ING THE
SCALE!OF OUR

MODELLING
7 ENVIRONMENTS
ITH CFS AND SEDS

MBSE2021 - Thales Alenia Space

mi e ThalesAlenia

Ref Modele 7- LD & g I ) Space




12

OUTLINE

/IlIntroduction @Y ccvseece it EXTENDING THE
IIcFS s SCALE OF OUR

MODELLING
[ISEDS e ENVIRONMENTS
/lIConclusion WITH CFS AND SEDS

]
—I
~
Q
o)
(72
=
o

Ce document ne peut étre reproduit, modifié, adapté, publié, traduit dune quelconque fagon en tout ou partie,
Modele : 83230347-DOC-TAS-FR-008 ni divulgué a un tiers sans laccord préalable et écrit de Thales Alenia Space. © 2020 Thales Alenia Space o Spa ce



OUTLINE

/l/Introduction
I Context

B A PROPRIETARY INFORMATION
/ / / 3 Ref : Ce document ne peut étre reproduit, modifié, adapté, publié, traduit dune quelconque fagon en tout ou partie, ThaIeSAI a

Ref Modele : 83230347-DOC-TAS-FR-008 ni divulgué a un tiers sans laccord préalable et écrit de Thales Alenia Space. © 2020 Thales Alenia Space o p ace



INTRODUCTION - CONTEXT

Thales Alenia Space contribution to Gateway station

Gateway Elements

Power and Propulsion Element (PPE)
Power, communications, attitude control, and orbit transfer capabilities
for Gateway

\ ESPRIT RM
Habitat and Logistics Outpost (HALO) Module ! l _
Pressurized volume providing docking hub, life support, VV and Lunar e " . l

communications, and limited utilization capabilities

Logistics Module

Logistics Module(s) , -
Cargo deliveries of consumables, outfitting, and providing additional ﬁ N iad Airlock
utilization volume )

International Habitation Module (I-HAB)
Pressurized habitation volume with environmental control, augmented
life support, docking hub, and utilization capabilities

Robotic Arm
Mechanical arm for maintenance, to berth and inspect vehicles, install
science payloads

ESPRIT Refuelling Module (ESPRIT RM)
Refuelling of PPE, all-around Window, pressurised tunnel

Airlock

Enables spacewalks and potential to accommodate docking elements Picture include the Human Landing System and Orion vehicle

IR 8 AU PROPRIETARY INFORMATION )
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INTRODUCTION - CONTEXT

Gateway modules Flight Software architecture

iHAB
PPE i
MSM|SCH||SC||HK| |[ser ] [sc ][ ]
el *

Software bus

g
ARIE S
|APP|L|B|TO||CI|

i

UDP /IP

Ground Station SIK Link /

Ground Station

/1l Time-triggered Ethernet

for inter-modules communication Halo uop /P
FE FO_IF_I
HK ||DS||LC||SBN|—- SBN' S |
Illl 0 0 NS L 3L 1l o ﬂ
Software bus | N e
T L TTE | rFTE_H e
jIATE \ APP LIB
APP LIB | o g | &I/
DER § 2T PROPRIETARY INFORMATION 7
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INTRODUCTION - CCM4SPACE
MelodyCCM and CCM4Space

-
THALES ThalesAlenia

M tmis ey SPCICE
me|0dy » CCNSpace | |
ccM

CCM = Corba Component Model

EventConsumer

45 EventProducer

OMG CCM

)ConsumesDef 1 <Event>

!
|

I Design of datatypes, [ Modelling extensions J

eeeeee

interfaces, L i |
& ServiceConsumer L( 5 Date date & ServiceProvider

cusged | D
= UBTT | & VoD daSomething() o8
@ VOD oetStatusiout Swtus stausOW) |

events, ‘ I Design of Extended Data types
G VoD setate(n Date date) =0T POy provigesper 1 <semices>

component types ""’°"i“""”"“’ Dronpmmnma (= Ada Typing expressivity)
I Interfaces/Events <> PUS mapping

OMG UML Ampleayntss «implements=
. I Definition of the Ground<>Board Interface

I !Deﬁnition of_Component sericconumeims] [ sevmcovocaduing] B servcmonaes v i)
implementations :c%;;g' gggx ;%’,‘;,'?_’;t‘,‘;‘ [ Code generators ]
o itance ot » G an e of» [ Doc and interface J
—— . S N export generators
I Definition of Component S O Loy ]

Attributes

[ Attributes |

X8 TargetProcess_For_Servers|
Compikr:
0s:

instances and deployments

[T8 TargetProcess_For_Clients

Compier
os:

Date : 24/09/2021 PROPRIETARY INFORMATION Th I I 7
alesAlenia
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INTRODUCTION - CCM4SPACE

PUS standard compliance

/1l CCM interfaces <-> PUS services

/1l CCM operations <->PUS subservices

/1l CCM events <->PUS service 5 (event reporting)
/I HK parameters <-> PUS service 3 (housekeeping)

...

