FUTURE RENDEZVOUS &
ON-ORBIT SERVICING
MISSIONS BY AUTONOMOUS
GNC & VISION-BASED
NAVIGATION

CLEAN SPACE INDUSTRY DAYS
ESTEC (NOORDWIJK

This project has received funding from the
e European Union’s H2020 research and
Consortium the EU Services and PERASPERA-X innovation programme under grant
agreement No 101004346.

CONFIDENTIAL
Only for members of the Consortium,

erial form in



AGENDA

/I Overview of key technologies and avionics architectures
developed by Thales Alenia Space

/i Two main milestones presented
I Horizon 2020 OG7 | EROSS (2019-2021)
I Horizon 2020 OG12 | EROSS+ (2021-2023)

/l/ One major program to come

I Horizon Europe | EROSS In-Orbit Demonstration
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EROSS Context E R O SS

European Robow_ Orbital Support Services

O EROSS “ID Card”

= Context: H2020 - European Commission
= Prime: Thales Alenia Space
= Partners: GMV, SINTEF, NTUA, PIAP, SENER, SODERN, SAS

= Budget: 4 M€
» Topic: Robotic technologies for On-Orbit Servicing

\ EROSS Servicer Vehicle
Bopyright: Thales Alenia Space
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« EROSS in a nutshell »

EROSS Robotic
Servicer Vehicle

EROSS

European Rcbot\c Orbital Support Services
Force/Torque
Capture
Gripper i QEROSS Main Achievements
INFUSE .. . o
Processing 1. TRL raising of the key robotic building
Structured blocks (BB)
Light ERGO o ) )
Sensor Autonomy ® 2. Building Blocks Integration in a System
Demonstrator

ASSIST
active

Coordinated
GNC

3. Coordinated Robotic GNC
architecture of Platform/Arm

ASSIST
passive

SIROM
Interface

4. Autonomy raised to E3 level for safety

Thermal
Mockup

5. Closed-Loop demonstration of
performance & autonomy with
Vision-based Navigation (incl.
contingency)

Reaplaceable

Fiducial Unit

Markers

EROSS
Client Vehicle
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EROSS Guidance, Navigation & Control (GNC) ER O SS

Navigation

— — —f—
-Data Fusion-

Inertial &
Relative
Sensors

PEEL T TR

European Rcbot\c Orbital Support Services

O Overall GNC Loop : “coordinated” Platform & Robotic controllers

O Vision-based Navigation = Image Processing + Navigation Filter
(ON-BOARD SOFTWARE (OBSW) | REALWORLD (DKE),
SR b bttt belehebudeiuiuiniuiuinistetebddy I‘l‘ “““““ Actuators |
| | & I
| — —— — | Control !: »| Robotic Payload |
| | - |
| 1 | |
| ("Mission and ) { ’_ |
| Vehicle — o Guid I Environment |
| | Management uidance I &Spacec.raft |
| (MVM) I | Dynamics |
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EROSS Guidance, Navigation & Conirol (GNC)

U Detailed GNC Loop

“coordinated” Platform & Robotic controllers

Autonomy, Guidance, Navigation & Control (OBSW)

EROSS

European Rcbot\c

Dynamics, Kinematics, Environment (DKE)

Orbital Support Services

(GUIDANCE - BASE & ARM - )

CONTROL - BASE & ARM -

ACTUATORS & ROBOTICS PAYLOAD

ENVIRONMENT & SPACECRAFT DYNAMICS

PF_GUI

MVM Modes
t

Environment
Disturbances

PF_NAV

J

Relative

I

Navigation Filter
(absolute and

MISSION AND VEHICLE MANAGER
(MVM = ERGO Agent)

-~
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g INNOVATING SOLUTIONS

a Thates / Leanarda company

National Technical
University of Athens

relative states)

Robotic Image
Processing

PE_IP
Platform Image |«

7| Platform Guidance PE CTL | Base Inputs N Base Base Force/Torgues ¥ (
- - ~ 0
for rendezvous | SEVeS P feferenseTra ! latform controller {Thrusters/RWs force/torque) Actuators {at CoM) o Chaser Dynamics
Controller Coordination (coupling base and
RA_GUI (feedforward, etc.) ) arm segments)
Robotic Guidance for | RA CTL Robotic Arm Inputs Robotic Segment Torques o
—> . End-Eff . S
capture/servicing "“”E:o':":“ el ol . | Robotic Controller {Uoint torques, Tool commands... Joints et jant) T L
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NAVIGATION / SENSOR DATA PROCESSING SENSORS - INERTIAL & RELATIVE - -

