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THIS PRESENTATION WILL LAST APPROXIMATELY:

A SKY FULL OF STARS (COLDPLAY)

+

My WAY (F. SINATRA)

+

AQUARIUS - LET THE SUNSHINE IN (THE 5™H DIMENSION)

+

IF (FROM RUYARD KIPLING PLAYED BY SIR MICHEL CAINE)
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EXPLORATION: WHERE IS THE DIFFERENCE?
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Exploration: Where is the difference?

What makes exploration missions different than other space missions 7
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Exploration: Where is the difference?

FIRST

Experiments (instruments) and devices:
number and type

ChemCam MSL Science Payload

(CheMin, SAM
inside the rover)

Mastcam

INNOVATI
SCIENCE+

Drill / Sieves
Scoop

Courtesy NASA/JPL-Caltech

£
. . h.d
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Exploration: Where is the difference?

SECOND

Ground connection

Signal travel time (round trip): from 7 to
45 minutes (Jupiter is 60 to 2 hour approx)

« Limited time windows (depending on
whether it is DTE or via orbiter)

 Limited time frames

Credit to: NASA/JPL/Malin Space Science Systems
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Exploration: Where is the difference?

THIRD

Environment:

dust, pressure)

Sun availability (power avai
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Exploration: Where is the difference?

CONNECTION

DEVICES
(COMMUNICATION)

EXPLORATION MISSIONS:
THE DIFFERENCE

ENVIRONMENT

(HARSH CONDIT.)
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FDIR - A GLIMPSE ON THE CURRENT STATUS

MY WAY

(Frank Sinatra)

WHICH IS OUR WAY?
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FDIR - A glimpse on the current status [ =

I— FDIR - state of the art and evolutions

TAS-F point of view

Model-based fe e
a p p ro a C h eS to F D I R ADCSS Conference, ESTEC R =7 %

Alessandro Cimatti FDIR Experience at Airbus A TOE— ‘2;‘.,_,0,,_:,—3,,_. ~
Fondazione Bruno Kessler Gunther Lautenschlager | ]
cimatti@fbk.eu 21 October 2013 A e woseocm
SV 55 Cverr Acson
{Evertscion 't )
eFault trees pSp——

Find the sets of sensors that
guarantee diagnosability

FMEA tables

eReliability measures

Adopt standard solutions for a FDIR reference architecture

FDIR is spread over spacecra
SUbsystemS & eqUipmentS > FAME (Failure and Anomaly Management Engineering )

- Definition of the FDIR development methodology and associated V&Y process
- Development of the Failure and Anomaly Management Engineering (FAME) Er‘.\}
toolset.

key factors to measure the FDIR complexity and > FDI AOCS
- Improvement of AOCS, FDIR & Avionics for compliance with LEO de-orbi
related cost

» COMPASS

R - develop o foolset for evaluation of system-evel corectness, safety, dependabili
I. the on-board computer-based systems. ' FD' R

HW and SW specific FDIR requirements

Need to harmonize FDIR concept

ANCSS 9015 — FIUD Sesgion - 21110015 . .
E— 3 3 4 1 1 - Development of the Avtormmated Model Generation Teclset for FDIR (AUTOGEF) e
Var]ance l n the used Eq ull pment S for (XX tall lored i and definition of the associated methodology. (Synthesize FDIR diagnosis and o
system)

ost FDIR solution Low TRL (A :
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. Adopt standard solutions for a FDIR reference architecture
FDIR is spread over spacecra

SUbsystemS & eq UipmentS > FAME (Failure and Anomaly Management Engineering )
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AW and SWspecific F AND ALL OF THIS TRANSLATES INTO...
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FDIR - A glimpse on the current status

i. Hierarchical approach

FDIR LEVEL Failure scope and effects

Failure on critical equipment or multiple failures or non localised failure
4 Satellite goes to SAFE Mode
Platform: Failure at equipment or subsystem level

3 Full mission objective cannot be ensured => potential reconfiguration
Subsystem:Failure at equipment or subsystem

2 No need to transion the current satellite mode or configuration
Unit Level

1 Internal failure recovered at the same unit

£y
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FDIR - A glimpse on the current status

i. Hierarchical approach

ii. Configurable in some cases (by using PUS services)

iii. Several studies and projects on several areas of FDIR implen
iv. Tools: FAME, COMPASS...

v. Approach: AFDIR, SMART-FDIR,... (casuistic and bayesian

vi. More focused on avionics rather than payload (although mee

vii. Focused on post-mortem analysis

viii. There is certainly a knowledge on there, at some layer, but.

