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Abstract. 
In this paper, the Gray Wolf Optimization algorithm (GWO) is used to solve the optimal allocation of D-

STATCOM, which acts as a flexible ac transmission system in the distribution device. The main goal of 

this research work comprises voltage profile improvement and power loss reduction. Here, the 

backward/forward sweep method is used to evaluate the power flow in the distribution system. The voltage 

and angles values of each bus nodes are calculated. IEEE 30-bus radial distribution system is designed for 

testing and their performance are analyzed using MATLAB 2016 software. The obtained values of voltage 

and angles are compared with base values which provide the optimal placement location D-STATCOM. 

The proposed GWO techniques are outperformed when compared to Particle Swarm Optimization (PSO) 

and Bacteria Foraging Optimization (BFO) method. 
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INTRODUCTION 

Nowadays, the power system can be classified such as distribution, generation and transmission. The 

distribution system plays a major role in the power system, which causes power loss due to the design of the 

distribution system, high flowing current and faults. The Flexible AC transmission system (FACTS) devices 

concepts can be made to avoid these problems appears in the voltage regulator and capacitor. In addition to that 

most concentrations needed for load flow analysis. FACTS device increasing the controllability and stability of 

the AC device, in addition to rises the power transfer capability of the device [8]. Main types of powers in power 

systems are reactive power, active power, and apparent power [10]. However, loss due to reactive power is mainly 

considered although it is not considered by the loads. Therefore to attain extreme active power transmission the 

reactive power should be compensated [16-22].  These devices improve the performance of electrical networks by 

handling reactive and active power. The shunt connected controller is called static synchronous compensator 

(STATCOM). 

In the multi-machine system, the optimal placement of STATCOM is of high complexity. To make the 

optimal placement different types of techniques are introduced [15, 12]. The optimal placement of D-STATCOM 

reduces the power loss in a radial network and improves the voltage profile. The optimal location of STATCOM 

is done using FVSI. Newton Raphson technique is utilized to do the power flow analysis of the radial distribution 

systems. Weakest bus in the system can also be identified using FVSI technique [14]. To minimize the harmonics, 

the passivity-based controller is implemented in the D-STATCOM which compensates the reactive power and 

load current. These methods consider the line current and then perform the compensation. This method produces 

better result even though low switching frequency or the limited bandwidth inverter circuit [11]. 

In D-STATCOM, the Artificial Neural Network (ANN) is implemented which has an advantage as well 

as disadvantage. This method improves the performance at the same time it takes extended training time in 

choosing the layers and number of neurons. Fuzzy Logic Control (FLC) is the artificial intelligence methods 

which give more controllability [7, 9]. The global optimization technique is used to solve the D-STATCOM 

problems [2, 3, 4]. The PSO with self-tuning PI controller is used in STATCOM which produces better dynamics 

at all load points. During the short period, the algorithm gives better gains using a self-tuning controller [13]. The 

BAT optimization algorithm is used in the D-STATCOM. The feeder load is varied with 1% step size and the 

optimal allocation and sizing for D-STATCOM are calculated for each load step. This optimization method is 

verified on IEEE 33-bus and 69-bus radial distribution system [6]. The Artificial Bee Colony (ABC) algorithm is 

implemented in the D-STATCOM controller. The Bacteria Foraging (BF) method can be recognized just by [1, 

5]. This algorithm based on the haphazard search ways which tend to interruption in attainment the global 

resolution. 
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In the proposed work, the optimized controller of D-STATCOM device is used for voltage regulation. 

The GWO Optimization algorithm is utilized to obtain the gain of the controller. For voltage stability 

improvement and LFA, the D-STATCOM is utilized. The optimal placement of D-STATCOM leads to reduce 

power loss and improves voltage profile, which is the main goal of this work. LFA of the device is completed by 

Backward/Forward Sweep (BFS) techniques which estimate the voltage and angle at each bus.  The IEEE 30-bus 

structure is used to analyze the performance of the system [23-31]. The organization the further paper is given 

below: the proposed methodology of the D-STATCOM given in section 2. The distribution system is explained in 

section 3, the optimization algorithm is described in Section 4. In section 5, the simulation results are discussed. 

The conclusion of the paper is given in section 6. 