/I With Gateway programs, evolutionshavebeen

needed to cope with PUS-equivalent cFS standard.

Date : 24/09/2021 PROPRIETARY INFORMATION

request verification 1
device access 2
housekeeping 3
parameter statistics reporting 4
event reporting 5
memory management 6
(reserved) 7
tunction management 8
time management 9
(reserved) 10
time-based scheduling 11
on-board monitoring 12
large packet transfer 13
real-time forwarding control 14
on-board storage and retrieval 15
(reserved) 16
test 17
on-board control procedure 18
event-action 19
parameter management 20
request sequencing 21
position-based scheduling 22
tile management 23
Note: The reserved service type identifiers were used in previous
versions of this Standard. This Standard no longer promotes the use
of these service types but does not preclude that existing
implementations are reused for new missions.
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CFS - PRESENTATION

cFS concepts: apps, libs and services

/1l cES : core Flight System

/1l cFE : core Flight Executive

Executive
Services
(ES)

Software
Bus

(SB)

core
Flight

Executive

(cFE)

/1l Each elementis a
separate loadable file

Date : 24/09/2021
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/Il Open-source cFS apps:

Application

CFDP

Checksum

Command Ingest Lab
Data Storage

File Manager
Housekeeping

Health and Safety
Limit Checker
Memory Dwell
Memory Manager
Software Bus Network
Scheduler
SchedulerLab
Stored Command

Telemetry Output Lab
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CFS - PRESENTATION

cFS app content

Packets subscription & reception
(Wakeups from scheduler)

o copy Tanl B
| opvere Configuration tables

(~ Adjustables)

Packets subscription & reception
» Telecommands
« commands from other apps

Runtime Table

Subscribe to HK Pkis Packets subscription

(Data from other apps)

Packets publication on SW bus
+ Telemetries
 data to other apps

Packets reception
(Data from other apps)

I:>
<:I
Software Bus (SB)
Communications
Date : 24/09/2021
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CFS — CFS APPLICATIONS MODELLING

Software bus interactions — Publish/Subscribe pattern

//f Generic Publish/Subscribe
connector definition, with a

template parameter <T>
DIIIIID< - 1= _| Wakeup

B 111 = (packetType)
Critical Command | M I
pipe [QIDID I Il s, CCMProject PUBLISH_SUBSCRIBE_MODEL
\ (TTITTI : : v %, CCMModel PUBLISH_SUBSCRIBE_MODEL
Hepipe M [ 2 L v @ ModuleDef PublishSubscribeConnector
| m:m:m 11 V‘&) ConnectorDef publishSubcribeConnector
Command pipe Dj]:ml] : A | [ ¢ PortDef subscriptionPort
LAy L y ! ‘22 PortDef publicationPort
L e _ _ N H Periodic message B¢ PortTypeDef subscriptionPort
Critical command — —}— l ; | Internal message : command I I *————— ‘3‘ PortTypeDef publicationPort
‘ v Jl 4—> <> TemplateParameter packetType
| Internal message : H v "8+ MyCCMModel PUBLISH_SUBSCRIBE_MODEL
-H ‘ v Impl ion Definiti
} 3 Connectorimplementation publishSubcribeConnector_impl
Command — —}— — _‘
Software Bus
D:I:I:HIH SB pipe
‘ ‘ ‘ tion platform ‘ Reused NASA CFS ‘ CFE (core Flight
(ASW) apps apps Executive) services
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CFS — CFS APPLICATIONS MODELLING

Workspace structure for cFS architectures

/Il For each application
I 4 layers of models
= PACKETS : packets content definition
= This is the only one that is modelled manually
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CFS — CFS APPLICATIONS MODELLING

Packets content modelling

[ matHwCtgUsedCmd_t

unitld_t unitid

currentUsedFlag_t currentUsedFlag &

[ atm_mdfCurrentUsedUnauthorized_t}

[ atm_changeUsedUnauthorized_t] [ atm_unitNotOperational_t} [ atm_forbiddenUnitStateTransition_t

currentUsedFlag_t currentUsedFlag 4

[ tm_hwCtgstatusChangs

5 unitType._t unitType

Date : 24/09/2021
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CFS — CFS APPLICATIONS MODELLING

