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Abstract: The power quality (PQ) issue is get new measurement because of power system 

rebuilding and moving pattern towards distributed generation. PQ comprises of an expansive 

number of unsettling influences, for example, voltage sags, swells, harmonics, notch, flicker 

and so forth. To conquer these issues identified with the PQ, FACTS gadgets are presented. A 

distribution static compensator (D-STATCOM) is one of the FACTS gadgets makes it 

productive answers for enhancing the PQ in distribution system. So as to diminish the PQ 

issues, the D-STATCOM exhibitions are enhanced. In this paper, a Gravitational search 

algorithm (GSA) is proposed for enhancing the execution of D-STATCOM and remunerating 

the PQ. The algorithm is a recent improvement in the territory of nature enlivened calculations 

for worldwide streamlining. The proposed strategy is utilized for extricating the reference 

current for repaying the D-STATCOM and controlling the dc link voltage. The proposed 

technique based D-STATCOM is utilized for reducing the harmonic disturbances. In addition, 

the load balancing and reactive power compensation is accomplished. The proposed technique 

is executed in MATLAB/Simulink platform and its execution is assessed. The execution of the 

proposed technique is contrasted and the FLC controller and ANN controller. 
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1. Introduction 

 The fast growth and reputation of power electronics technology lead to wide use of industry 

loads which possesô power quality (PQ) issues [1]. The power quality is primarily exaggerated 

due to current harmonics introduced by the nonlinear loads into the distribution network. The 

PQ issues featured with harmonic distortion, low power factor and phase disproportion produce 

astonishing turbulence in the function of electrical equipment [2, 3]. Conventionally, static 

capacitors and passive filters have been employed to enhance PQ in distribution system. 

Nevertheless, these frequently have issues like fixed compensation, system parameters 

dependent performance and probable resonance with line reactance [4, 5]. Owing to this the 

capability to even out the transmission systems and to enhance PQ in distribution systems is 

showed [6]. Static synchronous compensator (STATCOM) is prevalently acknowledged as a 

consistent reactive power controller substituting traditional VAR compensators, like the 

thyristor-switched capacitor (TSC) and thyristor controlled reactor (TCR). This device endow 

with reactive power compensation, active power oscillation damping, flicker attenuation, 

voltage regulation [7, 8].  
  STATCOM is a component of Flexible AC Transmission Systems (FACTS) family that is 

associated in shunt with the power system [9, 10]. By controlling the magnitude of the 

STATCOM voltage, the reactive power interactions between the STATCOM and the 

transmission line control the quantity of shunt compensation in the power system [11-13]. The 

STATCOM is a power electronics device depends on the law of injection or absorption of 

reactive current at the point of common coupling (PCC) to the power network. The benefit of 

the  STATCOM  is  that  the  compensating  current does not depend on the voltage level of the  
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PCC   and    thus    the  compensating  current  is  not  minimized  as  the  voltage  drops.  The  

supplementary motive for choosing a STATCOM as an alternative of an SVC are on the whole 

superior operational features, faster performance, lesser size, cost minimization and the 

capability to give both active and reactive power, thereby providing flexible voltage control for 

power quality enhancement [14-16]. 

 Providentially, hybrid multilevel method makes available a high-quality tradeoff between 

waveform quality and switching loss. The control technique is not appropriate for STATCOM 

system for the reason that the dc sources are substituted by capacitors in the STATCOM 

system [17, 18]. This shortage can be overcome by, different intelligent optimization 

algorithms known as heuristic methods are implemented to solve PQ issues. Several of the 

sound admired optimization methods are evolutionary programming (EP), genetic algorithm 

(GA), simulated annealing (SA), differential evolution (DE), particle swarm optimization 

(PSO) and artificial bee colony (ABC), etc. In recent times, a harmony search algorithm (HSA) 

was urbanized for instantaneous reduction of total cost, the voltage stability index and voltage 

profile and power loss using shunt capacitors, static VAR compensator (SVC) and STATCOM 

[19]. The most significant and recurrently happen PQ problems in wind power are sags, swells 

and harmonics. The Adaptive neuro fuzzy inference systems (ANFIS) based STATCOM 

alongside with the three phases harmonic filter are employed in the system to lessen the above 

specified power quality problems [20].The rest of the document flows through the following 

phases. The proposed control strategies are made cleared in section 3. The most recent research 

works are disputed in section 2. The results and discussion of the proposed strategy is 

described in section 4. The section 5 finishes the document. 