Detailed Loop Issue 1.4 MVM Modes Target Dy ics
04/06/2019 t
————————
RA_NAV RA_SDP (L Joint States \
Robotic Navigation Robotic Data [ Joint Sensors
oo | it sensors
(platform & robot ( focessing <
fusion) PF_SDP < Absolute Base States
Platform Inertial Abs. Sensors
Data Processing
RA_IP Relative Pose States
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Processing
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EROSS Sensors Selection for rendezvous ER O SS

Eu ropcaWRcbotc Orbital Support Services

O Vision-based Navigation = Image Processing + Navigation Filter

= 2x Image processing solutions (used separately)
o INFUSE (SpaceApplicationServices)
o ARAMIS (Sodern)
* 1x Navigation filter by Thales Alenia Space :
o data fusion (inertial+relative)
o propagation/filtering with asynchronous measurements

Absolute sensors

R-GNSS
SNAC
SWAC
RWAC
B ARAMIS
100km 10km 1km 100m 20m
st —>
EROSS scenario
B Altitude difference Homing Closing Forced Motion ﬂ
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EROSS Vision-Based Navigation E R O S S

European RoLoL Orbital Support Servi

d “Vision-based Navigation” = Image Processing + Navigation Filter
Spic;m

= Development Phase

o STEP A.1: Set up Image Generation tool
=> SPICAM by Thales Alenia Space ( 20 \
=> Visible & Thermal images
S
2,
=2
()

= Validation Phase
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EROSS Vision-Based Navigation

d “Vision-based Navigation” =

EROSS

European Robotc Orbital Support Services

Image Processing + Navigation Filter

RCU| [

Development Phase

o STEP A.1: Set up Image Generation tool
=> SPICAM by Thales Alenia Space
=> Visible & Thermal images

o STEP A.2: Processing design & tuning

| : @5 ]

Platiorm 1P|
RORN i

TPRN

| 2D model-based

{ 3D model-based ||

=> |INFUSE solution by Space Applications Services

=> ARAMIS solution by SODERN \

ARAMIS-eXGS

—

Validation Phase ' '

Visible Camera
O

)
ThalesAlenia
Space

N
i
= |l
[}

a Thates / Loamarda company
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EROSS Vision-Based Navigation E R O SS

European Rcbot\c Orbital Support Services

Q “Vision-based Navigation” = Image Processing + Navigation Filter

= Development Phase

Cameras parameters —_—
o STEP A.1: Set up Image Generation tool (mouting poitin,lens, distorsion, OFFLINE
=> SPICAM by Thales Alenia Space Terget 30 mod! _—
shape, textures,
=> V|S|b|e & Therm0| |mOge$ Grapple fixture 3D model
o STEP A.2: Processing design & tuning s
=> INFUSE solution by Space Applications Services Current target A .
_ Rk position/attitude m Camera Image E: tirgsgi n
=> ARAMIS solution by SODERN T o e o e e
o STEP A.3: Delay & Noise model equivalence in open loop

Camera/IP - High-Fidelity Model

Current target
o A Pose - Pose
= Vq “ddﬁon P hdse position/attitude Camera + Image Processing Estimation > NBV!EHUOH Propagation N
Delay & Noise-Bias Model @1Hz Filter @10Hz

ONLINE
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EROSS Vision-Based Navigation E R O SS

European Rcbot\c Orbital Support Services

Q “Vision-based Navigation” =

= Image Processing + Navigation Filter

= Development Phase

o STEP A.1: Set up Image Generation tool
=> SPICAM by Thales Alenia Space
=> Visible & Thermal images

Complete Dynamic
@ State Estimation
o STEP A.2: Processing design & tuning v Navigation Filter
=> INFUSE solution by Space Applications Services _ . State Prediction Model of Servicer and
=> ARAMIS solution by SODERN Image Processing/ Crient
o STEP A.3: Delay & Noise model equivalence in open loop

algorithms

o STEP A.4: Navigation Filter and Controller design & tuning

+ Delay management
n

¢ High level fusion
Validation Phase

Low frequency relative delayed measurements

Absolute measurement
l STR/IMU / GNSS :

ThalesAIer?a
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EROSS Vision-Based Navigation E R O SS

