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3. Wave Propagation 

Abstract — A new technique is proposed to reconstruct faulty 
wiring networks from the time domain reflectometry response. 
The developed method is also for characterization of defects in the 
branches of the network. The direct problem (propagation along 
the cables) is modelled by RLCG circuit parameters computed by 
finite elements (FEM) and the Finite Difference Time Domain 
(FDTD) method. Genetic Algorithms (GAs) are used to solve the 
inverse problem. The proposed method allows to accurately 
locating wire faults. Some examples are presented to validate and 
illustrate the ability of this reconstruction method. 

I. INTRODUCTION 

Aging wiring in cars, aircraft, trains, and other 
transportation mean is identified as a critical security area. 
Fault location in wiring is a major cause for concern in 
automotive health maintenance. As automotive wires age 
increases they become brittle and are subject to several 
electrical, chemical and mechanical stresses. This leads to the 
occurrence of defects in the wiring. Wiring networks can be 
affected with two types of faults: “soft ones” are created by the 
change of the impedance along the line due to simple 
deformation in the wire, “hard faults” such as open and short 
circuits. For the first type of faults, the reflectometry response 
of the faulty network presents a simple deviation or variation 
versus the impedance of the fault, in the defects location. In 
the case of hard faults the structure of network as well as the 
response changes. According to the application domain, the 
defects of cables may have catastrophic consequence [1]. 

  

There are several emerging technologies that may help to 
locate and characterize the fault on the wires [1]-[3]. The most 
widely used technique for testing wires is reflectometry. It is 
based on the same principle that radar. A high frequency 
electrical signal is sent down the wire, where it reflects from 
any impedance discontinuity such as open or short circuits. 
The difference (time delay or phase shift) between the incident 
and reflected signal is used to locate the fault on the wire. 
However the reflectometry response itself is not self-sufficient 
to identify and locate the defects in the wire. There is the need 
to solve efficiently the inverse problem which is to deduce 
knowledge about the defects from the response at the input of 
the line. For such analysis an adequate wave propagation 
model is required in order to simulate the response of the line. 

 

The novelty of this paper is to propose an efficient method 
for the detection, characterization and localization of defects in 
faulty wiring networks using the time domain reflectometry 
response and genetic algorithms. As a first step a suitable 
model describes the propagation of the electromagnetic wave 
along multiconductors transmission lines (MTL) in the time 
domain: the model is based on the telegrapher’s equations 
where the per-unit-length electrical parameters matrices of R, 
L, C and G are computed by a finite element technique. Then 
the wave propagation equations are solved with the Finite 
Difference Time Domain (FDTD) method. In order to deal 
with the inverse problem a genetic algorithm is used to 
minimize the error between the reflectometry response and the 
response given by the direct model. Several examples illustrate 
the ability of the proposed approach.  

II.  WAVE PROPAGATION MODEL 

The propagation in a multiconductor transmission line 
(including n conductors) can be modelled by a RLCG circuit 
model [4] and is governed by the telegrapher’s equations 
(MTL equations):  

                )t,z(I
t

.L)t,z(I.R)t,z(V
z ∂

∂−−=
∂
∂

         (1) 

                )t,z(V
t

.C)t,z(V.G)t,z(I
z ∂

∂−−=
∂
∂

     (2) 

where V and I are n x 1 vectors of the line voltages and line 
currents, respectively. The position along the line is denoted as 
z and time is denoted as t. The n x n matrices R (resistance), L 
(inductance), C (capacitance) and G (conductance) contain the 
per-unit-length parameters. The coefficients of these matrices 
are computed either with a 2D finite element approach for the 
case of uniform transmission lines or with a full wave 
approach for more complex configurations [5]. The case of 
twisted wire cables is treated with the approach developed in 
[6]. The time-domain analysis of the MTL is determined by 
the Finite Difference Time Domain (FDTD) method which 
converts the differential equations into recursive finite 
difference equations.  

III.  RESULTS 

   In the problem, both the reflectometry response (measured 
or simulated) and the direct model are used to characterize the 
defects or reconstruct the wiring network. From the 
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3. Wave Propagation 

reflectometry data of the wiring network under test, the 
methodology leads to solve an inverse problem: GA’s are used 
to minimize the objective function F given by:  
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where vTDR(t) is the given initial impulse response and vMod(t) 
the response given by the direct model. 

A. Identification of modified local impedance 

The faulty network shown in figure 1 is first considered. 
The terminations of the branches are open circuits. It is 
assumed to be affected by a single defect. The reflectometry 
response used as the input of GA corresponds to a defect 
located at 2 m from the input. The change of impedance (due 
to the defect) is respectively of the order 10%, 20% and 60% 
of the characteristic impedance of the healthy wire. Figure 2 
illustrates the time variation of the signals corresponding to the 
characteristics of the defects deduced from GA. 
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B. Reconstruction of a wiring network 

This second example illustrates the performances of the 
approach for the reconstruction of a network (location of hard 
faults). The healthy wiring network of figure 1 is considered. 
The reflectometry response used as the input is obtained from 
measurements provided by a vector network analyzer in 
frequency domain. The parameters of GA are the lengths of 
the different branches L = [L1, L2… Li] with i is the total 
number of branch. Figure 3 shows the reconstructed network 
and Figure 4 compares the reflectometry response of the 
healthy network (measurements data) and the reconstructed 
one. 
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IV. CONCLUSION 

This paper describes a numerical model and an inverse 
procedure dedicated to time domain reflectometry for the 
location and characterization of defects in wiring networks. 
The work addresses both the modification of local impedance 
and the reconstruction of faulty wiring networks affected by 
hard faults. 
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Fig. 1. Studied network 

Fig. 2. Time Domain Reflectometry response 
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Fig. 3. Reconstructed network. 
 

Fig. 4. Comparison between the reflectometry responses of 
the network reconstructed with GA with the healthy version. 
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