'*mp-l

PUS services to support FDIR
TAS: State of the Art and evolution, ADCSS 2015

£finn
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s




ADCSS 2016 - FDIR FOR EXPLORATION MISSIONS

FDIR - A glimpse on the current status

i. Hierarchical approach

ii. Configurable in some cases (by using PUS services)

iii. Several studies and projects on several areas of FDIR implementation:
iv. Tools: FAME, COMPASS...
v. Approach: AFDIR, SMART-FDIR... (casuistic and Bayesian approaches)

vi. Some model based techniques for FDIR strategies are being initiated

vii. More focused on avionics rather than payload (although means are implemented)
viii. Focused on post-mortem analysis

ix. There is certainly a knowledge on there, at some layer, but...

©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016
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FDIR - A glimpse on the current status

i. Hierarchical approach
ii. Configurable in some cases (by using PUS services)

iii. Several studies and projects on several areas of FDIR implementation:
iv. Tools: FAME, COMPASS...

v. Approach: AFDIR, SMART-FDIR,... (casuistic and bayesian approaches)

vi. More focused on avionics rather than payload (although means are
implemented)

vii. Focused on post-mortem analysis

viii. There is certainly a knowledge on there, at some layer, but...
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. . '*\'y
FoEE naenieriay Sitemas, 5.8 TEC 20r0re 16 ! E'm



ADCSS 2016 - FDIR FOR EXPLORATION MISSIONS

FDIR - A glimpse on the current status

i. Hierarchical approach
ii. Configurable in some cases (by using PUS services)

iii. Several studies and projects on several areas of FDIR implementation:
iv. Tools: FAME, COMPASS...

v. Approach: AFDIR, SMART-FDIR,... (casuistic and bayesian approaches)
vi. More focused on avionics rather than payload (although means are implemented)

vii. Focused on post-mortem analysis

viii. There is certainly a knowledge on there, at some layer, but...

i\
L . ,\w
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FDIR - A glimpse on the current status

i. Hierarchical approach
ii. Configurable in some cases (by using PUS services)

iii. Several studies and projects on several areas of FDIR implementation:
iv. Tools: FAME, COMPASS...

v. Approach: AFDIR, SMART-FDIR,... (casuistic and bayesian approaches)

vi. More focused on avionics rather than payload (although means are implemented)

vii. Focused on post-mortem analysis

viii.There is certainly a knowledge on there, at some layer, but...

Extent of Fault Management in Space

System - reflected in ECSS

1.ECSS-Q-ST-30C Dependability
2.ECSS-Q-ST-40C Safety

3.ECSS-E-ST-70-11C Space Segment Operability

©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016 ] ] 1 § m
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FDIR - A glimpse on the current status

i. Hierarchical approach
ii. Configurable in some cases (by using PUS services)

iii. Several studies and projects on several areas of FDIR implementation:
iv. Tools: FAME, COMPASS...

v. Approach: AFDIR, SMART-FDIR,... (casuistic and bayesian approaches)

vi. More focused on avionics rather than payload (although means are implemented)

vii. Focused on post-mortem analysis

viii.There is certainly a knowledge on there, at some layer, but...

Extent of Fault Management in Space

System - reflected in ECSS

IF JUST WE WOULD KNOW WHAT WE KNOW...

2.ECSS-Q-ST-40C Safety
3.ECSS-E-ST-70-11C Space Segment Operability

©SENER Ingenierfa y Sistemas, S.A. - ESTEC 20F420FBIR engineering supported by BGSS, ADCSS 2011 %Eﬁ
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FDIR - A glimpse on the current status

i. Hierarchical approach
ii. Configurable in some cases (by using PUS services)

iii. Several studies and projects on several areas of FDIR implementation:
iv. Tools: FAME, COMPASS...

v. Approach: AFDIR, SMART-FDIR,... (casuistic and bayesian approaches)

vi. More focused on avionics rather than payload (although means are
implemented)

vii. Focused on post-mortem analysis

viii. There is certainly a knowledge on there, at some layer, but...

