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. Properties:
- follows ESA and ECSS standards
- runs on a Leon 2/3 simulated processor

. Functionality:

- produce and exchange telemetry packets

- monitor the Instrument and the CDPU status

- acquire scientific data from an Instrument simulator
- perform lossless data compression
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.« We use the following technologies:
- modeling — ASN1, ACN, AADL, SDL
- code generation & deployment — C
- debugging & testing —» MSC
- execution platform — RTEMS, LINUX
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T-telecommand ::= SEQUENCE

I

1
TC-packetHeader,
T-tc-dataFieldHeader,
T-tc-applicatienData,
T-ulntle }

packet-header
data-field-header
application-data
crec

e

T-tc-applicationData ::= CHOICE
I
1

-3-1-define-hk-report
-enable-hk-report
-disable-hk- report

load-memaory

TC-DEFINE- HK - REPORT ,
TC-EMABLE- HK - REPORT ,
TC-DISABLE- HK - REPORT ,

TC-LOAD- MEMORY

e
t

telemetry ::= SEQUENCE

packet-header
data-field-header
application-data

TM-packetHeader,
T-tm-dataFieldHeader,
T-tm-applicationData

::= CHOICE {
TM- ACC- SUCCESS,
acc-failure TM-ACC-FAILURE,
hik TM-DBS- HE,
l-event-pr-numinal TM- EVENT - PR- MOMI MAL - REFORT ,
2 event-low-severity TM- EVENT - ANOMALY - REFORT - LOW- SEVERITY,
event-medium-severity TM-EVENT - ANOMALY - REPORT - MEDI LUM- SEVERITY,
tm-E-d-EUEHt-high-SEUEFity TM- EVEMT - AMOMALY - REPORT - HI GH- SEVERITY

tm-applicationData
tm-1-1-acc-sucess

- TC and TM packets are set according to ECSS-E-70-41
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. Housekeeping Parameter Report service

— report HK parameters
« Telecommand Acceptance Report — Success/Failure

— verify TC integrity
« Normal Progress/Error Report service
— link Integrity, data storing



tm

Field
= tm
- packet_header
= packet_id
. - apid 0
= packet_sequence_...
. -gequence_grou.. continuation_sequenc...
. - seguence_count O
- packet_length 0

Mvailable test scripts:

[ v] [ Meter

| starthcq | acqT ] colint ] enHK ] jSamples ]
startAcg

Field Value
- startAcg False

Run || load || Edt | | sendTc || loadTc || saveTC

ENUMERATED
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if(parameternNo == 1){ // set the address for 'startAcquisition' parameter

// set the Ffarfﬁrqui'ifiun parameter absolute address
oneTC.: . .u.tc_6 2 load memory.start_address.:
oneTC.: _data.u.tc_6 2 load memory.start_addre
nneTF : 1on_data. 2 Load_memory.start_addre

. . .u.tc_6 2 load _memory.start_address..

;1T10n paramefer va1ue
2 load_memory.block_data, parametervalue);

teSCdriver
Aeld CRC and payload size to TC fields

— add it to the Packet Error
Control




Compute CRC for the
received TCs

tc_dispatcher

1 tc_link

to_lowl _link

hk_lowL _link

tc_op ’

cdpu_tc_hk
hi_lde_link

|/-
Compute CRC for the

received TCs

. read TC Ack field
— verify TC integrity

te_link o

te_dispatcher

te_link
[Container COPU | q =



// receive TC from COMU via tc_dispatcher function

void cdpu_tc(const asnlSccT_telecommand *IM_tc, const asnlSccT_uints8b *IN cre){
//Acceptance of the telecommand: verification that the telecommand has not been corrupted
// find which acknowledgments shall be sent to the ground
bool ackTCheader = (*IN tc).data_field header.ack_acceptance;

if(ackTCheader == true){
// send Telecommand Acceptance Report -- Success (1, 1) or Failure (1, 2)
//send Telecommand Acceptance Report -- Failure (1, 2)
if((*#IN_crc) !'= 0){ // transmision error
// disregard the received TC
if(disregardTC == 0)
disregardTC = 1;




// check 1f the TC -
if{addressInt3z == st.
if (valueInt3z

it (valuelr
prlnffl"' c_hk: cdpu sends : data acquisition command.
'/ set the 1um level 1s1t1
ll_udpu.parameterwc
11_cdpu.parametervalue = valueInt3z;
hend low level TC to instrument
:dpu te_hk_RI_tc_lowl_link(&tc_L1_cdpul;

=)
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to_lowl_link hk_lowl_link

acquisition command....
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close

shutterstatus:=shutter_closed,
transientTime:=3

|

cmdshiinputCmd) <

writeln( shutter: shutterready’)

close

{le.sz)

set_timer(transientTime*1000, timearsh) writeln( shutter: shutteris allready closed...")

