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RACS2 BRIDGE CLIENT: recceived MsgId = lefe

RACS2 BRIDGE CLIENT: received sample message from talker, MID = [0xlefe].
RACS2 BRIDGE CLIENT: ros2 topic name = /cmd vel

RACS2_BRIDGE CLIENT: body data length = 58 {00\ x00\x00\x00\x00\x00\x00\x00\

60000 ang vel: 0.000000
[turtlebot3 ros-3] [INFO] [1725350102.763580573] [turtlebot3 node]: lin vel: 0.0 -
80000 ang vel: 0.000000

Sep 3 16:54

space-turtlebot-02@space-turtlebot-02: ~/cFS_loba/cFS/build/exe/cpu1

BBB:
BBB:
BBB:
case

BBB:
case

ccCccccccoccoccaccoc

case :

case :

case :

callback_example()

default

callback_example()

default

callback_example()

: default

callback_example()

default

callback_example()
LWS_CALLBACK_CLIENT WRITEABLE:

: ~fturtlebot3_ws

I\x00\x00\x00\x00 "
topic name = /cmd vel

R TR RS SRR /s SRecy: b'/cmd vel\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\X0

[turtlebot3 ros-3] [INFO] [1725350094.856583633] [turtlebc
00000 ang vel: 0.000000
[turtlebot3 ros-3] [INFO] [1725350096.858401965] [turtlebc
10000 ang vel: 0.000000
[turtlebot3 ros-3] [INFO] [1725350097.009147965] [turtlebc
20000 ang vel: 0.000000
[turtlebot3 ros-3] [INFO] [17253560098.631985131] [turtlebc
40000 ang vel: 0.000000
[turtlebot3 ros-3] [INFO] [17253560099.266583371] [turtlebﬁ]
50000 ang vel: 0.000000
[turtlebot3 ros-3] [INFO] [1725350100.267046074] [turtlebot3 node]: lin vel: 0.0

50000 ang vel: 0.000000 .
[turtlebot3 ros-3] [INFO] [1725350101.702850592] [turtlebot3 node]: lin vel: 0.0 e

0\Xx00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\n\x1b\t{\x14\xaeG\xelz\x
YAV NAVC AV C LAV C LAV C LAV C LAV CLAVC LAV CLAVE AV C LAV C AV C LAV C AV C AV IEAVC)
0\x00\x12\x1b\t\x00\x00\x00\x00\x00\x00\x00\x00\x11\x00\x00\x00\x00\x0
LAV CLAVCLAVCLAVE AV C AV CLAVC LAV C LAV C LAV C LAV C LAV C AV C LAV C AV C LAV CICAVCICAN
PCLAVCLAV CLAVC LAV C LAV CLAV C LAV C LAV CLAVC LAV C LAV CLAV C LAV C LAV C LAV C LAV CIAV ()
LAV CLAVCLAVCLAVC LAV C LAV CLAVC LAV C LAV C LAV C LAV C LAV C LAV C LAV C AV C LAV CICAVCICAN
PCLAVCLAV CLAVC LAV CLAV CLAVC LAV CLAV CLAVC LAV C LAV CLAV C LAV CLAV CLAV C LAV CIAV )
0\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00"

topic name = /cmd vel
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ROS2 and cFS System Bridge (RACS2 Bridge) Software Requirements Specification

H 1.0 INTRODUCTION

[11.1 PURPOSE

This document describes the software requirements for the “ROS2 and cFS System Bridge” (RACS2 Bridge). RACS2 bridge has already been made open

source on the JAXA github (https://github.com/jaxa/racs2 bridge), and this document is intended to publicly communicate its design intention and
requirements.

AXZ(Z TROS2 and cFS System Bridge] (LUFRACS2 Bridge) Y 7 bW = 7ERMEKRAZ LT, RACS2 BridgelZBEIZJAXA github EICHEWTH =TV Y — X1k
csnTH Y (https://github.com/jaxa/racs2 bridge) . AXZE I Z DERETBREEREREZRNIEA D I L ZBNET S, BB, BERBRICITM OO EFEZILD
. B & BAREXETHEDH - 72355 1T HEBREZESLT 5,

[11.2 PROJECT SCOPE

RACS?2 is a collection of software that message communication between Robot Operating System 2 (ROS2) nodes and the Core Flight System (cFS). cFS,
developed by NASA, is a platformindependent reusable software framework and a collection of reusable software applications, which includes the Core
Flight Executive (cFE), a framework component of connecting flight software modules. ROS2 is the second generation of Robot Operating System, which
comprises software libraries and tools designed for creating robot applications. It includes drivers, advanced algorithms, and robust developer resources, all
available as open-source components for developer’s robotics projects. RACS2 is intended to allow the users, including flight software developers and
ground roboticists, to easily develop new applications for space robotics.

