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Abstract. In this paper, a predictive control method known 

as FS-MPC is raised to adjust the grid voltage by STATCOM. 

The FS-MPC control strategy is easy to implement that considers 

nonlinearities and limitations as well. In this way, the system 

model is used to predict the current behavior in the next sampling 

period for each possible switching mode. The STATCOM is 

simulated using the FS-MPC control method by MATLAB 

SIMULINK, and compared to conventional PI-controller 

accompanied with the PWM. The results of simulations represent 

considerable improvement in the performance of the FS-MPC 

control method for adjusting the grid voltage variations. 
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1. Introduction 

 
The increasing complexity of the operation and control of 

power electronics devices cause power systems to face 

new challenges. Unstable voltage (voltage fluctuation) is 

one of the problems that has emerged in recent years due 

to excessive operation and an increase in load demand. 

One of the most widely used methods to improve the 

voltage profile is the use of static compensator 

(STATCOM) [1],[2]. This compensator due to the 

flexibility and controllability is always considered by 

researchers. 

The STATCOM can quickly and efficiently provide a 

reactive power to improve power system voltage 

fluctuations [1]. The most important part of this 

compensator is its control system. Power electronics semi-

conductors such as IGBTs are responsible for the 

STATCOM control. Control models such as adaptive 

control, conventional PI control [3], hysteresis control [4], 

fuzzy logic control [5], [6] and predictive model control 

(MPC) are used to implement in the compensator based on 

a digital signal process. In most of these methods a 

modulator scheme (such as PWM, SVM, etc.) is required 

to generate the gate signal for switches, and internal and 

external control loops are also included. In these schemes, 

due to the modulator, the switching frequency is fixed as 

well. However, the MPC is a method not including these 

rules and is easy to implement. 

In the MPC, the switching frequency is not fixed and 

because of the absence of a modulator the gate signal is 

directly commanded from the controller block [7],[8]. The 

most important advantages of this method are putting 

limitations and nonlinear problems, as well as not being 

limited to a control variable. It means that several variables 

can be controlled, but one of the most important problems 

is high computation load in a very short sampling time, to 

solve optimization problems in converters. To overcome 

this problem two solutions are raised: solving optimization 

problems as offline [9], and computations optimize by 

evaluating all of the switching states. In this paper, the 

latter is introduced and studied as entitled FS-MPC for the 

STATCOM control system [10], [11]. 

The novelty of this paper is application of FS-MPC 

controller instead of conventional PI-PWM controller in 

STATCOM. In the new control method compared to 

conventional PI control, the current harmonics and ripples 

of the STATCOM is lower and also the FS-MPC structure 

is simpler due to lack of modulator and also PI gains are 

not necessary to determine as a result of lack of PI 

controller. In this paper, two control methods i.e. FS-MPC 

and PI-PWM are well compared to control the distribution 

network voltage via STATCOM. 

The paper structure is as follows: in the second part, a 

general description is presented for the STATCOM. In the 

third part, a finite state–MPC (FS-MPC) control method is 

studied, and in next part the simulation results of FS-MPC 

controller is presented and compared to the conventional 

PI-PWM controller on a 20kV grid. Finally, a conclusion 

is given. 

 

2. Static Compensator (STATCOM)  

 
As seen in Fig. 1, the STATCOM is composed of three 

main parts: a power inverter, a set of reactors connected to 

an isolated transformer and a control system [1], [12]. 

As it has been said, the most important part of the 

STATCOM is the control system to compensate and 

improve the reactive power and voltage of the power 

system, and usually consists of two parts [1]: internal 

control loop and external control loop. The reference 

current signals are calculated by the external control loop 
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with the desired target. The reference currents are 

generated using the PI control loops as shown in Fig. 2. 

 

 
Fig. 1. Static synchronous compensator (STATCOM) 

 

 
                      Fig. 2. External control loops 

 

Internal controller or current controller tracks the current 

references calculated by the external controller. The 

current controller is the most basic part in the control unit. 

If the correct operation of the current controller is satisfied, 

then the grid voltage regulation can be paid. Indeed, this 

controller part tracks the current references in the fastest 

time and with zero permanent error. In this paper, a new 

predictive control method so called          FS-MPC for the 

internal controller is used [13], [14]. 

 

3. FS-MPC Controller 

 
The predictive control approach is based on the principle 

that only a limited number of switching modes may be 

caused by the converter and the system model can be used 

to predict the variables for each switching mode. To select 

an appropriate switching mode, an objective function 

should be defined [10],[11].All predicted current values of 

possible switching modes will be evaluated by the 

objective function and an appropriate switching mode that 

minimizes the objective function will be selected [7]. 

