
INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 05, MAY 2020       ISSN 2277-8616 

188 

IJSTR©2020 

www.ijstr.org 

A Comprehensive Review On Custom Power 

Devices 
 

R. Pavan Kumar Naidu, S. Meikandasivam 
 

Abstract: The power quality issues are very high in the modern-day distribution network. The power quality issues are mainly caused due to unbalanced 

networks, faults, coordination mismatch between the control stations, high usage of the power electronic devices due to these problems the issues like 

voltage sag, swell and harmonics are presented in the distribution networks. To avoid the power quality issues the custom power devices (CPD’s) are 

incorporated in the distribution networks. This paper presents a review on the different types of CPD’s  present in the system. Here the distributed static 

compensator (DSTATCOM), dynamic voltage restorer (DVR), unified power quality conditioner (UPQC) are presented. In this paper, the detailed review 

is given for these devices based on their topologies (depends on the structure of the device), control algorithms and controllers. For the distribution 

network the optimal sizing and to identify the location of the devices are explained with different types of optimization techniques. Finally, a case study 

has been done on these CPD’s, for this the IEEE-33 bus system has been taken and which CPD is showing better performance in terms of voltage 

compensation and harmonic reduction has been done. 

 

Index Terms: Power quality, DSTATCOM, DVR, UPQC, CPD’s, artificial neural network, optimization techniques.   

———————————————————— 

1 INTRODUCTION                             
The usage of power electronic devices and critical loads have 

been continuously increasing in the field of power sector 

during the past few decades. More the number of sensitive 
loads, more the deterioration of the quality of power supplied 

to the consumers. Power quality reduction has become a 

critical issue to be handled very carefully; since the quality of 

the power defines the quality of human life. Moreover, the 

power quality reduction, worsens the financial status, creates 

interference with communication lines, power loss, production 

as well as data loss. The existing power quality issues are: 

voltage sags, voltage swells, voltage harmonics, fluctuations 

(flickers), interruptions, and unbalance. Among them, the 

voltage related issues need to mitigated since it directly affects 
the sensitive loads that eventually have an impact on 

customers. The power quality issues occurring with respect to 
voltage include voltage sags, voltage swells, voltage 

harmonics. Hence maintaining the power quality on the 

consumer side within the permissible limits still remains as a 

challenging task. For better understanding Farhadi-Kangarlu 

et al. [1] have discussed on the adverse effects of poor power 

quality elaborately. The power quality has to be maintained 

within the prescribed IEEE limits [2], if not there will be issues 
like increased power loss, malfunction of equipment, 

interference with communication lines [3]. Especially the 

technological revolution in the field of power electronics 

enhanced the usage of renewable energy sources (RES) more 
efficiently. EWEA reports that wind resource is one of the most 

popular renewable sources that provides 12% of the worlds 
electrical power demand [4]. The solar energy provides 26% of 

the worlds electrical power generation. The contribution of 
wind energy systems and solar systems in electrical power 

generation is increasing continuously. However, the 

intermittent nature of the RES makes this source less reliable. 

Moreover, the integration of this unreliable resource needs to 

considered so as to avoid the following issues: monetary 

collapse owing to process down-time, operational losses, 

unemployed manpower and some other serious 

circumstances. The power conditioning circuits should give a 
fast response to the disturbances produced in the grid without 

damaging the load. To limit the adverse effects of voltage 

disturbances on the critical loads, various solutions have been 

identified and presented [1]. One of the best effective solution 

is utilizing the power electronic devices as compensators. 

These compensators consist of combination of series, parallel 

and series-parallel compensators that are commonly called as 
custom power devices. DSTATCOM is basically inverter 

connected in parallel to three phase supply system via a 
coupling transformer at PCC [2,5]. The DSTATCOM compares 

line voltage with the reference voltage, and injects the 
essential lagging or leading reactive current to stabilize the 

voltage issues.  DSTATCOM has two control modes, injects 

harmonic and reactive components in current control mode. 

Another mode will regulate the load voltage in voltage control 

mode. A DVR is a power-electronic device inserted between 

the source and critical loads via a transformer injecting 

required voltage so as to rectify the negative effects of the 

sensitive load [1]. This series connected solid state converter 

is basically a VSI meant for mitigating detrimental effects of 

power quality issues [6-7]. The UPQC integrates shunt and 
series active power filter (APF) functionalities to attain superior 

control over various power quality issues simultaneously [8-9]. 

UPQC is also capable of compensating the harmonic current 

and regulating the load voltage with the aid of back to back 

connected shunt and series voltage source converter, 
respectively. This paper is organized as follows, section 2 

describes the topologies introduction. Section 3 describes the 
DSTATCOM operation, topologies and review of control 

strategies, in this section different types of topologies are 

presented based on their connection and structure. Section 4, 

describes the DVR operation, topologies and review of control 
strategies are presented. Section 5 describes the UPQC 

operation, topologies and review of control strategies are 
presented. Section 6 deals with the control algorithms and 

controllers were used for CPD’s, the detailed discussion has 
been done on the controllers. Section 7 deals with the optimal 

size and location of DSTATCOM, DVR, UPQC and some 

methods have been discussed those are analytical, artificial 

neural network (ANN), metaheuristic, sensitivity approaches, 

sensitivity-based metaheuristic methods. Section 8 deals with 

the case study has been done on the IEEE-33 bus system has 
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been taken and the fault (i.e., sag) has been applied to the 

system. By comparing the CPD’s such as DSTATCOM, DVR, 
UPQC, which CPD will compensate the voltage and suppress 

the harmonics and can bring the system to normal position. 

