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The CSG — New Generation : 6 components Cesa ..

- CNes - -

CLIENTS (Satellite clients, launch operators ...)
- © [OREEL




Guiana Space Centre — NG The new OPERATIONAL HEARTBEAT

of the European Spaceport
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European Spaceport New Generation

MODERNIZING
THE EUROPEAN SPACEPORT

FIRST
MAJOR UPHAUL

FIRST sTEP IN THE IIMIPROVEMENT OF THE
EUROPEAN SPACEPORT




Guiana Space
Centre
\lew Generation

Taking into
account existing
launchers

VEGA-C






Guiana Space
Centre
New Generation

Preparing for new
operational
concepts

ALLISTO




Guiana Space
Centre
New Generation

Preparing for new
launch operators

SPACE RIDER




The CDO — The New operations centre

Big drivers
Shared & redundant software

Exploitation & maintenance )
& infrastructure means

cost reduction

Reducing human errors,
saving time Designed for new launchers,

new launch operators, Space rider

Operational flexibility Multiple optimizations

Automation Genericity Renewal &
redundancy

.;.WT.
Versatile means

Operational Virtualization & human resources Scalability Availability &
efficiency resilience

U

Parallelization & New missions Cost reduction !
Flexibility & new services
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The CDO — The New operations centre —

Big drivers
Shared & redundant software

Exploitation & maintenance )
& infrastructure means

) cost reduction
Reducing human errors,

saving time

Automation

Designed for new launchers,
new launch operators, Space rider

Operational flexibility Multiple optimizations

‘ Genericity Renewal &
redundancy

z‘%ﬁ‘i
Versatile means

Virtualization & human resources Scalability Availability &

resilience

Parallelization & New missions Cost reduction !
Flexibility & new services
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The CDO & its external environment Cesa ..

- CNes - -

Telemetry, Location, Remote monitoring, Remote operation, Remote control, Videos CDO buildin g

LAUNCHER CINETELESCOPE

FLIGHT TERMINATION
STATION

™ STATIONSEZ
Real CDO environment
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The CDO — STONES : Simulator Training Operations Numerical Environn@é%ygtem ¢

- CNes - -

Telemetry, Location, Remote monitoring, Remote operation, Remote control, Videos CDO bUIl dln g

To
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The first developments of the CDO BLA

Simulator : STONES - ;$s

v' Train the ground systems operational
teams
” v' Develop & test operational procedures
v Qualify the ground system (factory and
on-site)
v’ Test the ground system flight
Vs configuration for each new launch
v Replay launch sequences post-flight for
s » : ol anomaly analysis
' v' Reduce the human & physical
' ' resources by automating tests &
/3 optimizing the preparation of the tests

18 © cnes



The first developments of the CDOBLA ~~ @esa ..&.

AR

Simulator : STONES « High precision 3D views
* Simulation means for mission analysis, training &

validating new software
* QOperational Excellence = Training !

TD: +00:06:17 LARGAGE COIFFE
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Training operators of complex interactive critical SYst@fRsa ..¢

- CNes - -

/

—_—
Instructors
Skills and Trainers
knowledge Trainers are in charge to Instructors grant
Predefined set of skills  Prepare lessons and certification
and knowledge assess skills and
knowledge
=
—
]
4
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ATPL/I[MPL]TYPE-

Example of training requirements (1/2) e

e SR SN S
1. Main goal / Objective: Operator’s high level tasks N N N i B

2. Practical training settings SE—
1.2 Aaraplana axt. visual | [P#] P

> Tra i n i ng eq u i p m e nt inspact.; location of each item and

purpose af inspeactian

1.3 Cackpit inspactian P

» Instructor to acknowledge tasks completed T

starting anginas, starting
macaduras, radia and navigation
equipmant chack, salaction and

3. Rating - examiner to validate test completion s ol

15

Taxiing in complianca with
ar traffic contral or instructians of
instructar

pff chacks R A e M

1.4 Use of checklist prior to
starting angines, starting
procaduras, radio and navigation
agquipmant chack, salaction and

a affs  with P———» St b

satting of navigation and take-off;
d communication frequencies E:m,;:gm v e
aming airbarna
23 Crags wind take-off (A, if
macticabla) Ianes e
REferences 2.4 Taks-aff at maximum taka-
aoff mase (actual or simulated | ST,
. . . ey . . . maximum taks-off mass)
Joint Aviation Authorities (2006). JAR - FCL 1 - Flight Crew Licensing (Aeroplane).
2.5 Taks-affs  with  simulated
) angina failura P gk




Example of training requirements (2/2)

ATPL[MPLITYPE-
PRACTICAL TRAINING RATING
SKILL TEST/PROF
CHECK
Manoauvras/Proceduras Instructar’'s Chkd in Examinar’
ncluding Multi-Craw Cooparation) nitials .
whan training s intials
oTD FTD FS A cmmplatad A whan
=}
complatad

SECTION1
1 Flight preparation
1.3 Cackpit inspactian P

1.4 Usa of chacklist prior to
gtarting anginas, starting
pacaduras, radic and navigation

aguipmant c¢hack, salaction and
gatting af navigatian and
@mmunication fraquancias

[Joint Aviation Authorities (2006). JAR - FCL 1 - Flight Crew Licensing (Aeroplane). ]
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Where is training
taking place

OTD = Other Training Devices
FTD = Flight Training Device
FS = Flight Simulator

A =Airplane

M = Mandatory



Systematic Approaches to Training

1. Set of development phases

lterative and incremental

N

Precise elicitation of training needs

ANALYSIS

Task inventory

Task selection

Performance measure

Existing courses analysis

Settings selection

Based on objectives and results

EVALUATION

Lok W

Highly rely on task descriptions

4 N

Reiser, R. A. (2001). A history of instructional design and technology: Part Il
A history of instructional design. Educational technology research and
development, 49(2), 57-67.

U.S. Army Field Artillery School (1984). A System Approach to Training
QCourse Student textbook). /

A UNIVERSITE
RIT TOULOUSE I
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Internal evaluation

External evaluation

Revision

]

@esa....c$s..

DESIGN

Objective settings

Tests settings

Entry behaviour assessment

Sequence setting

Structure setting

IMPLEMENTATION

DEVELOPMENT

Training plan implementation

Learning events specification

Training execution

Training management plan
& delivery system specification

\ 4

INSTANCE OF THE
TRAINING
PROGRAM

Material selection

Training development

Training validation

26 ©cnes



Operators’ training - summary

1.

