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Greening MOC?

MOC: Maintenance in Operational Condition

Environmental impact

business continuity à work + travel à costs + pollution

lack of sustainabil ity à unnecessary replacement + waste
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How to avoid this?



What is 
Human Systems 
Integration 
(HSI)?
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Integration
from the early stages of design
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Life-Cycled Human Systems Integration

Technology-centered Human-centered
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Digital Twins

• Expanding HITLS

During the whole l i fe cycle

“what i f ?”

• Vivid documentation
Integration of experience feedback

Organizational memory

• DTs as virtual assistants

Multi-agent col laboration

Mediators for col laborative work
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Digital twin for 
helicopter engine 

diagnostic and 
repair system
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Human-Centered Design of a Digital Twin 
for Helicopter Engine Maintenance
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SCENARIO : 
AS-IS

A p i l o t o f t h e F r e n c h A i r F o r c e a t t h e T o u l o n b a s e
w a n t s t o s t a r t h i s N H 9 0 h e l i c o p t e r .

U n f o r t u n a t e l y , i t em i t s s t r a n g e n o i s e s .

H e c a l l s t h e t e c h n i c i a n o n b a s e t o h e l p h im s t a r t i t
u p a s s o o n a s p o s s i b l e s o t h a t h e c a n g o o n
m i s s i o n .

T h e t e c h n i c i a n c a l l e d t h e e n g i n e e r i n c h a r g e o f t h e
N H 9 0 ' s e n g i n e s i n T a r n o s a n d t o l d h im t h a t h e c o u l d
n o t s t a r t t h e a i r c r a f t b e c a u s e i t h a d a n e n g i n e
s l amm i n g p r o b l em .

T h e e n g i n e e r a t T a r n o s g o e s t o h i s s im u l a t i o n
s o f t w a r e . H e s e l e c t s t h e d e f e c t i v e a i r c r a f t a n d r u n s
a s im u l a t i o n t o t r y i t o u t . L a c k i n g t h e i n f o rm a t i o n t o
f i n d t h e m a i n t e n a n c e p r o b l em , t h e e n g i n e e r i s
f o r c e d t o t r a v e l t o g e t m o r e i n f o rm a t i o n n e e d e d f o r
t h e s im u l a t i o n .

H e f i n d s t h e c a u s e , w h i c h i s t h e e n g i n e . A f t e r
s e v e r a l s i m u l a t i o n s , h e f i n d s a s o l u t i o n a n d h ow t o
r e p a i r t h e f a i l u r e u s i n g t h e s o f t w a r e .

H e c a l l s t h e t e c h n i c i a n s i n T o u l o n t o g i v e t h em t h e
p r o c e d u r e t o r e p a i r t h e f a i l u r e .

D u r i n g t h e b r e a k , t h e e n g i n e e r t a l k s a b o u t i t t o h i s
c o l l e a g u e s a n d o n e o f t h em s a i d t h a t h e h a d t h e
s am e p r o b l em a m o n t h a g o .

Benefits Limitations
We have access to 
several devices on a 
single software

We do not have 
access to the old
maintenance schemes

Devices that can be
repaired remotely

Sometimes the user 
does not describe the 
failure well.

Human experience
that is very rich

To have the history of 
the personnel who
carried out the 
maintenance.
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SCENARIO : 
TO-BE

An a i r fo rce p i l o t f rom Tou lon base wants to s tar t
h i s NH90 he l i copter .

Unfor tunate l y , the he l i copter makes s t range no i ses .

He ca l l s the base techn i c i an to he lp h im to s tar t i t
as soon as poss ib l e so that he can leave on miss ion .

The techn i c i an ca l l ed the eng ineer in charge of the
NH90 eng ines in Tarnos and to ld h im that he cou ld
not s tar t the he l i copter because i t had an eng ine
s lamming prob lem.
The Tarnos eng ineer consu l t s h i s s imu la t i on
so f tware . He se lects the fau l ty a i r cra f t and chooses
the eng ine mode l in order to have a l l the pas t
ma in tenance on i t and to see i f a s imi l a r case has
been encountered in order to so lve i t qu i ck l y .
By se lect ing the eng ine mode l , he f inds 1,000
maintenances a l ready per formed on th i s eng ine and
500 WHAT-IF s imu la t i ons .
He types in the search bar "eng ine s lam" to get a
s imi l a r case to go fas ter and not repeat the
s imu la t i ons , but there are no resu l t s .

He then t r i es other keywords such as "s t range
no i se" , s t i l l no ex i s t i ng so lu t i on . He then runs a few
s imu la t i ons and f i xes the prob lem and saves i t .
La ter , he d i scovers that the prob lem ex i s ts under
the name of "cas t connect ing rod" rea l i zed by h i s
co l l eague Jones .

Benefits Limitations
Access to old
maintenance plans

Management of a large 
number of similar
maintenance cases.

Access to the 
maintenance personnel 
who performed the task

Sometimes difficult to find
a maintenance
case that matches the 
current problem.
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THE PRODEC METHOD

Procedural scenarios (stories)

Search for emergent functions and structures

Declarative scenarios (configurations)

From virtual HCD to tangible engineering
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Integration
From purpose to means

© Guy A. Boy – HSI: The Digital Twin Support 1308/03/2022



Inside-out

Tangible
Human-Centered Engineering

Real
Human Agents

Real
Machine Agents

Physical Environment

Humans
In 

The
Loop

Control & 
Management Space

FlexTech
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From means to purpose
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Tangibilization
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FROM PURPOSE TO MEANS
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Tangibility: systemic attributes

Complexity à separability, interconnectivity, collaboration, trust, …

Maturity à TRLs & HRLs & ORLs

Flexibil ity (design & operations) à safety nodes, reversibil ity, FlexTech, …

Stability/Resil ience à passive vs. active, resil ience, crisis management, …

Sustainability à design rationale, knowledge management, …

Shared situation awareness
Cooperative decision-making
Harmonized risk taking
Trust and collaboration

+ Social Factors
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FlexibleRigid

From rigid automation to flexible autonomy

Expected 
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Unexpected 
situations
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FlexTech HSI education

CentraleSupélec & ESTIA & ISAE-SUPAERO

3 rd year engineering school & Master

150 étudiants (2020-21 & 2021-22)

4 x 8 small projects

4 Ph.D. students
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A few take-aways

We live in a digital world à tangibility is a crucial contemporary issue

Single-agent ergonomics is not enough à Socio-ergonomics

Human-machine teaming à what new human roles?

Rigid automation is what we know à Flexible autonomy is what we need to make

How do we deal with the unexpected? à problem-solving support

From means to purpose (people adapt) à From purpose to means (machines adapt)

Collaborative work requires education, openness, empathy and enthusiasm!
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… and the last one!



Thank you!
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FlexTech
CentraleSupélec-ESTIA Chair


