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Abstract— The Economic Dispatch (ED) is one of the main 
concerns for the operation of power systems. Several methods 
have been applied to solve such problem. Unfortunately, the 
conventional methods are not suitable to deal with this 
optimization issue because of the practical operating constraints 
of generators. This paper present an improved Particle Swarm 
Optimization (PSO) method based on a variation of acceleration 
coefficients according to iteration number and adaptively with 
cognitive and social best positions of the swarm.  
The new approach is founded on Adaptive Acceleration 
Coefficients (AAC) based PSO and tested on two power systems 
contain 6 and 15 generating units. The algorithm is compared 
with other heuristic optimization techniques as demonstrating 
improved performance and effectiveness over them.  
 

Keywords— Adaptive Acceleration Coefficients; Economic 
Dispatch; Generator Constraints; Particle Swarm Optimization;  
Prohibited Zone; Ramp Rate Limit. 

I.  INTRODUCTION  
The main objective of the ED of generation in power 

systems is to determine the output of each generating unit 
based on the committed generation mix for the next dispatch 
interval such that the total generation cost is minimized, while 
continuously respecting system constraints. 
The ED is considered as the most important optimization 
problem for both the generating companies competing in a free 
electricity market and the Systems Operator (SO) in charge 
with a fair handling of transactions between electricity 
suppliers and their customers [1].   

Previous efforts to solve the ED are devoted to classical 
optimization techniques as deterministic methods based on 
Lagrange multipliers [2], Gradient method [3], linear 
programming [4] and quadratic programming [5]. These 
algorithms require monotonically increasing incremental cost 
curves, in other words, the existence of the first and second 
order derivatives of the cost functions. Thus, the problem is 
resumed to optimizing a convex function over a convex set 
which is guaranteed to have a unique minimum. 

Unfortunately, this assumption may render these algorithms 
infeasible because of the nonlinear characteristics of input –
output of generators in practical systems with the inclusion of 
prohibited zones and ramp rate limit constraints. Several 

studies to overcome the problems, cited above are based on 
modern heuristic optimization techniques such as Genetic 
Algorithm (GA) [6], Particle Swarm Optimization (PSO) [7], 
Differential Evolution (DE) [8], Ant Colony Optimization 
(ACO) [9] and artificial neural networks [10] have been 
applied by many researchers due to ability of these techniques 
to find an almost global optimal solution for ED problem with 
practical operating constraints.  

Particle Swarm Optimization (PSO) is one of the most 
powerful stochastic optimization techniques developed by 
Eberhart and Kennedy in 1995 [11]. It has recently attracted 
more attention due to its rapid convergence and algorithmic 
accuracy compared to other optimization methods. PSO is 
inspired by social behavior of bird flocking or fish schooling 
and shares many similarities with evolutionary computation 
techniques such as GA [12].   

In references [13] and [14], Zwe-Lee Gaing and Jong-Bae 
Park have implanted PSO to solving ED problem considering 
practical constraints where classical optimization algorithms 
are not able to deal with such issues. However PSO as other 
stochastic optimization techniques fails to locate a global 
solution for large systems and complex situation with 
multiminima functions, it fails also to exploit the promising 
research space to get good quality solution. Several improved 
Algorithms of PSO have been developed in recent years by 
many researchers to find the best approximate solution of 
global minimum for ED problems.  Among recent algorithms, 
Adaptive PSO (APSO) [15] presents a novel heuristic 
optimization approach to constrained ED problems using the 
adaptive variable population based PSO technique. Chaotic and 
Gaussian approaches (PSO-CG) with Gaussian probability 
distribution and chaotic sequences to generate random numbers 
into the velocity update equation are presented in [16].  

In this paper, a new approach is proposed; rely on the 
variation of acceleration factors in the velocity equation with 
adaptive manner and best management of exploration and 
exploitation in space search. This method is called Adaptive 
Acceleration Factors (AAC) based PSO and applied on ED 
considering practical generator constraints. Results are 
obtained and compared to previous works in respect to the 
same models of studies.    

