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§ Abstract	:	New applications of embedded systems are envisioned in the context of 
aeronautics. However, the increasing burden of on-board cabling requires wireless 
solutions. Moreover, concerns such as safety or system lifetime often preclude the 
use of electrochemical energy storage. Ambient energy capture, storage and 
management are therefore key topics. In this paper we illustrate these concepts by 
describing three actual implementations in an Airbus aircraft. The first application 
is energy harvesting for wireless in flight-testing. The main objectives are 
autonomous, battery-free power supply of a wireless system including pressure 
sensing glove, signal processing and RF communication. The system should be 
able to start-up with initial empty storage. The second application is dedicated to 
the autonomous power supply for aeronautical health monitoring sensors in the 
engine harsh environment of an Airbus A380 using thermogeneration as energy 
source. The third and last example is a more prospective study on the potentialities 
of aeroacoustic energy harvesting that was successfully validated in a wind tunnel. 



LAAS$CNRS( 13/10/2015(

1(

Marise'BAFLEUR,'Jean2Marie'DILHAC,'Vincent'
BOITIER'

LAAS$CNRS,(TOULOUSE((France)(
marise@laas.fr((

Energy'Harves,ng'For'Wireless'

Sensors'In'Aeronau,cs'Applica,ons:''

From%Dream%To%Reality%

WiseDesign(2015,(December(7$8,(2015(

December(8,(2015 (((((((((((((((WiSe(Design(2015 (((((((((((((2(((

OUTLINE'

!  Introduc,on'
• Wireless(sensor(history(
• The(energy(roadblock(

!  Aeronau,c'context'&'applica,ons'
!  Energy'Harves,ng'for'Wireless'in'Flight'Tes,ng''

• Photovoltaic(energy(harvesQng(
!  Energy'Harves,ng'for'AircraD'Health'Monitoring'

• Thermal(gradient(energy(harvesQng(
• AeroacousQc(energy(harvesQng(

!  Conclusion'and'perspec,ves'



LAAS$CNRS( 13/10/2015(

2(

December(8,(2015 (((((((((((((((WiSe(Design(2015 (((((((((((((3(((

Wireless'Sensor'History'

!  Wireless'sensors'are'not'so'new…'

!  1968M1973:'Vietnam'war'–'Opera,on'Igloo'White'

Cost:($1$$1.7(billion((design(&(fabricaQon)(+($1(billion/year((operaQon(over(5(years)!(

December(8,(2015 (((((((((((((((WiSe(Design(2015 (((((((((((((4(((

Wireless'Sensor'History'

!  Wireless'sensors'are'not'so'new…'

!  1968M1973:'Vietnam'war'–'Opera,on'Igloo'White'

Cost:($1$$1.7(billion((design(&(fabricaQon)(+($1(billion/year((operaQon(over(5(years)!(

20'000'sensors'deployed'

'80%'opera,onal'
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Smart'Dust'

!  Smart'Dust:'DARPAMfunded'research'proposal'of'the'

University'of'California,'Berkeley,'in'1998.''

!  Objec,ve:' build' wireless' sensor' nodes' with' a'
volume'of'one'cubic'millimeter.''

!  Results:' Autonomous' 16mm3' solarMpowered' mote,'

and' larger' "COTS' Dust"' devices' kicked' off' the'

TinyOS'effort'at'Berkeley.'

©The(University(of(Berkeley(
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The'energy'autonomy'roadblock'

!  Energy'genera,on'and'storage'devices'are'generally'bulky'
!  Baaeries'have'a'limited'life,me'

•  Prohibi,ve'maintenance'cost'

•  Environmental'issue'

!  Baaeries'can'have'safety'issues'
!  Applica,on'dependent'

!  MAIN'CHALLENGES:''

•  Smart'energy'management'

•  LowMpower'communica,on'

•  Increasing'energy'density'
•  Efficient'energy'harves,ng'

•  Green'storage'

©(Texas(Instruments(

©(Univ.(Of(Waterloo(
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Aeronau,c'Context'&'Applica,ons'
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Electrical'Wiring''

total cable length  
(km) 

total cable length  
per unit length (km/m) 

1 10 100 

© Eurofighter-Bryan Walsh 
 

Eurofighter Typhoon 
(15.9 m) 

6.2 

© EVOX/IMAGES 
 

Mini Cooper Coupé 
(3.73 m) 

0.4 

1.5 

6.8 

 
(+300 for flight tests) 

Airbus A380 
(72.7 m) 

… but what if the energy generation alternative must not weight more  
  than the suppressed power cable? 

