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 This paper proposes a D-STATCOM structure based on a modular 

multilevel converter (MMC) with the use of FCS-MPC control method for 

the purpose of compensating reactive power and stabilizing voltage in the 

distribution grid. The D-STATCOM is effectively used in cases involving 

non-sinusoidal and unstable voltages, which often occur in the distribution 

grid due to the effects of unbalanced nonlinear loads and power injection 

from renewable energy systems. The proposed structure also has the 

capability of reactive power compensating flexibility in fault conditions to 

stabilize the grid voltage. In this paper, a new control strategy, which is 

based on the combination of an outer PI controller and an inner FCS-MPC 

controller, was introduced. The outer PI controller is used to reduce static 

deviations in control values and to provide a reference value for the FCS-

MPC controller. The inner FCS-MPC controller calculates the optimal 

switching state for the purpose of reducing the switching frequency of the 

MMC. The implementation process begins with the construction of a 

mathematical model and a control model. Simulations were carried out by 

MATLAB/Simulink to demonstrate the responsiveness of the control 

algorithm and the performance of D-STATCOM under the conditions of 

non-sinusoidal and unstable voltages. 

Keywords: 

Distributed static synchronous 

compensator 

Finite control set 

Model predictive control 

Modular multilevel converter 

Reactive power compensation 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Tran Hung Cuong 

Faculty of Electrical and Electronic Engineering, Phenikaa University 

Duong Noi, Hanoi 12116, Vietnam 

Email: cuong.tranhung@phenikaa-uni.edu.vn 

 

 

1. INTRODUCTION 

The power quality of the distribution grid can be reduced in several cases, such as: i) The presence 

of nonlinear elements; and ii) The integration of renewable energy sources. In these cases, the voltage of the 

distribution grid becomes non-sinusoidal and distorted. As a result, the reactive power required for the loads 

may be insufficient, leading to unstable and inefficient operation of the electrical equipment [1]-[5]. In a 

standard distribution grid, these problems were typically solved by using the conventional compensation 

equipment located at the transformer station, as presented in documents [6], [7]. However, in modern 

distribution grids where renewable energy sources such as PVs and wind turbines are integrated, significant 

fluctuations in power components will occur due to the variations in voltage and uncontrollable current [8]-

[10]. In these cases, the normal operation of the electrical equipment that consumes energy from the grid will 

be affected. The D-STATCOM has recently become an excellent piece of equipment to compensate for the 

insufficient reactive power as well as to regulate the voltage of the distribution grid; its importance is 

presented in document [11]. Compared with conventional static capacitor and Thyristor technology-based 
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compensation devices, D-STATCOM has many outstanding advantages in its operation, such as: 

instantaneous compensation response and the ability to compensate large amounts of power flexibly [12]-

[15]. These advantages come from the use of three-phase voltage source converter such as NPC and CHB, in 

D-STATCOM’s structure. However, in some operating conditions, such as unbalanced loads and 

asymmetrical voltage sources, the D-STATCOM faces some limitations [16]. These advantages come from 

the use of three-phase voltage source converter such as NPC and CHB, in D-STATCOM’s structure. 

However, in some operating conditions, such as unbalanced loads and asymmetrical voltage sources, the D-

STATCOM faces some limitations, as in document [16]. This paper proposes a D-STATCOM structure using 

a modular multilevel converter MMC together with module predictive control MPC method for reactive 

power compensation with the aim of stabilizing voltage, improving power factor, and providing sufficient 

reactive power required by the grid. The control system consists of an outer PI controller and an inner FCS-

MPC controller. The outer PI controller is used to reduce static deviations in control values and to provide a 

reference value for the FCS-MPC controller, while the inner FCS-MPC controller calculates the optimal 

switching state for the purpose of reducing the switching frequency of the MMC. Simulations were carried 

out by MATLAB/Simulink to demonstrate the responsiveness of the control algorithm and the performance 

of D-STATCOM under the conditions of non-sinusoidal and unstable voltages. 

