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Abstract 

It is analyzed in this paper that the compensation of 

local load harmonic current using a single DG 

interfacing converter may cause the amplification of 

supply voltage harmonics to sensitive loads, 

particularly when the main grid voltage is highly 

distorted. The growing installation of distributed 

generation (DG) units in low voltage distribution 

systems has popularized the concept of nonlinear load 

harmonic current compensation using multi-functional 

DG interfacing converters. To address this limitation, 

unlike the operation of conventional unified power 

quality conditioners (UPQC) with seriesconverter, a 

new simultaneous supply voltage and grid current 

harmonic compensation strategy is proposed using 

coordinated control of two shunt interfacing 

converters. Specifically, the first converter is 

responsible for local load supply voltage harmonic 

suppression. To realize a simple control of parallel 

converters, a modified hybrid voltage and current 

controller is also developed in the paper. By using this 

proposed controller, the grid voltage phase-locked loop 

and the detection of the load current and the supply 

voltage harmonics are unnecessary for both interfacing 

converters. The second converter is used to mitigate the 

harmonic current produced by the interaction between 

the first interfacing converter and the local nonlinear 

load. Thus, the computational load of interfacing 

converters can be significantly reduced. 

 

Index Terms—parallel converters; active power filter; 

dynamic voltage restorer; LCL filter; resonance; power 

quality; harmonic detection; phase-locked loop. 

 

INTRODUCTION 

There are growing demands of using power conditioning 

circuits [1-6] in low and medium voltage power 

distribution system. Comparing to bulky passive filters 

that are highly sensitive to circuit parameters variations, 

the active power conditioning equipment including 

active power filter (APF), dynamic voltage restorer 

(DVR), and unified power quality conditioner (UPQC) is 

preferred due the fast dynamic response and the good 

immunity to system parameter changes. On the other 

hand, the high penetration of distributed generation (DG) 

unit with power electronics interfacing converter offers 

the possibility of power distribution system harmonic 

current compensation using multi-functional DG 

interfacing converter. 

 

Previous research mainly focused on the control of a 

single DG shunt interfacing converter as an APF, as their 

power electronics circuits have similar topology. To 

realize an enhanced active filtering objective, the 

conventional current control methods for grid-tied DG 

interfacing converter shall be modified. First, the wide 

bandwidth current controllers are used so that the 

frequencies of harmonic load current can fall into the 

bandwidth of the current controller. Alternatively, the 

selective frequency harmonic compensation using multi-

resonant current controller has received a lot of 

attenuations, as reported in [3] and [6]. In [9], the 

deadbeat controller is developed for multiple DG units 

with active harmonic filtering capability. In [8], the  
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neural network method is used to improve the harmonic 

filtering performance of DG interfacing converters that 

are connected to a grid with large variation of grid 

impedance. In addition to the compensation of 

harmonics at low voltage distribution networks, the 

active filtering of harmonics in higher voltage 

distribution system using multi-level converters is 

discussed, as show in [7]. However, it is important to 

note that abovementioned compensation methods are 

mainly used in grid-tied converter systems. In recent 

literature, the hybrid voltage and current control is also 

developed to realize a fundamental voltage control for 

DG power regulation and a harmonic current control for 

local load harmonic compensation. Compared to the 

aforementioned conventional current control methods, 

the hybrid controller allows an interfacing converter to 

compensate harmonics in both grid-tied and islanding 

micorgrids. With assistance of the low bandwidth 

communications between DG units, it also possible to 

achieve harmonic power sharing among parallel DG 

systems [8]. 

 
 

II. REVIEW OF CONVENTIONAL APFAND DVR 

This section briefly reviews the control of shunt APFs 

for grid current harmonic mitigation and series DVRs for 

supply voltage harmonic suppression. In order to 

compare with the proposed parallel-converter using 

modified hybrid voltage and current controller as shown 

in the next section, the well-understood double-loop 

current control and voltage control are applied to APFs 

and DVRs, respectively.  

