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Abstract 

Progressing load demand has been identified as one of the factors that 

can cause an increase of transmission loss. Thus, compensation scheme 

is an important remedial action to ensure smooth delivery of electricity 

to the consumers. Among the popular remedial action is the installation 

of Distributed Flexible Alternating Current (D-FACTS) which can 

reduce the losses in transmission systems. In this paper, Distribution 

Static Compensator (D-STATCOM) is chosen as the compensation 

device, aims to reduce the total losses by injecting reactive power into 

the network. An integrated optimization technique is proposed to 

perform loss minimization in a reliability test system model. This 

proposed technique integrates the operator in multi-verse optimization 

technique (MVO) into the traditional Evolution Programming (EP), 

termed Integrated Multi-Verse Evolutionary Programming (IMVEP). 

The proposed IMVEP was then implemented to solve transmission loss 

control, where the sizing process of D-STATCOM was solved using 

IMVEP. Validation was conducted on the IEEE 30-Bus Reliability Test 

System (RTS). A comparative study was conducted with respect to the 

traditional EP, resulting in convincing results. 

 

Keywords: - D-STATCOM, Computational Intelligence, Evolutionary 

Programming, Loss Minimization, Optimization. 
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Introduction 

In this modern era, the transmission system is the important energy carrier in the power system 

so that the consumers can go on with daily life activities. In an electrical power system, there 

are three main sections which are the generation system that produce electricity, while the 

transmission system transports energy from the generation system and the distribution system 

supply the electricity to the loads for example home and industrial buildings. Unfortunately, 

several incidents can happen during the process, for example, the increase of power quality, 

events unstable voltage phenomenon, and the power losses. Many engineers come with new 

ideas to overcome these problems. One of the methods that can solve this problem is 

Distributed Flexible Alternating Current Transmission System (D-FACTS) installation. D-

FACTS units directly connects the transmission lines and the function of the device is to 

control effective line impedance dynamically. Distribution Static Compensator (D-

STATCOM) is one of the D-FACTS devices. By injecting or absorbing the reactive power, D-

STATCOM can keep the reactive current stable at low voltage and have excellent operating 

features[1]. 
Research work is being carried out by many researchers for finding the optimal location and 

sizes of D-FACTS devices. There are a lot of mitigation techniques to overcome the problem 

in the transmission system by using D-STATCOM. All these methods can be classified into 

four categories which are metaheuristics techniques, analytical techniques, sensitivity 

approaches techniques, and artificial neural network-based techniques. 

The metaheuristics technique is quite often used by many researchers for the mitigation 

techniques in the transmission system by using D-STATCOM. Those were dynamical, 

population-based optimization algorithms that are typically effective in the handling of 

multimodal, multi-objective, confidential, and constrained environments. Taher and Afsari [2] 

proposed a DSTATCOM immune algorithm for suitable location and size for reducing energy 

loss, expense, power instability, and optimize voltage profile. On the other hand, Devi and 

Geethanjali [3] have calculated the placement of D-STATCOM using particle swarm 

optimization algorithm. Analytical techniques consisting of simple algorithms used in the 

deprivation of efficient computational resources. The objective of applying research 

techniques for the optimal allocation of D-STATCOM is the same as other techniques which 

aim to find the best alternatives before considering the non-linearity and complexity of the 

problem. Any approximations to these algorithms should also be applied to minimize the 

computational phase. Hosseini and Shayanfar [4] have developed mathematical modelling and 

have chosen the perfect position for both D-STATCOM and SSVR in the sense of voltage 

mitigation problems in the distribution network. The model D-STATCOM is developed from 

the load flow software. In this model, the rating and direction of the reactive power injection 

referred to as D-STATCOM [7-24] for voltage compensation at the desired value (1.00 p.u.) 

are derived. Nowadays, the Artificial neural network (ANN) technique makes many 

researchers interesting in it. The artificial Neural Network (ANNs) technique is the 

combination of mathematical models that are strongly driven by the structural features of 

biological neural networks. The advantage of using this technique is that ANNs have a great 

ability to learn and interpret data features. There are 7 types of Artificial Neural Networks 

(ANN) such as modular neural networks, feedforward neural networks, radial basis function 

neural networks, Kohonen self-organizing neural networks,      Recurrent Neural Network 

(RNN), convolutional neural networks, and long/short term memory. Few researchers use the 

Artificial Neural Network (ANN) technique for the installation of D-STATCOM for example 
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in [5], the author used the ANNs based technique to find a suitable place for D-STATCOM 

and DVR in the distribution system. In detail, the method used in [5] is a feedforward neural 

network. Unfortunately, the authors did not provide comparative studies with other techniques. 