2.

Systematic

Requirements-based (training, devices, operator,
instructor...)

Task-based (goals, tasks)

Competency-based (knowledge and skills
acquired by level)

Rely a lot on computer-based training and
simulators/simulations

Main targets of the training program are

» Qualification (initial training)

» Re-qualification (recurrent training) of the
operators



https://www.ainonline.com/

Limitations and problems

1. Incomplete and/or unrealistic
training

2. Blocking on a given competency
and thus no progress
3. Fidelity affects training transfer

» Computer Based Training
» Simulators

> Di gital twins G1000 Part Task-Trainer, Flight1 Aviation Technologies

fMyers, P. L., Starr, A. W., & Mullins, K. (2018). Flight Simulator Fidelity, Training Transfer, and the Role of Instructors in A

Optimizing Learning. International Journal of Aviation, Aeronautics, and Aerospace, 5(1).

Yngve Dahl, Ole A. Alsos, and Dag Svanas. 2010. Fidelity Considerations for Simulation-Based Usability Assessments of Mobile ICT for

Hospitals. International Journal of Human—Computer Interaction 26, 5 (2010), 445-476. i
i 28 ©cnes




Limitations and problems Qesa ..¢

- CNes - -

Incomplete and unrealistic training
Ebbinghaus’ Forgetting Curve

> F|d e I |ty affects tra | N | ng tra nSfe r (How much of something do we forget each day?)

(Computer-Based Training, Simulators,
Digital twins)

4 very quick loss

75

Unaware training 20 min (58% lefo)

rd

1 hour (44% left) ...already halfway gone!

/ 6 days (25% left) -\

» Forgetting (each operator will .
evolve in a different context)

1 day (33% left)

» Errors during operations (learning
wrong procedure)

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

RQR\_RE!?]II([RDI'ISEH iﬂl'l.f_‘l"lzﬂ

[Ebbinghaus H. 1913. Memory: A contribution to experimental psychology. H. A. Ruger & C. E. Bussenius, Trans. (1913). J
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Limitations and problems Cesa ..t

- CNes - -

Incomplete and unrealistic training

» F,'de“ty_'ssues with CBT and Attribute Manual  Iraining plan 1 Iraining plan 2
simulations
Training cost $29.8 M $27.1M $26.5M
Unaware training Pay protection $2.3M $4.2M $0.2 M
: : New hires $2.2 M $25M $0.5 M
> Forgetting (each operator will Cost without block hours ~ $34.3 M $33.8 M $27.2 M
evolve in a different context) Block-hour shortage 80,000 hrs  27.000hrs 77,000 hrs
» Errors during operations Block-hour-shortage cost ~ $11.2 M $3.8 M $10.8 M
Total cost $45.5 M $37.6 M $38.0 M

Over-expensive training
» Parts of recurrent training are
useless

> Resources are booked whereas not
always needed

Interfaces 34(4): 253-264 (2004)

RIT

{Gang Yu, Julian Pachon, Benjamin G. Thengvall, Darryal Chandler, Al Wilson. Optimizing Pilot Planning and Training for Continental Airlines. }




Framework for operations-based training Qesa ...¢

- CNes - -

Targets recurrent training & initial training
Systematic approach to training

Capitalizes on model-based training

» Task model based training (complements and supports each SAT phases)
» Simulation-based training (complements and supports each SAT phases)

Highlights

» Generic process to integrate

o data from the operations (system logs, audio and video recording)
o Training program data
» Tool support to handle a large amount of data




Engineering Operations-based Training Cesa . &

- CNes - -

e Task model-based training
e Trainer produces scenarios produced
Initial training [ Operators trained with guidance of task models and scenarios

Operations [ Video, audio, logbooks recording

e Automated production of operation records
Specific task e Trainer accepts, mends and adds correspondences
models * Automated production of specific task models

e System logging }

e Trainer analyses of specific task models
e Trainer identifies individual training needs
e Trainer prepares new lessons

#ZN\ UNIVERSIT E
(€)) ouio0se i Bl
NJEZ PauL SasaTier i




High-level process Cesa . .&

-« CNes - -

Training Operations (includes re-training)

Simulator of
system Trainee B et |

Operational system +  Authentified operator

- —— -
e — . 1
i+ i3 -
—— — e e
— || i 5 o
—— = N af
= i LY OHCHIE P08 F DO
- .
= = .

I
I
I
I
I
I
I
1
1
1
1
1
1
1
: \!g e
S ! + Audio/video
| Log of system ! /
Tasks models : record
—* Logoftasks % . , - ,
Lesson 1: (time, errors, e e fan : Log of operations o o
not finished, ...) J — Scenario1(51) | omina
e ! R [ losl
Lesson 2: (time, errors, . ——’ x > Scenario2 (52) | " s log? Faults (human and
not finished, ...) : : system)
Trainer L Scenarion (Sn) |
: L» Llogn
e e e e e e e e e e o e e e e e T P
——  lesson 1(S51+52) . . B
Productions of lessons Proposition of Tuning ‘j * o
—— lesson2(S2453) <—  —— specific for « of Training + o~
) Operator 1 =Trainee 1 (tasks to learn) Operation ok -
L S1+5n-1+...) <«— ey s s _
econn | 2 ) O ¢ T E O O recorrti Tasks model with
TrainingProgram .- frg = il production | saneric thresholds
for Trainee € ——% {;Ijramer sk and on learning and
R o : : analysis forgettin
e \ Trainerin the Loop ¥ EEEHE

Analysis of task coverage and
training needs

i YOULOUSE i ©
|
iy < PAUL SABATIER Rim 33 cnes
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Generic Operation-Based and Task-Based ~~ @gga . .&

- CNes - -

Training Software Architecture

KEY

Processus / Tools

— ; Training Manager Task modelling

Simulator of System Operational System

Logs Analysis ‘




Simuidlor

simulation simulation_logger
R - - = 1

Simulator of the System o smuaton , ,

KEY

simulation_logs

application_model

D Access Connection

> Event Data Port
conﬁguration_param‘ Y Y
» Data Port () (J
( System ) A simulator_configurator
configuration_param
Vi Process /
/" Thread 7/ AsimuIation_configuration fault_injection
e seSS M e 1 R T T T 1
| configuration_param | | fault_param |
[ [ [ [
Data [ [ [ |
[ [ [ [
[ [ [ [
[ [ [ |
l FANEN l _— Q ________ l

set_of lessons




Task Modelling and Scenario Building

task_modelling

task_simulation

task_models

scenarios

Y
v

@esa....c$s..

| J Access Connection

Event Data Port

Data Port

System

Process




- CNes - -

Co-execution Management =~~~ @esa ..&

KEY

Event Data Port

application_model task_model

simulation_logs

Data Port

process_mapping

mapping




Operational System

observable _operational _system operation_logger

operation_logs

o UNIVERSITE
TRIT TOULOUSE Il
c PAUL SABATIER i

Qesa .. L.