PROPOSED METHODOLOGY OF D-STATCOM 

D-STATCOM is a shunt device in which active and reactive power at the bus can be either injected or 

absorbed. To provide constant DC-link voltage D-STATCOM has an energy storage device. Since it turns like 

synchronous voltage source it can control bus voltage and power factor [32-37]. To raise the voltage profile in the 

bus DSTATCOM injects the required amount of current in the intersection point. The radial distribution system is 

connected with the coupling transformer. Backward/Forward Sweep (BFS) techniques are utilized to analysis 

system load. The conversation of reactive and active power through D-STATCOM. Figure 1 illustrates the 

methodology of D-STATCOM. 

 
Figure 1. Block diagram of D-STATCOM 
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The D-STATCOM continuously test the line waveform with the reference signal to minimize the voltage 

fluctuations. The controller parameter is tuned by using the HBF-GWO algorithm. D-STATCOM system contains 

voltage source converter (VSC), controller and a set of coupling reactors. The voltage source inverter is linked to 

the dc capacitor which is an energy storage device. D-STATCOM creates a manageable ac voltage from VSI. The 

transformer leakage reactance appears behind the AC voltage. Because of the voltage change through the 

reactance, there is a reactive and active power transfer among D-STACOM and power system. Point of common 

coupling (PCC) is where the power system and D-STATCOM are connected. Voltages and currents fed to the 

controller are associated with the reference then the controller executes the feedback control and the results are 

fed to the power system converter accordingly. At PCC, the magnitude of voltage value is more than voltage 

source amplitude then the D-STATCOM consumes the additional reactive power and supposes the magnitude of 

voltage value is less than the source amplitude then the D-STATCOM injects the reactive power by acting as a 

variable capacitor [38-45]. 

DISTRIBUTION SYSTEM 

Distribution system delivers the electricity to the customer from the transmission line, which is the ending 

point in the electric power transport. There are two types of the distribution system, which given as Ring Main 

Distribution System and Radial Distribution System and. The radial system is utilized in the distribution system 

because it is less expensive compared to the ring main system. 

BACKWARDS/ FORWARD SWEEP TECHNIQUES 

Considering a radial basis network, the backward/forward sweep techniques designed for LFA which is 

an iteration technique, two computation steps are accomplished per iteration: two sets of equations are utilized to 

resolve the problem of load flow in the distinct source network iterative. Each node power flow is estimated 

beginning from the least branch to the root node in the backward directions using the first set of equation. Each 

node voltage magnitude and angle value is estimated beginning from the root feeder node to the last node in the 

forward direction using another set of equation. 

Forward Sweep 

In the forward sweep, the values of power and voltage are updated which is starting from the feeder basis 

node to last nodes. Each node the voltage values are estimated in the forward direction and power value will be 

constant in the backward propagation. The actual voltage value is set as the feeder substation voltage.  

Backward Sweep 

In the backward sweep, the values of power and current are updated which is beginning from the least 

branch node to the root feeder node moving towards backward propagation. It takes the voltage of the previous 
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iteration during the power flow estimation in each branch. In the forward direction, the voltage values remain 

constant during the power flow calculation in the backward propagation through the feeder.   

The process of forwarding/backward sweep method is given below: 

 Calculation of branch current, the current summation techniques are utilized; 

 Calculation of power flow branches, the power summation techniques are utilized; 

 Calculation of admittance value in the node by node, the admittance summation techniques are utilized. 

In each iteration procedure, the backward/forward sweep techniques are modified inappropriately for the 

convergence analysis. Consider 2 nodes, between the nodes the branch is linked „k‟ and „k+1‟. Real (  ) and 

Reactive (  ) branch power in node „k' to node „k+1‟ is estimated backwards in the least node and represented 

below, 
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Figure 2. Flow chart for forwarding/backward sweep method 

Equations of magnitude and phase are utilized in the forward direction to determine the voltage and angle, 

correspondingly, each node of the radial distribution system. Firstly, the smooth voltage summary is expected at 

each node i.e., 1.0 pu. Power of each branch is estimated iteratively at each node. The flow of power is analyzed 

in backward direction and voltage is analyzed in the forwarding direction. Figure 2 represents the comprehensive 

process of the power flow estimation using a forward and backward sweep algorithm. 

