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This paper presents a new technique known as Modified Firefly Algorithm (MFA) technique in 
solving coordination problem of Directional Overcurrent Relays (DOCRs). DOCRs coordination 
problem is formulated as a Mixed-Integer Non Linear Programming (MINLP) problem. MINLP 
requires the optimal values of Time Multiplier Setting (TMS) and the pickup current (Ip). The 
proposed technique is tested on WSCC 9-bus system and is compared with Particle Swarm 
Optimization (PSO). The simulation results revealed that the MFA technique outperformed 
PSO in terms of minimizing fitness values.  

Keywords: modified firefly algorithm; directional overcurrent relay; relay operating time; time 

multiplier setting. 

 

 

1. Introduction 
 

DOCRs is normally used in power system protection as a primary protection in 

subtransmission and distribution system [1]. This type of relay also had been used as a 

secondary protection in transmission systems. DOCRs settings become more difficult when 

overcurrent relays are coordinated in multi loop configuration and multi-source complex 

networks. Nowadays, most researchers proposed new optimization techniques instead of 

trial and error, graph theoretical and curve fitting technique to determine the optimal values 

of time multiplier setting (TMS) and pickup current (Ip) of the DOCRs. This TMS and Ip 

settings are important parameter to minimize the operating time of the primary relay for all 

the fault lines. Although trial and error method and topological analysis had been used in 

the past to determine the optimal relay settings but there is no guarantee that it will lead to 

the minimum relay operating times. In the optimization approach, many researchers used 

linear programming (LP) for optimizing the TMS while the pickup currents are selected 

based on load and data fault [2-3]. Some researchers also proposed non-linear programming 

(NLP) for determining the optimal settings of Ip while simplex method is used to determine 

the optimal settings for TMS [3-5]. With the advancement of computational intelligence 

technique recently, meta-heuristic based on Nature Inspired Algorithms (NIA) is proposed 

to solve complex optimization problems. Particle Swarm Optimization (PSO) had been 

used in [6] to calculate relay settings but PSO sometimes contribute towards trapped in 

local optima. A modified meta-heuristic algorithm is proposed to outperform this 

technique. 
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In this paper, Modified Firefly Algorithm (MFA) is proposed for DOCRs 

problems so that the coordination relay settings can be determined. The objective is needed 

to be evaluated to assure a secure and reliable operation of the associated relays if fault 

occurred in a power system. The coordination optimization of DOCRs is formulated as 

Mixed Integer Non-Linear Programming (MINLP) problem which continuous TMS and 

discrete Ip are optimized simultaneously. The proposed modified method has shown 

promising results in terms of minimizing primary relay operating time and fitness function 

on WSCC 9 bus test system.  

 

2.  Notation 

 

The notation used throughout the paper is stated below. 

 

bt  backup relay operating time [s] 

pt  primary relay operating time [s] 

it  i
th

 relay operating time for near-end fault [s]  

iscI  short circuit current [A] 

ipI  pickup current [A] 

β  13.5 

γ  0 

α  1 

TMS time multiplier setting varies from 0.05s to 1s 

TGM time grading margin varies from 0.1s to 0.5s under different circumstances 

pbt∆  coordination time for each relay pairs 

N number of relays 

P number of primary/backup relay pairs 

1α  control the weight of  

2α  control the weight of       

2β  parameter refer to miscoordination 

i represents each relay and varies to N 

j represents each relay pairs and varies to P 

q, r represents the power number 

 

 

3. Problem formulation 

 

3.1. Linear or Non-Linear Relay Characteristics 

 

The mathematical model of DOCRs in this paper is very inverse type. This non-linear 

relay characteristic is based on IEC 255-4 [7]. The operating time of the DOCRs is 

designated as follows [7]: 
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The scalar quantities are determined according to very inverse time overcurrent 

characteristic.  

