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Abstract—During the last few decades, problems arising from
faults affecting cable networks has became an issue of major
concern in both industry and research. Consequently, vast efforts
and enormous capitals have been dedicated in the domain of
research and development for projects related to the detection
and location of faults in wire networks. Although, reflectometrybased methods have been the standard choice for fault-detection
techniques especially when dealing with simple networks and
relatively hard faults, their results can be of more difficult
interpretation when soft faults are addressed. Although, time
reversal based methods showed a quantum leap towards solving
this problem, baselining, a natural fitting approach formed an
important basis towards the proper application of both methods.
In this paper, we will verify that a soft fault’s signature can be
easily masked by normal impedance variation in the environment
of the cable. Consequently, the practical implementation of these
methods to test real life networks is a critical challenge.

I. I NTRODUCTION
Once electricity emerged in the human history, electrical
cables evolved in order to transport this energy from one
point to another. As a matter of fact, satisfying the increasing
demands of human needs necessitated the development of electrical equipments which was accompanied with an extensive
installation of wires. Besides, wire networks were expected
to work normally as long as the system is obeying its useful
functional lifetime.
Although cable manufacturers exerted lots of efforts in
research and development to protect cables against damaging
factors, wires are still subject to unwanted modifications
and breakdowns. In fact, many safety and control systems
communicate with increasingly important data rates in order
to fulfill severe real-time constraints. These constraints require
the availability of efficient supports to guarantee a good quality
of service and credibility. Depending on the areas of application, the consequences of such a performance degradation
might be catastrophic and destructive whether on the human
or economic level [1]–[3].
Consequently, techniques employed to detect and locate
faults in wire networks became vital to maintain a trustworthy
usage of cables especially that any failure in their functionality
can put a whole system in jeopardy. Despite the fact that
formidable efforts have been devised in many techniques,
reflectometry-based methods formed a pivotal anchor in this
domain throughout the last few decades. In fact, their basic
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principle is simple to implement: a probe signal is sent to the
network under test (NUT), this signal travels under the laws
of propagation of the medium studied until it encounters an
impedance discontinuity, e.g., a branch junction, a load, or a
local unwanted modification of the line, i.e., a fault. At this
point, a portion of the signal’s energy is returned to the point
of injection where the analysis of the reflected signal to the
incident one is used to infer information about the system
or the environment (position of the fault) plotted usually
in the form of a diagram referred to as the reflectogram.
It is worthy to note that reflectometry are high frequency
techniques categorized into two main families depending on
the nature of the injected signal: 1) time-domain reflectometry
(TDR) [4]–[6] and 2) frequency-domain reflectometry [7], [8].
Although, reflectometry-based methods have proven to be
effective and feasible when dealing with hard faults e.g.,
short or open circuits; the detection and location of other
types of faults seemed to be critical [9]. Particularly, soft
faults, e.g., chafes, insulation damages, cracks, etc. which are
mainly characterized by their weak reflectivity are difficult to
detect when compared to hard faults that usually completely
reflect back the injected signal towards the test port [10]–[13].
Notably, in case of soft faults, signals can still propagate along
the cable and the network is not in a direct danger of breaking
down.
Another key point is that studies conducted on wire networks showed that 30% to 50% of detected faults are categorized as soft [14]. Regrettably, a soft fault might decay with
time and due to external conditions (humidity, pressure, etc.)
ending up to become a hard fault. Accordingly, detecting such
minor wire modifications becomes crucial before they lead to
the system’s collapse. Unfortunately, weak echoes produced
by weak reflectivity soft faults might be easily masked from
reflectometry detection by pseudo echoes generated by higher
reflectivity impedance discontinuities (junctions) present in an
NUT. Besides, the situation is expected to be worsened in
the presence of noise where the analysis of the reflectometry
response becomes complex; this complexity shall increase
as the network’s complexity increases (several junctions and
branches).
Under those circumstances, developing new techniques that
can be integrated with reflectometry methods to improve and
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Fig. 5: Reflectograms of the reference, faulty, and difference systems corresponding to the single-junction single-fault network of Fig. 3
while applying a change in the length of the first branch: (a) 0.1% change, (b) 0.5% change, (c) 1% change, and (d) 5% change.

V. C ONCLUSION
In this paper, we have introduced the baselining approach,
a concept used in different fault location methods to either
enhance the detectability of weak reflectivity soft faults as
in reflectometry methods or produce signals capable from
focusing on the fault’s position as in TR based methods. The
most significant observation of this paper is that soft faults
might have signatures which are much weaker than impedance
changes that can affect a cable during normal operation.
As a result, implementing such techniques necessitates very
controlled measurement environments which is not always
feasible in real life applications especially for embedded
network configurations.
R EFERENCES
[1] C. Furse and R. Haupt, “Down to the wire [aircraft wiring],” Spectrum,
IEEE, vol. 38, no. 2, pp. 34–39, 2001.