 

A. System Model 

Equations for the dynamics of STATCOM current shown 

in Fig. 3 can be written in the form of equation (1) for each 

phase: 

 







































































c

b

a

c

b

a

c

b

a

c

b

a

v

v

v

i

i

i

dt

d
L

i

i

i

R

E

E

E

..
       (1) 

The R and L are resistance and leakage inductance for both 

filter and isolated transformer. va,b,c represents the grid 

phase voltage, Ea,b,c is the STATCOM inverter output 

voltage and ia,b,c is the current vector. 

 

    
Fig. 3. Schematic diagram of a grid-connected inverter  

 

Using the dq0-transform, the equations of three-phase 

current is written in the dq frame: 
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where, w  and bw  are the angular velocity and nominal 

velocity, respectively. 

Now, using a leader Euler approximation for the derivative 

of the current 
dt

di  as shown in (3), equation (2) can be 

converted to a discrete-time model in the form of (4) to 

predict the current value: 
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B. Inverter Model 

The power circuit of the STATCOM inverter is shown in 

Fig. 3. The switching modes of the power switches Sa, Sb 

and Sc can be zero or one. All of the possible modes 

together with the output voltage is obtained according to 

(6) -(7) and shown in Table I. In some previous papers, 

multilevel converters were proposed because of higher 

reliability and lower output harmonics [15],[16]. 
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C. Cost Function 

 

Since the main goal here is to control the current 

exchanged between the STATCOM and the grid, the main 

variable of the objective function is the current. 

Minimizing the error between the measured current and 

the current reference by the external control loop is the 

main goal of the current controller. 

This objective function is expressed in the dq coordinates 

and the error between the predicted and the current 

reference is computed as below: 

 

)1()1()1()1(   kikikikig qrefqdrefd
    (8)  

 

The FS-MPC controller flowchart is shown in Fig. 4. 

 

 
Table I - Switching states and voltage vectors 
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Fig. 4. Flowchart of the FS-MPC controller 

4. Simulation Results 

 
The STATCOM connected to the 20kV grid (see Fig. 1) is 

simulated in MATLAB software. The simulation results 

with the FS-MPC controller, as well as the conventional 

PI-PWM controller are discussed in this section. The grid 

voltage and frequency are considered to 50Hz and 20kV, 

respectively, and STATCOM is connected to it. Full 

details of the parameters are shown in Tables II and III. As 

it is clear from Table II, sampling time is 10 µSec. 

In Figs. 5-6, a general control approach applied to the 

STATCOM is shown for both methods. 

The grid voltage variation in order to study the FS-MPC 

and PI-PWM methods is shown in Fig. 7. At the second 

0.15, the voltage is dropped to 0.95 p.u. and at the second 

0.25, the voltage is increased to 1.07 p.u. 

 

 
                     Table II - System parameters 

Parameter Value 
SLoad (3+1.5j) MVA 

f 50 Hz 

Vs 20 kV 

QSTATCOM 4 MVAr 

RSTATCOM 0.01 Ω 

LSTATCOM 1.3 mH 

CSTATCOM 2.8 mF 

DC link voltage 3.8 kV 

Ts 10 µSec. 

 
Table III - Transformer specifications  

Transformer S V1/V2 

T1 4 MVAr 20/1.8 (kV) 
T2 6 MVAr 20/0.4 (kV) 

 

 

In Fig. 8, the current exchanged between STATCOM and 

the grid is shown. In fact, in the time interval 0.15 to 0.2 

Sec. and time interval 0.25 to 0.3 Sec. in which the changes 

in voltage are occurred in the grid voltage, the current 

exchanged between the grid and STATCOM is made. As 

seen in Fig. 8, the amount of current ripple at the FS-MPC 

method is less than the one in PI-PWM. 

In Fig. 9 and Table IV, the current ripple and current THD 

are known. It shows a minimized distortion and THD of 

the STATCOM current in FS-MPC compared to PI-PWM 

control method. 

 

A. Reference Tracking 

 

In general, tracking the current references made by the 

external PI controllers indicates the correct controller 

performance. The external PI controller coefficients are 

given in Table V and also Pi-PWM controller gains are 

given in Table VI. 
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Fig. 5. STATCOM FS-MPC controller 

 

 
Fig. 6. STATCOM PI-PWM controller 

 

 

 
 Fig. 7. Three-phase ac output voltage (p.u.) 