The last section is conclusion followed with the references. 

 

2 TOPOLOGIES INTRODUCTION 
The distribution of AC power to the customers starts from the 

substation or from the generating station. But the presence of 
non-linear loads and power converters on the distribution side 

results in the power quality issues like harmonics, voltage sag, 
swell, voltage fluctuation that results in the degradation or 

malfunctioning of equipment like transformers, switchgears 

etc. The DSTATACOM, DVR, UPQC provides solution for the 

power quality issues and limitations that are existing in the 
power distribution systems with the application of power 

electronics devices for reactive power control. Various 
topologies can be realized to design a DSTATCOM, DVR, 

UPQC and it is majorly classified based on: 1. Distribution 

system (3P3W and 3P4W), 2. Arrangement of the power 

electronic switching devices, 3. Type of converter utilized. 

Furthermore, the 3P3W and 3P4W devices are classified into 
isolated and non-isolated systems based on the utilization of 

the transformer that are used to provide complete isolation 

between the VSC and supply, also for neutral current 

compensation. The commonly used transformer configurations 

are star-delta, zig-zag, T-connected, star-hexagon. The 

classification of DSTATCOM topologies are shown in figure 2, 

and the features of DSTATACOM, DVR, UPQC are explained 

in table 1,4,5 respectively. 

 

3 DSTATCOM OPERATION & TOPOLOGIES 
A DSTATCOM is a device which is connected parallel across 

3-phase power system via a coupling transformer; wherein the 

transformer offers insolation between the inverter legs. Initially, 

the DSTATCOM DC input received from storage element AC 

and finally injects into system to compensate the unbalanced 

system voltage [11]. The entire operation is under the control 

of DSTATCOM.  Thereby the VSI compares the line voltage 

and injected voltage, and provides necessary stabilization 

during fluctuations like lagging/ leading voltage [10-12]. For 
example, if the output voltage of the inverter is greater than 

the supply voltage, the DSTATCOM operates in capacitive 

mode and thereby generating reactive power or as an inductor 

absorbing reactive power to the system [13-15]. The 

schematic representation of the DSTATCOM is illustrated in 

figure 1. 

 
Fig. 1 Schematic diagram of DSTATCOM 

 

 

 

TABLE 1 

 Classification of D-STATCOM topologies 

3P3W 

Non-Isolated 

Topologies Description 

3 leg VSC [16-17] 

 Three vertical branches with 2 

switches on each leg with a common 

capacitor. 

 Number of switches=6. 

 The mid-point of each leg is connected 

through an inductor to the supply 

system. 

2 leg VSC with 

split capacitor [18] 

 Two vertical branches with 2 switches 

on each leg and a split capacitor is 

used as a third branch. 

 Number of switches=4 

 The mid-point of each leg is connected 

through an inductor to the supply 

system. 

Isolated 

Three single 

phase 

VSC 

Topology [19] 

 Three separate h-bridge VSC is used 

provided with a transformer 

individually with a common capacitor. 

 One terminal end of the primary 

winding of the transformer are 

connected to the supply where other 

three ends are interconnected. 

 All the secondary winding terminals 

are connected to the centre of each 

leg. 

Isolated 3 leg 

System [20-21] 

 Three vertical branches with 2 

switches on each leg with a common 

capacitor. 

 Number of switches=6. 

 The VSC is connected to the supply 

system through a start-delta 

transformer. 

Isolated 2 leg 

system [22] 

 Two vertical branches with 2 switches 

on each leg and it uses a split 

capacitor. 

 Number of switches=6. 

 The VSC is connected to the supply 

system through a start-delta 

transformer. 

3P4W 

Without Transformer 

 

Four leg VSC [23] 

 Two H-bridge VSC with a common 

capacitor is used. 

 Centre point of each leg is connected 

to the supply system through an 

interfacing inductor. 

 It is used for neutral current 

compensation. 

Three leg VSC 

[24-25] 

 Three legs having two switches on 

each leg is utilized and are interfaced 

to the system through an inductor 

 Number of switches =6 

 The Three leg VSC is implemented 

with 

 With split capacitor 

 With filter 

 With neutral at DC point 
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With Transformer  

Non-isolated 

3 leg VSC [16,26, 

27,28] 

 Constructed utilizing Three vertical 

branches with 2 switches per branch 

and one common capacitor. 

 The VSC is connected to the system 

using an inductor. 

 The three leg VSC utilized 4 types of 

transformers and they are  

 Zig-zag transformer 

 Star/Delta transformer 

 Star/Hexagon transformer 

 T-connected transformer 

 The 3 phases and neutral of the 

transformer is connected to three-

phase and neutral of the supply. 