 

2. Recent Research Works: A Brief Review 

 Numerous research works are already existed in literature which based on PQ problem 

compensating utilizing D-STATCOM. Some of them reviewed here. 

 Soumya Mishra et al. [21] have anticipated a low ranking photovoltaic fed enhanced hybrid 

distributed static compensator (D-STATCOM) for the recompense of harmonics and reactive 

power. The system convince the load active power requirement with minimized power rating 

of the photovoltaic source for same load rating as contrasted with the standard L or LCL filters. 

The system was replicated and controlled by assuming the non-linearity of the system. A dc 

voltage droop regulator was utilized to control the power flow from solar system and to 

preserve dc link voltage. Switching pulses for inverter was produced by employing using 

sliding mode controller to make the system robust.  

 M.R.Qader [22] has depicted an innovated systematic scheme on the basis of optimal 

control and tracking with a PI (proportional integral) controller, to control complete flow of 

load and voltage sags/flickers; while neglecting harmonics concurrently, the preferred steady 

state behavior, and a linear quadratic tracker. Freshly developed FACTS (flexible alternating 

current transmission system) give steadfast solutions to turn away these problems in power 

quality. Owing to the enhancements in these solutions, some serious problems have been come 

to spectacle pertaining to power quality, dependability and durableness. The most effectual and 

potential expertise among lately developed FACTS devices were STATCOM and UPFC 

(unified power flow controller) that could appreciably improve the functions of power systems 

and connected power quality issues.  

 S.M.Abd-Elazimet al. [23] have projected a metaheuristic technique, the Cuckoo Search 

(CS) algorithm, depends on the life of a bird family for optimal design of STATCOM in a 

multi-machine surroundings. PV curves were demonstrated to evaluate the most excellent site 

of STATCOM. The STATCOM attributes tuning issues was transferred to an optimization 

problem which was unraveled by CS Algorithm. The performance of the CS depend 

STATCOM was contrasted with Genetic Algorithm (GA) based STATCOM and open loop 

STATCOM under different operating conditions and turbulence.  



 

 

 Abdul Balikci et al. [24] have explained a 3-phase, delta-connected, 5-level Static 

Synchronous Compensator with AC to DC converter for load balancing in three-phase systems. 

The level shifted carrier based sinusoidal pulse width modulation (SPWM) technique was 

employed as the switching method. This converter has fewer number of power switches than 

traditional H-bridge structure and it can be controlled from the standard PWM ports of 

microcontrollers. The control algorithm based on series decomposition of load current and 

reimbursement of its negative sequence element in addition compensation of imaginary 

component of positive sequence.  

 Bhim Singh et al. [25] have depicted the modeling and execution of a three-phase D-

STATCOM utilizing STF (Self Tuning Filter) based IRPT (Instantaneous Reactive Power 

Theory) control algorithm for power quality enhancement. It was employed for harmonics 

neglect ion, load balancing and reactive power reimbursement at indistinct PCC (Point of 

Common Coupling) voltages under nonlinear loads. An adaptive fuzzy logic controller was 

employed to control the dc bus voltage of VSC based D-STATCOM to enhance the response 

and to minimize the overshoot and undershoot of traditional PI (Proportional-Integral) 

controller under unbalanced loading conditions and supply voltage fluctuations.  

