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Abstract: Wind driven optimization Technique is one of the optimization method based on atmospheric motion, and it is 

global optimization modern nature inspired method. The technique is working on population based iterative heuristic global 

optimization algorithms for multi dimensional and multi model in the search domain to implement the constraints. In this 

paper, the Wind driven optimization Technique is used to solve optimal power flow problem. In order to show the 

effectiveness of the proposed method, it has been applied to the standard IEEE 30-bus for generation fuel cost objective that 

reflect the performances of the power system. Furthermore, the obtained results using the proposed technique have been 

compared to those obtained using other techniques reported in the literature. The obtained results and the comparison with 

other techniques indicate that the wind driven optimization technique provides effective and robust high quality solution 

when solving the optimal power flow problem with different complexities. 
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1. Introduction 
The back bone tool for power system operation is the optimal power flow problem [1].  The optimal 

operating state of power system and optimizing and also satisfying operating constrains are the main objective 

of the optimal power flow problem [2]. 

The optimal power flow problem is been studied over half of a century. In earlier days there were many 

deterministic optimization techniques has been successfully used. Some of them are gradient based methods, 

sequential quadratic programming, Newton based methods also simplex methods and interior point method. A 

survey of most commonly used conventional optimization techniques algorithms were applied to solve the OPF 

problem is given in [3, 4]. Although in those optimization techniques have good convergence characteristics and 

many of them mostly used in the industrial sector and also have some short comings also. Some of their 

drawbacks are; they cannot guarantee global optimality they cannot handle binary or integer variables and they 

are developed with some theoretical assumptions, some of theoretical assumptions are the complexity and 

convexity and other things may not suitable for actual optimal power flow conditions.  

In recent days, the rapid development of recent computational intelligence tools has motivated 

significant research in the area of non-deterministic that is ‘Heuristic’. Optimization methods to solve the 

optimal power flow problem in past two decades are Ant colony optimization(ACO), artificial neutral 

networks(ANN), bacterial foraging algorithms(BFA), Biogeography based optimization(BBO), Black hold 

based optimization(BHBO) and algorithms of chaos, differential evaluation(DE), evolutionary algorithms, 

evolution programming, evolutionary strategies(ES), fuzzy set theory, electromagnetic like magnetism(EM), 

particle swarm optimization(PSO), simulated annealing(SA), Tabu search(TS), gravitational search 

algorithms(GSA) and these methods are known for their capabilities for finding global solutions and avoided to 

be trapped with local ones, the fast search of the large solutions spaces and their ability to uncertainty in some 

areas of power system. The review of the optimization methods to solve the optimal power flow is given in [5, 

6]. 

In the recently developed optimization methods is the wind driven optimization based on atmospheric 

motion. It is also modern-nature inspired global optimization method too. It has proved that wind optimization 

technique is easy to execute perform effectively in the multi dimensional numerical optimization problems. 

The main objective of the paper is by using the WDO technique to solve the OPF problem. The 

performance of WDO technique is sought and tested on the standard IEEE-30 bus test under the objective 

function of minimization of the generation fuel cost. 

The remaining part of paper is organized as follows; at first the OPF is mathematically calculated. 

After that WDO is presented. Next we use the WDO technique to solve the problem to optimize the power 

system operating conditions. At last we conclude our paper with some valid points. 

2. Optimal power flow 

The non linear constrained mathematical problem can be formulated as follows 

Minimize f(x,u)          (1) 

Subject to g(x,u) 0        

 (2)h(x,u) 0         

 (3) 

where ‘ ’ and ‘ ’ are the equality and inequality constraints respectively and ‘ ’ is a control vector of 

dependent variables like slack bus active power generation, PQ bus voltage magnitudes and generator reactive 
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powers and vector ‘ ’ consist control variables like real powers (
GP ) and voltages(

GV ) of generators, 

transformer tap ratios(T) and shunt compensation(
cQ ). ' f '  is the number of objective function. 