 

 

2. D-STATCOM MODEL BASED ON MMC STRUCTURE 

2.1.   D-STATCOM structure based on MMC converters 

Figure 1 shows the circuit diagram of an MMC-based D-STATCOM for the purpose of reactive 

power exchange with the power system. In Figure 1, each phase of the MMC converter consists of 2N SMs 

divided equally into two valve branches. The MMC converter uses only one dc source voltage at the input to 

generate an ac multilevel voltage at the output side. Theoretically, the ac voltage of the MMC converter can 

be expanded to an unlimited level by increasing the number of sub-modules (SMs) in each phase of the 

converter. As a result, the transformer as well as the ac filters are not required at the ac side of the MMC 

converter [17], [18]. Each sub-module of the MMC converter consists of two IGBTs, S1 and S2, as shown in 

Figure 1, to establish a half-bridge DC–AC converter. The output voltage of the MMC is obtained by 

“inserted” or “bypassed” states of the SMs in each phase of the converter. When the current has the positive 

direction as shown in Figures 2(a) and 2(b) or has the negative direction as shown in Figures 2(c) and 2(d), 

the “inserted” state can be obtained when S1 is ON and S2 is OFF producing a voltage of VSM = VC = 

VDC/N at the AC side of SM while the “bypassed” state can be obtained when S1 is OFF and S2 is ON 

producing a voltage of VSM = 0 at the AC side of SM. 
 

2.2.  Operating principle of the D-STATCOM 

The Distributed Static Synchronous Compensator (D-STATCOM) is a voltage source converter 

(VSC) designed to operate as a solid-state synchronous voltage source shunt connected to AC transmission 

lines for dynamic compensation and real-time control [19]. Figure 1 shows the equivalent circuit of the D-

STATCOM, in which the active and reactive powers exchanged at the PCC theoretically can be calculated as 

shown in (1). 
 

𝑃1 =
𝑉1𝑉2 𝑠𝑖𝑛 𝛿

𝑋𝐿
; 𝑄1 =

𝑉1(𝑉1−𝑉2cos𝛿)

𝑋𝐿
 (1) 

 

In this equation, V1 and V2 represent the amplitudes of the voltages at the grid and converter sides, 

respectively. The variable δ is the phase difference between V1 and V2, while XL is the equivalent reactance 

connecting the grid and the converter. D-STATCOM is one of the FACTs devices that supports reactive 

power exchange with the power grid. (1) shows that V1 and V2 must be in phase, meaning δ = 0, allowing 

for reactive power exchange at the PCC by controlling the amplitudes of V1 and V2. As a result, (1) can be 

rewritten as in (2). 
 

𝑃1 = 0; 𝑄1 =
𝑉1(𝑉1−𝑉2)

𝑋𝐿
 (2) 

 

Figure 3 shows the operating principle of the D-STATCOM for the purpose of reactive power 

exchange. When V1 > V2, the reactive power Q in (2) is positive, resulting in the presence of a voltage 

component V12 as shown in Figure 3(a). In this case, the D-STATCOM operates in the inductive current 

mode with the inductive current IL being π/2 out of phase with V1 and V2. The D-STATCOM absorbs 

reactive power from the power grid. When V1 < V2, the reactive power Q in (2) is negative, resulting in the 

presence of a voltage component V12 as shown in Figure 3(b). In this case, the D-STATCOM operates in the 
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capacitive current mode with the capacitive current IC being π/2 out of phase with V1 and V2. The D-

STATCOM releases the reactive power to the power grid. When V1 = V2 as shown in Figure 3(c), the D-

STATCOM does not exchange the reactive power with the power grid. 
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Figure 1. Schematic diagram of a grid connected MMC-based D-STATCOM 
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Figure 2. Switching operations of SM: (a) bypass with positive current, (b) insert with positive current,  

(c) insert with negative current, and (d) bypass with negative current 
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Figure 3. Operating principles of D-STATCOM: (a) state of reactive power absorption,  

(b) state of reactive power generation, and (c) state of no reactive power exchange 
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3. CONTROL SYSTEM FOR D-STATCOM 

3.1.  Math model of the MMC 

The grid-connected MMC is shown in Figure 4. In this configuration, the MMC has three phases 

with six valve arms, each valve arm is divided into two parts, an upper arm and a lower arm, and in each arm 

there are N identical SMs connected in series. SMs are series connected with one inductor (Lo) and one 

resistor (Ro). The inductor Lo limits the short-circuit current of an MMC and removes the high-frequency 

harmonics of the current arm [20]. The resistor Ro represents the power losses within each arm. 
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Figure 4. Structure the three-phase of the MMC on the DC/AC side 

 

 

The SM's configuration is a half-bridge converter with the operating mode shown in Figure 2. 