RACS?2 |Z. Robot Operating System 2 (ROS2) / — K & Core Flight System (cFS) Bl X vt —VBEZITOV 7 b2 T7ETH S, cFS L. NASAAFFE L
1277y b7 —LICKEL BWBRARRERY 7T JL—LT7—0THY, BHERAERY 77T 77U = avERETHRLOER D, I
IZiE. 77408 Y 70027 Va0V EERTDT7 L—LT—2 aViR—%> b TH 5 Core Flight Executive (cFE) "N 5, ROS2 (X, AR v k 77
Dr—2a vzl 27-0ICKGSNTY 7 b7 27 24770 &Y —IILTHER SNBE 2 H#HKD Robot Operating System &%, FZ7A4/N sERT7/ILI
DXL, AR BEAREY Y —IDEFENTEY, IXRTHEEEOORY M 7OV FVHOA -7 V=X aVviR—%> & LTHBRIBETH S, RACS2 (.
FEERITY 7 bV o THEHEECH EOD Ry FENELREO I YA FEARY FAITOH LW T VS — 302 TEHEITH BICARTESLHI1CT
HZEBRNELTWS,
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ROS2 and cFS System Bridge (RACS2 Bridge) Software Requirements Specification

RACS?2 consists of two components. The first component is the ROS2 and cFS System Bridge (RACS2 Bridge), which connects ROS topics and cFS
messages at the application layer. The second component is the RACS2 extended DDS, which connects ROS2 and cFS at the DDS layer. The conceptual
diagram of RACS2 is shown in Figure 1.1. The main purpose of both RACS2 Bridge and RACS2 Extended DDS is to allow cFS and ROS2 to coexist. RACS?2
Bridge has a communication protocol layer and a communication hardware layer on both the cFS and ROS2 sides, and can be used to exchange messages
between cFS and ROS2 while utilizing them as is. On the other hand, RACS2 Extended DDS is a DDS used in ROS2 with a communication software layer in
addition to the communication protocol layer and communication hardware layer, and can be implemented in a system with the freedom of design to
communicate with cFS and ROS2 all at once.The RACS?2 Bridge and RACS?2 extended DDS are independent elements, and it is intended that one or both of
them be used as necessary.This document will refer to the RACS2 Bridge in its scope.

RACS21: 2 DDERA SR NG, 1 BOEZI [3: prepared by user []: S | [J: hardware
ROS2 and cFS System Bridge (RACS2 Bridge) T, ROS [1: ROS2 [1: vendor supplied Il RACS2
Py ;S}i\gg@?gie% c;fe\d_ oS F gé?zﬁf o / ;fc \\ [ Rosz\\\ Ros:
%ﬁ%ﬁfﬁ??fiﬁéé’fﬁf@EE'/%%?;&&;%Z; \= )/ )

IWE, BLU BENN—FvzT7EZHBL, TD0FEF4E
M LT=FTcFSEROS2EID X v — DX V) BEXY %175
B E&ZrEZoNbd, —5T. RACS2 Extended DDSIL#&# DDS DDS
E7ObaLE BEN—FYVTEICMR, BEV 7Y

ROS middleware (rmw)

b2 7E%=ROS2THERBEINADDSE LcFSEROS2— 1 . .
FBICEEHTBET S HETOBHEZF OV AT LICE Real Time Operating System RTOS Board Support, 1F11e Systems, Drivers, Firmware
WTERERINDHEE L TEZONS, RACS2 Bridge & Libraries, etc.

