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33 Abstract.

34 In this paper, an efficient method is proposed for detecting and locating a soft
35 fault, i.e. a physical degradation, in a Y-shaped network of unshielded twisted pair
36 cables. The method\uses jointly the observability analysis and time-frequency domain
2573 reflectometry/experimental measurements. The fault detection consists in checking
39 the consistency between the known characteristics of the cable under no-fault and
40 faulty ‘conditionsy, with the maximum value of a normalized time-frequency cross-
41 correlation function computed on a sliding time window whose length is equal to
42 the boundary exact observability time. The cable transmission speed and the wired
43 network observability time are combined to locate precisely the fault. Soft faults
44 are artificially created by connecting resistors of different values to the test cable.
45 Fxperimental results show the efficiency of our fault detection and localization method.
46
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56 1. Introduction

57

58 Cables are widely used in various industrial and transport sectors, their role is to ensure
59

60 the transmission of energy or information within a system. Different types of cables are
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used depending on the type of signal being transported.

Besides, cables are generally installed in harsh environments, making them prone
to degradation or faults such as bad connections or insulation failure and possibly
conductor cuts. These faults are divided into two categories, namely soft faults and
hard faults, based on their severity and impact on data and energy transmission |1].

A cable degradation changes the electrical parameters of thestransmission line.
Degradation tends to develop to a hard fault like short circuit or open cireuit, which
results in total system breakdown. For example, a faulty cable ifn“an aircraft can cause
significant malfunctions and consequences, which can be dramatic for the aircraft, the
environment, and of course the passengers. Therefore a high availability and reliability
of a wired network relies on the capability to detect incipient faults very early.

Different diagnosis methods are used depending on the type of cable, complexity
and security constraints of the wired network. The commeonly used methods are visual
inspection, X-ray, guided ultrasonic waves, infraredthermal imaging. These methods
are intrusive and may be destructive [2]. Recently; signal-based methods have been
proposed. The principle is to inject a dedicated refetence signal in the cable and
measure either the characteristics of thedransmitted signal [3]| or the characteristics of
the reflected signal [1]. The latter is known as @areflectometry method. The conventional
reflectometry methods can be categorized mto time-domain reflectometry (TDR) and
frequency-domain reflectometry (FDR)YJ45.[5],,[6]. A review of existing reflectometry-
based methods is presented in [1].

To enhance the accuracynin reflectometry, digital signal processing techniques
were suggested, for instance the gpatial resolution to locate fault in a cable [6], a
combined FDR and inverse fast Fourier transform (IFFT) to locate the position of
a degradation or abnormalityinsa.polymer-insulated electric cable in [7]. In addition to
the aforementioned techniques, time-frequency solutions are also being explored.

The joint time-frequency domain reflectometry (JTFDR) captures many of
the advantages of both., TDR and FDR by allowing customized reference signal
parameters like fréqueney bandwidth, center frequency, and time duration to provide
a unique time-frequency eross-correlation function in order to detect soft faults with
acceptable aceuracy. . JTFDR techniques were applied to monitor high-temperature
superconducting/eables [8], shielded cable [9], or to study and follow the aging process
of electric.power cables [10], [11].

This paper proposes an original method to locate faults in a Y-shaped network
composed.of unshielded twisted pair (UTP) cables. The method is based on observability
analysis and JTFDR experimental measurements. The contributions are the following:

e The JTFDR is used to get the nominal reflected signal in healthy conditions (no-
fault) by injecting a chirp incident signal multiplied by a Gaussian time envelope
with a swept sine wave covering a frequency band of interest.

e The principle of fault detection is to compare, on a sliding time window, the
amplitudes of the reflected signal with a predefined threshold. The threshold is fixed
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with the maximum value of a normalized time-frequency intercorrelation ANTEL)
for a non degraded cable. The length of the sliding time window is theso-called
boundary exact observability time, which is equal to the minimum time required
to compute the NTFI for the considered network. It should be pointediout that
in the existing literature, this NTFI calculation is performed within a limited'time
interval, without specifying the width of this time window.