2 leg VSC [29-31] 

 Constructed utilizing two vertical 

branches with 2 switches per branch. 

 The VSC is connected to the system 

through an interfacing inductor and it 

utilizes a split capacitor. 

 The two leg VSC utilizes the following 

4 types of transformers. 

 Zig-zag transformer 

 Star/Delta transformer 

 Star/Hexagon transformer 

 T-connected transformer 

 The 3 phases and neutral of the 

transformer is connected to three-

phase and neutral of the supply. 

Isolated 

3 leg VSC [20-21] 

 Constructed utilizing Three vertical 

branches with 2 switches per branch. 

 The VSC is connected to the system 

using a transformer. 

 The three leg VSC utilized 4 types of 

transformers and they are  

 Zig-zag transformer 

 Star/Delta transformer 

 Star/Hexagon transformer 

 T-connected transformer 

 The 3 phases and neutral of the 

transformer is connected to three-

phase and neutral of the supply. 

2 leg VSC [22,32] 

 Constructed utilizing Two vertical 

branches with 2 switches per branch. 

 The VSC is connected to the system 

using a transformer. 

 The two leg VSC utilizes the following 

4 types of transformers. 

 Zig-zag transformer 

 Star/Delta transformer 

 Star/Hexagon transformer 

 T-connected transformer 

 The 3 phases and neutral of the 

transformer is connected to three-

phase and neutral of the supply. 

Three single 

phase VSC [19] 

 Three separate h-bridge VSC is used 

provided with a transformer 

individually with a common capacitor 

 One terminal end of the primary 

winding of the transformer are 

connected to the supply where other 3 

ends are connected to the neutral. 

 All the secondary winding terminals 

are connected to the centre of each 

leg. 

 

3.1 DSTATCOM Control Strategies Review 

The controller is a critical part and responsible for the 

successful operation of the DSTATCOM in enhancing the 
quality of power supplied to the customer. Because 

DSTATCOM efficiency entirely depends on the effectiveness 
of the controller in generating the switching signals required 

for its operation. But the controller utilized for the increasing 

the power quality and it should be capable of detecting and 

analyzing the disturbances occurring in the distribution power 

supply system and should be fast enough to compensate the 

distributed system. The control strategy of the controller 
involves the following three steps in solving the power quality 

issues arising in the distribution side. 1. Initially, it senses the 

system voltage and current at PCC, 2. Then it generates a 

reference current required for the compensation by utilizing a 
suitable control algorithm, 3. Finally, it generates the switching 

/ gating signals for the DSTATCOM / inverter. T. Eswaran et 

al. [33] proposed particle swarm optimization (PSO) method 
for tuning the PI controllers used in DSTATCOM and 

compared its performance with PI controllers tuned by Ziegler-
Nichols method. It is found that the PSO tuned PI controller 

performance is superior and the reasons are stated as: (i) 

Less oscillations and transient time, (ii) Enhanced dynamic 

performance within minimum overshoot, (iii) DC link voltage 

quality is superior and it has less ripples than the voltage 

obtained from Ziegler-Nichols tuning method. The parameters 

of ZN-PI & PSO-PI are tabulated below at table 2. 

 

TABLE 2 

 Comparison of ZN-PI & PSO-PI 
Parameters ZN-PI PSO-PI 

P Demand 0.25 0.25 

Q Demand 0.25 0.25 

Q from sources 0.2806 0.2822 

P to DSTATCOM -0.0288 -0.03602 

Q from DSTATCOM 0.2632 0.2533 

PF at source 0.9995 0.9997 

THD of source current 1.58% 1.49% 

 
Murugesan K et al. [34] proposed the performance of the 

DSTATCOM in reactive power compensation is studied by 
implementing the hysteresis current controller (HCC) and 

space vector modulation-based HCC (SVM-HCC) control 

techniques. It is found that the switch count required for 

DSTATCOM using SVM-HCC control techniques is 4000 that 
is lesser than the HCC based DTSATCOM whose switch 

count is around 6000.The switching losses in SVM-HCC is 
lesser than HCC based DSTATCOM. For estimating the 

reference current, the instantaneous reactive power theory is 

used. Sharad S. Pawar et al. [35] implemented instantaneous 

reactive power (IRP) theory control algorithm to control the 

DSTATCOM by generating the reference current for it. Power 

quality issues like sag, swell, load unbalancing problems were 

mitigated and power factor also improved. Safari et al. [36] 
proposed a DSTATCOM utilizing instantaneous reactive 

power theory (IRPT) control algorithm and self-tuning filter with 
adaptive fuzzy logic controller for mitigating the harmonics, 

unbalanced load problems. Under non-linear load conditions, 

reactive power compensation is obtained at point of common 

coupling (PCC). Om Prakash Mahela et al. [37] proposed a 

synchronous reference frame (SRF) theory control algorithm 

for three-leg topology of three-phase three-wire DSTATCOM 

with battery energy storage system, evaluated the 
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performance of the wind generator related to its power quality 

problems like outage of wind generator, grid synchronization 
of wind generator and wind speed differences. It is found that 

the total harmonic distortion (THD) of the grid is less than 5% 

even after integrating wind energy system with the grid. It is 

also estimated that the bus voltage of THD before and after 

implementing DSTATCOM is 0.83% and 0.42%. There is a 

48.19% reduction of THD value after the application of 
DSTATCOM. Gireesh Kumar A et al. [38] implemented the 