RACS2 extended DDS(3437 L 7=EHTH . RACS2iR
MEIZ. HEICRL TXxDORA. LU, @ALPERAS
NsZezB8MLTWS, AXEFIE. RACS2 BridgelZ X Hardware- Processor, Memory, Peripherals

3_70%\,TT§ 60
= k5 Figurel-1. The conceptual diagram of RACS2 29
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[11.3 DOCUMENT CONVENTIONS

The convention used in this document is as follows:

"Shall" -- Used to indicate a requirement which must be implemented

"Should" -- Used to indicate a goal which must be addressed by the design

“To be defined (TBD)” — Undetermined features, parameters, etc. It is attempted to resolve and remove as necessary.

CDORF2AYPTERINTOLSHRANIUTOEL Y

[(~952¢] - FEETI2RENHDIMAOEHZRT ZHICERINS ("Shall"EXK)
[~F 22 ENEFELV] - BNERNL—LEEZRIHICERINS ("Should"EK)
[TBD] -- RHETEDHERE, NI X =70 &, BEIZILLC THRT %,

[11.4 REFERENCES
- https://github.com/jaxa/racs?2 bridge
- Hiroki Kato, and Tatsuhiko Saito, "RACS2: the ROS2 and cFS System, launched" Flight Software Workshop 2023.
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H 2.0 PREMISE

In this section, we refer to the use cases of RACS2 Bridge. We first define the actors and then describe the use cases for each target user.

AIBETlE, RACS2 BridgeDEHREHEICDOWTEHET %, £9. I—RT—XDT7 7 X — %22 HAE{erms)ZExER L. ZD#%Use Case, B LU, Assumption(c

DWTERART %,

[12.1 TERM DEFINITION

The following table defines terms describing RACS2 Bridge.

RACS2 Bridgez il 2 HEZ U TORICE LD D ¢

RACS?2 Bridge

Target for development.

Its design is described in Section 3.1, and equirements
specification is described in Section 3.2.

FHENR
ZOHRETICOWTIEE I 3 31T, BERMERRICOWTIEES
:/ = 732?%}65}%?60

1.1 Native cFS
users

The main target users of RACS2. Therefore, they can be an actor

RACS2 O E AR RI—H —,

in Use cases.

They are a group of people, who are used to flight software
practice including cFS. Typically, they own and maintain cFS
assets at different layers. This could include application
software, development of on-board computers for spacecraft, or
communication protocol level components such as TTE or
SpaceWire. They have at least heard of how popular ROS2 is
among roboticists, but may or may not be familiar with ROS2.

CFSAZEL 774N YT7 M7 2T7OERRICENTWAAL DS
W=7, BE,. HoldIFIFRLL AV —CcFSEE%ZFA L.
RFLTWS, INIZE. 77U r5r—avyy 7 b7 7%IE0 8,
FEMOAYAR—K a2 —2—0FF, £/-IZTTE®
SpaceWirems FOBE7O FaLL LD avE—%v FAEEN
HARIBEMEL D D, ok, ROS2 A ORy P ITEFEHEDOETENIZE
AR HE2HEH>TWBEA, ROS2 IZENTWAEHALEINIFED
SDT—ALH D,
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1.2 Native ROS2
users

The main target users of RACS2. Therefore, they can be an actor

RACSZ @E\E@;{#%l_f—o

in Use cases.

They are a group of people, who are ground roboticists. They are
newly willing to develop applications for space robotic missions.
They are used to ROS2 system, including conventions,

supporting libraries, debugging tools, and supportive ecosystem.

Wold, htORy PIFETHIALADT L=, FBlE. FH
ARy b TyvavBAOT7 75— a v H-ICHET 2EN
RO TWET, FEold. #O. Y R—F 24770, TRy T
V=L, BLOPYR—F T2V XTFLAEZEL ROS2 > XTF LICE
NnTunbd,

1.3 RACS?2 users

They may be an actor in use cases.

They may include both Native cFS users and Native ROS2 users.

Native cFS users & Native ROS2 users@ A= &

1.4 RACS2 They may be an actor in use cases. i=bnz &,

Developers It is us.

2.1 cFS cFS that is connected to ROS2 using RACS2 RACS2 #{#FH L T ROS2 (CEfFrE N T 5 cFS

2.2 ROS2 ROS2 that is connected to cFS using RACS?2 RACS2 #{#EFH L T cFS IC#EHE N TWLW 5 ROS2

2.3 cFS user It includes cFS software modules developed by users, such as 77U — gy BE AL N—FR Tz T AVvER—T
software applications, communication protocol, hardware interface ARRE, = —=DFFELI-cFSY 7 b7 27 EV2a—ILHE

FNd,

2.4 ROS2 user
software

It includes ROS2 software modules developed by users, such as
applications, hardware interface. For communication protocol,
UDP or TCP are used by default, and many users stay them.

