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Abstract: - This paper describes Crow Search Algorithm (CSA), inspired by the intelligent behaviour of crows
to solve Optimal Power Flow (OPF) problem. CSA is a population-based method; works on behaviour of crows
how to retrieve their reserve food in secrete places when the food is needed. OPF is the most familiar problem in
power system optimization. The OPF problem formulation includes various constraints like generator, active
power; reactive power limits and also valve point loading. The proposed method developed on the IEEE 14-bus,
30-bus and 26-bus power systems for optimize the cost of generation, emission and active power loss in single
objective optimization space. The optimal results are compared to those informed in the literature. The results
prove that the CSA has faster convergence and lesser cost as compared with other OPF solution methods.
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l. INTRODUCTION

The Optimal Power Flow (OPF) problem was initially introduced in 1960’s (Carpentier 1962). With
the help of OPF to find the optimal settings of power system network that optimizes the system objective
functions such as total generation cost, system power loss, emission of generating units while satisfying its
power flow equations, and operating limits of equipment. Many conventional methods used for solving OPF
problem but these methods have limitation for local optima and facing difficulty regarding inequality constraint.
To overcome these difficulties some heuristics approaches has been proposed. Evolutionary Programming (EP)
[3], Genetic Algorithm (GA) [4, 5], Artificial Bee Colony (ABC) [6], and Particle Swarm Optimization (PSO)
[7, 8] and some hybrid methods are MSG-HS [16], SFLA-SA [17] used to obtain solution of OPF problem.

The coding and operators of those algorithms have been modified to apply in various engineering
problems [11]. Modified PSO (MPSO) [12] has been obtained by changing the set-on boundary strategies and
velocity reflection, and in case of Modified DE (MDE) [13] random uniform distribution used. By including DE
and PSO operators obtaining Moth Swarm Algorithm (MSA) [14] these are find the solutions for OPF problem.
The final objective of this paper is to optimize the objective functions are cost of generation, transmission losses
and emission by approaching the Newton Raphson based Crow Search Algorithm (CSA) [18] is applied to IEEE
14,-bus, 30-bus, and 26-bus test systems. The proposed method optimal solutions are compared with recently
methods results which are mention in literature. As a result, CSA Provides better results than those in the
literature.

1.  OPTIMAL POWER FLOW
In this paper, the objective functions of OPF problem is minimization of generation cost, minimization
of losses and minimization of emission to the generator units meeting inequality and equality constraints. The
general form of OPF problem as follows:

Minimize:f (x, u) 1)
Subject to:g(x,u) =0 )
h(x,u)<0 ©))

Where f(x,u):objective function, g(x,u): equality constraint, h(x,u): inequality constraint.

2.1 State Variables
In order to obtain the state of the power system, set of state variables are represented in Eqn. (4).

x" =V 1.-Vine:Po1, Qo1 Qong:SLi~Sing] 4
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V| :Load bus voltage, Pg; : slack busactive power, Qg : generator active powers, S, : transmission line loading

2.2 Control Variables
In order to control the power flow, the set of parameters are represented as decision vector represented
in Egn. (5).

uT =[Vo1--Vone Po2 ~Pong T Tar] ®)
Vg : generator voltages, Pg : generator real power outputsexcept slack busT : transformers tap settings

2.3. Constraints

To minimize the objective function the OPF problem need to satisfy both equality and inequality
constraints. The equality constraint treated as power balance constraints. The inequality constraints considered
as operating limits of power system components.

2.3.1. Equality constraints
The equality constraints for the OPF problem are, balances of the active and reactive power represented
in Egn. (6) and Eqn. (7).