. Access Connection

Event Data Port

Data Port

System

Process



Tool Supported Training Management (partly autom%ee A &

- CNes - -

KEY

g e comnecion.
Event Data Port

training_program_building training_tuning

VERSITE
SE I
4 Pau ATIER Y
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ELEFANT

Eesa .. &

Engineering Learning and Education using Formal tasks and systems
Approaches for Next generation of Training Systems

@ Circus

File Edit Mode Run Test View Annotation Navigate Source Refactor

) m =] B) @ <default config>

Projects x | Files | Services

=

Example:: Preliminary Cockpit Preparation
@ Hamsters Files
$ Roles
€ cM1-captain
% Activate BAT
Activate EXT PWT

Preliminary cockpit preparation
Preliminary cockpit preparation_top level
Shutdown APU (FIRE)
3% Shutdown APU
B35 Start APU
€& CM2-First officer
[, Preliminary cockpit preparation
(3% Preliminary cockpit preparation_top level
Subroutines
Components.
Concept Map
. Scenarios
- g Actor
=@ Training Files
K Trainee
& Alex Doe
(=11 Assigned Lessons
# Alex Doe Preliminary 1
Log fles (while at work)
i~ & LFBO to [SGG 01112021
@ LFPG to LSGG 10022022
& LS7H to LFPG 11022022
- & Joe Sun
\ Lessons
® Dependencies
(& Important Files
[CQ Project Files

@ Panda Files

=] Annotations Folder

&
&
e

3

4

-

LEFANTS

ngineering Learning and Education
using Formal tasks and systems Approaches
for Next generation of Training Systems

NetBeans IDE and NetBeans Platform are based on Apache NetBeans from the
Apache Software Foundation and are licensed under Apache License Version
2.0. For more information, please visit netbeans.apache.ora.

Navigator x

Run Debug Team Tools Window Help

Q@ T W D

2382/6144MB_ €3 LC;J@Q_ "'; ’:E—‘_ff 2 | »N.@ %
3% CM1-Captain - Preliminary cockpit preparation x Q]|

HE Corres  History ‘ A‘ >

Tree View

(@) Hamster Model:Preliminary cockpit preparation
#-[™ Preliminary cockpit preparation
4 DATA

. UNIVERSITE
RIT B TOULOUSEI
A iter v ? PAUL SABATIER 422

Preliminary cockpit preparation

T
0,

0 B 0
IR IR v Y
Set cockpit lights Initialize OIS Check ECW/wawk Crosscheck
with CM1
>>
I 1]

e ' \ s 300

° 2 ° 2 ° 2}

Recall Recall oIS Crosscheck >
alert dispaich Check the with the > |

messpges messages deferred item active dispatch Acceptaircraft Refuse aircraft

i T [ list messages
Z Duration :3seconés >> 4> Inf : Listof cleared alerts >>
/ l ' 2 /0
¥ /N n
\ >
& &2 p
g g i S
PressRCL  Recall  Recall Display Press . Getactive  Display Lookat ECAM SeS¥ers _ Faiures  See Bition
ALL push cleared - cancelled - recall DISPATCH. dispatch active of dispatch
button alerts alers  alerts  pushbutton messages - dispatch Inf : List of cancelled alerts

messages

messages 885 et 130
.lnf;us(ofdispmchmesuges b 1Y A I

SW Obj : Listof cancelled alerts

. Evaluate Evaluate | o
- SW Obj : Listof active dispatch messages landing gear Antiice |/ [0 | Not executed since 6 months|
D control failure windshield fault
w faut

PressRCL  RCLALL Press  pispatcH  g» INf ; Status of air conditionning packs
ALLpush  button pressed DISPATCH sh button

>
& : Status of aircraft acceptance
button push buton " receeq N & Inf
7 SW Obj : Listofcleared aleris % o
Check status of % / \

air conditioning = e
packs Check status of ¢ \ x \
stabilization
controls
are
operative Both-air One of the air possibly refuse
conditionning conditionning packs
Inf ; status of stabilitzation controls packs and or one of the
stabilization controls stabilization
are operative controls is inoperative

s, DI e s coNON RO B v <225 s




EC55-Q-208

8 March 2002 @esa e e c$s ° -

EUROFPEAN COOPERATION

[dcss)

FOR SPACE STANDARINZATION

nel training and certification

4.5.1

The supplier shall establish a documented training programme for QA personnel
Space prod uc-l- and all other personnel whose performance determines or affects product quality.
assurance 4.5.2

Operators performing critical processes (as defined in ECSS-Q-70) shall be
trained and certified by internal or external training programmes accepted by the
customer, or can demonstrate a regular and satisfactory use of the related skills.

Quality assurance 453

Those inspecting or controlling critical processes, or performing non-destructive
testing and evaluation, shall be trained and certified according to national or
international training programmes and standards accepted by the customer, or
can demonstrate a regular and satisfactory use of the related skills.

ECS5 Secretariat
ESA-ESTEC

Reguirements & Standards Division UNIVERSITE
Noordwijl, The Netherlands TOULOUSE i | 42 ©cnes




Approaches to connect task models to interactive ap@igg;io_n_s

Widgets and/or | Development Learning environ- | Impact in learning
Approach . . .

Interactors effort ment architecture | environment
Dedicated API for
developer to imple- | Any + new instances Medium to high Modified No

ment activation and
rendering functions

at runtime

Resource introspec-
tion (ex: xml layout
files...)