77V — 3y N—KRI T AR —T A RGEE, 1—
P—DBHFELZROS2 Y 7 by 7 EV2a—-LaaL, BE7O
F2Jbix, UDP £721E TCP AYT 74 L b TERINTH Y, %<
DI—HY—FZNEFEWNRITTWLS,

3.1 Communication
software layer

As described. E.g., DDS., ZENOH

DDS. ZENOHZE

3.2 Communication
protocol layer

As described. E.g., TCP, UDP, SpaceWire communication
standards

TCP, UDP, SpaceWire@B{E B

3.3 Communication
hardware layer

As described, E.g., TTE hardware standards, SpaceWire
hardware Standards

TTE/N— K7 = 731K, SpaceWire/N— K7 = 7K, & 32
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[12.2 USE CASES

In this section, we describe the use cases of RACS?2 Bridge.
ARIETIZ, RACS2 D1 — X7 —XIZDWTERRT %,

(1) RACS2 users have cFS and ROS2 coexist in the software that they are developing and connect them via the RACS2 Bridge. This applies to both systems
with multiple hosts and systems with a single host.

RACS2 userld, cFSEROS2ZBFHETRDY 7 b7 = 7ICHFXH, RACS2 Bridgell & VBt %, BB, BHEA MDY RXT L, BLK, BERR MDD XT A
MG EBES Do

(2) RACS2 users freely select the communication software layer, communication protocol layer, and communication hardware layer when deploying flight
software even when using RACS2 Bridge. In other words, RACS2 Bridge does not restrict the RACS2 user's choices in the communication software layer,
communication protocol, and communication hardware layer when deploying flight software. (This is a non-functional requirement of RACS2 Bridge.)

RACS2 userld. RACS2 BridgelEFBRICH 7 IA bY 7 b2 T7 7704/ B0OBEY 7 by T7RE, BE7OILE, BEN—FTxT7REZBHISERT %,
EWEZ 5, RACS2Bridge 3774 Y 7 b0 277704 F0@BEY 7 b7z 7E, BE7O0 b, BLU, BEN—RFRT7T7BICHEITERACS22—H
DR A LD L, (ZMNIZRACS2 Bridge DIFHEREE R & 5 %, )

(3) The RACS2 users explicitly and directly set the ROS2-cFS connection method and conversion definitions of the RACS2 Bridge when designing and
manufacturing the user application. The definitions to be converted include, for example, messages on the cFS side and topics on the ROS2 side.

RACS2 userlx. RACS2 Bridge DROS2-cFSEI D HEVCEBD EEZZRACS2 userA’a Y A =L TEBETCA—HY =T 7V — 3 ViRat - RERICEKRET
5, BaINDEERICIZ. HIZIXcFSAIOmMessage PROS2MA|DtopicENE N 5,
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(4) RACS2 users exchange messages between ROS2 and cFS by properly configuring the RACS2 Bridge without modifying the cFS/ROS2 applications, when
using the RACS2 Bridge.

RACS2 userld, RACS2 BridgeZ {9 % & ZIZlE, cFS/ROS2&A DT 7 ) r—> a3 v DE%d 5 Z &7 <, RACS2 Bridge D% E Z @Y IZ 52wk L TROS2-
CFSEAD X v —2 DX ) EY 21T,

(5) Native cFS users use ROS2 via RACS2 without modifying the cFS user software (flight software), which is a reusable design asset, except for
modifications required for newly developed application software.

Native cFS userld. BHIFARIRELZETEE TH SHcFS user software (774 MY 7 b0 x27) 2#RET B2 %<, RACS2IEATROS2A#EAT 5, FL < FHH
577V =avy 7 b T7ICH L THERHRZIZZDORY TlEARL,

(6) Native cFS users connect to ROS2 using RACS2 without changing the communication protocol layer in cFS or ROS2 as much as possible. If a user wants
to develop using a communication protocol layer that is not originally supported by RACS2 (although RACS2 developers are working to improve it), the user
must modify the communication protocol layer of RACS?2.