THE PROPOSED COORDINATED CONTROL 

METHOD 

To have simultaneous mitigation of the supply voltage 

and the grid current harmonics, a compensation method 

using coordinated control of two parallel interfacing 

converters is proposed in this section. The circuitry and 

control diagrams of the proposed system are shown in 

Fig. 2 and Fig. 3, respectively. First, a DG unit with two 

parallel interfacing converters sharing the same DC rail 

is connected to PCC. Each interfacing converter has an 

output LCL filter and the local nonlinear load is placed 

at the output filter capacitor of converter1. In this 

topology, the supply voltage to local nonlinear load is 

enhanced by controlling the harmonic component of 

interfacing converter1. Meanwhile, the grid current 

harmonic is mitigated via the power conditioning 

through interfacing converter2. Their detailed control 

strategies are discussed respectively, as shown below:  

 

A. Control Strategy for Converter1  

First, the line current 𝐼2,1 of converter1 and the PCC 

voltage 𝑉𝑃𝐶𝐶 as shown in Fig. 2 are measured to 

calculate the real and reactive output power of this 

converter: 
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where𝑃𝐶1 and 𝑄𝐶1 are the output real and reactive 

power of converter1, 𝑉𝑃𝐶𝐶,𝛼 and 𝑉𝑃𝐶𝐶,𝛽 are the PCC 

voltage in the two-axis stationary reference frame, and 

𝐼2𝛼,𝐶1 and 𝐼2𝛽,𝐶1 are the line current of converter1, 

and is the time constant of low pass filters. The time 

constant of the low pass filter is mainly determined by 

two factors. First, the real and reactive power ripples 

caused by line current harmonics must be properly 

filtered out. Secondly, the rapid dynamic power control 

shall be maintained. According to the design  guideline 

in [9], theis selected to 62.8 in this paper. 

 

It is important to note that the power reference is usually 

determined according to the available power from the 

back stage of the DG unit. When there is energy storage 

system in the DG unit, the power reference can also be 

determined by the energy management system of a DG 

unit or a microgrid. Therefore, for the sake of simplicity, 

the harmonic compensation service is usually activated 

when there issufficient power rating in the interfacing 

converters [3 and 4].  

 

The output of the power reference generator is the line 

current reference 𝐼2,𝑄,,𝐶1 ∗ as: 

 

EVALUATIONRESULTS 

Simulated and experimental results are obtained to 

further verify the performance of the proposed controller 

for coordinated operation of parallel converters.  

 

A. Simulated results  

First, similar to Fig. 1, a single interfacing converter is 

connected to the main grid and the local nonlinear load 

is placed at the output terminal of the DG unit. In this 

simulation, some steady-state harmonic distortion is 

added to the main grid voltage and the grid voltage THD 

is 5.6%. When the current controller as shown in (13) is 

applied to the system, the performance of the system is 

shown in Fig. 11 to Fig. 13.  

 

As the local load harmonic current is compensated by 

the DG unit, it can be seen from the second channel of 

Fig.11 that the grid current is almost ripple-free with 

only 4.57%THD. On the other hand, the interfacing 

converter line current 𝐼2 is highly distorted in this case. 

Due to the lack of supply voltage harmonic control, the 

supply voltage to the local nonlinear load is distorted 

with 6.45% THD.  

 

To have a better understanding of the power quality of 

the system, the harmonic spectrum of the grid current 

and the supply voltage in Fig. 11 are given in Fig. 12 and 

Fig. 13, respectively.  

 

When the supply voltage harmonic component is 

controlled by a single interfacing converter using the 

hybrid voltage and current control as shown in (9), the 

performance is shown in Fig. 14. As illustrated, the 

quality of supply voltage in this case is significantly 

improved with only 1.48% THD. Nevertheless, the grid 

current has more harmonics and the corresponding THD 

is 12.28%.  

