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Abstract 

The application of optimization techniques to power system planning and 

operation problems has been an area of active research in the recent past. Genetic 

Algorithm (GA), Tabu Search (TS) are widely used to combinatorial optimization 

in recent years. Combining the advantages of individual algorithms, a hybrid 

TS/GA algorithm to solve the economic dispatch problem is proposed in this 

paper, using the method of penalty to transform the problem ED with constraints 

in a simple problem without constraints. An IEEE 57-bus power system has been 

used to test the proposed algorithm. Comparing the results of the proposed 

algorithm with GA, TS and proposed TS/GA hybrid method has the strongest 

capability of finding global optimal solution within reasonable computing time. 

We then give a comparison between two algorithms hybrids (Tabu Search / 

Genetic Algorithm) TS/GA and (Tabu Search/ quasi-Newton method) TS/QN. 
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Introduction 

 

The economic dispatch (ED) is an optimization problem to find the most economical 

schedule of the generating units while satisfying load demand and operational constraints. 

This problem has been tackled by many researchers in the past. The literature of the ED 

problem and its solution methods are surveyed in [1, 2]. 

This paper reports about the hybrid algorithm that determines the optimum distribution 

network configuration. The hybrid algorithm that was integrated by Genetic Algorithm (GA) 

and Tabu Search (TS) was studied in order to bring out each strong point and compensate for 

each demerit. We developed GA and TS hybrid Algorithm, and succeeded in obtaining 

optimum solution with high speed and high precision. 

 
 

Economic Dispatch 

 
Economic dispatch is the important component of power system optimization [3]. It is 

defined as the minimization of the combination of the power generation, which minimizes the 

total cost while satisfying the power balance relation. The problem of economic dispatch can 

be formulated as minimization of the cost function subjected to the equality and inequality 

constraints. 

Minimize the cost function: 
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where F (Pi) is the total cost, ,c,b,a iii  the generator cost coefficients and Pi is the power 

generation. 

Subjected to the constraints: 

÷ Power balance (equality constraints) 
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where PD is the power demand and PL is the power loss. 

÷ Threshold limits (inequality constraints) 
max
ii

min
i PPP <<  (3) 

where min
iP and max

iP are the minimum and maximum power generation limits. 
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The equality constraint from equation (2) is formulated as a constraint violation 

relation as: 
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The total objective function is the sum of the cost function and the constraint violation. 

We applying a penalty function we transform a constrained non-linear ED problem into a 

constrained problem: 
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where the value of the penalty coefficient rk is checked at each iteration.  

 
 

The Genetic Algorithm 

 
Genetic algorithm, which imitates the selection and biological evolutionary process, is 

a well-known structured random search method [4]. An important aspect of GA as stressed by 

Holland (1975) [5] was that, given certain conditions on the problem domain, GA would tend 

to converge on solutions that were globally optimal or nearly so even in a large and 

complicated search space. GA has been used in a wide range of research fields including 

design, scheduling, system configuration, financial portfolio management, adaptive control 

systems, and noisy data interpretation (Gen and Cheng 1997 [6], Holland 1975 [5], Goldberg 

1989 [7], Hedberg 1994 [8], Reeves 1994 [9], Tam 1992 [10]). 

GA has the following features that distinguish itself from other heuristics: (a) a large 

number of feasible points in the solution space are searched and evaluated simultaneously, (b) 

the strings of characters which represent the parameter set are dealt with directly, and (c) the 

probabilistic theory, not a deterministic selection, is used to direct their search. Therefore, GA 

can decrease the possibility of being trapped into a local minimum and often produces high 

quality solutions in a shorter period of time. Despite of its effectiveness, several issues yet 

need to be explored in order to get good solutions: 

o The representation of chromosome. 

o The generation of initial populations. 

o The selection of fitness function. 

o The selection and design of heuristic genetic operators: reproduction, crossover and 

mutation [11].  
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The determination of system parameters: population size, # of generations, crossover 

probability, mutation probability.  

Selection is the process by which strings with better fitness values receive 

correspondingly better copies in the new generation. That is the more fitness string solutions 

should have more chances to be copied to the next generation population. The task of 

crossover is the creation of new individuals (children), out of two individuals (parents) of the 

current population. Mutation is a background operator, which produces spontaneous random 

changes in various chromosomes. A simple way to achieve mutation would be to alter one or 

more genes. In genetic algorithms, mutation serves the crucial role of either replacing the 

genes lost from the population during the selection process so that they can be tried in a new 

context or providing the genes that were not present in the initial population [12].  

 
 

Tabu Search 

 
Tabu search is a metaheuristic that is used to manage a local method to search the 

solution space without entrapping into a local optimum by means of some strategies. The term 

“Tabu Search” first appeared in literatures in Glover’s paper (1986) [13]. Hansen (1986) [14] 

brought up a similar idea and called it “the steepest ascent/mildest descent heuristic”. 

Tabu search is an iterative search method. It uses a local search algorithm at each 

iteration to search for the best solution in some subset of the neighborhood, which came from 

the best solution obtained at the last iteration. At each iteration, the local search algorithm 

looks for the best improving solution. If all solutions are not improving the objective function 

value, then it looks for the least deterioration solution. Tabu search keeps a list, which is 

called tabu list, of the moves it used to obtain the best solutions during each iteration and to 

restrict the local search algorithm in reusing those moves. A memory is used to keep track of 

this tabu list. Usually the tabu list has a pre-specified length. Therefore, this list varies from 

iterations to iterations.  