Other important optimization technique is the ant colony optimization (ACO), which has 

broad application [25]. Other possible application of ACO is the use of ACO in pipeline 

network system, which involved modelling and optimization. This is also possible to be 

utilized for D-STATCOM installation problem. 

     This paper presents a computational intelligence-based technique for optimal placement of 

D-STATCOM [6-24] in transmission loss control in a power system. In this study, a new 

optimization technique termed as Integrated Multi-Verse Evolutionary Programming 

(IMVEP) is proposed. The proposed IMVEP was then implemented to solve transmission 

control, where the sizing process of D-STATCOM was solved using IMVEP. Validation was 

conducted on a reliability test system (RTS), namely the IEEE-30-Bus RTS. Comparative 

study was also conducted with respect to the traditional Evolutional Programming. 

Furthermore, in the later section, the alternative solution followed by the findings will be 

addressed and the inference in the last section. IMVEP was   proposed to solve the current 

weakness in Evolutionary Programming (EP). So, the element in Multiverse Optimization 

(MVO) can achieve a better solution in terms of convergence capability.  

 

Methodology 

A. D-STATCOM Modelling 

     Figure 1 illustrates the modelling of the D-STATCOM. It can be modeled as the source 

inverter, energy storage, and transformer. In general, D-STATCOM can be modeled either to 

inject reactive power, inject active power, or both. Thus, a designer has the option to do any 

necessary scheme. In general, the following strategies have been identified as the important 

factors in the placement of D-STATCOM: 

• Reduction of power loss 

• Improved voltage profile 

• Improved performance 

• Reduction of costs 

• Increase the performance of load balance 

• Reduction of Total Harmonic Distortion (THD) 

 

In addition, the following variables have been chosen to minimize the issue of equality or 

inequality constraints: 

• Limitation of voltage deviation 

• Balance of power 

• Limitation of current 

• Compensation of reactive power 

• Limitation incapacity of D-STATCOM 

• Limitation of costs 
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Figure 1: Single line diagram of D-STATCOM 

 

The following equation can be written for the simple transmission lines. 

 

                                (1) 

 

The equations change to the following form after installing the D-STATCOM at bus j, as 

seen in the Figure 2 

  

    (2) 

 

As an outcome, the injected reactive power can be calculated using the formula: 

 

      (3) 

 

The correlation between D-STATCOM's current and reactive power injection: 

 

             (4) 

 

     It should be noted that DSTATCOM current and reactive power injection change with 

voltage at the injection site before reaching its optimum reactive rating. 
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Figure 2: Phasor diagram after installation of D-STATCOM 

 

There are two main parts in the D-STATCOM [18-24] with specific functions: 

a) Voltage source converter – to convert an alternating current input voltage to a three-phase 

output voltage at the fundamental frequency.  These voltages are in sync and are coupled with 

the alternating current system via the coupling transformer's reactance. The effective 

coordination of active and reactive power exchange between the DSTATCOM and the ac 

system is enabled by appropriate modification of the phase and magnitude of the D-

STATCOM output voltages. 

b) Controller – to control the generator so that the amplitude of the reactive current is guided by 

reference current.  

 It also consists of a DC storage device and coupling transformer connected in shunt to 

the distribution networks. 

 

B. Optimization Techniques 

I. Proposed Integrated Multiverse Evolutionary Programming (IMVEP) 

     The Integrated MVO-EP algorithm or simply termed as IMVEP, is a nature-inspired 

algorithm that resembles a present multi-versus theory that many researchers are familiar 

with [6], [8-15]. It was assumed that there would be many big bangs, which would aid in the 

formation of a new universe. According to the multi-versa theory, such new multi-universes 

will collide and interact with one another. The evaluation procedure is separated into two 

stages: exploitation and exploration. The white hole, black hole, and wormhole are MVO's 

three main theories. 