 

 

 
 Fig. 8. Current exchanged between the grid and STATCOM 

 
Fig. 9. THD of STATCOM Current 

 

 

 Table IV - Transformer specifications  

THD Current (PI-PWM) THD Current (FS-MPC) 

32.27 % 29.08 % 

 

 Table V - External controller gains 

PI controller Input Ki Kp 

DC-link voltage 0.1 0.001 
Grid Voltage 1200 0.2 

 
                      Table VI- PI-PWM controller gains 

PI controller Input Ki Kp 

Id-ref 120 2.5 
Iq-ref 120 2.5 

 

 

Fig.10 shows the tracking of the q- current reference for 

both controllers, which is proportional to the amount of 

reactive power exchanged with the grid for the voltage 

regulation. 

Fig. 11 shows a good tracking of the active current 

reference. As it can be seen the active current fluctuates on 

zero. Because the STATCOM injects only the reactive 

power into the grid and no active power is injected.  

Only a small amount of the active power is absorbed from 

the grid to compensate the power losses and to adjust the 

DC link voltage. Fig. 12 shows that the DC link voltage is 

nearly fixed on 3600V for both controllers. 

 

 

 

 
       Fig. 10. Tracking of the output reactive current in q-axis   
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        Fig. 11. Tracking of the output active current in d-axis 

 

 

 
Fig. 12. DC link voltage 

 

B. Exchanged Active and Reactive Power 

 

As mentioned, the STATCOM just injects the reactive 

power to the grid and no active power is exchanged with 

the grid and only small amounts of the active power is 

absorbed from the grid to compensate the power losses. If 

it is a need to inject the active power to the grid, then a 

power storage (such as a battery) should be placed in the 

DC link. 

In Fig. 12, the power (active and reactive) exchanged 

between STATCOM and grid is well shown. As seen in 

Fig. 12, at the interval 0.15 to 0.2 Sec., STATCOM has 

acted as a capacitive load and about 1.8 MVAr reactive 

power for the voltage regulation is injected into the grid. 

But at the interval 0.25 to 0.3 Sec. since the grid voltage is 

increased, STATCOM has acted as an inductive load and 

2 MVAr reactive power is absorbed from the grid. 

However, as it can be seen in Fig. 12, the voltage does not 

change at the interval 0.2 to 0.25 Sec. and is fixed on 1 

p.u.; therefore, no reactive power is exchanged between 

the grid and STATCOM. 

It can also be seen in Fig. 13; no active power is exchanged 

between the grid and STATCOM and only small amounts 

of the active power is absorbed from the grid which is 

dissipated on the switches and DC link. 

 

C. Inverter and Grid Voltage  

In Fig. 14, the output phase voltage of the STATCOM 

inverter is shown. As it can be seen, the voltage levels are 

generally divided into 5 levels equal to 0,
3

dcV
 , 

3

dcV , 

3

2 dcV
 , 

3

2 dcV . As it is indicated in Fig. 13, in the FS-MPC 

controller since it does not impose any pattern on the 

switching signal, the optimized switching state can be 

maintained by different sampling periods. As a result, the  

 

 
     Fig. 13. Exchanged power between the grid and STATCOM 

 

 
      Fig. 14. Multilevel STATCOM phase voltage 

 

 
     Fig. 15. Multilevel STATCOM line voltage 
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switching frequency is variable. But in the conventional PI 

controller with PWM the switching frequency is fixed 

(here equal to 1.4 kHz). 

In Fig. 15, the output line voltage of the STATCOM is 

shown in which the voltage levels are 
dcV , 0, 

dcV . 

In Fig. 16(a) the voltage regulated by the FS-MPC   

controller and in Fig. 16(b) the voltage regulated by the PI-

PWM controller are shown. 

 

 

 
 

   Fig. 16. Three-phase ac output voltage 

 

 

5. Conclusion 
 

In this paper, a predictive model control type i.e. FS-MPC 

is used to regulate the grid voltage via STATCOM. This 

method is based on the use of the system model to predict 

the behavior of the output current in STATCOM by 

defining a cost function that leads to the selection of 

appropriate switching states for the forthcoming periods.  

The conventional PI-PWM method is also simulated in 

order to be compare with the FS-MPC. It is found that the 

FS-MPC method generally produces lower current ripple 

than the PI-PWM. Also, since there is neither a PI 

controller (and as a result no need to set the PI gains) in 

the FS-MPC nor a modulator, it would be easier to 

implement compared to the PI-PWM method. In the FS-

MPC, however, various terms and variables can also be 

added to the cost function. 

In the meantime, the switching frequency is variable for 

the FS-PWM, while it is fixed for the PI-PWM due to the 

employed modulator. However, according to the 

simulations, both controllers have good performance 

against voltage changes. Therefore, with regards to the 

operation condition, one can decide which of the two 

controllers to be applied in practice.  
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