During operation, each SM provides an output voltage of 0 or vC based on the states of S1 and S2. 

Specifically, Figure 2(a) shows the output voltage of the SM as vC, at which point S1 = ON and S2 = OFF. 

Figure 2(c) shows the output voltage of the SM as 0, at which point S1 = OFF and S2 = ON. These SMs 

operate based on control commands from the microprocessor system. In one operating cycle, the 

microprocessor commands always ensure that only N SMs are switched on (with an output voltage of vC) to 

create a stepped voltage of N+1 at the output of the MMC. Based on the laws of current, the mathematical 

equations describing the operation of phase x (x = A, B, C) in the MMC are represented as (3)-(5). 

 
𝑉𝐷𝐶

2
− 𝑣𝐻𝑥 − 𝑅𝑖𝐻𝑥 − 𝐿

𝑑𝑖𝐻𝑥

𝑑𝑡
+ 𝑅𝑜𝑖𝑥 + 𝐿𝑜

𝑑𝑖𝑥

𝑑𝑡
− 𝑣𝑥 = 0  (3) 

 

−
𝑉𝐷𝐶

2
+ 𝑣𝐿𝑥 + 𝑅𝑖𝐿𝑥 + 𝐿

𝑑𝑖𝐿𝑥

𝑑𝑡
+ 𝑅𝑜𝑖𝑥 + 𝐿𝑜

𝑑𝑖𝑥

𝑑𝑡
− 𝑣𝑥 = 0 (4) 

 

𝑖𝐻𝑥 =
−𝑖𝑥

2
+ 𝑖𝑣𝑥; 𝑖𝐿𝑥 =

𝑖𝑥

2
+ 𝑖𝑣𝑥 (5) 

 

Where: iHx and iLx are the currents in each arm (upper arm and lower arm); ivx is the circulating 

current in each phase. ivx does not affect the quality of the alternating current, but ivx will cause power loss 

inside the MMC [21]. Therefore, when the MMC is working, it is desirable that ivx always has the smallest 

value; this is difficult to achieve by conventional means. The circulating current in the circuit in (6). 

 

𝑖𝑣𝑥 =
𝑖𝐻𝑥+𝑖𝐿𝑥

2
 (6) 

 
By calculating based on (3)-(6), we can deduce (7) and (8), which represent the phase current and 

loop current in the circuit. 

 
𝑑𝑖𝑥

𝑑𝑡
=

−(𝑅+2𝑅𝑜)

𝐿+2𝐿𝑜
𝑖𝑥 +

𝑣𝐻𝑥−𝑣𝐿𝑥

𝐿+2𝐿𝑜
+

2𝑣𝑥

𝐿+2𝐿𝑜
 (7) 
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𝑑𝑖𝑣𝑥

𝑑𝑡
=

−𝑅

𝐿
𝑖𝑣𝑥 −

1

2𝐿
(𝑣𝐻𝑥 + 𝑣𝐿𝑥) +

1

2𝐿
𝑉𝐷𝐶  (8) 

 

When inserting or omitting SMs according to the control law, a voltage is generated on each branch. 

The specific number of SMs inserted for the upper and lower branches based on the control law will be nHx 

and nLx, respectively, and the corresponding voltage values generated in this case are vHx and vLx. When the 

control law affects the SMs to change the number of SMs, the capacitor voltage value of the SMs changes 

depending on the direction of the current in each branch. When the voltages on the capacitors are balanced, 

the voltage on each capacitor is approximately equal to vmx/N (m = H, L), where vmx is the total capacitor 

voltage of each valve branch. Then, the branch voltage is expressed by (9). 
 

𝑣𝑚𝑥 =
𝑛𝑚𝑥𝑣𝑚𝑥

𝑁
 (9) 

 

Expresses a total capacitor (10): 
 
𝑑𝑣𝑚𝑥

𝑑𝑡
=

𝑖𝑚𝑥

𝐶𝑚𝑥
=

𝑛𝑚𝑥𝑖𝑚𝑥

𝐶
 (10) 

 

Here, the value of the capacitor in one working cycle is Cm. When replacing iHx and iLx from (5), (6) 

into (10), we can deduce the equation relating the capacitor voltage on each branch, along with the number of 

SM inserted and the current ivx, as (11) and (12). 
 
