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Abstract 
 

In this paper, a new control strategy for an SSSC, based on 
model predictive control (MPC), is presented for power flow 
control of power systems. Power system installed with SSSC 
is a nonlinear, indeterminist, multivariable system, and the 
traditional PI controller has a limited application in some 
cases because of its non-adaptive parameters. The proposed 
controller is employed to control the three main parameters 
affecting the stability of the system: SSSC DC link voltage, 
real power and reactive power of the power systems. With 
perfect dynamic characteristics of controller, the real power 
and reactive power of power systems and also the SSSC DC 
link voltage are flexibly controlled. Control Mechanism of 
DC Capacitor Voltage of SSSC is whether controlled 
independently or can be controlled via MPC strategy of the 
SSSC. A studying example is carried out to validate 
feasibility and adaptability of the proposed controller using 
MATLAB/Simulink software. 

 
1. Introduction 

 
Recent development of power electronics introduces the use 

of flexible ac transmission system (FACTS) controllers in power 
systems [1]. FACTS controllers are able to change, in a fast and 
effective way, the network parameters in order to achieve better 
system performance. FACTS controllers can be categorized into 
three major groups: shunt devices such as the Static 
Synchronous Compensator (STATCOM), series devices such as 
the static synchronous series compensator (SSSC) and series 
shunt devices such as the unified power flow controller (UPFC) 
[2]. In addition to steady-state solutions such as power flow and 
voltage control, an added benefit of FACTS controllers 
deployed in the transmission system is that they can also 
effectively control active power oscillations that can damage 
generators, increase line losses. For the economic reasons, the 
application research of FACTS was mainly focused on the 
transmission systems, in order to improve the system stability 
and enhance the transmitting capability [3]. It has been 
demonstrated that variable series compensation is highly 
effective in both controlling power flow in the lines and in 
improving stability [4, 5].  

The voltage source converter based series compensators 
called static synchronous series compensator (SSSC) provides 
the virtual compensation of transmission line impedance by 
injecting the controllable voltage in series with the transmission 
line. Fast power flow control is one of the main functions of 

SSSC, and choosing a good control method is pivotal to show 
its effectiveness .The ability of SSSC to operate in capacitive as 
well as inductive mode makes it very effective in controlling the 
power flow of the system. Its various capabilities have been 
discussed in many papers in areas of power flow control [2, 4], 
voltage control [6], transient stability improvement [7] and 
oscillation damping and transient control [8, 9]. As the power 
systems installed with SSSC are a large-scale nonlinear, 
indetermination and multivariable system, the structure and 
parameters of system will change especially when systems 
failure and load disturbance happens accidentally. Therefore the 
traditional PI controller has a limited application in some cases 
because of its non-adaptive parameters and linearity. To 
overcome these problems the SSSC has been applied in a vast 
variety of control system investigations, which include Adaptive 
PI controller [10], adaptive neural network-based controller [11, 
12] fuzzy neural network approach [13], sliding-mode and fuzzy 
controllers [14], and non-linear controller for transient stability 
[15] are some of the controllers presented in these papers. 

Model predictive control (MPC) is an attractive alternative to 
the classical control methods, due to its several advantages, like 
fast dynamic response, easy inclusion of nonlinearities and 
constraints of the system, and the flexibility to include other 
system requirements in the controller [16]–[18]. MPC is 
extremely effective in controlling systems with nonlinear cost 
function, time delay, constraints on the actuator and states. MPC 
considers a model of the system in order to predict the future 
behavior of the system over a horizon in time. A cost function 
represents the desired behavior of the system. MPC is an 
optimization problem where a sequence of future actuations is 
obtained by minimizing the cost function.  

In this paper, an efficient control strategy for an SSSC based 
on model predictive control is presented for the power flow 
control. The SSSC is employed in both capacitive and inductive 
compensation of a transmission line. Both problems can be 
rearranged into the problem of tracking a reference reactive 
power. With perfect dynamic characteristics of controller, the 
real power and reactive power of power systems and also the 
SSSC DC link voltage are flexibly controlled. A studying 
example is carried out to validate feasibility and adaptability of 
the proposed controller using MATLAB/Simulink. 
 

