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Abstract—In this paper, a complementary damping controller is 

presented for the Static Synchronous Series Compensator 

(SSSC). Power system stability improvement by SSSC-based 

damping controller and Power System Stabilizers (PSSs) 

thoroughly scrutinized. The Genetic Algorithm (GA) due to its 

being immediately perceptive, ease of performing, and the ability 

to impressively solve the highly non-linear objective has been 

certified in the academic environment. Coordinated design 

problem of SSSC-based damping controller and PSSs is 

formulated as an optimization problem. GA optimization 

technique is employed to solve the optimization problem and 

optimize the parameters of SSSC-based damping controller and 

PSSs. Also, performance of damping controller and PSSs is 

evaluated under a severe disturbance condition in transmission 

line for multi-machine power system. The nonlinear simulation 

results shows that by coordinated design of SSSC-based damping 

controller and PSSs, inter-area and local modes of oscillations are 

exceptionally damped. 

Keywords- SSSC-based damping controller, PSS, Transient 
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I.  INTRODUCTION 

Recent advances in the field of Power Electronics provided 
an appropriate bed in order to use of Flexible AC Transmission 
System (FACTS) devices in power system. FACTS devices 
have ability to control network status in very rapid events and 
this particular feature increased the power system transient 
stability [1, 2], Static Synchronous Series Compensator (SSSC) 
is one of these devices. The voltage sourced converter based 
series compensator, named SSSC provides the virtual 
compensation of transmission line impedance by injecting the 
controllable voltage in series with the transmission line. SSSC 
operate in capacitive mode as well as inductive mode which 
control the power flow of the system effectively [3, 4]. Thus, it 
can play an important role to improve transient stability in 
power system. Power System Stabilizers (PSS) have been used 
as one of the most common controllers to increase damping of 
electromechanical oscillations for many years [5, 6]. They are 
used to compensate the negative damping of the Automatic 
Voltage Regulators (AVR) [7]. The main role of PSS is to 
introduce modulating signal acting through the excitation 

system to damp out rotor oscillations. However, during some 
operating conditions, such devices may not supply enough 
damping, particularly to inter-area oscillating modes. 
Therefore, other effective option is needed more than PSS. 
Nowadays, FACTS technology has appeared as a fascinating 
choice to help in diminish several power-system operating 
difficulties, such as inter-area oscillations, together with control 
of voltages at critical buses and phase angles between the ends 
of transmission lines [8, 9]. Implementation of SSSC in power 
system for performance dynamic, transient stability 
improvement and power oscillation damping can be found in 
several literatures [10, 11]. Different techniques and controllers 
to assess improvement of transient stability and reduction of 
oscillations by FACTS devices are presented [12, 13]. The 
progressive methods developed a technique to search for the 
optimum solutions via some sort of directed random search 
processes. A suitable characteristic of the evolutionary methods 
is that they search for solutions without prior problem 
perception. In recent years, intelligent computation techniques 
based on Genetic Algorithms (GAs) have been applied as 
optimization implements in various probe areas, including the 
design of controllers [14] and solution of optimum location of 
FACTS device [15, 16]. In this paper, GA optimization 
technique employs to evaluate SSSC-based damping controller 
to enhance power system stability. Furthermore, SSSC-based 
damping controller and PSSs coordinate to improve the 
interactions between controllers. For the proposed damping 
controller, the difference of speed deviations is considered as 
the input signal. For coordinating between SSSC-based 
damping controller and PSSs, Three-machine, two-area power 
system is proposed in this study. 

II. THE PROPOSED APPROACH 

A.  Structure of SSSC-based damping controller 

SSSC damping controller is shown in Fig.1 which uses 
lead-lag structure which in this study acts as a controller to 
regulate the SSSC voltage signal (Vq). This structure comprised 
of a gain block with gain KS, a signal washout block, and two-
stage phase compensation block. The phase-compensation 
block provides the proper phase-lead characteristics to 
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compensate the phase lag between input and the output signals. 
The signal washout block with the time constant TWS uses as a 
high-pass filter which allows signals associated with 
oscillations in input signal to pass unaltered. Commonly, the 
value of TWS has been defined in literatures [10, 17]. 