European Robot\c Orbital Support Services
Q “Vision-based Navigation” = Image Processing + Navigation Filter
= Development Phase

o STEP A.1: Set up Image Generation tool
=> SPICAM by Thales Alenia Space

Functional Software
\ g
=> Visible & Thermal images [ Moo descna \‘pDR.>CDR cor>ar/ W
o STEP A.2: Processing design & tuning R \\ / / W e
=> INFUSE solution by Space Applications Services \ i :
=> ARAMIS solution by SODERN \ 7
o STEP A.3: Delay & Noise model equivalence in open loop W suiangsin . /
o STEP A.4: Navigation Filter and Controller design & tuning

444 compiled software
[]

Model Closed loop A
prototyping simulations

\@_ Functional validation

Validation Phase
o STEP B.1:

(WN) report
4\ suildingblocks ‘}i FES simulator
. . o . (T nitary testin, [!Jj.—. Robusmessand.
[MIL] Numerical validation in closed-loop [ Uowarytatog D36 performance teting
o STEP B.2: [SIL] Image Processing comparison with noise model

(Wie  Functional validation
D3.7 specification

Design l l
review

Software-in-the-loop (SIL) and
Unitary Model-in-the-loop Processor-in-the-loop (PIL) testing
testing (MIL) testing

Model-in-the-loop (MIL) | Software-in-the-loop (SIL) |
ThalesAIer?a

| Processor-in-the-loop (PIL)

Hardware-in-the-loop (HIL)

National Technical
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EROSS Vision-Based Navigation
Q “Vision-based Navigation

= Development Phase
STEP A.1: Set up Ima
’ B5E

Image Processing + Navigation Filter
e Generation tool
AM by Thales Alenia Space
=> Visible & Thermal images
o STEP A.2: Processing design & tuning

European Robomc

Orbital Support Services

=> INFUSE solution by Space Applications Services
=> ARAMIS solution by SODERN

o STEP A.3: Delay & Noise model equivalence in open loop

o STEP A.4: Navigation Filter and Controller design & tuning

Validation Phase

o STEP B.1:

o STEP B.2: [SIL]

o STEP B.3

[MIL] Numerical validation in closed-loop
. [PIL]

Image Processing comparison with noise model
Image Processing code deployment on RCU
ThalesAIer?a

Space

Nat jonal Technical
Univ

Model-in-the-loop (MIL) | Software-in-the-loop (SIL) |

ersity of Athens

| Processor-in-the-loop (PIL)

|
HEEED G SINTEF /97

2 sodern
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EROSS Vision-Based Navigation E R O SS

European Rcbot\c Orbital Support Services

d “Vision-based Navigation” = Image Processing + Navigation Filter

= Development Phase

o STEP A.1:Setup Imclc?e Generation tool
=> SPICAM by Thales Alenia Space
=> Visible & Thermal images

o STEP A.2: Processing design & tuning

=> INFUSE solution by Space Applications Services [17 i — -
=> ARAMIS solution by SODERN
o STEP A3:

Yol Performanc
: Delay & Noise model equivalence in open loop

o STEP A.4: Navigation Filter and Controller design & tuning

Pose Estimation

e
Time Delay

= Validation Phase

o STEP B.1: [MIL] Numerical validation in closed-loop

o STEP B.2: [SIL] Image Processing comparison with noise model
o STEP B.3: [PIL] Image Processing code deployment on RCU

o STEP B.4a : [HIL] OL Validation with Processing & Cameras

Pose Reference
Model-in-the-loop (MIL) | Software-in-the-loop (SIL) |

Tha]esAIen” ia
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EROSS Vision-Based Navigation

EROSS

European Robot\c

Q “Vision-based Navigation” = Image Processing + Navigation Filter

= Development Phase
o STEP A.1: Set up Image Generation tool

=> SPICAM by Thales Alenia Space

=> Visible & Thermal images
o STEP A.2: Processing design & tuning

=> INFUSE solution by Space Applications Services
=> ARAMIS solution by SODERN

o STEP A.3: Delay & Noise model equivalence in open loop

o STEP A.4: Navigation Filter and Controller design & tuning

= Validation Phase

o STEP B.1: [MIL] Numerical validation in closed-loop

STEP B.2: [SIL] Image Processing comparison with noise model
STEP B.3: [PIL] Image Processing code deployment on RCU
STEP B.4a : [HIL] OL Validation with Processing & Cameras

STEP B.4b : [HIL] CL Validation with Guidance-Navigation-Control loop \

0O O O O
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European Roboti Orbital Support Services
Hardware f DKE
(simulator)
/ \
S — ‘m_a
COMMANDS