𝑑𝑣𝐻𝑥

𝑑𝑡
= −

𝑛𝐻𝑥

2𝐶
𝑖𝑣𝑥 +

𝑛𝐻𝑥

𝐶
𝑖𝑣𝑥  (11) 

 
𝑑𝑣𝐿𝑥

𝑑𝑡
=

𝑛𝐿𝑥

2𝐶
𝑖𝑣𝑥 +

𝑛𝐿𝑥

𝐶
𝑖𝑣𝑥  (12) 

 

3.2.  The operating principle of MMC is based on the FCS-MPC control algorithm 

This section will present the operation of the MMC based on the FCS-MPC control algorithm. The 

process is performed based on predicting the AC current value of the MMC at a future time according to the 

model at the present time. Then, optimize the cost function to select the best valve on/off state in one 

operating cycle of the MMC. To do this, the first step is to construct a discrete-time model to predict one step 

forward of the controllable variables of the MMC converter. Next is establishes a cost function associated 

with a predefined control objective. Finally, evaluate the cost function for all switching states in one cycle of 

the MMC, thereby selecting the optimal switching state in terms of quality for the alternating current of the 

MMC. The steps are shown in Figure 5(a) [22]. In which i(k) is the control variable, i(k+1) is the predicted 

value of i(k) in the next cycle, iref(k+1) is the reference value of i(k+1), S(k) are the optimized IGBT valve 

on/off states. The current control process by the FCS-MPC strategy is shown in detail in Figure 5(b). In there, 

the output AC current will be controlled closely to the reference value. According to [13], in a single-phase 

(n+1) level MMC, the total possible switching states are: 

 

𝑁 = 𝐶2𝑛
𝑛 =

2𝑛!

𝑛!(2𝑛−𝑛)!
 (13) 

 

 

  
(a) (b) 

 

Figure 5. MPC controller for MMC: (a) MPC control method structure for MMC and  

(b) algorithm of predictive control for current AC 
 
 

From (13), we can deduce that in the three phases of the MMC, there will be N3 switching states. 

The FCS-MPC control process will calculate the cost function to determine the optimal switching state at a 

future time to apply to the MMC. To do this, (12) must be discretized using the Euler method. Assuming the 
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sampling period of the system is Ts, when discretizing (12), we get the discrete-time model of the MMC 

output current as (14). 
 

𝑖𝑥(𝑘 + 1) = 𝑀. 𝑖𝑥(𝑘) + 𝑁. [𝑣𝑥𝐻(𝑘 + 1) − 𝑣𝑥𝐻(𝑘 + 1) − 2𝑣𝐶𝑥(𝑘 + 1). 𝑃] (14) 
 

In which:  
 

𝑣𝑥𝑚(𝑘 + 1) =
1

6
∑ (𝑣𝐿𝑥(𝑘 + 1) − 𝑣𝐻𝑥(𝑘 + 1))𝑥=𝐴,𝐵,𝐶 ; 𝑀 =

𝐿𝑜+2𝐿−𝑇𝑠(𝑅𝑜+2𝑅)

𝐿𝑜+2𝐿
;  𝑁 =

𝑇𝑠

𝐿𝑜+2𝐿
; 𝑃 =

𝐿𝑜−𝑅𝑜𝑇𝑠

𝐿𝑜
 

 

𝑖𝑥(𝑘) = [

𝑖𝐴(𝑘)

𝑖𝐵(𝑘)

𝑖𝐶(𝑘)
] 𝑣𝑥𝐿(𝑘) = [

𝑣𝐿𝐴(𝑘)

𝑣𝐿𝐵(𝑘)

𝑣𝐿𝐶(𝑘)
] 𝑣𝑥𝐻(𝑘) = [

𝑣𝐻𝐴(𝑘)

𝑣𝐻𝐵(𝑘)

𝑣𝐻𝐶(𝑘)
] 

 

We see that, to implement FCS-MPC according to (14), we must measure the current ix(t) and the 

values vHx(k) and vLx(k) in each branch, then extrapolate them to the values vHx(k+1) and vLx(k+1) by Euler's 

method [23]. The current value in (14) will be optimized by the cost function (15) to determine the switching 

state suitable for the optimized AC side current. Then the current output of the MMC at the current moment 

will stick to its reference value. 
 