 
Fig.1. Structure of SSSC-based damping controller 

B. Structure of power system stabilizer 

PSS includes a transfer function comprise of an 
amplification block, a washout block and lead-lag blocks and 
sensor time constant [7, 13, 17]. The lead-lag blocks provide 
the proper phase-lead characteristic to compensate the phase 
lag between the generator electrical torque and the exciter 
input. The PSS input signal can be either the speed deviation or 
active power. The structure of the PSS controller is presented 
in Fig. 2. 

 
Fig. 2. Structure of the power system stabilizer 

C. Problem formulation 

The values of TWS and TWP are considered 10 and 3 
respectively and sensor delay time is 15ms is considered in this 
study. Parameters of the damping controller, including: gain 
(KS) and the time constants (T1S, T2S, T3S and T4S) and 
parameters of the power system stabilizers, including: gain 
(KP) and the time constants (T1P and T2P) are determined. 
During steady state conditions ΔVq and Vq-ref are constant. 
During dynamic conditions the Vq is adjusted to damping 
system oscillations. The value of Vq in dynamic conditions is 
presented by: 

qq-refq ΔV = VV +  (1)

In the present study, integral time absolute error (ITAE) of 
the speed signals deviations is considered as the objective 
function J: 
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Where 1ω , 2ω and 3ω  are the speed of generator G1, G2 

and G3, respectively and simt is the time range of the 

simulation.  The oscillations between the generators G2 and 
G3 are local mode of oscillations. And also the oscillations 

between the generators G2 and G1 or between G1 and G3 are 
inter-area mode of oscillations in this three-machine power 
system. 

The time-domain simulation of the nonlinear system model 
was performed for the simulation period. It is aimed to 
minimize this objective function in order to improve the 
system response in terms of the settling time and overshoots. 
The problem constraints are the PSSs and SSSC controller 
parameter bounds. Therefore, the design problem can be 
formulated as the following optimization problem: 

Minimize J  (3)
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Generally, the frequency of the multi-mode oscillations 
composed of three major modes; inter-area mode 0.2–0.8 Hz, 
local mode 0.8–1.5 Hz, and inter-plant mode 1.5–2.5 Hz [11]. 
For obtaining the optimal controller parameters in multi-modal 
space via traditional method of tuning is not assurance and in 
most cases the parameters tuned by trying and failing method. 
In modern intelligent optimization techniques, the tuning 
procedure is connected to an optimality concept through the 
time domain simulation and determined objective function. 
Also with more freedom needed performance purposes can be 
determined considering effect of time-domain bounds on the 
closed loop responses. Thus, proposed GA optimization solves 
the optimization problem which search optimal parameters of 
SSSC-based damping controller and PSSs. 

III. THREE-MACHINE, TWO-AREA POWER SYSTEM WITH 

SSSC 

The Three-machine, two-area power system has been 
simulated using MATLAB/SIMULINK environment. Single 
line diagram of three-machine, two-area power system model 
is shown in Fig. 3. It is almost similar to the power system used 
in Ref [10, 11, 18]. All the generators are equipped with 
hydraulic turbine and governor (HTG), excitation system and 
power system stabilizer (PSS). Speed deviations of generators 
G1 and G3 are chosen as the input signal of the SSSC-based 
damping controller. The other relevant parameters are given in 
Appendix A. 

A SSSC is a solid-state voltage sourced converter (VSC), 
which injected a controllable AC voltage (Vq) in series to 
power transmission lines in a power system. SSSC with 
injecting the controllable voltage (Vq) provides the virtual 
compensation of transmission line impedance. Vq is in 
quadrature with the line current, and create an inductive or a 
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capacitive reactance which control the power flow of the 
system effectively [19]. The variation of Vq is carried out via a 
VSC connected on the secondary side of a coupling 
transformer. By altering the magnitude and polarity of Vq can 
be controlled dynamically the compensation level [1]. The 
VSC using the forced-commutated power electronic devices, 
generate an AC voltage from DC voltage source. A capacitor 
connected on the DC side of the VSC acts as a DC voltage 
source [11, 20].  

Furthermore, PSS is such device that acts through the 
excitation system of Generator to introduce a component of 
additional damping torque proportional to speed change [21]. 