Workspace structure for cFS architectures

/Il For each application
I 4 layers of models
= PACKETS : packets content definition (see next slide)

= This is the only one that is modelled manually
= INTERFACE : SW bus connectors definition
= COMPONENT : application ports (publication or subscription) definition

= (LOCAL) DEPLOYMENT : application instance, connector instances and connections
— Connections between application instance ports and connector instances ports

/Il Common to all applications

I PUBLISH SUBSCRIBE MODEL : definition of the generic connector
I COMMON TYPES definition models

I MAIN DEPLOYMENT : concatenation of all local deployments

Date : 24/09/2021 PROPRIETARY INFORMATION Th I I 7
alesAlenia
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CFS — CFS APPLICATIONS MODELLING

Correspondance between model layers

ksl HWCFG.packets.cemproject 53 ] HWCFG.itf.cemproject £2 %] HWCFG.comp.ccmproject £ ] HLCS.cemproject 5%
type filter text type filter text type fiter text type filter text
v & platform:/resource/HWCFG/model/HWCFG.packets.ccmproject v & platform:/resource/HWCFG/model/HWCFG itf.ccmproject ] platforms/resource/HWCFG/model/ HWCFG.comp.cemproject 4 Componentinstance SCH_TT
~ i, CCMProject HWCFG.packets ~ i CCMProject HWCFG.itf s CCMProject HWCFG.comp 48 Componentinstance TTE_MGR
~ 8, CCMModel HWCFG.packets ~ 8, CCMModel HWCFG.itf v %, CCMModel HWCFG.comp ~#f Componentinstance HWCFG
v 5 ModuleDef HWCFG.packets v = ModuleDef HWCFG.itf v = ModuleDef HWCFG.comp [ ConfigPropertySet Properties
v (&3 ModuleDef Commands %z ModuleRef noopCmd 4] ComponentDef HWCFG fig, ExtendedPortConfiguration noopCmd_Subscriber
5 PusStructDef noopCmd |$m ModuleRef mdfUnitStatus %o PortDef noopCrnd Subscriber lio, ExtendedPortConfiguration madfUnitStatus_Subscriber
PusStructDer mafunitotatu v @3 ModuleDef PublishSubscribeConnector | "o, PortDef mdfUnitStatus Subscriber I’ rtConfiguration mefk - Subscriber
—5 Field unitType e— > ConnectorDef publishSubcribeConnector, e PortDef mdfHealthStatus_Subscriber fig, ExtendedPortConfiguration madfUseFlag_Subscriber
5 Field unitid B PortTypeDef subscriptionPort I, PortDef mafUseFlag Subscriber lio, ExtendedPortConfiguration mdfBackUplD_Subscriber
5 Field unitStatus P, PortTypeDef publicationPort o PortDef mdfBackUplD_Subscriber i, ExtendedPortConfiguration ajHwcfgTable Publisher
PusStructDer mdfHealthtatus ¢r> TemplateParameter packetType o PortDef ajHwcfgTable_Publisher fiz, ExtendedPortConfiguration ajBackupTable_Publisher
5 PusStructDef mdfUseFlag . packetType -» mdfUnitStatus o, PortDef ajBackupTable Publisher lo ExtendedPortConfiguration hkPacket Publisher
= PusStructDef mdfBackUpID Modulerer matr fog PortDef hkPacket Publisher fio, ExtendedPortConfiguration EV_ERROR_UNDEFINED_UNIT Publisher
~ 5 ModuleDef Als ModuleRef mdfUseFlag T, PortDef EV_ERROR_UNDEFINED_UNIT_Publisher fig, ExtendedPortConfiguration EV_INFO_UNIT_CHANGED_Publisher
AlizsDef ajHwcfgTable <::HWCFG.packets: TypesthwefgTables 5 ModuleRef mdfBackUpID i, PortDef EV_INFO_UNIT CHANGED_Publisher fia ExtendedPortConfiguration EV_INFO_COMMAND_NOOP_Publisher
s AliasDef ajBackupTable <:HWCFG.packets: Types:backupTable> ModuleRef ajHwcfgTable g PortDef EV_INFO_COMMAND_NOOP_Publisher %o, ExtendedPortConfiguration EV_ERROR_MDF_USE_FLAG_NOT_PERM Publisher