 

500 
 

… wireless also involves autonomy in energy 
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Flight'tests'

©Paramount(
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Flight'Tests'

Pressure sensors are implemented on:  
• wings 
• flaps 
• top of fuselage 
• horizontal tail plane… 

•  800 sensors for A380  
•  300 km of additional wiring 

wireless is of  
great interest'

so are the energy generation modules  
• curvy profiles 
• aerodynamic constraints 
• low temperatures 

…but flight tests are carried out during day 
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AircraD'Health'Monitoring'(AHM)'

© Holger Speckmann, Airbus Germany, IWSHM 2007  

"  Installation in a non pressurized and non controlled temperature zone 
"  Night and day operation 
"  Predictive maintenance – major challenge 
"  Embedded fitment (no more test rig) => energy generation mature method 
"  DO-160G compliant 
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DOM160G'Test'Standard'

Environmental Conditions and Test Procedures for Airborne Equipment 

•  Temperature'and'pressure'
condi,ons'

•  Temperature'varia,on'

•  Humidity'

•  Opera,onal'Shocks'and'Crash'
Safety'

•  Vibra,on'
•  Explosive'Atmosphere'

•  Waterproofness'

•  Fluids'Suscep,bility'
•  Sand'and'Dust'
•  Fungus'Resistance'
•  Salt'Fog'
•  Magne,c'Effect'

•  Power'Input'
•  Voltage'Spike'
•  Audio'Frequency'Conducted'
Suscep,bility'

•  Induced'Signal'Suscep,bility'
•  Radio'Frequency'
Suscep,bility'(Radiated'and'
Conducted)'

•  Emission'of'Radio'Frequency'
Energy'

•  Lightning'Induced'Transient'
Suscep,bility'

•  Lightning'Direct'Effects''
•  Icing'
•  Electrosta,c'Discharge'(ESD)''
•  Fire,'Flammability''
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Energy'Management'Decision'Tree'
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Supercapacitors'

energy'storage'is'sFll'needed'to'accommodate'for''
•  intermiIent'energy'capture'
•  power'surges'from'the'load'

Pros and Cons 
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Supercapacitors'

"  Maturing(technologies(
"  High(power(density((
"  Safe(
"  High'life,me'

"  Environment'friendly'

"  Storage(must(withstand(the(same(environment(as(the(system(
"  Performances(affected(by(extreme((hot(and(cold)(temperatures,(

some(effects(are(non$reversible(
"  SelfMdischarge'
"  Low(energy(density(
"  Low(breakdown(voltage(
"  Voltage'is'charge'dependant'

©'Maxwell'

energy'storage'is'sFll'needed'to'accommodate'for''
•  intermiIent'energy'capture'
•  power'surges'from'the'load'

Pros and Cons 
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VibraQons(
Solar(irradiaQon(

Thermal(gradients(

Energy'Harves,ng'in'Aeronau,cs'

!  Various'types'of'energy'source…'

!  …'but'limited'

!  Energy'storage'generally'required'
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Energy Harvesting Power Generation & Utilization 

1W(
(
(

100(mW(
(
(

10(mW(
(
(

1(mW(
(
(

100(µW(
(
(

10(µW(
(
(

1(µW(

Harvesters Consumers Average Power 

Small piezo beam vibe harvesters 

Large inductive vibe harvesters 

1 in2 TEG on crease beam 

TEG stringer clip 

1 cm2 a-Si PV in cabin lighting 
1 cm2 a-Si PV in blue sky 

1 cm2 a-Si PV 
in sun lit airplane pax window 

Wireless dimming window 

Push button transmitter 

Sensor @ 2.8 hrs interval 

AAA LED flash light 

Cell phone 

Wireless sensor @ 1 Hz Push button harvester 

GSE monitoring sensor 
(log data every 10sec, Tx 2X per day) 

Zigbee mesh network node 
(w/ Rx from wireless sensor) 

TI MSP430 microprocessor (awake) 

TI MSP430 microprocessor (asleep) 
Chipcon CC2500 radio (asleep) 

Chipcon CC2500 radio (Tx mode) 

6 mm2 TEG on hydraulic line 
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Early'detec,on'of'cracks'using'acous,c'emissions'

AircraD'Health'Monitoring'

'