e In reflectometry, the reflected signal is collected at the injection point of the incident
signal. The observation is thus made from one side of the €able. Using the known
cable transmission speed and the wired network architecture (length, configuration),
the system observability time defined by [12] is determined and used to locate the
fault.

e The local variation of the primary parameters of the.cableespecially R in the RLCG
transmission line model due to a cable fault are artifieially created by inserting
resistors of different values connected in series to several points along the test cable.
Short and open circuits are also tested in the experimental bench.

The remaining of the paper is organized as follows. In Section II, the theoretical
background on transmission line models and. the reflectometry technique are briefly
introduced. Section III focuses on the proposed fault detection and localization schemes.
The experimental setup and result§ empfault diagnosis are discussed in Section IV and
finally Section V draws a conclusion.

2. Theoretical background

This section presents the reﬂe@metry principles. First, a preliminary reminder of the
transmission line theory i§ introduced.

2.1. Transmission linestheory

A transmission line ishmodelled by a distributed-parameter transport differential
equation, where woltage and current are expressed in magnitude and phase over its
length. It is often schematically represented as a two-wire line or a transverse electric
magnetic (TEM) wave propagation. Conductors are composed of an infinite series of
two-port.elementary components, each representing an infinitesimally short segment dz
of the transmission line.

Figure 1 represents the equivalent electric circuit of an element dz of the
transmission line where

-W(t,2) and i(t,z) are, respectively, the voltage and the current through the
transmission line at distance z and time t.
- Rdz is the resistance of the conductors, expressed in Ohm per unit length.

- Ldz is the inductance (due to the magnetic field around the wires, self-inductance),
expressed in Henri per unit length.
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Figure 1: Electric transmissionsline

- Cdz is the capacitance between the two conductors, wepresented by a shunt
capacitor and expressed in Farad per unit length.
- (GGdz is the conductance of the dielectric material separating the two conductors,

represented by a shunt resistance and expressed in' Siemens per unit length.

Applying Kirchhoft’s voltage and current law to the circuit shown in Fig.1, we get

it 2) + g Q-0 (L, 8) + 13i(t, 2) = 0

(1)

O(ty2) + a0t 2) + G v(t,2) = 0

(1) is the time-domain form-ofithe so-called telegrapher equations on transmission
line of length [ with the initial condition

t=0: [i(O,B,v(O,z)]T 2 [i%2),2°(2)]", 0< 2 <1 (2)

Consider a tramsmission line powered by a voltage generator (see Fig.2) which
delivers the excitation signal to a load of impedance Z,

At steady state, the voltage and current take the form of monotonic sinusoidal
waves:

i(w, 2) = I(w, 2)elt )
v(w,2) = V(w, z)el™
where w i$ the angular frequency of the steady-state wave. In this case, the
telegrapher’s equations are reduced to

T — 92w, 2) = 0

2 (@)
o) _2y(w,2) = 0

Solutions of (4) result from the combination of incident waves (I't(w, z),V " (w, 2))
and reflected waves (I~ (w, z),V~(w, z)) propagating along the cable, which leads to the

following

Page 4 of 17
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Figure 2: Transmission line powered by a voltage generator and charged by an
impedance Z;

L
{ z(w, Z) _ [f(w’ Z)e*'YZ i3 [+(w, Z)e+'¥z (5>

v(w,z) =V~ (w,2)e " +Vil(w, z)e™?

where v = /(R + jwL)(G + jwC) is the propagation constant, which represents the
attenuation and dispersion of thefsignal.along the cable of characteristic impedance

_ RA-jwL
ZC 'V G+juwC-

2.2. Reflectometry and reflection coefficient

Reflectometry is a high frequency diagnostic method. It is based on a radar-like
principle of sending a signal and analyzing the reflected signal. Reflectometry is used
in numerous fields owing tedts non destructive characteristics. One of the applications
is the localization of faults insired networks.