~ @ ModuleDef HKs ModuleRef ajBackupTable fog PortDef EV_ERROR_MDF_USE_FLAG_NOT_PERM_Publishe #& Connectorlnstance noopCmd
[ PusStructDef hkPacket 5 ModuleRef hkPacket %, MyCCMModel HWCFG.comp {53 Connectorinstance mdfUnitStatus
v &5 ModuleDef Events ModuleRef EV_ERROR_UNDEFINED_UNIT ~ g Implementation Definitions 3] ConfigPropertySet Properties
[ PusStructDef EV_ERROR_UNDEFINED_UNIT ModuleRef EV_INFO_UNIT_CHANGED B Componentimplementation HWCFG {R, SimpleConfigProperty AppMID = 1
=3 Field cmdld 5 ModuleRef EV_INFO_COMMAND_NOGP 8 ComponentArtifact HWCFG_artifact {i§ SimpleConfigProperty CommandCode = 1
=5 Field unitType ModuleRef EV_ERROR_MDF_USE_FLAG_NOT_PERM [l platform:/resource/HWCFG/model/HWCFG.comp.afm {F SimpleConfigProperty MessageKind = TC
~5 Field unitld [ platforms/resource/HWCFG/model/HWCFG itf.afm @ platform:/resaurce/HWCFG/model/HWCFG.itf.ccmpraject {T5 SimpleConfigProperty AppName = HWCFG
[ PusStructDef EV_ERROR_MDF_USE_FLAG_NOT_PERM & pl i del/model/ ibeM{| |, g platform:/resourc i del/model/Publi Mod e publicationPort
|5 PusStructDef EV_INFO_UNIT_CHANGED & platform:/resource/HWCFG/model/HWCFG. packets.comproject fio, ExtendedP, ubscriptionPort
S PusStructDef EV_INFO_COMMAND_NOOP Connectorlnstance mdfHealthStatus
v g ModuleDef Types < 2JL< 2 2! Connectorinstance mefUseFlag
= AliasDef hwefgTable <PusArrayDef :HWCFG.packets: TypesshwcfgTableEntry [ Properties 52 8 Connectorlnstance mdfBackUplD
S PusStructDef hwcfgTableEntry v Connectorlnstance ajHwcfgTable
= AliasDef backupTable <PushrrayDef sHWCFG.packets: Types:backupTableEnt! . - - 48} Connectorinstance ajBackupTeble
[} PusStructDef backupTableEntry 2 PortDef mdfUnitStatus Subscriber Connectorlnstance hkPacket
= PusEnumDef unitld - v {8 Connectorinstance EV_INFO_COMMAND_NOOP
5 PusEnumDef unitType Base SRt R B3] ConfigPropertySet Properties
=z AliasDef unithumber <:HWCFG packets:: Typeszunitld> Type Port Type PortTupeDet subscriptionPort m SimpleCanfigProperty Apphlame = HIVCFG
[ PusEnumDef unitStatus Description Fefvpssesubeprentet {7 SimpleConfigProperty EventlD = 0
g PusEnumDef unitUsedFlag Advanced Module Instance: ModuleRef mdfUnitStatus {t§ SimpleCanfigProperty EventType = INFO
@ PusEnumDef healthStatus {tR, SimpleConfigProperty SpacecraftiD = 0
[ PusEnumDef redundancyType el {@® SimpleConfigProperty ProcessorlD = 15
v @ DUTypePackage IDLTypePackage {5 SimpleConfigProperty MessageKind = EVENT
@@ RangeDef <xTypesiuintd_t> [1.6] fio, ExtendedPortConfiguration publicationPort
@@ PushayDef :HWCFG.packets:Types:backupTableEntry [ HWCFG packets: Types s, ExtendedPortConfiguration subscriptionPort
PusAmayDef HWCFG.packets:Types:hwef gTableEntry [:HWCFG.packets: Types: {EF Connectorlnstance EV_ERROR_UNDEFINED_UNIT
[ platform:/resource/HWCFG/model/HWCFG.packets.afm Connectorlnstance EV_ERROR_MDF_USE_FLAG_NOT_PERM
] platf &/Types/model/BasicTypes.cemproject {EF Connectorlnstance EV_INFO_UNIT_CHANGED
18 platform:/resource/CCSDS/model/CCSDS.cemproject
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CFS — SUPPORTING TOOLING

Model layers automatic generation and update

/Il Al models are automatically (and iteratively) generated/updated from each application « packets » model