SRF control algorithm in DSTATCOM which is comprised of 
Zig-Zag Transformer and three-leg VSC. The magnitude of 

neutral current is reduced for 10% under unbalanced load 

conditions. Bhim Singh et al. [39] performed power factor 

correction, load balancing, neutral current compensation in a 
3P4W- 3 leg isolated system utilizing synchronous reference 

frame theory and star-delta transformer. The proposed system 
is analyzed for various load conditions. It is found that the THD 

of the supply and load currents are 1.72% and 63.50% that 
satisfies the IEEE519 standard. J. Jayachandran et al. [40] 

employed neural network-based p-q control technique in 
DSTATCOM for three-phase four-wire distribution system. The 

DSTATCOM is composed of a voltage source converter and a 

dc link capacitor. In the proposed system five artificial neural 

network (ANN) are used to convert the non-ideal voltage 

source into ideal sinusoidal voltage which increases the 

effectiveness of the DSTATCOM by mitigating the harmonic 

currents and THD of source current. Manoj Badoni et al. [41] 
implemented a three-phase DSTATCOM incorporating 

adaptive neuro fuzzy inference system least-mean-square 
ANFIS-LMS control algorithm for extracting the fundamental 

active and reactive power current components from distorted 
non-sinusoidal load currents to estimate the reference 

currents. The results of the developed algorithm are validated 

by comparing the results with fixed-step LMS and variable-

step LMS (VSLMS). The performance comparison between 

the DSTATCOM with ANFIS-LMS, fixed-step LMS and 

variable-step LMS (VSLMS) was performed and it is found that 

the proposed system shows superior performance with a 

convergence rate of 0.1s, sampling time of 60µs and the THD 

of supply and load current of 2.57% and 26.66%Sabha Raj 

Arya et al. [42] proposed a DSTATCOM incorporating adaptive 
neural network-based control algorithm for estimating the 

reference current by extracting the active and reactive 

components from non-sinusoidal load currents. A 

biogas/biomass diesel engine prime mover based 
synchronous reluctance generator (SyRG) is controlled by the 

proposed DSTATCOM. Arya et al. [43] implemented 

composite observer-based control algorithm in DSTATCOM 
for extracting the fundamental active and reactive power 

current components from distorted load current. The extracted 

data is used as switching gate signal for DSTATCOM. This 

method also reduces the harmonics and the issues occurring 
due to unbalanced load problems due to linear and non-linear 

loads. Rahul Kumar Agarwal et al. [44] implemented leaky 
least mean fourth (LLMF) control algorithm for a three-phase 

single stage grid integrated solar photovoltaic distributed static 
compensator (SPV-DSTATCOM). For the extraction of 

fundamental active and reactive loss components and load 

currents, feed forward SPV power, extraction of in-phase, 

quadrature unit templates to generate the reference currents 

for the grid. It is required to calculate the amplitude of terminal 

voltage the LLMF algorithm is used. The sampling time, 

settling time and THD in grid current of LLMF is 30 μs, 0.08 

secs and 3.67%.Manem Srinivas et al. [45] implemented a 
three-phase DSTATCOM deploying a mean square–least 

mean fourth (LMS–LMF) control algorithm to mitigate the 

power quality issues and for extracting the fundament current 

components from the non-sinusoidal load currents, the THD 

value is maintained below 5%.Kumar et al. [46] developed a 

SPV-DSTATCOM incorporating leaky least mean forth (LLMF) 
algorithm for the generation of reference currents and the 

same is implemented practically in a prototype of 6.8 kW and 
(VMPP = 426V and IMPP = 16.11 A). The performance of the 

DSTATCOM is analyzed under nonlinear loads, unbalanced 

nonlinear loads, inconstant solar irradiation. It was found that 

the voltage fluctuations and harmonics are within the 
permissible limits in both the grid currents that are specified by 

IEEE -519 and IEEE-1547. Manoj Badoni et al. [47] employed 
a variable forgetting factor recursive least square (VFFRLS) 

control algorithm in three-phase DSTATCOM for calculating 
the reference current by extracting the active and reactive 

power components from the distorted non-sinusoidal load 
currents. The estimated reference current is used as switching 

pulses for the voltage source converter. The proposed 

algorithm is compared with the conventional recursive least 

square (RLS)-variable step size LMS (VSLMS) and it is found 

that VFFRLS algorithm performs better in mitigating the power 

quality. T Hock et al. [48] proposed a distribution static 

synchronous compensator (DSTATCOM) as a voltage 
regulator utilizing a three-phase four-wire voltage-source 

inverter (VSI) and a LC low-pass output filter for low-voltage 
distribution grids. The power interruption problems can be 

eliminated by using DSTATCOM and it has to connect in shunt 
with the PCC. The control techniques incorporated in the 

conventional loops, output voltage, and dc bus regulation 

loops, including the voltage amplitude and the frequency 

loops. The apparent power of the voltage compensator can be 

reduced by 80% and 51% for linear and nonlinear loads by 

using the amplitude control technique. The steady-state error 

can be reduced by using frequency loop technology at dc bus. 

