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Abstract – This paper proposes a control method for grid-connected inverter systems under 

unbalanced and distorted grid voltage. The proposed method can reduce the power ripple caused by the 

unbalanced condition and compensate for the low-order harmonics of the output currents caused by the 

distortion of grid voltage. To reduce the power ripple, our method replaces the two conventional PI 

controllers with one PR controllers in the stationary frame. PR controllers can implement selective 

harmonic compensation without excessive computational requirements; the use of these controllers 

simplifies the method. Both the simulated and experimental results agree well with the theoretical 

analysis.   
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1. Introduction 
 

Global warming is one of the greatest challenges facing 

humanity today. It can be attributed to the cars and power 

plants using fossil fuels such as gasoline and natural gases 

[1-3].  

For this reason, the contribution of renewable power 

sources in power generation is becoming more and more 

important. The inverter system is the most commonly used 

topology for connecting green power sources to the utility 

grid. The grid-connected inverter has been studied because 

of the importance of a distributed-power-system connection 

to the grid in the field of renewable energy [4–6]. Grid-

connected generation systems need harmonic compen- 

sation, control of unbalanced current, an improved power 

factor, and anti-islanding methods. In particular, nonlinear 

loads at the point of common coupling lead to imbalance 

and low-order harmonics such as the third, fifth, and 

seventh harmonics in the grid voltage. These cause the grid 

voltage to be unbalanced and distorted into a non-

sinusoidal wave.  

To solve these problems, the rotating synchronous-frame 

proportional-integral (PI) controller is used in three-phase 

inverters to obtain a zero steady-state error [7]. However, 

this controller usually requires multiple frame 

transformations, and it can be difficult to implement using 

a low-cost digital signal processor (DSP) [8]. Thus, using 

PI controllers complicates the system. Specifically, many 

uncomfortable axis conversions are necessary because of 

the number of low-order harmonics that must be eliminated 

by the PI controller. 

This paper proposes control methods that reduce the 

power ripple and the low-order harmonics of the output 

currents. The proposed PR controller in the stationary 

frame reduces the computational burden and has frequency 

response characteristics similar to those of a synchronous-

frame PI controller. 

 

 

2. Grid-connected inverter system 

 

2.1 Control method of grid-connected inverter 

 

Fig. 1 shows a grid-connected inverter system. A 

constant DC input voltage is needed to operate the PWM 

inverter. The DC-link voltage controller supplies power to 

the PWM inverter, ensuring that Vdc is constant; Cdc 

maintains the magnitude of Vdc. 

 

 

Fig. 1. Grid-connected inverter system. 

 

To link the power system to the grid, we must match the 

synchronous phase angles of the two parts. Therefore, we 

need a PLL system that has both fast response and stable 
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control for varying grid voltages. Fig. 2 shows a block 

diagram of a three-phase PLL system. 

 

 

Fig. 2. Three-phase PLL system. 

 

2.2 Unbalanced and distorted grid voltage 

 

When the grid voltage is unbalanced, a power ripple that 

is twice the line frequency occurs because of the negative 

sequence elements. This ripple results from a distortion of 

the DC-link voltage. It reduces the reliability and stability 

of the system. Thus, we must reduce the power ripple via 

control of the unbalanced current. 

The voltage at the point of common coupling (PCC) of a 

distributed system is likely to be distorted by harmonic 

currents due to the nonlinear load. The output currents of 

grid-connected inverter systems can be distorted by low-

order harmonics because of the grid voltage distortion. Fig. 

3(a) shows a harmonic current source made by a distorted 

voltage (eh), and Fig. 3(b) presents the compensation of the 

harmonic currents achieved by injecting the voltage (vsh) to 

offset the harmonic elements in the grid voltage. 

 

   

           (a)                       (b) 

Fig. 3. The per-phase equivalent circuit of grid side under 

the distorted source voltage: (a) before; (b) after the 

compensation [14]. 

 

2.3 Novel grid-connected inverter 

 

Fig. 4 shows a block diagram of a grid-connected 

inverter using a PR current controller and a PR harmonic 

compensator. If imbalance and distortion occur in the grid 

voltage, the PR controller controls each phase current to 

reduce the power ripple and compensate for low-order 

harmonics such as the third, fifth, and seventh harmonics in 

the output current. 

 

Fig. 4. A block diagram of a grid-connected inverter using 

PR controllers. 

