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 Electricity disruption due to power cable failure is a major challenge to 

power utility companies worldwide. A technique which provides quick 

response with accurate result is needed to detect defects along the cable to 

reduce the disruption time. This paper discusses the application of time 

domain reflectometry (TDR) technique to identify and locate the defect along 

a cable. A cable system is modelled in MATLAB/Simulink to replicate the 

cable configuration with two joints using the scattering parameter (S-

parameter). This research studies the fault identification for two degraded 

sections in a cable by analyzing the reflected signal from the TDR technique. 

The characteristics of the reflected signal which indicates the defect cable 

section are discussed in detail in this paper. Results from 

MATLAB/Simulink simulations are also compared to the experimental 

results of the same cable configuration. This study shows that the signal 

reflection characteristics from MATLAB/Simulink simulations are similar to 

the experimental results. This indicates that the cable model system built 

using MATLAB/Simulink replicates the actual cable system accurately 

which can be used for further analysis of cable fault localization. 
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1. INTRODUCTION 

Power cables, switchgears and transformers are among the important assets to power utility 

companies to ensure a stable power supply to the consumers. Therefore, if fault occurs at any of these assets, 

electricity disruption happens causing huge impact on both commercial and domestic users. Not only does it 

cause business losses but human lives are in concern especially critical patients who require 24-hour electric 

powered life support equipments. Over the years, there have been numerous reports worldwide on electricity 

disruption especially due to power cable failure [1-6]. Power cable failure has been a major challenge to 

power utility companies as it is the only medium for power to be supplied to its consumers. Furthermore, 

power cable fault identification and localization along the cable is a difficult task due to the long cable length 

installed which can go up to a few kilometres. Power cable failure mainly occurs due to improper installation 

of the cable joint or the cable itself and cable insulation degradation. Cable joints used to connect the long 

underground cables may contribute to cable breakdown when the joints are degraded or faulty due to poor 

workmanship of joint installation since cable jointings are done manually by technicians. Cable insulation 

degradations such as partial discharge, voids in the insulation and water treeing are common problems faced 

by the power utility companies [7-10]. It is very important to ensure power cables are well maintained to 

provide a reliable power system and hence, this research focuses on the technique to identify and locate the 

fault along a cable.  
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Studies in [11-14] have suggested reflectometry techniques due to the fact that these techniques are 

not destructive compared to other existing techniques as suggested by [7-8], [15-19]. Although techniques in 

[7-8], [15-19] have been applied by the power utility companies during cable maintenance but most 

techniques are either destructive, not suitable to be conducted on-site or unable to forecast the cable 

performance [18-21]. Study in [22] has shown that the time domain reflectometry (TDR) technique is an easy 

technique which works similarly to the radar system. A pulse is sent to a cable and it is reflected whenever a 

signal travelling in a cable line encounters an impedance discontinuity where the cable forms an  

impedance [13]. The location of the impedance change can be identified at the point of reflection shown on 

the oscilloscope. 

This study models a cable system with two joints in MATLAB/Simulink using scattering parameter 

(S-parameter) to represent the cable joint. The cable system is built and simulated in MATLAB/Simulink 

with the application of time domain reflectometry (TDR) technique. Studies in [11-12] have modelled the 

same cable system with S-parameter representing the joint but these investigations are limited to only one 

degraded cable section in the cable system. This research further investigates the reliability of the cable 

system with two joints built in MATLAB/Simulink for more than one degraded cable section where in this 

study is limited to two sections. A number of simulations are conducted on various cable configurations and 

these results are compared and validated with the actual TDR experimental results from [23]. 

 

 

2. METHODOLOGY 

This study models three 100m 240mm
2
 11kV XLPE cables connected with two good joints as 

illustrated by Figure 1 using MATLAB/Simulink with S-parameter representing the cable joint. Table 1 

tabulates the four simulations conducted where simulation 2 to 4 comprise of two degraded cable sections at 

different locations. Simulation 1 has the whole good cable configuration to act as the benchmark for analysis 

of results from degraded cable configurations in simulations 2 to 4.  