Ertao Lei et al. [49] proposed a transformer winding tap 

injection distribution static synchronous compensator (WTI-

DSTATCOM) for medium-voltage reactive power 
compensation. Instead of utilizing auxiliary coupling 

transformer, the cascaded multilevel converter based 

DSTATCOM is connected to the tapping of the primary 

winding of the transformer. This connection enhances the 
usefulness of the transformer. Passivity-based control (PBC) 

strategy is used to control the DSTATCOM. The developed 

system increases the reactive power compensation and 
dynamic response of the system. Mrutyunjaya Mangaraj et al. 

[50] a performance comparison of DSTATCOM is done by 

incorporating conventional icosϕ and proposed naive back 

propagation (NBP)-based icosϕ control algorithms for three-
phase three-wire (3P3W) distribution system under changing 

load condition. It is found that the developed control algorithm 
shows the superior performance in terms of voltage regulation, 

power factor enhancement, source current harmonic 
reduction. It also lessens the DSTATCOM rating. The 

performance evaluated for time variant and invariant load 

conditions is tabulated below at table 3. 

 

4 DVR OPERATION & TOPOLOGIES 
It consists of Energy storage, series converter. It is connected 
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in series to the system. The series voltage is injected with the 

help of converter, whenever the system is subjected to the 
fault or low voltage. The injected voltage will compensate the 

system voltage. Thus, the DVR continuously monitors the 

supply line voltage and compares with the reference AC 

supply, and then it supplies the required voltage to 

compensate the voltage fluctuations. The DVR topologies are 

presented in the table 4. The typical figure of DVR is shown in 
figure 2. 

 

 
 

Fig. 2. DVR with Constant DC link Voltage  

 

TABLE 4 
 Topologies of DVR 

Energy Storages 

Without Energy Storage 

Topologies Description 

DVR with no Energy 

storage [51] 

 Here the incoming current will 

be taken from the shunt 

converter which is connected to 

the grid.  

With Energy storage 

Constant DC link 

Voltage [51,52] 

 This is basic topology and it 

employs with the double 

conversion system 

Variable DC link Voltage 

[51,52] 

 It employs with the series 

converter, DC capacitor or 

battery bank for energy storage. 

Inverter Topology (Multi level Inverters) 

Diode Clamped [53] 

 

 Components required for 3-

phase-5 level 

 No. of IGBT required – 24 

 No. of Diodes required – 24 

 No. of Clamping diode required 

– 18 

 Here the maximum output 

voltage which can be obtained is 

half of the input DC voltage. To 

overcome this drawback, 

switches, diodes, capacitors 

should be increased. 

Cascaded H- Bridge 

[54-55] 

 

 Components required for 3-

phase-5 level 

 No. of IGBT required – 24 

 No. of Diodes required – 24 

 It reduces the overall harmonic 

component. It can avoid the 

unbalance DC link voltage 

problems when compared with 

the other topologies. 

Flying Capacitor [53,56] 

 

 Components required for 3-

phase-5 level 

 No. of IGBT required – 24 

 No. of Diodes required – 24 

 Flying Capacitor required – 18 

 Here the voltage control is 

based on the closed loop control 

scheme. 

3- phase Inverters 

3-Phase 4-line Half 

bridge [57] 

 No. of switches required 6. 

 Large DC capacitor is required. 

 Neutral point of transformer is 

connected with the Neutral point 

of DC capacitor. 

3-Phase 4-line bridge 

[58-59] 

 No. of switches requires 8. 

 Small capacitance is required.  

 Neutral point of transformer is 

connected with the Neutral point 

of fourth Leg. 

3-Phase H bridge [59] 

 No. of switches required 12. 

 Small capacitance is required. 

 It combines the 3 relatively 

independent full bridges to 

output 3 phase voltages and 

there will be no coupling within 3 

phases. It has the best ability to 

compensate the voltages. 

3-phase DVR with Split 

Capacitor [60-61] 

 No. of switches required 6. 

 In this all the phases will operate 

individually for this it needs the 

two extra capacitors. 

3-phase Push Pull 

Inverter [61] 

 No. of switches required 6. 

 In this method injection voltage 

is calculated and magnitude of 

load and voltage value is 

restored to nominal value. 

 

4.1 DVR Control Strategies - Review 

Han et al. [57] performed a comparative analysis on three low 

voltage topologies suitable for DVR in terms of DC voltage 

utilization ratio, adaptive capability to unbalance, and 

feasibility. Based on the analysis it is found that, the three H- 

bridge topology is well suited for DVR operation in mitigation 

of power quality issues. Shabanpour et al. [62] performed a 

qualitative relative analysis on various control techniques 

employed for matric based DVR operation. The analysis is 

achieved considering the following methods:  Prefault, In-

phase and energy optimization-based algorithms. the analysis 
results show that, the prefaults method can be applied for 

sensitive loads; whereas the in phase and energy-based 

methods can be applied for insensitive loads. Further, the pros 

and cons of every methods are discussed in detail. Devadasu 

et al. [63] developed a multi-level DVR for solving power 

quality problems existing in the distribution system. This 
proposed method rectifies the problem occurs in every phase 

in three-phase system. Moreover, it also mitigates the faults 
that developed in two phases. Further, the system is 

implemented in MATLAB/ SIMILINK environment to check the 

effectiveness in mitigating the sags and swells. 