 The universal appraisal presents  the PQ issues connected to the STATCOM linked load 

based on the several methods such as Artificial Neural Network (ANN), Fuzzy Logic Control 

(FLC), GA, PSO, CS and ABC have been recommended. The ANN method possesses its own 

advantages and limitations. The performance of the system is enhanced by ANN based 

controller, but the key issue of this controller is the long training time, the selecting number of 

layers and the number of neurons in every layer. The FLC has received much concentration in 

control applications. In disparity with the traditional methods, FLC formulates the control 

action of a plant in conditions of linguistic rules pinched from the characteristics of a human 

operator rather than in terms of an algorithm amalgamated from a model of the plant. 

Nevertheless, it can be designed on the foundation of linguistic information achieved from the 

previous knowledge of the control system and gives superior performance outcomes than the 

traditional controllers; a hard work is foreseeable to get the effectual signals when designing 

FLC. Global optimization methods have been employed to STATCOM design issues. Optimal 

design of STATCOM via GA is grown but, it necessitate a very long run time depending on 

the size of the system. Furthermore, it gives rise to replicate revisiting of the similar suboptimal 

solutions. STATCOM attributes tuning utilizing PSO, but it caution from the partial optimism. 

Furthermore, the algorithm cannot work out the issues of scattering and optimization. 

Furthermore, the algorithm experience slow convergence in sophisticated search phase, weak 

local search ability and algorithm may show the way to probable setup in local minimum 

solutions. Robust methods have been also employed for STATCOM design, but these 

techniques are iterative, sophisticated and the system doubts should be performed in an 

extraordinary format. On the other hand, the order of the controllers is as far above the ground 

as that of the plant. This provides rise to multifaceted structure of such controllers and 

minimizes their applicability. ABC is developed to design STATCOM controller, but it is 

sluggish to converge and the procedures of the examination and development disagree with 

each other, so the two abilities should be well balanced for obtaining good optimization 

performance. A comparatively novel evolutionary calculation algorithm, called Bacteria 

Foraging (BF) scheme has been developed. The BF algorithm depends on random search 

instructions which may lead to delay in achieving the global solution. To conquer these issues 

we require an improved controller based optimization algorithm.In the paper, an enhanced 

control strategy is proposed to improve the performance of the D-STATCOM thereby 

improving the PQ of nonlinear load. The proposed control strategy is based on the GSA. The 

detailed analysis of the proposed method based D-STATCOM is described as below. 

 

 

 



 

 

3. Overview of D-STATCOM  with proposed control algorithm 

 In the paper, the GSA method is proposed for enhancing the performance of D-STATCOM.  

Figure 1 portrays a schematic diagram of a three-phase VSC based DSTATCOM linked to a 

three phase biased voltages of AC mains feeding nonlinear loads with a source impedance. The 

three phase source voltages, source currents and load currents are characterized 

as
a
sV ,

b
sV ,

c
sV ,

a
sI ,

b
sI ,

c
sI  and 

a
L

I ,
b
L

I ,
c
L

I respectively. Consequent to that, the projected 

controller is engaged for calculating the reference currents (
*
caI ,

*
cbI ,

*
ccI ) with the help of the 

inverter to produce the compensation currents (caI , cbI , ccI ). The dc bus voltage ( dcV ) of 

VSC utilized in DSTATCOM and the inductors are1L , 2L , 3L utilized.  Competence of the 

compensator relies on the precision of extracted basic dynamic power and reactive power 

sections of load currents. Interfacing inductors (Lf) are related to AC revenue of the VSC for 

lessening ripple in recompensing currents [26]. A three phase preparation related capacitor and 

a resistor as an inactive swell channel is used at PCC parallel to the loads to greater frequency 

switching noise at PCC voltages brought on due to the swapping of VSC. The DSTATCOM 

recompensing currents are inoculated to cancel the reactive power constituents and harmonics 

of the load currents [27]. For a fruitful operation of DSTATCOM, it is significant to uphold 

constant DC capacitor voltage of VSC of DSTATCOM. It is recognized using a GSA based PI 

controller. The comprehensive investigation of the projected GSA based p-q method is used for 

extracting the reference currents for extenuating the PQ. Following to this, the gate signals for 

the D-STATCOM are produced.  

 
Figure 1. Block diagram of proposed method based D-STATCOM 

 

The three phase voltages are specified as the following,  
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