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Abstract: In this paper, we propose a distributed diagnosis strategy by using reflectometry in 
highly complex wiring networks. Although the problem of sensors number optimization is greatly 
studied in the literature, it is not well investigated in complex wiring networks diagnosis. Our 
proposed approach is based on two principles which are diagnosis sensors number and location 
optimisation using Bayesian Networks and measure uncertainty estimation. It consists in four 
steps: (1) sensors implementation in a deterministic case, (2) influential parameters on diagnosis 
measure identification, (3) diagnosis measure modelling using Bayesian Networks, ( 4) sensor 
number and location optimization. Here, our objective is to minimize both sensors number and 
a wire diagnosis measure uncertainty. 
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1. INTRODUCTION

In recent years, we have witnessed a paradigm shift in 
the automotive and aeronautic industries. The appear­
ance of "X-by-wire" technology, replacing the traditional 
mechanical and hydraulic control systems with electronic 
ones, increases embedded systems complexity. Moreover, 
cumulated wire length rise up to 4 km in a modern car and 
400 km in an aircraft AUZANNEAU [2012]. A part of these 
wiring networks have been identified as likely responsible 
of several tragic mishaps such as the crash of TWA Flight 
800 in July 1996 and Swissair Flight 111 in September 
1998. Monitoring, diagnosis and maintenance are consid­
ered as a nightmare when wire harness is out-of-sight or 
unreachable without dismantling the external structure. It 
is also highly expensive in terms of money, time, resources, 
risk and persons. Each year, US Navy spends 1.8 million 
person-hours for its aircraft wiring systems maintenance 
FURSE and HAUPT [2001]. 
Reflectometry is a powerful technique for detection and 
localisation of electric faults in wiring networks. The idea 
is to inject a wideband test signal down the wire. During 
its propagation, a part of its energy reflects back to the 
injection port when it crosses impedance discontinuities. 
Then, a received signal analysis, called "reflectogram", 
gives location information about the detected wire fault. 
In the literature, many types of reflectometry techniques 
are proposed. The main difference between these varieties 
lies on the injected test signal type and reflected signal pro-

cessing techniques. Time Domain Reflectometry (TDR) 
uses a pulse (Gaussian, rectangular,etc.) as a test signal 
and measures the time delay between the injected and 
received signal to determine the fault location. Frequency 
Domain Reflectometry (FDR) uses a set of sinusoïdal 
waves as a test signal and analyses the phase and/or 
magnitude of the reflected wave FURSE et al. [2003]. 
Although FDR and TDR have proved their efficiency in 
fault detection and localisation for single wires, they are 
not so efficient in complex wiring networks. Indeed, both 
need to use a high voltage signal to detect intermittent 
faults. However, the test signal levels may interfere with 
the native ones, if applied while the target system ( aircraft, 
automobile, etc) is running. 
For those reasons, researchers have focused on innova­
tive methods for "on-line" diagnosis in wiring networks 
aiming at reducing the consequences of intermittent and 
arc faults. To do so, other types of reflectometry have 
been proposed such as Sequence Time Domain Reflectom­
etry (STDR) SHARMA et al. [2007] and Spread Spec­
trum Time Domain Reflectometry (SSTDR) that inject a 
pseudo-noise code TAYLOR and FAULKNER [1996], WEI 
and LI [2011] to diagnose wires in real time. These methods 
are able to detect and locate faults on live wires even when 
the test signal level is well below the noise margin of the 
signal already on the wire. 
In order to limit the bandwidth allocated to system signal 
and reduce inter-signal and Electromagnetic Compatibil­
ity (EMC) interference, Multiple Carrier Reflectometry 












