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Abstract— This article analyses the working principles and the 

possibility to applicate impulse reflectometry in finding defects 

and failures discontinuities of installation cables, as well as finding 

discontinuities in the lines. Based on the theory of wave travel, 

mentioned reflections of impulses are done by measuring 

instruments, whose purpose is to determine the discontinuity - 

change in impedance along the line. This physical property is used 

as the traveling waves behave specifically while crossing 

discontinuities. Waveforms that are presented in this paper can be 

also observed in practical applications and examples of those 

applications are also given in this paper.  Based on the information 

provided by proposed method it is possible to determine the type 

of cable fault, intentional - for example, unauthorized 

consumption or unintentional - mistake due to a malfunction. In 

addition, if proposed method is properly employed, it is possible to 

locate the exact defect location in the conductor with high 

accuracy. 

Keywords—cable fault, discontinuity, fault location, impulse 

reflectometry 

I. INTRODUCTION  

Reflectometry methods have been used for locating faults 
sending  a high frequency signal down the line, which reflects 
back at impedance mismatches such as open or short circuits, 

gauge changes and specially in bridged taps1-5. 

 The difference (time delay) between the incident and 
reflected signal is used to locate the impedance discontinuity on 
the wire. The nature of the input signal is used to classify each 
type of reflectometry test. Time Domain Reflectometry (TDR) 

uses a fast rise time pulse. 6–9 Frequency Domain 
Reflectometry (FDR) including Phase Detection Reflectometry 
(PD-FDR), and Mixed Signal Reflectometry (MSR), uses sine-
wave signals to locate the fault on the wire. Multicarrier 
Reflectometry (MCR) uses a combination of sine waves with 

random phases 9. Sequence Time Domain Reflectometry 
(STDR) uses a pseudo-noise sequence (PN sequence), and 
Spread Spectrum Time Domain Reflectometry (SSTDR) uses a 

sine-wave-modulated PN sequence 9,10.  

The rapid development of telecommunications and energy 
grids has resulted in an increase in the number of failures, 
especially in urban areas. These failures and errors can occur on 
cables in the ground, wall etc. Finding those failures and errors 
can be very time consuming and difficult to detect by standard 

methods 11,13,14 . This led to the development of a device and 
method for measuring defects on cables with the principle of 
reflection of the emitted impulses of the fault location, which 
requires maximum efficiency in their finding and correction. 
The described method is called Arc Reflection Method (ARM) 
and it is proven in the field of locating high-ohm faults without 
errors and it has become the standard method for locating faults 
with high resistance in the measuring systems of all cable 
manufacturers. ARM is the most frequently used and easiest 
method to implement method today for locating high-ohm faults 
and disturbances in a cable that can occur occasionally. ARM 
light arc method has been more refined, so that it now uses a 
new method ARM PLUS with double impact that creates an 
even stronger light arc in the fault area that lasts even longer 
without changing the fault impendence. The fault stays high-
ohm and the reflectometer can show it on the display. The 
impedance is not changed and the fault did not become low-
ohm, and with percussive voltage method the fault can be easily 

seen and micro-located 12.  

This paper is organised as follows: the second chapter 
introduces the theoretical working principal of impulse 
reflectometry, the velocity of spreading impulse, and the 
reflection factor is described. In the third chapter the most 
frequent types of characteristic responses of faults, defects and 
discontinuities that occur in low and high-voltage networks are 
theoretically described. The fourth chapter brings an example of 
usage and measurement of the reflectometer and in the end the 
final considerations is given. 

II.  WORKING PRINCIPLE OF IMPULSE 

REFLECTOMETRY 

Impulse reflectometry provides a visual representation of 

the fault type and location in the cable, which allows 

registration of multiple failures on the measured cable and, with 

the appropriate procedures, can determine their distance from 

the observing point. Measurement accuracy depends on a 

number of factors, primarily the error which brings the 

instrument itself, but also on the technical documentation of 

cables. When using the instrument that, for example, 

contributes to the error of only ± 5 ‰, the location of the fault 

can be determined if the cable length is less than 10 km. In that 

case the deviation in the fault location result would be ± 50 m. 



Physically, it would ultimately mean the excavation route of the 

cable in the length of 100 m. 

Impulse reflectometry is based on the reflection that occurs 

in places of impedance discontinuity along the cable. Schematic 

representation and working principle is given in Figure 1. 

 

 

Fig. 1. Schematic view of the reflectometer 

Discontinuities are defined as places where the input 

impedance of the line and the rest of the line differ from its 

characteristic impedance. The working principle of 

reflectometer is based on a principle similar to radars. The 

device is connected to one end of the cable, between the two 

conductors, and emits a short-term impulse. The impulse travels 

along the conductor and, at the site of the fault, the other end of 

the cable or any other change in the geometry of the conductor, 

because of the sudden change of impedance, two new waves 

will occur, one being just a passing wave because it passes into 

another medium or to the other end of the cable, and the other 

one more or less reflects and returns to the measuring device. 

