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 Abstract : This paper presents the effects on the distance protection scheme used by the transmission lines 

protection system when they are compensated in series by Thyristor Controlled Series Capacitor (TCSC). The 

usage of TCSC introduces problems to distance protection schemes as there is a change in the measurement of 

apparent impedance observed by the respective relay. The change seen by the relay measurement has to be 

corrected for accurate operation of the particular relay, for which we take the help of Artificial Neural 

Networks which is extensively tested for various test conditions in MATLAB Simulation environment. The relay 

operation accuracy used for distance protection is improved by using the Artificial Neural Networks training 

methods and it also shows the distance at which the faults has occurred. 

Keywords:  Artificial Neural Networks, Distance protection scheme, FACTS devices, Thyristor Controlled 
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I. INTRODUCTION  
      The modern day power system has been forced for deregulation due to which power industry is facing  

limitations from the energy , environmental and regulatory issues, the main issue  of an individual power 

engineers is to improve the power transfer capability of the given transmission facility, so that the transmission 

facility is used to the maximum at high efficiency. This problem can be addressed by using series compensation 

.Series compensation when introduced in power systems results in change of power flow in the particular 

network segment 

      Series compensation technique is a conventional and established method of increasing transmission 
line capacity for many years by adjusting the power transfer between two stations by adjusting the net series 

impedance of the line, thus increasing power transmission .Even though this method is well established method 

but, due to the limitation of its slow switching time it is replaced by FACTS devices which are fast acting 

devices due to which rapid and continues control of line compensation is possible  Thyristor Controlled Series 

Capacitor is one of the FACTS device used for series compensation Usage of TCSC creates problems for 

conventional distance protection scheme. Distance protection scheme measures the apparent impedance of that 

particular network for which it provides protection. The apparent impedance seen by the relay is influenced by 

the uncertain variation of series compensation voltage. 

      Power Engineers normally prefer distance protection as the primary protection system. Due to the 

introduction of series compensation in power transmission lines they require extra care has the impedance seen 

by the relay changes. Modern power system protection has become intelligent has it uses micro processor based 

techniques for its operation. Micro processor based relays uses different types of techniques that have been 
widely like Expert System Techniques, Artificial Neural Networks and Fuzzy Logic Systems. Among these 

available techniques, Artificial Neural Networks (ANN) has been used extensively in this paper because the 

ANN based methods do not require a knowledge base for the location of faults unlike the other artificial 

intelligence based methods. 

      Artificial Neural Networks here uses back propagation algorithm for the improvement of the operation 

accuracy of distance protection when the transmission line is compensated using TCSC. ANN based back 

propagation algorithm is extensively tested using MATLAB Simulation for different test conditions before 

applying it to the commercial relay. 

       This paper is organized as follows: In the first section the introduction to Protection of Series 

Compensated Transmission Lines using ANN is discussed, in the second section simulation methods used and 

results are presented and in the third section conclusions based on the results obtained are presented 
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II. SIMULATION And RESULTS 
       The test system used in this paper is a 500KV, 60 Hz power system which has two sources 

corresponding to two areas joined by a 400km transmission line. The system parameters used for simulation are 

given in table (1) in Appendix. In this system the TCSC is placed in the middle of the transmission line as per 

the single line diagram shown in Fig. 1 

                  

 
Figure: 1 Single-line diagram of the test system 

         The model shown in the single line diagram is modelled for computer simulation in 

MATLAB/Simulink environment the same is shown in Fig.2. After the simulation waveforms for different 

operating conditions are taken. Fig.3 and Fig. 4 shows a three phase voltage and current waveforms without 
TCSC in the system. Fig.5 and Fig.6 shows the voltages and current waveforms with TCSC present in the 

system. Fig. 6 also shows that whenever a fault occurs on the system the fault current increases abruptly and 

comes to normal condition after fault is cleared. After the simulation waveforms for different operating 

conditions are taken from which by using the fast fourier analysis tool box present in the MATLAB tool box the 

voltages and currents at the relay are calculated. Based up on the values of voltages and currents at different test 

conditions and different fault conditions impedance of that particular line section is calculated and the results are 

presented in table (1).  

