®
Ccnes CENPED

GNC software production process

M.Delpech — PY Guidotti - JC Berges

FFIORD Seminar — March 7th, 2012




é cnNnes Context

m SSC has developed a significant experience in code gen  eration process
using Mathworks tools =» GNC software was auto coded for the
SMART-1 mission (lunar probe)

m Process reused for PRISMA to develop GNC software and numerous
components of the flight software (including 1/0)

m Matlab / Simulink is the only environment to perform GNC algorithm
integration and validation =» 2 possibilities for delivering software
contributions:

¢ traditional source code (C, C++) encapsulated within a special Simulink
block (S_function)
+ Simulink based design

m Design rules and recommendations are given by SSCtop  artners using
Simulink for code development (Model Based On Board Sof tware)

Besides the technical interest, CNES choice of the sec  ond option was

driven by the short development timeframe o
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Ccnes

m Internal development performed by the GNC team
¢+ CNES DCT/SB/PS et DCT/SB/MO

¢ Partnership with Astrium and TAS for 2 guidance functi ons

m 11 functions integrated in a Simulink library:

¢ Simulink = model oriented approach that simplifies the
development of complex algorithms and simulators

+ From initial prototyping, to simulator for studies,
software

+ Direct interface with Matlab
- CNES_GNC_lib = Simulink library delivered to SSC

m Quick development :
¢ Start nominal mission = 2006
+ First integration in Prisma flight software
+ Flight version = march 2009

= januar

=» Even faster for the extended mission activities

FFIGRD

Development approach

CNES_GNC_lib
FFRF input decoding |

Navigation
Guidance
Manual Guidance |
Standby )

2 Maneuverstransfer |

o Rendez-vous

until flight

Proximity Oper ations §

Collision Avoidance

Control
Mode Handler
FERF output encoding |

y 2008

Matlablslmullnk/RTW used by SSC to develop:
: - flight software
: - numeric satellite simulator (Satsim)
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Ccnes

m Utilisation intensive
de Simulink

+ 58 entrées (524
éléments), 27 sorties
(566 éléments), 35
parametres modeles

¢ 11 librairies internes
pour 11 fonctions
dediées

* 679 sous-systemes,
11553 blocks
Simulink

¢ 3 s-functions codées
en C (Navigation +
FFRF_IF)

Simulink development

C_CHES pav_reset

. _CNES_nav_config

_CHNES nav_selTargetAbsSiate

_CHNES_nav_setiainAbsState

C_CNES nav_setPropagPars

_CHNES nav_setPmatric
_CHNES nav_setUmatPars

_CHES nav_setRmatPars

C_CHES nav_setRFmEsjectPars

C_CHES nav_setFilterHejectPars

_CHES nav_setMeasBias

C_CHES mon_setParamNom

C_CNES_mon_setParamfnom’

_CNES _mon_setParamfnomi

C_CNES_mon_resel

_CNES _gui MAN_ setMan
_CNES _gui 3MT _setParam
_CNES _gui 5BY setParam
_CHES guil BHY setParamfnom
_CHES gui PROX setParam
_CHES gul RV setOrbitoParam
_CHES gul RV setDates
_CHES gui RV setiatriz
_CHES gul RV setManeuvar
_CNES gui RV setGosl

_CHNES gui RV setParam

C_UNES gui CA setParam
_CNES gui CA HeselColisionDetection

C_UNES cont_setlgrPeriod
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THLCHES nav_nominalp

TH_CNES nav_expertise

TM_CNES _mon_i

TH_CHES _gui_comimonp

flag TH_CNES gui 28T _nominal

TM_CHRES gui 2MT_nominal

TH_CHES gui RVmansuvers4f

TH_CNES gul RVmaneuversiio

flag_TM_CNES gui €A

TM_CNES_guil_Ca

flag_TM_CNES_cont

TW_CNES _cont

FFRF_TC_Main_WMODE

TC_CHES cont_setlarGainkid
TC_CHES ool _sellogrGainkL2
TC_CNES _cont_setl grGainkKL3
TO_CHES cont_setLorGainh
TC_UNES_cont_seflgrParam
FFRF_TM_Main_STIME
FFRF_TM_Main_S2HNAVN
MAIN_EF_temperature
MAIN_RF_temperature_valid
enable CNES navigation
enable CHES guidance
enable CNES control
GNC_SCET
quaternionECIZSCE_main
omegaSCH_main
accelerometer SCB
accelerometer_valid

massiAIN

RF _timeUfiset
RF_timeCfisetValid
quaternionECHESCE target
omegaSCB target

TARGET RF_temperature
TARGET _RF_temperature_valid
DLR_MAIN_stateEME
DLR_TARGET_stateEME
DLRE_relativeMavigationfAccuracy
DLR_GOPnavConverged

