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Abstract: Optimization of power system operation is vital for ensuring economics and security. This works considers optimization 

of fuel cost for achieving economics with security as a constraint. The real power outputs from generators are the control variables in 

optimal power flow (OPF). Conventional OPF minimizes only the fuel cost. Adequate security with regard to line flow violation is 

not guaranteed. This works takes into account the line flow as a constraint.  Security is improved by adjusting the line power flows. 

The OPF-SC is a nonlinear programming optimization problem with complex discontinuous solution space. Cuckoo search 

algorithm is a recently developed algorithm known for its simplicity yet good searching capability. The control parameters are the 

real power generation, generator bus voltage, transformer tap position and SVC settings. The proposed methodology is to be tested 

on the standard IEEE-30 bus system. 

Index terms: cuckoo search, risk based optimal power flow,IEEE-30 Bus,Fuel cost,SVC,OPF-SC. 

1. INTRODUCTION 

Power system operation is essentially a decision making process 

that meets the power demand in an economic way while 

maintaining system security. so in power industry they often 

adopts a criterion called N-1 security criterion which the system 

as a whole sustain failure of an single element such as generator, 

transformer(or)transmission line thus ensures the security of 

power system after the occurrence of any single contingency. 

These problems faced by the power industry pays a simple way 

to develop an optimization problem called security constrained 

optimal power flow(SCOPF) which is derived from the old 

technique called optimal power flow (OPF).The above 

mentioned optimal power flow(OPF)which is an power flow 

technique used to optimize the entire system . The optimal power 

flow which operates by having some constraints for example cost 

minimization, security as a constrained. This optimal power flow 

is a constrained optimal power flow. In the security constrained 

optimal power flow(SCOPF)which can only adopts two way 

called the deterministic way –either the system is secure (or) 

insecure[1]. At the same time it cannot quantify that the risk in 

the power system network. Being taken the risk into account with 

the security of power system a newly developed operation called 

risk based security constrained optimal power flow (RB-SCOPF) 

has been established for the power system reliable operation. The 

objective of this work is to minimize the cost and maximize the 

security of a power system. This proposed system is simulated 

with IEEE 30 bus system. The rest of the paper is organized as 

follows section II describes the formulation of SCOPF, 

RBSCOPF.Section III describes the proposed cuckoo search 

algorithm. Section IV describes simulation results. Section V 

describes the conclusion[1]-[20]. 

2.PROBLEM FORMULATION 

2.1 Security Constrained Optimal Power flow 

The formulation of optimal power flow with an security as a 

constraints are called security constrained optimal power flow. In 

addition to this, they mainly deals with the contingency 

conditions of the entire power system before and after the 

disturbance called pre-contingency and post-contingency states.  

 

 

These contingency states considering the “N-1” security [1] 

criterion called Security Constrained Optimal Power Flow 

(SCOPF).  

 

2.2 Risk Based Optimal Power Flow 

The Risk Based Optimal Power Flow (RBOPF)  is  one type of 

optimal power flow which is mainly deals with the optimal 

power flow by taking the risk as a constraints. The power system 

which is a large components network operating together. If the 

cost of the system is just considered, the optimal power flow 

which only minimizes the fuel cost of the total power system (or) 

by any of the objective like power loss minimization,var 

planning etc.,they just do only that part of the system, but in this 

if we see the overall security of the system is not ensured.If the 

total power system wants to work properly to supply the 

consumers they have to be under a great security. Then only they 

can supply for the consumers. To ensure the whole system 

security here we consider the risk of the system. By considering 

the risk vales the security of the system is ensured by the Risk 

Based Optimal Power Flow (RBOPF). 

 

2.3 Objective function of the proposed system 

A.Objective Function 

The goal of the proposed work is to optimize the control 

parameters to minimize the cost and maximize the security.  

 

 

Where, 

      

                                                                                     

Where, , ai, bi, ci, ei and fi  are the cost coefficients of generating 

unit and PGi is the real power generation of ith unit. U (i,k) is 

equal „1‟ if kth fuel is used in ith generator otherwise it is equal to 

„0‟.  

