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ABSTRACT : This paper presents optimal power 

flow technique namely multi swarm optimization with 

FACTS device. This method is used to solve the 

nonlinear and non-convex optimization problem. The 

proposed method has been examined and tested on 

the standard IEEE 30-bus test system with and 

without TCSC. The results are promising and show 

the effectiveness and robustness of the method. 
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I. INTRODUCTION 

Optimal power flow (OPF) is an operating condition 

in which the power flow in an electrical system 

occurs optimally. OPF was first introduced by 

Carpentier in 1962[1]. the OPF problem solution 

aims to optimize a selected objective function such as 

fuel cost via optimal adjustment of the power system 

control variables, while at the same time satisfying 

various equality and inequality constraints. The 

equality constrains are the power flow equations 

while the inequality constraints are  the limits on 

control variables and the operation limits are power 

system dependent variables. The control variables 

include the generator real powers, the generator bus 

voltages, the transformer tap settings and the reactive 

power of switchable VAR sources. The dependent 

variables include the load bus voltages ,generator 

reactive powers, and the line flows .Generally ,the 

OPF problem is a large scale highly constraint 

nonlinear non-convex optimization problem[2-3]. 

Scanning through the literature, it will be observed 

that there are many classic OPF algorithms to 

describe, define, formulate and solve the optimal 

Power flow problems such as Newton’s method, 

gradient method, linear programming as well as latest 

methods such as artificial intelligence techniques, 

evolutionary algorithms, swarm intelligence [4-10]. 

Thus, in the subsequent sections great emphasis will 

be placed on a thorough formulation of the OPF 

problem and on techniques which lend themselves to 

an application of proven optimization methods. 

Furthermore, most previous methods had tendency to 

get stuck in a near optimal solution and may find it 

difficult to improve solution accuracy by fine tuning. 

Similarly, the original Particle Swam 

Optimization(PSO) frequently get the local solution, 

particularly the problem size is middle or large 

.Recently, a Multi-Swarm Optimization(MSO) 

Algorithm have been undertaken to improve the 

performance of original PSO[11-15].  

This technique combines social psychology 

principles in socio-cognition human agents and 

evolutionary computation.MSO has been motivated 

by the behavior of organisms such as fish schooling 

and bird flocking. It is characterized as simple in 

concept to implement and computationally efficient. 

Unlike the other heuristic techniques, MSO has a 

flexible and well balanced mechanism to enhance and 

adapted to the global and local exploration abilities.  

In this paper, MSO based method incorporating 

TCSC is discussed to solve the OPF problem. the 

problem is formulated as an optimization problem 

with mild constraints. In this study, minimization of 

the fuel cost has been considered as an objective 

function. This approach has been examined and 

tested on IEEE 30-bus standard system [16]. The 

potential and effectiveness of the method is 

demonstrated and the results are reported. 

II. THYRISTOR-CONTROLLED SERIES 

COMPENSATION 

There are significant activities and achievements in 

the research and application of flexible AC 

transmission systems (FACTS). Thyristor-controlled 

series compensation (TCSC) is an important device 

in the FACTS family. It can have various roles in the 

operation and control of power systems such as 

scheduling power flow, decreasing unsymmetrical 

components, reducing net loss, providing voltage 

http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CDMQFjAD&url=http%3A%2F%2Fjawnsy.wordpress.com%2F2009%2F11%2F06%2Ffacts-thyristor-controlled-series-compensation%2F&ei=59p-VIKSLZKhugSMsYCoAg&usg=AFQjCNHWpquruKHEBBgjdUQO87v73lscAg&bvm=bv.80642063,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CDMQFjAD&url=http%3A%2F%2Fjawnsy.wordpress.com%2F2009%2F11%2F06%2Ffacts-thyristor-controlled-series-compensation%2F&ei=59p-VIKSLZKhugSMsYCoAg&usg=AFQjCNHWpquruKHEBBgjdUQO87v73lscAg&bvm=bv.80642063,d.c2E
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support, limiting short-circuit currents, mitigating sub 

synchronous resonance (SSR), damping the power 

oscillation and enhancing transient stability. 

