multiprocessor Systems,
reaktime operating system designed for deeply embedgstems, freepensource,
supportanulti-processosystems, Multitasking capabilities, dynamemory allocatior)

AC++ language for application software
AAll SWs to be compliant with a common PA/QAan:in particular the adoption of a
common configuration control tool, a common naming convention and a common sof

problems tracking system is foreseen.

A\ common format to exchange software images will be adopted (e.g. ICD14 standar
~ TBO).
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SAFARI Mode transition
diagrams

switch on by S/C

switch off by S/C
OBSM done

reboot

from any state
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p SAFARI
OBS
I I I I |
SW
SW o
SW SW . configuration Verification SW PA/QA
management production and
and control S
Validation
DPU MCU Common
OBS OBS Layer SW
[ | Internal I/F
L Boot SW — Boot SW handling
| | Memory
L Control SW — Control SW Mgmt
Error
- SIC I/F SW handling
Data
— Processing
SW

=
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S/CCDMU simulator
Mech Simulators

ICU Testing

DCU Simulator
Calib sourcethermsimulators

PAYLOAD
)
Analog channeals
LMA = -
Bias/heatars
A
—_—— [ data commancs
TES+Squid
—
Ty Cs
Calibration data'commands
R
Coolerftemp
Cryocooler data/commands
Tharmam.

|
-

ATS drivers/sansors
data/commands

>

HW drivers/sensors
data'commands

i<

COLD ELECTROMICS

WARM ELECTRONICS
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S/IC
Power
Bus

DPUtesting

S/CCDMU simulator

—1

ICU

FTS

Cooler

DCU Simulator
MCU simulator(s)
CCUsimulator

MCUtesting:
DPU Simulator
Mech simulator(s)

CCuUtesting:
DPU Simulator
Cooler/Temgsimulator(s)
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Local EGSE
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Client/Server configuration

Thelocal EGS€onsists of two programs modules linked via standard TCP/IP
socket in aserverclient configuration:

A TheSpacecraft simulator programScSin(serve) which communicate
with the DPU via a Spad®ire I/F and with thédpuEgsevia a TCP/IP
socket. This program manage the Sp&dee communication protocol by
means of & CISpaceWirdoard fromSkyLab

A TheDPU EGSE DpuEgséclient) sendstelecommandsandreceives
telemetryto/from the DPU vié&cSimThe progransendspredefined
telecommandssetsandreceivegdisplay and store) the DPU telemetry by
means of a scriplike interpreted sequence of commands.

4 N

Instrument Level Test (ILT) EGSE

Dpu Egse ScSim

w520 A. M. Di Giorgio  INAF ¢ IAPS, Rome
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A Due to the TCP/IP socket, the two programs may run on different network
connected computer.

A Another advantage of the servetient architecture is that other clients
can connect to th&cSin{which acts as a Space Wire manager) using one
of the four SpWhnodes of theSkyLalboard, so that it is possible to
simulate also the other DPSpWconnected subsystems in SAFARI.

AN

e o
DpuEgse g A %r:
R Q-
Su bSys 1 z Scffim § — S
simulator A (Spwi Mgr) =
53
SubSys 2 E: —
simulator
- J
N
http://pptt4.ifsi -roma.inaf.it/~cerulli/safariEgse/index.html
9, o
—— Aaps
<021 A. M. Di Giorgio INAF ¢ IAPS, Rome


http://pptt4.ifsi-roma.inaf.it/~cerulli/safariEgse/index.html
http://pptt4.ifsi-roma.inaf.it/~cerulli/safariEgse/index.html
http://pptt4.ifsi-roma.inaf.it/~cerulli/safariEgse/index.html

Italian Workshop on SPICA Rome, INAF HO 7-8 Feb 2013

DpuEgse(client)

The main window shows
aSOSNYf 4&LINE
scriptlike language used to
control the DPU.

The other four windows
display auxiliary information
on SpWi status and Tlc/TIm
contents

Node 1 I..‘«Byu 01 Npackets 4
1 2 3 4 5 6 7 8 9 10 1n 2
1 0 02 03 0 065 06 07 08 09 O 0d
2 03 0d 05 06 07 08 09 O 0 02 03
3 05 0 07 08 08 0xa 0l 02 03 0t 05
4 07 08 08 0xa 0 02 03 Ot s 06 07
5 08  Oxa 0«00 Od 02 03 O 0SS 06 07 OB
6
7
8
9

Oa 0d 02 03 O OS5

02 03 Od 05 06 07 Receive .. o2

o4 05 06 07 08 08 window ot
06 07 08 08 Oa 0300 :

10 67 0E 08 O O0d 02 03 0d 05 06 07

window

0 to receive up to 200 data 1 2 3 4 s 6 7 8 9 10 1 n

0. 50, receive up T0- 200 date 1 Oxaa Oxbb Oxecc Oxc Oxd Oxe Of Od0 06 000 O21

2
3
4

3 ‘ . 5 Transmit
% .
- window
8
S
7

SOV come,

oV AST,
& G,

Tin/Tk archvve fle NodeO | Nodel | Node2 | Nodel
C:Oev/QtPro)/SafariEgse TimArchive/Tim, txt Archive = ‘
Bowd ® 0 | intboard Close board
N of Thn Connact 1o Sarver Read buffer sze slocaton
archived frames Suriar aelios v 93 36 98 a3
9 locahost Board Status
Tim Deplay
Serial N8 00 Verson  Ox2010%

T:‘:.‘-’s_“’:m VD Ox10b5 Ck Spw ox0
P 0xS406 QUZPAR 10M1 ox0
Bus o0 TZPAR 10M2 0x0
~ = So! Ox0 Advanced 0x0
Configuration ‘ > s o

5 Node 0 0xa0 = g

window el
Node 2 0xa0
oA, Node 3 Oxa0 Get Status
. lb‘?ﬂ
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ScSim (server)

Here is the server GUI with!
the main window, the
SpaceWire configuration
windowand a monitor
window for the data flow
with the SpW board.

Board Status

Serial NG
vID
PID
Bus
Sot

Node

WO NN e W e

—
=3

?
Node 1 Node 2 Node 3
Initboard | | Close board
Read buffer size alocation
|v BKB B &8 =B
0x0 Verson  Ox20100330
0x10b5 Ck Spw 0x0
0x5406 QTZPAR 10M1 0x0
0x0 QTZPAR 10M2 0x0
0x0 Advanced 0x0
IFO dspatch 0x0
0x.
Oxa! H
SpWi
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tojatus
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1 2 3 4 5 6
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07 08 00 O O0d O
08 0 Od 02 03 0l
e 0d 02 O3 Od OS5
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b 0x7 08 08 Oxa 0
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window
Show RxTx Thi
. TX frequency
Show SW Stat -==> TXSPW_IMM
~e> DXSIW
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