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Motivation

PLATO Spacecraft © ESA



Motivation

PLAnetaryv Transits and Oscillation of stars (PLATO

* characterization of exoplanets

- radius
1 2
................. @ - - mass
Planet - age
Brightness
A 1
* multi-camera approach
- 24 normal cameras
> - 2 fast cameras
Time
© Hans Deeg

PLATO Fast Camera
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Real-Time Hardware-in-the-Loop Test Configuration for the Fine Guidance System of PLATO

PLATO DATA PROCESSING AND THE FINE
GUIDANCE SYSTEM
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Data Processing System (DPS)
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Data Processing System (DPS)
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Fine Guidance System (FGS)

/ Centroid \\ /Attltud

ccD Read Calculate Calculate W .| Quaternion
Window Centroid Vector J K Estimator

Initial L Star
Attitude Window
\— 4
Camera Stellar Star
Model Aberration Catalogue

—  Covariance,

Status
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FGS Verification

Problem: impossible to execute all possible test cases

Goal: automatically and systematically select test cases that cause critical behavior

Solution:

Equivalence
Class Definitions

Multidimensional
Coverage Criteria

ER

Ref.1 “Equivalence Class Definition for Automated Testing of Satellite On-Board Image Processing”: https://link.springer.com/chapter/10.1007/978-3-030-52991-8 1
Ref.2 “A Genetic Algorithm for Automated Test Generation for Satellite On-board Image Processing Applications”: https://www.scitepress.org/PublicationsDetail.aspx?ID=4L4FNRbfcX0=&t=1
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Real-Time Hardware-in-the-Loop Test Configuration for the Fine Guidance System of PLATO

HARDWARE-IN-THE-LOOP TEST
CONFIGURATION
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Why Simulators & Hardware-in-the-Loop?

PLATO Spacecraft

 Availability of
missing units
— Cameras
— Spacecraft

* Non-representative
optical stimulation of e
cameras on-ground

Service Module (SVM)

© ESA/ATG Medialab © PLATO Mission Consortium
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Hardware-in-the-loop Environment

1. Real payload units

2. Simulate spacecraft
interface

3. Simulate camera

4. Simulate camera
effects

5. Simulate sky
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Timing

Real system

Cycle: 0.4 Hz

CCD Integration

Frame Transfer

CCD Read-out

FGS Algorithm

Transfer to AOCS

11/02/2021

& + B +
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I ju
D
|| I
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Simulated system

AOCS Time Series

Image Generator Integration

and packetisation

F-FEE Emulator transfer of packets to F-DPU

FGS Algorithm

Transfer to EGSE/SVM

=
T
2.3s 2.3s
. |
Image Generator Computation + F-FEE copying 0.2s %5
2s 2s
/| ]
— ] -
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Synchronization Strategy
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Real-Time Hardware-in-the-Loop Test Configuration for the Fine Guidance System of PLATO

TEST AUTOMATION
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Test Automation Environment
Lab Computer
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Data Archiving
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Real-Time Hardware-in-the-Loop Test Configuration for the Fine Guidance System of PLATO

SUMMARY
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Summary

Challenge
Complex image processing algorithm on-ground verification

Hardware-in-the-Loop Test Configuration with simulators
Test automation for reproducibility

Single source of truth - test scripts

Data archiving for offline analysis at any time
Technologies deployable in other projects



