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ABSTRACT 

This project presents 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. 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 second converter is used to mitigate the harmonic current produced by the interaction 

between the first interfacing converter and the local nonlinear load.  

Key Words: DG, Power quality,  Harmonics, Converters 

1.  INTRODUCTION 

In recent literature, an enhanced current 

controller utilizing the frequency selective 

feature of resonant controllers was proposed to 

remove both the load current harmonic 

extraction and the phase-locked loop in a 

single-phase DG unit.  Nevertheless, it is 

important to emphasis that even when the local 

load harmonic current is properly compensated 

using various controllers as mentioned above, 

high quality supply voltage to local load cannot 

be guaranteed at the same time. This problem is 

particularly serious when the DG interfacing 

converter is interconnected to a weak microgrid 

with nontrivial upstream grid voltage 

distortions. To overcome this limitation, the 

dynamics voltage restorer (DVR) with series 

harmonic voltage compensation capability can 

be installed in the power distribution system, as 

proposed in [3] and [4]. Unfortunately, the 

functionality of a DVR can hardly to be 

implemented in a shunt DG interfacing 

converter. Using an additional series power 

conditioning equipment to ensure very  low 

steady-state harmonic supply voltage to  local  

loads is definitely feasible. However, it is 

associated with more expenses which might not 

be accepted for cost-effective power 

distribution systems. To realize simultaneous 

mitigation of the grid current and the supply 

voltage harmonics, this paper develops a 
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parallel-converter topology where the local 

nonlinear load is directly installed to the shunt 

filter capacitor of the first converter. The local 

load supply voltage quality is enhanced by the 

first interfacing converter through harmonic 

voltage control. The harmonic current produced 

by the interactions between the local nonlinear 

load and the first converter is then compensated 

by the second converter. To reduce the 

computational load of the dual-converter 

system, a modified hybrid voltage and current 

control method is proposed for parallel 

interfacing converters. With cooperative 

operation of two converters, the load current 

and supply voltage harmonic extraction and the 

phase-locked loops are not needed to realize 

this proposed comprehensive power quality 

control objective. Note that this paper focuses 

on the compensation of supply voltage and grid 

current harmonics. When there are significant 

disturbances in the main grids, such as 

sags/swells and interruptions, the shunt 

converter is less effective to compensate these 

grid issues. 

 

2. REVIEW OF CONVENTIONAL APF 

AND DVR  

Fig. 1(a) shows the topology and control 

strategy of an interfacing converter for 

compensating harmonic current from a local 

nonlinear load. First, the local load is connected 

to the output of the interfacing converter, and 

then, they are coupled to the main grid through 

the grid feeder. The parameters of the 

interfacing converter LCL filter and the grid 

feeder are listed as 𝑧1(ݏ) = ݏ𝐿1 + ܴ1, 𝑧2(ݏ) = ݏ𝐿2 

+ ܴ2, 𝑧3(ݏ) = 1/(ݏ𝐶݂ ), and 𝑧݃(ݏ) = ݏ𝐿݃ + ܴ݃, 

where 𝐿1 , 𝐿2 , ܴ1, and ܴ2 are the inductance 

and resistance of the filter series chokes, 𝐶݂ is 

the capacitance of the shunt capacitor, and 𝐿݃ 
and ܴ݃ are grid inductance and resistance. 

 

Fig. 1. Diagram of local harmonic 

compensation using interfacing converter 

3. CONTROL STRATAGY FOR 

PROPOSED SYSTEM 

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. 
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A. Control Strategy for Converter1  

First, the line current 2,1ܫ of converter1 and the 

PCC voltage 𝑉ܲ𝐶𝐶 as shown in Fig. 2 are 

measured to calculate the real and reactive 

output power of this converter 

 

where ܲ𝐶1 and ܳ𝐶1 are the output real and 

reactive power of converter1, 𝑉ܲ𝐶𝐶,ߙ and 𝑉ܲ𝐶𝐶,ߚ 

are the PCC voltage in the two-axis stationary 

reference frame, and ߙ2ܫ,𝐶1 and ߚ2ܫ,𝐶1 are the line 

current of converter1, and is the time constant 

of low pass filters.  

 

Fig. 2. Diagram of the proposed topology. 

B.Control Strategy for Converter2  

The control strategy of converter2 is similar to 

that of converter1, as also demonstrated in Fig. 

3. However, both the fundamental and the 

harmonic converter currents are controlled. 

First,  the regulators as shown in (6) to (8) are 

adopted to obtain the power control term 

reference ܫ∗ 
2,ܲܳ,𝐶2 for converter2. Afterwards, 

another hybrid controller is used to realize the 

closed-loop line current control of conveter2 

as: 

 

where 𝑉 ∗ 𝑜ݐݑ,𝐶2is reference voltage for 

converter2 PWM processing, 2 ∗ ܫ,ܲܳ,𝐶2 is the 

current reference for converter2 power control, ܪ,2 ∗ ܫ𝑎ݎ,𝐶2  is the current reference for 

converter2 line current harmonic control, 1ܫ,𝐶2 

is the converter2 output current. 

 

Fig. 3. Diagram of the proposed interfacing 

converter control strategies. 

 

4.SIMULATION RESULTS 

 

Fig 4. MATLAB/SIMULINK diagram of 

proposed system 
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Fig 5.supply voltage 

 

 

Fig 6.grid voltage and the grid current 

 
Fig.7. The harmonic spectrum of grid 

current 

 

 
Fig 8.The harmonic spectrum of supply 

voltage 

5. CONCLUSION 

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 

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 the second 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 
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