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Decomposition of the time reversal operator (DORT), a recently applied time reversal method to transmission lines, has shown to be effective in detecting and locating soft faults in complex wire networks. In this paper, we will conduct a statistical study investigating the influence of several parameters, namely the number of testing ports in addition to noise, on the performance of DORT technique after having proposed a suitable fault location criterion. Notably, this would allow a closer inspection of the method's practicability for future implementation in real-life networks.

I. INTRODUCTION

lectrical cables are present in almost all modern systems where the transfer of energy and information is necessary to guarantee a proper functioning and a good performance of a system. Accordingly, safety issues related to faulty electrical wiring necessitated the availability of techniques capable of detecting the presence of faults that could potentially put in jeopardy a whole system. While several wire diagnosis methods have been introduced during the last few decades [START_REF] Smail | Detection of defects in wiring networks using time domain reflectometry[END_REF], [START_REF] Smail | Detection and location of defects in wiring networks using time-domain reflectometry and neural networks[END_REF], time reversal (TR) based methods originally developed in acoustics, have shown to be effectual in locating soft faults; which are minor alterations that may affect a cable, in different complex networks.

For instance, DORT [START_REF] Prada | Eigenmodes of the time reversal operator: A solution to selective focusing in multiple-target media[END_REF], a computational TR method, standing for the decomposition of the time reversal operator, allows synthesizing testing signals from the analysis of the network's TR operator (TRO) which are bound to focus on the fault's position once injected into the ports of a network under test (NUT). In fact, the two varieties of DORT, the standard version in [START_REF] Abboud | A noniterative method for locating soft faults in complex wire networks[END_REF] and the enhanced one (EDORT) in [START_REF] Kafal | Locating multiple soft faults in wire networks using an alternative dort implementation[END_REF] provided promising results in locating single as well as multiple soft faults in different complexity NUTs. It is noteworthy that the process of locating a fault by DORT was accomplished by fetching the energy peak associated to the constructive interference of the injected testing signals on the position of the fault, along a predefined path of the NUT. Although, this allowed a clear identification when dealing with simple network structures and with a sufficient number of testing ports, an increasing complexity in the interpretation is noticed when the NUT's complexity increases and when the number of testing ports decreases. In this paper, we will propose a contrast enhancing method for a more accurate location of soft faults in complex NUTs. This will be followed by a statistical investigation studying the influence of the number of testing ports in addition to the presence of noise, on the DORT's performance.

II. FAULT LOCATION CRITERION USING THE DORT METHOD

As previously stated, DORT method enables synthesizing signals focusing at the fault position, thus leading to a higher energy observed at its position. However, the guided nature of transmission lines imposes that these signals also interact with each other and with junctions present in complex networks, therefore producing constructive interferences at different points in the NUT. In fact, this situation is expected to worsen once the number of injected testing signals associated to their corresponding testing ports decreases. To better illustrate this point, let us consider the double junction (DJ) NUT of Fig. 1 assuming the presence of a single soft fault F3 at a distance 2 m from the reference testing port {1} on its 3 rd branch. The energy diagram of Fig. 2 is obtained after applying DORT method with two testing ports at {1} and {3} and observed along the 3 rd path (linking {1} to {3}). Notably, if we consider the absolute values of the peaks, the dominant value will be that of the peak situated at 1.2 m from {1}, and not corresponding to the fault which is situated at 2 m from {1}. But if we consider the amplitude of each peak relative to the local plateau (I1, I2 or I3), the fault's peak will be the dominant one and its detectability becomes direct and easy. This example shows the necessity of considering the relative amplitudes of the peaks instead of the absolute ones, whence the need to calculate some kind of contrast, to be able to formalize the location process accordingly. A fault location criterion based on what preceded is derived which is based on defining each of the delimiting intervals Ii in the energy diagram of an NUT followed by calculating the plateau related to each one of them along different paths of the NUT. After that we proceed to the calculation of the contrast of the local peaks as the ratio of the amplitude of the peak to that of the corresponding plateau previously calculated. Consequently, the highest contrast peak hints at the location of the fault. For illustration purposes, we reconsidered the example of Fig. 1, where the corresponding contrast diagram for all paths as presented in Fig. 3 points out an important fact: we are able to E directly pinpoint the location of the soft fault using only two testing ports. It is situated on the third or fourth path, at a distance of 2 m from {1}. 

III. INFLUENCING PARAMETERS ON DORT METHOD

The previous example showed that the performance of DORT method is influenced by the number of testing ports where a detailed study could be found in [START_REF] Abboud | A noniterative method for locating soft faults in complex wire networks[END_REF]. In fact, a change in their number might allow or not to locate the faults in an NUT. In order to conduct a statistical study to analyze this parameter, a database containing a large number of NUTs is necessary, where the DJ NUT earlier studied serves as a good choice as it is considered to be complex compared to those usually studied in this domain (single cables in most cases). In the DJ configuration of Fig. 1, we considered three different fault positions (F1, F2 and F3). For each position, we generated a set of NUTs, where the lengths were randomly chosen. For each of these configurations, we also considered the cases of having 1, 2, 3, and 4 testing ports, where we generated a total set of 4000 different files.

After this first step of generating the database, we proceeded to analyzing the results. Thus we wrote several functions aiming to extract and analyze the desired information, based on the contrast location criterion we earlier developed. The first step is to determine the contrast for all the peaks in the NUT, based on the ideas discussed in section II, and then we choose the maximum contrast. If its spatial position corresponds to that of the fault, we consider that the fault is located, if not, the fault is not correctly located. Consequently, this will provide the rates of the number of successes (i.e., when we locate the fault for a given NUT) to the total number of analyzed NUTs. This rate will be referred to as PSR, with SR being the success rate. On the other hand, in order to have a better idea of the value of the location probability, we proceeded to an estimation of the latter based on the Maximum Likelihood Estimation (MLE), and the estimated value of this probability is going to be referred to as PMLE. In particular, table I shows that one testing port leads to a null location probability, whilst adding more testing ports increases this probability so as it converges to 1 once all the NUT's testing ports are used. Thus, based on the DORT properties and the preliminary analysis obtained, one can expect to have a higher location probability when testing ports exist from both sides of the fault (as that of F3), and a low location probability in the opposite cases. In fact, this factor is one of many other factors that might influence the method's performance, whence the necessity to analyze these parameters and their possible effects on the DORT performance through a similar statistical study shall be very interesting. In this event, the same statistical analysis is being investigated to study the influence of noise (Additive White Gaussian Noise (AWGN)) on the location probability for DORT method.
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 1 Fig. 1. Layout a double-junction (DJ) NUT containing several soft faults on different positions.
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 2 Fig. 2. The energy diagram produced after applying DORT on the DJ NUT of Fig. 1 with two testing ports at {1} and {3} observed along the third path.
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 3 Fig. 3. The contrast computed along the different path branches of the NUT of Fig. 1. TABLE I LOCATION PROBABILITIES PMLE OF THE FAULTS IN THE NUT OF FIG. 1 IN TERMS OF THE NUMBER OF TESTING PORTS.

TABLE I LOCATION

 I PROBABILITIES PMLE OF THE FAULTS IN THE NUT OF FIG. 1 IN TERMS OF THE NUMBER OF TESTING PORTS.

	Fault	1	Number of Testing Ports 2 3	4
	F1	0	0.5138	0.75	1
	F2	0	0.5	0.75	1
	F3	0	0.7183	1	1