2. Operating Principles of SSSC 
 

Among FACTS devices, the static synchronous series 
compensator (SSSC) is widely used for series compensation of 
the transmission lines. A simple schematic of the SSSC is 
illustrated in Fig. 1.  It consists of a voltage source converter 
(VSC), the control system and the coupling transformer. The 
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VSC generates a three phase voltage from a DC capacitor bank 
which is in quadrature with the line current. Therefore, the 
SSSC acts as an inductor or a capacitor to increase or decrease 
the overall reactive voltage drop across the line. If the SSSC 
voltage, Es, lags the line current, is, by 90, a capacitive series 
compensation is obtained and if leads by 90, an inductive series 
compensation is obtained. The amount of series compensation 
can be modified by controlling the magnitude of the injected 
voltage. In this case, ideally, the SSSC does not exchange any 
real power with the power system. 

As mentioned before, the phase and the magnitude of the 
injected voltage can be altered by proper control of the VSC. 
Therefore, two degrees of freedom can be defined for the SSSC. 
The phase of the injected voltage is commonly allocated for 
controlling the DC link voltage and the magnitude of the 
injected voltage determines the amount of series compensation. 
The magnitude of the injected voltage can be used to control the 
active or reactive power flow through the transmission line. 
 

 
 

Fig. 1. Static synchronous series compensator 
 

3. Power System Equipped with SSSC 
 

Fig. 2 shows the test power system single machine infinite 
bus installed with SSSC. By using the SSSC, the power flowing 
from the transmission line can be controlled. In order to simplify 
the analysis of the SSSC, the generators dynamics are neglected 
and the generator is modeled as a voltage source. Also, the 
coupling transformers turn ratio is considered to be 1:1. 

According to the single line diagram of the test system shown 
in Fig. 2, the following equation can be obtained. 
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Where L is the sum of Ls and Lr, and R is the sum of Rs and 

Rr. For the converter side of the circuit, the following equation 
can also be written as:  
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Using the previous equations (1) and (2), the following 

equation can be written as: 
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 (3) 

 
Where Leq is the subtraction of L from LT (L-LT) and Req is 

the subtraction of R from RT (R-RT). The equation (3) describes 
the dynamic behavior of the power system equipped with an 
SSSC. The input control parameter of the system is the output 
voltage of the inverter (E’S). By proper control of the phase and 
magnitude of the inverter output voltage, power flowing from 
the transmission line can be controlled. 

 

 
 

Fig. 2. Single line diagram of the test system 
 

4. Predictive Controller Design 
 

The model predictive controller aims to estimate the future 
behavior of the controlled variables so that proper control 
actions could be determined. The finite state characteristics of 
the power converters makes the model predictive control a 
suitable and efficient method to control them. 

To obtain the discrete model of the system, the Euler 
approximation is applied to the equation (3). The discrete model 
of the system can be written as follows: 
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Where Ts is the sampling time. It is also considered that the 
mains voltages Vs and Vr are constant during a sampling time Ts 
(Vs (k+1) =Vs (k) and Vr (k+1) =Vr (k)). 

The voltage source converter employed in the SSSC is shown 
in Fig. 3. There are eight possible switching states for a two-
level inverter as follows: 

 

            
0 0 0 0 1 1 1 1
0 , 0 , 1 , 1 , 0 , 0 , 1 , 1
0 1 0 1 0 1 0 1

S
� �� � � � � � � � � � � � � � � �
 � � � � � � � � � � � � � � � �� � �� � � � � � � � � � � � � � � �
 � � � � � � � � � � � � � � � �	 
 	 
 	 
 	 
 	 
 	 
 	 
 	 
� �

 

