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Abstract. The traditional grid-connected inverter (GCI) has the disadvantage of high total harmonic 
distortion under the condition of unbalanced and distorted grid voltage. On this basis, a novel GCI 
control strategy is proposed in this paper. Firstly, a second order generalized integrator is built in the 
αβ coordinate to realize the grid voltage phase shift 90° and separate the positive-and negative 
-sequence. Then, the grid current reference command of the GCI is derived. Secondly, a 
proportional + multi-resonant (PMR) controller, which does not need positive-and negative - 
sequence separation of the grid current, is employed to achieve zero current error control and 
improve the grid current power quality. Finally, simulation results demonstrate the effectiveness of 
the proposed scheme under the condition of unbalanced and distorted grid voltage. 

Introduction 

Energy shortage and environmental pollution are the major problems that affect the world today.  
With the advantage of zero emissions, low pollution, and low price, solar energy has become the 
focus of all countries [1, 2]. As one of the most important parts in photovoltaic generation system, 
GCI provides more technical benefits and control flexibilities to the utility. When the grid voltage is 
unbalanced and distorted, the traditional control method cannot operate stably because of the 
existing of positive-and negative-sequence components.  Due to a lack of control ability to the 
negative sequence component, the traditional control method would result in twice frequency 
fluctuations of the active and reactive power. Accordingly, study of the GCI control strategy under 
unbalanced and distorted grid voltage has practical significance [3, 4]. 

A feed-forward control strategy based on positive dq frame is used to improve the output current 
of GCI [5, 6]. The unbalanced grid information is added into the controller. The control effort of 
this method is very well when the unbalanced factor is small, whereas its control effort is serious 
when the unbalanced factor is large. In Ref. [7], the positive-and negative-sequence components of 
the grid-current are controlled respectively by the PI regulator in the positive and negative sequence 
dq frame. However, this method would result in delay and error because of the positive-and 
negative-sequence separation of the grid current. Ref. [8] adopts a proportional integrator resonant 
(PI-R) controller in the positive dq frame to track the reference current of the three-phase GCI 
system during grid voltage distortion. However, this method needs complex coordinate 
transformation. 

An improved strategy for GCI under distorted and unbalanced grid voltage is proposed in this 
paper. The positive-and negative sequence grid voltages in αβ frame are detected by using SOGI. 
On the basis, the proportional + multi-resonant (PMR) controller, which is composed of the 
traditional proportional resonant (PR) controller and the harmonic resonant controllers of 3th, 5th, 
and 7th, is used to realize the unbalance control targets. This method can effectively restrain the grid 
current influence of the grid voltage distortion. Finally, the effectiveness of the proposed control 
scheme is evaluated by the simulation results. 
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Topology of GCI under Unbalanced Grid Voltage 

The schematic diagram of a typical GCI is shown in Fig.1. A standard three-phase GCI is 
connected to the grid through a filter. Udc is the DC bus voltage , ii (i = a, b, c) is the current of the 
output of GCI, ugi (i = a, b, c) is the grid voltage, L1, L2, and C are the filter inductance and 
capacitor, R is the reactive damping resistor that is used to inhibit the damping of LCL filter [9]. 

 
Fig.1 The schematic diagram of a typical GCI. 

SOGI. Due to the existence of the positive-and negative-sequence components under the grid 
voltage unbalanced, the control effect is not ideal; therefore, it is necessary to separate the two 
components to achieve the current unbalanced control [10]. In this paper, the SOGI is constructed to 
shift the grid voltage phase 90°, so positive-and negative-sequence components can be separated. 
The structure of the SOGI is shown in Fig. 2.  





  
Fig. 2 The structure of the SOGI.            Fig. 3 Bode diagram of D(s) and Q(s). 

The two in-quadrature output signals of the SOGI in Fig. 2, i.e., d and q, are defined by the 
following transfer functions:  
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Where k is damping ratio, ω is the angular frequency of fundamental wave. 
The bode diagrams of D(s) and Q(s) when k=1 are shown in Fig. 3. It can be concluded that the 

output of Q(s) is always 90° lagged from D(s). Moreover, when the angular frequency is ω0， the 
magnitude of D(s) and Q(s) is zero. It shows that the magnitudes of input and output of SOGI are 
nearly the same. 