This paper is organized as follows: Section II formulates 
the ED problem with practical operating constraints. Section III 
is addressed to conventional PSO as introduction to the 
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proposed approach. Section IV is devoted to our approach 
AAC descriptions, with its application in section V on two test 
systems by releasing interpretations about simulation results. 
Lastly, the conclusion is given. 

II. FORMULATION OF ECONOMIC DISPATCH PROBLEM 
WITH GENERATOR CONSTRAINTS 

The objective of the ED problem is to minimize the total 
fuel cost at thermal power plants subjected to the operating 
constraints of a power system. Therefore, it can be formulated 
mathematically with an objective function and two constraints 
(equality and inequality) considering practical generator 
constraints. 

A. Objective Function 
The objective function corresponding to the production cost 

can be approximated as a quadratic function of the active 
power outputs from the generating units. 
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tF cos : Total fuel cost function. 

Pgi: Active power output of unit i. 
ai , bi and ci : cost coefficients of generator i. 
Ng: number of generating units. 

B. Equality Constraints 
In the power balance criterion, the equality constraint 

should be satisfied as: 
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The total generated real power should be the same with the 
total load demand plus transmission losses of the system. 
PD is the system’s total demand (in MW); PL represents the 
total line losses (in MW) and can be calculated using power 
flows coefficients Bij by the following formula: 
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C. Inequality Constraints 
Inequality constraints for each generator must be also 

satisfied. Generation power of each generator should be laid 
between maximum and minimum limits. 

 maxmin
gigigi PPP ≤≤  (4) 

Under practical circumstances, ramp rate limits restrict the 
operating range of all the on-line units for adjusting the 
generator operation between two operating periods [17]. 
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Generating units may have certain restricted operation zone 
due to limitations of machine components or instability 

concerns. The allowable operation zones can be defined as 
[17]: 
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where: Pgi min and Pgi max are the minimum and maximum 
outputs of the ith generation unit respectively. 
DRi and URi are the down and up ramp rate limits  
respectively. Pgio is the output power of previous time period.  

lu
mPgi /  is the upper / lower bounds of the mth

 prohibited zone 
of unit i, npz is the number of prohibited zones of unit i. 

D. Evaluation Function 
Evaluation function is an important issue to define the 

ability measure of each solution, it is called fitness function. In 
order to speed up the convergence of iteration procedure, the 
evaluation value is normalized into the range between 0 and 1. 
Specifically, the evaluation function is adopted in [13] and as 
bellow: 
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Here, FN is the normalized total fuel cost function. Fmax and 
Fmin are the total fuel cost of generating units at their 
maximum and minimum limits respectively, calculated at the 
initial population. Ppbc is the power balance constraint, added to 
the total fuel cost as penalty function. 

III. CONVENTIONAL PARTICLE SWARM OPTIMIZATION 
The PSO can be best understood through an analogy of a 

swarm of birds in a field. Without any prior knowledge of the 
field, the birds move in random locations with random 
velocities looking for foods.  

In conventional PSO, particles change their positions 
(states) with time. Let 'X' and 'V' denote a particle coordinates 
(position) and its corresponding flight speed (velocity) in a 
search space respectively. The position vector Xi and the 
velocity vector Vi of the ith particle in the n-dimensional 
search space can be represented as ),.....,,( 21 iniii xxxX = and 

),......,,( 21 iniii vvvV = respectively.  
The best previous position of the ith particle is recorded and 

represented as ),.....,,( 21
pbest
in

pbest
i

pbest
i xxxPbest = . The index of 

the best particle among all the particles in the group is 
represented by the ),.....,,( 21

Gbest
n

GbestGbest xxxGbest = . The 
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modified velocity and position of each particle can be 
calculated as per following formulas [7]: 
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where ω, c1, c2 ≥ 0,  
ω : is the inertia weight factor. 
c1 and c2 : are the acceleration coefficients. 
 rl and r2  : are two random numbers within the range [0,1]. 

