Thales Alenia Space avionics solution for Vision-Based
Navigation in Space Robotfics Mission : “EROSS” scenario
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EROSS Context E R O SS

European Robotu_ Orbital Support Services

d 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
8 Copyright: Thales Alenia Space
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« EROSS in a nutshell »

EROSS

European Robouc Orbital Support Services

EROSS Robotic
Servicer Vehicle

Force/Torque

Capture
Gripper

13Ds U EROSS Main Achievements

Sensors

INFUSE

Processing 1. TRL raising of the key robotic building
blocks (BB)
ERGO
Autonomy 2. Building Blocks Integration in a System
., Demonstrator

3. Coordinated Robotic GNC
architecture of Platform/Arm

Coordinated
GNC

ASSIST
active

SIROM 4.  Autonomy raised to E3 level for safety

Interface

ASSIST
passive

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

Thermal
Mockup

Markers g

Client Vehicle
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EROSS Vision-Based Navigation

d “Vision-based Navigation” = Image Processing + Navigation Filter
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EROSS Vision-Based Navigation E R ,O S S
d “Vision-based Navigation” = Image Processing + Navigation Filter .
SpiGam
= Development Phase
o STEP A.1: Set up Image Generation tool ~ N\

=> SPICAM by Thales Alenia Space 20m

=> Visible & Thermal images
S
=
]

= Validation Phase
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EROSS Vision-Based Navigation

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

European RoboLic’Orbitai Support Services

= Development Phase ‘*.
o STEP A.1: Set up Image Generation tool —. e
=> SPICAM by Thales Alenia Space e
=> Visible & Thermal images
o STEP A.2 : Processing design & tuning *ﬂ.
=> INFUSE solution by Space Applications Services tecenp ™ T
=> ARAMIS solution by SODERN ~—___ B
\ ARAMIS-eXGS
= Validation Phase et B Bt B
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EROSS Vision-Based Navigation

EROSS

Orbital Support Services

European Robouc

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

= Development Phase

Cameras parameters —_—
o STEP A.1: Set up Image Generation tool (mouting positon, lens, distorsion, .
=> SPICAM by Thales Aler“O Space Target 3D model —_—

(shape, textures, ...)

=> Visible & Thermal images Grappefiure 3 mode
o STEP A.2 : Processing design & tuning

=> INFUSE solution by Space Applications Services | Curent tareet

=> ARAMIS solution by SODERN
o STEP A.3 : Delay & Noise model equivalence in open loop

OFFLINE

° ° position/attitude
= Validation Phase

Y VY
L A Pose
position/attitude . Image Camera | Image Estimation
» »
"1 Generation Image Processing @1Hz
Camera/IP - High-Fidelity Model
Current target
s Pose. - Pose
. Camera + Image Processing |_Estimation Navigation | Propagation
" Delay & Noise-Bias Model @1Hz Filter @10Hz

ONLINE
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EROSS Vision-Based Navigation E R O S S

European Robouc Orbital Support Services

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

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

l

Complete Dynamic
Optical Sensors State Estimation
=> Visible & Thermal images T
o STEP A.2: Processing design & tuning l Navigation Filter
=> INFUSE solufion by Space Applications Services Image Processing/ * State Prediction Model of Servicer and
=> ARAMIS solution by SODERN Computer Vision Client
o STEP A.3: Delay & Noise model equivalence in open loop [ algorithms ] * Delay management
o STEP A.4 : Navigation Filter and Controller design & tuning \High level fusion
Low frequency relative delayed measurements T
= Validation Phase -
STR/IMU / GNSS
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EROSS Vision-Based Navigation

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

= Development Phase

o STEP A.1:

o STEP A.2 : Processing design & tuning

=> INFUSE solufion by Space Applications Services

o STEP A3:

: Delay & Noise model equivalence in open loop
o STEPA4:

: Navigation Filter and Controller design & tuning

Set up Image Generation tool
=> SPICAM by Thales Alenia Space
=> Visible & Thermal images

=> ARAMIS solution by SODERN

= Validation Phase

o STEP B.1:
o STEP B.2:
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[MIL] Numerical validation in closed-loop
Image Processing comparison with noise model
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EROSS

European Robouc Orbital Support Services

Functional Software
specification demonstrator
LD‘;Z gd e des g & PDR->CDR CDR-> QR '\j,’ Hardware building

specific t

blocks
(WP4) report
. Software
Model design 5 ;
integration
WIS Building block

# 4+ Compiled software
ssns
D3.2 specification

eee
Model Closed Ioop @‘_ Functional validation
prototyping simulations (WP4) report
4\ " suilding blocks «’ﬁ FES simulator

@- Unitary testing @; Robustness and
03-5 reports D3.6 performance testing

Wﬂ,—. Demonst tration

@i Functional validation

D3.7 specification
Design l 1
review

Unitary
testing

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

Model-in-the-loop (MIL) | Software-in-the-loop (SIL) | Processor-in-the-loop (PIL) | Hardware-in-the-loop (HIL)
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EROSS Vision-Based Navigation