OPTIMIZATION ALGORITHM 

The optimization techniques are utilized to found the optimum placement and size of D-STATCOM. Here 

gray wolf optimization algorithm (GWO) is used. 
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Grey Wolf Optimization (GWO) 

Gray wolf optimization algorithm based on hunting scheme of wolves. It considers the guidance 

hierarchy, migration operation and hunting scheme of the wolves. Grey wolf can remember the locations of the 

victim and to surround them.  The purpose of the wolf techniques is to live the wolf in a pack. GWO algorithm 

provides information about every search area of each iteration where the Evolutionary techniques eliminate the 

previous value data. Exploration is the process of enquiring the potential area of the search space where the 

exploitation is the local search ability around the regions receiving from the exploration process. 

 
Figure 3. Types of Grey Wolf 

Grey wolves are the top-line predators in the food pyramid. The order of the wolves can be classified as 

four types; they are alpha, beta, omega and delta shown in figure 3. Here the female wolves are the decision-

makers known as alpha and reinforce the command of alpha is said to be beta. The lowest rank orders in the grey 

wolf level which obey all orders of the upper-level wolves are called as omega. Delta wolves are dominant to 

omega and inferior to both alphas and betas. 

The Grey Wolf Optimization (GWO) algorithm filters redundant and irrelevant information by searching 

the optimal value. The selection operation is performed by considering the fitness value, and it is calculated and 

sorted from the minimize function. Then they followed packs are created arbitrarily to replace the emigration 

wolf. The optimal solution is improved by applying the GWO algorithm for optimization. 

The distance of the wolf and the victim can be calculated by using equation 4, 5 and 6. 
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Where           are the distances of        of the wolves. The remaining wolves values are given 

as   
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(  ⃗⃗⃗⃗  ⃗   ⃗⃗⃗⃗  ⃗   ⃗⃗⃗⃗  ⃗)

 
  (10) 

Where a, c, A are the controlling parameters in the algorithm r1 and r2 are the arbitrary variables. These 

random vectors will help the wolf to predict the victim at any point. The component vectors decrease as the 

iterations go longer. 

 
Figure 4. Flowchart of GWO algorithm 
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Figure 4 represents the flowchart of the GWO algorithm which performs the optimization of the roller 

bearing design by considering some benchmarks.  

The Grey Wolf Optimization algorithm is given below. 

1) Initialize the population of a wolf in the counter. 

2) Initialize the suitable values for the population. 

3) Initialize the search agent values. 

4) The fitness strength values are calculated for each wolf. 

5) Characterize the wolves based on the quality and rank among them as the best wolf. 

6) The grey wolves are arranged based on fitness strength. 

7) Update the values based on the GWO algorithm map. 

8) Update the positions of grey wolf depends on the number of iterations and the value of the wolf. 

9) Update the best fit values for each search and replace the worst fit values for each iteration. 

SIMULATION RESULTS AND DISCUSSION 

The 30-bus power system is considered, in which the amount of load bus is represented as    and the 

amount of generator bus is represented by   . The amount of bus in the power device will be represented as   

       . Bus-1 is reserved as a reference bus (slack bus). This method is similar to solving the set of non-

linear equations. In the LFA, at each iteration, we need to perform forward and backward process. 

IEEE 30-bus test system 

This device consisting of 30 buses and 29 branches. Network information, contains the resistance and 

reactance lines and loads linked to nodes are utilized to execute the LFA. Base network voltage is 11kV and the 

apparent power is 100MVA. IEEE 30-bus radial distribution system is presented in figure 5. 

 
Figure 5. IEEE 30-bus system 
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In IEEE 30-bus test system, contains 2 cases for analyzing the proposed techniques. 

1. Network without compensation 

2. Network with DSTATCOM 

 
Figure 6. D-STATCOM  

Figure 6 shows the subsystem of D-STATCOM. In the distribution static synchronous compensator, the 

Gate Turn-Off Thyristor(GTO) is used as a voltage source converter. Depending upon the DC capacitor input 

voltage, the AC output voltage is controlled in this type of VSC. The DC-link capacitor produces constant dc 

voltage to the VSC. 