Orbital Support Services

OG7 EROSS

OG1-ESROCOS
+
0G2-ERGO
+
OG3-INFUSE
+
0G4-13DS
+
0G5-SIROM
+
OGG6-FACILITATORS

USER/CLIENT

OG = "Operational Grant” =

WEEED G SINTEF /@

O
e

Consortiums of past H2020 projects
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EROSS Building Blocks Integration

O Main Outcomes

EROSS

Orbital Support Services

European Robot\c

» Integration of previous H2020 SW/HW WL SiL PIL HIL
Building Blocks in the frame of On-Orbit 21 e ’\©l
Servicing scenario. [2a:i) = &

GNC Matlab model Compiled C Code | Compiled C Code | Compiled C Code
Algorithms in PC in OBC in OBC
g MVM/ERGO | Emulated TASTE compiled | TASTE compiled | TASTE compiled
g in PC in OBC in OBC
S | Image Emulated Emulated INFUSE running | INFUSE running
g processing in RCU (I13DS) in RCU (13DS)
&_3 Sensors Emulated smcﬁ Emulated _S_PiGR' Emulated _S_PiGR' gZ:InAe(r:z;SNAC
g Actuators Emulated Emulated Emulated Emulated and
Spacecraft replicated by
dynamics robots
= Model-in-the-loop (MIL)
= Software-in-the-loop (SIL)
= Processor-in-the-loop (PIL)
» Hardware-in-the-loop (HIL)
ThalesAl r? =TT 4 > sodern to
: Spacea 1ons
ity v L= PP EEETE] @ SINTEF /PN sPaceapplisations
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EROSS Vision-based Datasets

O Main Outcomes

= Recording of numerous datasets to Visible
characterize visual navigation solutions
in visible & thermal spectrum

ﬁ |:>
N

Thermal

=
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EROSS Vision-based Datasets ER O SS

European Robot\c Orbital Support Services

W=

O Main Outcomes

« Structured Light »
3D Dataset

» Recording of numerous datasets to
characterize visual navigation solutions
in visible & thermal spectrum

D
ThalesAlenia

P —— Space
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EROSS Closed-Loop Results E R O SS

European Rcbot\c Orbital Support Services
0 Main Outcomes

E R S S OG7 EROSS
European Rot;ot- Orbital Support Services OG1-ESROCOS
+
0G2-ERGO
if Hardware 9 & DKE ) +
fsimulator) 0G3-INFUSE
MOTION oS +
€ / . 0G4-13DS
+
OG5-SIROM
= Demonstration of the rendezvous v \ ﬁu s +
approach in autonomous closed-loop sensvo § | sermve o OCC-HACILITATORS
with a visual navigation chain (data processing) I (GNC/Autonomy) )
) USER/CLIENT
GOALS @O
\_J\
=
ThaIesAIer?a

 Thaies / Leanarda company

Space

. i
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EROSS Closed-Loop Results E R OSLS S

n Robotic

NOMINAL SCENARIO : 36m ->2m
O Main Outcomes

CONTINGENCY SCENARIO : 36m ->20m

= Demonstration of the autonomy to

handle nominal and contingency
scenarios in case of failure

D
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EROSS Experimental Results ER @ S S

Europea wRobo\c Orbital Support Services

d Test Campaign Overview

Approach and Rendezvous by GNC
& Vision-Based Navigation Validation
[Platform-Art, @GMV, April 2021]

e : : Robotic Capture by Coordinated
gll_-(g)SSEED'—DI_-(I)-gPOVI\D/I:IrIE\S/EION-BASED FEEDBACK |~ i ' LAY Platform/Robot Conftroller Validation
i 8 - ¢ [SRE bench, @NTUA, May 2021]

Orbital Unit Exchange
by Autonomous Task Planning
[ROBY bench, @TASF, June 2021]
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EROSS Next Steps

EROSS

European Rcbot\c

Orbital Support Services

0 How to move from a set of BUILDING BLOCKS to a harmonized SOLUTION
Q ...and to an IN-ORBIT DEMONSTRATION !

« EROSS in a nutshell »

EROSS Robotic
Servicer Vehicle

E S OG7 EROSS
European Robot Orbital Support S 0G1-ESROCOS
((((( +
0G2-ERGO
@ Hardware =] f DKE ) +
o (simulator) 0G3-INFUSE
MoTION X +
- ¢ 0G4-13DS
SIROM) +
< = o65StRom
S