Any, but not new
mstances at runtime

Low to medium

Not modified

Parser, notifications

Widget tree explo-

Runti riron- - tion, hical

HREe - CIVITONT ) byo defined list High Not modified anot,  stapmea

ment introspection identification of wid-
gets, notifications

Widget list retrieval,

Modification of run- Predefined list High Not modified graphical identifica-

time environment

tion of widgets, noti-
fications

Code

tion

instrumenta-

Any plus new
instances at runtime

Medium to high

Not modified

Parser, notifications

Martinie, C., Navarre, D., Palanque, P., & Fayollas, C. (2015). A generic tool-supported framework for
coupling task models and interactive applications. In Proceedings of the 7th ACM SIGCHI Symposium on
Engineering Interactive Computing Systems (pp. 244-253). ACM.

i @ YOULOUSE i ©
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- CNes - -

ACT-R equations to predict memory strength Cesa ..&

Declarative memory strength

B. = anti'd (Base-Level Equation)

Procedural memory strength

1

Sp = lnztj'd (Production Strength Equation)

J=1

John R. Anderson and Christian D. Schunn. 2000. Implications of the ACT-R learning theory: No magic
bullets. Advances in instructional psychology: Educational design and cognitive science (2000), 1-33.
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Session visu et automation

Faire le lien

/

+* Quelles taches du trainer on automatise

+* Quelles visu on lui propose

UNIVERSITE
TOULOUSE I
PAUL SABATIER im




- CNes - -

Concrete example of application of the framework Cesa &

Specific task: “Preliminary cockpit preparation”

TRITE



Example for a specific task: “Preliminary cockpit @esa ...
preparation”

» Task model-based training
v  Trainer produces scenarios produced
Initial , . . ,
i-iaile * Operators trained with guidance of task models and scenarios

« System logging
Oloci=b » Video, audio, logbooks recording

» Automated production of operation records
 Trainer accepts, mends and adds correspondences
» Automated production of specific task models

 Trainer analyses of specific task models
 Trainer identifies individual training needs
» Trainer prepares new lessons




Initial training (task model-based) Qesa ..&

- CNes - -

i
_F

FPreliminary cockpit preparation

L0

v/[ ]\
Set cockpit lights Initialize OIS Check ECAM/Logbooky  Crosscheck B
with CM2 i]

=

Accept aircraft Refuse aircraft

ﬁ Inf : Status of aircraft acceptance

UNIVERSITE

1]
PAUL SABATIER im




Initial training (task model-based)

M »
% %ﬁfﬁ"% S

Qesa ..EL..

—

Set cockpit lights Initialize 0I5 Check ECWILngbunk
b= -
uﬁl@i ‘/"/"ﬁ%/’;/ \\ ° uﬁl@i
& U4
R 1 %L[% R
Recall Recall sy b Crosscheck
alert dispatch Check the with the
mesgAges Messages deferlr.e? item active dispatch
Y 15 messages .
i . >>
= Duration : 2 seconds >> ' i Inf :Listofclearsd alerts
-

N N

)
-0 28T & &8 D
Press RC Recall  Recall Display Press Get active Display  Look at ECAM S%s Failures Se%inr
ALL push cleared cancelled recall DISPATCH  dispatch active . of dispatch
button alerts alers alerts push button messages - dispatch o Inf : List of cancelled alerts messages
; messages
L= | : Listof cancelled alerts & * List of dispatch messages
S " swobj: S i Inf ; Listorcspatch messag
'f \ ’/\‘ - SW Ob] * List of active dispatch messages la

P R
@ =

PressRCL  RCLALL
ALL push  button pressed
buttan

push button pressed

T SW Ob] * List of cleared alerts

®» 5 )

Press
DISPATCH

DisPATCH g INF ; Status of air conditionning packs

push button

UNIVERSITE ©
TOULOUSE I
' < PAUL SABATIER Ui 49 ches




Initial training (task model-based) Qesa ..&

- CNes - -

Task models are part of the training program development

ﬁ Flight Event E q
.. . . Manager re—
Training scenarios produced by trainers 1 [2] Flight Simulator
@ ﬂ. Q —E, @ | Task Event
. . -e -0 Manager
Coupling of task models with Computer Based ... Task Sirialater ]
Training applications and simulators | =
Mixed Reality UI
HoloPit

Operators trained with guidance
of task models and scenarios

G. Lallai, G. L. Zedda, C. Martinie, P. Palanque, M. Pisano
L. D. Spano. Engineering Task-based Augmented Realii
Guidance: Application to the Training of Aircraft Flight
Procedures. Interact. Comput. 33(1): 17-39 (2021)

C. Martinie, P. Palanque, D. Navarre, M. Winckler, E.
Poupart. Model-based training: an approach supporting
operability of critical interactive systems. EICS 2011: 53-62

@) st "
N ‘/ PAUL SABATIER o 50 ches




Engineering Operations-based Training Qesa ..&

- CNes - -

» Task Model-based training
v * Trainer produces scenarios produced
Initial ) . . :
training |1 Operators trained with guidance of task models and scenarios

« System logging
* Video, audio, logbooks recording

« Automated production of operation records
I <= éfiilss » Trainer accepts, mends and adds correspondences

5« Automated production of specific task models
models

 Trainer identifies individual training needs

|
I |
I - Trainer analyses of specific task models I
I  Trainer prepares new lessons _:




Engineering Operations-based Training Qesa ..¢

- CNes - -

» Task Model-based training
¢  Trainer produces scenarios produced
Initial : . : ,
e Operators trained with guidance of task models and scenarios

« System logging
* Video, audio, logbooks recording

« Automated production of operation records I
» Trainer accepts, mends and adds correspondences
« Automated production of specific task models |

» Trainer analyses of specific task models
 Trainer identifies individual training needs
 Trainer prepares new lessons

RIT




Production of an operation record for an individual gaesa ... ¢

operator
Operation record is a systematic mapping between interactive system

logged events while operator was on duty and operator’s tasks (from
the task models)

Production of the mapping is automated

Trainer has to check the mapping, with tool support

** reviews correspondences that have been automatically performed
+* modifies correspondences if needed (adding/completion)

WorkingSession Window — x |

Correspondences Editing

Date Task Model Task Event Handler Error Comments
Maon Mow 01 09:57:12 CET 2021 Mo match found Mo match found RCL ALL Pressed