In fact, as shown. in Figi3, the incident signal is propagated along the line and
when it encounters an electrical discontinuity as for instance, impedance variation, fault,
shunt [13], a part of the energy is sent back to the injection point and the other part is
transferred o the line. \In some cases, there is no transmitted wave, all energy is sent
back to the injection point.

The reflection’coeflicient I' is the ratio between reflected and incident signals

V= (w,z)e 7

[= ———F—
VH(w, z)e? (6)
From Fig. 2, (6) yields
Z— Z.
T —
(w7 Z) Zl + Zc (7)

Indeed, the reflection coefficient is null with an adapted load (i.e, Z; = Z,.).
The reflection coefficient may also be computed from the scattering matrix model
with Sj;-parameter [14].
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Os=cilloscope

Powver signal
generator

Cable Z¢

< Reflected wave

Coupler

Figure 3: Reflectometry principle

3. Fault detection and localization scheme

The high availability and reliability wired network reliesson the efficiency to monitor
cable’s degradation to prevent total system breakdown. TDR and FDR both give
mitigated results to tackle desired performance [1|.7T0 enhance the limitation, several
reflectometry techniques have been deployed to diagnose more efficiently and accurately
incipient faults on wired network, ameng them the time-frequency techniques.

The joint time-frequency domain reflectometry (JTFDR) captures many of the ad-
vantages of both TDR and EDR by allowing more flexibility and adaptation to the
characteristics of the cable to beidiagnosed [8]. Features can be adjusted as frequency
bandwidth, center frequency,/and time duration to provide a unique time-frequency
cross-correlation function in_order to detect degradation with acceptable accuracy (see
for e.g.,[15]). 4

JTFDR is a three-step process:
1. Injection of afrequency chirp signal, defined to minimize distortion as it propagates
through the,cable.
2. Measurement of thereflectogram and calculation of its Wigner-Ville transform [16].
3. Application of anormalized time-frequency cross-correlation function, whose peaks

correspond to.cable discontinuities.

In “this work, the JTFDR framework is used to extract signal characteristics
(frequency, woltage, shape, position) from measurements. These features are thus
compared t0 a priori known characteristics of the UTP cable or the Y-shaped network
under no-fault and fault hypotheses.

3.1. Nominal reflected signal

Since the JTFDR considers information both in time and frequency domains at the
same time, we use a linearly increasing Gaussian envelope chirp reference signal g(t)

Page 6 of 17
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as an incident signal which has an adjustable time duration and frequency bandwidth
together.

The signal g(t), defined by Eq. 8 is injected at one end point of the Y-shaped
network in heathly conditions, to get reference reflected signals which will be used later
to build the detection threshold.

Q

o) = () emorr ®)

T

It is stated that the reflection coefficient varies according«to the impedance
discontinuity within the electrical transmission network. Thereflected signal presents a
succession of peaks correlated to the incident wave reflections at different discontinuities
within the cable (faults, nodes and connectors positions).

Let G(w) = FT {g(t)} be the Fourier transform of ¢(t), thereflected signal S(t) is
given by :

" or

S(t) ! / OoG(w)SHeijfdﬁu (9)

—0o0
where 7; is the offset time betweenshe peak of the incident and reflected signals
in the cross-correlation.
The Sy;-parameter is computed by a veetor metwork analyzer (VNA).

