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3. Wave Propagation
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Abstract — A new technique is proposed to reconstruct faulty
wiring networks from the time domain reflectometry response.
The developed method is also for characterizationfalefects in the
branches of the network. The direct problem (propagtion along
the cables) is modelled by RLCG circuit parametersomputed by
finite elements (FEM) and the Finite Difference Tine Domain
(FDTD) method. Genetic Algorithms (GAs) are used tsolve the
inverse problem. The proposed method allows to acrately
locating wire faults. Some examples are presented validate and
illustrate the ability of this reconstruction method.

. INTRODUCTION

Aging wiring in cars, aircraft, trains,
transportation mean is identified as a criticalusitg area.
Fault location in wiring is a major cause for camcen
automotive health maintenance. As automotive wiaeg®e
increases they become brittle and are subject terake
electrical, chemical and mechanical stresses. [Ehids to the
occurrence of defects in the wiring. Wiring networtan be
affected with two types of faults: “soft ones” areated by the

and othe

The novelty of this paper is to propose an efficimethod
for the detection, characterization and localizatib defects in
faulty wiring networks using the time domain reftemetry
response and genetic algorithms. As a first steguitable
model describes the propagation of the electronmagmnave
along multiconductors transmission lines (MTL) hettime
domain: the model is based on the telegrapher'satems
where the per-unit-length electrical parametersriced of R,
L, C and G are computed by a finite element teamid hen
the wave propagation equations are solved with Rimite
Difference Time Domain (FDTD) method. In order teafl

rwith the inverse problem a genetic algorithm is dude

minimize the error between the reflectometry resgaand the
response given by the direct model. Several exaililstrate
the ability of the proposed approach.

Il. WAVE PROPAGATION MODEL

The propagation in a multiconductor transmissiame li
(including n conductors) can be modelled by a RLEXBuit

change of the impedance along the line due to simpinodel [4] and is governed by the telegrapher's toos

deformation in the wire, “hard faults” such as oam short

circuits. For the first type of faults, the reflestetry response

of the faulty network presents a simple deviatiorvariation
versus the impedance of the fault, in the defemtsitlon. In
the case of hard faults the structure of networkvelt as the
response changes. According to the application dgnthe
defects of cables may have catastrophic conseqi&hce

There are several emerging technologies that mipythe
locate and characterize the fault on the wired31]The most

widely used technique fdaesting wires is reflectometry. It is

based on the same principle that radar. A highueqy
electrical signal is sent down the wire, whereefiacts from
any impedance discontinuity such as open or shiortits.
The difference (time delay or phase shift) betwihenincident
and reflected signal is used to locate the faulttioa wire.
However the reflectometry response itself is niftagficient

to identify and locate the defedtsthe wire. There is the need

to solve efficiently the inverse problem which & deduce
knowledge about the defects from the responseeaintiut of
the line. For such analysis an adequate wave peatioag
model is required in order to simulate the resparigke line.

(MTL equations):

9 . L9
EV(Z, t)=-R.1(z 1) L'at I(z,1) )}
% I(z,t) = -G.V (z,t) - C.%V (z,1) )

where V and | are x 1 vectors of the line voltages and line
currents, respectively. The position along the ifndenoted as
z and time is denoted &sThen x n matrices R (resistance), L
(inductance), C (capacitance) and G (conductarmapn the
per-unit-length parameters. The coefficients okéhenatrices
are computed either with a 2D finite element appho@r the
case of uniform transmission lines or with a fullawe
approach for more complex configurations [5]. Tresec of
twisted wire cables is treated with the approactreltped in
[6]. The time-domain analysis of the MTL is detemsil by
the Finite Difference Time Domain (FDTD) method wki
converts the differential equations into recursifiaite
difference equations.

Ill. RESULTS

In the problem, both the reflectometry respanseasured
or simulated) and the direct model are used toattarize the
defects or reconstruct the wiring network. From the
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reflectometry data of the wiring network under tesie 8m
methodology leads to solve an inverse problem: G#ésused 0.98m 2.32m
to minimize the objective function F given by:

TDR (t) _ VMod (t)‘z v
dt

Open

2

F( ) ].‘V Open
V)= (3)
2 .
0 ‘VTDR (t)‘ Open
where VPR(t) is the given initial impulse response arl{f%t) Fig. 3. Reconstructed network.

the response given by the direct model.

A. ldentification of modified local impedance

The faulty network shown in figure 1 is first coteied.
The terminations of the branches are open circuftss
assumed to be affected by a single defect. Theatefnetry
response used as the input of GA corresponds tefectd
located at 2 m from the input. The change of impedadue
to the defect) is respectively of the order 109¢028nd 60%
of the characteristic impedance of the healthy whigure 2
illustrates the time variation of the signals cepending to the
characteristics of the defects deduced from GA.

Magnitude

0.60 Open
.OUm
1.00m 2.25m Fig. 4. Comparison between the reflectometry respsmof
Input the network reconstructed with GA with the healleysion.
V. CONCLUSION
This paper describes a numerical model and an saever
procedure dedicated to time domain reflectometny tfee
Fig. 1. Studied network Open location and characterization of defects in wiringtworks.
: ‘ The work addresses both the modification of loogbédance
[N I =-=10% Impedance change . ..
L e 20% Impedance ch and the reconstruction of faulty wiring networkseafed by
| ==-60% Impedance change hard faults
| —No change
e e s e e
|
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