REA appliedimpulse_SCB

FFRF_TC_Main_RNAV2

FFRF_TC_Main_RATT1

FERF_TC_Main_RATT2

FFRF_TC_Main_RHMODE

FERF_TC_Main_RTEMP

FFRF_TC_Target WMODE

FFRF_TC_Target RNAV1

FFRF_TC_Targel RATTI

FFRF_TC Target RATT2

FFRF_TC_Target RTEMP

CHES_deltaV_time SCET

CNES deltaV_command_SLO

event CHES_FUIR

CNES_GNC_lib




Ccnes

GNG_GNES_version_t

TC_CNES_nav_reset

'S_TC_CNES_nav_reset
TC_CNES_nav_t conl\

's_TC_CNES_nav_config
TC_CNES_nav se(TargslAhsSt tafe

S TC_CNES_nav_setTargetAbsSiate
TC_CNES_nav_ SelMARABSStaE

s_TC_CNES_nav_seiMainAbsState
TC_CNES_nav_setPropagPars

s TC_CNES_nav_seiPropagPars
TC_CNES._nav_selPriaiix

S_TC_CNES_nav_selPmairic
TC_CNES_nav_setGimatPars

S TC_CNES_nav_setQmatPars
TC_CNES_nav_s setfimatbars

GO S_TC_CNES_nav_setRmaiPars
TG_GNES_nav. se(RFmReJec&P

S_TC_CNES_nav_selRFmRejectFars,
TC_CNES_nav_ Se(FlllerReJec(Pars

- "C_CNES_nav_seiF IterRejectars >

S T
TC_CNES_nav. cetiieasbias

5_TC_CNES_nav_seileasbias

TC_CNES_mon_setParamNom

s_TC_CNES_mon_setParamiom
TC_CNES_mon_setParamnom1

D~ e mon_setParamAnom? »
m2

TC_GNES_mon_setParaniano

G TC_CNES_mon_setParamAnom2 >

Ch
TC_CNES_mon_reset

"C_CNES_mon_reset
TC_CNES. gm MAN setMan

S TCRCNES oul VAN saian
TC. CNESJU\ ZMI' setParar

S_TC_ CNES _Gui_2MT_ssiParam
TC. CNESJU\ SBY setParar
Ga> 's_TC_CNES_Gui_SBY_setParam »
B

efParamAnom

GaD- 5_TC_CNES_gui_SBY_seiParamAnom >

TC_CNES_gui_f PRox sefParam

D e Ul PROX seParam >

TC_CNES_qui_RV_selGrbiloPard

(€D, 5_TC_CNES_gUi_RV_setOrbitoParam >

TC_CNES_gul_RV_setDates

@ TC_CNES_gui_RV_seDates >
latrix

Ch
TG_GNES_gui_RV_setH

[€35 S_TC_CNES_gui_RV_setiatix >

TC_CNES_gui_RV_: setManewer

- S_TC_CNES_Gui_RV_setaneuver >

ui_RV_setGoal

@& s_TC_CNES_gui_RV_setGoal >

TC_CNES_gui_RV_ “SetParam

€13, 's_TC_CNES_gui_RV_setParam >

TC_CNES_gui_CA_setParam

- 'C_CNES_gui_CA_setParam ’

5 T
TC_CNES_gui_CA_ResetColisionbetecton

TC_CNES_g

TC_CNES

28 )75 _CNES _gu_CA_ReselColisionDefsclion
TC_CNES_cont_seilarPeriod

's_TC_CNES_cont_selLarPeriod
TG_GNES_cont SeLLquamKU

'S_TC_CNES_cont_setLarGainkL1
TG_CNES_ cont seLLquamKLZ

S_TC_CNES_cont_selLarGankLa
TC_CNES_« ccnt etlqrGainkLs

G~ _cont_seiLqrGainkL3 >

TC_
TC_CNES_cont, setLqu ainhi

- 's_TC_CNES_cont_setLarGain »

TC_CNES_cont, setLquaram

FFRF_TM_Main_STIME

s FFRF_TN_Man_STIME
FFRF_TM_Main_S2NAVN

s_FFRF_TN_Man_SZNAVN

MAIN_RF_temperature
s_Main_RF_temperature.
MAIN_RF_temperature_valid
S_Main_RF_temperature_vaid
enable_CNES_navigation
s_enable_CNES_navigation
enable_CNES_guidance
- s_enable_CNES_guidance
enable_CNES_control
s_enable_CNES_confrol
GNC_SCET
S_GNC_SCET
quaternionECI2SCB_main
S_quaternionECI2SCB_main
omegaSCB_main
's_omegaSCB_main
accelerometer_SCB
s_accelerometer_SCB
accelerometer_valid
s_accelerometer_valid
massMAIN
- S_massMAIN
RF_timeOffset
S_RF_timeCffset
RF_timeOffsetV:
- S_RF_timeOffsetvalid >
quatemionECI2SCB_target