     A white hole is a big bang that does not exist in the cosmos and is thought to be the 

primary source of the universe. The universe detects the black hole that will draw the 

universe's objects in. The wormhole, on the other hand, is a passageway between two 

universes that serves as a time/space travel tunnel via which items can transit from one reality 

to another to any area of the universe. Each universe has an inflation rate that contributes to 

its expansion. The inflation rates are used to calculate the fitness value. The Wormhole 

Existence Probability (WEP) and Travelling Distance Rate (TDR) formulae [7] are used to 

modify the universe's location. 
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                 (5) 

 

     Where max and min are constants (min = 0.2, max = 1), and P = 0.6 represents the 

exploitation accuracy constant. It is worth noting that the best universe has more WEP values 

and fewer TDR values [7]. 

 

     The values of WEP and TDR are already stated in [7] where the value of WEP is 0.8 while 

the value of TDR is 0.0005 and the value of each r2 is multiplied by 0.8. These values are 

used in the programming. The main equation of this MVO algorithm is stated as: 

 

 
Figure 3: Flowchart of IMVEP 
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            (6) 

 

     The flowchart of IMVEP is illustrated in Figure 3. IMVEP goes through several process 

such as initialization, fitness, mutation, selection and convergence test. For the mutation 

process equations (5) and (6) will take part. For IMVEP technique, only sizing and losses are 

considered. Figure 3 exhibit the flowchart of IMVEP dedicated in determining the optimal 

sizing of D-STATCOM. The locations of D-STATCOM are set at bus 14 and 26. If the value 

of losses and sizing are not converged, the loop are repeated until all the values of sizing and 

losses are converged. 

 

II. Evolutionary Programming (EP) 

     As mentioned in the previous section, EP involved initialization, fitness calculation, 

statistics, mutation, and selection. Detailed explanations of each procedure are described in 

the subsequent sections. The overall EP process is represented in the form of a flow chart as 

illustrated in Figure 4. 

 

i. Random Number Generation 

     The initialization process in EP was conducted by generating a series of random numbers 

using a uniform distribution number generator. To estimate the minimum losses, the random 

number represents the reactive power loading at a particular load bus. The number of 

variables depends on the number of particular load buses. Since the objective of adopting EP 

is to achieve the minimum losses using accelerated search technique, therefore the parameter 

would be only the reactive power on one load bus. Some constraints must be set at the 

beginning so that the EP would only generate random numbers that satisfy some pre-

determined constraints.  For minimum losses identification, four constraints were identified 

i.e., two for location and the other two are for sizing. The losses value calculated using the 

generated random numbers must be smaller than loss_set value to indicate that the fitness 

value is reduced as the objective function is the minimization of total transmission loss.  

 

ii. Fitness Calculation and Statistical Evaluation 

     In this study, loss value is taken as the fitness function, which needs to be minimized and 

it was calculated by solving the ac load flow program. It was done by calling the load flow 

program into the EP main program. Thus, in this problem, the objective function was not 

going to be a single mathematical equation but rather a subroutine that is executed 

accordingly in the EP main program. Subsequently, evaluation of maximum, minimum, sum, 

and average of fitness would be carried out which would be utilized in the mutation process.  
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iii. Mutation 

     The mutation was performed on the generated random numbers, xi to produce the 

offspring. The mutation process was implemented based on the following equation: 

 

                                      (7) 

 

                         (8) 

 

where:  

  xi+m, j  = mutated parents (offspring) 

  xij  = parents 

N  = Gaussian random variable with mean m and variance g2 

b  = mutation scale, 0<b <1 

xj max  = maximum random number for every variable 

 
Figure 4: Flowchart of Evolutionary Programming 
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xj min  = minimum random number for every variable 

fi  = fitness for the ith random number 

fmax  = maximum fitness 

 

     The mutation scale b could be manually adjusted to achieve better convergence. A large 

value of b implies a large search step, which causes slow convergence of the EP leading to 

large computational time and vice versa. The b value was determined by using the heuristic 

technique that could produce the best result. 

 

iv. Selection 

     The offspring produced from the mutation process was subsequently combined with the 

parents to undergo a selection process to identify the candidates to be transcribed into the 

next generation. Two selection strategies were tested namely the priority selection and pair-

wise comparison. In the priority selection strategy, the populations were sorted in descending 

order according to their fitness values since the objective function is to obtain the minimum 

losses.  

     On the other hand, in the pair-wise comparison strategy; ten opponents were randomly 

generated for every combined population. Opponents underwent a tournament process with 

the combined populations via pair-wise comparison and the number of wins was calculated 

for every element in the combined population. These populations were sorted in descending 

order according to the number of wins. The first half population was then transcribed for the 

next generation. Comparing the two selection strategies; the priority selection provides a 

better result and therefore it is employed in the selection process of the developed EP. 