1) Fuel cost objective 

The optimal allocation of the real powers generated by the generating units at power stations should be 

organized in a most economic way to meet the existing load on a give system can be considered as economic 

load dispatch problem. The simplified quadratic cost expression for ith unit for real power output of 

iG'p ' subjected to different constraints can be expressed as [7] 

i i i

2

G i G i G if(p ) a p b p c           (4) 

Where 
i i ia ,b andc are the fuel cost-coefficients of generators. The total generation fuel cost 

TF of 

all 
G'N 'number of units can be mathematically expressed as  

G

i

N

1 T i G

i 1

A min(F ) f (p )


            (5) 

While minimizing the objective it must satisfy the following equality and inequality constraints. These 

constraints can be expressed as 

i). Equality constraints   

These constraints are simply load flow equations solved and satisfied in conventional load flow 

method. The active and reactive power balance expressions in load flow can be given as 

busN

Gi Di i j ij ij j i

j 1

p p V V Y cos( )


              (6) 

busN

Gi Di i j ij ij j i

j 1

Q Q V V Y sin( )


              (7) 

where, 
Gi GiP ,Q and 

Di DiP ,Q  are the respective active and reactive power generations and loads 

at  
thi  bus, 

busN  is the total number of buses, ij ijY , are the bus admittance magnitude and its 

angle between 
thi  and 

thj  buses. 

(ii). Inequality constraints 

Generator constraints: For all generators including the slack: voltage, active and reactive outputs 

ought to be restricted by their lower and upper limits as follows: 
min max

Gi Gi Gi GV V V ; i N     

min max

Gi Gi Gi GP P P ; i N     

min max

Gi Gi Gi GQ Q Q ; i N     

Other constraints: 

Tap setting limit at tap-changing transformers: 
min max

i i iT T T ; i NT     

Reactive power compensation limit by shunt compensators: 
min max

shi shi shiQ Q Q ; i NC     

Security constraints:
  

These contain the constraints of voltage magnitude at load buses and transmission line loadings. 

Voltage of each load bus must be restricted within its lower and upper operating limits. Line flow 

through each transmission line ought to be restricted by its capacity limits. These constraints can be 

mathematically formulated as follows: 

  
max

li liS S ; i NL   

min max

i i iV V V ; i NL     

 Here,  inequality constraints are self restricted constraints and can be 

satisfied forcibly within the OPF problem, where as the remaining three constraints and active 

power generation at slack bus are non-self restricted constraints and these can be handled using 

penalty approach [7]. With this, the generalized form of the OPF problem defined in Eqn (1) can 

be expressed as 

   

(8) 
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where,  are the penalty factors related to the constraints. The limits values 

can be considered as 

 

Where, ‘x’ is the value of  and  

3. Wind driven optimization technique 

WDO is one of the optimization method based on atmospheric motion, and it is global optimization 

modern nature inspired method. It is proved that WDO is easy to execute and perform effectively in solving the 

multi dimensional numerical optimization problems. The technique is working on population based iterative 

heuristic global optimization algorithms for multi dimensional and multi model in the search domain to 

implement the constraints. INDO is similar to other nature inspired optimization algorithms in those algorithms 

population based heuristic iterative process can be found for solving the multi-dimensional optimization 

problems. When compared similar basic techniques in the velocity update equations exploits terms such as 

gravitation and coriolis forces, used to provide extra degree of freedom and robustness to the fine tune. By using 

flow chart we can explain the operation is shown below. 

 

Start

Initialization:

Population size, max number of iterations, 

coefficients, boundaries, and pressure function 

definition

Assign random position and velocity

Evaluate the pressure for each air parcel

Update velocity and check velocity limits

Update position and check boundaries

End

Max number of 

iterations?

Yes

No

 
3.1. Theoretical background and motivation of WDO 

In the atmosphere, wind blows in an effort to make equal air pressure. More exclusively, the air is used 

to move from high pressure to low pressure at a velocity, which is proportional to the pressure gradient [8]. 