Chandrasekaran et al. [64] implemented a DVR topology 3 

phase 4 wire system that can be applicable for mitigating 
various power quality problems incorporating hysteresis 

controller. To prove the usefulness of the developed DVR, the 

results are validated with and without DVR device. It is found 

that the proposed method provides superior performance in 

terms of less convergence time, settling time, switching 

harmonics for all non-linear conditions. Satputaley et al. [53] 

has done a complete review on various topologies and control 
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strategies employed in DVR that provides an insight 

knowledge for the researchers working on the same area. 
kanjiya et al. [56] developed a 5-Level transistor clamped H-

Bridge topology incorporating repetitive controller and 

evaluated the performances by using simulation and the 

results are validated by comparing it with other conventional 

techniques. It is found that the proposed system is stable and 

the THD satisfies the IEEE 519 standard. Further, the 
developed strategy reduces 37% of components utilization 

than the other conventional methodology; that automatically 
reduces the overall cost of the system. kangarlu et al. [65] 

proposed a transformer less multilevel inverter-based DVR for 

mitigating the power quality issues. The developed system is 

effective in suppressing the harmonics and sag, swell and 
flickers. Moreover, the number of switches used are lesser 

than conventional MLI based DVR. Reddy et.al [66] 
considered the effects on the sensitive loads in the distribution 

system, when they considered the large distribution network 
loads, they did not consider the effect of DVR and 

concentrated only on voltage profile and losses in the system. 
Khaled et. al [67] discussed about the interline DVR (IDVR) 

topology, in that feeders which are using the converters allows 

the load voltage to be compensated when it is subjected to 

fault and implementation this type of topology is very difficult, 

controlling also very complex when compared with the normal 

DVR. This IDVR works under the unbalanced/balanced 

voltage conditions. Suma et. al [68] discussed about the 
storage less DVR, this type of topology was adopted in 

industries. They discussed about the DC link voltage ranges, 
design, parameters to be considered. The inverter rating will 

be small for the load side converter and high in the case of 
supply side converter. In the analysis the load side converter 

gives the better compensation and cost will be low. 

 

5 UPQC OPERATION & TOPOLOGIES 
It consists of DC link capacitor in between the series and 

shunt controller. The series controller can be used as the 

series compensation and shunt controller can be used as the 

current compensation. While doing the compensation, the DC 

capacitor rating should be same for both the controllers. The 
typical structure of the UPQC is shown in figure 3. The 

topologies of UPQC are tabulated in table 5. 

 

 

 
 

Fig .3. Structure of UPQC 

 

TABLE 5 

UPQC topology 

Converter Topology 

Current Source 

Topology [69] 

 To form the common DC link 

voltage, UPQC will develops the 

PWM current source inverter. 

Voltage Source 

Topology [69] 

 To share a common energy storage 

capacitor, it will use pwm VSI. 

3 Phase 4 wire system 

3-Phase 4 wire 4-leg 

topology [70] 

 14 switches required. 

 4 leg VSI is connected for Neutral. 

 Ability to control the individual leg. 

3-Phase 4 wire 

Neutral clamped [74] 

 12 switches required. 

 Two capacitors will be in series and 

the neutral is connected to the 

midpoint. 

 Here each capacitor should be 

balanced. 

3-Phase 4 wire 

capacitor connected 

shunt VSI [81] 

 12 switches required. 

 A series capacitor is connected to 

the inductor and the design and 

maintenance of series capacitor is 

difficult. 

 

5.1 UPQC control strategies – Review 

Devassy et al. [69] developed an UPQC for PV system 

applications integrating modified PQ theory and assessed the 

performances by using MATLAB/ SIMULINK and the results 

are confirmed by developing a scaled down prototype. It is 

noteworthy to mention that, it has the capability to generate 
refence signal even for the distorted voltages at PCC. It is 

found that the tracking effectiveness of the UPQC based PV 

system is 99% under normal and varying insolation conditions. 

Moreover, THD of the grid current and the load voltage is 

below 5% and thereby sustaining IEEE 519 standard. The 

power factor value at PCC and load power is nearby unity and 

0.84 respectively. Modesto et al. [70] proposed a UPQC model 

valid for both three-phase three-wire (3P3W), as well as three-

phase four-wire (3P4W) distribution systems. Proposed 

system combines a dual control compensating technique that 

upholds the voltage and current always sinusoidal. Dash et al. 