 
Figure 7. D-STATCOM current and voltage (phase a) 



The Journal of Research on the Lepidoptera                                                                       Volume 51 (2): 801-817 

The Lepidoptera Research Foundation. June 2020   

ISSN 0022-4324 (print) ISSN 2156-5457 (online) 

 

811 

 
Figure 8. Inverter voltage (phase a) 

Figure 7 shows the D-STATCOM voltage and current waveforms. Here, the three-phase system is 

implemented which is denoted as a, b, c. The phase a voltage and current are shown here. The Simulink running 

time is set as 1. The inverter output voltage graph is shown in figure 8.  

 
Figure 9. Reactive current and reactive reference current 

Reactive current and reactive reference current is shown in figure 9.  The graph plotted against the current 

and time. The reactive and active power of the Bus system is represented in figure 10. The real and imaginary 

components are represented as the reactive and active power of the apparent power in the current components in-

phase and quadrature with voltage.  

 
Figure 10. Active and reactive power of Bus 
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Table 1. Voltage profile and angle in each bus with and without D-STATCOM 
Bus number Without  D-STATCOM With  D-STATCOM 

Voltage (pu) Angle (degree) Voltage (pu) Angle (degree) 

1 

5 

8 

10 

13 

15 

18 

19 

23 

25 

28 

30 

1.0600 

1.0100 

1.0100 

1.0134 

1.0710 

1.0184 

1.0040 

1.0018 

1.0010 

0.9988 

1.0078 

0.9799 

0.0000 

-14.2193 

-11.8857 

-15.5934 

-15.3533 

-15.9736 

-16.5673 

-16.4981 

-16.1781 

-16.1165 

-11.7839 

-17.9030 

1.0641 

1.0141 

1.0141 

1.0173 

1.0751 

1.0210 

1.0041 

1.0066 

1.0046 

1.0026 

1.0119 

0.9838 

0.0000 

-14.2213 

-11.8884 

-15.6000 

-15.3564 

-15.9459 

-16.4647 

-16.5314 

-16.1753 

-16.1201 

-11.7858 

-17.9082 

The voltage profile improvements can be mentioned in table 1. For each bus, the angle and voltage have 

been calculated and tabulated. Without D-STATCOM the voltage profile ranges from 0.9799pu to 1.0710pu. 

Thus the minimum voltage in the base case is 0.9799pu. With D-STATCOM the voltage profile ranges from 

0.9838pu to 1.0751pu. Most of the bus voltages after the D-STATCOM placement is improved and are within the 

range can be seen. Also, the angle calculation in each bus has been increased when the D-STATCOM is placed on 

various buses. 

 
Figure 11. Gray Wolf Optimization 
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Figure 11 represents the optimized value of the given benchmark attained by GWO techniques where this 

algorithm produces the best fitness strength and best optimal score when compared to the other optimizers.   

Table 2. D-STATCOM parameters after the D-STATCOM placement 
D-STATCOM 

placement Bus No 

Vsh  

(pu) 

Thst  

(degree) 

Qsh  

(pu) 

18 

19 

0.9947 

1.0045 

-16.4346 

-16.7895 

0.0526 

-0.0446 

Table 2 shows the voltage, power and angle in the D-STATCOM after the D-STATCOM placement in 

the IEEE 30-bus system. The optimal placement required for the D-STATCOM is calculated from the voltage and 

power values of the backward/forward sweep LFA. After placing D-STATCOM at the 18
th
 and 19

th
 bus, the 

voltage, angle and reactive power of the D-STATCOM is calculated and tabulated in table 2. 

 
Figure 12. Comparison of LFA with and without D-STATCOM 

The comparison of the LFA with D-STATCOM and without D-STATCOM is shown in figure 12. The 

graph is plotted against the voltage and the number of buses. The backward/forward sweep load flow analysis 

with D-STATCOM gives better result and the voltage level is the certain increment.  
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CONCLUSION 

In this paper, the GWO algorithm has been described for optimal allocation of D-STATCOM, to the 

reduction of power loss, improve voltage profile and voltage stability in the distribution system. Load flow 

analysis (LFA) is utilized for calculating the voltage profile, reactive power and active power in the 

backward/forward sweep distribution systems. The experimental analysis of the backward/forward sweep method 

can be presented. The distribution power flows are carryout through the backward and forward propagation 

iterative equation. The examination of branch power and node power using backwards and forward respectively. 

Also, IEEE 30-bus radial distribution devices are utilized to check the proposed system. 
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