Maon Mowv 01 09:57:32 CET 2021 |CM1-Captain/Preliminary cock. .. |Check status ofair conditionin. .. |Select 5D PAGE AIRCOND
Maon Mow 01 09:57:52 CET 2021 |CM1-Captain/Preliminary cock. .. |Check status ofstabilizationco. .. |Select SD PAGE STAB

Mon Mov 01 09:58:50 CET 2021 o Mo ch fo El
Mon Mov 01 09:5%:10 CET 2021 |CM1-Captain/Start APU Mo match found PULL ENG2
Mon Moy 01 10:01:01 CET 2021 W | |Mo match found Start APU Pressed
Mon Mov 01 10:01:07 CET 2021 |CM2-First officer Preliminary | |Mo match found Switch on BAT EMER
CM1-Captain/Activate BAT
CM1-Captain/Shutdown APU

CM1-Captain/Shutdown APU
CM2-First officer Preliminary
CM 1-Captain/Preliminary coc
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Review automatically produced correspondences

Trainer perform modifications if needed

File Edit Mode Run Test View

78 %

Projects % Files

Annotation

<default config>

Services |
= :,Example:: Preliminary Cockpit Preparation
() Hamsters Files

- Roles

f& o1-captain

£ 35 Activate BAT

o Activate EXT PWT
- Preliminary cockpit preparation
‘= Preliminary cockpit preparation_top level
“ Shutdown APU (FIRE)
++ 5= Shutdown APU
[#- ¥ Start APU
% CM2-First officer
H+ . Preliminary cockpit preparation

= Preliminary cockpit preparation_top level
Subroutines

3 Components

i3

Concept Map
Scenarios
g Actor

o Training Files
'nf‘; Trainee
—A Alex Doe

Navigate

Source  Refactor  Rur Debug Team

. L-{_f B‘ﬁ D?_D' wssiaams QY (3 @ Q

& | WorkingSession Window  x

Correspondences Editing-

Window Help

L.;'1| *_* Vaid B.21 B2

Cesa

¢

.« CNEs - -

Date

Mon Nov 01 09:57:12 CET 2021
Maon Nov 01 09:57:32 CET 2021

Task Model
CM1-Captain/Preliminary cockpit prepara...

oM 1-Captain/Preliminary cockpit prepara...

Task

Accept alrcraft
Check status ofair conditioningpacks

Event Handler
RCL ALL Pressed

‘Select SD PAGE AIRCOND

Error

Reason Taxonomy
None

Comments
Accepted aircraft on 01/11/2021 <br> L...

Mon Nov 01 09:57:52 CET 2021 Icm i'—-Ce-i'ptain,n'Dr'e'Iiminary [Z.U('..ki.'lil prepara...|Check .Eilr}li.JS.h|S!ahiii?‘é[ihl“}(‘.ﬁr‘l‘f‘r[‘]hdlE'Up...‘g‘f‘_“['[‘ SD PAGE STAB None
Mon Nov 01 09:58:50 CET 2021 |CM2-First officer/Preliminary cockpit pre... [Pull ENGimaster leverto OFF ~ [PULLENGI None
Mon Nov 01 09:59:10 CET 2021 No match found No match found PULL ENG2 Nane
Mon Nov 01 10:01:01 CET 2021 No match found No match found Start APU Pressed Nane
Mon Nov 01 10:01:07 CET 2021 No match found No match found Switch on BAT EMER Nane
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Trainer points out errors that were found in the @esa ..&..
operation records (audio, video, reports...)

@ Circus

File Edit Mode Run Test View Annotation Navigate Source Refactor Run Debug Team Tools Window Help

e - = £ » r - — o _. -—:_ ‘4’.\ ;-.I‘___I
FEES DE wwme Q@ FTHD B 2pmeoG e @TAN 22 ranin @ %

| Projects % Files | Services Bl || WorkingSession Window  x
| Fl"%a Example:: Preliminary Cockpit Preparation

= @ Hamsters Files Correspondences Editing !

- Roles Date Task Model Task Event Handler Error Comments
% CM1-Captain Mon Nov 01 08:57:12 CET 2021 ...|Accept aircraft RCL ALL Pressed Reason Taxonomy |Accepted aircraft on 01/11/2021 <br= L.
i ¥ Activate BAT Mon Nov 01 09:57:32 CET 20 k status ofair conditioningpacks Select SD PAGE AIRCOND None i

Mon Noy 01 09:57:52 CET X tus ofstabilizationcontrolsareop... Select SD PAGE STAB None

= Activate EXT PWT

B Praliiinny cockpt prisparation Mon Nov 01 09:58:50 CET 2 ... |PuUll ENGImaster leverto OFF PULL ENG1 [

: Maon Nov 01 09:59:10 CET 2021 |CM2-First officer/Preliminary cockpit pre... |Pull ENG2master leverto OFF PULL ENG2 None |
K Prefiminary cockplt preparstion {np.level Mon Mov 01 10:01:01 CET 2021 No match found No match found Start APU Pressed None |
= Shutdown APU (FIRE) Mon Nov 01 10:01:07 CET 2021 No match found No match found Switch on BAT EMER None |
‘= Shutdown APU

e start APU
% CM2-First officer

'+ ¥ Preliminary cockpit preparation

- %% Preliminary cockpit preparation_top level
Y- Subroutines
i Components

'+’ Concept Map

M Scenarios
I Ij'; Actor t}
' 0 Training Files
E ,ﬁ Trainee
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Engineering Operations-based Training Qesa ..¢

- CNes - -

« Task Model-based training
v  Trainer produces scenarios produced
Initial . . . :
-ale  Operators trained with guidance of task models and scenarios

» System logging
Oleci=b ]« Video, audio, logbooks recording

» Automated production of operation records
 Trainer accepts, mends and adds correspondences
» Automated production of specific task models

I » Trainer analyses of specific task models |
» Trainer identifies individual training needs

I  Trainer prepares new lessons I

E | | | | | | | | | | | | | | | |
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Specific task model for an individual operator Cesa ..&

cnes o - - -
@Circus

File Edit Mode Run Test View Annotation Navigate Source Refactor Run Debug Team Tools Window Help

PEES DO wwow - Q@ TH D6 e GG @ @R AT {22 rEmiR@ K Y

Projects x| Files | Services | = i ion Window x| 3 CM1-Captain - Preliminary cockpit
=+ @5 Example:: Preliminary Cockpit Preparation