APPName.packets.ccmproject
models

Deployment.ccmproject

PublishSubscribeModel.ccmproject

= : . i onfigurations & connections

APPName.comp.ccmproject
models

i ¢ 2 PROPRIETARY INFORMATION
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CFS — SUPPORTING TOOLING

SW bus interactions view

s
{5 - 4P = 16

mHossw |

Compiler: gcc
/| OS: tems

‘7 @m;

{7 AP0 =12

& rximpLinst

g&:umma_smmum subscriptionPort>

noopCmd_Subscriber<subscriptionPort>

{8 HWCFG_t implinst

nul_

getFirstC: md_

getC md_

M-

execC 'md.
mnwctgsumcm:

mdfHwClgUsedCmd_Subscriber<subscriptionPort>|
madfHwCIgChangeUsedCmd_Subscriber<subscriptionPort>

'md_ ort>

3jHwCtg_Publisher ort.
atm_mdfC {_Publisher<asy ort>,
atm i_Publisher-

atm_unitNotOperational |

atm,

tm_hwConfigStatusChange._|

Date : 24/09/2021
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3jStHwBck_Subscriber<subscriptionPort>
pihwCig_Subscriber<subscriptionPort>
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CFS — SUPPORTING TOOLING

cFS messages edition table

/1l Easy way to define messages metadata
I Message IDs (CCSDS header part)

I Command codes

I Event IDs

I Descriptions

Date : 24/09/2021

2, CCMProject HLCS

TargetProcess HLCS_FSW
481 CFE_EVS [EV] - ApplD = 129
b &5 HWCFG [HW] - AppiD = 24
a 3] CFE_ES[ES] - ApplD = 128
a BTG

RESET_COUNTERS
RESTART
START_APP
STOP_APP
RESTART_APP
RELOAD_APP
QUERY_ONE
QUERY_ALL

CLEAR SYSLOG
WRITE_SYSLOG
CLEAR_ER_LOG
WRITE_ER_LOG
START_PERF_DATA.
STOP_PERF_DATA

OVER_WRITE_SYSLOG
RESET_PR_COUNT
SET_MAX_PR_COUNT
DELETE_CDS

DUMP_CDS_REGISTRY
QUERY_ALL TASKS
a B TMs

Bl OneAppTim

g

& MemstatsTin

S

&
I
&

£ |LINIT_INF
LINITSTATS_INF
|LNOOP_INF
I_RESET_INF

£3 |_START_INF

3 D_STOP_DBG

3 |_STOP_INF
D_RESTART_APP_DBG
| RESTART_APP_INF
D_RELOAD_APP_DBG
I_RELOAD_APP_INF
|_EXIT_APP_INF
|_ERREXIT_APP_INF
D_OMNE_APP
D_ALL_APPS
|_S¥SLOGT_INF
D_SVSLOG2

£} | ERLOGT_INF
D_ERLOG2
E_MID_ERR
E_CC1_ERR

£F E LEN_ERR

PROPRIETARY INFORMATION

SET_PERF_FILTER_MASK
SET_PERF_TRIGGER_MASK

SEND_MEM_POOL_STATS

[ ¢FS Messages Table zﬂ

ProcessorMID  AppMID  CommandCode  EventlD  EventType  Description

4 0 Single Application Information Packet.
B 1 Memory Pool Statistics Packet.

1 NFO. This event message is alw: ically issued when i jces Task completes its Iniialization.
2 NFO. This event message is alw: ically issued when i jces Task completes its Iniialization.
3 NFO. This event message is always automatically issued in response to a FE Executive Services #CFE_ES_NOOP_CC NO-OF command.
4 NFO This event message is always automatically issued in response to a cFE Executive Services #CFE_ES_RESET_COUNTERS_CC Reset
& NFO This event message issued a CFE Executive Services $CFE_ES_START_APP_CC
8 NFO This event message is issusd when the cFE finishes deleting the cFE Application that was started when the Vink
10 NFO This event message is issusd when the cFE finishes Restarting the GFE Application that was started when the
12 NFO This event message is issued when the cFE finishes Reloading the oFE Application that was started when the
13 NFO This event message is issusd when the cFE finishes exting/cleaning up an application that called the GFE_ES_ExRADDAPI

This event message is issued when the cFE finishes exiting/cleaning up an application that called the: CFE_ES_ExitApp AP

This event message is generaled the CFE Executive Services #CFE_ES_CLEAR_SYSLOG_CC Clear

This event message is generaled upon success ul completion of the oFE Execulive Services #CFE_ES_CLEAR_ER_LOG_CC Clear
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CFS — SUPPORTING TOOLING