There are mainly three strategies employed in tabu search: the forbidding strategy, the 

freeing strategy and the short-term strategy. The foebidding strategy what enters the tabu list. 

The freeing strategy decides what exits the tabu list and when the exit will occur. The short-

term strategy manages the interplay between the forbidding strategy and freeing strategy to 

generate and select trial solutions [15].  
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Hybrid TS /GA Algorithm 

 

Hybridization is a trend in many works on metaheuristics past ten years. It takes 

advantage of the benefits accrued from different metaheuristics, so much so that the basic 

metaheuristics are nothing more than canvas, starting points to begin to solve an optimization 

problem [18]. 

In the figures below, we propose an optimization method based on a hybrid approach. 

The basic idea is to make a combination between the basic metaheuristics TS/AG on one hand 

and the other to a combination of analytical methods and metaheuristics as TS/QN. 

 Initialization 

Tabu search algorithm 
 

 Genetic algorithm 

 

Test 
shutdown 

End optimization 

Yes 

No 

 

 Initialization

Tabu search algorithm 
 

The quasi-Newton 
algorithm QN 
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shutdown 

End optimization 
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Figure 1. TS/GA hybrid algorithm Figure 2. TS/QN hybrid algorithm 

 

 

Numerical Results 
 

The IEEE 57-bus power system has been tested using MATLAB-R12 on PC-Pentium 

2 GHz. The IEEE 57-bus power system [16] consists of 7 generator buses, 42 load buses, and 

78 branches. The fuel cost in ($/hr) equations for the generator are: 

F1 (PG1) = 0.0776 PG1
2 + 20 PG1 + 0.0 F2 (PG2) = 0.0100 PG2

2 + 40 PG2 + 0.0 F3 (PG3) = 

0.2500 PG3
2 + 20 PG3 + 0.0 F6 (PG6) = 0.0100 PG6

2 + 40 PG6 + 0.0 F8 (PG8) = 0.0222 PG8
2 

+ 20 PG8 + 0.0 F9 (PG9) = 0.0100 PG9
2 + 40 PG9 + 0.0 F12 (PG12) = 0.0323 PG12

2 + 20 PG12 

+ 0.0  
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And the constraints are: (the unit operating ranges in MW): 

00 ≤ PG1 ≤ 575.88; 00 ≤ PG2 ≤ 100; 00 ≤ PG3 ≤ 140; 00 ≤ PG6 ≤ 100; 00 ≤ PG8 ≤ 550; 00 ≤ PG9 ≤ 

100; 00 ≤ PG12 ≤ 410 

The total load was 1250.8 MW.  

Transmission losses PL are computed using B coefficients. 

 Parameters values for GA 

The parameters values for GA have a number of population size, crossover and 

mutation probability, chromosomes length and number of generations [17]: 

• Population size: 30; 

• Crossover probability: 0.75; 

• Mutation probability :0.006 

• Chromosomes length: 12; 

• Number of generations: 300. 

 Parameters values of TS 

The parameters values of TS have a tabu list length, Number of neighborhood, 

Number of diversification and number of generations: 

• Tabu list length:10; 

• Number of neighborhood:45; 

• Number of diversification :1; 

• Number of generations: 200. 

The minimum cost and active power are presented in table 1. 

 
Table 1. Result of GA, TS and hybrid approach 

 GA TS TS/GA TS/QN 
PG1

opt (MW) 146.2465 253.3952 148.2892 140.3763 
PG2

opt (MW) 74.3569 97.4596 97.1834 89.0284 
PG3

opt (MW) 50.7484 94.1011 42.5183 43.5614 
PG6

opt (MW) 75.0733 40.5436 74.7205 89.0284 
PG8

opt (MW) 508.5059 528.1956 509.5681 490.0618 
PG9

opt (MW) 75.3609 94.2480 75.9688 89.0283 
PG12

opt (MW) 348.3446 170.6614 330.4420 337.5974 
Cost ($/hr) 42201 44760 42190 42170 
Time (s) 1.76 1.18 1.29 1.12 
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Results 

 

The hybridization TS/GA and TS/QN gives better fuel cost with a reasonable amount 

of time compared to GA and TS. 

The results found by the analytical methods QN remains always the best because these 

methods converge to the optimum quickly that the inverse methods metaheuristics and for this 

reason the propose hybridization method to combine between advantages analytical methods 

and metaheuristic methods. 

The proposed technique improves the quality of the solution and reduces the 

computation time. 

 

 

Conclusions 

 

In this paper we applied the method of combinatorial optimization metaheuristics as a 

means of minimizing the cost of producing a network standard IEEE-57, where we have used 

genetic algorithms, tabu search. We also presented a hybrid between the methods mentioned 

above TS /GA. A comparison was made between TS /GA and TS / QN. 

The genetic algorithm performed better cost point of view, but a higher computation 

time compared to the tabu search. The hybridization between the based metaheuristics such as 

GA and TS gives better fuel cost with a reasonable amount of time compared to the second 

hybridization (TS /Q N). 
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