Hamsters Files

Roles

CM1-Captain

Activate BAT

Activate EXT PWT

- Preliminary cockpit preparation
Preliminary cockpit preparation_top level
Shutdown APU (FIRE)

Shutdown APU

4% Start APU

& CM2-First officer

. Preliminary cockpit preparation . - B
Preliminary cockpit preparation_top level Preliminary cockpit preparation
© Subroutines
Components

K[ C]]

Visual  TableView  Source  HEComes  History || ¢ |2 8 o

£-dp Concept Map . . . . L 20 8]
E- _ Scenarios b »
@ Acdor Set cockpit lights Initialize OIS : : " Check ECW/LUQbook Crosscheck
0 Training Files - with CM1
K Trainee )
| R R - i Ny | N Memory strength
Assigned Lessons &Y o Ud ° .
Lwh Alex Doe Preliminary 1 Recall Recall Crosscheck [
Lo files (while at work) alert dispatch d:':re;';‘;:m with the g P I S S u e S
LFBO to LSGG 01112021 ) ) ) ) ) mesqpees . "‘95'“995 . st . . a‘::"“::'azp:s“h « Accept aircraft Refuse aircraft .
& LFPG to LSGG 10022022 = - >> = '
& 157H to LFPG 11022022 Z Duration : e ,‘, & Inf ; Listofcleared aleris 7%
i 7\ N SO VA
Lessons . . N - . . / V. . . .
#-"g Dependencies % % % % g gj
H-IC&) Important Files > > > .
42 Project Fles PressRCL - Recall -~ Recall  Display Press . Getactive  Display Look at ECAM SeS#erts Failures' e tion
&5 Runnable . . . CALLpUSh - cleared - cancelled - recall - DISPATCH. dispatch. . active s - ; - ofdispatch
& Panda Files button alerts alers alerts push button. messages dispatch 8 Inf ; Listof cancelled alerts messages 0o 0, o
a Annotations Folder ‘ - messages . * .*~ v *
os Q] SW Obj 1 List of cancelled alerts Inf : List of dispatch messages PN SR - Iy

>>
. g - B - — B Evaluate Evaluate = -|[\--| memstrengh
/ \ '/ \ "2 SW Obyj : Listof active dispaich messages landing gear Antiice | ||/ [/3757 | Not executed since 6 months

() . *control failure . windshield fault

| fault
Press RCL RCLALL Press.  pispATCH 8 Inf : Status of air conditionning packs o . IV .
. . . ALLpush  buttonpressed . . DISPATCH pish button -~ - . . o~ . . ™ 8 Inf : Status of aircraft acceptance
= button push button pressed N \
| Navigator x| ] SW Obj : Listof cleared alerts : D n
Tree View v

(@) Hamster Model:Preliminary cockpit preparation . . . . . . . . . . . Check status of % . '/ . \ .

[ Preliminary cockpit preparation air conditioning o >> >>
DATA packs Check status of J \ L \
stabilization .
. . . . . . . . . . . . . controls. - : . .
are S

operative Both-air One of the air possibly refuse
conditionning » conditionning packs
4 Inf : Status of stabilization controls ‘packsand - - oroneofthe

stabilization controls stabilization

ative to accept airci
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Specific task model for an individual operator

@ Circus

File Edit

Mode Run Test View Annotation Navigate Source

Refactor Run Debug Team Tools Window Help

esa .

<default config>

Projects x| Files | Services |

=B Example:: Preliminary Cockpit Preparation
Hamsters Files
3 Roles

€& CM1-Captain

- Activate BAT

= Activate EXT PWT

Preliminary cockpit preparation
Preliminary cockpit preparation_top level
3% Shutdown APU (FIRE)

3% Shutdown APU

3% Start APU

% CM2-First officer

- . Preliminary cockpit preparation

Preliminary cockpit preparation_top level
Subroutines

Components
Concept Map
Scenarios
Actor

o
[ TR 28

Training Files

K| Trainee

Alex Doe

Assigned Lessons

w¥ Alex Doe Preliminary 1
Log files (while at work)
LFBO to LSGG 01112021
LFPG to LSGG 10022022
LSZH to LFPG 11022022
& Joe sun

£-[ 1] Lessons

F-"g Dependencies
#-L@ Important Files
H-IL& Project Files
Runnable

Panda Files
Annotations Folder

Tree View

0 Hamster Model:Preliminary cockpit preparation
Preliminary cockpit preparation
% ENABLE
- Set cockpit lights
Tnitialize OIS
Check ECAM/Logbook
k Crosscheckwith CM1
& CHOICE
i@ Accept aircraft
& Refuse aircraft
E] Parent : >>
E] Parent : Preliminary cockpit preparation
- DATA

\)
cnes - - -

Operator

error

. ) e i[] ; ] .3
O TP B et @ @ e ald B A | I A
& | [ Workingession Window x| 3% cM1-Captain - y cockpit i x| el
Visual  Table View  Source  HEComes  History || % 5 In| orr E
Preliminary cockpit preparation
Jee 0
O,
NI < Yde
Set cockpit lights Initialize OIS Crosscheck
. . with CM1
3%
K I s e
Recall _ Recall . Crosscheck . 5
alert dispatch Check the with the .
_ _ _ _ _ _ _ | messpges messages de'e"_eu ftem active dispatch [Reason Taxonomy
D . T o ";t messages y Accepted aircraft on 01/11/2021
_ = Duration - o _ > & Inf : Listof cleared alerts = I LG2 failure, AIR COND failure
' / x J >> 'S
\ Y . N oo F \\ VoA S
2 2a N 22a8e e N
PressRCL -~ Recall  Recall - Display Press. Get active Display  Look at ECAM SeS'Wférts Failures  See c8dition
- ALLpush . cleared - cancelled - recall - -DISPATCH. dispatch. -active. e o ' Al . of dispatch .
button alerts alers alerts push button.  messages dispatch 8 Inf : List of cancelled alerts messages 4 >
‘ S - V. S B . messages . B B R, (2] IO [
Tusw Obj : Listof cancelled alerts 4 Inf ; Listofdispaich messages S90S IR AR
A R . AL D N ey |
{ \ w SW Obj + List of active dispatch messages landing gear vent extract
@ . . . : 8 8 8 8 8 . control failure - B
Press RCL RCL ALL Press.  pispATCH 8 INnf : status of air conditionning packs >>/ - a
ALL push  button pressed DISPATCH bush button . . E . \ . 8 Inf : Status of aircraft acceptance -
button push button pressed - N -
a0 ... . 5 SWODbj: Listofcleared alerts [None /[] 7
=
—_— ; Q
Check status of [Re2S0N Vm\-* / E
air conditioning — - =>4
- packs - Check status of - ¢ \ : N : ‘ \
stabilization - - R - -
controis: - -
are
operative - Bothair One of the air possibly refuse
itionnil i packs
i|nf + Status of stabilitzation controls “packsand - or one of the
stabilization controls stabilization
are operative- controls is inoperative
T e ——