 

Similarly, the corresponding harmonic spectrum of the 

supply voltage and the grid current are shown in Fig. 15 

and Fig. 16, respectively. Comparing to the previous 

spectrumanalysis results in Fig. 12 and Fig. 13, it can be 

clearly seen that the supply voltage harmonic reduction 
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is achieved at the expense of more grid current 

distortions.  

The simultaneous supply voltage and grid current 

harmonics mitigation is tested by using a single DG unit 

with two parallel interfacing converters sharing the same 

DC rail. The circuitry and the control strategy of the 

system is the same as that in Fig. 2 and Fig. 3, in which 

the first converter is for supply harmonics voltage 

reduction and the second converter is employed for 

harmonic current compensation.  

 

First, the main grid voltage and the grid current are 

shown in Fig.17. In this case, some distortions are added 

to the main grid voltage and the THD is 5.7%. Due to 

the coordinated control of parallel converters, it can be 

seen that the grid current is sinusoidal with only 3.54% 

THD.  

The performance of converter1 is shown in Fig.18. As 

this converter is applied to compensate the harmonics in 

the supply voltage, it can be seen that the voltage 

waveform in the top of the figure is almost ripple-free. 

However, the line current of this converter is distorted.  

 

In addition, the performance of converter2 is shown in 

Fig.19. As the line current of converter1 produces a large 

amount of harmonic current, it must be properly 

compensated by converter2 by using the hybrid 

controller as shown in (13). The objective of this control 

strategy has been verified as the grid current is 

sinusoidal in the second channel of Fig.17.  

 

To have a clear understanding of the principle of the 

proposed controller for parallel converter coordinated 

control, the spectrum of grid current and supply voltage 

are shown in Fig.20 and Fig.21. In this case, it can be 

noticed that both grid current and supply voltage quality 

are significantly improved.  

 

Finally, the power control performance of the system is 

tested when the PQ reference has a step jump. It can be 

seen from Fig. 22 that both converters have a rapid 

response to PQ reference change. There is no obvious 

overshoot during this process and the steady-state power 

control error is zero.  

 

To fully verify the performance of the proposed method, 

a simulation is conducted where a highly distorted grid 

voltage with 10% THD is used, as shown in the top of 

Fig. 23. In this simulation, the grid voltage has 10% dip 

at 1.8sec. It can beclearly seen that both the supply 

voltage and the grid current are sinusoidal during the 

entire simulation. The THDs of supply voltage are 

2.86% and 2.91%, before and after grid voltage dips, 

respectively. Similarly, the grid current THDs are 3.24% 

and 2.78% in these two scenarios.  

 

B. Experimental results  

The proposed method is also verified on a voltage-scaled 

laboratory DG test rig with two parallel interfacing 

converters at the same power rating. The detailed circuit 

and control parameters can be seen from Table I and the 

configuration of the system is illustrated in Fig. 2.  

 

First, only converter1 with the supply voltage harmonic 

mitigation as the control objective is connected to a 

highly distorted grid. The converter2 is disconnected 

from the grid in order to clearly show the characteristics 

of converter1 

 

The grid voltage waveform with 7.5% THD is shown in 

Fig. 24. The local load in this case is a diode rectifier 

with the distorted current as shown in Fig. 25. Note that 

the distorted grid voltage and local load are used for the 

verification of grid current compensation and 

simultaneously compensation using dual-converter. As 

the directly supply voltage harmonic control is achieved 

by the second term of the controller as shown in (9), it 

can be noticed that the supply voltage is very smooth 

with only 2.01% THD. At the same time, due to a fact 

that the ripple-free supply voltage and the highly 

distorted grid voltage are interconnected with converter1 

output filter choke 𝐿1 , it can be seen that both the grid 

current and the converter1 line current in this case have 

significant harmonic distortions as shown in Fig. 27 and 

Fig. 28, respectively.  
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Fig. 29 shows the power response when the active power 

reference increases from 0 kW to 5kW and the reactive 

power reference increases from 0 kVar to 5kVar. As 

shown, the power control reaches a steady-state for 

around 0.1 sec after the change of the references. In 

addition, it can be observed that the steady-state power 

control error is zero even when the supply voltage 

compensation is activated in the DG system.  