R =P =V ivj [G; cos(5;) +Bysin(5;)] =0 ©)
Qs —Qu -V, ib:vj [G,0s(5;) +B,sin(5;)] =0 Y

2.3.2 Inequality Constraints:
The Inequality constraints for OPF problem are considered to restrict the conditions of operation for
getting a better optimal condition:

Generator limits:
Vimin SVi Svimax (8)
P,™" <P, <P,™ Where i = 1, 2... Ng. 9)

Voltages at loading buses:
v,My, <V Wherej=1,2... npq; (10)

In order to obtain the optimal solution while satisfying the above constraints performing load flow with
help of Newton Raphson method and optimal power flow can obtained by CSA optimization technique.

1. CROW SEARCH ALGORITHM
Crow Search Algorithm (CSA) is a population-based technique, which works on behaviour of crows how to
retrieve their stored excess food in hiding places when the food is needed.

Implementation of CSA for optimization
Step 1: Initialize of parameters
The optimization problem, decision variables and constraints are defined. Then, the parameters of CSA are

maximum iterations, flock size (n), flight length (fl) and awareness probability (ap) initialized.

Step 2: Initialize position and memory of crows
I=0; u=21,% Lower and upper bounds

- .- . 11
x(i,j)=1-(1—u)*rand; % Position of the crows in the space 4y
Step 3: Evaluate fitness (objective) function
Find the fitness value for the new position of each crow.
Step 4: Update to new position
xnew (i,:) = x(i,:)+fl*rand*(mem(num(i),:)—x(i,:)) (12)
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xnew(i, j)=1—-(I-u)*rand (13)
Step 5: Update memory
ml,lter+1 _ {XI,IteI‘+l f(xl,lter+1) is better than f (ml,lter) (14)
mi,iter+1 _ mi,iter otherwise
Step 6: Check termination criterion
ffit(t) = min(fit_mem);% Best found value until maximum iteration )

min (fit_mem);

IV. SIMULATIONRESULTS
The IEEE 14-bus [8], 26-bus and IEEE-30 [14] systems are used to test the effectiveness of the
proposed method for solving OPF problem. Various case studies are examined, which are précised in Table 1.
All simulation results are obtained by MATLAB programs in MATLAB.

Table 1: Various case studies investigated in this paper.

Test case Obijective function Test system
case 1 Convex fuel cost IEEE 14-BUS, 26-BUS, IEEE 30-BUS
case 2 Non-convex fuel cost IEEE 14-BUS, IEEE 30-BUS
case 3 Power loss IEEE 14-BUS, 26-BUS, IEEE 30-BUS
case 4 Piecewise quadratic fuel cost IEEE 30-BUS
case 5 Emission IEEE 30-BUS

4.1 CASE 1: Convex fuel cost
Minimization of cost for the convex fuel cost function to the test systems consider as case 1. In order to
minimize the fuel cost consider as quadratic fuel cost function as objective function as follows:

R (Pek) = akP&k + byPok + i (16)
The CSA algorithm examined on IEEE 14-BUS [8], 26-BUS [5] and IEEE 30-BUS [14] test systems has active

power demand 259MW, 1263 MW and 283.4 MW respectively. The simulation results obtained by proposed
method are presented in Table 2 for three test systems.

Table 2: Optimal result obtained by CSA for Case 1

IEEE 14-BUS 26-BUS IEEE 30-BUS
Pg1(MW) 143.23 Pg1(MW) 472.3985 Pg1(MW) 171.9912
Pg2(MW) 48.71 Pg2(MW) 163.6627 Pg2(MW) 47.9521
Pg3(MW) 31.73 Pg3(MW) 246.9230 Pg5(MW) 21.1610
Pg6(MW) 21.93 Pg4(MW) 125.8830 Pg8(MW) 27.0344
Pg8(MW) 19.57 Pg5(MW) 163.9105 Pgl1(MW) 11.3203

Pg26(MW) 103.2064 Pg13(MW) 12.0000
Gen.Cost($/hr) 814.5879 Gen.Cost($/hr) 15175.3175 Gen.Cost($/hr) 800.3995
Losses(MW) 6.1945 Losses(MW) 12.9845 Ploss(MW) 9.0560
Qloss(MVAR) 32.9622
Emission(Ton/h) 0.2426