 

 

 

3. Control of grid-connected inverter system using 

PR controller 

 

The PR controller is used in the stationary frame. In 

contrast to the PI controller used in the synchronous frame, 

the computation sequence of the PR controller is shortened 

because there is no transforming frame from the stationary 

frame to synchronous frame as in PI controller. It is 

possible to replace the PI controller in the synchronous 

frame with the PR controller in the stationary frame. This 

frequency-modulating process can be mathematically 

expressed as: 

 

 ( ) ( ) ( )AC DC DCG s G s j G s jω ω= − + +        (1) 

 

where GAC(s) represents the equivalent stationary-frame 

transfer function [9]. Therefore, for the ideal and nonideal 

integrators of GDC(s) = Ki/s and GDC(s) = Ki/(1+(s/ωc)), 

where Ki represents the controller gain and ωc<<ω 

represents the cutoff frequency, the derived AC integrators 

GAC(s) are expressed as [10, 11]: 
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When a proportional term Kp is added to (2), it 

represents the ideal PR controller with an infinite gain at 

the frequency of ω (see Fig. 5(a)) but at no other 

frequencies. Kp is tuned in the same way as the PI 

controller, which determines the dynamics of the system in 

terms of the bandwidth, phase, and gain margin. To solve 

the stability problems of infinite gain, it is possible to take 

(3) instead of (2) to give a nonideal PR controller, as 

shown in Fig. 5(b). Although its gain is finite, it is still 

relatively high in order to give a small steady-state error. 
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Another difference between (3) and (2) is that in (3) the 

bandwidth can be widened by tuning ωc appropriately. This 

reduces the sensitivity to the slight frequency variation that 

occurs in a typical grid [12, 13]. 

 

 

 

(a) 

 

 

(b) 

Fig. 5. Bode plots of (a) ideal; (b) nonideal PR 

compensators; Kp=1, Ki=20, ω=377rad/s, and 

ωc=10rad/s. 

 

 

3.1 Power ripple reduction 

 

Fig. 6 shows a conventional method for reducing power 

ripple under unbalanced grid conditions. The dual-

controller uses four PI controllers to control the positive-

negative sequence elements of active and reactive currents. 

Fig. 7 shows our method for reducing power ripple; it uses 

the PR controller in the stationary frame. The control 

inputs of our controller are the active-reactive currents of 

the stationary frame. Because these reference currents are 

found by summing the reference currents of the positive 

and negative elements, just one PR controller is needed to 

control the power ripple. 

 

Fig. 6. Reduction of power ripple using PI controllers. 

 

 

Fig. 7. Reduction of power ripple using PR controllers. 

 

3.2 Compensation of distorted grid voltage using PR 

controller 

 

Fig. 8 shows a block diagram of a harmonic com- 

pensator with a PI controller. In this figure, the harmonics 

are caused by the distorted grid voltage. 

The currents of the stationary frame are synchronized by 

multiplying them with the positive and negative values of 

the harmonic orders: ±3, ±5, and ±7. This is done using the 

phase angle from the PLL of the grid-side voltage, and this 

involves extracting the positive and negative harmonic 

elements. Subsequently, the third, fifth, and seventh 

harmonic currents of the synchronous frame are extracted 

by using the low-pass filter, and the extracted currents are 

controlled to zero with the PI controller. Fig. 8 shows that 

the computational burden is proportional to the harmonic 

order [14].  

 

 

 

Fig. 8. Block diagram of harmonic compensator using PI 

controllers to eliminate the 3rd, 5th, and 7th 

harmonic currents. 
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In contrast, it is possible to compensate for the 

harmonics using the PR controller, which has a relatively 

high gain in a specific frequency band. We can compensate 

for the harmonics selectively by adjusting the frequency of 

the low-order harmonics that we wish to eliminate. As an 

example, the transfer functions of an ideal and a non-ideal 

harmonic compensator (HC) are designed to compensate 

for the third, fifth, and seventh harmonics. These 

harmonics are the most prominent in a typical current 

spectrum, and the compensators are [8]: 

 

 2 2
3,5,7

2
( )

( )

sih
h

h

K
G s

s hω=

= ∑
+

             (4) 

 2 2
3,5,7

2
( )

2 ( )

ih c
h

h c

K s
G s

s s h

ω

ω ω=

= ∑
+ +

          (5) 

 

where h is the harmonic order to compensate for, and Kih 

represents the individual resonant gain. 

Fig. 9 shows a block diagram of our approach for the 

elimination of low-order harmonics using the PR controller. 

We also use a PI controller to compare our method with the 

conventional approach. 

The existing technique for the compensation of 

harmonic distortion requires a cumbersome operation to 

transform the frame of each harmonic order. However, 

using the PR controller simplifies the method as the 

number of PR compensators needed corresponds to the 

harmonic order. It is easy to compensate for the harmonic 

currents using this technique. 

 

 

Fig. 9. Compensation for 3rd, 5th, and 7th harmonics using 

PR controllers. 

 

4. Simulations 

 

We perform simulations to confirm the validity of our 

algorithm. The simulation parameters for the grid-

connected inverter system are given in Table 1. 

 

Table 1. Simulation parameters 

DC-link voltage 600V 

DC-link capacitance 4500uF 

Control period 100us 

Grid phase voltage 311.127V 

Frequency 60Hz 

We investigate the validity of our algorithm for both 

unbalanced and distorted grid voltage. These waveforms 

are shown in Fig. 10, where the imbalance factor is 18.18%, 

and the total harmonic distortion (THD) ratio is 

approximately 5%. 

 

 

Fig. 10. Unbalanced and distorted grid voltage.  