Example%of%a%wired%commercial%system%

hips://youtu.be/gbQR92bcQfg((
(
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Early'detec,on'of'cracks'using'acous,c'emissions'

AircraD'Health'Monitoring'

'

Example%of%a%wired%commercial%system%

hips://youtu.be/gbQR92bcQfg((
(
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Some'Wireless'Sensor'Implementa,ons'

Microstrain'wireless'sensor'node'on'

Bell'412'helicopter'pitch'link:'

strain%&%load%sensing%'
(

Thermoelectric'stringer'clip'generates'

several'mW'from'ΔT'across'insula,on'

blanket'in'flight:'

•  Cold'side:'M30°C'

•  Hot'side:'+20°C'

(

hIps://mentor.ieee.org/802.15/dcn/09/15209200742002004f2
energy2harvesFng2sensor2systems.ppt'(

 
 
Figure 5 - Microstrain Wireless Sensor Package 
Installed On Bell 412 Pitch Link  
 

Concurrently, IEM is developing very small 
2-D, temperature compensated strain gages and 
transmitters using micro-electro-mechanical 
systems (MEMS) technology (Figure 6). 
Potentially, the sensor suite could also harvest 
energy through vibration and transmit data to a 
small central collection unit. IEM has manufactured 
a prototype of their system that shows the MEMS 
technology to be feasible with minimum power 
consumption [12]. 

 

 
 
Figure 6 – IEM’s Proof of Concept MEMS-Based 
Prototype Sensor Node  

Component Serialization  
UID is a cornerstone for data driven 

migration from reactive fleet support to proactive, 
predictive fleet readiness. Department of Defense 
(DoD) per USD (AT&L) Memo of July 29, 2003 
dictates the implementation of UID on all new 
acquisition programs to provide life cycle data 
visibility.  

From our structures perspective, past 
experience has shown that records are lost, 
components get on the wrong aircraft, and 
unapproved components find their way into the 
supply system. To accurately track component 
history, we require proper marking of components 
and the ability to retain configuration and 
maintenance service records.  

Life limited components are sensitive to 
invasive marking methods such as mechanical 
etching. Furthermore, the marking must be durable 
enough to survive harsh operating environments 
throughout its life cycle. Currently, the only MIL-
STD-130M approved marking method that could 
meet these criteria is laser bonding. The Navy is 
working with industry to implement laser bonding 
technology for dynamic components. 

Figure 7 and Figure 8 show the laser 
bonded markings remain readable after being 
subject to severe environmental testing. Using this 
method, Intermec Technologies has successfully 
marked flight critical components for the US Coast 
Guard (USCG) on their Aerospatiale Dauphins and 
Lockheed C-130s [13].  

 
Figure 7- Laser Bonding after 24 Hours in Paint 
Stripper 
 

 
 
Figure 8 - Laser bonding that has been dipped, 
blasted, and scraped still remains readable. 

S.W.(Arms(et(al.,(“Energy'HarvesFng'Wireless'Sensors'
for'Helicopter'Damage'Tracking”,(American(Helicopter(
Society(62nd(Annual(Forum,(Phoenix,(AZ,(May(2006.((

PZT'energy'

harvesters'

Harvested'energy'

200M400µW(

Harvested'energy'

30mW'@'160'Ohms'



LAAS$CNRS( 13/10/2015(

12(

December(8,(2015 (((((((((((((((WiSe(Design(2015 (((((((((((((23(((

Energy'Harves,ng'for'Wireless'in'

Flight'Tes,ng''

Photovoltaic%energy%harves=ng%
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Objec,ves'and'requirements'

!  Autonomous,'baaeryMfree'power'supply'of'a'wireless'

system'including'pressure'sensing'glove,'signal'processing'

and'RF'communica,on'

!  Autonomous'startMup'with'ini,al'empty'storage'

!  Average''electrical'power'of'at'least'2W'under'48V'

!  Few'millimeters'in'thickness'and'flexible'

!  Opera,on'at'low'light''(cloudy'weather)'
!  Opera,on'between'M50°C'and''85°C,''
!  Reduced'pressure'down'to'200hPa'
!  Daylight'tests'

#'PhotoVoltaic'Energy'Harvester'and'

ultracapacitorMbased'storage'
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Test'of'Ultracapacitors'in'Temperature'

Charge'and'discharge'at'low'temperature'

