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Abstract 

This paper presents a new approach to real-time fault detection in power 

transmission systems using Fuzzy Logic (FL) based transmission line distance 

protection module. The proposed module uses samples of voltage and current signals to 

calculate line impedance, which used to construct an input-output data. 

Simulation studies are preformed and influence of changing system parameters 

such as fault resistance and fault location. Details of the design procedure and the 

results of performance studies with the proposed relay are given.  

Practical computer simulation program for monitoring the input and calculated 

values is built based on the Matlab 7.4- Real Time Simulink with National Instruments 

Data Acquisition System type (NI DAQ-6251). The  results show that this approach can 

be used as an effective tool for high speed digital relaying, a correct detection is 

achieved in less than 10ms, results performance shows that the proposed algorithm is 

fast and accurate as compared with others used relays. 

  

Keywords: Transmission line protection, Distance relay, Fuzzy logic, and Matlab-

Simulink. 

 

 

 

 زًايح انًسافح تاسرخذاو انًُطق انًضثة في انضيٍ انسقيقي
 

 د.يأيىٌ فاضم انكثاتدي                               
 حـح انكهشتائيـقسى انهُذس

 خايؼح انًىصمكهيـح انهُذسـح/

 

 هخصسرانً

 
 تاسرخذاويح َقم انطاقح انكهشتائ َظى طشيقح خذيذج نهكشف ػُذ انخطأ تانضيٍ انسقيقي فييقذو هزا انثسث 

انفىنريح وانرياس نسساب  إشاساخانًُىرج انًقرشذ قيى اسرخذو  انًؼرًذ يىديم زًايح انًسافح نخظ انُقم.انًُطق انًضثة 

 . يًاَؼح انخظ وانري تذوسها ذسرخذو لإَشاء انًؼهىياخ انلاصيح نرصًيى انًشزهح

ذفاصيم وأػطيد . يىقؼه إنى تالإضافحم انرسهيم تاسرخذاو انساسثح اخز نؼذج زالاخ يثم ذغيش يقاويح انؼط

 انرصًيى نهًشزهح انًقرشزح.

 NI)تُي تشَايح انًساكاخ انؼًهي رو انضيٍ انسقيقي تىاسطح تشَايح انًرلاب تاسرخذاو كاسخ يىائًح َىع 

DAQ-6251) .انشقًيحًسافح انيشزهح في راخ ذأثيش  ىسيهحانُرائح أٌ انًىديم انًقرشذ يًكٍ اسرخذايه ك أظهشخ 

سشػح في الأداء يهي ثاَيح وانري تزنك ذؼطي  10. وَريدح نهكشف انصسير نلأػطال في صيٍ اقم يٍ سشيؼح خذا  ان

 شزلاخ.يٍ انً يا يىخىديقاسَرا  يغ ودقح يشوَح  و
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1. Introduction 
Power transmission lines are the vital links that provide the essential continuity of the 

service from generating plants to customers. They are spread over wide regions and are 

exposed to various types of faults. Protection of transmission lines against exposed faults is 

one of the most challenging functions in power system protection. Transmission line distance 

protection systems have been widely applied in power system protection. By measuring 

voltage and current signals, distance relays respond to the impedance between the relay and 

the fault location. 

It is known that distance relays, and in particular ground distance function 

measurements are affected by fault resistance. Fault resistance is an operational problem and 

is not a constant parameter in nature. It depends on various factors such as voltage level, 

tower footing resistance, resistivity of soil and environmental conditions. Fault resistance 

produces an error in the impedance measurement and thus could affect the accuracy of the 

relay severely. The relay may over-reach/under-reach, which can result in false tripping and 

error operation. Moreover, the relay measurements are affected by source impedances and 

system configuration changes. Adaptive protection relaying approaches have been proposed 

to consider these system changing variables [1]. 

Recently, many researchers have studied the application of fuzzy logic to overcome 

some of the problems above outlined [2]. The use of fuzzy logic in applications is very sparse 

due to its implicit knowledge representation. The key benefit of fuzzy logic is that its 

knowledge representation is explicit, using simple "IF-THEN" type of relations.  