 

Fig. 11 shows the power wave before the power ripple 

reduction and the harmonic compensation. Because of the 

unbalanced grid voltage, the power wave contains a 120 

[Hz] ripple component.  

 

 

Fig. 11. Power wave before power ripple reduction and 

harmonic compensation. 

 

Fig. 12 shows the three-phase currents under the same 

conditions as in Fig. 11. Thus, the three-phase currents are 

balanced under the conditions, and represented non-

sinusoidal waveform due to the harmonics.  

 

 

Fig. 12. Three-phase currents before power ripple 

reduction and harmonic compensation. 

 

Fig. 13 shows the power wave with our method for the 

reduction of the power ripple and the harmonics. Via the 

imbalance control, we reduce the 120 [Hz] ripple component 

in the power, and we also compensate for the harmonics. 
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Fig. 13. Power wave after power ripple reduction and 

harmonic compensation. 

 

Fig. 14 shows the three-phase currents after the power 

ripple reduction and harmonic compensation. Henceforth, 

the three-phase currents become unbalanced and display 

the sinusoidal waveform due to the harmonic compensation. 

 

 

Fig. 14. Three-phase currents after power ripple reduction 

and harmonic compensation. 

 

 

5. The experimental results 

 

We apply our technique to a 10-kW grid-connected 

inverter system. Fig. 15 shows the digital controller based 

on a digital signal processor (TMS320F28335). 

Fig. 16 shows the unbalanced and distorted grid voltage 

where the imbalance factor is 18.18% as in the simulation, 

and the third, fifth, and seventh harmonic components are 2%. 

 

 

Fig. 15. Experimental setup. 

 

Fig. 17 shows the three-phase currents and the power 

wave without the power ripple reduction and harmonic 

compensation. As the grid voltage is unbalanced and 

affected by the harmonics, it can be seen that the power 

wave contains 120 [Hz] ripple components and various 

harmonics. In contrast to the simulation results, the power 

wave has not only third, fifth, and seventh harmonic 

components but also other harmonics because of the 

sampling frequency. The three-phase currents are distorted 

by many harmonics in the balanced state. 

Fig. 18 shows the three-phase currents and the power 

wave when only the unbalanced current control is applied. 

Although the ripples of the power wave are reduced by the 

 

Fig. 16. Unbalanced and distorted grid voltage. 

 

 

Fig. 17. Three-phase currents and power wave before 

power ripple reduction and harmonic compen-

sation. 

 

 

 

Fig. 18. Three-phase currents and power wave only when 

power ripple reduction is applied. 
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power ripple reduction, the ripples still remain due to other 

harmonics. It is possible to check that the three-phase 

currents waveform is unbalance controlled in order to 

reduce the power ripple. However, because of the harmonic 

compensation not being applied the three phase current 

waveform can be verified to be non-sinusoidal.  

Fig. 19 shows the three-phase currents and the power 

wave when only the harmonic compensation is applied. 

The harmonic compensation makes the three-phase 

currents close to a sinusoidal wave, which has no third, 

fifth, or seventh harmonics. We compensate for the 

harmonics in the power wave. Thus, the power wave 

becomes similar to a sinusoidal wave with 120 [Hz] 

components. 

 

 

Fig. 19. Three-phase currents and power wave only when 

harmonic compensation is applied. 

 

Fig. 20 shows the three-phase currents and the power 

wave after the power ripple reduction and harmonic 

compensation. The distortion of the three-phase currents is 

compensated for by eliminating the third, fifth, and seventh 

harmonic elements. The power ripple reduction and the 

harmonic compensation reduce the ripple of the 120 [Hz] 

elements and the harmonics in the power wave. The power 

ripple is reduced by 40% when both techniques are used. 

 

 

 

Fig. 20. Three-phase currents and power wave after power 

ripple reduction and harmonic compensation. 

Figs. 21 and 22 show the FFT form of the a-phase 

current before and after the harmonic compensation. It can 

be seen that the third, fifth, and seventh harmonics have 

been compensated.   

 

 

 

Fig. 21. FFT form of a-phase current before harmonic 

compensation. 

 

 

Fig. 22. FFT form of a-phase current after harmonic 

compensation. 

 

 

Fig. 23 shows the THD spectrum of the a-phase current. 

Because the harmonic compensation is done for only the 

third, fifth, and seventh harmonics, the THD is calculated 

for only these harmonics. With the compensation for the 

distortion, the THD factor has been reduced by 3.78%. 

 

 

 

Fig. 23. THD spectrum of a-phase current. 
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6. Conclusion 

 

We have presented a control scheme for unbalanced 

current that provides power stability under an unbalanced 

grid voltage and a method to compensate for harmonic 

distortion using a PR controller. We use just one PR 

controllers whereas two PI controllers are needed in the 

conventional approach. Using a PR compensator for the 

harmonic distortion simplifies the complex computation. 

We have experimented with a 10-kW system. The 

simulated and experimental results confirm the feasibility 

and effectiveness of our PR controller. 
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