Fig. 3. Three-machine, two-area power system with SSSC 

IV. GENETIC ALGORITHM 

Genetic algorithm is a kind of random search technique 
based on the mechanism of natural generation selection due to 
genetics cause. GA’s are usually more flexible and robust than 
other methods, and they have been successfully used in power 
system planning [22]. So, in this paper by implementing the 
genetic algorithm the best parameters of SSSC-based damping 
controller and PSSs will be obtained. The process of using GA 
technique can be explained as follows: 

Step I: Inputs of the GA determine as follow: the 
population size, the maximum number of generation, crossover 
method and its probability, mutation method and its 
probability. 

 ],...,P,P[Piables)(chromosome N var21var =  (5)

),...,P,Pf(Pme)f(chromosot N var21cos ==  (6)

Where, Nvar is total number of different variables. 

Step II: Subsequently, an initial population with 
considering the variables length limitation that should be 
optimized is randomly generated. Each of the chromosomes 
(genes) represents a possible solution to the optimization 
problem. 

lonormlohi ppppp +−= )(  (7)

Where, lop , hip and normp are: highest number in the 

variable range, lowest number in the variable range, and 
normalized value of variable respectively. 

Step III: After the initial population of GA is designed for 
searching the minimum problem solution, the objective 

function as fitness of GA shown in Eq. (2) is employed. The 
fitness for each individual in the population is evaluated by 
taken objective function. 

Step IV: with eliminated the worst individuals a new 
population is created, while the most highly fit members in a 
population are selected to pass information to the next 
generation. The genetic operations as: selection, crossover, and 
mutation are performed. To produce continues generations; 
selection of individuals plays a very important role in genetic 
algorithm. The selection function determines which of the 
individuals will survive and move on to the next generation. 
Conceptually, pairs of individuals are chosen randomly from 
the population and fitting of each pair is allowed to mate. Thus, 
parameter where crossover occurs expressed as: 

var}*{ Nrandomroundup=α  (8)

Each pair of mates creates a child bearing some mix of the 
two parents.  

]......[1 var21 mNmmm ppppparent α=  

]......[2 var21 dNddd ppppparent α=  (9)

Where, the m and d subscripts discriminate between the 
mom and the dad parent. Then the selected variables are 
combined to form new variables that will appear in the 
children: 

][1 ααα β dmmnew pppp −−=  

][2 ααα β dmdnew pppp −+=  (10)

Where is also a random value between 0 and 1. The final 
step is to complete the crossover with the rest of the 
chromosome as before: 

]......[1, var121 dNnewmm ppppoffspring =  

]......[2, var221 mNnewdd ppppofspring =  (11)

Crossover is the core of genetic operation, which helps the 
achieving of new regions in the search space using randomized 
process of swapping information between individuals. Two 
individuals previously placed in the mating pool during 
reproduction are randomly selected. A crossover point is then 
randomly selected and information from one parent rise to the 
crossover point is swapping with the other parent.  

The mutation process is used to avoid missing significant 
information at a special situation in the decisions. Mutation is 
usually considered as an auxiliary operator to extend the search 
space and cause release from a local optimum when used 
cautiously with the selection and crossover systems. With 
added a normally distributed random number to the variable, 
uniform mutation will be obtained: 

(0,1) N  p  p nn
'
n σ+=  (12)

 
Where 

σ = standard deviation of the normal distribution 
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 1) (0,N n = standard normal distribution (mean = 0 and 

variance = 1) 

Step V: Operations of selection, crossover, and mutation 
are repeated until the favorite number of individuals for the 
new generation is created, and the objective function is 
calculated again for all of the individuals in the new generation. 
The best individual in the new generation according to its 
fitness is kept continuing to the next generation. This way 
insures that the fitness of the best individual of the next 
generation will be the same or lower than that of the best 
individual in the previous generation. Thus, the fitness of the 
all populations will be a decrease with the reproduction of 
generation. 

Step VI: The stopping scale is the maximum number of 
generation. With ending of generation the convergence of 
objective function and best parameters of SSSC-based damping 
controller and PSSs will be obtained. Ultimately the flowchart 
of the proposed optimization algorithm is shown in Fig. 4. 