Subject to the following constraints: 
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Overload contingency 

The severity function for overload is defined for each line or 

transformer, as a percentage of rating. 

B.Discrete Severity Function 

Severity is set to „0‟ when the power flow is below 100% of 

nominal value and set to „1‟ for and above 100% of the nominal 

value. 

C. Discrete Severity function for overload 

The severity problem is defined as 

 

D.Probability 

 It is the likeliness that a contingency can create a 

violation. In RBSA, the probability of a contingency that can 

cause security violation is termed as event likelihood. The 

simplest way of obtaining probability for a contingency is based 

on the system operator‟s experiences. Any event has a 

probability of occurrence, which can be in the range 0 to 1. A 

zero probability means that the event will not occur; a probability 

of 1 means that it will occur. A more reliable way is using 

modern probabilistic and statistic techniques to derive the 

contingency probability distribution through collection and 

analysis of historic data. This probability data is available as a 

standard data. A widely used expression for contingency 

probability based on Poisson distribution is given below, 

                           

Where Ej is Contingency j and λj is the failure rate per unit 

time.Failure rate is the frequency with which an element fails. It 

is often denoted by the Greek letter λ (lambda). The failure rate 

of a system usually depends on time, with the rate varying over 

the life cycle of the system. 

E.Risk index 

Risk index is defined as the degree of risk level, the power 

system attains at an operating condition, when exposed to 

contingencies. Risk index is expressed as the product of event 

likelihood and severity of a contingency.  

           

For instance, the low voltage risk at bus „i‟ can be calculated as  

                              

The risk of a system during a contingency is equal to the sum of 

individual contingency risk, as expressed below, 

                   

Equality Constraints 

                 

 

 
Where PD is the demand power and PL is the total transmission 

network losses. 

Inequality Constraints   

Branch power flow limit: 

    

Generator MVAR outputs: 

  

 

Real power generation output: 

   

     

Transformers tap setting: 

 

3. BIO-INSPIRED ALGORITHMS 

 

The definition of bio inspired algorithms is simple and they are 

defined as they are the category of algorithms that imitate the 

way nature performs. They are quite popular because of their 

unique characteristics called simple and by the reducing the 

rigorous mathematical approaches. The algorithm used here is 

the cuckoo search algorithm which is an recently developed bio-

inspired algorithm follows an behavior of the cuckoo bird. 

 

A.Cuckoo Search 

For simplicity in describing our new Cuckoo Search, we now use 

the following three idealized rules[15]:  

1) Each cuckoo lays one egg at a time, and dumps its egg 

in randomly chosen nest 

2) The best nests with high quality of eggs will carry over 

to the next generations 

3) The number of available host nests is fixed, and the 

egg laid by a cuckoo is discovered by the host bird with a 

probability pa ∈ [0, 1]. In this case, the host bird can either throw 

the egg away or abandon the nest, and build a completely new 

nest.  

For simplicity, this last assumption can be approximated by the 

fraction pa of the NP nests are replaced by new nests (with new 

random solutions).For a maximization problem, the quality or 

fitness of a solution can simply be proportional to the value of 

the objective function. Other forms of fitness can be defined in a 

similar way to the fitness function in genetic algorithms. For 

simplicity, we can use the following simple representations that 

each egg in a nest represents a solution, and a cuckoo egg 

represent a new solution, the aim is to use the new and 

potentially better solutions (cuckoos) to replace a not-so-good 

solution in the nests. Of course, this algorithm can be extended to 

the more complicated case where each nest has multiple eggs 

representing a set of solutions. For this present work, we will use 

the simplest approach where each nest has only a single egg. 

When generating new solutions x(t+1) for, say, a cuckoo i, a L´evy 

flight is performed 

 

 

where α > 0 is the step size which should be related to the scales 

of the problem of interests. In most cases, we can use α = 1. The 

above equation is essentially the stochastic equation for random 

walk. In general, a random walk is a Markov chain whose next 

status/location only depends on the current location (the first 

term in the above equation) and the transition probability (the 

second term). The product ⊕ means entry wise multiplications. 