3.2. Fault Detection

The general principle of fault detection, described by Fig.4, consists in comparing the
amplitudes of reflected signal with a eomputed threshold.

| Scope - —\ -
S Threshald setting.
. Y&io " 4
Power signal 4 \
genersr el TS »_cdHe O
1 N " Gaussian
| distribution gz ft}
“ - ~
| - .
- ] hlaic Carit) U
| Chservability | —: INTFI :- Brd -
@ analysis ) Baundary exact ' H

ahzervahbilitytime

' :

- Faultlocation f----------mmmmm oo
I3

p{ Cable [z] Cable )

Time courter

Fault detectian and lacalizatian

Figure 4: Fault detection and location scheme
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Fig.4 highlights the fact that the system observability analysis (One can gee that
the observability analysis feature is shared between the two blocks) is the key of the two
major paper’s contributions:

1) The threshold setting is performed off-line by computing the maximumof C,, (%)

2) The fault detection and localization scheme is operated online.

The power signal generator, the coupler, and the scope are the’firmware parts
which function is to generate, collect and visualize the reflectometry incident signal on
a healthy cable for threshold setting purpose and on a cable test in order to tune the
the fault detection scheme. N

Note that in Fig.4, continuous lines represent data flowssand the/dotted ones, the
decision flows.

The principle of fault detection is to compare, on asliding time window, the
amplitudes of the reflected signal with a predefined #hreshold.” The threshold is fixed
with the maximum value Cj,(¢) of a normalized time-frequency intercorrelation (NTFI)
for a non degraded cable. The length of the slidingtime window is the so-called boundary
exact observability time, which is equal to the time requir’ed to compute the NTFI for
the considered network.

In reflectometry, the reflected signal is eollected at the injection point of the incident
signal. The observation is thus made from one side of the cable. Using the known
cable transmission speed and the‘wiredmetwork architecture (length, configuration),
the system observability time defined by [12] is determined and used to locate the fault.

Inspired by [15], the threshold is fixed as the maximum value of the normalized
time-frequency inter correlation(NTFI) Cy,.(t). The NTFI correlates, over a limited
time interval, the incident signal g(¢) with all the time-delayed versions of the reflected
signal s(t). N

Os () = =—3=C(1) (10)

The terms F,(t) and' Egare normalization factors, thus, Cy,.(t) € [0; 1] V¢.

t'=t+Ts
/ Wt w) W, (¢ — t, w)dwdt’ (11)
t'=t—Ts —00
t'=t+Ts
/ Ws(t’, w)dwdt’ (12)
t/=t—Ts —
+00 +00
B, - / W, (¢ w)dwdt’ (13)

where/ W (t,w) and Wy(t,w) are the Wigner-Ville transform [16] of incident and
reflected signals ¢(t) and s(t) respectively.

Tyis the width of the temporal sliding window to be defined. It should be pointed
out that in the existing literature, this NTFI calculation is performed within a limited
time interval, without specifying the width of this time window.

Page 8 of 17
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Wired networks are transport systems, thus, the incident signal propagateés along
the network on each transmission line with the speed or transport coefficientsA equals
to \/%—C where L and C' are respectively the line inductance and capacitance. Obviously,
for each transmission line of length [,

l
T, = = IVLC (14)
The NTFI normalises the disparities of the reflected signal.due to the non-
homogeneity of the cable. The maximum of Cj.(t) sets am optimmm in terms of
admissible reflected signal amplitude. Thus, detecting the maximum of C,, (¢), therefore

allows us to determine whether a fault is present or not.

3.8. Fault localization

The advantage of NTFI is its ability to detect low amplitudes fault with acceptable
accuracy. However, this technique is not efficient tonlocate precisely a soft fault. To
improve fault localization, it was proposed to combine J%‘FDR with other methods :
pattern recognition methods [17], wavelet Transform [18], convolutional neural network
[4].

In this paper, we propose to combine JTFDRyand observability analysis to locate
precisely a fault on a Y-shaped netweork.

Transport flow networks like water or.electrical distribution systems are hyperbolic
systems of non-conservative laws,. [19]|. Efficient results on fault detection and isolation
have been obtained for such gystems, using the observability analysis. A Y-shaped
electrical network is an hyperbolic system (based on the telegraphists’ equation) and the
theory developed in a general framework [12] can therefore be applied.

