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\maﬂon and needs

Even iIf use of sensors for Structural Health
Monitoring) Is a need and a reality, cables of

-> Poor flexibility

-> Geographically
limited
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\maﬂon and needs

rom outside the bridge...

 Fragile (wind, age...),

 Sensitive to
electromagnetical noise,

e Non-massive
Instrumentations.

Thus, wireless instrumentation
emerges as a source of progress.
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Motivation and needs

Wireless technologies are more than a pratical
simplification !

Wireless technologies are
growing needs and developments of

What is a smart sensor ?
Embedds electronic for digitalization and conditionning
Embedds softwares (from algorithms to embbeded OS),

Allows numerical and reliable communications through a
network (with a supervisor and/or other sensors).
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Motivation and needs

Zoom on the « network » topology contributions

The level of abstraction offered by a network protocol allows :
Durable and evolutary instrumentation,
Flexible instrumentation during all the structure lifespan,

Large number of sensors (more than in “non-networked”, sensor
systems) and scalability

Heterogeneous sensors (temperature, wind, strain_ gauges,
accelerometers,...)

Larger physical deployements (until 1km is realistic)
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LCPC Wireless platform description

LCPC developped such a wireless sensor network platform with
the following characteristics :

Supervisor Structure — WIFI area

Cable, concrete, road, ...

of a traditionnal
computer network
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LCPC Wireless platform description

LCPC wireless platform elements description :
» Network communication
e Smart sensor

e Supervisor

Real case applications
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LCPC Wireless platform description

world standard protocol !
Point to point and reliable procotol,
Independent of its physical implementation ;: OSI model

Application e.qg. : : : : ,
Presentation e.g. , : :

Session e.g. , ,

Transport e.qg. TCP, : : :

Network e.g. IP, , , : : :
Link e.g. , , Zighee, Wi
Physical e.g. , radio,
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LCPC Wireless platform description

Wireless implementation of TCP/IP exists : WIFI (802.11x)
TCP/IP Is an open-source low-cost world-wide protocol
Embeddable and customizable in small electronic components
Wifi are easily adaptable to Bridges context

A simple access point
connected to a
traditionnal PC provides
a wireless TCP/IP area.
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LCPC Wireless platform description

LCPC smart sensor:

- Sensor core is a DSP : dedicated to signal processing
(FFT, filtering...). Hosts an OS

- DSP embedd the real-time pcLinux OS. Permanen
runs the algorithms

- A TCP/IP — Wifi module for wireless
communications

- A 12 bits converter that runs data
digitalization up to 1 Mhz.
Sensitive element : piezzo, | et~
strain-gauges, T°c... Sy

- A GPS module for sensor absolute
time synchronization
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LCPC Wireless platform description

An Oriented Object developed software : easily able of customization from
one to another. Reusable software bricks.

Runs on any standard PC : that all include a native TCP/IP stack =
communication with sensors is
Offers intuitive Iinterfaces to

- To add/remove sensors object in the
monitoring system

- To change a sensor parameter,
- To dis/enable a sensor in the network,
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LCPC Wireless platform description

LCPC platform main contributions :

Abstraction : TCP/IP protocole makes the ‘supervisor-sensors system

Independent of the physical link (wired or wireless) and of the distance
(from meters to 1 km)

Transparent communications : applications hosted by the platform fully
profit from the abstraction level of the network protocole.

: Thanks to the embedded OS and the TCP/IP protocole, running
softwares can be upgraded without
uninstalling the sensor of the structure. = — %

Generic : Platform could host different types of
sensitive elements : piezzo-electric,
anemometer, strain gauges, etc.