 

 

In addition, when only converter2 is applied to 

compensate the nonlinear load harmonics and the 

converter1 is disconnected from the grid, the 

corresponding performance of the system is obtained in 

Fig. 30 to 33. Similarly, the grid voltage is also distorted 

and the diode rectifier load is placed at the output of 

converter2, as shown in Fig. 24 and Fig. 25, 

respectively. However, in contrast to the counterpart as 

shown in Fig. 26, it can be clearly seen that the supply 

voltage to the local load is highly distorted in Fig. 30, 

with 7.3% THD. This is because the harmonic current 

from the local load is compensated by converter2. Thus, 

the three-phase grid current in this case is sinusoidal 

with only 4.08% as illustrated in Fig. 31. Nevertheless, 

since theharmonic current from the nonlinear flow to the 

converter2, the converter2 line current in this case has 

nontrivial harmonic current as shown in Fig. 32.  

 

 
 

Similar to the previous test, the response to a step 

increase of real and reactive power reference is shown in 

Fig. 33. The power control characteristics in Fig. 33 are 
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similar to the counterpart in Fig. 29. This is because the 

Power Control term is very well decoupled from the 

Harmonic Compensation term in the proposed control 

method.  

 

Up to now, the conclusion that a single shunt interfacing 

converter can hardly maintain improved supply voltage 

and grid current quality at the same time has been 

verified by the experimental results from Fig. 24 to Fig. 

33.  

 

When both converter1 and converter2 are connected to 

the experimental system to achieve simultaneous 

harmonic supply voltage and harmonic grid current 

mitigation, the corresponding is shown from Fig. 34 to 

Fig. 39. Similar to the previous two experiments, the 

grid voltage in this case is highly distorted and a 

nonlinear load is connected to the shunt capacitor of 

converter1, as shown in Fig. 24 and Fig. 25, 

respectively.  

 
Since converter1 is used to compensate the harmonic 

voltage at the local load connection point, the line 

current is distorted as shown in Fig. 34. As the harmonic 

current caused by the interactions between the local 

nonlinear load and the converter1 is compensated by the 

line current control of converter2, it can be seen from 

Fig. 35 that the line current of converter2 also contains 

significant harmonics.  

 
Due to the coordinated operation of both converter1 and 

converter2, the enhanced supply voltage and grid current 

quality is realized as shown in Fig. 36 and Fig. 37, 

respectively. The corresponding THDs of the supply 

voltage and the grid current are 2.25% and 3.59%, 

respectively. Note that during the entire process, no 

PLLs or harmonic extraction is involved in the control 

schemes.Finally, the power response of this dual-

converter system is shown in Fig. 38 and Fig. 39. Due to 

the involvement of dual converters, the power reference 

for each converter is a half of that in Figs. 29 and 33. 

Due to the decoupled feature of the proposed method, 

two converters have similar response in this case and the 

steady-state tracking error is zero for both converters. 

 
 

CONCLUSION 

When a single multi-functional interfacing converter is 

adopted to compensate the harmonic current from local 

nonlinear loads, the quality of supply voltage to local 

load can hardly be improved at the same time, particular 

when the main grid voltage is distorted. This paper 
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discusses a novel coordinated voltage and current 

controller for dual-converter system in which the local 

load is directly connected to the shunt capacitor of the 

first converter. With the configuration, the quality of 

supply voltage can be enhanced via a direct closed-loop 

harmonic voltage control of filter capacitor voltage. At 

the same time, the harmonic current caused by the 

nonlinear load and the first converter is compensated by 

thesecond converter. Thus, the quality of the grid current 

and the supply voltage are both significantly improved. 

To reduce the computational load of DG interfacing 

converter, the coordinated voltage and current control 

without using load current/supply voltage harmonic 

extractions or phase-lock loops is developed to realize to 

coordinated control of parallel converters.  
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