shutterstatusi=shutter_transient

writeln('shutter: shutter in transient mode...")

waitOpen

waltOpen

timersh

shutterStatus:=shutter_open

writeln('shutter: opening the shutter..completed’)

|
shStatus(shutterstatus) >

open




repeat

Em_op(roestatus) >

timero1

writeln
('roe:[SDL] Timer expired!’)

roestatus = RALSE,
cmdshutter= TRUE

Em_op(roesStatus) >
I

stopacglcmdshutter) >

bc_opitd

stopRoe:=(tcDatal
and (ccDaka'param

( TRlLIE ) e

OFf

writeln{'roe:stoping

roestatus

= FALSI

O Ition |

OFF

tc_opl(tcData) <

writeln('roe: receiving TC...")

startRoe = (tcDatalparameterdo=1) and
(tcData'parameteryvalue=1)

|
cmdshutker=RALSE

startRoe

( TRUE )

writeln{'roe: starting roe...)

roestatus = TRUE
I

Fi

set_timer{acqgDuration* 000, timer01)

I
sendCCOBlock >




[ starthcg collnt | jSamples |

| Send TC | | Save TC

acqburation = tcDatalparameteryvalue,
roestatus = TRUE

writeln{'roe: the acquisition duration changed to ', acqDuration) I

set_timer{acqDuration®*1000, timer01) I

"'«

sendCCDBLock :}

== et timerO1 e '

e —




;_SciData structure:

— DataView.asn

o
tc_op

= tm_op
stophcg

.. sendCCDBlock receive CCOBlock sendSci nextData /

f sendCCOBlock receive CCDBlock

h 4

£

o sendSci

tc_op

hk_lde_link

-

SciData : 1= SEQUENCE{
fileBlock  OCTET STRING ( SIZE(1024) ),
slzeSequence T-uintls,
LastSequence BOOLEAN

nextData




i

i receiveCCDBlock(scData) Q

e [ _________________

sendSci(scData) >
nextData (

sendCCDBlock >

— call sendCCDBlock
« Stop conditions:

ea
stopAcg
end CCOBlock receive CCOBlock sendSci nextData /
end CCOBlock receive CCOBlock 1 I I .

— put startAcqg to O
cdpu_lde . .
hk_Ide_link —> t|mer01 eXplreS




sendSci nextData
te_op

cdpu_lde

hk_lde_link

. cpRate sendlastSq compressSeq

‘ compressSeq

compressSeq

sendCh

h 4

=

sendlastSg sendCh

— forward to sendLastSq Pl

— store to mm
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l_ ______________ |

Code Option
Selection
Selected

Option

Zero-Block M Code
ptlon
Option
2nd Extension |-

Option
FS —

Preprocessor C:(piic:n

Option
k=2

Option
No Compression

. Select the algorithm opt at use the shortest no
m-fhe algorithm option ID

g helps decoder to identify the selected option




a) Format with reference sample:

Option n-bit
1D reference

| I Coded Data Set I |
(variable-length field)
b) Format without reference sample:

Offgon FS codeword
| . Coded Data Set . |
(variable-length field)

FS codeword

, I = reference sample interval:

— add periodically a reference sample in the CDS structure




void compressseq startup()

1
J¥ Write your initialization code he
printf("compre ;
blockNoOfSam
rSampleInterval = 1

void compressseq PI_compressSeqiconst asnlSccSciData *IN scidata, SampleResolution = &;
lconst asnlSccT uintlé *IN blockMNoOfSamples, positiveSignalValue = 1;
asnlSccT _UInt32 #IN sentChars) countCDschars = O;
B B addElementsOfELlock=0;
imt 1, j, k, sMo, diSum; indSci = O;

unsigned char ksplit
printf("inside compr quenceFunction....\n"):
[/ setup encoding
countChSchars = 0;
outputIndex = O;
sCount = 0O;
blockNoCfSample *#IMN _blockMoOfSample
printf("compressSeq: blockNoOfSamples: , blockMoOfSamples);
rBlockInterval = rSampleInterval/block Samples;
// compute x_min, x_max - to be used in Preprocessor, Predition error mapper

putexminmax();

rintf ("x_min: %lu, x max: %Llu “n", x_min, ¥ _max):

set the no of blocks to be compressed
inputBlockNo = (*IN_scidata).sizeSequence / blockNoOfSamples:
/¢ process each hlock

i= inputBlockNo; i++){
block with reference sample...
% rBlockInterval == 0){ // !!! & O stops the preprocessor for testing purposes
/7 set reference sample
referenceSample_8b = (*IN scidata). fileBlock.arr[(i*blockNoOfSamples)];