Based on the time measured from the departure of the impulses 

from the measuring point to the return of the reflected impulses 

the distance to the impedance changes or damage can be 

determined. 

A. Velocity of the spreading impulse  

To more accurately determine the location of impedances 

change by measuring time, it is necessary to know the velocity 

at which the impulse travels through the observed cable. A 

measure of how the construction of the cable affects the speed 

of the impulse is specifically dependent on the type of the cable. 

It is dependent on the insulation of the cable, the cross-sectional 

geometry and the relative dielectric constant. Velocity of the 

impulse is expressed by unit (m/µs) or by relation impulse 

velocity / light velocity, whereas the light velocity in air is 

300 m/µs. Velocity of impulses can usually be entered before 

measurement, and accuracy depends on the technology, the 

stability of insulation, aging of the medium, temperature, 

humidity, and can vary by several percentages depending on the 

observed conditions or over time. 

B. Reflection Factor  

Reflection factor is the ratio of the amplitude of the reflected 

impulse ( Ur ) and the initial impulse ( Up ). It allows us to 

indirectly, through the size and polarity of the reflected 

impulse, determine the size and type of fault (non-

homogeneous spaces) on the observed pair of cable conductors. 

Size of the reflection coefficient has a major impact on the 

quality of transmission. The display of the device, when 

measuring, shows different reflected impulses, which cause 

non-homogeneous places - the change in impedance along the 

observed conductor.  

Assuming that the damping of the impulse is very small, one 

can consider that the reflected impulses have relatively same 

amplitude on the screen as well as the site reflection. 

According to the size and polarity of the reflected impulse it is 

easy to conclude about the type of change in impedance on the 

basis of the reflectivity factor r which is shown as the ratio of 

the amplitude of the reflected 𝑈𝑟  and the progressive wave 

(impulse) 𝑈𝑝 described by (1): 

 

𝑟 =  
𝑈𝑟

𝑈𝑝
      (1) 

The general expression for the reflection coefficient �̅� on the 

end of the line, when the line is closed with impedance 𝑍𝑝
̅̅ ̅, is 

described by the equation (2): 

𝑟 = =
Z𝑝−Z𝑐

Z𝑝+Z𝑐
  ;  0 ≤ |𝑟| ≤ 1     (2) 

 Whereas Z𝑝 represents impedance of the reflected location and 

Z𝑐 implies the characteristic impedance of the observed cable. 

III. CHARACTERISTIC RESPONSES OF FAULTS AND 

FAILURES  

In this chapter, a typical conductor conditions are 

observed, such as short circuit, disruption, compound of cables, 

cable connections, and cable branching. 

A. Conductor short circuit 

Reflection factor at conductor short circuit, where the 

impedance at the site of reflection is 𝑍𝑝  =  0, can be described 

by  the equation (3): 

 

𝑟 = 𝑙𝑖𝑚
𝑍𝑝→0

  
Z𝑝−Z𝑐

Z𝑝+Z𝑐
=  −1    (3) 

 

At the short circuit location, a complete reflection of 

the impulse occurs. The minus sign means that impulse during 

the reflection changes polarity. Figure 3 provides an overview 

of reflections at short-circuited conductor. 

 

Fig. 2. Reflection at a short-circuited conductor 

The amplitude of the reflected impulse is actually slightly 

lower than the initial impulse because of actual damping of the 

impulse measured on cable. 

B. Conductor disruption 

Reflection factor at a disruption point or at the end of the 

conductor where the impedance 𝑍𝑝  =  ∞, can be displayed by 

the equation (4): 

 

  𝑟 = lim
𝑍𝑝→∞

Z𝑝−Z𝑐

Z𝑝+Z𝑐
= +1   (4) 



The reflected impulse has the same polarity and 

approximately equal amplitude of the initial pulse. Figure 3 

gives an overview of the wave reflection at a disrupt conductor. 

Zc Zp

Up Ur

= ∞ 

t

 
 

Fig. 3. Reflection of a disrupt conductor 

C. Compound of the same cables 

Cable with characteristic impedance Z𝑐  continued with 

exactly the same cable or a cable with the same properties and 

the same impedance where Z𝑝 = Z𝑐, is given by the equation 5: 

�̅� = lim
𝑍𝑝→𝑍𝑐

Z𝑝−Z𝑐

Z𝑝+Z𝑐
= 0    (5) 

At the connection point there is no reflection, and in reality, 

because of the changes in the geometry of the cable, at the 

connection a little reflected impulse appears. Figure 4 provides 

an overview of the wave reflections in the cable of the same 

type or the same properties. 

 
Fig. 4. Reflection at the connection point of the conductors with same 

properties 

D. Connection of different cables 

       At the connection point of two different cables, a partial 

reflection appears with amplitude and polarity dependent on 

impedance relations. If  Z𝑝 < Z𝑐  reflection factor is negative 

and less than 100% and generates a, more or less, reflected pulse 

of negative polarity. 