𝐽𝑥 = |𝑖𝑥_𝑟𝑒𝑓(𝑘 + 1) − 𝑖𝑥(𝑘 + 1)| (15) 
 

Where ix-ref is the reference of phase’s current and ix(t+Ts) obtained from (14) is the next-step predicted 

current. The sample period is small enough to 𝑖𝑥_𝑟𝑒𝑓(𝑘 + 1) ≈ 𝑖𝑥_𝑟𝑒𝑓(𝑘), and (15) rewrites as (16).  
 

𝐽𝑥 = |𝑖𝑥_𝑟𝑒𝑓(𝑘) − 𝑖𝑥(𝑘 + 1)| (16) 
 

In theory, the minimum value of the cost function (16) should be 0. However, in practice, this value 

is only approximately 0 and is used to select the switching state of the MMC to generate the desired AC 

current, which is the best possible value of the control objective. This process is repeated many times during 

the operation of the MMC and is described by the algorithm flowchart as shown in Figure 6. 
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Jj < Jmin ?

 
 

Figure 6. Flowchart of the MPC algorithm to apply to MMC 
 
 

3.3.  Control structure of D-STATCOM system 

Since the D-STATCOM system only compensates reactive power, in this control model, active 

power will not be exchanged with the grid and will always be controlled to 0. Therefore, in the D-

STATCOM control system, the control circuit is only designed to generate or absorb reactive power to 

exchange with the grid [24]. This process will be done by comparing the MMC output voltage value and the 

grid voltage according to (17). 
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𝑉 = 𝑉𝑟𝑒𝑓 + 𝑋𝑆𝐼 (17) 
 

Here V is measured from the system to compare with its reference value Vref, Xs is the total 

impedance of the system. The reactive current I is always adjusted within the range (- IMax, IMax). If V < Vref, 

the controller will increase the voltage V to the value Vref, and if V > Vref, the controller will decrease the 

voltage V to the value Vref. The ultimate goal of these two cases is to ensure that the value V is equal to Vref 

and is shown as shown in the Figure 7 [24]. 
 
 

V

-Imax Imax0

Xs

Vref

I

 
 

Figure 7. V-I characteristics of D-STATCOM 
 

 

This makes the reactive power at the grid node always maintained at the desired value. Therefore, to 

design a controller to compensate for reactive power, it is necessary to design a DC voltage controller [25]. 

From the D-STATCOM system in Figure 4, we can deduce the relationship between the DC voltage and the 

AC power in the form of (18) and (19).  
 

𝑉𝐷𝐶
2 𝐶𝐷𝐶 =

3

2
𝑣𝑑𝑖𝑑 = 𝑃 (18) 

 

𝑖𝑑
𝑟𝑒𝑓

=
3𝑣𝑑

2𝑉𝐷𝐶

1

𝑠𝐶𝐷𝐶
𝑉𝐷𝐶

𝑟𝑒𝑓
 (19) 

 

The control system of D-STATCOM is designed based on the MMC converter shown in Figure 8, 

which consists of two control loops to control the stable DC voltage and a control loop to control the reactive 

power exchanged with the grid according to (19). The FCS-MPC control stage is used in this model to 

replace the pulse modulation stages. 
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Figure 8. Structure diagram of the D-STATCOM control system based on the MMC controller 
 

 

4. SIMULATION AND RESULTS 

To verify the effectiveness of the predictive controller with the structure as shown in Figure 4. In 

this section, simulation will be performed by Matlab/Simulink software. The simulation parameters are 

shown in Table 1. The D-STATCOM system with a maximum power of 3 MVAr connected to the 22 kV 
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distribution grid will be simulated with scenarios of changing the reactive power amount set over time. The 

reactive power required from D-STATCOM during the simulation will change according to the scenario as 

shown in Table 2. 
 

 

Table 1. Simulation parameters of the system 

Parameter Symbol Value Unit 

Number of SM per branch N 10 SM 
DC voltage of MMC VDC 10 kV 

Inductance of the branch Lo 0.2 mH 

Power D-STATCOM Sn 3 MW 
Ratio of Transformer  5/22 kV  

Resistance of the transformer R 0.017 Ω 

Inductance of the transformer L 2.1 mH 
Frequency of grid voltage f 50 Hz 

Voltage of distribution grid Vs 22 kV 

Sampling cycle Ts 10-5 s 

 

 

Table 2. Reactive power requirement from D-STATCOM over time 
Time Requirement Q (kVAr) 

