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ABSTRACT: The present day power framework has turned out to be exceptionally intricate in nature with utilization 
of the electric force which is in movement and these inclination increments with the industrialization and the populace's 
development. Besides one loss of supply because of any specialized issue can bring about the interference of the 
different creation forms, and before shoppers who turn out to progressively want so as to request more vitality and 
better quality. The electrical vitality creation organizations of must along these lines guarantee the customary 
provisioning of this solicitation, and without interference, however these prerequisites trade off the expense of era. The 
proposed methodology finds the ideal setting of OPF control variables which incorporate generator dynamic yield, 
generator transport voltages, transformer tap-setting and shunt gadgets with the target capacity of minimizing the fuel 
cost. The paper proposes BAT Algorithm to resolve the optimal power scheduling problem. The proposed BAT is 
displayed to be adaptable for usage to any power system frameworks with the given power system transmission lines, 
transport information, generator fuel cost parameter and anticipated burden request. The BAT Algorithm model has 
been investigated and tried on the standard benchmark IEEE 30-bus framework. The outcomes acquired beat different 
methodologies which are as of late connected to the IEEE 30-bus framework with the same control variable most 
extreme and least points of confinement and framework information. Better results are likewise discovered when 
thought about against the designs utilized as a part of the IEEE-30 bus frameworks. These better results are 
accomplished due than the strong and solid calculation of the proposed BAT calculation approach. 
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I. INTRODUCTION 
 

Economic dispatch (ED) is the operation of generation to produce energy at the lowest cost by fulfilling the 
demand within several limits. This is not an easy task since there are a lot of factors need to be considered especially in 
the large interconnected power systems. The primary objective of ED is to schedule the committed generating units 
output so as to meet the required load demand at minimum cost satisfying all unit and system operational constraints 
[1]. In power system operation and planning, optimum power flow is one of the areas in which power engineers focus 
on in order to minimize the operational cost and system losses, while supplying reliable and uninterruptible electricity 
to the consumers. Power plant management is required not only to provide uninterruptible and reliable power supply 
but also to achieve the most economic cost [17]. No. of optimization are proposed to control the power flow solutions. 
Since the optimum power flow method was first introduced by Dommel and Tinney in 1968[1]. Various conventional 
methods like Bundle method, nonlinear programming, mixed integer linear programming, dynamic programming, 
quadratic programming, Lagrange relaxation method, network flow method, direct search method, weighting, surrogate 
worth trade-off techniques reported in the literature are used to solve such problems [1]. To simplify the OPF problem 
many mathematical assumptions are used, like convex, analytical, differential objective functions. 

The conventional method of solving the ELD problem is by applying nonlinear programming techniques. 
These techniques minimize a convex objective function over a convex set thus insuring a single minimum. The 
problems can then be minimized using gradient or Newton based search techniques. However as non-convex problems 
generally have multiple minima these techniques may be trapped at local minima. Dynamic programming is one way 
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solving this problem, but it also has limitations due to the “curse of dimensionality” [2]. Now the interest is changed in 
OPF from mathematical programming algorithms to evolutionary programming methods. The advancement in optimal 
power flow problem solving the genetic algorithm is applied as direct & integration with other techniques is introduced 
to obtained promising results. In this processes the tabu search & PSO algorithm are introduced for OPF problem to get 
the best results by avoiding the limitations of mathematical programming approaches.  

Many variants of GA have previously been used with good results to solve non-convex ELD problems [3–5]. 
The main advantage GA has over other algorithms is that it can use a chromosome coding technique tailored to the 
specific problem. The two main disadvantages of GA over other techniques are firstly, there is no guarantee of 
convergence to the global optimum solution and secondly, the execution time is very long. IEEE-30 bus standard 
test system is chosen to demonstrate the proposed algorithm & to examine the proposed algorithm 
to evaluate the performance for getting the optimal global fuel cost. 
 