Charge((300(mA)(and(discharge((55(mA)(at(constant(current(and(at(
various(temperatures:(
$  Ultracapacitor(A:(non$linear(behaviour,(even(at(room(T°,(and(very(

poor(performance(at(negaQve(T°(
$  Ultracapacitor'B:(perfect(behavior(even(at(negaQve(T°'
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Architecture'of'the'PV'Energy'Harvester'

!  Under Voltage Lock-Out (UVLO) function to avoid false start-up 
and unexpected power consumption 

!  MPPT achieved by DC/DC buck converter with fractional Voc 
algorithm optimized at low irradiance  
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Architecture'of'the'PV'Energy'Harvester'

Total storage: 10F (4 UCs mounted in 2S2P) 

50Wp thin film monocristalline Si PV panel, 
11% efficiency at 58 W/m2  
17% for Standard Test Conditions  
P.(Durand(Estèbe,(Energy'HarvesFng'for'Wireless'in'Flight'TesFng'on'A321'Aircra\,(
More(Electrical(Aircrap((MEA2015),(Toulouse((France),(3$5(February(2015.((

December(8,(2015 (((((((((((((((WiSe(Design(2015 (((((((((((((28(((
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Recording'of'one'sensor'between'5.45'and'7.30'am'

05:45( 06:00( 06:15( 06:30( 06:45( 07:00( 07:15( 07:30( Time(

Pressure(

Sensing(interrupQons(due(to(
shadowing(or(unsufficient(

energy(storage(
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Energy'Harves,ng'for'AircraD'Health'

Monitoring'

Thermal%gradient%energy%harves=ng%
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CORALIE'Project'

Fast 
Engine 

Aft Pylon Fairing 

Wing 
Pylon 

Engine Exhaust 

Rear Secondary  
Structure 

Instrumentation of the Aft Pylon Fairing (APF) for 
over-temperature and/or crack detection 

Very harsh environment in terms of temperatures, 
pressure, vibrations, fluids and lightning 

Pylon(Primary(
Structure(

December(8,(2015 (((((((((((((((WiSe(Design(2015 (((((((((((((32(((

(Airbus'Group'data:'A.'Massol)'

foil / thermal paste

heat sink

TEG

Thermal'Gradient'Energy'Harves,ng'
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ＫＥＬＫＫＥＬＫＫＥＬＫＫＥＬＫ Thermo Generation ModuleThermo Generation ModuleThermo Generation ModuleThermo Generation Module

[Specifications][Specifications][Specifications][Specifications]
Size: 50mm x 50mm x 4.2mm (excluding lead wire) 
Weight: 47g 
Output: Max. 24W 
Temperature range for use: Th 280℃(max.) 250℃ or lower(normal)

Tc 150℃(max.)
Conversion efficiency: Max. 7.2% 
Material: BiTe family

[Technical Features] [Technical Features] [Technical Features] [Technical Features] 
1. World‘s top conversion efficiency. Ability to 

generate a large output even with a relatively 
small difference in temperature. (24W 
electrical output at 280℃ high-temperature 
side and 30℃ low-temperature side) 

2. High output power density, approximately 
1W/cm2, enable compact equipment. 

3. Simplified handling of circuits thanks to the 
low current of 3A and high voltage of 8V at the 
maximum output.

KELK Ltd. 12

モジュールモジュールモジュールモジュール内部内部内部内部

Thermoelectric Material （ｐ、ｎ）（ｐ、ｎ）（ｐ、ｎ）（ｐ、ｎ）

Cold Side (Tc)

Hot Side(Th)

ＥｆｆｉｃｉｅｎｃｙＥｆｆｉｃｉｅｎｃｙＥｆｆｉｃｉｅｎｃｙＥｆｆｉｃｉｅｎｃｙ＝＝＝＝
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Energy'autonomous'AHM'system'

Data'

Concentrator'

28V(DC(

Data'

Concentrator'

28V(DC(

Crack'wire'sensors'

United States Patent [19] 
Belk et al. 