: \copyright Copyright 2021 TI FRANCE. All rights reserved
=B
Application code skeletton generation 7| & N—_—
9 hwefg utils.h
ii : This file is header file for the utils functions
i B e e e R PR e e,
14
15 #ifndef HWCFG_UTILS_H
'_,,% nasa_cfs_app_sample 16 #define HWCFG_UTILS H
b @y cmds e
Sl o 13 [ s mns————— SRS ssaT
4 Efb fsvv f} :..- ------ B LR R LRI LTI T T ChhhAANAbbbb bbb ssanasasans I
b &g mission_inc 23 #include "cfe.h"
b G platform_inc ey
Jpotish SRR R S A A AR
4Gy core @ -
b [B) sample_app_events.h 30
P 318/
b [} sample_app_init.c 08 | NSRS SR e AT AT R SR e s e s

ure Declarations

p [B) sample_app_init.h 5
b [5) sample_app_msg_router.c :
b [B) sample_app_msg_router.h
b [B) sample_app_msg.h

Prototypes
pRSmpeappitith, 000 it bl b et
p [5) sample_app_utils.c
b [B) sample_app_utils.h e s
b [B sample_app_version.h 45 \nsmowm huefy
b [ sample_app.c :: < \name G_VerifyCmdLength
b [B) sample_app.h PE 1fy command packet length
by services piis | S
b @y fubles ii . \pazam CFE_MSG_Message_t *msgPtr *
b :E& unit-test 54 * \param size_t expectedlength
@ CMakelists.tbxt 22 . \return true if the command length is KO, false otherwise

|5} README.md < o

53 bool HWCFG_VerifyCmdlLength(const CFE_MSG_Message_t *“msgPtr, size_t expectedLength);
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CFS — SUPPORTING TOOLING

Interface Control Document generation
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CFE_ES NOOP
CFE_ES_RESET COUNTERS
CFE E£S AESTAAT

CFE £5 SHELL . . ..
CFE_ES START APP _ .
CFE ES STOP APP . ...
CFE_E£S RESTART APP
CFE_E£S_RELCAD APP. .
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CFE_ES_QUERY ALL . .
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CFE_ES START PERF DATA
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CFE_ES_SET_PERF_FILTER MASK
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CFE_ES_OVER_WRITE_SYSLOG
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CFE_ES_SET MAX_PR_COUNT
CFE ES DELETECDS . .....
CFE_ES_SEND MEM POOL S'ﬂTS
CFE_ES_DUMP_CDS REGISTRY . .
CFE_ES_QUERY ALL TASKS

CFE ES CFE EVS HK . . .

CFE ES EV HK

CFE_EVS MAX

CFEEVSNOOP ...............

CFE EVS STARTUP ... .
CFE_EVS ERR WRLOGFILE
CFE_EVS ERR CRLOGFILE
CFE_EVS_ERR_MSGID
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4. HWCFG application
Appiication ID : 5
41 TC

4.1.1 HWCFG_noopCmd

Processor Message 1D : 265

Command Code : 0

This command sends an event message feedback with following information : Major version of the application

Minor version of the application Revision number of the application Mission revision number of the application
4.1.2 HWCFG_mdfUnitStatus

Processor Message ID : 265

Command Code : 1

This command s used to modifiy the current status (oft/init/operationa¥on_control) of a unit in the hardware
configuration table.

Parameters :
The parameters of the mdfUnitStatus shall be defined according to the following:

Type Skze
unitType mme unitwhose statusistobe | o py;m ynitig 8 bitis)
Number (index) of the unit whose F
unitid status s to be modified. enum unitid 8 bit(s)
unitStatus New unit status. enum unitStatus 5 bit(s)
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CFS — SUPPORTING TOOLING

Additionnal tooling

/1l Satellite database inputs generation
/1l Architecture Design Document generation
/1l Native applications validation

/1 Unit Tests skelettons generation
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OUTLINE

/IICFS

I Modelling choices : pros & cons
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CFS — MODELLING CHOICES:

Pros — Modelling « hybrid » architecture

//l cFS apps : SW bus messages
publication/subscription

! Model elements

* Datatypes <---------------"----"-"---"------
= Packets content definition €------------------
= Components with genericports «_ - - _________

= Connector definitions

= Component and connector instances <----------

Date : 24/09/2021

PROS & CONS

/1l cFS libs : direct calls to services
(modelled as classical « PUS-style » components)