Furthermore, some assumptions and simplifications are formulated in derivation of the WDO algorithm. The 

beginning step of WDO is supported by the Newton’s second law of motion, which is used to determine the 

accurate results specifically for the analysis of atmospheric motion [9]. 

ia F           (9) 

where, a is the acceleration vector,  is the air density for an infinitesimal element of volume, and 
iF  are 

the forces acting on the mass. 

The equation that relates air pressure to its density and temperature is given by the ideal gas law: 

P = RT           (10) 

where, P is the pressure, R is the universal gas constant and T is the temperature. 

There are four main forces in Eq. (9), that either cause the wind to move in a specific direction or 

deflect it from its path. The most observable force causing the air to move is the pressure gradient force ( FPG ), 

although the friction force ( FF ) simply acts to oppose such motion as described in Eq. (14). Whereas the 

gravitational force ( FG ) acts as a vertical force in three-dimensional atmosphere when it is mapped to N-

dimensional space. The Coriolis force ( FC ) is caused by the rotation of earth, and deflects the path of wind 
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from one dimension to another. In WDO, it is implemented as a motion in one dimension that affects the 

velocity in another (Bayraktar et al., 2010). 

The physical equations that govern each of these forces are given below: 

PGF V           (11) 

GF Vg            (12) 

2CF u            (13) 

FF u            (14) 

Where,   is the pressure gradient, V  represents an infinitesimal air volume,Ω represents rotation of the 

earth, g is the gravitational acceleration, and u is the velocity vector of the wind. 

The summation of all four forces can be obtained by (15): 

( ) ( ) ( ) ( 2 )u t Vg P V u u                 (15) 

If an infinitesimal air parcel is considered which is moving with the wind then the velocity update equation 

can be determined by (16). On the basis of ideal gas law equation from (10), ρ can be written in terms of 

pressure, and a unity time step (Δt = 1) can be assumed for simplicity. The velocity update equation is: 

dim

max
max((1 ) ) ( ) 1 ( )

other

old
new old old old

old old

P C
u u g x RT x x

P P

   
           

  

  (16) 

In Eq. (16), updated velocity for the next iteration, unew, depends on the current iteration velocity (uold ), 

current location of air parcel in search space (xold), distance from the highest pressure point that has been found 

(xmax), maximum pressure(Pmax)  pressure at the current location (Pold), temperature (T), gravitational 

acceleration (g), and constants R,α, and c. 

In WDO expression (16), the pressure term is analogous to the fitness of a chromosome in GA 

terminology. If WDO is compared with PSO, similar velocity update equations can be realized. After the 

velocity of parcel is updated by Eq. (16), the position of air parcel can be updated by Eq. (17) 

( )new old newx x u t           (17) 

In Eq.(17), oldX  represents that the air parcel would continue to move on its previous path with some 

opposition that is created due to friction.
newu is an attractive force that pulls against the center of coordinate 

system. Δt indicates the force against position of maximum pressure that is assumed to be the global best 

position for the optimization problem. 
newx follows the Coriolis force, in fact, which is a deflecting force. In 

this manner, WDO offers a simple yet highly effective way to solve the complex optimization problems. For 

each dimension, WDO permits the air parcels to move only within the bounds of [-1, 1]. In literature, a variety 

of boundary conditions have been anticipated for particle-based optimization[11], but in case of WDO, if an air 

parcel tries to pass outside of these specified limitations in any dimension, its position in that individual 

dimension is set to the boundary value. 

The gravitational force ultimately influences every air parcels that are trapped at the boundaries back 

into the search space. It should also be examined that the updated velocities of air parcels are restricted to a 

maximum value per iteration. The reason behind this is to avoid air parcels from taking huge steps and 

overlooking certain regions in the search space. Once the velocity magnitude goes beyond the specialized 

maximum in any dimension then the velocity in that dimension is limited according to Eq. (18):  

max max*

max max

new

new

new

u if u u
u

u if u u

 
  

   
      (18) 

where, the direction of motion is preserved but the magnitude is limited to be not more than [umax] at 

any dimension, and [u*max ] represents the adjusted velocity after it is limited to maximum speed. 