In this paper, the design integration of fuzzy logic system which construct 

membership functions depend on the practical input-output data set resulting in excellent and 

fast response of real time relay action. 

 

2. Distance protection 
Distance relays are responsible to distinguishing between different faults inside and/or 

outside of the protection zones. When setting distance protection, the widely accepted 

practice is to allow a setting margin of approximately 20% for the first protection zone. This 

is necessary to allow for measurement errors, relay inaccuracy and inherent errors in 

estimating line impedance, due to some fault such as fault resistance, presence of dc offset 

and remote in-feed. The first zone of the distance relay is therefore set to approximately 80% 

of the positive sequence impedance of the protected line. The remaining 20% of the line is 

covered by a time delayed second zone operation. When a line is protected by distance relays 

at both ends, faults in the mid 60% of the line will be cleared by both relays in zone 1 with 

the fastest relay operational speeds, e.g. about one cycle duration. On the other hand, faults in 

the two line-end regions (each 20%) are covered by zone 2 from one end with the clearance 

time of typically 20 cycle duration which might be not fast enough for system stability or 

other reasons [3]. 

 

3. Transmission Line Impedance: 

Positive sequence line impedances are generally estimated at the temperature of 

maximum load current in high temperature season and with complete transposition of the 

conductors along the line, without consideration of any resistance increase due to the 

conductor connection in every jumper point and sometimes without knowing the exact length 

of the line. The overhead lines are assumed to be long, straight conductors for calculating its 

reactance. It is true that the conductors actually sag from tower to tower not in identical 

shape. They may cause an error in impedance estimation even though their values are not so 

high. For the bundle conductors their impedance can be determined as a single conductor by 
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reducing the several conductors per phase to a single equivalent conductor using geometric 

mean distance (GMD) and geometric mean radius (GMR). In this equivalent modeling there 

may be some numerical difference between the actual value and its equivalent also [4]. 

Even the resistance of the line is variable according to ambient temperature, 

magnitude of load current and situation of connecting point, but the reactance of the line 

remains constant all the time. 

 

3.1 Measuring by four terminal equations 

The impedance of the line can be measured by Ohm’s Law; the line impedance is the 

voltage drop divided by line current. Basically equation (1) represents the relation of them. 

 

…(1) 

        

 

where Z is a series impedance of the line, Es, ER are voltages at the sending end and at the 

receiving end respectively, and Ieq is the equivalent current throughout all the line in terms of 

voltage drop. However it is not easy to find out Ieq because currents at both ends are not the 

same due to the effect of charging current and leakage current along the line, which are 

represented by hyperbolic functions. The distributed-parameter circuit as shown in Figure (1) 

can be an equivalent of a transmission line in detail. In this circuit the sending end voltage ES, 

and current IS can be represented by the four-terminal equations as given in equation (2).  

       

                                                                                                         …(2) 
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If synchronized phasors ES, IS and ER, IR are measured more than twice in different 

load flow conditions; i.e. at off- 

they will give more than two set of four-terminal equations. A,B,C,D parameters, therefore, 

could be calculated from those equations by matrix inversion or any iteration methods. It is 

well known that the parameter B represents merely a series impedance in the nominal 

equivalent p circuit for less than 200 km length line [4]. It means that if the line is short or 

medium length, the impedance of the line is almost same as or very close to parameter B so 

that Z=B can be acceptable. 

 

 
Figure (1), Equivalent circuit of transmission line. 
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4. Performance improvement: 

The proposed relay was tested with a large set of input values covering a wide range 

of different power system conditions. Figure (2) could be used to clarify the reason of 

equality of the calculated impedances. ZR, the seen impedance by the relay located at the 

beginning of the transmission line, is demonstrated for two different cases where power angle 

d is positive and/or negative. The seen impedance at the relay location calculated by DFT 

algorithm is given by equation (3) [1]. 

  

                         …(3)  

where 

Va is voltage of phase A 

Ia is current of phase A 

I0 is zero sequence component of the phase A current 

K is zero sequence compensation factor 

  

 

 

 

 

 

 

 

 

 

 

 

Figure (2). Impedance calculation by distance relay for different faults. 