. Calculate the no. of bits for each compression option — selectBestCodingOption()

Build and send CDS packet



' starthcq ' ach' colint | enHK jSamples
jsamples

jSampks

Fampex SendTC || || saveTc

,

bc_op(kc) t::

L

ktc!parameterto=4

writeln('cdpu_ldc: setting blockSampleMo...)

blockSamplesMo = tc!lparameteryalue




' startAcq ' acqT collnt enHE | iSamples '

Feld
collnt

Send TC | Load TC | Save TC

. C . tm_link

— TC of type (3,1)




//Define new housekeeping reports (3,1) service
if((*IN tc).application_data.kind == tc_3 1 define hk_report PRESENT && !disregardTC){
Aiprintf("sequence count: %d “n", (¥*IN_tc).packet_header.packet_sequence_control.sequence_count];
set HK collection interval
collection_interval = (*¥IN tc).application data.u.tc_3 1 define hk_report.hk_collection_interval;
// reset the clock for hk repnrta
countToColectionInterval
printf("the collection 1nterval: Sl1d wn", hk_collection_interval);

' sandCCDBlock receieCCDBlock  sa

collects Tow level HK from Shutter and ROE and send it to COPU

pmcu hk(l{
/f setting the instrument HK data structure
instrument_hk.roeStatus = roeStatus;
instrument_hk.shutterStatus = shutterstatus;
// sending hk params to cdpu
pmcu_RI_hk_TowL link (&instrument_hk);

I




lde_hk!lcompression_status ;= run

writeln('cdpu_ldc: compress the data sequence...wait..)

I compressSeq(rawData, blockSamplesho, sentChars) I

cpRate(rawDakalsizeSequence, sentChars, compressRake) I

ldc_hk!lcompression_rate := compressRate

hi_idc_link

cpRate hk_ldc_link(ldc_hk)

/{ select the Housekeeping Parameter Report (3,25) service and sets the HK parameters values
vold send32sHK(){

/fuse the collection_interval value to set the period of hk reports
++countToColectionInterval;

o if(countToColectionInterval == hk_collection_intervall{
m*w % // increment Source Sequence Count for each TC sent
S U -—'-hill | hlr.‘l-__

N J/used to identify a particular telecommand packet so that 1t can be traced
oneTM.packet header.packet sequence control.seguence count++;
H // select the Housekeeping Parameter Report (3,25) service
AN .k . oneTM.application_data.kind = tm 3 25 hk PRESENT;

// set the HK parameters values
oneTM.application_data.u.tm 3 2
oneTM.application_data.u.tm 3
oneTM. application_data.u.tm 3 2
oneTM.application_data.u.t

_hk.hk_report_sid = 0;

oneTM. application_data.u. tm_

K
25 hk.compression_rate = ldc_hk.compression_rate;
&

hik.
hk.roe_status = instrument_hk.roeStatus;

3 25 hk.shutter status = instrument_hk.shutterStatus;

3 25 hk.

3 25 hk.compression_status = ldc_hk.compression status;



the accepted TC sequence count: 1
~dmu |k oe_status: shutter_status: 0O ,comp
cdmu F 0e_status: ,shutter_status: 0 ,compr

ik report: o
1} I i i

cdmu hk report: roe status: 0 ,shutter status: 0O ,compress
i} I
1k [

on_rate: O ,comp
on_rate: © ,compr
on_rate: © ,compress
on_rate: & ,compr
on_rate: S ,compr

on_status:
on_status:
on_status: C
on_status: 1

on_status: 1

]

report:

~dmu | ‘0e_status: 1 ,shutter _status: 1 ,compr
cdmu hk report:

T —

report:

T
J
T
J

‘0e_status: 1 ,shutter_status: 1 ,compr

TASTE_System

compression-rdte 0 }, packet-header { packet-id { apid 2 }, packet-length 0, packet-sequence-gontrol { se

compression-rdte 0 }, packet-header { packet-id { apid 2 }, packet-length 0, packet-sequence-gontral { sequ:




[ startAcg ' | colint jSamples

Send TC | | Save TC

//Enable Housekeeping Parameter Report Generation (3,5)
if((*IN tc).application_data.kind - 3 5 enable hk _report PRESENT && !disregardTC){
| printf (" - g Pa er rt Generation ...\n");
// enable periodic housekeeping reports to cdmu
if(!enableHousekeepingReports)
enableHousekeepingReports = 1;

g | £ - - L Fox  p=d s -

A

enableHousekeepingReports — send TM packefs

// select the Housekeeping Parameter Report (3,25) service and sets the HK parameters values
if(enableHousekeepingReports)
send325HK () ;




. Test Leon2/3 performance
compression parameters.

. Develop the decompression software

— recover the original uncompressed scientific data

« FiIX bugs, improve code
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