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A comparison between the performance of deterministic algorithm and

Artificial Intelligent algorithms for optimal coordination of overcurrent relays
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ABSTRACT:

Overcurrent relays are widely used as primary protection devices in distribution and sub-
transmission networks due to their low cost, simplicity, and ease of installation and maintenance.
This type of relay faces the challenge of optimal coordination specifically, the proper setting of
pickup currents (Ipu) and time—current characteristic curves (TDS: Time Dial Setting), such that
the fundamental requirements of a protection system, namely reliability, speed, selectivity, and
sensitivity, are satisfied. Achieving optimal coordination of overcurrent relays using conventional
methods (such as trial-and-error and topological approaches) is considered difficult.
Therefore, this research employs three optimization algorithms to obtain the optimal coordination
of overcurrent relays based on linear programming techniques (Active-Set algorithm, Genetic
Algorithm, Simulated Annealing algorithm). Performance comparison among these algorithms is
presented with the objective of achieving optimal relay coordination. Accordingly, the required
programs were developed in the MATLAB environment to identify primary—backup relay pairs,
perform load-flow analysis, and calculate three-phase short-circuit currents, with the aim of
determining the optimal settings of the time—current characteristic curves (TDS) of overcurrent
relays. The nonlinear optimal coordination problem was subsequently transformed into a linear
programming problem. The three aforementioned algorithms were then applied to three test
systems (IEEE 3-Bus, IEEE 14-Bus, and IEEE 30-Bus). The comparative results demonstrate the
superiority of the Active-Set algorithm over both the Genetic Algorithm and the Simulated
Annealing algorithm, particularly as the size of the power system increases.
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Gkl lSlae dunj s Al duaj ) Alail de ganal A0 53 sl
0.4788 0.1511 0.1437 1
0.8674 0.2880 0.2791 2
0.6365 0.2836 0.2791 3
0.4143 0.1412 0.1437 4
0.2669 0.1000 0.1012 5
0.6655 0.3092 0.2591 6
0.2978 0.1208 0.1349 7
0.8870 0.3714 0.3359 8
0.5506 0.1432 0.1530 9
0.7741 0.3029 0.2509 10
0.7162 0.3519 0.2492 11
0.5947 0.1570 0.1638 12
0.9111 0.4654 0.5004 13
0.5148 0.2384 0.1936 14
0.9435 0.4868 0.4792 15
0.3081 0.1558 0.1580 16
0.3014 0.2024 0.1948 17
0.8602 0.4918 0.5083 18
0.3079 0.2618 0.2777 19
0.6308 0.3449 0.3569 20
0.5421 0.3646 0.4684 21
0.4208 0.3899 0.3230 22
0.4984 0.3463 0.4158 23
0.4335 0.3172 0.3217 24
0.6401 0.4619 0.5477 25
0.4669 0.4025 0.3717 26
0.6883 0.4816 0.4826 27
0.6110 0.5460 0.5087 28
0.6076 0.4059 0.5054 29
0.4730 0.5006 0.3950 30
0.6437 0.9492 0.4560 31
0.6965 0.5992 0.5996 32
0.8185 0.6143 0.5386 33
0.6299 0.5200 0.5567 34
0.4012 0.3354 0.3123 35
0.8897 0.6866 0.7328 36
0.7807 0.3812 0.4076 37
0.4738 0.1846 0.1982 38

18.582908 19.070738 0.963682 (sec) daiall (1)
87.421202 47.813815 46.858129 gl s 0By} Ty
22.6433 13.8546 13.3043 Z TDS
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—&o— Active Set  ---f7F--- GA SA

TBACKUP-TMAIN
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0
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(IEEE-14Bus) d<uall Jalg3l z1sY ddiasll el Galga :(5) ad) Jall
(IEEE-30Bus) A<uill dusilly DN cilua)fsad) olalf d3j\aa 1(7) ad) Jgand
bl 3lSlae dia) 53 Aol dua) sl Uladll de ganal) da 5153
1090419.399 162.440966 135.460812 gl Al dad
35.320305 27.265653 1.712910 (sec) Juil) (0
42.37878685 41.04304191 34.49287586 Z TDS

i) daleil Z1e3Y el Gawtll Giala o cabiila EDEI il lall of 8 JSAL dina) ciliaid) S5
B0 Lt lidae (Aual 2 lsally ualil) 3lSMa) (Jinadslod of capglil Llaalls oS1 ((IEEE-30BUS) Al (pels

ol z il (ans die Gasll il
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(IEEE-30Bus) (5LiaY) aliill salgl) bil) hhais :(6) ad) J<al
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TDS Comparison for Active-Set, GA, and SA Algorithms
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