 

If the power angle is not equal to zero, fault resistance RF would include a resistive 

part as well as a reactive part. The reason for appearance of the fault resistance as a resistive 

part plus a reactive part at the relay location is that the fault current angles flowing towards 

the fault from sources S1 and S2 are not equal. As such ZR would include an inductive and/or 

capacitive component, depending on the direction of power flow and sign of the power angle. 

As a result, in some fault cases, an out of zone fault appears to be inside the zone boundary. 

In some other cases, an inside zone fault appears to be outside of the protection zone. 

In order, to be able to discriminate between faults inside and outside of the protection zone in 

all forward and reverse power flow directions, it is suggested to add a new input to the fuzzy 

system. This way, different system fault points, which were mapped to a similar point, could 

be discriminated more effectively using the new decision space. 

It would be a good idea to use the power angle as an input to the fuzzy logic. 

However, this angle could not be estimated easily and is not accessible at the relay location. 

So, a different parameter should be used as the network is input to represent the power angle 

effect indirectly. Referring to Figure (2), it could be shown that the alpha a angle could be 

calculated as: 
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                         …(4) 

 

The )α( angle depends on the system structure and location of the fault. For a homogenous 

power system, i.e. where angles of the source impedance and line impedance are equal,  ) α(  

would be constant. In real power 

systems, these angles are almost 

equal. Therefore, this angle could 

not be used to add a new dimension 

to the input space. Referring to 

equation (4) it seems that the zero 

sequence current I0 (or the neutral 

current In) measured at the relay 

location could be a good parameter 

indicating variations of the power 

angle.  

In another word, the values 

of measured resistance and 

reactance lead directly to give the 

state of system if transmission line 

parameters are given. Figure (3) 

shows the three dimensions input output characteristics of proposed distance intelligent relay, 

this relay design depending on the characteristic of tested transmission line with max length 

about 300km ,where these characteristics have two level output one for trip signal (fault 

happened) and zero for normal system operation. These characteristics used for construct an 

input-output data set for fuzzy system. 

 

 5. Fuzzy Systems in power system protection: 

The fuzzy signal processing and fuzzy reasoning techniques (belonging to the family 

of Artificial Intelligence) have gained remarkable attention for at least 15 years and numerous 

studies have been performed in world-leading research centers with regard to their 

application also for power system 

protection and control tasks. Fuzzy 

Logic systems (FL) are well suited for 

solving various decision-making 

problems, especially when the precise 

analytical model of the process/object 

to be tracked is not known or is very 

complicated (e.g. non-linear) [2]. 

Analysis of power system faults and 

other abnormal phenomena belongs to 

the family of tasks that can be quite 

well carried out with use of FL based 

decision modules or classifiers. 

Figure (3) The three dimensions input-output 

characteristics of proposed relay 

Figure (4), Basic structure of a fuzzy reasoning 

system. 
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Fuzzy Inference Systems 

(FIS) employ the theory of 

fuzzy sets and fuzzy if-then 

rules to derive an output. 

Various types of FIS are 

often used either for fuzzy 

modeling or for fuzzy 

classification purposes. 

Typically a FIS scheme 

performs, as shown in Figure 

(4),its action in several steps 

including: 

 fuzzyfication (comparing 

the input values with 

membership functions to 

obtain membership values of each linguistic term). 

 fuzzy reasoning (firing the rules and generating their fuzzy or crisp consequents). 

 defuzzyfication (aggregating rule consequents to produce a crisp output). 

 

 

6. Fuzzy Logic Based Distance protection Relay: 

 

In this paper a fuzzy approach to distance protection of power transmission line is 

studied. The protection solution developed, as shown in Figure (5), takes advantage of fuzzy 

signal processing and fuzzy comparison to issue trip decision, depending on training input-

output data, shown in Figure (3). 