RIT
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Analysis of task models @esa ..t

The trainer visualizes task models with oot

Jes defert . ? item active dispatch é\ 1R aaaaa Taxono my v
messages ‘ *2 cepted aircraft on 01/11/2021

customized information about i s

LG2f ilur AIR COND/ failure

\
‘ Ld o [ ] ﬁjl] Lo é}AM See rts
* the memory strength of an individual o it ;;:;;:

ssssssss
dlnf List of dispatch messages = Q

operator (for each task) b : £ xxE

*+* the errors that an operator made during i I Sttt e f\ P —
operations —— / L~

Check status of [Reason ax

The trainer identifies tasks for which the o Inf s nsrstn
operator needs to be re-trained \ ADK:
[Rei%’laxonomy v

Accepted aircraft on 01/11/2021
LG2 failure, AIR COND/1 failure
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Support to ensure that trainer noticed the error in Cesa

the specific task model

@ s

Ele fEdit Mode Run Test View Annotation Mavigate Source Refactor
O THE P B iyt G e @

. CM1-Captain - Preliminary cockpit preparation® =

? tl =] % b ) <default config>

Projects x| Files  Services
= BigExampic:: prefiminary Cockpit Preparation
&) Hzmsters Files

S Roles
=8 oMiCaptain

F 36 Acivate BAT
G % Activate EXT P
. Prelminary cackpit preparation
# F Preliminary cackpit preparation._top level
# J Shutdown APU (FIRE)
#36 Shutdown APU
| a3 smitapu
=8 CM2First officer
- W Praliminary ockpit proparation
- e Proliminary cockpit preparation_top feve
F % subrostines
# & Companents
G4 Concept Map
@ Srenarios

| @ Ador
L4 Treining Fils
= gH Tralnee
Alex Doe
S0 Assigned Lessons
¥ Alex Doe Preliminary 1
S+ Log files (while at work)
b LFBO to L5GG 01112021
& LFPG Lo L5GG 10022022
B 1574 o 1FPG 11022022
E g Toe sun

H17 Lessons

& Dependencies
I8 Important Files
Project Files

3%
@ panda Files
= Annotations Folde

T B

Navigator =
Tree View
NP PRIl mOLL IR § LUK o epataun
=T Preliminary cockpit prep:
L &% EnaBiE
B9 Set cockpit lights
% 3 Inttiolize OIS
# §= Check ECAM/Logbnok
- i Crosscheckwith CM1
i atoicE
§ Accept avcrat

#i Refise aircraft
01 parent -
3 parent
=& paa
-y 3seconts
4. st of cleared alerts

g UNIVERSITE
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" ? PAUL SABATIER !

=

HEcomes  tuistory | A | (% | ol

Team Jools Window Help

- Zra i

7
=

Preliminary cockpil praparation

. a 0
=
R 7R & ‘
Set cockpit lights Initialize OIS Check ECAMLogbook
with O
2 o S
e \ s
35
S = =
Recal T ™ Crosschack 5
dispatch Chisct iy with the
messages et ol actvedspaten ~ . Ressontaonomy U
= - ’ Y Lo messages ¥ ) Accapted aircram on 01/11/2021
= Duration :3secenas i Inf ;Usietasasdakn o - _ LG2 failure, AIR CONDY failure
Y

5

4 S B S
Press RCL Recall Recall  Display Press Get active Display  Look ai ECAM SedWieris Failures  See ion

Fd J\ 2 i"\\ _

y
ALLpush  cleared cancalied  racall DISPATCH  dispaich active . of dispaich
bution alerts alers  alens  pushbuton messages  dispaich 43 Inf :Listofcancelied alens matiiges -
messages gl
SW Obj : Listotcancaiiea aierts o Inf LEGEEEREEE O R Zhs
i Evall & Evaluate Evaluate
/ \ SW Obj : Listof active dispaich messages landing sar Artike| | yontextract
[N D control | ure windshisid Tt
| s ’/ faut
Presidl, - RELALL Press piseatch g Inf : Siatisotaiccondiionniog packs s
ALLpush  button pressed DISPATCH pusn sution A & Inf : Siatis oraiicrafl accaptance
buton push buton  yeseay
1/ SW Obj : Listofclearsd sleris None 3G L
Check status of T
sircenditioning  ——,
stabllization - -
controis B P
" are [} 5
e operative Bothalr  possbly ~ Oneofthealr possibly refuse
E conditicnning  accaph-  conditienning packs
& Inf : Status of stabiizaiion conirols packs and or one of the
stabilization controls stabiization
ars operative controls s inoperative

packs and swabilzation contrals nave to be operave 1o accept mmq

»
cnes o - - -
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Logs Spreadsheet example

605

609

613

617

650

752

758

761

774

781

794

1425

1426

1427

1428

1435

1436

1437

1438

1699

1700

1701

1702

2897

2898
2899

class
mouse_transducer

mouse_transducer
mouse_transducer
mouse_transducer
mouse_transducer
mouse_transducer
mouse_transducer
mouse_transducer
mouse_transducer
mouse_transducer
mouse_transducer
CombinedClick_Delete_File
CombinedClick_Delete_File
CombinedClick_Delete_File
CombinedClick_Delete_File
CombinedClick_Delete_File
CombinedClick_Delete_File
CombinedClick_Delete_File
CombinedClick_Delete_File
CombinedClick_Delete File
CombinedClick_Delete_File