Definition 1 A system issaid to be exactly observable in a given domain € if and only
if the initial state of the systemr€an only be reconstructed by measurements over a finite
time interval. The minimum time 7, > 0 is the so-called observability time.

Transport flow systems are modelled by the following general equations

{ GWi(t, z) + S(2)0.W (t,2) + H (2) W (t,2) = 0 (15)

W(0,2) =W°z)

where W (%, 2) are unknown transported variables or densities.

Remark L Equations (1)-(2) are under the form (15) with

Wit 2) — [i(t,Z) ] S(z) = [ (1) Céz) ] H(z) = [ 11?8 G?z) ] (16)

v(t, 2)

thus, a transmission line is indeed a kind of transport flow system.
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The exact observability of transport flow systems (15) can be stated at one side or at
both sides of the system’s boundaries. In reflectometry, the reflected signal igicollected
at the injection point of the incident signal. The observation is thus made at onesside
of the system.

Besides, it is commonly stated that the reflection coefficient varies@ecording to the
impedance discontinuity within the electrical transmission network« The reflectogram
presents a succession of peaks correlated to the incident wave reflectionsat different
discontinuities within the network (fault in the lines, positiens ofythe/nodes, and
connectors). Therefore, to locate the impedance discontinuities, thé p?)pagation speed
along the wired network and the exact observability time may be used.

Lemma 1 One side boundary observation of a single cable [12].
Consider an electric transmission line represented in Fig.1 and _described by (1)-(2).
Let T be a number verifying

T > 2VLC (17)

Suppose that [v(t,0),i(t,1)]" = (0,0)7. Fot any initadl condition (2), such that the
norm ||[i°(2), v (2)]" |lex[ 0. is sufficientlyssmall and the compatibility conditions C* with
(1) are satisfied at the points (t,z) = (0,0) and (t,z) = (0,1) respectively, if the values
v(t,0) at z = 0 are observed on the interval| 0,F], then the initial data [i°(z),v°(2)]"
are uniquely determined and the following inequality is verified:

I [°(2,0°(2)]" Nty < 1l 0(t,0)lerpo.ry (18)

The generalization of Lemma 1ito a Y-shaped network is given by the following
lemma.

N
Lemma 2 One side boundary observation of a 'Y -shaped network with m incoming and
n — 1 outgoing flows [12].
Let n =3, m =1 and T be a number verifying

T > 21, VLC + jmax n2lj\/ﬁ (19)

Suppose that [v, (¢, O),ij(t,l])}T = (0,0)1,Vy) = 1,...,n. For any initial condition

(2), ¥y = 1iagn , such that the norm ||[19(2),v)(2)]" lerf 04, is sufficiently small and

the compatibility éonditions C* with piece-wise (1) are satisfied at the points (t,z) = (0,0)

and (t,%) = (0,1,) respectively, if the values v,(t,0) at z = 0Vy = 1,...,n are observed on

the gntervalis0;T], then the initial data [i)(z2),v)(2)]" are uniquely determined and the
following imequality is verified:

ZH ()] lerpoay < Z 1 0,(8,0)ller o7 (20)
7=m+1

Based on the aforementioned Lemmas, the boundary exact observability time 7, is
set at the limit of (17) and (19) depending of the network configuration.

Page 10 of 17
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4

5 On a single cable

6 To =2V LC (21)

7

8 On Y-shaped network n =3, m =1

9

1(1) T, =21, VLC + max 20,V LC (22)
17=m—+1,...n

12

13 Going back to (10)-(14), it obviously appears that the NTFIis computed on the

14 sliding time window [t — T, + T;] which length is equal to 2Tgi.e the;boundary exact

12 observability time 7, = 27,. Thus, observing the reflected signal.at the same point of

17 the injected incident signal (reflectometry principle), one camupdate the state of the

18 wired network and get the fault location z;.