\ 7 +
sensiva | 4 sermve I commanos 0G6-FACILITATORS
J& -

4 e — . ( ) = USER/CLIENT
(Q) * L[ o] O
' ‘Omrust —x r_& @C
— fg [SERGO v yl\
Client Vehicle e ,;"’ l-l 0 !

f{Eroco )
\& y)
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"PHASE A/Bl TOWARD AN IN' ORBIT DEI\/IONSTRATION OF KEYRENDEZVOUS AND
ROBOTIC TECHNOLOGIES FOR ON-ORBIT SERVICES

DLR  fir Luft.und Raumfahrt SINTEF ThaIesAIenla

German Aerospace Center [)(Kt’
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EROSS+ MISSION DESCRIPTION

Rendez-Vous

NAC Camera
Arm Stowed

Servicing of Client

Client Capture

Relative sensor not used
Robotic arm deployed
Robotic Camera

Robotic Gripper

Date: 31/01/2022
/// 25 Ref:  0003-0002987015
Template: 83230347-DOC-TAS-EN-009

Far Rendez-Vous
Lidar Monitoring

Close Rendez-Vous
Lidar Monitoring
NAC Camera
Arm Stowed

Client Matin
Relative sensors not used

Robotic arm release
Mating interface locking

PROPRIETARY INFORMATION

This document is not to be reproduced, modified, adapted, published, translated in any material form in whole
or in part nor disclosed to any third party without the prior written permission of EROSS+ Consortium
members © 2022 EROSS+ Consortium members

Refuelling of Client
Inertial sensors/actuators for

composite Servicer+Client
Robotic arm release & storage

CONFIDENTIAL
Only for members of the Consortium,
the EU Services and PERASPERA-X

" 4
ERDSS+

Client Reconfiguration

Inertial sensors/actuators

Robotic arm coordinated control

Robotic Camera
Standard Interfaces

This project has received funding from the
European Union’s H2020 research and
innovation programme under grant
agreement No 101004346.



EROSS+ SERVICER CONCEPT e Rl o+

/Il Modular design btw Platform & Rendezvous / Robotic Payload
1 Parallel development to match tight planning of EROSS In Orbit

Demonstration
I Anticipate transition to Commercial service with specific servicing needs zflling Ui Robotic arm in
. L " . \ t d iti
I Segregation of Platform mission critical SW from demonstration SW o srowed postion

/Il Rendezvous / Robotic Payload
Distance
I Optical navigation cameras S-WAC / S-NAC I B
equipment
I Distance measurement equipment for monitoring (LIDAR) Extension boom

I Robotic Arm : 7 joints with compliance control + Standard interface +

camera
Navigation Camera

I Robotic Tool : Gripper with 2 standard interface for LAR grasping NAC/WAC
I Standard interface for berthing capture client o o
Gripper in launch position with
I Refuelling interface for refuelling client exispeiiendisenicod i 6 DoF thrusterconf
I Orbital Replaceable Unit (ORU) with 2 standard interfaces
I Dedicated computer “Servicing Control Unit” (SCU) to support
Rendezvous vision and Robotic SW, and to implement their equipment
interfaces
Date: 31/01/2022 PROPRIETARY INFORMATION This project has received funding from the
/// 26 . This document is not to be reproduced, modified, adapted, published, translated in any material form in whole CONFIDENTIAL . European Union’s H2020 research and
Ref:  0003-0002987015 or in part nor disclosed to any third party without the prior written permission of EROSS+ Consortium Only for me’."be’s it CloEadim, innovation programme under grant
Template: 83230347-DOC-TAS-EN-009 members © 2022 EROSS+ Consortium members the EU Services and PERASPERA-X agreement No 101004346.




High Processing Capability Chip
(Zyng 7100 SoC Dual Core Arm A9)

27

AVIONICS: MAIN COMPONENTS 55 3

/1l Modular RTU:
I Decentralised approach thanks to URTU use called BoMo.

I Very Low Cost Equipment

Compact (<4kg) and configurable thanks its high i1/ Modular DHS Architecture:

number of communication links

Date: 31/01/2022
Ref:  0003-0002987015
Template: 83230347-DOC-TAS-EN-009

I Enable a high flexibility in the uRTU allocation in case Servicing
Techno Development Components need more interfaces.

I 1/0s budget done for identifying the number of BoMo and the
dedicated lines to add for equipment management.

PROPRIETARY INFORMATION This project has received funding from the

This document s not to be reproduced, modified, adapted, published, translated in any material form in whole (COIADIENIAL . European Union’s H2020 research and

or in part nor disclosed to any third party without the prior written permission of EROSS+ Consortium Only for mer_nbers of the Consortium, innovation programme under grant

members © 2022 EROSS+ Consortium members the EU Services and PERASPERA-X prog 9
agreement No 101004346.