US005969260A 

5,969,260 
Oct. 19, 1999 

[11] Patent Number: 

[45] Date of Patent: 

[54] REMOTELY INTERROGATABLE 
APPARATUS AND METHOD FOR 
DETECTING DEFECTS IN STRUCTURAL 
MEMBERS 
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[57] ABSTRACT 

The apparatus and associated method of the present inven 
tion remotely detects structural defects in a workpiece by 
monitoring the electrical continuity of thin crack wires 
deposited on or within the workpiece in response to a 
communication from a remote interrogation device. As a 
crack, delamination or other structural defect forms or 
propagates in a structural member or other workpiece, a 
crack wire located in the vicinity of the crack breaks. In 
addition to the crack wires, the defect sensing apparatus 
includes a transponder and a discontinuity sensor for detect 
ing a discontinuity along the crack wire. In order to inspect 
the workpiece, a maintenance technician positions a remote 
interrogation device in proximity with the workpiece under 
inspection. The interrogation signals provided by the remote 
interrogation device are received by the transponder and 
serve to power the defect sensing apparatus. Once su?i 
ciently energized, the discontinuity sensor typically applies 
a voltage to one end of the crack wire and monitors the 
voltage level at the other end of the crack wire to determine 
the crack wire has broken, thereby indicating the presence of 
a crack, delamination or other defect. The discontinuity 
sensor reports the crack wire status via the transponder to the 
remote interrogation device for review by the maintenance 
technician. The defect sensing apparatus may be integral to 
a structural member or form one part of a reinforcement 
patch that is installed during a repair to monitor the struc 
tural integrity of a repaired structural member. 

12 Claims, 4 Drawing Sheets 

US(Patent(n°005969260((
(
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Energy'Harvester'of'the'AHM'system'

!  Impedance(matching(
!  Maximum(Power(Point(

(@0.32V)(for(ΔT(worst(case(
!  Storage(charged(via(a(boost(

regulator((Vmax=4.6V)(

Output'regula,on'5V'

!  2.5V(acQvaQon(threshold(for(sufficient(
stored(energy(to(avoid(UVLO((under(
voltage(lock(out)(

!  1V(desacQvaQon(threshold(

Protec,ons'

!  Overcurrent((1.5A)(and(
overvoltage((5.8V)(

!  Lightning(protecQon((EMI(filter)(

LTC3105'

LT6700'

''LTC3539'

''LTC4362'
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Energy'Harvester'of'the'AHM'system'
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DOM160G'Compliance'

!  Vibra,ons' !  EMC'
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Behavior'Under'Typical''Mission'Profiles'

Worst case mission 
profile at 5V power supply 

•  300mW peak 
•  15mW average 

 
Standard (SD) and  

medium hot (MHD) days 
 

Evolu,on'of'supercapacitor'and'regulated'output'voltages'

under'standard'and'medium'hot'day'condi,ons'
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AHM'System'Integra,on'
Towards'data'concentrator'

Towards'sensors'
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Data logger power supply: 
No reset when switching 
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Flight tests on A380 
starting in January 2016 
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Energy'Harves,ng'for'AircraD'Health'

Monitoring'

Aeroacous=c%energy%harves=ng%

Air(flow(

December(8,(2015 (((((((((((((((WiSe(Design(2015 (((((((((((((40(((

Aeroacous,c'Noise'

!  Rossiter'model'for'frequency'peaks'
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Characteriza,on'of'Generated'Aeroacous,c'Noise'

W = 30 mm

h = 50 mm
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Parallel(SSHI':(allows(maximizing(energy(transfer'
(

#(Power(gain(X4(
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#(Power(gain(X4(

Aeroacous,c'Energy'Harvester'
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#(Power(gain(X4(
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Aeroacous,c'Energy'Harvester'
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Powering'a'Jennic'JN5148'Data'Logger'
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Perspec,ves'

!  Miniaturiza,on'of'the'system'

!  Aeroacous,c'transducer'
•  Helmholtz'resonator'

'

!  Dynamic'behavior'

•  Adap,ve'storage'to'allow'earlier'startMup'&'improved'energy'usage'

146 Chapitre 4. Récupération d’énergie aéroacoustique

Conception

Le fond de la cavité comporte une membrane piézoélectrique sem-
blable à celle de la cavité rectangulaire, mais de dimensions plus petites
pour s’adapter à différentes contraintes géométriques. Ces dimensions
sont données dans le tableau 4.8. La position verticale du fond de cavité
est ajustable, ce qui permet de faire varier la fréquence de résonance fH
via le paramètre h.