Advances in high-power, high-efficiency power 

electronics have led to the development of thyristor-

controlled series compensators in power systems 

[17].  

 

In contrast to capacitors switched by circuit breakers, 

TCSC will be more effective because thyristors can 

offer flexible adjustment and more advanced control 

theories can be easily applied. Series capacitor is 

used in a long distance EHV lines for increasing 

power transfer. Series capacitor is commonly used 

for the most economic enhancing power flow though 

it has a problem of SSR. Series is only used for 

power transfer as compared to shunt. Shunt has the 

main problem of location not of SSR. The first demo 

project of TCSC was done at west Virginia USA. In 

1991, it was installed at Arizona substation and then 

in 1993 at Oregon. Series compensation can be 

achieved in two ways discrete and continues. 

 

Fig.1 Block diagram of TCSC 

Fig.1 shows the simple diagram of TCSC comprised 

of a series capacitor bank, shunted by a Thyristor 

Controlled Reactor (TCR) to provide a smoothly 

variable series capacitive reactance. It is a one-port 

circuit in series with transmission line. It uses natural 

commutation and its switching frequency is low. It 

contains insignificant energy storage and has no DC 

port. Incorporation of a capacitive reactance in series 

with the line lowers the total effective impedance of 

the line and thus virtually reduces its length. As a 

result, both angular and voltage stability gets 

improved. 

 

 

 

III.OPF PROBLEM FORMULATION WITH 

TCSC 

The idea of OPF is to find the optimal settings of a 

given power system network that  is to optimize the 

steady state performance of a power system in terms 

of an objective function while satisfying several 

equality and inequality constraints .Mathematically 

the OPF problem can be formulated as follows 

                                 Min J x, u                                (1) 

Subject to              g x, u = 0                               (2) 

                              h x, u < 0                         (3) 

Where J is the objective function to be minimized,  X  

is the vector of dependent variable consisting of slack 

bus power PG1, load bus voltages VL, generator 

reactive power outputs QG, and transmission loadings 

S1. Hence, X can be expressed as 

xT =  PG1, VL1 . . VLNL , QG1 . . QGNG , S1 . . Sxti       (4) 

uT =  VG1. . VGN , PG2 . . PGNG , T1 . . TNT , QC1. . QCNC  (5) 

Where NT and NC are the number of the regulating 

transformers and shunt compensators respectively. g 

is the equality constraints represent typical load flow 

equations and h is the system operating constraints 

that include[18-19]. 

(a) Limitations of Generation: Generator voltages, 

real power outputs and reactive power outputs are 

restricted by their lower and upper limits as follows: 

             VGi
min ≤ VGi ≤ VGi

max , i = 1, … NG            (6) 

             PGi
min ≤ PGi ≤ PG i

max , i = 1, … NG            (7) 

              QGi
min ≤ QGi ≤ QGi

max , i = 1, … NG          (8) 

(b).Limitations of Transformer: Transformer tap 

settings are bounded as follows: 

               Ti
min ≤ Ti ≤ Ti

max , i = 1, … NT           (9) 

(c).Limitations of Shunt VAR: Shunt VAR 

compensations are restricted by their limits as 

follows: 

           Q Ci
min ≤ QCi ≤ Q  Ci

 max , i = 1, … , NC       (10) 

The TCSC device constraints are as follows 

                    Xtcsc
min ≤ Xtcsc ≤ Xtcsc

max                        (11) 

 The power flow limits in i 
th

 transmission line are  
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          𝑆𝑡𝑖  ≤ 𝑆𝑡𝑖
𝑚𝑎𝑥         𝑡𝑖 = 1,2,3. . 𝑥𝑡𝑖             (12) 

xti is the number of transmission lines 

The Objective Functions of the generator cost for any 

turbo generator is obtained from the following 

equation.  