II. PROBLEM FORMULATION 
 

The mathematical formulation of OPF problem can solved as follows: 
  

Mini F(x, u)                                                        (1) 
Sub to 

gn(x,u) = 0                                                        (2) 
 

hmin ≤ h(x,u) ≤  hmax                              (3) 
 

Where vector x denotes the state variables in vector form for the considered system. The power system contains the 
slack bus real power output (PG1), voltage magnitudes and phase angles of the load buses (Vi, δi) and generator reactive 
power outputs (QG). Vector u represents control variables that consist of real power (PGN) and generator voltages 
magnitudes (VGN), transformer tap setting (TK) and reactive power injections (QCK) due to volt-amperes reactive (VAR) 
compensations:  
 
u = [PG1.. PGN, VG1..VGN, T1..TNT, QC1 .. QCS].           (4) 
Where N is the number of generator buses, NT is the number of tap changing transformers, and CS is the number of 
shunt reactive power injections. 
The OPF problem has two types of constraints: 
 
Equality constraints These are the sets of nonlinear power flow equations that govern the power system, i.e 
 
 PGK  - PDK - ∑J=1

N|VK| |VJ| |YKJ| COS(θKJ – δk +δj) = 0         (5) 
 
 QGK  - QDK - ∑J=1

N|VK| |VJ| |YKJ| Sin(θKJ – δk +δj) = 0          (6) 
 
Where PGK  and QGK are the real and reactive power outputs injected at bus i, respectively, the load demand at the same 
bus is represented by PDK  and QDK , and elements of the bus admittance matrix are represented by | YKj | and θKj. 

 
Inequality constraints These are the set of constraints that represent the system operational and security limits like the 
bounds on the following: 
 

1) Generators real and reactive power outputs 
PGK

min ≤ PGK ≤ PGK
max,  k=1,…..N                  (7) 

QGK
min ≤ QGK ≤ QGK

max,  k=1,…..N                   (8) 
2) Voltage magnitudes at each bus in the network 

VK
min ≤ VK ≤ VK

max,  k=1,…..NL                   (9) 
where NL is the number of load buses. 

3) Transformer tap settings 
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TK
min ≤ TK ≤ TK

max,  k=1,…..NT                 (10) 
4) Reactive power injections due to capacitor banks 

QCK
min ≤ QCK ≤ QCK

max,  k=1,…..CS                (11) 
 
In this paper, the constraints corresponding to the state or dependent variables are incorporated into a fitness 

function. In general the OPF generation fuel cost function can be expressed by a quadratic function as follows: 
 

Mini (FT) = ∑NG
N=1 FN (PGN)                                (12)  

               FNPGN=aN+bNPGN+CNPGN
2                             (13) 

 
The IEEE-30 bus system is taken in this paper to test the proposed algorithm & it is used as a standard test 

system to study different power problems & evaluate programs to analyse such problems. It consists of 6 generator 
units as well as 41 transmission lines. 
 

III.  PROPOSED ALGORITHM 
 

Bat algorithm has been developed by Xin-She Yang in 2010 [6]. Bats use sonar echoes to detect and avoid 
obstacles. They use time delay from emission to reflection and utilize it for navigation. They typically emit short loud, 
sound impulse and the rate of pulse is usually 10 to20 times per second. Bats uses inbound frequencies (20,500) kHz. 
By execution [8,9],Pulse rate can be determined fro range (0-1). Pulse rate can be simply determined from range 0 to 1, 
where 0 means there is no emission and by 1, bats are emitting maximum [7],  By utilizing above behavior new bat 
algorithm can be formulated. Yang [22] used three generalized rules for bat algorithm. 
 
Proposed Bat Algorithm 
1. Objective function f(x), x=(x1, . . . . , xd)xT 

2. Initialize the bat population Xi and vi for i=1,2,…n. 
3. Define pulse frequency Qi ε [Qmin and Qmax] 
4. Initialize pulse rates ri and loudness Ai 
5. while (t <Tmax) // number of iterations 
6. Generate new solutions by adjusting frequency, and 
7. updating velocities and locations/solutions 
8. if (rand (0; 1) > ri) 
9. Select a solution among the best solutions 
10. Generate a local solution around the best solution 
11. end if 
12. Generate a new solution by flying randomly 
13. if (rand(0;1< Ai and f(xi)<f(x))) 
14. Accept the new solutions 
15. Increase ri and decrease Ai 
16. end if 
17. Rank the bats and find the current best 
18. end while 
19. Post-Process results and visualization 
BAT Algorithm for solving optimal power scheduling and economic dispatch the following values are used to 
implement the proposed algorithm. 
Total number of populations = 40; 
Maximum no of iterations = 150; 
Loudness = 0.5; 
Pulse rate = 0.5; 
Qmin=0; Frequency minimum 
Qmax=2; Frequency maximum 
Initializing arrays are frequency and velocities 
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The following equations are used to update the velocities and locations 
 
Q(pp)=Qmin+(Qmin-Qmax)*rand;                              (14)    
V(pp,:)=v(pp,:)+(Xg(pp,:)-globalXg)*Q(pp);                        (15)   
S(pp,:)=Xg(pp,:)+v(pp,:);                   (16)                   
The factor 0.01 limits the step sizes of random walks and equation shows search solution. 
S(jj,:)=globalXg+0.01*randn(1,d);                  (17) 
 