)(t
iV , )(t

iX : are the velocity and the current position of particle 
i in the search space at iteration t, respectively.   
In general, the inertia weight ω provides a balance between 
global and local explorations (control the influence of the 
previous history of the velocities on the current one). It is set 
according to the following equation: 
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ωmin, ωmax : initial and final inertia factor weights. 
tmax : maximum iteration number. 
t: current iteration number. 
The constants c1 and c2 pulls each particle toward Pbest 
positions (cognitive component of velocity) and Gbest 
positions (social component of velocity). 
The position is updated with respect to (11). 

IV. ADAPTIVE ACCELERATION COEFFICIENTS CONCEPT 
The time-varying inertia weight (TVIW) relied on (12) can 

locate a good solution at a significantly faster rate but its 
ability to fine tune the optimum solution is weak, due to the 
lack of diversity at the end of the search. It has been observed 
by most researchers that in PSO, problem based tuning of 
parameters is a key factor to find the optimum solution 
accurately and efficiently [18]. New researches have emerged 
to improve PSO Algorithms, as Time-Varying Acceleration 
Coefficients (TVAC) [19], where c1 and c2 in (10) change 
linearly with time, in the way that the cognitive component is 
reduced while the social component is increased as the search 
proceeds [14].  

In this section, a new approach called AAC to implement 
the PSO algorithm will be described in solving the ED 
problems. Especially, a suggestion will be given on how to deal 
with inertia weight and acceleration factors. The new approach 
is destined to change acceleration coefficients exponentially 
(with inertia weight) in the time, with respect to their minimal 
and maximal values. The choice of the exponential function is 
justified by the increasing or decreasing speed of such a 
function to accelerate the convergence process of the algorithm 
and to get better search in the exploration space. Furthermore, 
c1 and c2 vary adaptively according to the fitness value of 
Gbest and Pbest, (10) becomes: 
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where: 
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ω(t), ci
(t) are the inertia weight factor and acceleration 

coefficient respectively at iteration t, with i=1 or 2. t is the 
iteration number, ln is the neperian logarithm. 

 αw is determined with respect to initial and final values of  ω 
with the same manner as αc described in (17). 

kc
(t) is determined based on the fitness value of Gbest and Pbest 

at iteration t. 

 ωo, coi initial values of inertia weight factor and acceleration 
coefficients respectively with i=1or 2. 

)(t
mF is the mean value of the best positions related to all 

particles at iteration t.  

The procedure of AAC based PSO is described as bellow: 

Step1: Initialization: Generate N-particles randomly with 
initial position vector (initial vector of generators’ real power 
outputs, within their minimum and maximum power outputs). 
Initial velocities are generated randomly in their predetermined 
permissible range. Fmax and Fmin are specified in the initial 
population with initial values of weight factor and acceleration 
coefficients ωo and coi. 

Step2: Evaluate the fitness function of all particles in the 
population using (7), (8) and (9). Find best position Pbest of 
each particle and update its objective value. Similarly, find the 
global best position Gbest among all the particles and update 
its objective value. 

Step3: If stopping criterion is met, output the Gbest particle 
and its objective value.  Otherwise continue. 

Step4: Calculate kc coefficient, evaluate the inertia factor and 
acceleration coefficients according to (14), (15) and (16); so 
that each particles movement is directly controlled by Gbest 
and Pbest fitness values. 

Step5: Update the velocity using (13) and if its new value goes 
out of range, set it to the boundary value. 

Step6: Update the position of each particle according to (11). 
Check if the limits of particle’s positions (ramp rate limits and 
generators prohibited operating zones) are enforced using (5) 
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and (6). If any of the limits are violated then the particle’s 
position must be modified toward the near margin of the 
feasible solution.  Go to step 2. 