0-0.25 -1 kVAr 
0.25-0.5 -2 kVAr 

0.5-0.75 -3 kVAr 
0.75-1 3 kVAr 

 

 

Figures 9 and 10 show the reactive power and active power of the D-STATCOM system. The 

system only exchanges reactive power without exchanging active power with the grid, so the value of P is 

always kept at 0. The results show that the reactive power of D-STATCOM always follows the set value with 

a transition time of only about 0.05 seconds. Thus, the system can well meet the needs of absorbing or 

generating reactive power. 
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Figure 9. Reactive power of D-STATCOM-MMC exchanged with the grid 
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Figure 10. Active power of D-STATCOM-MMC exchanged with the grid 
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The output current of D-STATCOM in Figure 11 has a pure sinusoidal shape and varies according 

to the amount of reactive power required by the system. The value of the current always closely follows the 

set value received from the outer loop control circuit. Figure 12 shows THD index of the current in steady 

state is only 0.46%, ensuring the allowable harmonic quality indicators. 
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Figure 11. Output current of D-STATCOM 
 

 

 
 

Figure 12. THD index of D-STATCOM output current 
 

 

Phase A voltage on the AC side of the MMC is shown in Figure 13. The voltage of phase A of 

MMC is step-shaped, and the value also changes according to the reactive power requirement of  

D-STATCOM. When the voltage value reaches the maximum of 10000 V, the number of counted voltage 

steps is 11 levels, which is similar to the theory of the MPC control algorithm in Figure 8. From the results of 

AC current and voltage, it shows that, with the proposed control strategy, the current and voltage always 

achieve stable values when the system is working. When changing the set value of AC current and voltage, 

the controller reacts immediately with the transient exceeding the rated value of about 25% in a very short 

period of time, about 10-5 seconds. After that, the amplitude of current and voltage continues to operate stably 

according to the system's requirements. This is due to the harmonious combination of PI and MPC control 

methods, which both ensure fast action and limit transients to the lowest level. 

Figure 14 shows the voltage of the upper and lower branch capacitors in phase A of the MMC. The 

capacitor voltage is initialized at 500 V. After 0.2 seconds, the capacitor voltage fluctuates around 1000V. 

The maximum pulse is around 130 V (13%). Figure 15 shows the voltage at the node connected to D-

STATCOM changes according to the simulation scenarios in Table 2. This proves the ability to regulate the 

voltage at the power system node of the system. Figure 16 shows the current at the power system node 

connected to D-STATCOM-MMC. This result shows that the current operates stably according to the amount 

of reactive power required at the node of the power system. 

From the results of current and voltage, when compared with the results published in the documents 

[9], [12] shows that the response speed of this method is better when paying attention to the power response, 

as shown in Figure 9, and the immediate grid voltage response, as shown in Figure 15. In addition, the THD 

value of the D-STATCOM output current has a very low value, showing the outstanding advantages in the 

quality of system operation compared to traditional. 
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Figure 13. Phase A voltage on the AC side of the MMC 
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Figure 14. Capacitor voltage of the upper and lower branches of the MMC 
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Figure 15. Voltage at the power system node connected to D-STATCOM 
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Figure 16. Current at the power system node connected to D-STATCOM 
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5. CONCLUSION 

This paper presents the structure and operating principle of the D-STATCOM reactive power 

compensation device based on the MMC converter, thereby applying the FCS-MPC control algorithm 

combined with the PI controller to create control loops to achieve the set goals of reactive power 

compensation as well as ensure the quality of current and voltage at the nodes of the power system. The 

simulation results have shown that the application of the FCS-MPC predictive control method for the D-

STATCOM compensation device based on the MMC is completely suitable. The system has an output that 

closely follows the set value, meeting the needs of generating or absorbing CSPK. The current and voltage 

values all satisfy the quality requirements. This proves that the FCS-MPC predictive controller does a very 

good job of controlling the output current, the PI has a quick impact, creating accurate set signals for the 

current loop. The results of this paper are the basic foundation for developing a reactive power compensation 

product idea for medium voltage power system to provide good quality power to the loads, these results can 

also be proposed for the development of D-STATCOM devices with FACTS devices in power systems. 

Additionally, these results can be the basis for demonstration on hardware systems in the laboratory or in 

real-time feasibility. However, this method also has the disadvantage of requiring a powerful microprocessor 

to meet the calculation speed of the proposed control algorithm. 
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