IV. EXPERIMENTAL RESULTS OF IEEE-30 BUS BENCHMARK SYSTEM 
 

The IEEE-30 bus system network consists of 6 generators buses, 21 load buses and 41 branches of which 4 
branches are under load tap setting transformer branches. The generator units are connected to the bus number 1, 2, 5, 8, 
11 & 13. The generator cost coefficients of IEEE-30 bus system are tabulated as follows:  

 
Table 1: Generator Cost Coefficients of IEEE-30 Bus System 

 
Bus 
No 

Cost Coefficients Min 
MW 

Max 
MW a b c 

1 0.0 2.00 0.00375 50 200 
2 0.0 1.75 0.01750 20 80 
5 0.0 1.00 0.06250 10 50 
8 0.0 3.25 0.00834 10 35 
11 0.0 3.00 0.02500 10 30 
13 0.0 3.00 0.02500 12 40 

 
V. SIMULATION RESULTS 

 
The considered three practical power systems data are simulated by MTALAB platform. Cost coefficient 

curves for three systems are shown as follows. From the Table2 it is clearly observed that the fuel cost minimization 
without violating the maximum & minimum generating limits in IEEE-30 bus system. The following two figures shows 
the results for fuel cost curve versus number of iterations in two different algorithms case 1 shows the results the IEEE-
30 bus system tested by Genetic Algorithm and case 2 shows the results for fuel cost minimization curve with BAT 
Algorithm implementation in IEEE-30 bus system. 

 
  Case 1: Standard IEEE 30-Bus System With Genetic Algorithm 

 
Figure 1: Cost & Fitness Curves of IEEE-30 Bus System With Genetic Algorithm[17]. 

Case 2: Standard IEEE 30-Bus System With Proposed BAT Algorithm 
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Figure 2: Cost & Fitness Curves of IEEE-30 Bus System With Proposed BAT Algorithm. 

 
It is obviously watched that from figure 1 and 2 the proposed BAT Algorithm gives the better result when 

contrasted with the GA Approach tried on the IEEE-30 bus framework. The real two things are seen in the two 
methodologies the BAT Algorithm acquired the base fuel cost when contrasted with GA approach and second thing is 
the proposed methodology takes less cycles to achieve the best cost and wellness capacity it demonstrates the lessening 
in time element when the calculation is tried on extensive power systems. 
 
 

Table 2: Comparison of Optimal Scheduling & Fuel Cost Results With Proposed, Gradient Based & Power World 
Simulator [1]. 

 
Proposed BAT 

Algorithem 
Iterative 
Method GA Gradient Based Power Simulator 

183.6895 185.4036 156.71 187.2190 197.99 
48.8847 46.8722 50.061 53.7810 44.00 
18.8258 19.1242 24.78 16.9550 22.00 
10.00 10.00 13.10 11.2880 10.00 
10.00 10.00 26.21 11.2870 10.00 
10.00 12.00 12.00 13.3530 12.00 
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Figure 3: Fuel Cost (Rs/hr) Minimization by different approaches. 

 
 Table-2 demonstrates the different methodologies tried and executed on IEEE-30 bus framework and the 

proposed BAT calculation demonstrates the different era levels to minimize the fuel cost in force era without damaging 
the generator working points of confinement as said in table-1. Figure 3 demonstrates the expense varieties in the force 
era by diverse calculations tried and executed on IEEE-30 bus framework. 

 
VI. CONCLUSION  

 
In this paper, the BAT Algorithm model has been effectively executed on the standard IEEE-30 bus 

framework with genuine information and burden interest design. From figure 3 the fuel expense is closer to the GA 
however from the figure 1 and figure 2 demonstrates the deviation between the two methodologies that is number 
emphases ought to less in proposed BAT Algorithm when analysed GA, then we infers that the calculation time is 
additionally lessened by proposed BAT Algorithm. The calculation which was proposed in this paper is demonstrated 
to be adaptable for usage to any viable force frameworks with line and bus information, generator fuel cost parameter 
and estimated burden request. Prevalent results are gotten by proposed calculation when contrasted with the current 
techniques for the IEEE-30 bus framework. Any substantial force system can be tried by utilizing the proposed BAT 
Algorithm then the strong and dependability can be accomplished. Finally the proposed methodology guarantee more 
ideal design of control variables, gives an answer lower operational expense. 
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