[71] applied an adaptive jaya algorithm for UPQC based 

system pertinent for varying conditions. Implemented a line 

gain tuning based PI controller suitable for dynamic conditions. 
The proposed method is superior in terms of less convergence 

time, settling time, switching harmonics for all non-linear 
conditions. Monterio et al. [72] implemented the UPQC system 

without the series transformer used for isolation purpose and 

the outcomes are evaluated by applying various algorithms. It 

is found that the results are satisfactory and it is skilled of 

reducing the power quality issues. Lu, yong et al. [73] 
developed a space vector modulation technique to resolve the 

coupling issue related to common switching leg in single-
phase three-leg UPQC (TL-UPQC). Executed a two switching 

modes MM1 and MM2 operation to enhance the feasibility of 

system. In MM1 mode, effort is made to increase efficiency 

while, in MM2 mode ripples in the output current is mitigated. 

Campanhol et al. [74] executed UPQC based 3P4W 

photovoltaic system integrating dual compensating and feed-
forward control loop (FFCL) technique. Implemented the 

developed system in series-parallel power-line conditioning 

and assessed its performance for varying load conditions. 

Senthilnathan et al. [75] proposed technologically advanced 

UPQC incorporating current source converters (CSC) based 

buck-boost converter for mitigating the power quality issues 
existing in smart grid. Da silva et al. [76] realized a single- to 

three-phase unified power quality conditioner (UPQC-1Ph-to-
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3Ph) and implemented in 3P4W distribution system to solve 

the power quality issues. Furthermore, it is found to be 
effective in mitigating the harmonics. Cheung et al. [77] 

developed a transformer less UPQC with half bridge VSI for 

the shunt and series compensation. The controllers utilized for 

the shunt and series inverters are hysteresis and boundary 

controller to uphold the shape of the supply current and load 

voltage regulation respectively. The outcomes are confirmed 
by developing a model of capacity 1kVA, 110V, 60Hz. Patioshi 

et al. [78] proposed an UPQC combining non-linear sliding 
mode control (NLSMC) and SRF for eliminating the power 

quality issues. The NLSMC reduces over shoot and settling 

time; whereas the SRF generates reference signal for shunt 

and series converters. Moreover, it is found that, instigated 
UPQC is operative in mitigating the harmonics, power quality 

issues. The results are corroborated by relating its results with 
conventional PI and hysteresis controller. Lakshmi et al. [79] 

combined photovoltaic hosting capacity (PVHC) and energy 
loss factors to find the optimal place for fixing open unified 

power quality conditioner (UPQC-O). Further, multi-objective 
particle swarm optimization (MOPSO) and Pareto-dominance-

based method for the optimization process. It is found that, the 

developed technique is effective in identifying every bus 

maximum capability of PV generation and ideal location for the 

inverters of the UPQC-O. Yavari et al. [80] combined 

command generator tracker-based direct adaptive control 

technique (CGT-DAC) technique with UPQC to reduce the PQ 
issues. The CGT generates reference signal; whereas, the 

DAC lessens the tracking error prevailing amid the plant and 
the model used for controlling UPQC. The practical execution 

of the proposed system is realized using HIL system with the 
OPAL-RT. Fernando et. al [81] discussed about the 

compensation of active power with the dual control technology 

in UPQC. This will help the system to give power supply in 

rural areas and supply with the single phase. In this topology 

the converters are used as the active power filter and it will 

extract the low THD and high power factor. Karanki et. al [82] 

proposed the non-stiff source for UPQC. In this topology the 

DC link voltage will be reduced and it has the series capacitor 

which helps in the reduction of DC link voltage. The detailed 

parameter selection for the capacitor, inductor is discussed. 
The switching frequency reduced and losses are reduced in 

the VSI. Bruno et. al [83] discussed the functionalities of 

IUPQC, the improved voltage profile at load bus and grid. The 

circulating power in the IUPQC are measured by the DC link 
voltage. This topology involves in the smart grid, DG’s and it 

will provide the better result with the RES. 

 

6 CONTROLLERS REVIEW 
 

The commonly used controller in CPDs are  

1. PI controller 

2. Hysteresis controller 

3. Sliding mode controller 

4. One cycle control 

5. PQ theory 

6. Phase shift control 

 

6.1 PI Controller 
The PI controller is commonly used for providing a controlled 

gating signal for the operation of the voltage source converter. 

The PI controller compares the sensed bus voltage and 

reference voltage and generates an error signal and it is given 
as follows. Figure 4 shows the schematic representation of PI 

controller. 

 

 
Fig.4. Schematic diagram of PI controller 

 
*

( ) ( ) ( )de n dc n dc nv v v       (1) 

where  
( )de nv , 

*

( )dc nv , 
( )dc nv  are dc error, reference dc and dc 

bus voltages at n
th
 time periods respectively.  

(2) 

 

The n and n-1 subscripts represent previous and present 

states. Where pk  and ik  are proportional and integral gain of 

PI controller. The calculated 0( )nv  is equal to the amplitude of 

the reference supply current srefI . From the supply reference 

current, all the other three-phase reference currents are 

obtained. After generating the reference current, the PI 

controller generates the accurate switching pulses for the 

operation of the six switches present in the VSC [84]. 

 

6.2 Hysteresis Controller 

The hysteresis controller is basically used to generate gating 

signals for the inverter switched with minimum current error. 