EROSS

Orbital Support Services

European Robouc

d “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

o STEP B.2: [SIL] Image Processing comparison with noise model
o STEP B.3: [PIL] Image Processing code deployment on RCU
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EROSS Vision-Based Navigation
som o] |ame
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EROSS Vision-Based Navigation E R O SS

European Robouc Orbital Support Services

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

Pose Estimation

= 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 " Time Delay

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

Pose Reference

i L g e
J [ Performance

= 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

Model-in-the-loop (MIL) | Software-in-the-loop (SIL) | Processor-in-the-loop (PIL) | Hardware-in-the-loop (HIL)
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EROSS Vision-Based Navigation E R O S S

European Robouc Orbital Support Services

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

= Development Phase 4 N 0G7 EROSS
o STEP A.1: Set up Image Generation tool E R S S -
=> SPlC M by Th0|es Alenlc Space European Roboti Orbital Support Services 0G1-ESROCOS
=> Visible & Thermal images ) . . 0G2-ERGO
o STEP A.2: Processing design & tuning Hardware " e
=> INFUSE solution by Space Applications Services — +
=> ARAMIS solution by SODERN 0641303
o STEP A.3 : Delay & Noise model equivalence in open loop === 065-$IROM
o STEP A.4 : Navigation Filter and Controller design & tuning sewsive | 4 sern ] commanos 0G6-FACILITATORS
. . (data processing) [ {GNCl}?uBtgnomy} |
= Validation Phase ~’ o C LA
o STEP B.1: [MIL] Numerical validation in closed-loop == ® Jef O
. . . . . O Juesus) | [2°[ERGO \_J\
o STEP B.2: [SIL] Image Processing comparison with noise model o) =
H )
o STEP B.3: [PIL] Image Processing code deployment on RCU \\ iy L J )
o STEP B.4a : [HIL] OL Validation with Processing & Cameras
o STEP B.4b : [HIL] CL Validation with Guidance-Navigation-Control loop

OG = “Operational Grant” = Consortiums of past H2020 projects
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EROSS Building Blocks Integration

(J Main Outcomes

» Integration of previous

EROSS

European Robouc Orbital Support Services

H2020 SW/HW

Building Blocks in the frame of On-Orbit

Servicing scenario.
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MIL SIL PIL HIL
b ﬁ ’\Cl
[2] A &
GNC Matlab model Compiled C Code | Compiled C Code | Compiled C Code
Algorithms in PC in OBC in OBC
*2 MVM/ERGO | Emulated TASTE compiled | TASTE compiled | TASTE compiled
o in PC in OBC in OBC
S | Image Emulated Emulated INFUSE running | INFUSE running
£ | processing in RCU (13DS) in RCU (I3DS)
o — — —
O | Sensors Emulated . Emulated o . 2 | Emulated _ .. 2 | SWAC/SNAC
c SpiCam SpiCam SpiCam camera
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)
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EROSS Vision-based Datasets ER O S S

Europea 1Robot Orbital Support S

(J Main Outcomes

= Recording of numerous datasets to Visible

characterize visual navigation solutions in
visible & thermal specirum

Thermal
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EROSS Vision-based Datasets

(J Main Outcomes

= Recording of numerous datasets to
characterize visual navigation solutions in
visible & thermal specirum
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« Structured Light »
3D Dataset
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EROSS Closed-Loop Results E R O SS

European Robouc Orbital Support Services

(J Main Outcomes

& R

E R S S OG7 EROSS
.European Roboti Orbital Support Services OGI'ES_ROCOS
[ Hardware h [ ~DKE A OGz'fRGO
M o (simulator) OGI-INFUSE
melis e — -
) SIROM +
0G5-SIROM
= Demonstration of the rendezvous e K ] o 0G6-FACILITATORS
approach in autonomous closed-loop B (oo |
with a visual navigation chain - & ... = - Ug%m
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EROSS Closed-Loop Results

1 Main Outcomes

= Demonstration of the autonomy to handle

nominal and contingency scenarios in
case of failure
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NOMINAL SCENARIO : 36m ->2m

2020.04.04 02:41:13

CONTINGENCY SCENARIO : 36m ->20m

2020.04.12 02:42:32
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EROSS Experimental Results
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EROSS Lessons Learnt & Way Forward

EROSS

European Robouc Orbital Support Services

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

« EROSS in a nutshell »

EROSS Robotic
Servicer Vehicle

Client Vehicle
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major advances

robotics
rendezvous
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PHASE A/B'I LED BY THALES ALENIA SPACE

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt

German Aerospace Center INNOVATING SOLUTH



THANK YOU FOR YOUR ATTENTION !

D,
ThalesAlenia

« Thees  Loonardo company Space

EEEEE (@ SINTEF J@7sederm  spaceappligitions




