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ABSTRACT

The prominent function of AGC is appropriately maintenance the system frequency along with the tie line 
flow at their scheduled amounts in ordinary operation as well as small perturbations. TCSC, one of series 
FACTS devices families, can significantly enhance the damping ratio during contingencies conditions, 
i.e. transient and dynamic fault occurrences. This paper deals with the effect of a TCSC in facing the load 
perturbation in a deregulated two interconnected area. Furthermore, coordination scheme is optimally 
performed between AGC and TCSC using GA in order to enhance dynamic stabili ty of interconnected 
power system. All the simulation studies have been performed in MATLAB software. The simulation 
results present high performance of TCSC as well as its coordination with AGC in order to improve the 
load flowing performance of the interconnected power system.
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1. INTRODUCTION

To supply a reliable electric power, Automatic generation control (AGC) is regarded as one of the 
prominent problem in power system operation and control. At first, AGC was used to regulate the 
frequency using the synchronous machine’s governor. The action of governor itself isn’t adequate to 
remove frequency deviation and supplementary control actions should be used to maintain frequency at 
its rated value. , that is to say supplementation of the governor using integral signal of the deviation 
frequency from its ordinary amount, is confirmed its dynamic performance for zeroing the stead state 
value of deviation frequency. 

Unfortunately it presents the weak dynamic performance as indicated by large value of overshoot, 
undershoot and settling time [1-5]. Many different endeavors have been performed to improve dynamic 
performance of the integral controller by supplementation of its action using the control problem in performance of the integral controller by supplementation of its action using the control problem in 
accordance with a dynamic perceive of automatic tie-line power along with frequency control of 
interconnected two area power system [6,7]. 

The control of load frequency for an interconnected power system including several generation 
sources has been also presented under deregulated environment [8]. An effective controller is suggested 
for adapting the classical AGC to change the environment of power system operation [9]. An effective 
decentralized strategy is suggested for controller design of load frequency using reconstructing multi-
source interconnected power system under practicable arrangement [10]. An optimization technique is 
applied to control the load frequency in reconstructed power system by means of an extended classifier
system [11]. 

By the way, many various investigations have been performed in the area of Flexible AC 
Transmission Systems (FACTS) devices to damp the transient and dynamic oscillations of interconnected 
multi areas power system as well as augmentation of power transfer capability [12-18]. Hence, Thyristor 
Controlled Series Compensator (TCSC) reveals a significant potential to enhance the power stability [19]. 
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Controlled Series Compensator (TCSC) reveals a significant potential to enhance the power stability [19]. 
Even so, effective performance of TCSC hasn’t been appropriately dealt with for damping of dynamical 
oscillations. 



Thus, this paper applies this device to damp out dynamical oscillations caused by load perturbation. 
Furthermore, optimal coordination of AGC and TCSC has been carried out to effectively enhance 
dynamic stability of interconnected multi-area power system. This coordination strategy has been 
performed by Genetic Algorithm (GA). All the simulation studies have been performed in MATLAB 
software. The simulation results present high performance of TCSC as well as its coordination with AGC 
in order to improve the load flowing performance of the interconnected power system.

2. Description of GA Technique2. Description of GA Technique
A succinct explanation is here presented to GA with considering that all GA’s characteristics are 

introduced in [20]. [21] suggested the application of GA as an effective search process in artificially 
adaptive system that is designed for incorporating a special operators i.e., crossing over, mutation and 
selection. 

GA is conventionally introduced as follows:
1. The related problem must be initially determined and entered into a cost function that presents 

the fitness of any feasible solution. 
2. The initial population is generated with respect to the certain constraints. Every trial has been 

conventionally coded by vector x i.e., chromosome with containing different genes at special situation 
that called alleles. 

3. Every individual’s chromosome has been decoded into a proper form to deal with the fitness 
score.

4. Regeneration expectation has been considered for all chromosomes, until the probability of each 
individual to its related fitness to be determined. In other words, each chromosome’s fitness which is individual to its related fitness to be determined. In other words, each chromosome’s fitness which is 
strictly positive has maximum probability of selection to next generation. This operation is conventionally 
named by roulette wheel selection that is given in Fig. 1. 

Fig. 1. Roulette wheel selection

5. In accordance with the assigned reproduction’s probabilities, a new population is created via 
aforementioned strings probability. After that, the chosen chromosomes create the offspring using the GA 
operators namely crossing over and mutation. In accordance with Fig. 2a, crossing over operator utilizes 
two chromosomes for creating the two new chromosomes that is done using random position selection 
along the strings. In accordance with Fig. 2b, Mutation operation proffers the chance for flipping some 
gens in the string to be changed. 
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Fig. 2. Crossing over and Mutation operators

6. The GA process will be finished when a suitable solution to be acquired. Otherwise, this process 
will be continued. The flowchart of GA process is also presented in Fig. 3.
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Fig. 3. The flowchart of GA process



3. Incremental tie-line power flow model considering TCSC applicable for AGC
The TCSC concept is that capacitor is inserted directly in series with the transmission line and the 

thyristor controlled inductor is mounted directly in parallel with the capacitor. Thus no interfacing 
equipment like high voltage transformer is required. So TCSC is more economic than some other 
challenging FACTS technologies. TCSC plays vital roles in the operation and control of power systems 
such as: Enhancing power flow, limiting fault current, Enhancing transient, dynamic stability.