AVIONICS: WORKFLOW

/Il Avionics Architecture matured for Mission (towards PhaseB2/C/D)

I => Instanciated for the demonstration in EROSS+ (phase B1)
I => Generation of scenario execution with interfaces constraints

I => Maintenance of the Capella model for the next phase B2/C/D

|_% FROSS+

Servicer
Mantfactu.

_% Servicer's

Servi

icer's
| Center

Clients
%

I
i-?. Higher Autor

Service Pro...
T

TTC Amplifier

'GNSS Antenna

>aML16/DL16
WPCDU

Propulsion
Elements

Date: 28/02/2022 PROPRIETARY INFORMATION
/Il 28 Ref: 0003-0003013329

Template: 83230347-DOC-TAS-EN-009 members © 2022 EROSS+ Consortium members
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AVIONICS: DESIGN

{li Platform Avionics Architecture

2l b
R s

/11 Main AOCS and DHS components are already developed

= AOCS equipment with red blocks and tested on a test bench in a flat sat configuration
= DHS equipment with blue blocks following an Agile development

/i Platform and Servicing Payload coupling by OBC®SCU link  / Main communications with equipment through 3 CAN bus

dTTC Amplifier

eML16/DL16

o
WPCDU

{0GNSS Antenna

/ll High TRL and low cost platform enables to make

highest efforts on the Servicing Payload development.
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ON-BOARD SOFTWARE: GNC WORKFLOW ER@'S S

/1 IVV process adapted to cope with stringent
programmatic milestones

« Validation effort split in multiple iterations. Functional Chain Validation
. . . A,

* Each iteration correspond to a high level Wi system TRD
need/operational phase/design feature.

 Each iteration consists of an end-to-end repetition of the
V-cyele ==

« The iterations are organized according to the criticality W& GNC Spec

GNC HW
integration

GNC equipment:

@3 « flight version »
GNC S/S
integration
# GNC equipment:
EM and breadboards

of the feature under evaluation. ,
) ) ) Unit tests
« Same tools used consistently across several iterations [:m code m

Iterations

(incremental process). GNC L_J generation Standalone
L . . . model . GNC swW
/Il Capitalization of development and validation effort *ﬁ
- - GNC
of previous R&D studies = l
source code
* Many features of GNC SW already covered in the frame l

* On-going activities in “H2020 OG12 - EROSS+” to reach
PIL/HIL level on a representative OBC/SCU
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ON-BOARD SOFTWARE: GNC VALIDATION

/11 Avionics test bench Ground

i i i H SW camponent S\ component Segment

= OBC with representative Flight Operating System ke 0

’ EGSE Wlth ( HW component } HW camponent @: Zedboard/Hyperion CTM:>
 Dynamics, Kinematics, Environment (DKE) | T | I

{equipment)

GNC OBSW

Use IPin

+ Image Generation : SPICAM Generator (by TASF) closed laop
* Image Processing : C++ code (before SCU implementation) pr= 1— —_——— == SRR M—
i -
/i Validation Perimeter oL '._{_]

= Cruise and stand-by (conventional AOCS)

SV Pos
attitude

* AOCS equipment modeled (not procured yet) DYN SVC

v Preliminary derisking/validation up to SIL

1
|
|
|
|
|
IP SEN RDV Pua SV P I
[ (emulated) }‘[ (emulated) } @C DYN REL " @ DYN CLT }
Y

v' Final PIL/HIL to be completed in avionics test bench
PCor 50U — - - - - - - - — - e - - - - - - -
————
Iz 0 IP ‘ SpiCa ]‘I-;.‘I }‘ Scale
= Long-range rendez-vous G (sw) P J foctor
. Spl/
+ PIL/HIL tests in the frame of EROSS+ — . -
L & SE N RD\-‘II ] : : SWinterface
v PIL/HIL validation of SNAC/SWAC image processing I fhardware) g
v’ Final PIL/HIL to be performed on robotic test bench (Q4-2022) &
Uise true
EENSOrsin
closed loop
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AVIONICS: SERVICING CONTROL UNIT (SCU) / HW

/1l The Servicing Control Unit — SCU manages all the
Servicing Units (RendezVous and Robotics)
(previously named Robotic Control Unit - RCU)

HW

Equipment to Interface:

» Robotic Arm

» Gripper

» Robotic Camera

» Monitoring Cameras

» Narrow Angle Camera

» Wide Angle Camera

» Distance Measurement Unit

» On-Board Computer

Date:  31/01/2022
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f0o8C | picAN Bus

D=l
ENarrow Angle Camera Spw 1 lJJ_£ilSF'I‘N 2
E(H [ascu

SpW 3

E Wide Angle Camera

ErD'ﬂSEW 4 L

EMonitoring Camera 1 D'ﬂSpW 7 L

§dMenitoring C 2 | p= p
niornng Lamera % s wa :|

Y- , fur
.E___.R,@S S

3 AT
D] AIT Link
= frobatic Arm
I]
C
D=il Ethernet link
E Gripper
C 1
De CAN Bus
> SpW 6

1

}Spw 5|40 arm Camera 1 Emmé?l‘memiz
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AVIONICS: SERVICING CONTROL UNIT (SCU) / SW E@@'S S

/Il The Servicing Control Unit — SCU
Servicing Units (RendezVous and

manages all the
Robotics)

(previously named Robotic Control Unit - RCU)

SW

dscu

BErGO: Autonomy & Servicing Management

bata ? Dl Data %Datﬂ ?MD&L} EMD&L]
a

g

DR Data] DHIData

Equipment
Manageme

M
T Mermory
Management

{8 Robotic Arm SW

nt: Gripper,
Standard |
o G @ 0
{ i Compression Fl‘mage Processing B visual ServoingJ Del s
[E idServicing Equipment Framework And Driver J
[ iHos & Hypervisor ‘
I O O
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Board Ili/F

GNC
Application

SW Components to embed:

» Rendezvous - Image Processing SW

» Robotic - Arm Controller & Skill Engine

» Robotic - ERGO autonomous agent (Servicing Planner)
» Robotic - Image Processing SW

» Common - 13DS Equipment Layer and the management of
other equipment: Standard Interface, Gripper, etc...

» Common - Image Compression

» Common - Mass Memory Management
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KEY TECHNOLOGIES: OVERVIEW Er’i;a'gs

/Il Critical Technologies Identification & Maturation Plan

I Vocabulary: Rendezvous VS Servicing

From 2km to 2m From 2m to Contact & Berthing

(approach, fly-around, forced motion) (capture, berthing, unit exchange)
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KEY TECHNOLOGIES: STATUS Hardware Technologies (blue) Eri;@'s S

Software Technologies (purple),

", . o . Validation Technologi .
/il Critical Technologies Identification & Maturation Plan alidation Technologies (green)

TRL TRL —
Current Target Application

TRL
Target

Application | Image |KeyTechnology

TRL
Current

Image

Key Technology

Rendezvous TechDev#1 : [HW] Servicing

Control Unit (interfaces and TRL4 TRLB6 @
processing needs)

TechDev#7 . [HW] Robotic Arm TRLS TRL 5+

Servicing development
Rendezvous TechDev#2: [SW]I3DS TechDev#8 :[HW] Robotic Gri
: pper
g‘ - ;& ISDS Equipment Layer software TRL4 TRLS Servicing dev. & qualification (mechanisms & |TRL3 TRL6
ervicing (Sensors & Actuators) electronics)
Rendezvous TechDew#3: [HW] AvionicsTest }
& Bench for Rendezvous & N/A N/A Servicing TechDev#9: [SW]Robotic Image TRL 4 TRL5
Servicing Servicing operations Processing algorithms
. TechDev#10 : [SW] Robotic

TechDev#4: [SW]Rendezvous - b : .

Rendezvous Image Proces[sir:g]algorithms TRL5 TRL5 Servicing /' |Controller & Skill Engine algorithms  |TRL5 TRL 5+
/ for capture and servicing
. TechDev#11 : [SW] Robotic
Rendezvous é?ﬂ?zezﬁtshngim fiplimiale TRL4 TRL5 Servicing < Autonomy software for servicing TRL4 TRLS
g ERGO operations

TechDev#6 : [HW] Validation Test . TechDev#12 : [HW] Validation Test
Rendezvous Bench for Visual Navigation for ~ |N/A N/A Servicing Bench for Robotic Operations for N/A N/A

rendezvous capture / servicing
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KEY TECHN N\ NI C . CTATLIC Hardware Technologies (blue), = I_/i\f@'g G
SL|DE SOURCE AVEC TEXTE —IaTechnoIogles (purple), ' = =

