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Study Objectives and Team
Study Title

» Generic AOCS/GNC Techniques & Design Framework for FDIR (GAFE)

Objective

= Develop engineering approach &
prototype tools to support
AOCS/GNC FDIR design and V&V
in early project phases

Study Motivation

= “FDIR engineering for Space Systems is
lacking a systematic approach and
engineering transparency”

» “FDIR systems design often experiences
significant growth in complexity and cost late in
the development cycle, causing launch delays
or delayed completion of the FDIR capabilities
after launch.
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Qutcome

GAFE Framework

» GAFE Methodology
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GAFE Methodology
High Level Flow — GAFE Tool Support
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Analysis of Fault Management Requirements
Extension of Nominal Equipment Set

FDIR Definition & Implementation

Simulator Customization & Parameterization
Definition & Simulation of Test Cases
Evaluation of FDIR Performance

Generation of FDIR Documentation
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GAFE Structural Analysis

Overview

MTQ

What is a “Structural Analysis”?
= Mathematical method focused on structural relations ) N R o
uMtg#MagMomCmd_U  rMig#Act r agplomairg_ rSumOfTrq B
between known and unknown “states” of a system O (M, O ,H
1

xMtg#MagMom_U xMtg#Trg_U

xMagField_B

rMtg#MagMomMeas

What is a “Structural Model”?
= Abstract model of physical or mathematical relationships .

Mtg#Act Mta#Meas yMtg#MagMom_U

rRmuftMeas rSumOfTrg_B rSumOfAngAcc_B rAngAcc2AngRate_B rAngRate2Att_JB /\ /StriiMeas

xAngRate_B yRmu#AngRate_B A xAngRate_B xAlt_JB

yStr#Att_JB
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GAFE Structural Analysis
Usage and Outputs

What is the “Structural Analysis” used for?
To identify if faults in predefined system elements can be detected and/or isolated

List of Analytic Redundancy i :
Relati (ARR. G ic) Maximum unit numbers Unit / relation cost
\
Y ,"I [
A s
A s
h | »
Extend Equipment Set to get more residuals
Trade-off required

Extended Equipment Add unit

Pick best extansion by cost

Setfor FR (automatic)

o

Y

Activate unit
(automatic)

Start with
Initial Eq. Set

£
-

for all possible sets

Add model-based relation
(automatic) for all

possible sets

What are the outputs?

AOCS/GNC equipment set to be integrated (redundant, FD/FDI)
Active AOCS/GNC equipment per mode

Required analytic redundancy models for FDIR purposes
Residuals to be computed onboard

Fault signatures required for identification of faults

(automatic or user choice)
Calculate Cost
(automatic) Extended Equipment
Set for FDR
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GAFE Structural Analysis

Structural Model Library (5 actuators,

18 June 2018

14 analytical modes, 11 sensors)
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GAFE Simulator

Top-Level Architecture

Environment

useContextinfo

UnitsStatusEx;

UnitsOnOffCmd

Equipment

UnitsD:

UnitsHk

AocsAlgoHk

SystemHk

FdirHk

Faultinjection

Command
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GAFE Simulator
Equipment Module

Environment UnitsDyn

e
Environment

UnitsD:

UnitsOnOffCmd

UnitsHk

useContextinfo

» Unit: 1sExpected

» AocsCmds

» aocsMode

UnitsHk

AocsAlgoHk

UnitsCmds

AocsAlgo

Equipment

1]

SystemHk
FdirHk
useContextinfo
AocsAlgoHk
OpsHk
UnitsHk
FdirOps

Faults

Faultinjection

Command
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GAFE Simulator
Generic Equipment Model (GEM)

= Serves as “host” for specific equipment models (SEM)

Full
Performance

e Behavioural model
- Generic states with generic functionality

e Fault handling
- Injection
- Ejection
- Persistency

- Performance impact
(noise increase, drift, bias, stale data, random walk, ...)

Switch off | |nitialization

Off Suspended R

Operational

Powered

* Instantiation of Units
- Number of units via parameter
- User specifies just the differences
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GAFE Simulator
Specific Equipment Models - Library

18 June 2018

= Sensors

Magnetometer

Earth Sensor

Sun Sensor

Startracker

GNSR

Lidar

Camera

Clock

Rate Measurement Unit
Accelerometer

12

= Actuators
* Magnetorquer
» Reaction Wheel

» Reaction Control System (Thrusters)

= Non-AOCS/GNC Actuators
» Solar Array Drive Mechanism
* Antenna Pointing Mechanism
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GAFE Simulator
AOCS/GNC Algorithms Module

UnitsDyn

m
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useContextinfo
AocsAlgoHk
OpsHk
UnitsHk
FdirOps

Faultinjection

Command

18 June 2018

13

A

Stos

Solutions

FdirHk

OpsHk

Faults

Tcs

SystemHk

useContextinfo

UnitsStatusExpected

AocsCmd

UnitsOnOffCmd

IFR AIRBUS

System

This document and its content is the property of Airbus Defence and Space.

It shall not be communicated to any third party without the owner’s written consent | [Airbus Defence and Space Company name]. All rights reserved.