 

3.2. Coordination Constraints 

 

The primary relay that is nearest position to the fault must respond as soon as possible in 

order to disconnect the part of the network system. Backup relay must be coordinated with 

primary relay to satisfy protection system. An appropriate time delay called time grading 

margin (TGM) must be included into primary and backup relay. The TGM between the 

primary and backup relay pairs are defined as follows: 

 

TGMttt pbpb −−=∆
                                                                 

(2) 

 

The TGM basically depends on relay technology type that had been used in a network 

system. A value of 0.1 to 0.2 typically for microprocessor relays while electromagnetic 

relays values are from 0.3 to 0.4 [8-10]. Nowadays, microprocessor relays consists of static, 

numerical or digital type are widely used. With faster modern circuit breakers and lower 

relay overshoot time, 0.2s is reasonable. The TGM is assumed to be 0.2s related to 

numerical or digital of microprocessor relays that had been used in a system.  

 

3.3. Objective Function 

 

The main task in this study is to minimize the total operating time of primary relays and 

fitness function with an optimized value of TMS’s and Ip’s. To achieve this, the objective 

function is formulated as follows: 
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4. Methodology 
 

4.1. Modified Firefly Algorithm (MFA) 

 

Firefly algorithm (FA) was developed by Xin-She Yang in 2007 and based on the 

flashing characteristics of fireflies [11-14]. 
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Fig. 1 Flowchart of the proposed technique  

 

 

This algorithm consists of three idealized rules; i) all fireflies are unisex, one firefly will 

be attracted to other fireflies, ii) attractiveness is proportional to brightness, for any two 

fireflies, the less brighter will attract to brighter firefly and iii) if there are no fireflies 

brighter than a given firefly, it will move randomly. The main problem occurs with FA is it 

can get easily trapped into local optima. In this paper, MFA is introduced to improve the 

performance and efficiency of FA and PSO. This is to ensure the particles explore into 

global best region and escape more easily from local optima. The details explanation on 

important feature of FA and the equation related to attractiveness function, β(r), the 

distance between two fireflies, rij and the movement of firefly, xi of FA can be found in [11-

14]. In MFA, the parameter of alpha is introduced to increase convergence and the bounds 

or limits are also introduced to make sure the fireflies are within the specific range. Fig. 1 

simplifies the formulation of DOCRs coordination and MFA execution process. 

 

 

 
 



International Conference on Advanced Mechanics, Power and Energy 2015 (AMPE2015), 5-6 December 2015, Kuala Lumpur, Malaysia 

 

 

 124

5. Results and Discussion 
 

The implementation of MFA and PSO technique are executed on Intel Core i5 2.53 GHz 

with 4 GB RAM and simulated in MATLAB. The value of parameters α1, α2, β2, q and r is 

optimized respectively. Both techniques have been tested on WSCC 9-bus test system 

comprises of 9 buses, 6 transmission lines, 3 power transformers, 3 generators and 12 

DOCRs. The single line diagram of the test system with system parameters and the fault 

current for primary relay and backup relay are in [7]. It can be observed that the faults 

occurred in transmission line is the symmetrical balanced three phase fault and there are 12 

primary/backup relay pairs.  

 

 

Table 1: Time Multiplier Setting and Pickup Current for WSCC 9-Bus Test System 

Time Multiplier Setting (TMS) Pickup Current (Ip) 

Parameters 

[weight: α1=1, 

α2=1, β2=110, 
q=2, r=1] 

 [weight: α1=1, 

α2=1, β2=100, 
q=2, r=2] 

Parameters 

[weight: α1=1, 

α2=1, β2=110, 
q=2, r=1] 

[weight: α1=1, 

α2=1, β2=100, 
q=2, r=2] 

Techniques  
MFA PSO 

Techniques  
MFA PSO 

TMS No Ipi No 

TMS1 0.11 0.66 Ip1 354 100 

TMS2 0.09 0.09 Ip2 666 733 

TMS3 0.36 0.31 Ip3 544 769 

TMS4 0.16 0.32 Ip4 616 383 
TMS5 0.32 0.64 Ip5 599 341 

TMS6 0.23 0.23 Ip6 344 398 

TMS7 0.25 0.51 Ip7 799 485 
TMS8 0.07 0.50 Ip8 450 100 

TMS9 0.07 0.11 Ip9 465 410 

TMS10 0.21 0.59 Ip10 691 371 

TMS11 0.12 0.17 Ip11 715 649 

TMS12 0.31 0.56 Ip12 855 596 

total time setting 

multiplier (s) 
2.30 4.69 

total pickup current 

(A) 
7098 5335 

 