For IEEE-14 bus test system proposed method provide optimal cost 814.5879 ($/h) and transmission
losses are 6.1945 MW. Similarly for 26-bus test system CSA provide optimal cost 15175.3175 ($/h) less as
compare with GA [5], GA-FUZZY [5] and GSA [5] methods optimal costs as 15434.67 ($/h), 15431.69 ($/h)
and 15467.45 ($/h) respectively. The optimal cost for IEEE-30 system is 800.3995 ($/h) for load demand of
283.4 MW. The proposed method provide less cost as compared with FPA [14], MPSO [14] and MSA [14]
methods. The comparative results for test systems are presented in Table 3.
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Table 3: Comparative results for Case 1 test systems

26-BUS IEEE 30-BUS
Method Fuel Cost ($/h) Method Fuel Cost ($/h)
GA [5] 15434.67 FPA [14] 802.7983
GA-FUZZY [5] 15431.69 MPSO [14] 800.5164
GSA[5] 15467.45 MSA [14] 800.5099
CSA 15175.3175 CSA 800.3995

4.2 CASE 2: Non-convex fuel cost

In order to make the OPF problem as complex including the valve-point effect in generator fuel cost

function. The fuel cost functions with inclusion of valve-point effect as follows:

Ng
2 . i
F =F(Py) = D (aPax+biPok + ) + [ea xSIn(Fyx (Pey” — Pei))

k=1

For the above problem the proposed method examined on IEEE-14 bus [8] and IEEE-30 bus [14] test
system has load of demand 259 MW and 283.4 MW. The simulation results of fitness function, active powers of

($/h)

generating units and power losses of the test systems are presented in Table 4.

Table 4: Optimal result obtained by CSA for Case 2

IEEE 14-BUS IEEE 30-BUS

Pg1(MW) 144.40 Pg1(MW) 134.9079
Pg2(MW) 48.18 Pg2(MW) 79.9999
Pg3(MW) 31.46 Pg5(MW) 25.1494
Pg6(MW) 21.76 Pg8(MW) 10.0000
Pg8(MW) 19.44 Pgl1l(MW) 21.6337
Pg13(MW) 19.3919
Gen.Cost($/hr) 814.59928 Gen.Cost($/hr) 922.1680

Losses(MW) 6.2530 Ploss(MW) 7.6830
Qloss(MVAR) 38.2009

Emission(Ton/h) 0.1910

From the Table 4 observe that, due to the valve-point effect operating cost increases for both the test systems.
The simulation results of the proposed method are comparing with recently published methods and presented in
Table 5. It can be conclude that CSA method provide optimal as compare with other methods.

Table 5: Comparative results for Case 2 test systems

IEEE 14-BUS IEEE 30-BUS
Method Fuel Cost ($/h) Method Fuel Cost ($/h)
GA[8] 926.55 FPA [14] 931.7458
PSO [8] 833.57 MPSO [14] 952.3039
MSA [14] 930.7441
CSA 814.59928 CSA 922.1680

4.3 CASE 3: Minimization of Power loss
The objective function for the case 3 is minimization of power loss for non-convex function
represented in Eqn. (21).
nl nl
2 ,\/2
f=ZZG”\/I +Vj _2Vivj COS(Si —61)
i=1 jzi
The proposed method examined on IEEE 14-BUS [8], 26-BUS [5] and IEEE 30-BUS [14] test systems
power loss minimization as objective function. The simulation results obtained by proposed method are

23 | Page

(MW) (18)
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presented in Table 6, it can be conclude that the operating cost increases when power loss minimization

considered as objective function.