 

v. Convergence Test 

The convergence test is important to determine the stopping criterion of the evolution. The 

pre-determined accuracy is normally dependent on the problem orientation. The convergence 

criterion is duly specified by the difference between the maximum and minimum fitness   

0.0001. If it is not reached, the process will be repeated.  

 

maximum fitness – minimum fitness            (9) 

 

Result and Discussion 

This segment consists of the findings of the intended method which are Evolutionary 

Programming (EP) and  Integrated Multi-verse-Evolutionary Program (IMVP) that has been 

validated on the IEEE-30-Bus RTS. It started with the simulation using EP followed by 

IMVEP. The analysis has been carried out in MATLAB version 9.4 on Windows 10 Intel® 

CoreTM i5 Processor, 1.6 GHz, RAM 12 GB. The results are explained in this section. 

 

A. Evolutionary Programming (EP) 

B. In Evolutionary Programming (EP), there are 2 D-STACOMs used. Four variables have 

been used in EP. The first two variables x1 and x2 are used to represent the D-STATCOM 

locations, while x3 and x4 are used to represent the sizing of D-STATCOMs. These variables 
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are the perimeters that controlled the optimization process for the purpose of minimizing the 

transmission loss in the system. Two cases have been considered in this study. Case 1 

represents the load variation at bus 20 indicated by the variation of Qd20, while case 2 is the 

condition for reactive variation at bus 18, Qd18. For both cases, the value of the load bus varies 

from 10 Mvar to 100 Mvar. The initialization process produces a random number known as 

the value without the placement of D-STATCOM. Then, the fitness and other processes occur 

for the placement and sizing of D-STATCOM. Table 1 and Table 2 tabulate the results of 

losses in the system with the installation of D-STATCOM when load at buses 18 and 20 were 

gradually increased.  

From Table 1, EP managed to reduce the transmission loss for Case 1 when the load bus at 

Qd20 is increased from 10 MVAR to 100 MVAR in stages. In general, at all loading condition 

shows loss reduction with the D-STATCOM installation. χ1 and χ2 represent the locations for 

the D-STATCOM, while χ3 and χ4 are the sizing of D-STATCOMs to be installed in the 

system for loss minimization. The reduction of loss value is very significant especially at the 

highest loading condition, i.e. Qd20=100 MVar. In Table 1; when Qd20 is subjected to reactive 

load variation of 100 MVar, the loss has been reduced from 42.6276 MW to 24.6690 MW. 

This will require 54.9792 MVar at Bus 22 and 71.8517 MVar at bus 18 to be installed in the 

system.  

 

 

 
In Table 2; when Qd18 is subjected to reactive load variation of 100 MVar, the loss has been 

reduced from 72.3095 MW to 18.9050 MW. This will require 9.4788 MVar at Bus 26 and 
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147.2030 MVar at bus 18 to be installed in the system. The reduction of loss is very 

significant. Figure 5 and Figure 6 show the pattern and difference when D-STATCOM is 

installed. In general, as shown in Figure 5; with the implementation of EP as the optimization 

technique in minimizing the loss exhibits low profile as compared to the case before EP was 

implemented. It implies that after EP was implemented, D-STATCOM was also installed in 

the system. 

 
 

Figure 5: Profile of losses before and after EP implementation for Case 1 when the load bus is 

increased at Bus 20. 

 

 
 

Figure 6: Profile of losses before and after EP implementation for Case 2 when the load bus is 

increased at Bus 18. 
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In Figure 6, similar phenomenon can be experienced as those observed in Figure 5. With the 

implementation of EP as the optimization technique in minimizing the loss exhibits low 

profile as compared to the case before EP was implemented. It implies that after EP was 

implemented, D-STATCOM was also installed in the system. 