The controller generates the error signal by finding the 

difference between the actual and source currents. Then the 

error signal is compared with the hysteresis band that normally 

provides 1 to 5% of the current value [85-90]. The logic used 

in the hysteresis controller is given as follows [90] 

If 
*

sa sa bi i h  , the lower switch of VSC is ON 

Else  

The upper switch is ON.  

Where sai ,
*

sai and bh  are the source currents, reference 

currents and  hysteresis band. The value of hysteresis band 

bh  can be changed. This controller works efficiently and faster 

when the value of the hysteresis band is narrow. As it 

becomes broader, the system also becomes unstable. Figure 

5 shows the schematic representation of hysteresis controller. 

0( ) 0( 1) ( ) ( 1) ( ){ }n n p de n de n i de nv v K v v k v    
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Fig. 5 Schematic diagram of Hysteresis controller [84] 

 

Even though this method is easy to implement, there exist a 

variation of modulating frequency of the power converter. 

 

6.3 Sliding Mode Controller 

In this method, a discrete control signal is applied to a system 

whose output does not change proportionally with respect to 

the change in input. The signal alters the dynamics of a 

system and makes it to slide along the cross section of the 

regular performance. The design of the controller is based on 

state variable parameters 1X , 2X  and they are defined as 

[90]: 
*

( ) ( ) ( ) 1de n dc n dc nv v v X      (3) 

( ) ( 1) 2( ) /de n de n xv v T X     (4) 

where  ( )dce nv , 
*

( )dc nv , ( )dc nv  are dc error, reference dc and dc 

bus voltages at n
th
 time periods respectively and where xT  is 

sampling interval The switching functions y1 and y2 are derived 

from the state variables. 

Here Z is the switching plane function and it is given as 

1 1 2 2Z C X C X      (6) 

 

The value of reference supply current srefI  can be found by 

using the following equation 

3 1 1 4 2 2srefI C X Y C X Y     (7) 

From the supply of reference current, the values of three-

phase reference current is found. Then it is given as input to 

the controller to generate gating signals for the device. The 

best performance is obtained by the fine tuning of the gain 

constants 1C , 2C , 3C , 4C . 

 

6.4 One Cycle Control 

In this technique, there is no need to calculate the reference 
voltages/currents. In this there will be two circuits those are 3-

Ф bridge and N- half phase bridge. The advantage of the 

neutral line compensation bridge is, it will remove the 

harmonic current present at the different frequencies in the 

line [91]. The control circuit consist of the OCC core, current 

selection, feedback circuit, Integrator, reset. This control circuit 
will help the vector operation. Figure 6 shows the schematic 

representation of OCC controller. 
 

 
Fig. 6 Schematic diagram of OCC controller 

 

6.5 PQ Theory 

There will be two active filters i.e., series and shunt filters. The 
series filter will regulate the voltage, compensates the flicker 

and suppress the harmonics [92]. Figure 7 shows the 

schematic representation of series controller. If the fault 

occurs on the distribution system, it will calculate the reference 

voltages and generates the pwm signals and finally it will be 

given to the switches. The detailed diagram of series filter is 
given below. 

 

Fig. 7 Schematic diagram of series controller 

 
The shunt filter compensates the harmonics and negative 

current. It can operate as the current source. By using 

instantaneous power theory (α-β-0) the shunt filter has been 

designed. The calculation of power will be shown in the block 

diagram. Figure 8 shows the schematic representation of 

shunt controller. 

 

 
 

Fig. 8 Schematic diagram of shunt controller 

 

6.6 Phase shift control  

The voltage regulation in DSTATCOM is obtained using the 

phase shift control technique. As shown in figure 9, in this 

technique, the load RMS voltage is measured and compared 

with the reference voltage and an error signal is generated 

[93]. Then the error signal is given as input to the PI controller. 
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The output angle of PI controller is equal to the angle between 

the VSC output voltage and terminal voltage of AC supply. 
Then a required signal to operate PWM generator is obtained 

by adding PI controller output with the phase angle of 

balanced supply voltages. The main advantage of this method 

the practical applicable but this method fails to perform 

harmonic suppression for non-linear loads [94]. 

 

 
Fig 9. Block diagram of phase shift control 

 

7 CONCLUSION 
This paper presents a comprehensive review on CPD’s which 

are used to regulate the power quality issues in the distribution 

system. In this, the topologies, control algorithms and control 
strategies of each device has been reviewed. The best suited 

controllers and control algorithms for the CPD’s are given in 

this paper. To find the optimal location for the CPD’s several 

optimization methods, analytical methods are discussed and 

applications are also discussed. When the renewable energy 

sources are connected to the grid there will be new challenges 

will rise that which device is suitable and to regulate the power 

quality within the limits. Among these devices the UPQC will 

have better advantage when compared with the DSTATCOM, 

DVR as it can solve the both the current and voltage issues. In 

the case study also, it is shown that the UPQC performs better 

than the DVR and DSTACOM. This paper will help the 
researchers to get an idea about CPD’s and their topologies, 

control algorithms and control strategies. 
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