. n Technologies (green).
/// Cr|t|Ca| TeChn |u3|\.,o TUCTILUITITOUOCALTUTT OC TVIAALTUT AAULIVIT T TATT g (g )

TRL

Application | Image |KeyTechnoIogy URIE iR Application Image |Key Technology |

Current | Target Curren

TechDev#1 : [HW] Servicing ) .
& Control Unit (interfaces and TRL 4 TRL 6 '(Ij'echIDev#7t. [HW] Robotic Arm TRL 5
Servicing processing needs) evelopmen
Rendezvous s TechDev#2 : [SW] I3DS TechDev#8 :[HW] Robotic Gripper
& \_’ I3DS Equipment Layer software TRL 4 TRL5 Servicing g dev. & qualification (mechanisms & | TRL 3
Servicing (Sensors & Actuators) electronics)
Rendezvous TechDev#3 : [HW] AvionicsTest ) .
& Bench for Rendezvous & N/A N/A Servicing ;echDey#Q .I [SV.V% Sl e TRL 4
Servicing Servicing operations Focessing algontms
. TechDev#10 : [SW] Robotic
Rendezvous ;rrﬁ;hg)g\r/gfe's[jr\]/v];eonrﬁﬁagus TRL 5 TRL 5 Servicing Controller & Skill Engine algorithms ~ |TRL 5
9 g a9 for capture and servicing
) TechDev#11 : [SW] Robotic
Rendezvous = 'cl;eNcg ZF\:)#rtiﬁrr[ZW] Relteals TRL 4 TRL 5 Servicing ! Autonomy software for servicing TRL 4
9 operations
TechDev#6 : [HW] Validation Test TechDev#12 : [HW] Validation Test
Rendezvous Bench for Visual Navigation for N/A N/A Servicing Bench for Robotic Operations for N/A
rendezvous capture / servicing
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KEY TECHNOLOGIES: TESTS & EXPERIMENTS

/11 “Derisking Activities” = intermediate cross-checks towards the experiments

I Derisking Activity # 1 : I3DS SW porting on SCU (Equipment Layer Software)
I Derisking Activity # 2 : Rendezvous Image Processing porting on SCU

I Derisking Activity # 3 : Rendezvous G-N-C porting on OBC model

I Derisking Activity # 4 : Robotic Image Processing porting on SCU

I Derisking Activity # 5 : Robotic Controller & Skill Engine porting on SCU

I Derisking Activity # 6 : Robotic Autonomy porting on SCU

/11 “Experiments” = end-to-end validation of a functional chain/loop

I Experiment #1 : Autonomous Rendezvous Demonstration
= Platform-Art bench @GMV, Nov. 2022.

I Experiment #2 : Autonomous Robotic Capture & Servicing Demonstration

= CAESAR bench @DLR, Dec. 2022.
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KEY TECHNOLOGIES: RENDEZVOUS EXPERIMENT E RS S+

/Il « Rendezvous Demonstration » : relative motion based on GNC & autonomy

« Rendezvous » Experiment

Rendezvous Avionics

L¥ 08C SCU
Proc. Board ﬂ'ﬁ Proc. Board

Mission & Vehicle
@; Manager (MVI)

Rendezvous
Guidance, Q Image

Q Navigation, Processing
Control

Dynamics,
Kinematics,
Environment
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KEY TECHNOLOGIES: ROBOTIC SERVICING EXPERIMENT

2l b
R s

/Il « Robotic Demonstration » : from arm deployment to capture and client servicing

« Robotic Servicing» Experiment

Servicing Avionics

SCuU
'n' Proc. Board

Layer

13DS ERGO
Q Equipment Q Robotic & Servicing
Manager (RSHM)

Robotic
Q Controller

Robotic
Q Skill Engine

Robotic
Q Navigation

Q Image

| Robotic

RAC-Left

RAC-Right
LAR
L¥

Robotic Arm
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EROSS+ NEXT STEPS

/Il Phase B1 closure by January 2023
I Frozen Servicer design
I Consolidation of Validation Plan (DDVP)

I Consolidation of Planning & Cost towards flight demonstration

/1l Derisking Activities for Key Technologies
I On-going porting of all SW on OBC & SCU units
I Rendezvous GNC & Vision SW

I Robotic Controller/Autonomy SW

/Il End-to-End Experiments
I Validation of rendezvous technologies at GMV in Nov. 2022
I Validation of robotic technologies at DLR in Dec. 2022

/Il ... Horizon Europe project “EROSS IOD”

(In-Orbit Demonstration) for a launch in 2026 ! C——
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