High time synchronisation (1 ps) thanks to

GPS module
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Application w crack monitoring

Safety, Structure durability, Cost
efficiency

Knowing the number of wire breaks and
their location in cables contributes to
understand the well-being of the
structure

To provide a health monitoring of cables
by an acoustic surveillance.
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Application 1 : cable crack monitoring

o Rupture de fil
9 Capteur

 When a wire breaks, an acoustic wave is
generated,

» Wave is detected by sensors, recorded
(during 8ms) and very precisely dated,

» Then, sensors transmit those
iInformations to a remote supervisor

By 3 acoustic sensors informations,
supervisor is able to evaluate when and Rupr mengen
where a rupture occured . v L

Localisation
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Application 1 : cable crack monitoring

- Wave speed “S” is estimated by informations from sensor 1 and 3,

- Localization “X’” is evaluated between sensor 1 and 2

Sensor 3 Sensor 1 Sensor 2
: S =L31/ At3%
<4 \
X = Y5> (L12 - S® At12)
L31 L12
X
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Application 1 : cable crack monitoring

e Sensors are 10m equispaced,
e Threshold is about 0.8,
» Speed wave Is about 5000 m/s

S

Iseron Bridge

Result : an accuracy of +/-1
In wire breaks evaluation.

NSF/ESF : Smart Structures and Advanced Sensor Technologies -
Greece June 2005




Application 1 : cable crack monitoring

Instrumentation of Merlebach
Bridge by the wire and the
wireless version of the SHM
platform.

Sensor distripution

N

Wireless versio

Wire version
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Application 1 : cable crack monitoring

% Superviseur 1 =]

teLr
capteur. Capteur

Capteur 4

Mom: Poutre 1
Commentaire Ligne: Comm

Seuil Bas: 100.00001
Seuil Haut: 1000.000
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Application 1 : cable crack monitoring

% Superviseur 1 =]

Capteur 4
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Application 1 : cable crack monitoring

Poutre 1

Mb de cap f /

SR c2-98 G1=60
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Application 1 : cable crack monitoring

Result : a complete chain that ensure cable crack monitoring !

e =)

TCP/IP

Wave digitalization Wifi transmission

Structure diagnosis
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Application 2 : Intelligent wireless trafic

and infrastructure monitoring (ITS)

1) iw£§‘l_:i*_

Safety, trafic monitoring

Vehicule-Infrastructure-Driver
communication

To provide a prototype of a
wireless trafic monitoring
system of a road section
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Application 2 : Intelligent wireless trafic
and infrastructure monitoring (ITS)

LCPC Wireless Platform is implemented as a WIFI Local
Area Network (LAN) provider, through which, drivers can

~600 meters

Wireless Area limits
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Application 2 : Intelligent wireless trafic

and infrastructure monitoring (ITS)
Wireless platform is made of the following elements :

The Oriented Object Language Supervisor (adapted to the context),
running on a PC

An Access Point that ensures the TCP/IP Wireless (Wifi.) Area on a
road section,

In his car, driver’s interface consists in a commercial Pocket PC that
embedds the Wifi protocol.

Bi-a))

_ WIFI Access Point o
Supervisor Driver’s Pocket

PC —in the car.
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Application 2 : Intelligent wireless trafic

and infrastructure monitoring (ITS)

_Car-em bedded
Pocket PC
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Application 2 : Intelligent wireless trafic
and infrastructure monitoring (ITS)

Results :

« A prototype and operational wireless Vehicule-
Infrastructure-Driver communication system,

e A real-time trafic monitoring,

 Algorithms that dynamically detect car entry & exit in the
area

» Efficient possibility of transmitting emergency informations
to a specific or each car present in the area
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Prospects and extensions

A biggest use of DSP capacities ( frequential signature, filtering),

Add to sensor local sources of energy to perform sensor power
autonomy (wind, small solar cells,...)

Different use of the GPS module ( modal analyses,..)

Testing other way for time synchronization of sensors (NTP W4
protocole,...),

Keeping the high level TCP/IP protocole but testing new low-level
wireless protocole such as Zigbee.
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Conclusion

Efficient wireless sensor network for monitoring structures,
Taking care of real application conditions is fundamental,

Use of network protocole is a real advantage : high level of
abstraction, independent of the physical link, scalability, ...

Oriented Objet softwares and algorithms is_a usefull
contribution to ensure modularity and reutilisability,

Embedded OS (ucLinux) in sensors offers abstraction and a
new way of monitoring : sensors are remotely' auto-
adaptative

There remain a lot of improvments ! Power autonomy,
Integration, ...
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