 

 

 
 

Figure 1. Illustration of three 100m cables connected using two cable joints (CJ 1 and CJ 2) 

 

 

Table 1. Cable Configuration for MATLAB/Simulink Simulation 
Cable 

Configuration 

Cable 1 

C
ab

le
 J

o
in

t 
1
 Cable 2 

C
ab

le
 J

o
in

t 
2
 Cable 3 

100m 100m 100m 

Simulation 1 Ideal Ideal Ideal 

Simulation 2 Degraded Ideal Degraded 

Simulation 3 Ideal Degraded Degraded 

Simulation 4 Degraded Degraded Ideal 

 

 

Simulations in Table 1 are performed with the application of TDR technique where the TDR works 

as a linear two-port network in a cable system which can be characterized by scattering matrix (S-parameter) 

[24]. As this study involves a cascaded system due to two cable joints, the S-parameters is converted to 

[ABCD] matrix and expressing it in terms of S-parameters gives: 
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where                  . Expressing the [ABCD] matrix using transmission line parameters with the 

propagation constant,   of 0.54 and joint characteristic impedance,    of 16 Ω gives [25]: 
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The S-parameters can then be written as: 
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where            
      . Therefore, substituting the values for A, B, C and D gives: 
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Figure 2 shows the TDR cable system modelled using MATLAB/Simulink with two cable joints represented 

by the S-parameters. 

 

 

 
 

Figure 2. MATLAB/Simulink Cable Model for Cable with Two Joints using S-parameter 

 

 

Parameters such as relative permittivity, characteristic impedance and time delay are required when 

modelling the cable system in MATLAB/Simulink. The relative permittivity for an ideal XLPE cable is taken 

at 2.3 while for a degraded cable is 3.65 [26].  Study in [26] shows that the ideal cable characteristic 

impedance,    ideal of 14.1665 Ω while the degraded cable has the characteristic impedance,    of  

10.1476 Ω.  

Simulation results for the cable configurations in Table 1 are then compared and validated with the 

actual TDR experimental results to investigate the accuracy of cable and joint modelled in 

MATLAB/Simulink. Experimental results are obtained from study in [23] where tests are conducted using 

Megger Teleflex SX TDR equipment on cable sample of three 100m single core 240mm
2
 11kV unarmoured 

XLPE cables (aluminum conductor) connected with two joints for all experiments. Degraded cable used for 

the experiment is an insulation degraded cable with semiconductors. All parameters used in the experiment 

are consistent with the parameters entered in the simulation to ensure comparison of results are conducted on 

cable with same characteristics. 

 

 

3. RESULTS, ANALYSIS AND DISCUSSIONS 

Figure 3 shows the result from simulation 1 in Table 1 where all three cables are in good condition. 

The two joints located at 100m and 200m are indicated in the result from the pair of reflections detected at 

1µs and 2µs, respectively. The locations of these joints at 1µs and 2µs are identified at 100m and 200m, 

respectively by applying the following time delay equation as explained in [26]: 

 

   
 
  

  √  

         (5) 

where    is the speed of light, 3 × 10
8
 ms

-1
,    is relative permeability of 1.0 Hm

-1
 and    is the relative 

permittivity of cable insulation, 2.3 for ideal cable and 3.65 for degraded cable. Each joint reflection 

observed in Figure 3 comprises of a positive pulse followed by a negative pulse with same amplitude. This 
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shows that the impedance difference between the cable before and after each joint are the same, indicating all 

three cable sections are in the same condition. According to studies in [27-28], a degraded cable can be 

identified from the reflection through a delay since wave propagates slower in degraded cable. However, 

delay is not observed in both joints reflections from Figure 3. This shows that the three cable sections in 

simulation 1 are all in good condition which is consistent with the actual cable configuration set in Table 1.  

 

 

 
 

Figure 3. Simulation 1 result  

 

 

Figure 4 compares the results from simulation 1 with simulation 2 where cables in simulation 2 are 

degraded in the first and third sections. As described by studies in [27-28], a degraded cable section can be 

identified from the amplitude of the joint reflections where the reflection closest to the degraded cable shows 

a higher amplitude than its pair. By observing the results in Figure 4, joint 1 reflection clearly shows higher 

positive amplitude compared to its negative amplitude. Hence, it can be identified that the first cable section 

is degraded while the second cable section is in good condition. At the same time at joint 2 reflection, a 

higher magnitude is observed at its negative reflection while the positive reflection shows smaller amplitude. 

Thus, it can be concluded that the third cable section is degraded while the second cable section shows 

consistent result with the first cable joint reflection analysis which indicates a good condition cable.  

 

 

 
 

Figure 4. Simulation 1 vs. Simulation 2 results  
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Comparison between results from simulation 1 and simulation 3 are shown in Figure 5. Reflection at 

joint 1 shows a higher negative magnitude compared to its positive magnitude. By applying the earlier 

hyphothesis, the higher negative reflection magnitude indicates the second cable section is degraded while 

the first is in good condition. Joint 2 reflection shows a pair of reflections with same magnitude but is 

detected later than 2µs. Therefore, it can be concluded that the second and third cable sections are both 

having same cable condition. Due to the delay observed, these cables are identified to be in degraded 

conditions which is also consistent with the actual cable configuration from Table 1. 