 

C. Integrated Multiverse Evolutionary Programming (IMVEP) 

The initialization part of IMVEP is the same as Evolutionary Programming. In means that 

both EP and IMVEP may use the same random numbers during initialization. The 20 

individuals generated during initialization process are the beginning of the whole optimization 

process. However, the placement of the D-STATCOM is fixed at buses 14 and 26 due to the 

complicated of the programming codes which determined the performance of the 

convergence. The optimization using IMVEP was conducted for the sizing of the D-

STATCOM only, while the locations are fixed at both two buses. From Table 3, 20 

individuals were randomly generated which managed to achieve all loss values lower than the 

loss-set of 18.2559 MW, i.e. the value before D-STATCOMs were not installed. χ3 and χ4 are 

the 2 variables for the sizing of the D-STATCOM. They are all very random in nature. Using 

IMVEP as the optimization technique, IMVEP managed to achieve the optimal solution 

indicated by the converged solution of χ3 and χ4. The first sizing of the D-STATCOM is 3.9267 

MVar, while the second sizing is 8.5952 MVar to achieve minimal loss value of 18.1055 MW. 

This value is lower than the loss-set value of 18.2559 MW, before 2 units of D-STATCOM 

were installed in the system at buses 14 and 26. 

 
From Table 4, 20 individuals were randomly generated which managed to achieve all loss 

values lower than the loss-set, i.e. the value before D-STATCOMs were not installed. χ3 and 
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χ4 are the 2 variables for the sizing of the D-STATCOM. They are all very random in nature. 

Using IMVEP as the optimization technique, IMVEP managed to achieve the optimal solution 

indicated by the converged solution of χ3 and χ4. The first sizing of the D-STATCOM is 3.5994 

MVar, while the second sizing is 5.8943 MVar to achieve minimal loss value of 19.6418 MW. 

This value is lower than the loss-set value of 19.7678 MW, before 2 units of D-STATCOM 

were installed in the system at buses 14 and 26. These 2 tables (Table 3 and Table 4) indicate 

the capability of the proposed IMVEP to minimize the total transmission loss in the system 

when 2 units of D-STATCOMs were installed in the system. Even the results of loss reduction 

was not high, but is it is duly acceptable and significant. 

 

Conclusion 

     This paper has presented a computational intelligence-based technique for optimal 

placement of D-STATCOM in transmission loss control in power system using a new 

optimization technique. IMVEP has been proposed to solve the D-STATCOM installation 

schemes to minimize the loss in the system. Results obtained from the study revealed that the 

proposed technique is worth in performing the optimization process and comparable with EP. 

Table 4: Results during initialization process and converged solution  

when Qd20=40MVar, solved using IMVEP 

No 

Initialization Process Results for Converged Solution 

χ3  

(MVar) 

χ4 

(MVar) 

Losses 

(MW) 

χ3 

(MVar) 

χ4 

(MVar) 

Losses 

(MW) 

1 2.9738 8.6600 19.6534 3.5994 5.8943 19.6418 

2 3.5924 5.8833 19.6418 3.5994 5.8943 19.6418 

3 5.5846 0.2609 19.7002 3.5994 5.8943 19.6418 

4 5.4737 9.9399 19.6617 3.5994 5.8943 19.6418 

5 4.9527 4.4546 19.6452 3.5994 5.8943 19.6418 

6 6.2630 2.0352 19.6735 3.5994 5.8943 19.6418 

7 4.8940 7.9559 19.6460 3.5994 5.8943 19.6418 

8 4.6590 1.5128 19.6620 3.5994 5.8943 19.6418 

9 1.3742 15.7979 19.7664 3.5994 5.8943 19.6418 

10 2.4019 0.9761 19.6952 3.5994 5.8943 19.6418 

11 3.2707 14.2040 19.7090 3.5994 5.8943 19.6418 

12 1.3788 12.5867 19.7158 3.5994 5.8943 19.6418 

13 5.0254 1.3649 19.6654 3.5994 5.8943 19.6418 

14 9.2753 5.8654 19.7371 3.5994 5.8943 19.6418 

15 0.6547 8.9720 19.7018 3.5994 5.8943 19.6418 

16 0.9255 6.1501 19.6851 3.5994 5.8943 19.6418 

17 9.2412 4.1854 19.7396 3.5994 5.8943 19.6418 

18 1.3074 8.3864 19.6807 3.5994 5.8943 19.6419 

19 1.1760 3.0173 19.6874 3.5994 5.8943 19.6418 

20 5.1294 8.7010 19.6508 3.5994 5.8943 19.6418 

Loss_set: 19.7678 MW 
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Further exploration can be implemented using the proposed IMVEP technique with 

considerable alteration in the algorithm and the developed optimization engine. Some 

parameters adjustment or tuning can be done to achieve better results. 
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