If  Z𝑝 > Z𝑐 reflection factor is positive and less than 

100% and a response appears on the screen with the reflected 

positive pulse amplitude dependent on the ratio of Z𝑝 and  Z𝑐. 

E. Cable branch 

If a measured cable has a branch derived by a cable with 

impedance ZO the reflection factor is calculated from the 

equation 6: 

 

r̅ =
−1

1+
2𝑍0
𝑍𝑐

   (6) 

Figure 5 gives an overview of the reflection wave that 

is reflected at the separation of the conductors. 

 

Fig. 5. Reflection at the place of conductors separation  

The reflection factor in the branch is always negative, 

regardless of the size of the branch, and reflected impulse at the 

point of the branch is always the opposite polarity from the 

initial impulse. Figure 6 provides an overview of the actual 

response of the branch of the reflected pulses measured with the 

oscilloscope. 

In real world applications there are countless possible 

combinations and variants where the reflectance change occurs 

in relation to the initial impulse in the table 1, in which an 

overview of some basic and most common forms of response 

waves for the reflected pulses is given. 

F. Impact of pulse width 

 

The amount of energy transmitted in the cable can be 

controlled by impulse width. By selecting the impulse width, 

the loss of power caused by attenuation that occurs due to the 

length of the measured cable can be compensated. The wider 

the impulse the more energy can be transferred to the cable and 

the impulse can travel longer along the cable until it fully 

attenuates. Testing should start with a shorter pulse width as the 

change in impedance may be at the beginning of the cable and, 

therefore, the pulse width can be blocked. 

 

 
Fig. 6. Display of some forms of oscillograms of the reflected impulse on the instrument 



TABLE I.  MOST COMMON FORMS OF RESPONSE WAVES OF OSCILLOGRAMS 

 

Disruption/end  

 

High-ohm connection 

 

Short circuit   

 

Conductor branch 

 
Conductor connection   

 

Penetration of moisture 

 

Wet compound   

 

Transition of the section 

Pulse width should be gradually increased until the 

discovery of the location with changes in impedance. It is 

important to point out, when it comes to tests that are related to 

unprivileged consumption, the cable lengths are up to 15 - 20 

meters, and often much less, so then a shorter impulse width is 

conveniently used. When searching for a fault on a long section 

of the cable wider impulses should be used. The accuracy of 

fault detection, regardless of the pulse width, in both cases was 

the same. Figure 7 shows the responses of individual forms of 

oscilograms reflected impulses in cases of faults. 

IV. EXAMPLES OF REFLECTOMETER USAGE AND 

MEASUREMENTS 

Figure 8 presents an on-screen display of the start 

marker located on the length of 6.15 m as that is the length of 

the instruments measuring cable. After that, with the number 

one (1) a cable with the length 25.83 m is marked, on which 

there is a branch with the number two (2), and also in the spot 

marked with the number two (2) another cable, whose open end 

is shown with the number three (3), is connected. 

 

Fig. 7. The responses of individual forms of oscillogram reflected 
impulses in cases of faults 

 Figure 8 also gives an overview of several forms of 

oscilograms reflected impulses for certain types of section 

changes. The day is a 6.15 m long starting signal, what is the 

length of the measuring cable of the instrument. Then, with a 

number of 1 (1), a cable length of 25.83 m is marked, the end 

of which is marked by a number of two (2), and also at the place 

marked by the number of two (2) another cable is connected, 

the end of which is shown by row number three (3). Figure 9 

shows a screen display of a conductor with the length of 25.42 

m, which is short-circuited at its end. Based on such a reflective 

signal, it is easy to determine the type of failure or error. 

 

Fig. 8. An overview of several forms of oscillogram reflected impulse for certain types of section changes 



 

 

Fig. 9. Display of a cable with the length of 25.42 m, which is short-circuited at its end

V. CONCLUSION 

It is known that failures with a large transitional 

resistance represent a significant problem in impulse 

reflectometry. The exception is a fault due to the moisture 

penetration. Although, usually, it has a contact resistance of 

about 100 kΩ, this defect may still be measured using the 

impulse reflectometer. The reason for this is the moisture 

which has penetrated into the cable, and thus the 

characteristic impedance changed. It should be noted that in  

this specific case the start and end of the segment cable is 

affected by water can be determined, except for the exact 

place of the damage (eg. non-hermetic cable shielding). The 

application of reflectometers with a TDR time base (Time 

Domain Reflectometers), which uses the theory of traveling 

waves and the principles of reflection impulses, gives the 

ability to detect unauthorized electricity consumption over an 

inappropriately made junction with the service line prior to 

measuring devices. 

Travelling waves behave specifically while crossing 

discontinuities. Oscilograms of reflectometers shows a 

dispatched (initial) pulse generated by TDR and responses - 

reflections caused by impedance changes along the cable. 

With this method it is possible to determine the location of a 

fault in the power grids of low and medium voltage, and, with 

the use of the shock generator, can also be used on macro-

locations of high-ohm failures. 
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