BUT WHEN DOING A RETROSPECTIVE THIS IS NOT ALL...

IFy
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FDIR - A glimpse on the current status

We may lack of harmonization, nevertheless

=> We use similar approaches (hierarchy, PUS...) for different missions

We dedicate devoted specification chapters to cover FDIR function (ref. MetOp SG
Specs), and we do this much better than we use to

We request specific inputs for FDIR function when contracting an item

IFy
©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016 21 zg m
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FDIR - Hints for the future

~ The 5Ty 5&%%% )
RAUARIES - 2T ThE SUNSHINE N

An inspiring song talking about
an inspiring future.

This future, the Age of Aquarius,
to occur after Jupiter is aligned
with Mars.

©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016 22
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FDIR - Hints for the future - SPREADING THE KNOWLEDGE

Are we sure that FDIR is understood at all levels of applicability
(specially relevant for exploration missions)?

©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016 23
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FDIR - Hints for the future - SPREADING THE KNOWLEDGE

Are we sure that FDIR is understood at all levels of applicability
(specially relevant for exploration missions)?

Different actors (units and instrument suppliers) involved => different background

Some of the on boarded devices come from institutes/universities/industries not
so used to space technologies or to FDIR terms (DH terminology)

©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016 24
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FDIR - Hints for the future - SPREADING THE KNOWLEDGE

Are we sure that FDIR is understood at all levels of applicability
(specially relevant for exploration missions)?

Different actors (units and instrument suppliers) involved => different background

FDIR knowledge is spread between ECSS, papers and keynotes

PUS Services are not intuitive

— Dedicated chapter on specs

— Drawings instead of text
— Devoted sessions and topics on Progress Meeting Agendas

= Definition of FDIR lifecycle

©SENER Ingeni

Shouldn t we talk about Health Management System (HMS) HE
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FDIR - Hints for the future - DATA

yiglorgiuigiuiulu

b About the data manufactured on-board... Do we squeeze it?
0101 0 prmmN 01 01

J ;JI 0 .
HOlQ
| 01 0l
010 .
210101 0| oW
HOIOIQIOI01CI 010l

I ALALAINIAIALALALA

IFy
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FDIR - Hints for the future - DATA

(SARCIRCIRCIRVIREIRIERVINS

b About the data manufactured on-board... Do we squeeze it?
0101 0 P01 01

31010

eI}

| Of Ol

N010
21010l €
HOI0IQI010

IAtALAIAIAILALALALA

7::,.2:,.;.;0,. = Telecommands: ~ 20 to 30

A AU N s U”A

Wiy - 8 = Telemetry Parameters ~150 to 300

—— .
SRRt =

R S gt

'\":'5%\ ~

Rt e <

Credit to: http://www.formulaf1.es/

£
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FDIR - Hints for the future - DATA

Tl Olyiuiuiygi vl
81 QLIS aa) B i About the data manufactured on-board... Do we squeeze it?
01010l ¢
N0l0
il Ol O}
| Q1 Ol
J010
20010l <
MHOlolalIal0

IAtALAIAIAILALALALA

Credit to: http://www.formulaf1.es/

Including HK & monitoring sensors on board, whatever sensors, is very expensive

= Why looking into them only in a post-mortem situation?

= Why not taking benefit from this high amount of data?

£
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FDIR - Hints for the future

(SARCIRCIRCIRVIREIRIERVINS
b About the data manufactured on-board... Do we squeeze it?
0101 0 P01 01
A010
eI}

| Q1 Ol
J010
21010l €

11010101010
ENVIRONMENT Actual item performance may

(HARSH CONDIT.) differ from expected

Including HK & monitoring sensors on board, whatever sensors, is very expensive
= Why looking into them only in a post-mortem situation?
= Why not taking benefit from this high amount of data?

Diagnostic Log at high speed (ms frame) retrieved 1 minute (?) every X days

Data analysis from supplier

£
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FDIR - Hints for the future - DATA

yiglorgiuigiuiulu

)1 0101 01 01 01 0l Oi O1 ¢ About the data manufactured on-board... Do we squeeze it?