Positive-and Negative-Sequence Separation. According to the instantaneous symmetrical 
components method, the positive-and negative-sequence components of grid voltage can be 
described as follows: 
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where,
2

3

2

1120 ja j  e , ua, ub, and uc are the three-phase voltages, u+ 
a , u+ 

b , and u+ 
c  are the 

positive-sequence components, u- 
a, u

- 
b, and u- 

c are the negative-sequence components. 
The positive-and negative-sequence components of instantaneous voltage in the αβ frame, which 

transformed from the abc frame by using Clarke transformation, can be calculated as shown in Eqs. 
5 and 6. 
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where, T is the array of Clarke transformation, 


T is the array of anti-Clarke transformation, 
 90jS e is a 90° lagging phase-shifting operator. 

According to the analyses above, the principle diagram of positive and negative sequence 
separation is obtained as Fig. 4. 
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Fig. 4 Principle of positive and negative sequence detection. 

Controller Design 

Once the positive-and negative-sequence of grid voltage and referenced current are determined, 
the next task is to design the grid controller to ensure that the grid current can follow the referenced 
signal. Then the PMR controller is adopted in this paper. 

PMR controller. The PMR transfer function is defined as follows: 
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where, kp is the proportional coefficient and kr is the multi-resonant coefficient, ω0 is the 
fundamental frequency and its value is 100π rad/s, ξ0 is the resonant factor. 

As shown in Fig.5, the resonant peaks are existed in the frequency of mω0; therefore, the system 
will have great gains in these frequencies and the zero-error tracking for the referenced current can 
be realized. 
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Fig. 5 Bode diagram of PR and PMR. 

It can be seen from Fig.5 that, the resonance peak is existed only in the fundamental frequency 
when PR controller is used; therefore, the controller cannot achieve the current zero-error control 
and get ideal control effect when the grid voltage contains multiple harmonics. 

Grid-connection control strategy. According to the principle of control strategy [3], the grid 
current control system of GCI under unbalanced grid voltage can be designed. The structure of 
grid-connection control strategy is shown in Fig. 6 
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Fig. 6 Structure of the GCI control strategy. 

The grid-connection control strategy is composed of DC voltage outer loop and PMR current 
inner loop. The outer loop provides the active power reference command to the inner loop, while 
the inner loop tracks the given current and eliminates the certain harmonics; thus the grid current 
power quality can be improved. 

Firstly, the phase, frequency, and amplitude of grid voltage are detected, and its positive-and 
negative-sequence components are separated by the positive-and negative-sequence separation 
module in αβ frame. Then the referenced current command is calculated by combining with output 
of outer loop. The error between the referenced current command and actual grid current is then 
sent to the PMR controller to get high quality of grid current. 

As shown in Fig. 6, the proposed control system does not need to separate the positive- and 
negative-sequence currents and it is designed in stationary frame. The PMR regulator can realize 
the precise control of negative-sequence current, and ensure the system dynamic response. 

Simulation Results 

In order to verify the effectiveness of the proposed control strategy, the control system was 
simulated using matlab/simulink. Unbalanced grid voltage condition is used in the simulation. In 
order to compare the PMR control strategy with the traditional method, Fig. 7 shows the grid 
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currents and total harmonic distortion (THD) of the GCI under the two control method, the grid 
voltage is unbalanced and with 3th, 5th and 7th harmonics. 

i/
A

 
(a)                                       (b) 

Fig. 7 Grid-current waveform and THD: (a) traditional control scheme, (b) the proposed scheme. 
It can be seen from the simulation results that the output grid-current has a good performance 

and a low THD under the proposed control scheme, especially in 3th, 5th and 7th harmonic sequences 
of the GCI 

Fig. 8(a) shows the active and reactive power under unbalanced grid voltage. The active power is 
constant and the reactive is zero. It can be seen that the two-times frequency fluctuation of active 
power can be effectively suppressed under the proposed control strategy. 

Fig. 8(b) shows the reference current i* and detected grid current i in αβ frame. It shows that the 
control scheme can achieve zero current error control. 

 
    (a)                               (b) 

Fig. 8 Simulation of GCI: (a) active and reactive power, (b) reference current and grid current. 

Summary 

An advanced control scheme, which is composed of SOGI and PMR regulator, is proposed for 
the GCI under unbalanced grid voltage in this paper. The SOGI is constructed to realize the grid 
voltage phase shift 90°. Due to the lack of the grid synchronous rotation angle extraction, the delay 
of low pass filter can be reduced and the system dynamic performance can be improved. The PMR 
regulator can effectively eliminate the 3th, 5th and 7th harmonic sequences and obtain a good 
dynamic performance, it needs not to calculate the positive-and negative-sequence grid-currents, so 
the design of the control strategy is simplified. Simulation validates the effectiveness of the 
proposed control strategy. 
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