;g Recalling the boundary exact observability time definediin Lemmas 1 and 2, a fault

21 located at the curvilinear coordinate z; € [0,1,], 7 %= 1,."ym, 1S uniquely localize from

22 the reflected signal measurements collected during an interval {0, 7¢]. T, the offset time

;i between the peak of the incident and reflected signals.in the cross-correlation.

25 On a Y-shaped network where n = 3 and m =A, the fault localization is performed

26 in two steps: identification of the faultysbranchand/location of fault on the faulty

27

28 branch:

2

33 e The fault is located on the in¢oming flow branch m at zy, Ty < 21,V LC

31 1

32 2p = X Ty 23

33 rT—ovie T (23)

34

35 e The fault is located on aspecific outgoing flow branch m + 1, ...,n at z;

36

i Tr > 2l,VLC ~ ,

38 2= ———XTr =1l 24

o 1= ovie < .

40

41 4. Experimental setuprand results

42

43 .

42 4.1. Test benchédescription

22 A test bench| shown in Fig.5, has been set up to test the efficiency of the proposed fault

47 detection andlocalization method. The test bench is a Y-shaped network (see Fig.6),

48 where three branches are connected with a node. The installed cables are aeronautic

gg DRBI18-type cables with a characteristic impedance Z, = 1201).

51 A"DRB18 cable is an unshielded twisted pair cable designed for aircraft [20] with

52 point-to-point or bus topology, using a carrier sense multiple access/collision detection

;31 (CSMA/E@D) baseband communication protocol. The parameters of the test cable are

55 given in table 1.

56 The NSA937901 M 1606 module [21], designed specifically for aircraft, is used to

g; connect the three branches of the Y-network. Each cable termination is equipped with

59 a balun to connect the VNA two-wire cable.
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Value
[0.25 : 100] MHz
1.12x 1073 m
sen conductors (D) 2.11x 1073 m
ivity (o) 5,8 x 107 S/m
meability (uo) 4 %1077 H/m
loss tangent tan(d) 2,83 x 1072
c permittivity (e) 1.377 x 10~
e term : () 1<n<13(n=1)

Connectors (', ..., C5 are used to connect, in series or in parallel, resistors of different
val 0 althy DRB18 cable to emulate faults.
Fig.7 shows the measurement chain with different components.

Fault detection and localization: Experimental results

e test bench is built to be easily manipulated for fault diagnosis purpose. The
D-branch may be disconnected from the network to study a single cable. A fault
presented by an impedance Z; € {5§2; 50€; 500€2; 5K} can be inserted in series or
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Figure 6: Network topology and location of conneéetors

MNetwaork
| WNA portl |—| 2m SMA |—| Balun 1 I—— Connectors+ DRE1Z + VT _‘ Balum2 H 2m 5MA H VNA port2 |

E ;Yf‘(’ Q‘-*jg VI Lﬂlﬁf
Figure 7: Measurement chain

in parallel and removed in two different positions. The length of the branches AD, DC
and DB are respectively [; =950 m , 5 =95 m and /3 = 12 m. The distance between
the fault positions and the node-Afor AD-branch and D in DC-branch is z; = 4.3 m.
Our goals is to show the validity of diagnosis method’s.

Firstly, experiments are conducted on the non-faulty Y-shaped network and
disconnected AD-branch{ Regorded measurements are kept as nominal reflected signals
in order to computesthe dmaximum value of the normalized time-frequency inter
correlations, Cs, ().

Secondly, hard faults (short and open-circuits) and soft faults (degradations) are
emulated by logal variation of the primary parameters especially R in the RLCG
transmission limermodel on the Y-shaped network and on its disconnected AD-branch.

Nominal reflected signal

The vector network analyser (VNA E5071C) is used to inject a signal into the
network and toaneasure the transmission coefficients between each source and each two
end linesiin the frequency band of [0.25 : 100] MHz. The measurements are transmitted
to /& computer for data processing via MATLAB®). Gaussian noise with a signal to
noise ratio of 100 dB is added via MATLAB®) to get the reflected signal in a realistic
environment for an embedded system.