! Model elements

--- = Datatypes
--- = Interfaces with operations and attributes
--- = Components with facets,

receptacles and eventports
= Componentinstances
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CFS — MODELLING CHOICES : PROS & CONS

Pros — Fully independant application models

11 App

I PACKETS model

{ INTERFACE model

{ COMPONENT model
{ DEPLOYMENT model

/1l Indepent outputs production
I Code skelletons

! Database inputs (IDS) preview

! ICD preview

! SEDS export (see next part)

Automatic
I Appl models generation /
I App2 models update
I ...
I AppN models
nar

Ref Modele : 83230347-DOC-TAS-FR-008

I Main
deployment
model

/1l « Release » outputs production
I Database inputs (IDS)

I IcCD

I ADD
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CFS — MODELLING CHOICES : PROS & CONS

Pros — -50% elements to be modelled

11 App

I PACKETS model

{ INTERFACE model

{ COMPONENT model
{ DEPLOYMENT model

/1l Indepent outputs production
I Code skelletons

! Database inputs (IDS) preview

! ICD preview

! SEDS export (see next part)

Manually modelled

Automatic /1l « Release » outputs production
I 1 models eneration / .
App gpdate I Database inputs (IDS)
I App2 models _
; I Main I'1IcD
deployment ! ADD
I AppN models model ]
k2 08 2028 PROPRIETARY INFORMATION
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CFS — MODELLING CHOICES : PROS & CONS

Pros — -50% elements to be modelled

Automatic
generation /
update

Automatically
generated
/1l Indepent outputs production
I Code skelletons o
! Database inputs (IDS) preview Qgsg(;]atlon

! ICD preview
1 SEDS export (see next part)

11 App

I PACKETS model

I INTERFACE model

I COMPONENT model

I DEPLOYMENT model l

Automatic

I Appl models generation /
I App2 models update

I ...

I AppN models

Date : 24/09/2021
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I Main
deployment
model

/1l « Release » outputs production
I Database inputs (IDS)

I ICcD

I ADD
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CFS — MODELLING CHOICES : PROS & CONS

Cons — Limited reuse of existing tooling

/1l Benefiting/Reusing
I Specific connector design (CCM Generic Interraction Services)

/1l Adaptations to new modelling style
= SDB inputs generation
= Documents generation
= Exports for software validation
= Software missionization

/1l New developments
I Model updater (itf, comp, depl)
I Code skeleton generation

Date : 24/09/2021
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OUTLINE

IIISEDS

I Presentation
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SEDS - PRESENTATION

SOIS (Spacecraft Onboard Interfaces Services) Electronic DataSheets

NASA-CFE-+CcFS-apps —Automatic import-§>

—Automatic export-p-

/1l General purpose and format

I SEDS describe data interfaces for flight hardware, SEDS  @=—=<= | - __\inialmodeliing
using machine-readable XML to support the Delivery—p-
lifecycle of space vehicles.

NASA

/Il SEDS format adaptations and use case for ! |
Gateway 3

I On Gateway programs HLCS, I-HAB and ERM, n e
SEDS standard is used to share cFS applications > (Eiﬁfse:;i;
interfaces between the stakeholders.

5 SDB
Export |
6

1

] Sk P SEDS sthi:haor;je(:zher

TAS.CES.apps W
Itf
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OUTLINE

IIISEDS

I SEDS->CCM bridge
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SEDS - SEDS->CCM BRIDGE

Merged EDS model

L) base_types.eds

= base_types.eds.xml

l¢) cesds_spacepacket.eds
= cesds_spacepacket.edsaxml
l¢) cfe es.eds

|5 cfe_es.edsxml

l¢) cfe_evs.eds

= cfe_evs.edsxml

Eg cfe_fs.eds

|5 cfe fs.edsxml

@ cfe_sh.eds

|5 cfe_sh.edsxml

gg cfe_thl.eds

|5 cfe_tbledsxml

gg cfe_time.eds

= cfe_time.edsxml
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————————— L

XML EDS files

Efficient EDS
maodel (EEDS)