Generic AOCS/GNC Techniques & Design Framework for FDIR (GAFE) - Space Engineering and Technology Final Presentation Days

GAFE Simulator
AOCS/GNC Algorithms - Concepts

Modularity on AOCS/GNC Algorithmic ,Component“level = Systematic collection of all States

* e.g. rmuMeasProc, oop, nomAcqCitrl, rcsCmd » all States accessible
« States reset overall, of single Components or even
= Parametric configurability selectable individually (SGM)
= |dentical interface of all ,Components* = Sampling
« Data => intra Component * sample time and offset
e Status => for FDIR / OPS » reset/hold Output and States
« States

e Parameters

Status Flag concept

« ,isValid“ Status Flag from one ,Component*
to the next

» Tristate logic: NOTEVAL, OK, NOK

« ,Common* and ,Individual“ flags

Astos IFR - AIRBUS
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GAFE Simulator
AOCS/GNC Algorithms — Components Library

= Sensor Processing

Magnetometer

Earth Sensor

Sun Sensor

Startracker

GNSR

Lidar

Camera

Clock

Rate Measurement Unit
Reaction Wheel

18 June 2018

= Determination functions

Satellite attitude and rate

= Actuator Commanding
« Magnetorquer

Earth direction * Reaction Wheel

Sun direction * Reaction Control System
Magnetic field and rate, (Thrusters)

Orbit (OOP),

Earth ephemeris,

Reaction Wheel friction estimation
Relative position and orbital
elements (to target)

= Controller

Rate Damping

 Attitude Acquisition and Safe Mode

Nominal Mode, ...

Astos
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GAFE Simulator

FDIR/OPS Module

Faults

Faultinjection

Command

18 June 2018

Environment

Environment UnitsDyn

useContextinfo

» Unit: 1sExpected

» AocsCmds

» aocsMode
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|
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FdirHk
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Environment UnitsDyn
UnitsOnOffCmd
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Faults
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GAFE Simulator
FDIR/OPS Module — PUS Services

O e+ montoresrarams I : »lponchecksz Mo
————+{MonEvants 4,['7 )
Pus12 Pus142 Puss recovenOmiE
Z » pMonvalianyParams oVt Param: mMonse =
@D ==}

PUS 12 PUS 142 PUS 19 for FDIR purposes

Parameter Monitoring Functional Monitoring Event/Action /
MONITORED B l PN
PARAMETERS A —— = 4 CHECK STATES

= L . @@
ol —p Recovery Logic
““““““““ _"D_’ F1 RECOVERY
—_— EVENT 1 -» ACTION 3 COMPIANLS
PARAMETER FUNCTIONAL ::D_p F2
MONITOR VALIDITY =Y MONITOR VALIDITY EVENT 2 = ACTION 6

EVENT 3 <» ACTION 1

New:
for OPS purposes

D Event Reporting Q? mOde management

Telemetry

|
EVENT ID

EVENT ID
EVENTS

FILE
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GAFE Simulator
System Module

Faultinjection
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GAFE Simulator

System — System Configuration Manager

Task

= Models operational state of OBC

S.

®—O0——0

Unpowered Initialization

= Handles OBC (re)boots

= M

aintains and distributes

System Configuration

18 June 2018

Processor module
Avionic chain

Initial AOCS mode to use
Equipment power-cycling
Use of context information
from non-volatile memory
(SGM, RAM)
Enable/disable FDIR

Next system configuration

Operational

6|

Processor
Module

A
A
B
B
A
B

Avionic
Chain
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Initial AOCS | Units Power

ASM
ASM
SAME
ASM
ASM
ASM

Cycling

No
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Yes
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GAFE Simulator

System — Equipment Manager

Tasks:
= Equipment Configuration using ECT
* Mode setup
* Mode transition
* Reconfiguration
= Unit Health Status
» Keeps record and handles
“unitFailed” notification

18 June 2018

AOCS Mode 3

AOCS Mode 2

Config Unit1

Avionic Chain A

AOCS Mode 1

Avionic Chain B

Unit2 Unit3 Unit4 Config Unit1 Unit2 Unit3 Unit4 1

Equipment 2

™
b
=
]
£
=
=
o
W

Equipment 2

Config Uni

w _\AAE
Y

Equipment 3
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GAFE Simulator - Examples

Scenario & Demonstration Cases

Scenario:

= EarthCARE (from the re-engineered study case):
« Wakeup in Acquisition & Safe Mode, transition to Nominal Mode

Demonstration Cases:
 Nominal Part; No faults

e Fault Case 1:
- Fault: Star Tracker Unit 2 — Drift
- Injection time: 4700s & 5450s

» Fault Case 2:
- Fault: Reaction Control System — Thruster Stuck Open
- Injection times: between 7000s and 9000s (Monte-Carlo)

Astos
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GAFE Simulator - Examples

Nominal Part — No Faults

OCM _ACQ
NOM_ACQ
ASM_SS
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Overview of Current and Desired AOCS Mode (aocsMode)
I

I

aocsModeCurrent
aocsModeDesired
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GAFE Simulator - Examples

Nominal Part — No Faults

is of AOCS Equi

Current On/Off C
T T
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GAFE Simulator - Examples
Fault Case 1: Star Tracker Unit 2 — Drift

INJECT - '

c EJECT -

Fault Presence (presence)
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GAFE Simulator - Examples

Fault Case 2: RCS - Thruster Stuck Open
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Summary & Status

» GAFE Framework = Qutlook
» Ready-to-use for european space industry * Include electrical & communication layers
« TRL level 3 RIU, PCDU, MilBus and cross-strappings
* Requires MATLAB Release 2016b + Simulink » Extend the ,libraries* with more analytical
models
= Website and Download at: https://qafe.estec.esa.int » Add high-level automatic configuration
capabilities
= Contact Points » Upgrade to PUS-C
 Airbus Defence & Space:  Increase automatisation level for post-
Domenico Reggio, Domenico.Reggio@airbus.com processing
o ESA: * Include event-based fault injection

Alvaro Martinez Barrio, Alvaro.Martinez.Barrio@esa.int . ...

Astos IFR - AIRBUS
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