J is considered as the Total fuel cost 

                J =  fGi
NG
i=1      $/h                            (13) 

           fGi =  pi + qiPGi + riPGi
2      $/h            (14) 

Where fGi is the generation cost of  i
th

 generator , NG 

is the number of participating generators, PGi is the 

generation of  i
th 

generator, pi, qi and ri are cost 

coefficients of i 
th 

generator. 

IV. MULTI-SWARM OPTIMIZATION 

ALGORITHM 

A. Overview 

Multi-swarm optimization (MSO) is a technique for 

estimating the solution to difficult or impossible 

numerical problems. It’s a variation of particle swarm 

optimization. Regular particle swarm optimization 

models flocking behavior, such as that seen in groups 

of birds and schools of fish. MSO extends particle 

swarm optimization by using several swarms of 

simulated particles rather than a single swarm. 

The proposed MSO algorithm consists of a main 

swarm and some sub-swarms. The main swarm is 

responsible for finding promising area in the search 

space upon which a sub-swarm is created to exploit 

the newly found promising area. The proposed 

algorithm adapts the idea of hibernation of animals to 

prevent the unproductive search of a sub- swarm in 

order to save the precious fitness evaluations for 

more efficient searches. In the proposed algorithm, 

each sub- swarm is considered as an animal searching 

for food.  

As long as it finds a better solution, it remains active 

and continues searching  if it cannot find a better 

solution because its particles have converged to a 

solution and that solution is not as good as the best 

solution found by the whole swarm, the sub-swarm 

considers its activity unproductive. Therefore, it will 

hibernate until it can be useful again that is the 

moment a change is detected in the environment, 

similar to the change of the season in the nature, 

which awaken the hibernating animals. So the 

population is not trapped by local optimum position 

easily. So the possibility of capturing the real global 
optimum increases greatly. 

MSO can be applied to several machine-learning 

scenarios, such as estimating the weights and bias 

values for an artificial neural network or estimating 

the weights of weak learners in ensemble 

classification and prediction. MSO is a meta-

heuristic, meaning that the technique is really a set of 

design principles and guidelines that can be used to 

construct a specific algorithm to solve a specific 

optimization problem. 

Velocity Updating: The key operation in MSO is 

computing a new velocity for a particle. A new 

velocity for a given particle is influenced by the 

current velocity, the current position, the best-known 

position of the particle, the best-known position of 

any particle in the same swarm as the particle, and 

the best-known position of any particle in any swarm. 

In math terms, the new velocity is 

𝑉 𝑡 + 1 = 𝑊 × 𝑉 𝑡 +  𝑐1 × 𝑟1 × 

 𝑃 𝑡 − 𝑥 𝑡  +  𝑐2 × 𝑟2 ×  S t − 𝑥 t   

+ c3 × r3 ×  M t − 𝑥 t  .                            (15) 

Position Updating: After a new velocity has been 

computed, a particle’s new position is: 

         𝑥 t + 1 = 𝑥 t + V t + 1                       (16) 

The term V (t+1) mean the velocity at time t+1, in 

other words, the new velocity. Term V (t) is the 

current velocity. Term x (t) is the current position.  

P (t) is a particle’s best-known position; S (t) is the 

best position of any particle in the particle’s swarm. 

;M (t) is the best position of any particle in any 

swarm; W is a constant called the inertia factor; c1, 

c2 and c3 are constants that establish a maximum 

change for each component of the new velocity; r1, 

r2, and r3 are random values between 0 and 1 that 

provide a randomization effect to each velocity 

update. 