 

The inference method, which is used in design the proposed relay, was Takagi-

Sugeno's. The proposed relay scheme has been tested on a variety of processes as designed 

depending on training input-output data. The membership function (MF) of these fuzzy input 

sets, are as shown in Figure (6) and (7). In these Figure, VH represents Very High, VM Very 

Medium, and so on to VL Very Low. Fuzzy sets for crisp output membership function may 

be either one or zero.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R &X 

Figure (5) Block scheme of the FL-based distance 

protection. 
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The intelligent proposed relay as 

modeled in Matlab-Simulink is shown in 

Figure (8).which has two fuzzy 

variables resistance (R) and reactance 

(X) and seven linguistic variables for 

each, from very low to very high, as 

shown in Figure (6) and (7). Multi test 

results are shown in Figures (9, 10). The 

fuzzy logic based distance protection 

proposed relay attributes and all details 

are given in following summary: 

 

name: 'Maamoon' 

 type: 'sugeno' 
andMethod: 'prod' 
orMethod: 'max' 
defuzzMethod: 

'wtaver' 

impMethod: 'prod' 

aggMethod: 'sum' 
input: [1x2 struct] 

output: [1x1 struct] 
rule: [1x49 struct] 

 

 

 

 

 

 

 

 

Figure (9) Test results of membership function & Sugeno 

corresponding response. 

System Maamoon: 2 inputs, 1 outputs, 49 rules

R (7)

X (7)

f(u)

output (49)

Maamoon

(sugeno)

49 rules

Figure (8) Fuzzy Logic overall diagram 
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Figure (7) Fuzzy input membership function for line reactance (X) 
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Figure (10) Test results of membership function & Sugeno corresponding response. 

 

7- Practical Result  
 The theoretical results were tested on a practical simulation 300 km. transmission line 

length in the lab Figure (11), the rating value of all parameters are given in appendix, after 

taking the practical information data from transmission line as voltage and current signals, 

using National Instruments Data Acquisition System type (NI DAQ-6251), compute the 

resistance and reactance,  then fed to it fuzzy block to take the decision, and send it to circuit 

breaker in case of fault as shown in Figure (12). 
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A test for two cases, phase (a) to ground fault and phase (a and b) to ground fault at 

fault location 100km. Figure (13) and figure (16) show voltage and current signals for the two 

kind of faults. The results are shown below, Figure (14,15) show the case of  fault (a) to 

ground  without (Rf)   and with (Rf) equal (0.0001 ohm)  receptivity, figure (17,18) show the 

case of  fault (a) and (b) to ground  without (Rf) and with (Rf) equal (0.0001ohm) receptivity, 

another case for phase (a) to ground fault at 200 km fault location are tested, Figure (19) 

show voltage and current signals, Figure (20,21) show the case of  fault (a) to ground  

without (Rf) and with (Rf) equal (0.0001ohm) receptivity .It can be seen that the relay had 

detected the faults.  
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Figure  (12). testing 

procedure   

Figure  11. Practical simulation transmission system  

 

 
 

 

Figure (13) voltage and current signals for phase a to ground fault at 100km 
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Figure (14) Test results of membership function & Sugeno corresponding response. 

 

 
Figure (15) Test results of membership function & Sugeno corresponding response. 
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Figure (17) Test results of membership function & Sugeno corresponding response. 

 

 

 
 

 

Figure (16) voltage and current signals for phase a and b to ground fault 

at 100km 



Al-Rafidain Engineering                        Vol.20                      No. 3                  June   2012 

 

12 

 

 
Figure (18) Test results of membership function & Sugeno corresponding response. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure (19) voltage and current signals for phase a to ground fault at 200km 
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Figure (20) Test results of membership function & Sugeno corresponding response. 

 

 

 
 

Figure (21) Test results of membership function & Sugeno corresponding response. 
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CONCLUSIONS 

 

Detection of transmission system faults, using  distance relay, with fuzzy logic  

technique has been achieved in this work. It is proven to be a fast, accurate and robust 

approach that would perform accurately for various system conditions. Further. the results of 

real-time implementation is encouraging. This means that the fuzzy model with further 

refinement can be implemented in an actual power system to monitor occurrence of faults and 

to take necessary action. The correct detection is achieved in less than 10ms . 
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Appendix (A)  

The power station simulated rating and parameters are : 

Power =160MVA, f=50Hz, voltage =220kv, current =422A, and impedance =303. 

The transmission line (100km TL) rating and parameters are : 

Voltage 220kv, f=50 Hz, R=7e-6 Ω/km, X=0.03e-3 Ω/km and c=60e-3 nf/km. 
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