 

 

 
 

Figure 5. Simulation 1 vs. Simulation 3 results  

 

 

Results from simulation 1 and simulation 4 are compared and displayed in Figure 6. By analysing 

the results in Figure 6 using the earlier hyphothesis, the joint 1 reflection which shows a delayed reflection 

with same positive and negative amplitudes indicates both sections 1 and 2 of the cable are in degraded 

condition. Joint 2 reflection which shows a higher positive magnitude compared to its negative reflection 

implies that the third cable section is in good condition while the second cable section is degraded in 

consistent with the analysis from joint 1 reflection. 

 

 

 
 

Figure 6. Simulation 1 vs. Simulation 4 results  
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Results from Figures 4 to 6 have shown the same characteristics as results from studies in [27-28] 

which analyse the TDR results from only single degraded section cables. This shows that the TDR technique 

for the cable system built in MATLAB/Simulink with the S-parameter representing the cable joint is capable 

of identifying more than one degraded cable section along a cable. These simulation results however are 

needed to be verified with the experimental results from [23] to ensure the localization of defect cable section 

is pinpointed correctly on site. Table 2(a) and Table 2(b) compare the joint 1 and joint 2 reflections, 

respectively using the cable configurations from Table 1. Observations at both cable joints for both 

simulation and experiment results in Table 2(a) and Table 2(b) have shown same characteristics where the 

joint reflection closest to the degraded cable section has a higher magnitude in its reflection while showing a 

delay in its reflection. Same magnitude of joint reflection is also observed when the cable condition before 

and after the joint are the same but again delay is observed when the two cable sections are both degraded.    

The same characteristics of TDR reflections observed for both simulation and experimental results 

in Table 2(a) and Table 2(b) have therefore imply that the hyphothesis made earlier are true and that the 

MATLAB/Simulink cable system built with S-parameter representing the cable joint is valid. Thus, the cable 

model in Figure 2 can be used for future cable defect analysis with jointing. 

 

 

Table 2. Comparison between Simulation and Experimental results 

(a) Observation at Cable Joint 1 

Cable configuration 
Cable Joint 1 (CJ 1) Reflection 

Observation at CJ 1 
Simulation Result Experimental Result 

1  

 

 

Both results show symmetrical shapes 

2  

 

 

Both results are delayed and 

asymmetrical shapes with higher 
positive pulse amplitude 

3  

 

 

Both results are asymmetrical in shape 
with higher negative pulse amplitude 

4  

 

 

Both results are delayed and 
symmetrical in shape 

 

 

(b) Observation at Cable Joint 2 

Simulation 
Cable Joint 2 (CJ 2) Reflection 

Observation at CJ 2 
Simulation Result Experimental Result 

1  

 

 

Both results show symmetrical shapes 

2  

 

 

Both results show asymmetrical 

shapes with higher negative pulse 
amplitude 
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Simulation 
Cable Joint 2 (CJ 2) Reflection 

Observation at CJ 2 
Simulation Result Experimental Result 

3  

 

 

Both results show symmetrical shapes 

4  

 

 

Both results are delayed and 

asymmetrical in shape with higher 
positive pulse amplitude 

 

 

4. CONCLUSION 

This research verifies the capability of the MATLAB/Simulink cable system built with S-parameter 

in detecting more than one defect cable sections along a cable. A cable divided into three sections with two 

connected joints are modelled in MATLAB/Simulink with S-parameter representing each cable joint. Three 

cable configurations with two degraded cable sections as listed in Table 1 are used for analysis with one 

whole good cable being simulated as benchmark. Results from simulations 2 to 4 with two degraded cable 

sections have shown same characteristics with previous studies in [27-28] where analysis were conducted up 

to one degraded cable section. A degraded cable section can be identified from the joint reflection where the 

closest reflection to the degraded cable section shows higher reflection amplitude. In the occasion where the 

cable section before and after the joint are the same, the joint reflection shows same positive and negative 

amplitudes. However, a delay in the joint reflection is observed when both cable sections are in degraded 

condition. 

Results from simulations 2 to 4 have shown consistency in the reflection characteristics for 

simulations of more than one degraded cable sections. These simulation results are validated against the 

experimental results from [23]. Table 2(a) and table 2(b) which compare the results from simulation and 

experiment have shown same joint reflection characteristics. Hence, these consistencies validate the accuracy 

of the cable system built in MATLAB/Simulink with S-parameter representing the cable joint. Thus, the 

cable model in Figure 2 is suggested to be used for future cable defect localization analysis.     
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