G S_quaternionECI2SCB_target >

omegaSCB _target

5_omegaSCB_target
TARGET_RF_temperature
'S _Target_RF_temperature
TARGET_RF_temperature_valid
- s_Target RF_temperature_valid
DLR_MAIN_stateEME
- s_DLR_MAIN_stateEME
DLR_TARGET_slateEME
S_DLR_TARGET_StaisEME
DLR_relativeNavigationAccuracy

s_DLR_relativeNavigationAccuracy
DLR_GOPravConverged

G s_DLR_GOPnavCanverged »

REA_appliedimpuise_SCB

S_REA_appiedimpuise_SC8

5_TC_CNES_cont_seiLarParam

[bus_TC_CNES]

[bus_TC_CNES]

FFRF_input_decoding

Navigation

Guidance

Control

ModeHandler

FFRF_output_encoding
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Simulink development
Software high level architecture

[bus_TM_gui

[bus_TM nay]

TM_CNES_nav_nominal

<s_TM_CNES_nav_nominal>
TM_CNES_nav_expertise

<s_TM_CNES_nav_expertise>
TM_CNES_mon_1

<s_TM_CNES_mon_1>

[ous_TM_gui>

[bus_TM_con]

P us_h_gui I

Select_TM_gui_common

flag_TM_CNES_gui_2MT_nominal

<s_flag_TM_CNES_gui_2MT_nominal>
TM_CNES_gui_2MT_nominal

<s_TM_CNES_gui_2MT_nominal~
TM_GNES_gui_RVmaneuversds

=s_TM_CNES_gui_RVmaneuvers46>
TM_CNES_gui_ RVmaneuvers710

<s_TM_CNES_gui_RVmaneuvers7 10>
flag_TM_CNES_gui_CA

<s_flag_TM_CNES_gui_CA>
TM_CNES_gui_CA

<5_TM_CNES_gui_CA>

flag_TM_CNES_cont

<s_flag_TM_CNES_cont> D

TM_GNES_cont

>
TV ONES »GD
FFRF_TC_Main_WMODE

<s_FFRF_TC_Main_WMODE>
FFRF_TC_Main_RNAV2

<s_FFRF_TC_Main_RNAVZ2>
FFRF_TC_Main_RATT1

<s_FFRF_TC_Nain_RATT1>
FFRF_TC_Main_RATT2

<s_FFRF_TC_Main_RATT2>
FFRF_TC_Main_RNMODE

<s_FFRF_TC_Main_RNMODE=
FFRF_TC_Main_RTEMP

=s_FFRF_TC_Main_RTEMP>
FFRF_TC_Target WMODE

>

<s_FFRF_TC_Target WMODE>
FFRF_TC_Target_RNAV1

<s_FFRF_TC_Target RNAV1>
FFRF_TC_Target RATT1

<s_FFRF_TC_Target RATT1>
FFRF_TC_Target RATT2

<s_FFRF_TC_Target RATT2>
FFRF_TC_Target_RTEMP

<s_FFRF_TC_Target_RTEMP>

GNES_deltav_time_SGET

<s_CNES_deltaV_time=
CNES_delta¥_command_SLO

<5_CNES_defav_command_SLO>
event CNES_FDIR

<s_event_CNES_FDIR>

I
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Ccnes

TC_CNES_gui_RV_setOrbitoParam

U U(E)

zeros(10,1)

Simulink development

Kip

Matrix

GO P\U uE) Muliply
nav_dX SLO Mip
H Matrix
P U U(E) Multiply
Lip
@ v
P U UE) Multiply
gPROX_Xc_SLO
Kop
- d -
—®U UE) 7l
Mop
H Matrix
P{U U(E) P Multiply
Lop
P U UE) 7
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This s/s computes the deltaV correction (state feedback)
by deltaV = -K.X - LXc-M.d




CNES_GNC_lib

Delivery
t0!SSC

— >

Integration and code generation

(option 1)

] |:| Real Time Workshop>

Ground
Segment

C Code
OBswW

——— Compilation on

the Target

' ™| ||TC
T PRISMA | esesess arsrararasa s s
| OBSW 7

CNES GNC
Algorithms

: TM/TC <::|::>
Integration of CNES_GNC_lib ii

into PRISMA OBSW

in Matlab/Simulink

i

PRISMA OBSW

Sensor
Driver

"‘\LLEON Board
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Ccnes

=

CNES_GNC_lib

CNES

Real time
workshop

Integration and code generation
(option 2)