Les paramètres géométriques ont été déterminés de façon à réaliser un
compromis entre différentes contraintes, notamment :

— la fréquence de résonance fH doit être dans la bande passante de la
chaîne d’acquisition du banc ( fmax ≈ 13 kHz) ;

— la fréquence de résonance fH doit pouvoir coïncider avec la fré-
quence de Rossiter définie par le diamètre r de l’orifice ;

— la largeur totale doit être inférieure à 30 mm ;
— le diamètre de l’orifice doit être significativement inférieur au dia-

mètre intérieur de la cavité.
Au final, nous avons fabriqué un résonateur de Helmholtz avec le jeu

de paramètres donné dans le tableau 4.7. Suivant le réglage de la hauteur
h, la fréquence de résonance fH est supposée varier entre 6 kHz et 12 kHz.

!"

!#

$

%

Figure 4.31 – Schéma coté du ré-
sonateur de Helmholtz vu en coupe

rayon de l’orifice r (mm) 3

rayon de la cavité R (mm) 13

hauteur de l’orifice L (mm) 2

hauteur de la cavité h (mm) 1<h<30

Table 4.7 – Dimensions du résonateur
de Helmholtz

diamètre total d (mm) 12

diamètre piezo dp (mm) 8,3

épaisseur totale t (µm) 200

épaisseur piezo tp (µm) 80

Table 4.8 – Dimensions de la mem-
brane piézoélectrique du résonateur

La figure 4.32 ci-après illustre le résonateur que nous avons réalisé.
On peut noter qu’il comprend un piston au bout duquel est attachée la
membrane piézoélectrique, et servant à ajuster la hauteur intérieur de la
cavité.

Caractérisation

Notre résonateur de Helmholtz ajustable en fréquence n’a pas donné
de résultats à la hauteur de nos espoirs. Malgré la flexibilité attendue en
ce qui concerne l’accord en fréquence, nous n’avons pratiquement pas
réussi à provoquer le sifflement de cette cavité, y compris en descendant
en-deçà de Mach 0,1. Par conséquent nous ne disposons pas de résultats

4.3. Tests sur cavités rectangulaires 147

(a) (b)

Figure 4.32 – Photographie (a) et vue 3D en coupe (b) du résonateur de Helmholtz

probants concernant ce dispositif.

Nous avons tenté de trouver une explication à cette absence de ré-
sonance. Pour cela nous nous sommes reportés au chapitre 6 du livre
de M.S. Howe [227]. L’auteur y donne les conditions que doivent rem-
plir l’impédance acoustique de l’ouverture de la cavité afin de favoriser
l’excitation de modes de profondeur auto-entretenus. En particulier, il est
précisé qu’une condition nécessaire pour que le phénomène de résonance
ait lieu, est que la partie imaginaire de l’impédance de Rayleigh corres-
pondant à l’ouverture circulaire soit négative (voir figure 4.33).

Figure 4.33 – Impédance de Rayleigh (ZR) d’une ouverture circulaire, d’après M.S.
Howe [227]

Le graphe de la figure 4.33 représente la partie réelle et la partie ima-
ginaire de ZR, normalisées par rapport au diamètre de l’ouverture (ici
noté D), et tracées en fonction du nombre de Strouhal f D/U. On voit
que la condition nécessaire mentionnée précédemment correspond à un
intervalle restreint tel que 0.6 < f D/U < 1.2.

Dans cette intervalle, l’impédance acoustique de l’ouverture débou-
chant sur une cavité, notée ZC(ω), doit être égale à 0. Cette dernière est
définie comme la somme de trois termes : l’impédance de Rayleigh, l’im-
pédance de rayonnement de l’écoulement, et l’impédance de la cavité.

Nous avons calculé ZC(ω) pour différentes valeurs de Mach et tracé
son évolution en fonction de f D/U en faisant varier la hauteur de la ca-
vité. L’objectif est d’identifier pour quelles combinaisons de paramètres
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OnMchip'microMstorage'
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Conclusion%

Aeronau,cs''has'a'true'need'for'wireless'sensing'

•  Flight'test'is'the'most'obvious'killing'applica,on'with'great'

benefits'in'terms'of:'

- Ease'of'installa,on'
- Cost'
- Flexibility'

• AircraD'Health'Monitoring:''

- LongMterm'goal:'condi,onal'maintenance'based'on'

advanced'diagnosis/prognos,c'

- Various'Proofs'of'Concept''
- Miniaturiza,on'limited'by'the'harvester'

- Dependability'over'aircraD'life,me'has'to'be'proven'



LAAS$CNRS( 13/10/2015(

26(

December(8,(2015 (((((((((((((((WiSe(Design(2015 (((((((((((((51(((

Thank'you'