CombinedClick_Delete_File
CombinedClick_Delete_File

CombinedClick_Delete_File
CombinedClick_Delete_File
CombinedClick_Delete_File
00 CombinedClick_Delete_File

type

transition
transition
transition
transition
transition
transition
transition
transition
transition
transition
transition
transition
place

place

transition
transition
place

place

transition
transition
place

place

transition
transition
place

place
transition

name
mousePress_t1

mouseRelease_t1
timerExpired

click

click

mousePress_t1
mousePress_t1
mouseRelease_t1
timerExpired

click

mouseRelease_t1
combinedClick

testlcon

Frame
filelconAndTrashSelected
combinedClick

testlcon

Frame
filelconAndTrashSelected
combinedClick

testlcon
Frame

action
fire

fire

fire

fire

fire

fire

fire

fire

fire

fire

fire

fire

tokenAdded

tokenRemoved

fire

fire

tokenAdded

tokenRemoved

fire

fire

tokenAdded
tokenRemoved

filelconAndTrashMotSelecte fire

combinedClick

testlcon

Frame
filelconAndTrashSelected

fire
tokenAdded
tokenRemoved
fire

8000

9900

10500

10700

10950

12000

12010

12020

12220

12420

Cesa

data2
1¥evt:{mid=>1}}

1*{evt:{mid=>1}}
1*{evt:{mid=>1}}
1*{evt:{mid=>1}}
1*{evt:{mid=>2}}
1*{evt:{mid=>1}}
1*{evt:{mid=>2}}
1*{evt:{mid=>2}}
1*{evt:{mid=>2}}
1*{evt:{mid=>2}}
1*{evt:{mid=>1}}

1*fevt:{x1=>40,x2=>400,y1=>40,y2=>400},presentationFrame=>javax....}
1 Iconl,Trash

1*{lcon2,Trash}

1*{evt:{x1=>40,x2=>400,y1=>80,y2=>400},presentationFrame=>javax....}
1 Icon2,Trash

1*{lcon1,Trash}

1*evt:{x1=>290,x2=>400,y 1=>40,y2=>400},presentationFrame=>javax....}
1 null,Trash

1*{null,Trash}

1*¥evt:{x1=>120,x2=>400,y1=>120,y2=>400},presentationFrame=>javax....}
1 lcon6,Trash

1*{lcon6,Trash}
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Computed Tasks with warnings

Cesa

¢

- o CNEes -« -

class type name action data2
605 mouse transducer transition mousePress t1 fire 8000 1*evt:{mld=>1}}
609 mouse_transducer transition mouseRelease_t1 fire 9900 1*{evt:{mId=>1}}
613 mouse_transducer transition timerExpired fire 10500 1*{evt:{mld=>1}}
617 mouse_transducer transition click fire 10700 1*{evt:{mid=>1}}
650 mouse_transducer transition click fire 10950 1*{evt:{mid=>2}}
752 mouse_transducer transition mousePress_t1 fire 12000 1*{evt:{mld=>1}}
758 mouse_transducer transition mousePress_t1 fire 12010 1*{evt:{mid=>2}}
761 mouse_transducer transition mouseRelease_t1 fire 12020 1*{evt:{mid=>2}}
774 mouse_transducer transition timerExpired fire 12220 1*{evt:{mld=>2}}
781 mouse_transducer transition click fire 12420 1*{evt:{mid=>2}}
794 mouse_transducer transition mouseRelease_t1 fire 13010 1*fevt:{mld=>1}}
1425 CombinedClick_Delete_File transition combinedClick fire 20300 1*fevt:{x1=>40,x2=>400,y1=>40,y2=>400},presentationFrame=>javax....}
1426 CombinedClick_Delete_File place testlcon tokenAdded 20300 1 lcon1,Trash
1427 CombinedClick_Delete_File place Frame tokenRemoved 20300
1428 CombinedClick_Delete_File transition filelconAndTrashSelected fire 20300 1*{lcon2,Trash}
1435 CombinedClick_Delete_File transition combinedClick fire 22100 1*fevt:{x1=>40,x2=>400,y1=>80,y2=>400},presentationFrame=>javax....}
1436 CombinedClick_Delete_File place testlcon tokenAdded 22100 1 lcon2,Trash
1437 CombinedClick_Delete_File place Frame tokenRemoved 22100
1438 CombinedClick_Delete_File transition filelconAndTrashSelected fire 22100 1*{lcon1,Trash}
1699 CombinedClick_Delete_File transition combinedClick fire 23450 1*{evt:{x1=>290,x2=>400,y 1=>40,y2=>400},presentationFrame=>javax....}
1700 CombinedClick_Delete_File place testlcon tokenAdded 23450 1 null,Trash
1701 CombinedClick_Delete_File place Frame tokenRemoved 23450
1702 CombinedClick_Delete_File transition filelconAndTrashNotSelecte fire 23450 1*{null,Trash}
2897 CombinedClick_Delete_File  transition combinedClick fire 40340 1*{evt:{x1=>120,x2=>400,y 1=>120,y2=>400},presentationFrame=>javax....}
2898 CombinedClick_Delete_File place testlcon tokenAdded 40340 1 lcon6,Trash
2899 CombinedClick_Delete_File place Frame tokenRemoved 40340

00 CombinedClick_Delete_File transition filelconAndTrashSelected fire 40340 1*{lcon6,Trash}
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Current Work: Enhance Tool Support Cesa ..

-« CNes - -

Support analysis of logs

ldentify tasks that must be prioritized in future training sessions

Suggest lessons improvements

Tune training to each individual based on experience during
operations

Tune training to each individual based on frequency and time of
occurrence of training

TRITE



- CNes - -

Future Tool Supported Training Management Qesa ..&

KEY

. Access Connection

Event Data Port

training_program_building training_tuning Data Port

System

tasks_to_rework
Process

Thread

Data

scenarios set_of lessons

operation_logs
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Summary and future work Cesa ..t

- CNes - -

Recurrent model-based training: go beyond model-based (initial) training
Overcome existing limitations (incompleteness, fidelity issues, operations
unawareness, cost issues)

Individual operator record and customisation of training for an individual

Support the trainer using automation

» Mapping of operation system logged events with operator’s tasks

» Process indicators of memory strength, task deviations wrt. training scenarios
Support the trainer using visualizations in task models

» Completeness and consistency of the mapping
» Memory strength, errors

Supplier selection for developing the CDO ground segment development
(summer 2023)
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