ENVIRONMENT Actual item performance may
(HARSH CONDIT.) differ from expected

Diagnostic Log retrieved 1 minute (?) every X days CONNECTION
SENSIBLE USE OF DATA BANDWITH (COMMUNICATION)
=> NOT THE ENTIRE DL CONTAINS USEFUL INFO
OSENER Ingener => COMPRESSION
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FDIR - Hints for the future - DATA

What is beyond the use of PUS services used to build the FDIR function?

Device X

MONITORING
TABLES

Device X “telemetred” items

Y

Parameter
Acquisition

Y
Monitoring at
programmed rate

ifect monitoripg

Upper Level (Avionics)

Device X “telemetred” items
@ Avionics

hard-wired

Y

Manitoring failed?

Yes

A J

Event Packet Generation
if programmed

EVENT
TABLES

Recovery Action if

Dirg
i

\J Y
Parameter
Acquisition

kot monitoring Y
ard-wirad)

o Monitoring at

programmed

Event Packet Generation
if programmed

A

Device X operation
execution

programmed rate

Y
Monitoring failed?

] Yes

©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016
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MOMITORING

TABI

LES

Event to
Ground

if programmed

Recovery Action if

programmed
EVENT
TABLES
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FDIR - Hints for the future - DATA
What is beyond the use of PUS services used to build the FDIR function?

Device X
—— - Flexibility via configuration LUTs
Device X “telemetred” items
Scheduled Diagnhostic Log possibility
A J
Esq"i?;z::; Upper Level (Avionics) +
Y Device X “telemetred” items
f mm-roﬁmi Manitoring at @ Avionics
TABLES programmed rate oo
v ENVIRONMENT
Manitoring failed? v v
v Ea’af”_e_‘e" |' MONITORING ,‘ (HARSH CONDIT.)
as cquisition TABLES
L J

Event Packet Generation
if programmed Dirgct monitoring Y

EVENT Recovery Action if fpard-wired) o Monitoring at
TABLES programmed | programmed rate
Event Packet Generation

if programmed
prog v

A
Monitoring failed?

Device X operation

execution y Yes Event to Additional knOWIGdge

Event Packet Generation Ground

if programmed . .
Recovery Action Ad-hoc FDIR configuration

programmed
EVENT
TABLES
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FDIR - Hints for the future - DATA

A further step on squeezing the data: modelization

Modelization for FDIR development has achieved large great progress (COMPASS, FAME)

Question: would it be possible to provide on-board obtained data to test these models?

ACTUATOR PROCESS Disturbances SENSORS
FAULTS FAULTS l FAULTS

SYSTEM
(ROVER, S/C)

SENSORS

ACTUATORS

Residual generation <
and processing

U

o o . Y
©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016 DeC] sion L0g1 C “g m
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FDIR - Hints for the future - DATA

PUS SERVICES => BEST USE POSSBILE

PUS SERVICE 3 => DL => LET’S USE IT TO INCREASE OUR KNOWLEDGE:
— PRE-MORTEM ANALYSIS

— END OF MISSION ANALYSIS (SUPPLIER ANALYSIS)
— FDIR MODELS VALIDATION

fi\
. . '}\!y
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FDIR - Hints for the future - FDIR Concept

Is there a single FDIR strategy valid for all exploration missions?

Combined approach to be explored:

» Model based for the subsystems where dynamics plays an important
role (AOCS, GNC).

» Classical approach for those subsystems/elements where steady
state models would be useful (power...)

©SENER Ingenieria y Sistemas, S.A. - ESTEC 20/10/2016 35 “@
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FDIR - Hints for the future - Way forward

From the previous slides some potential ideas to be explored (TRPs?) can be
envisaged:

i. Developing of Model based FDIR systems oriented to GNC/AOCS => potential
models library to allow re-use?

ii. Developing methodology for model-based FDIR system => building blocks?
iii. Data retrieval for post-mission analysis (large scale and ms scale)

iv. FMEA and HSIA as main inputs for building the FDIR solution TO INCLUDE TIME
FRAME INFORMATION

v. Cost-benefit analysis

£
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Thanks for the attention
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