 

 
Figure: 2 Simulation model with TCSC in the middle  

 
Figure: 3 Voltage waveforms without TCSC 
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Figure: 4 Current waveforms without TCSC  

 
Figure: 5 Voltage waveforms with TCSC in capacitive mode of operation 

 
Figure: 6 Current waveforms with TCSC in capacitive mode of operation 
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Table: 1 Impedance values with TCSC in the middle of the line 

 

Table: 2 Protection behavior of the relay in the particular line section 
Type of Fault Fault Point in % of 

line 

Trip/No Trip of the relay based on impendence calculated 

AB BC CD 

L-L-L Fault 90% -- Trip -- 

L-L Fault 90% -- Trip -- 

L-G Fault 90% -- Trip -- 

L-L-L Fault 85% No Trip Trip Trip 

L-L Fault 85% No Trip Trip Trip 

L-G Fault 85% No Trip Trip Trip 

L-L-L Fault 80% Trip Trip Trip 

L-L Fault 80% Trip Trip Trip 

L-G Fault 80% Trip Trip Trip 

L-L-L Fault 70% Trip Trip Trip 

L-L Fault 70% Trip Trip Trip 

L-G Fault 70% Trip Trip Trip 

L-L-L Fault 60% Trip Trip Trip 

L-L Fault 60% Trip Trip Trip 

L-G Fault 60% Trip Trip Trip 

L-L-L Fault 50% Trip Trip Trip 

L-L Fault 50% Trip Trip Trip 

L-G Fault 50% Trip Trip Trip 

 
Table: 3 Distance measurement made by the relay for different types of faults 

Type of Fault Fault Point of a given line Distance shown by the relay for a 

transmission line in Per units 

Distance shown by the relay for a 

compensated transmission line in 

Per units 

L-L-L Fault 90% 0.90 0.49 

L-L Fault 90% 0.90 0.477 

L-G Fault 90% 0.90 0.627 

L-L-L Fault 85% 0.85 0.48 

L-L Fault 85% 0.85 0.468 

L-G Fault 85% 0.85 0.587 

L-L-L Fault 80% 0.80 0.398 

L-L Fault 80% 0.80 0.3808 

L-G Fault 80% 0.80 0.4822 

L-L-L Fault 70% 0.70 0.3526 

L-L Fault 70% 0.70 0.3417 

L-G Fault 70% 0.70 0.3959 

L-L-L Fault 60% 0.60 0.3104 

L-L Fault 60% 0.60 0.3031 

L-G Fault 60% 0.60 0.3154 

L-L-L Fault 50% 0.50 0.2836 

L-L Fault 50% 0.50 0.2785 

L-G Fault 50% 0.50 0.2427 

Type of Fault Fault 

Point 

in % of 

line 

Impendence without TCSC in Ω for different  

line sections 

Impendence with TCSC in Ω  for different  

line sections  

α = 70° 

AB BC CD AB BC CD 

L-L-L Fault 90% -- 112.0274 -- -- 61.7669 -- 

L-L Fault 90% -- 135.2136 -- -- 71.7293 -- 

L-G Fault 90% -- 383.3196 -- -- 267.2748 -- 

L-L-L Fault 85% 54.6938 105.3275 52.1208 52.1317 59.6032 43.1282 

L-L Fault 85% 59.8134 126.9644 135.2136 60.3985 69.1844 51.4553 

L-G Fault 85% 118.0037 367.1406 407.9256 123.3292 253.9629 336.2055 

L-L-L Fault 80% 49.0294 112.0274 51.3222 49.0249 55.8658 40.7595 

L-L Fault 80% 56.2036 135.2136 63.9664 56.7585 64.3762 48.8305 

L-G Fault 80% 110.6660 383.0049 402.1007 114.7544 230.8609 323.4493 

L-L-L Fault 70% 42.8534 105.3259 44.1768 42.8902 53.0622 35.1386 

L-L Fault 70% 49.0294 126.9644 55.0764 49.4169 61.9795 41.8215 

L-G Fault 70% 96.1361 366.8508 391.3907 99.2852 207.4894 312.2703 

L-L-L Fault 60% 36.7180 100.2228 37.4306 36.7180 51.8518 29.6686 

L-L Fault 60% 41.8844 120.4284 46.5251 42.2025 60.8375 35.4104 

L-G Fault 60% 81.8226 351.0993 379.7783 84.1352 184.615 301.2829 

L-L-L Fault 50% 30.5871 92.8484 31.0369 30.5871 52.6750 24.4962 

L-L Fault 50% 34.8016 111.2413 38.3350 35.0210 61.9640 29.2040 

L-G Fault 50% 67.7183 335.1488 368.2882 69.3043 162.6950 290.0552 
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Figure: 7 Bar Graph showing Comparison of Distance measured by the relay for uncompensated and 

compensated transmission line 

 

      Based on the results of TABLE (1) the relay present for protection of that particular zone sends a 
wrong trip signals which is shown in TABLE (2). From the results obtained from TABLE (1) and TABLE (3), 

we can clearly say that the usage of TCSC as resulted in a drastically change of impedance measurement due to 

which the relay shows wrong distance measurement this is the main problem faced by the protection circuit due 

to which a wrong signal is sent to the circuit breaker which has to be corrected, the change in impedance 

measurement and the distance measurement shown by the respective relay used for protection is corrected with 

the help of Artificial Neural Network. TABLE (3) shows the distance measurement in per unit values from this 

we can clearly understand that distance shown by the relay is erroneous with respect to the expected value 

which is also shown in the form of bar graph for better picture as shown in Fig 7.This error in distance 

measurement can be corrected by using the same ANN. 