 
According to Fig. 3, converter output phase voltages can be 

obtained as follows: 
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Where S1, S3 and S5 are equal to 1 if the corresponding 

device is on, 0 if the device is off. To predict the future behavior 
of the currents (is) for all switching states according to equation 
(4) at time instant K+1, it is required to know the Vs, Vr and is at 
time instant K. The instantaneous active and the reactive power 
flowing through the transmission line can also be predicted as 
follows: 
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The prediction of the DC link voltage is also necessary. As it 

is shown in Fig. 3, the DC link current can be expressed as: 
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The discrete model of the equations can be given as: 
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Substituting equations (10, 12, and 13) and simplifying 

yields to: 
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Then a cost function must be minimized to determine the 

switching state at next time instant. 
Definition of the cost function plays a major role in Model 

predictive control constraining the deviations of the controlled 
variables from their references so the cost function is given as 
follows: 
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Where * indicates reference values, PR, QR and VdcR are 

respectively rated values of active power reactive power and dc 
link voltage, λ1, λ2, and λ3 are the weighting factors that allow a 
proper balance among deviations in voltage, active and reactive 
power. The cost function assures the tracking of Vdc, P,and Q 
from the reference values. For each sampling sequence the cost 
function is evaluated for all the switching states. Comparison of 
cost function for different switching states determines the 
control actions for the following time instant. 

It is worth noting that if the DC link voltage is supplied and 
controlled from outside such as another feeder, both the active 
and reactive power flowing through the transmission line can be 
controlled independently. Otherwise, the active or the reactive 
power along with the DC link voltage will be regulated.  
 

 
 

Fig. 3. The voltage source converter 
 

5. Simulation Results 
 

To verify the efficient operation of the presented scheme 
simulations have been carried out by Matlab/Simulink software. 
According to Fig. 2, the simulated system includes a two level 
voltage source converter, coupling transformers and the 
transmission line. The SSSC is installed on a 220 kV 
transmission line. The impedance of the transmission line is 
considered to be 0.1 P.u. with the Sbase=100MVA. The coupling 
transformer impedance is taken 0.05 P.u. The DC link capacitor 
is 200 μF. The sampling time is also 20 μs. Fig .4 shows the DC 

link voltage. The reference value is given 35 kV with a step 
change at t=6s to 40 kV. As it is shown in Fig. 4, the reference 
value is well tracked. The reactive power flowing through the 
transmission line is shown in Fig. 5. The reference value is 
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given -0.9 MVar with a step change at t=3s to -0.5 MVar. In this 
case, the control strategy is applied on the DC link voltage and 
the reactive power flow. As a result, the real power flow is 
determined by the characteristics of the system. The real power 
flow of the system is also depicted in Fig. 6. 

 

 
 

Fig. 4. DC link voltage (reference step change at t=6s) 
 

 
 

Fig. 5. Reactive power flow (reference step change at t=3s) 
 

 
 

Fig. 6. Real power flow 
 

 
 

Fig. 7. Injected current of the VSC 
 

The injected current of the VSC is also shown in Fig. 7. The 
results indicate the effective control of the DC link voltage and 
the reactive power flow. 

It is also considered that the DC link voltage is supplied and 
controlled independently for instance, it can be supplied from 
other feeders. In this case, both the active and reactive power 
can be controlled independently. The DC link voltage is 
regulated at 50 kV. Fig. 8 shows the active power flow. The 
reference value is given 70 MW with a step change at t=0.25s to 
75 MW. The reactive power flowing through the transmission 
line is shown in Fig. 9. The reference value is given 0 MVar 
with a step change at t=0.5s to -5 MVar and a step change at 
t=0.75s to 5 MVar. As it is shown in Figs .8, 9, the active and 
reactive power is controlled independently. Fig. 9 shows that the 
SSSC can operate both in capacitive and inductive modes. The 
injected current of the VSC is also shown in Fig. 10.  

Simulation results indicate the effectiveness of the control 
strategy in power flow control using an SSSC.  
 

 
 

Fig. 8. Real power flow (reference change at t=0.25s) 
 

 
 

Fig. 9. Reactive power flow (reference change at t=0.5, 0.75s) 
 

 
 

Fig. 10. Injected current of the VSC 
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6. Conclusions 
 

In this paper, model based predictive control scheme is 
applied to a power system equipped with SSSC. The DC link 
voltage of the SSSC, active and reactive power flow through 
transmission line is predicted for future time instants. A cost 
function is defined and minimized in order to obtain the best 
switching state for the next time instant. The system is studied in 
two cases when the DC link voltage of the SSSC is supplied and 
controlled independently and when the DC link voltage is 
controlled via MPC strategy of the SSSC. In both cases, 
simulation results indicate fast dynamic response of the system, 
adaptability and the feasibility of the presented control scheme. 
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