 
Fig .4 Flowchart of GA processes to optimization the controller parameters 

V. SIMULATION RESULTS 

To evaluate the coordinated control between the SSSC-
based damping controller and PSS, a 3-phase fault position 
considered at bus-1and at t = 0.1 sec with fault clearing time 
(FCT) equal to 0.250 sec. It’s assumed that SSSC locates 
between bus-5 and bus-6. As described above, GA 
optimization employed to acquire the coordinated control 
between SSSC-based damping controller and PSSs and the 
parameters of these devices optimally tuned. Optimal 
parameters of SSSC-based damping controller and PSSs are 
presented in Table1. Also the convergence of objective 
function J with the number of generations is shown in Fig. 5. 
PSS parameters in [7] are considered as no optimized 
parameters in these plots. 

TABLE I.  OPTIMAL PARAMETER SETTINGS OF THE OF SSSC-BASED 

DAMPING CONTROLLER AND PSSS 

 
 

 
Fig. 5. Convergence of objective function 

 

The system reply under this disturbance is presented in 
Figs. 6-9. These plots prove coordinating between SSSC-
based damping controller and PSSs by GA process power 
system stability is significantly improved as compared to non-
coordinated devices. 

The variations of the inter-area and local modes of 
oscillations, versus time, respectively presented in Figs. 8 and 
9. Obviously without damping controller and optimized 
parameters, both inter-area and local modes of oscillations are 
extremely oscillatory but with damping controller and GA-
optimized parameters, these modal oscillations are 
significantly damped out. 
 

 
Fig. 6. Variation of SSSC reference voltage signal under 3-ph fault in 

transmission line  
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Fig .7 Variation of line active power under 3-ph fault in transmission line 

 

 
Fig. 8. Inter-area mode of oscillation under 3-ph fault in transmission line 

 

 
Fig. 9. Local mode of oscillation under 3-ph fault in transmission line 

VI. CONCLUSIONS 

In this paper, power system stability improvement by a 
Static Synchronous Series Compensator (SSSC)-based 
damping controller and PSSs is deeply investigated. 
Coordinated control between (SSSC)-based damping 
controller and PSSs proposed three-machine, two-area power 
system during the severe disturbance has been evaluated. GA 
optimization technique is employed to search for the optimal 
controller parameters of SSSC-based damping controller and 
PSSs and coordinate between those devices.  

Finally, the results have shown that with GA-optimized 
controllers, local and inter-area modes of oscillations 
significantly damped, and subsequently transient stability 
dramatically improved. 

APPENDIX 

THREE MACHINE, TWO-AREA POWER SYSTEM 

GENERATORS: SB1 = 4200 MVA, SB2 = SB3 = 2100 MVA, VB 
= 13.8 kV, f = 60 Hz, Xd = 1.305, X'd= 0.296; X"d= 0.252 pu; 
Xq= 0.474 pu, X'q= 0.243, X"q= 0.18 pu, Td = 1.01 s,T'd= 
0.053s;T"q=0.1 s, RS = 2.8544e-3, H = 3.7 s, p = 32 

TRANSFORMERS: SB1 = 4200 MVA, SB2 = SB3 = 2100 MVA, 
D1/Yg, V1 = 13.8 kV, V2 = 500 kV, R1 = R2 = 0.002pu, L1 = 
0, L2 = 0.12pu, Rm=500pu, Lm = 500pu. 

TRANSMISSION LINES: 3-Ph, R1 = 0.02546 Ω/km, R0 = 0.3864 
Ω/km, L1 = 0.9337e-3 H/km, L0 = 4.1264 e-3 H/km, C1 = 
12.74 e-9 F/km, 

C0 = 7.751 e-9 F/km, L1 = 175 km, L2 = 50 km, L3 = 100 km. 

LOADS: Load1 = 7500MW+ 1500 MVAR, Load2 = Load3 = 
25 MW, Load4 = 250 MW. 

SSSC: Snom = 100 MVA, Vnom = 500 kV, f = 60 Hz, VDC = 40 
kV, CDC=375 e10-6 F, Vq = ±0.2 
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