      The training cases used for the training of the ANN are generated using MATLAB/Simulink test 

system shown in Fig. 1 for various kinds of faults (LLL-Fault, LL-Fault and LG-Fault) fault location (90%, 

85%, 80%, 70%, 60% and 50% length of line) and with different firing angles of TCSC (60°, 63°, 65°, 68° and 
70°), with all the above different training cases different training vectors were collected at a sampling rate of 16 

samples/cycle. The inputs given for the training of ANN are voltage, current of the relay location and firing 

angle at which TCSC is operating. The output expected from the ANN system is trip or a no trip signal to the 

circuit breaker in the form of [0 0 0 1 1 1 1] and also the distance at which the fault as occurred either in per unit 

value, or in kilometres or in miles as per the training. ANN uses back- propagation algorithm for its training 

purpose and the number of neurons in the hidden layer is decided based on the trial and error method. In the 

present problem based on the trial and error method we come to the conclusion that with 10 neurons in the 

hidden layer gives better results with a Mean Square error of 2.9577x10-14.The results for expected output and 

the output obtained after training are compared as shown in TABLE (4).The results obtained in the TABLE (4) 

are plotted in the form of bar graph for better understanding as shown in Fig. 8. TABLE (5) compares the 

distance shown by the relay before and after the training if we just have a look at the results we understand that 
the problem as shown in the TABLE (3) has been corrected. The results obtained in TABLE (5) are again 

plotted in the form of bar graph as shown in the Fig. 9 to get a quick understanding. 
 

Table: 4 Comparison of Output of Conventional Relay Output with ANN output 
Expected 

Output of ANN Network 

Conventional Relay 

Output 

  

Output of ANN Based Relay 

0 1 0.0566915 

0 1 0.0467832 

0 1 0.0477842 

1 1 0.99997 

1 1 0.95266 

1 1 0.99999 

1 1 0.99996 
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Figure: 8 Bar Graph showing Comparison of Output of Conventional Relay Output with ANN output 

 
Table: 5 Comparison of Output of Conventional Relay Output with ANN output for Distance Measurement in 

per units   
Expected Output of ANN 

Network for Distance 

Measurement in Per Units 

 

Conventional Relay Output for Distance 

Measurement in Per Units 

Output of ANN Based Relay for 

Distance Measurement in Per Units 

0.85 0.58 0.85 

0.80 0.48 0.80 

0.70 0.39 0.70 

0.60 0.31 0.60 

0.50 0.24 0.50 

 

 
Figure: 9 Bar Graph showing Comparison of Distance Measurement of Conventional Relay Output with ANN 

output  

 

III.      Conclusions 
      The usage of TCSC in transmission lines has advantages like improvement in stability; enhanced active 

power transfer capability, but it also results in problems for conventional distance protection scheme used by 

respective transmission lines as there is an error in the apparent impedance measured by the relay which in turn 

shows the wrong distance measurement. The results obtained from simulation for different types of faults and 

different operating points (with firing angles α = 60° to 70°) of TCSC indicate that presences of TCSC when in 

operation will change the impedance measured by the relays used by the protection system, which causes mal 

operations (like over reach) of protective relay and also shows wrong distance measurement. This mal operation 

is avoided by ANN training by Back Propagation Algorithm. ANN based relay gives promising results (for 

tripping condition (0, 1) and also the correct distance where the fault has occurred) compared to conventional 

relay with the presences of TCSC.  
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APPENDIX 
Table 1 System parameters used for simulation 

LINE 

Length 400 [km] 

Voltage 500 [kV] 

Compensation 75% 

positive sequence impedance 0.01273+j 0.352 [ohm/km] 

zero sequence impedance 0.3864+j 1.5556 [ohm/km] 

MOV 

Reference voltage 330 [kV] 

Reference current 1000 [A] 

Exponent 25 

SOURCE 

IV1l 1 p.u. 

IV2I 1.01 p.u. 

δ 10 [deg] 
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