Death and Immigration: 

There are various ways to modify the basic MSO 

algorithm. One possibility is to essentially kill a 

randomly selected particle every now and then and 

give birth to a new particle. Thus it generates a 

random value between 0 and 1 and stores it into p. If 
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the random value is less than 0.005, the current 

particle is re-instantiated by calling the Particle 

constructor, effectively killing the current particle 

and giving birth to a new particle at a random 

location. 

Another MSO option is to model immigration by 

periodically taking two particles in different swarms 

and exchanging them. One particle effectively 

immigrates into the current swarm and another 

particle emigrates out of the swarm. The method is 

simple and allows the undesirable possibility that a 

particle might be exchanged with itself. 

The procedure of the Multi-Swarm optimization 

algorithm is as follows 

1) Initialize the population of particles and the 

population size  𝑛  

 

 

2) Divide the population of particles into ℎ swarms 

and number of particles in each swarm randomly 

 

3) Begin with the first swarm and 𝑖 = 1; 

 

4) For 𝑖𝑡ℎ  swarm, let iteration number  𝑡 = 1 ; 

 

5) Calculate every particle’s fitness value. According 

to the fitness values, 𝑚 positions with best fitness 

values are selected from all positions tracked by the 

particle as pbests of the particle. 𝑚 pbests with best 

fitness values are selected from all particles’ pbests 

from which the best fitness value is taken as the 

swarm best of the i 
th 

group; if 𝑡 = 𝑚, only take t 

pbests and t swam bests. 

 

6) If  𝑖 = ℎ , go on to step 7).Otherwise 𝑖 = 𝑖 + 1 and 

turn to step 4); 

 

7) Combine all swarm best of ℎ swarms. According 

to the fitness values, best fitness value is selected 

from all swarms tracked by the particle as pbests of 

the particle. 𝑚 pbests with best fitness value is 

selected from all swarm best as the multi swarm best 

of the population; 

 

8) Update each particle’s velocity and position  

 

9) If the stop condition is satisfied, the iteration stops 

and the best multi swarm best are outputted. 

Otherwise 𝑡 = 𝑡 + 1 and turn to step 5). 

 

Form the procedure we can see that if ℎ = 1, 𝑚 = 1, 
the MSO is basic PSO. So the MSO is a 

generalization of the basic PSO and the basic PSO is 

a special example of the MSO. 

 

V. RESULTS 

 

The proposed MSO based approach with OPF model 

incorporating TCSC for enhancement of system 

performance has been tested on the standard IEEE 

30-bus system. The system has six generators at 

buses 1,2,5,8,11 and 13 and four transformers with 

off-nominal   tap ratio in lines 6-9,6-10,4-12 and 28-

27.In addition ,buses 10,12,15,17,20,21,23,24,and 29 

have  shunt VAR compensation. The method of 

investigating the effects of the TCSC on the power 

system is carried out with simulation using 

MATLAB software package. The MSO parameters 

used for the simulation are shown in Table.1 

Table 1 MSO parameters 

S.No Control variables values 

1 Number of Swarms 5 

2 Number of Particles in 

each Swarm 

5 

3 Initial inertia factor  1 

4 Acceleration constants 2 

5 Number of iterations 25 

 

 

Table 2 Optimal settings of control variables for 

IEEE-30 bus test system 

S.No Parameters Case 1 Case 2 

1 PG1 168.845 163.561 

2 PG2 48.484 50.833 

3 PG5 20.591 22.851 

4 PG8 18.549 23.488 

5  PG11  19.475 15.616 

6  PG13  17.260 16.249 

7 VG1 1.017 1.038 

8 VG2 1.046 1.028 

9 VG5 0.990 1.008 

10 VG8 0.964 0.995 

11  VG11  1.037 1.020 

12  VG13  0.999 1.004 

13 T6−9 0.957 0.994 

14 T6−10  0.969 1.001 

15 T4−12  0.994 0.984 

16 T28−27  0.941 0.960 

17 Qc10  3.919 1.894 
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18 Qc12  3.113 3.554 

19 Qc15  2.684 0.733 

20 Qc17  3.646 2.141 

21 Qc20  2.400 2.170 

22 Qc21  0.676 2.266 

23 Qc23  1.701 1.231 

24 Qc24  3.007 1.384 

25 Qc29 1.470 3.800 

26 Total real power 

generation(MW) 

