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An embedded instrumentation approach for 
detecting the fragility of complex systems

TICS/ S4M  « Smart Sensing and SystemS Monitoring »
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Smart sensing methodology

> A Need for « Complex system smart monitoring » in spite of global 

modeling because systems are

q h e te r o g e n e o u s

q s t r o n g a n d  r o b u s t e n o u g h to  s u p p o r t  d a m a g e s  s o th a t d e fe c ts ta k e t im e  to  a p p e a r

q t h e ir e n v ir o n m e n t a n d  u s e  c o n d it io n s  a r e  n o t  d e te r m in is t ic

> One way is « SMART instrumentation » 

q D e s ig n  /  a s s e m b ly a  n o d e a r c h ite c tu r e  c a p a b le  o f  d e te c t io n /  a n a ly s is /  in fo r m a t io n  

t r a n s m is s io n

q U s in g /a d a p t in g o f  s e n s o r s o n  s h e lv e s b u t  u s in g th e m in  a  d if fe r e n t c o n te x t

q M a n u fa c tu r in g e le m e n ts /  la y e r s /  s e n s o r s b a s e d o n  m ic r o /n a n o  te c h n o lo g ie s

q D e v e lo p in g a  p a tc h  a p p r o a c h to  p la c e  o n  /  in  th e  s t r u c tu r e  to  b e o b s e r v e d

q S e a r c h fo r  " s ig n a tu r e s "  o f  b e h a v io r a l e v o lu t io n s b y  c o m b in in g s ig n a ls ( a c c e le r o m e te r,  

p ie z o ,  m a g n e to m e te r )  r e s u lt in g f r o m th e  p r o p a g a t io n  o f  m e c h a n ic a l w a v e s fo r  « im m o b ile  

s y s te m s »  o r  d is p la c e m e n t fo r  « m o b ile »  s y s te m s

q Im p le m e n t a lg o r i th m s to  r e d u c e p o w e r  c o n s u m p t io n u s in g v e r s a t i le  a r c h ite c tu r e

® to detect fragility or more precisely the level / risk of fragility
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Smart sensing applications

Expertise du LAAS

S M A R T  S O L E  :  Y .  C h a r lo n T h e s is  2 0 1 4

S m a r t  P a tc h  :  B .  H a j j in e 2 0 1 6  T h e s is

S M A R T  B la d e  R e c o r d e r :  M .  L a s ta p is  

2 0 1 2  T h e s is

a

S M A R T  C y c l in g :  A .  B o u i l lo d  T h e s is  2 0 1 7
S M A R T  S O IL  M O IS T U R E :  J .  R o u x  T h e s is 2 0 1 7
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Smart sensing: above or inside?surface m easurem ent

> Technolog ica l constra in ts

q Smart node take the measurement 
closer to the structure

q Smart node do not modify structure 
behavior

q Smart node could be above or inside 
the structure
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Smart sensing: looking for signaturesurface m easurem ent

> M ethodology approach

q Observation of the self intrinsic activity
generated by the system (movement, 
vibrations, displacements...). Note that for 
static system (air plane, soil...) the piezo
car generate stimuli)

q Computing of signature (based on spatio
temporal behavior and/or statistical
approach)

q Tracking temporal signature evolution
(quick and/or slow drift)

eigenfrequenciesdisplacement
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Our partners

Matériaux composites

Détection informatisée
Endommagements
ouvrages d’art

Imagerie pour le SHM
Ondes guidées  
Structures aéronauEques

CND
Mesures ultrasons

A lg o r i t h m e s  d e c o n t r ô le  a c E f

École nationale supérieure 
d'arts et métiers

Nouveaux Matériaux SHM

SHM,  
Energy Harvesting

Technologies et Mems

Architectures 
reconfigurables

IW
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Focus on human direct sensing

METHODS: Printed coil for wirelessly charging and integrated sensors
AIM:Mobility & gait sensing and analysis with a wearable patch 

APPLICATIONS: Fall detection and localisation for frail people 
Com prom ise betw een reduced size  and operaConal autonom y.

B.Hajjine et al. “Development of an electronic patch for falls detection and elderly tracking”, International Conference on Biomedical and Health Informatics, Haikou (Chine), 2015

Collabora'on Industrial
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Focus on human indirect sensing

INDIRECT sensing:
> Detection of critical human postures based on multi-cameras

> Algorithmic Integration on FPGA-based platforms for real time applications
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Focus on human indirect sensing

METHODS: Sensors integration in a 3mm thickness shoe insole and 
embedded algorithm development

AIM: Con>nuous measurement of stride & speed walking with accuracy

APPLICATIONS: Frailty monitoring of the old people Collabora'on CHU and Industrials
A. Piau et al. “A smart insole to promote healthy aging for frail elderly individuals: specifica>ons, design, and preliminary results”, JMIR Rehabilita>on and Assis>ve Technologies, Jan-Jun, 2 (1), 2015
Y. Charlon et al. “Smart insole for measuring ac>metry of trail peopleMed-e-Tel 2015 

Raw data

Extraction of 
indicators

Filtering

Detection

Decision

Modelling

External data

0 9 / 0 7 / 2 0 1 8 1 00 9 / 0 7 / 2 0 1 8 1 0LAAS-CNRS

/ Laboratoire d’analyse et d’architecture des systèmes du CNRS
1 0

Focus on human direct sensing

METHODS: Smart integration on both wearables and bike components
AIM: Biomech, physio & aéro sensing and analysis for performance monitoring

APPLICATIONS: High potenCal athletes detecCon, performance improvement 
and injury prevenCon

Com prom ise betw een reduced size  and acceptance “during com petition”.

A. Bouillod et al. 

Collaboration Pro cyclingteam

P méca

RA =             · 0,5  · ρ · V a2S C x
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Focus on human direct sensing

METHODS: Smart integration on both wearables and connected devices

AIM: physiological sensing (with MA reducAon) for common life acAviAes

APPLICATIONS:Health monitoring (ECG), risk prevention 

Com prom ise betw een acceptance signal processing com plexity.

F. Castaño et al

University/hospital collaboration