V. SIMULATION AND RESULTS 
For assessment of the efficiency of the proposed AAC-PSO 

two case studies are applied for ED with losses considering 
ramp rate limits and prohibited operating zones. PSO approach 
was implemented in MATLAB (Math-Works). The programs 
were run on a 3 GHz Pentium IV Dual-Core, processor with 1 
GB of RAM (Random Access Memory). In each case study, 50 
independent runs were made for the optimization algorithm 
involving 50 different initial trial solutions. 

A. Case study 1: Six Unit System 
For this case, the system contains six thermal units, 26 

buses, and 46 transmission lines [20]. The load demand is 
1263MW. The characteristics of the six thermal units are 
given in [13]. The network losses are calculated by B-matrix 
loss formula. Each thermal unit contains two prohibited zones. 
Ramp rate limits, cost coefficients and B-coefficients are 
illustrated in [13].  

The parameters of AAC-PSO are selected as following:  

• The population size=100. 

• Number of iterations=200. 

• Limitation of velocity of each individual 
Vi(max)=0.5.Pgi

(max) and  Vi(min)=-0.5.Pgi
(min). 

• Initial inertia factor ωo=0.9, Initial acceleration 
factors are c1o=2.05 and c2o=0.5. 

The results of simulation are reported in Table I, minimum 
and mean values for 50 trials of execution are considered to 
verify the efficiency of the algorithm. The previous table 
shows the comparison of results from AAC-PSO, Genetic 
Algorithms GA [13], conventional PSO [13], NPSO-LRS 
[15], APSO [15], ICA-PSO [18], SOH-PSO [19] and CPSO1 
[20] methods for the current test system. 

Figure.1 represents the convergence characteristics of 
AAC-PSO compared with conventional PSO for 100 
iterations.  

It can be evidently seen from results obtained using the 
proposed AAC-PSO that the new technique provided better 
results than the other reported evolutionary algorithm 
techniques like GA, PSO and some modified versions of PSO. 
It is also observed that simulation results satisfy the system 
constraints and the mean cost using the proposed approach is 
less than minimum cost using some of other methods as GA, 
conventional PSO, CPSO1 and NPSO-LRS. Active power 
losses PL are also described. 

Referred to Fig.1 with a zoom, the convergence 
characteristics of AAC-PSO compared with conventional  

 

   

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Convergence characteristics of AAC-PSO and conventional PSO 
(Six-unit system). 

PSO shows that the AAC-PSO has good convergence 
property, thus resulting in good evaluation value of fitness 
function and low generation cost. After some iteration, the 
classical PSO characteristics show signs of premature 
convergence and settle to near optimal results. 

B. Case study 2: Fifteen Unit System 
 The system contains 15 thermal units whose characteristics 
are given in [13]. The load demand of the system is 2630 MW. 
The loss coefficients matrix was shown in [20].  
In this case, the parameters of the PSO-AAC are the same as 
the previous case, except the population size; which must be 
changed to 250 because of the size of the electrical network.  
The results of numerical simulation of tested AAC-PSO 
approach are shown in Table II. 

Simulation results are compared with other methods; these 
results also satisfy the inequality constraints of generators 
including prohibited zones and ramp rate limits. Equality 
constraint is shown by Power Balance PB displaying best 
convergence near the optimal solution. Power losses Ploss 
obtained with the proposed approach are lower than those 
obtained with other methods. 

VI. CONCLUSION 
In this paper, a proposed Adaptive Acceleration Factors 

(AAC) algorithm based PSO is employed for the resolution of 
Economic Dispatch (ED) problem considering practical 
generator constraints. The algorithm has been applied in two 
power systems and has produced results better than those 
generated by other algorithms. The solutions obtained have 
superior solution quality and convergence characteristics. It is 
remarked that the proposed approach is capable of finding the 
near global solutions of non-linear and non-differentiable 
objective functions, where classical methods are not able to 
deal with such functions. 
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TABLE I.  RESULTS RELATED TO SIX UNIT SYSTEM FOR DEMAND OF 1263MW AND COMPARISION WITH OTHER METHODS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
TABLE II.  RESULTS OF FIFTEEN UNIT AND DEMAND OF 2630 MW 
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