 

 

4. Application and results 

In order to illustrate the effectiveness of the proposed WDO technique, it has been tested on IEEE 30-bus 

test system. The developed program is written in MATLAB computing environment.  

The IEEE 30-bus test system has the following characteristics: six  generators at buses 1, 2, 5, 8, 11 and 

13, four transformers with off-nominal  tap ratio at lines 6–9, 6–10, 4–12, and 28–27 and nine  shunt VAR 

compensation buses at buses 10, 12, 15, 17, 20, 21, 23,  24 and 29 [12,13]. 

The line, bus data, generator data and the minimum and maximum limits for the control variables are given in 

[14]. The proposed technique has been applied to solve the OPF problem for generation fuel cost objective 

function. 

The proposed technique has been run for OPF and the optimal settings obtained are tabulated in Table 

1. It appears that total fuel generation cost is highly reduced compared to the initial case (Normal load flow). 

Quantitatively, it is reduced from 901.9516 $/h to 799.069 $/h which represents a percent cost reduction of 

11.39%.  

 

Table1: Optimal settings of control variables. 
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Control Variables Min Max Normal Load flow OPF 

P1 50 200 99.223 177.0578 

P2 20 80 80.000 48.6973 

P5 15 50 50.000 21.3044 

P8 10 35 20.000 21.0811 

P11 10 30 20.000 11.8843 

P13 12 40 20.000 12.0000 

V1 0.95 1.1 1.050 1.1000 

V2 0.95 1.1 1.040 1.0878 

V5 0.95 1.1 1.010 1.0617 

V8 0.95 1.1 1.010 1.0694 

V11 0.95 1.1 1.050 1.1000 

V13 0.95 1.1 1.050 1.1000 

T11(6-9) 
0.9 1.1 1.078 1.0447 

T11(6-10 0.9 1.1 1.069 0.9000 

T11(4-12) 0.9 1.1 1.032 0.9863 

T11(28-27) 0.9 1.1 1.068 0.9657 

QC10 0 5 0.000 0.0000 

QC12 0 5 0.000 0.0000 

QC15 0 5 0.000 0.0000 

QC17 0 5 0.000 0.0000 

QC20 0 5 0.000 0.0000 

QC21 0 5 0.000 0.0000 

QC23 0 5 0.000 0.0000 

QC24 0 5 0.000 0.0000 

QC29 0 5 0.000 0.0000 

Generation fuel cost ($/h) - - 901.952 799.0691 

 

Under the same conditions i.e. control variables limits, constraints and system data, the results obtained 

using the WDO technique reported in this paper are compared to some other techniques reported in the literature 

as shown in Tables 2. It appears from this table that, the proposed technique outperforms many techniques used 

to solve different OPF problems because the results 799.0691 obtained using TLBO are either better or 

comparable to those obtained using other techniques. This highlights its ability to find better quality solution.  

Table 2: Comparison of the simulation results. 

Method Cost Method description References 

WDO 799.0695 Wind driven optimization technique  

GSA 798.6751 Gravitational Search Algorithm [16] 

DSA 799.0943 Differential Search Algorithm [15] 

DE  799.2891 Differential Evolution [14] 

PSO  800.96 Particle swarm optimization  [17] 

GA  805.94 Genetic  algorithm  [18] 

 

5. Conclusion 

In this paper, we have introduced and presented a novel technique to solve the OPF problem in power 

systems that is Wind driven optimization technique. It is a modern nature-inspired global optimization method 

based on atmospheric motion.WDO has been successfully and effectively implemented and applied to the IEEE 

30-bus where objective function have been considered for the minimization of generation fuel cost. This paper is 

significant for the following reasons among others: 1) the high ranking of the proposed technique among other 

techniques which has been proven when compared with other techniques, 2) the efficiency of the WDO which 

has been proven by carrying out a statistical analysis that has revealed its strength by converging every time the 

optimum value or very near to it. 
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