Deliverty to SSC

C Code

C Code

PRISMA
OBSW

Integration of
CNES_GNC_lib
s_function

SSC

—
| —

i

Real time
workshop

Ground
Segment

C Code
OBswW
1 ’
I

Compilation on
the Target

TM/TC
handler

=

CNES GNC
Algorithms

Sensor
Driver

i

PRISMA OBSW

% LEON Board
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.
Ccnes Validation approach

CNES has chosen an hybrid approach:

¢ Deliver the software to SSC according to option 1

=>» To limit the validation risk and complexity given the tight developement
schedule (with a new software production process)

¢ Perform code generation in CNES to validate independen  tly the
code generation process at CNES_GNC lib level

= To reduce the number of iterations and cross validate in case of anomaly

Validation of generated code in 2 steps
1. validation in Simulink environment
2. validation on the real target (LEON processor)

~rsma
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Ccnes

GNC validation at CNES

10

Simulink

Step 1

—
TC generator

—

Y ——
FFRF Sensor

FFRF messages

CNES_GNC_lib

All Simulink

Step 1
Hybrid
simulation

model

Environment
Models

PRISMA
system
models

~——

FFRF commands

PRISMA signals

deltaV commands +

N
cvertt

Y

Simulink

TC generator

| N —

Y E—
FFRF Sensor

FFRF messages

model

FFRF commands

y

~—

Environment
Models

PRISMA signals

PRISMA
system

deltaV commands +

g

S-function

models

FFIGRD

event
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handling I/0

. Simulink
" version

OR

Auto-coded
version

Receive Input

CNES_GNC_lib
code compiled
for Target

| Send Output

LEONS3 board ~
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»
(v cnes Software requirements

m To be validated (SSC point of view)
¢ Library interface (list of I/0O ports with dimensions and types)
¢+ CPU load (20 ms for a CNES_GNC lib cycle @1Hz)
¢ Coding rules (mostly guidelines)
+ Safety: generates no exceptions

m To be validated (CNES point of view)
¢ SSC requirements +
¢+ GNC functional behavior
+ GNC performance behaviour

~rsma
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é cnes GNC validation at CNES

E—— All software : :  Verification of CPU time
unctiona A Hybrid : allocation (20ms)
Specifications & Check e
Requirements ;
A\ Requirements MIL: Model in the loop
/ SIL: Software in the loop
Model PIL :
. MIL PIL: Processor in the loop
_ Design HIL: Hardware in the loop
Delivery
tOSSC e R R EEEEEEEESEESEE=SE=E======== , _________

gOde Auto | Static Analysis + |
eneration ! Code Coverage |
1
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é cnes GNC validation at SSC

Incremental CNES GNC lib validation with SSC testbench es

SFPT-2 April System and Functional Test Bench:
Satellite Test Bench 2009 =>» Software validation
System tests October | SYStem tests campaign:
OPSIM 2009 =>» verification of procedures and end to end validation (all
scenario processing to telemetry delivery).
System tests October | System tests campaign:
GNCViewer 2009 =>» Validation of scenarii
Patch Validation March Flight operations / extended mission
GNCViewer + OPSIM 2010 =>» Validation of software patches

m Satellite Test Bench : AIT with FFRF emulator in the loop
m OPSIM: Operational Simulator — real time operational testbe  nch with FFRF emulator

m GNCViewer : all Simulink tool including the Prisma GNC software and capable to run operational
procedures and mission scenarii (20x real time). Inc  ludes a FFRF sensor model.
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é cnes GNC validation at SSC

m OPSIM testbench i
. . | sATLAB |
+ Main Characteristics AN Man | simulator [ CAN Targer
* Most of the avionics FM A !
components are integrated in the < PPS | i
satellites (emulators replace MS"‘/ICN | > RTU[«—> FFRF R TARGET |
instruments that cannot be EM | A—70 | pusm L |RTU| | gv\c i
stimulated) board RTUI* T D board | |
: —?p [ RS422 l
« Complete TM/TC chain 7y RS422 ; S
 FFRF PUSIM connected to both S/C TIA/TC
+ Test objectives i ! i
. . ! RAMSES ' | ___
* GNC software validation (closed l network
loop tests) o | ramses|.
e Procedure/ program validation RAMSES network RAMSES network
All validations were performed without any hardware dynamic simulator !! I
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Ccnes

GNC validation at SSC

Simplified process for extended mission:
= The new software was regarded as a patch

Functional and performance validation

GNCViewer Sep;_'[g;nlber —> cross-check of results on specific mission
programs
September | Code validation
OPSIM 2011 -> including real time allocation, TM processing

Relevant process -> No anomaly was detected in flight ! I

Code generation + pragmatic validation approach

= from new GNC design to software upload: 4 months

5
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