Provided TCSC to be situated in series with the tie-line which is given in Fig. 4, the tie-line power 
flow is described as follows:flow is described as follows:
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Where X12 and Xc respectively indicate the tie-line reactance and TCSC reactance connected in 
series with the tie-line, δ1 and δ2 respectively indicate the angle voltage of area 1 and area 2.

With consideration of series compensation ratio of KC=XC/X12, the following equation is revealed:
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Furthermore, Eq. 2 can be divided into two parts:
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First part of Eq. 3 is responsible for the power flow in tie-line with absence of TCSC, and the 
second part presents the effect of TCSC applied in tie-line. second part presents the effect of TCSC applied in tie-line. 

Considering the small perturbation in δ1, δ2 and KC from their nominal amounts δ1
0, δ2

0 by 
considering linearization around the operating point, the incremental tie-line power flow can be presented 
as follows:
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In as much as a small change in load active power load cause bus voltage angles to be 
practically changed, it can be presumed ( ) 2121sin δδδδ ∆−∆≈∆−∆ . Hence,
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With consideration of:
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Thus:
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Where, dtf .2 11 ∫∆=∆ πδ and dtf .2 22 ∫∆=∆ πδ

           The Laplace transform of Eq. 8 can be represented by:
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( )1 Ks C∆− (9)
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Fig. 4. Two-area interconnected power system with TCSC in series with the tie-line

4. Optimal Coordination of TCSC and AGC and Simulation Results 
To damper out the dynamic oscillations, consideration of an appropriate fitness function is highly 

important to extract AGC and TCSC parameters. In this paper, the integral of time multiplied squared 
error (ITSE) criterion is selected as fitness function [22]:
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Where, Tsim is simulation duration. The ITSE criterion applies benefits of both integral of squared 
error (ISE) and integral of time multiplied absolute error (ITAE), as it utilizes squared error and time 
multiplication to weight large oscillations and penalize long settling time. This criterion is more effective 
to optimal coordination of AGC and TCSC for enhancement of power system dynamic stability. In this 
regard, GA is implemented to extract optimal parameters of these controllers i.e., optimal coordination of 
AGC and TCSC aimed at damping the dynamic oscillations of interconnected power system. Table 1 
presents optimal parameters of these controllers. It is worth mentioning that, all the simulations have been presents optimal parameters of these controllers. It is worth mentioning that, all the simulations have been 
carried out by MATLAB simulation. The consignation of the performed i nterconnected power system 
based on MATLAB/SIMULINK is presented in Fig. 5.

Table 1. Optimal parameters of TCSC and AGC
KI1 KI2 KTCSC TTCSC T1 T2

0.42 0.63 3.6243 0.9113 0.0092 0.0429
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Fig. 5. MATLAB structure of interconnected multi-area power system



Time domain simulations using MATLAB have been performed for the interconnected power 
system with 10% load demand on every distribution company i.e., ΔPL1=ΔPL2=ΔPL3=ΔPL4=0.1p.u.. It is 
considered that TCSC is compensated 30% of transmission line. Note that, this occurrence is appeared at 
t=10s. As described above, GA is applied to carry out the aforementioned coordination between TCSC 
and AGC. The system response is shown in Figs. 6–8. These figures suggest the robust performance of 
simultaneous coordination among the TCSC and AGC to damp the power system dynamic oscillations 
i.e., enhance dynamic stability of interconnected power system. As can be seen from these figures, 
without TCSC frequency instability happened whereas using TCSC helped the system to recover to the without TCSC frequency instability happened whereas using TCSC helped the system to recover to the 
stable operation. Furthermore, all dynamic stability criteria i.e., overshoot, undershoot and settling time 
are significantly improved with optimal coordination of TCSC and AGC.

Fig. 6. Δf1 response under 10% load demand i.e., PL1 = ΔPL2 = ΔPL3 = ΔPL4 = 0.1p.u at t=10sec.

Fig. 7. Δf2 response under 10% load demand i.e., PL1 = ΔPL2 = ΔPL3 = ΔPL4 = 0.1p.u at t=10sec.
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Fig. 8. ΔP12 response under 10% load demand i.e., PL1 = ΔPL2 = ΔPL3 = ΔPL4 = 0.1p.u at t=10sec.

5. Conclusion
Damping the oscillations of area frequency and tie-line power flow caused by sudden load demand 

is scheduled as main function of TCSC. In this paper, an effective optimal coordination based on GA has 
been performed between TCSC and AGC to effectually damp the dynamic oscillations of the system 
frequency and the tie line flow. The simulation studies have been performed by MATLAB software. After frequency and the tie line flow. The simulation studies have been performed by MATLAB software. After 
carrying out the coordination strategy, all dynamic stability criteria i.e., overshoot, undershoot and 
settling time are significantly improved with optimal coordination of TCSC and AGC.
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