 

 

 

 

 

 

 

 

 

 

 

 



J. Electrical Systems “Special issue AMPE2015” 
 

 

125 

 

 

Table 2: Primary Relay Operating Time and Relay Coordination Time for WSCC 9-Bus 

Test System 

Primary Relay Operating Time for near-end fault (ti) Relay Coordination Time for each relay pairs, ∆tpb  

Parameters 

 [weight: α1=1, 

α2=1, β2=110, 
q=2,   r=1] 

 [weight: α1=1, 

α2=1, β2=100, 
q=2,   r=2] 

Parameters 

[weight: 
α1=1, α2=1, 

β2=110, q=2, 

r=1] 

 [weight: α1=1, 

α2=1, β2=100, 
q=2, r=2] 

Techniques  
MFA 

 

PSO 

Techniques  
MFA PSO 

ti ∆tpb 

t1 0.0557 0.0919 ∆t16 0.0005 0.0084 

t2 0.1220 0.1357 ∆t21 0.0857 0.1784 

t3 0.3438 0.4311 ∆t32 0.0726 0.0837 

t4 0.2075 0.2490 ∆t43 0.0002 0.0652 

t5 0.3402 0.3747 ∆t54 0.0006 0.0397 

t6 0.1362 0.1587 ∆t65 0.0049 0.0169 

t7 0.3694 0.4386 ∆t78 0.0002 0.0503 

t8 0.0558 0.0846 ∆t89 0.0007 0.0596 

t9 0.0563 0.0774 ∆t9,10 0.0021 0.0965 

t10 0.2576 0.3729 ∆t10,11 0.0118 0.0150 

t11 0.1804 0.2296 ∆t11,12 0.1893 0.2593 

t12 0.3571 0.4383 ∆t12,7 0.0007 0.0102 

total operating time 

of primary relays (s) 
2.4820 3.0825 Total ∆tpb 0.3693 0.8832 

Computation time (s) 118.4022 103.4427 
Objective Function 

(s) 
1.0518 1.1576 

 

 

The results for 12 DOCRs optimal TMS, optimal pickup current, operating time and 

coordination time values are fully tabulated in Table 1 and Table 2. The control parameters 

are listed in this table. It can be seen that MFA technique are considered as the best results 

among 50 runs with 500 iteration as compared to PSO. In terms of total TSM’s, MFA 

technique contributes 2.30s while PSO contributes 4.69s. The percentage of total time 

reduction for MFA technique is 50% compared to PSO although the total pickup current for 

PSO technique is much lesser than MFA technique. Table I also indicates that the total 

operating time of primary relay for MFA technique exhibits 60% lesser time, i.e. 2.482s 

than PSO, i.e. 3.0825s. For total relay coordination time, the difference time is 

approximately 0.5s between MFA technique and PSO technique. MFA technique exhibits 

shorter time, i.e. 1.0518 s as compared to PSO, 1.1576 s for minimum fitness function. Fig. 

2 demonstrates that MFA reached global optima after 245 iterations while PSO reach 

global optimum after 454 iterations. 
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Fig. 2 Convergence of MFA and PSO to the optimal solution  

 

 

6. Conclusion 

 

This paper has presented a new flexible technique to solve DOCRs problem and 

overcome the drawbacks associated by traditional PSO. It can be concluded that the 

proposed technique obtains optimal continuous TMS and integer Ip values simultaneously. 

The proposed method has been successfully tested on WSCC 9-bus test system. The results 

obtained show the flexibility of the technique towards reduction of DOCRs operating time 

and DOCRs total coordination time as well as avoiding miscoordination for each pair of 

relays.  
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