Transposer
1 Kitalpha

~< | N
| >
EDS files | N N
" >
l >
4 cfe_merged clean.eds 53 = O || Properties 2 [T properties &2
[ Resource Set Property Property Value
@ platform/resource/EDS2CCM/transofeds_main/cfe_merged_clean.eds || Chirality Absolute Name = CFE_SB/SoftwareBusAccess/send/data
v % Document Root Coordinate Type Data Unit Bfalse
~ 4 DataSheet Type Data Uit
4 Device Type CFE Default Value EME“E:VEIUE
> 4 Package Type BASE_TYPES Difference Convention omparison ong Description
) 4 Package Type CCSDS Enumeration Mode
5 4 Package Type CFE_ES Health Status calthGood Name
> 4 Package Type CFE_EVS Interpretation ommand Quantity kind
> 4 Package Type CFE_FS Long Description Short Description
v 4 Package Type CFE_SB Member Of Type 4 Container Data Type SpacePacket
5 4 DataType Set Type Mode Unit =
~ % Interface Declaration Set Type Name ata
> 4 Interface Declaration Type SoftwareBusRouting Purpose ction
4 Interface Declaration Type SoftwareBusAcces: Quantity Kind

> 4 Parameter Set Type
v 4 Command Set Type
v 4 Interface Command Type send
4 Command Argument Type data
> 4 Interface Command Type receive
5 4 Interface Declaration Type Telemetry
> 4 Interface Declaration Type Telecommand
~ 4 Compenent Set Type
> 4 Component Type MTS
5 4 Component Type SoftwareBus
» 4 Component Type Listener
> 4 Component Type Publisher
5 4 Component Type Application
Package Type CFE_TBL
Packege Type CFE_TIME
Package Type HLCS Mission

Reference Frame
Relation To Timestamp
Short Description

Space Wire L
Space Wire RMAP

Sp Wiogical Address Range
Sp WRrotocol Id

Sp WReceive Rate.

Sp WRMAP Address Range
Sp WTiansmit Rate

Star Tracker Operating Mode
Status Convention

Subject

0tOperational
inaryStatus.

Tec Operating Mode ontrolling
To Coordinate Type 000

To Frame CEF
Transformation Type ]

Trpe CSDS/SpacePacket
Unit
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15 CFE
> l% BASE_TYPES
5 5 CCSDs
> 5 CFEES
> 3 CFE_EVS
> G CFEFS
v 5 CFESB

> (% EDS

w [ model

[ CFE_SB.afm
> % CFE_SB.aird

B4 CFE_SB.ccmproject
Q CFE_SB.comp.afm
*%, CFE_SB.comp.aird
%4 CFE_SB.comp.ccmproject
Q CFE_SB.itf.afm
5, CFE_SB.itf.aird
9, CFE_SB.itf.ccmproject
[} CFE_SB.packets.afm
¢, CFE_SB.packets.ccmproject
> 5 CFETEL
5 o CFE_TIME

v

~
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OUTLINE
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///Conclusion

I Concepts and tools
I Benefits and costs
I Challenges ahead
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Manual

CONCLUSION — CONCEPTS AND TOOLS I‘ .

Recap on developed features

- N INTERFACE model
\ ey PACKETS model COMPONENT model

Main deployment model

iy

INTERFACE model . o
PACKETS mode! COMPONENT model o = Interface Control Document
| INTERFACE model :é Architecture Design Document
PG IR 2 COMPONENT model :
g Satellite Database Inputs
=]
@ SEDS INTERFACE model
PG UETS M E COMPONENT model
Mission @ INTERFACE model
apps .5“’5 PACKETS model COMPONENT model
INTERFACE model
SEDS PACKETS model COMPONENT model

Messages metadata edition

-
CCNSpace | ¥ ThalesAlenia

 Thales / Leanardo company Space
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CONCLUSION = BENEFITS AND COSTS

Costs — 6 months
/1l Analysis and architecture specification—1 month

/1l Adaptations to new modelling style — 2 months
= SDB inputs generation
= Documents generation
= Exports for software validation
= Software missionization

/Il New developments — 3 months
! Model updater (itf, comp, depl)

I Code skeleton generation

I SEDS import/export
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CONCLUSION = BENEFITS AND COSTS

Benefits

//f New module for Publish/Subscribe-based architectures
I Features
= Architecture baseline

= Modelling support
= Documents generation

I Gains
= Modelling effort reduced by 50%
= Fully independant application modelling

/1l Modelling environment targeting PUS and cFS

/1l SEDS supportin modelling environment
I Gateway-specific import/export bridges
I Generic SEDS import/export bridges
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CONCLUSION - CHALLENGES AHEAD

Operational usage and return on experience

/Il Beginning of Gateway projects at Thales Alenia Space
I End-2020

/1l Beginning of tooling evolutions
I Spring 2021

/11 End of tooling evolutions
I This month

/1 Begining of modelling activities on Gateway projects
I This month
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Extending the scale of our modelling environments with cFS and SEDS
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