Table 6: Optimal result obtained by CSA for Case 3

IEEE 14-BUS 26-BUS IEEE 30-BUS
Pgl(MW) 72.654 Pgl(MW) 313.951 Pgl(MW) 54.1445
Pg2(MW) 77.574 Pg2(MW) 197.607 Pg2(MW) 77.7851
Pg3(MW) 48.786 Pg3(MW) 297.559 Pg5(MW) 49.9918
Pg6(MW) 33.975 Pg4(MW) 149.578 Pg8(MW) 34.9999
Pg8(MW) 29.361 Pg5(MW) 198.075 Pgl1(MW) 29.9920

Pg26(MW) 119.221 Pg13(MW) 39.9999
Gen.Cost($/hr) 1143.4055 Gen.Cost($/hr) 15266.2208 Gen.Cost($/hr) 965.8423
Losses(MW) 3.2699 Losses(MW) 12.4636 Ploss(MW) 3.0135
Qloss(MVAR) 52.7278
Emission(Ton/h) 0.1108

4.4 CASE 4: Piecewise quadratic fuel cost
The objective function for the case 4 is minimization of piecewise fuel cost for convex function as

follows:

2 min
Ak PGkt PraPek +Ck1 Pk < Pak < Poi

2
ak2PGK + bioPok +Ck2 Pokt < Pok < Poka

F =F(Pe) =

2
-8 PGK + b Pak +Ckn

max
Pekn-1) < Pak < Pek

(19)

The objective function examined on IEEE 30-bus [14] test system, simulation results presented in
Table 7 and comparison results are presented in Table 8. From the results conclude that CSA method provide
better results as compare with remaining methods.

Table 7: Optimal results provided by CSA method for Case 4 and Case 5

IEEE 30-Bus

Case 4 Case 5

Pgl(MW) 139.9999 55.8821
Pg2(MW) 54.9999 77.0059
Pg5(MW) 23.6403 49.9800
Pg8(MW) 34.9999 34.7040
Pg11(MW) 17.5955 29.9722
Pg13(MW) 19.2555 39.3950
Gen.Cost($/hr) 644.7789 960.3062

Emission(Ton/h) 0.1839 0.1760

Ploss(MW) 7.0914 3.5395
Qloss(MW) 40.4620 52.6550

4.5 CASE 5: Minimization of Emission

The objective function for the case 5 is minimization of emission for non-convex function represented

in Egn. (20).

Ng
F =E(Pg) = D (o Pa+ BiPox + i) +Ek X exp(Pgihy) (ton /)

k=1

(20)

The objective function examined on IEEE 30-bus [14] test system, simulation results presented in
Table 7 and comparison results are presented in Table 8. From the results conclude that CSA method provide
better results as compare with remaining methods.
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Table 8: Comparative results for IEEE-30 bus test system

30 BUS Obijective function FPA [14] MPSO [14] MSA [14] CSA
Gen.Cost($/hr) 651.3768 646.7263 646.8364 644.7789
Case 4 Emission(Ton/h) 0.2808 0.2834 0.2835 0.1839
Plosses(MW) 7.2355 6.8008 6.8001 7.0914
Qloss(MW) 36.7308 28.9301 29.6667 40.4620
Gen.Cost($/hr) 948.949 879.9464 944.5003 960.3062
Case 5 Emission(Ton/h) 0.2052 0.2324 0.2048 0.1760
Plosses(MW) 4.492 7.0467 3.2358 3.5395
Qloss(MW) 23.6465 35.2525 22.6688 52.6550

V. CONCLUSION
This paper has presented a Crow Search Algorithm (CSA) and applied to solve OPF problem for

different objective functions in IEEE 14- bus, 26-bus and IEEE-30 bus test power systems. The Crow Search
algorithm has shown effective results in terms of convergence, consistency in different runs and lesser
generation cost as compared to other techniques. These advantages are obtained by the intelligent behaviour of
crows during food hunting process. In order to demonstrate the potential of this method, tested on IEEE 30 bus
system for non-convex cost function, piecewise cost function also. The obtained optimal results are compared
with EP based OPF with greater satisfaction.
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