In_healthy conditions (no-fault), reflected signals of the Y-shaped network and of
the disconnected AD-branch are collected at the injection point of the Gaussian envelope
chirp incident signal. They are represented in Fig.8.

The observed reflections are due to the non-homogeneity of the UTP cable. High
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Figure 8: Nominal reflected signal of Y-shapedmetwork and of the disconnected
AD-branch (no-fault case)s ¥

amplitudes are located around connectors €, ..55C5 (see Fig.6).

The MATLAB®) function wuvd(, f;) is used to compute the Wigner-Ville transform
of the signals.

For a DRB1S cable, L = 4.98 x 10"“H and C' = 3.47 x 107! F, which leads to the
propagation speed \ & 2.41 x 103, m/s.

By applying (11)-(13), thé NTFLis computed on a sliding time of length equal to
the corresponding boundary ‘exact observability time with T, = 8.94 x 1078 seconds
and T, = 3.95 x 1078 seconds kspectively for Y-shaped network and the disconnected
AD-branch.

The threshold isiset at theanaximum value of Cs,.(t) (10). The obtained thresholds
are 25 x 107* V and 875 x,107* V respectively for the Y-shaped network and the
disconnected AD#branch:

Short circuit (two terminals are externally connected with no resistance) and open
circuits (twogerminalsare externally disconnected) are created in the Y-shaped network
and the disconnected AD-branch as described in Fig.9).

Theoffset time between the peak of the incident and reflected signals in the cross-
correlation T; isirespectively 11.54 x 107® seconds and 3.49 x 10® seconds for the Y-
shaped network and the AD-branch. Using the one-side boundary exact observability,
the fault locations are estimated through (24) and (23) at 13.88 m and 4.20 m from A.
Compared/to real positions, fault location estimation errors are 40.08 m and —0.09 m
respectively for the Y-shaped network and AD-branch.

Recorded signals with short and open circuits are represented in Fig.10.

Soft faults are now created artificially by inserting an impedance Z; &
{5€2; 50€; 50092 5k} in series in the same locations as the previous hard faults (see

Page 14 of 17
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Figure 9: Hard faults location on the Y-shaped network (a)and the disconnected
AD-branch (b)
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Figure 10: Recorded signals withishort and open circuits on the Y-shaped network (a)
and the diseonnected AD-branch (b)

N
Fig.9).
Fig.11 show theeffectiveness of the proposed approach to different fault severities.

-3
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Figure 11: Recorded signals with resistors connected in series on the Y-shaped
network (a) and the AD-branch (b)

Soft faults corresponding to resistors inserted in series produce positive peaks. It
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corresponds to the energy dissipation within the cable.

The used detection thresholds ensure the detectability of a series resistange greater
than 52 which represents 0.5% of cable’s nominal characteristic impedance. The peak
corresponds to a relative errors of 0.36% to the fault location at 13.75 myfromn.A.

5. Conclusion

A fault detection and localization scheme in a Y-shaped networkof unshielded twisted
pair cables has been proposed. The principle of fault détectién is to compare,
on a sliding time window, the amplitudes of the reflectedysignal with a predefined
threshold. The threshold is fixed with the maximum value of a normalized time-
frequency intercorrelation (NTFT) for a non degraded cable. The length of the sliding
time window is the so-called boundary exact observability time, which is equal to
the minimum time required to compute the NTEL for the considered network. The
observability time is computed from the network’charagcteristics and parameters. The
cable transmission speed and the wired network ebservability time are combined to
locate the fault.

The experimental test bench was built tebe easily manipulated for fault diagnosis
purpose. Different fault severities were inserteduin series in two different positions.
Experimental results confirms the éfficiency of the proposed fault diagnosis scheme. As
future work, we plan to extend the preposed fault diagnosis method to other wired
network configurations.
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