SDIWC Conferences Copyright©2018, All Rights Reserved

[2] N. Science and T. C. U. W. S. S. I. W. Group, Review of federal programs
for wire system safety: final report. Executive Office of the President
of the United States, 2000. [Online].
[3] C. Teal and C. Satterlee, “Managed aircraft wiring health directly
relates to improved avionics performance,” in Digital Avionics Systems
Conference, 2000. Proceedings. DASC. The 19th, vol. 1. IEEE, 2000,
pp. 3B6–1.
[4] J. Steiner and W. Weeks, Time-domain reflectometry for monitoring
cable changes: Feasibility study. Electric Power Research Institute,
1990.
[5] C. P. Nemarich, “Time domain reflectometry liquid level sensors,”
Instrumentation & Measurement Magazine, IEEE, vol. 4, no. 4, pp. 40–
44, 2001.
[6] N. Paulter, “An assessment on the accuracy of time-domain reflectometry for measuring the characteristic impedance of transmission lines,”
Instrumentation and Measurement, IEEE Transactions on, vol. 50, no. 5,
pp. 1381–1388, 2001.
[7] C. Furse, Y. C. Chung, R. Dangol, M. Nielsen, G. Mabey, and R. Woodward, “Frequency-domain reflectometry for on-board testing of aging
aircraft wiring,” Electromagnetic Compatibility, IEEE Transactions on,
vol. 45, no. 2, pp. 306–315, 2003.
[8] Y. C. Chung, C. Furse, and J. Pruitt, “Application of phase detection

56

International Journal of Digital Information and Wireless Communications (IJDIWC) 8(1): 52-57
The Society of Digital Information and Wireless Communications, 2018 ISSN: 2225-658X (Online); ISSN 2412-6551 (Print)

[9]
[10]

[11]
[12]
[13]
[14]
[15]
[16]

[17]

[18]

[19]
[20]

[21]

[22]

frequency domain reflectometry for locating faults in an f-18 flight
control harness,” Electromagnetic Compatibility, IEEE Transactions on,
vol. 47, no. 2, pp. 327–334, 2005.
V. Telasula, C. Furse, and C. Lo, “Selection criteria of test signals for
correlation-based wire fault analysis,” Air Force Research Laboratory,
Tech. Rep, 2006.
Y.-J. Shin, E. J. Powers, T.-S. Choe, C.-Y. Hong, E.-S. Song, J.-G. Yook,
and J. B. Park, “Application of time-frequency domain reflectometry for
detection and localization of a fault on a coaxial cable,” Instrumentation
and Measurement, IEEE Transactions on, vol. 54, no. 6, pp. 2493–2500,
2005.
C. Furse, Y. C. Chung, C. Lo, and P. Pendayala, “A critical comparison
of reflectometry methods for location of wiring faults,” Smart Structures
and Systems, vol. 2, no. 1, pp. 25–46, 2006.
Q. Zhang, M. Sorine, and M. Admane, “Inverse scattering for soft fault
diagnosis in electric transmission lines,” Antennas and Propagation,
IEEE Transactions on, vol. 59, no. 1, pp. 141–148, 2011.
L. A. Griffiths, R. Parakh, C. Furse, and B. Baker, “The invisible fray:
A critical analysis of the use of reflectometry for fray location,” Sensors
Journal, IEEE, vol. 6, no. 3, pp. 697–706, 2006.
F. Auzanneau, “Wire troubleshooting and diagnosis: Review and perspectives,” Progress In Electromagnetics Research B, vol. 49, pp. 253–
279, 2013.
M. Born and E. Wolf, Principles of optics: electromagnetic theory of
propagation, interference and diffraction of light. Cambridge university
press, 1999.
M. K. Smail, L. Pichon, M. Olivas, F. Auzanneau, and M. Lambert,
“Detection of defects in wiring networks using time domain reflectometry,” IEEE Transactions on Magnetics, vol. 46, no. 8, pp. 2998–3001,
2010.
M. Kafal, A. Cozza, and L. Pichon, “An efficient technique based on
dort method to locate multiple soft faults in wiring networks,” IEEE
Instrumentation & Measurement Magazine, vol. 19, no. 4, pp. 10–14,
2016.
L. Abboud, A. Cozza, and L. Pichon, “A matched-pulse approach for
soft-fault detection in complex wire networks,” Instrumentation and
Measurement, IEEE Transactions on, vol. 61, no. 6, pp. 1719–1732,
2012.
L. Abboud, A. Cozza, and L. Pichon, “A noniterative method for locating
soft faults in complex wire networks,” Vehicular Technology, IEEE
Transactions on, vol. 62, no. 3, pp. 1010–1019, 2013.
M. Kafal, A. Cozza, and L. Pichon, “Locating Multiple Soft Faults in
Wire Networks Using an Alternative DORT Implementation,” Instrumentation and Measurement, IEEE Transactions on, vol. 65, no. 2, pp.
399–406, 2016.
M. Kafal, A. Cozza, and L. Pichon, “Locating Faults with High Resolution Using Single-Frequency TR-MUSIC Processing,” IEEE Transactions on Instrumentation and Measurement, vol. 65, no. 10, pp. 2342–
2348, 2016.
H. W. Ott, Electromagnetic compatibility engineering. John Wiley &
Sons, 2011.

SDIWC Conferences Copyright©2018, All Rights Reserved

57