Native cFS userld. FIBEZR V) cFSPROS2ICHIFABET A FAILBDOANEZ #1THHRWE TRACS2Z AW TROS2(CERT 5, (RACS2 developerld Z DT
FExXHEDD, ) RACS2THEH EHR—PFINTLWAWVBE7B FILEBZERL THELZVLWE ZIZIE, 2—FAIARZDORACS2OBEZ R M JLEOHE

J— ~

21T

(7) Native ROS2 users easily access and evaluate cFS using RACS2, at least for trial purposes, rather than flight software. Using RACS2, evaluation can be
easily performed (for example, on a Linux PC) within the framework of ROS2/cFS coexistence without waiting for decisions on the design of the
communication layer, etc. It is expected that the flight software development after evaluation including cFS, ROS2, and RACS2 will be implemented with a
communication layer, etc. in detail.

Native ROS2 userld, < &b 774 by 7 bo 27 TlEm <EAARICIZRACS2ZHAWTCFSAND 7 7t X8 51217 > CaHfi T %5, RACS2% f# > TROS2 -
CFSHEDHEATBERBREFDRFTOREZF 2L THALMBEIC (BIZAIELinux PCET) FHMBATE 5, FH#EDOEIRM & L TIEcFS, ROS2, ERACS2Z &8 T
BEBFZFVIAALIETEERT 2EAORNEREL T2, 34
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[] 2.3 HYPOTHESES

In this section, we describe hypotheses of using RACS2 Bridge.

ARIETIE. RACS2 Bridge 3 2B O EELFIIREHFICOWTRART 2,

(1) The software system of the ROS2/cFS coexistence framework using RACS2 is expected to ultimately become flight software.

RACS2%f£ - 72ROS2 - cFSHEDHIEADY 7 b T2 T AT LIE, REBICIE7I7A MY 7 b0 27 8RBT EEBET 5,

(2) RACS2 users are expected to use the CCSDS Space Packet Protocol on the cFS side. Rationale: The CCSDS Space Packet Protocol is defined as a cFS
feature and is part of the cFS functionality. On the other hand, while integrating CCSDS with ROS 2 is feasible, it requires careful handling of message types,
topic naming, and compatibility between ROS 2 and DDS with significant amount of development and testing.

RACS2 userix. CCSDS Space Packet ProtocolZcFSEITERT 2 Z &N BEIND, (AR : CCSDS Space Packet Protocol |[ZcFSO#EEE L TEZINTWL
T, cFSOMEED—ETH %, —AH T, CCSDSEROS 2D EIEFMAVICIZEIRAIBEE EZX N BEA, A vt —IRA7 bEY D%, ROS2EDDSHEDE
BEABEEINETIHELIDHY . DRV DEOCHERETA IR ELLR D, )

(3) RACS2 users are expected to use ROS2's convenient tools and libraries on the ROS2 side.

RACS2 userid. ROS2DEF|Y —ILT 4 771 Z#ROS2BICERAT 2 Z LA BESINS,

(4) Native cFS users are expected to use existing design assets on the cFS side.

Native cFS userld. BIBEDREAEEZCFSBITERT 2 Z & BESINS,

(5) Native cFS users are expected to use existing design assets on the cFS side.

Native cFS userid. BIE DR EEAcFSAITERIT A Z A BEI NS, 35
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(6) RACS2 Bridge user is assumed to have an inter-host topology as shown in the figure below.

(A) Shared communication topology: The communication protocol layer and communication
hardware layer are shared by both ¢cFS and ROS2.

(B) Single point bridge topology: cFS and ROS2 each have their own communication protocol
layer and communication hardware layer, and one of the hosts with a RACS2 bridge node
accesses both the cFS and ROS2 communication buses.

(C) Single host bridge topology: cFS and ROS2 each have their own communication protocol
layer and communication hardware layer, and one of the hosts bridges cFS and ROS2.

(A), (B), and (C) achieve bridging with one node, but (A"), (B'), and (C') have bridges on both
the cFS and ROS2 sides. The former is more advantageous in terms of communication
overhead and failure points, while the latter has more flexibility in implementation.