293.207 292.670 

27 Total Cost($/h) 807.972 806.349 

28 Real power 

loss(MW) 

9.807 9.270 

29 𝑋𝑡𝑐𝑠𝑐 (p.u)    --- -0.336 

 

The optimal settings of the control variables are 

given in Table 2.In order to demonstrate the 

effectiveness and robustness of the technique, cost 

objective function has been considered with and 

without TCSC and both the cases are discussed.  

 

 

Table 3 Bus voltage of IEEE -30 bus test system 

Bus 

No. 

Case 1 Case 2 

Voltage 

magnitud

e (p.u) 

Voltage 

angle 

(deg.) 

Voltage 

magnitud

e (p.u) 

Voltage 

angle 

(deg.) 

1 1.017 0 1.038 0 

2 0.999 -3.592 1.028 -3.419 

3 0.988 -5.385 1.008 -5.019 

4 0.981 -6.604 1.000 -6.150 

5 0.989 -11.081 1.008 -10.248 

6 0.972 -7.762 0.992 -7.186 

7 0.971 -9.638 0.982 -8.980 

8 0.964 -8.005 0.995 -7.279 

9 1.012 -9.296 0.987 -8.945 

10 0.999 -11.335 1.011 -10.885 

11 1.037 -7.085 1.020 -7.097 

12 1.013 -10.564 1.055 -10.347 

13 1.046 -9.258 1.004 -9.137 

14 0.999 -11.575 0.998 -11.322 

15 0.996 -11.762 0.999 -11.410 

16 1.000 -11.209 0.987 -10.838 

17 0.996 -11.577 0.983 -11.151 

18 0.986 -12.413 0.977 -12.028 

19 0.983 -12.592 0.980 -12.187 

20 0.988 -12.373 0.977 -11.954 

21 0.987 -11.866 0.978 -11.436 

22 0.988 -11.862 0.985 -11.424 

23 0.987 -12.276 0.974 -11.859 

24 0.980 -12.458 0.986 -11.990 

25 0.987 -12.472 0.968 -12.015 

26 0.969 -12.918 1.003 -12.462 

27 1.000 -12.193 0.985 -11.735 

28 0.965 -8.281 0.997 -7.679 

29 0.984 -13.613 0.984 -13.318 

30 0.970 -14.475 0.974 -14.039 

 

In case1 OPF model without incorporating TCSC is 

considered. The cost characteristics without the 

TCSC are shown in Fig.2. In case2 OPF model 

incorporating TCSC is considered, the variation in 

the total cost is shown in Fig.3. The total fuel cost 

was 807.972 $/h without the TCSC and the total cost 

obtained with TCSC is 806.345$/h. It is clear that 

the total cost is reduced. From the results, it is 

obvious that the installation of TCSC in network 

gives good performance of the system in terms of 

reduction of cost in generation, power loss reduction 

and better voltages. 

 

 
Fig.2. Convergence Characteristics of case 1. 

 
Fig.3. Convergence Characteristics of case 2. 
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VI. CONCLUSION 

 

In this paper MSO based approach Incorporating 

TCSC to OPF problem has been presented. The 

proposed method utilizes the global and local 

exploration capabilities of MSO to search for the 

optimal settings of control variables. The proposed 

approach has been tested and examined on IEEE 30 

bus system to demonstrate its effectiveness and 

robustness. The results of the MSO algorithm were 

compared with and without TCSC. From the two 

cases, it is obvious that TCSC in network gives the 

less fuel cost of generation, power loss reduction as 

well as voltage improvements. The results confirm 

the potential of approach and show its effectiveness. 
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