This entry wise product is similar to those used in PSO, but here 
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the random walk via L´evy flight is more efficient in exploring 

the search space as its step length is much longer in the long run. 

The L´evy flight essentially provides a random walk while the 

random step length is drawn from a L´evy distribution  

                        

which has an infinite variance with an infinite mean. Here the 

steps essentially form a random walk process with a power law 

step-length distribution with a heavy tail. Some of the new 

solutions should be generated by L´evy walk around the best 

solution obtained so far, this will speed up the local search. 

However, a substantial fraction of the new solutions should be 

generated by far field randomization and whose locations should 

be far enough from the current best solution, this will make sure 

the system will not be trapped in a local optimum. 

 

B.L´evy Flights 

L‟evy flight is the mechanism which is followed by some of the 

natural creatures to go on searching their food by a separate 

flight mechanism. This mechanism which actually a flight taken 

by the creature that it first go straight and suddenly it takes 90ₒ 

turn and this straight drive and a sudden turn is called L flight. 

They obey the principal of power law. This is a random walk 

which comes under the section of probability and this was first 

found by the paul levy a French mathematician he found that 

leavy flight is a random walk having a step length which follows 

a probability distribution which is heavy tailed.this levy flight is 

having many applications in various fields of earth quake 

analysis, food searching mechanism of animals and behavior of 

human beings etc.,. 

 

C.Algorithm 

The algorithm of cuckoo search is given as follows, 

Step 1 :  Initialize the population(host nest ,n). 

Step 2 :  Get a cuckoo randomly by levy flight. 

Step 3 :  Evaluate its fitness Fi . 

Step 4 :  Choose a nest among „n‟ nests(j) randomly(Fj). 

Step5  :  Check whether the Fi is greater than Fj if yes go to next 

step, if not go to step 7. 

Step6  :   Assume j as the best solution. 

Step7  :   Replace j by the next solution (i.e)check for the next 

nest among„ n‟. 

Step8  :   Destroy a fraction of worst nest and built new ones at 

new location via  levy flights. 

Step9  :     keep the best solution (best nest). 

Step10:  check for the maxiteration ,if yes find the current 

best(best nest)and if  not go to step1. 

 

 

 

 

 

 

 

 

 

 

 

 

C.Flow Chart 

           Fig.1 Flow Chart of cuckoo search algorithm 

4. SIMULATION RESULT 

In this section the numerical results on the IEEE 30 bus system is 

proposed by using the cuckoo search algorithm. The results are 

obtained by using MATLAB R2010a and 2.40 GHz Intel Core i3 

CPU and 4 Gb RAM PC. 

A.Risk Based Optimal Power Flow 
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                    Fig.2 Matlab output of RBOPF 

In the result the OBJ which describes the best object of the 

system which is the best cuckoo, the best cuckoo gives the best 

solution of the system which is the cost and corresponding risk of 

the system. The size specifies the cuckoo in total population and 

this location(LOC)gives the nest location of that particular 

cuckoo corresponding to the size. The cost shows the optimal 

cost value of the system and the risk shows that the risk value for 

the optimized cost. 

B.Convergence curve 

 

                  Fig.3 Fitness and iterations curve 

5. CONCLUSION 

In this work, the recently developed bio-inspired algorithm called 

cuckoo search algorithm is used to solve the risk based optimal 

power flow problem in the large power systems network. In this 

work the optimal power flow is formulated with the security 

(risk) as a constraint. In this the minimization of fuel cost is 

achieved with the corresponding risk value and it tells that even 

though the cost is minimized there is some risk for the power 

system. This formulation of the problem was successfully 

performed to find the best cost, best risk, and best location of the 

control parameters of the test system. The simulation result 

shows the robustness of the cuckoo search algorithm in solving 

the risk based optimal power flow problem. 
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