RACS?2 Bridge userlZiA TORICH B L5 BERA MR MROAY —%2BF3 52 ¢%=EET 5,

(A) Shared communication topology: BE7 A FaILBE, LU, BEN— KT T7E%CFS,
ROS2MZ& CTHAE T 5,

(B) Single point bridge topology: cFS, ROS2ZNZFNITEE 7O baE, LU, BEN—F
7t T7E%HBH L. RACS2 bridge nodex BT 2HKAX FD 1 DA CcFSEROS2DBIE/NATAIZT 7
’EX-‘T%M,

(C) Single host bridge topology: cFS, ROS2ZNZFNICBEZO FaLE, LU, BEN—F
VxTEEBL, TDHIBD1DODKRAMDFETEFS, ROS2O 7Y v %175,

(A)(B)(C)ixnodelf@ T YU v &EFEMLTLBA, (A) (B) (C)I%cFS, ROS2AIXATT Y v %
BT, FIBEOAVBEF—NR—~yv K, BLU, MESOBEITSENTHY ., BEIEEDE
MHEEET D,

cFS cFS cFS CFS cFS e
host host host host host
ROS2 ROS2 ROS?2 F:1082 F:1082

host host host ost ost host
(A) (A)

Shared communication topology

Single point bridge topology

EES cFS cFS cFS EES cFS
host host host host host
'y
1
ROS2 ROS2 ROS2 F:1OSt2 F:-|OSt2
host host host 0s 0s host
I I I I I I
(B) (B’)
|

| I | | |

cFS cFS cFS cFS cFs cFS
host host host host host

I

A8

ROS2 ROS2 ROS2 ! ROS2 ROS2 ROS2

host host host host host host

I I I I I |
() (C)
Single host bridge topology 36
Figure 2-1 Possible host topology
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M 3.0 REQUIREMENTS SPECIFICATION DESCRIPTION

[]3.1 DESIGN

RACS2 Bridge consists of Bridge Node and Bridge Definer. The system configuration is defined as shown in Figure 3.1. Bridge RAC_82 Bndge
Node exists between cFS and ROS 2, and mediates messages commonly used by cFS and ROS 2, and exchanges messages with I—Brldger Node
the other sides. Bridge Definer defines the mediation behavior between those messages. '—Bridge Definer

RACS?2 BridgelxBridger Node & Bridge Definerh bk s b, ¥ A F7 LR ZFigure3.10 & 5 ICEFE T 5, Bridger Nodeh cFS & Figure 3.1 RACS2 Bridge
ROS 200fEICFETE L. cFS&EROS 2& A4 THEBICERAINA X v = %I L. %@ﬁhﬁ’\’?‘) <‘: ) %175, F7-. Bridge
Definerd’Z D X v £ — B OMBNDOZEH % EET 5,

[]3.2 REQUIREMENTS SPECIFICATION
The top-level requirements for the RACS2 Bridge are described in Section 3.2.1. The requirements for its subsystems are shown in Section 3.2.2 onwards.

system composition

B EfIDORACS2 Bridge D E R % 3.2.1BICRT, L&, T OY T2 R T LDOEREEE3.2.2IELEITRT,
- 3.2.1 RACS2 Bridge (top-level)

(1) RACS2 Bridge shall distribute contents of cFS messages to the ROS 2 system as ROS 2 topics via Bridge Node as defined in Bridge Definer.
Rationale: From Use Case (1). This is one of the top-level requirements that can be delivered based on the system's objectives.

RACS?2 Bridgeld. cFS®message# Bridger Nodef&H TBridge DefinerlZE# L /=38 Y [ZROS 2Mtopick L TROS 2V X F LICHEETE S 2 &,
R#L : UseCase (1) &Y, YRATLOEWELY ERTCESREMERD 1 ’)

(2) RACS2 Bridge shall distribute contents of ROS 2 topics to the cFS system as cFS messages via Bridge Node as defined in Bridge Definer. Rationale: From
Use Case (1). This is one of the top-level requirements that can be delivered from the system objectives.

RACS2 Bridgelx. ROS 2dtopic% Bridger Nodef&H TBridge DefinerlZ E&E L7-B Y (CcFSOmessages L TcFSY AT LICHEET B Z &, 37
RH#L : Use Case (1) &Y, YXTFTLOEWELY EFTE %)E—J:T_L%YOD 1 D,
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(3) RACS2 Bridge should distribute contents of ROS 2 messages to the cFS system as cFS messages via Bridger Node as defined in Bridge Definer.

Rationale: From Use Case (1). This is one of the top requirements that should be requested by ROS 2 users, which can be deployed based on the purpose of
the system.

RACS?2 Bridgeld. ROS 2 message# Bridger NodefXFH TBridge DefinerlCE&Fx L 7238 Y (CcFSDmessage & L TcFSY R TF LICHET D Z EHANE X L LY,
RL : Use Case (1) & Y, YXTLOBWLYERTEAROS2ZI—YHASELEAHZETOREMERD 1D

(4) RACS2 Bridge shall have an abstracted communication software layer and communication protocol layer. Rationale: From Use Case (2). It allows the
communication software layer, communication protocol layer, and communication hardware layer on the user side (cFS, cFS user software, ROS 2, and ROS

2 user software) to be used without modification. Socket communication schemes such as UDP, which are essential for flight software, are not required for
RACS2.

RACS2 Bridgeld., iRt N/-BEY 7 bV T7TE, BE7ONILEEZBET LI &,

ML : UseCase ()& Y, cozkicky, 22— (cFS. cFS user software, ROS 2. L f. ROS 2 user software) ICHBIFTHABEY 7 b7 7B, BEY
OraLE, LU, BEN—FT7 2 T7EZELRERRIGEEER D, UDPOLSHY Ty b BENZ7T7A MY 78727 T ,lZZ 2B RF¥F— LHERACS2TIZE
BaEwnBEE LU,

- 3.2.2 Bridger Node

(1) Bridger Node should be able to communicate using shared memory when sharing data between cFS and RACS2. Rationale: From Use Case (2).
Differences in the communication layers of cFS and RACS2 can be an obstacle during design. Therefore, by absorbing these differences using shared
memory, RACS2 users will have more freedom in designing the communication hardware layer.

Bridger Nodeld. cFSERACS2ITT —4 A2 HEBT B(IC1E. shared memory CHMIGAIBEE T B Z &AL F L LY,
RH#L - Use Case (2) & W, cFS BLURACS2, B4 DBIERBDEERNKFOEEZICAD I ENEZIOND, ZDT-8, Shared Memory ZFHVWTZ D EER%Z K
W BZEi2&Y,. RACS2userM@BEN— RV 7EBHRFAOBEBHEN LA D EEZ 5ND, 38
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(2) Bridger Node should be one or less communication nodes to bridge between cFS and ROS2.

Rationale: Design options include having a bridge node on the ROS 2 side, on the cFS side, or on both, but it is desirable to have no more than one in terms
of the communication topology in order to reduce communication overhead and points of failure during use.

Bridger NodelZICfNd 28E/ — F8E 1 DUTETH I ENEFE L LY,

BRI : ERETDEIR & LT, Bridger Node ZROS 28I D, cFSANICH D, HDWVWIEX DA TH 2GR EDERKAZZ oNSD, FRAKOBEF —/N—~v
M, BMERZBOITEATEBENAY—MICLIDODUTETEIENEX LY,

- 3.2.3 Bridge Definer
(1) Bridge Definer shall have a bridge mapping table that must be controllable within the RACS2 Bridge provided by the RACS2 developer.

Rationale: In other words, the requirement is that the mapping table must be generated in a way that can be controlled by the RACS2 user and that does not
require modification of the user application.

Bridge Definerld, 7V v D~xw v I T7—7IE2HBTHIE, $1-. ZDT7VyPDYyEY T T—7ILIZRACS2 developerh'izfit 3 3 RACS2 Bridge D #H T
HETESHZ &,

BIL: 2F Y. RACS22—HA 0y bO—ILTERE, T 2—HFT77)DOHZET% L1
WETYyE Y T —TILAERTEDL I ENEREL D,

(2) Bridge Definer should have a dynamic bridge mapping table that is controllable within the RACS2 Bridge provided by the RACS2 developer.
Rationale: A request from ROS2 users.

Bridge Definerld, BN 7 U v DYy BV I T—TILNAEBITBHIENLEF LWL, T/ DTV yIyDYwy YT T—7I)LIZRACS2 developerhigft 9 %

RACS2 Bridge D CHIFHITE B Z EHE X L LY, 39
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