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Introduction  

Due to the growing importance of renewable-energy based 

power generation, a large number of power electronics 

interfaced DG units have been installed in the low-voltage power 

distribution systems [1]. It has been reported that the control of 

interfacing converters can introduce system resonance issues [2]. 

Moreover, the increasing presence of nonlinear loads, such as 

variable-speed drives, light-emitting diode (LED) lamps, 

compact fluorescent lamps (CFLS), etc., will further degrade 

distribution system power quality. 

To compensate distribution system harmonic distortions, a 

number of active and passive filtering methods have been 

developed [3]. However, installing additional filters is not very 

favorable due to cost concerns. Alternatively, distribution system 

power quality enhancement using flexible control of grid 

connected DG units is becoming an interesting topic [5]–[12], 

where the ancillary harmonic compensation capability is 

integrated with the DG primary power generation function 

through modifying control references. This idea is especially 

attractive considering that the available power from backstage 

renewable energy resources is often lower than the power rating 

of DG interfacing converters. For the local load harmonic 

current compensation methods as discussed in [5]–[12], an 

accurate detection of local load harmonic current is important. 

Various types of harmonic detection methods [4] have been 

presented, such as the Fourier-transformation-based detection 

method in [13], the detection scheme using instantaneous real 

and reactive power theory in [14], second-order generalized 

integrator (SOGI) in [15], and the delayed-signal-cancellation-

based detection in [32]. Nevertheless, harmonic extraction 

process substantially increases the computing load of DG unit 

controllers. For a cost-effective DG unit with limited computing 

ability, complex harmonic ex- traction methods might not be 

acceptable. Alternatively, an in- teresting harmonic detection 

less method was proposed in [16] and [17]. It shows that the 

main grid current can be directly controlled to be sinusoidal, 

instead of regulating DG output cur- rent to absorb local load 

harmonics.  

In this scenario, local load current is essentially treated as a 

disturbance in the grid current regulation loop. It should be noted 

that DG system normally has smaller stability margin when the 

direct control of grid current is employed. In addition, for the 

shunt active harmonic filtering via point of connection (PoC) 

harmonic voltage detection (also named as resistive active power 

filter (R-APF) in [12] and [23]), the control techniques in [16] 

and [17] cannot be used. Alternatively, the recently proposed 

hybrid voltage and current control method (HCM) [30] also 

allows the compensation of local load harmonics without using 

any harmonic detection process, where the well-understand 

droop control scheme [22] is adopted to regulate the output 

power of the DG unit. Further considering that droop-control- 

based DG unit often features slow power control dynamics [21]
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and current-controlled DG units are more widely installed in the 

distribution system, developing a robust Current-control-based 

harmonic compensation method without using any system 

harmonic detection is very necessary. It is worth mentioning that 

the DG real and reactive power control performance shall not be 

affected during the harmonic compensation. To satisfy this 

requirement, the fundamental DG current reference shall be 

calculated according to power references. Conventionally, the 

fundamental current reference can be determined based on the 

assumption of ripple-free grid voltage with fixed magnitude, and 

the PLL is used to synchronize the fundamental current 

reference with the main grid. However, considering that PoC 

voltage magnitude often varies due to the distribution system 

power flow fluctuations, this method may cause nontrivial power 

control errors. Alternatively, the fun- damental current reference 

can also be calculated through the ―power–current 

transformation‖ in [7], where only the detected PoC voltage 

fundamental component is used in the calculation. However, for 

a DG unit with the ancillary harmonic compen- sation capability, 

the interactions between distorted DG current and PoC harmonic 

voltages may contribute some DC real and reactive power bias 

[31], and these power bias cannot be directly addressed in the 

control method in [7].  

In order to ensure accurate power tracking performance, a 

closed-loop DG power control is necessary. To simplify the 

operation of DG units with ancillary harmonic compensation 

capabilities while maintaining accurate power control, this paper 

proposes an improved current controller with two parallel 

control branches. The first control branch is responsible for DG 

unit fundamental current control, and the second one is 

employed to compensate local load harmonic current or feeder 

resonance voltage. In contrast to the conventional control 

methods with harmonic detection, the PoC voltage and local 

load current can be directly used as the input of the proposed 

current controller, without affecting the harmonic compensation 

accuracy of the DG unit. Moreover, with simple PI regulation in 

the outer power control loop, the proposed DG unit also achieves 

zero steady-state power tracking errors even when the 

fundamental current tracking has some steady-state errors. Sim- 

ulated and experimental results from a single-phase DG unit                                                                                                                

 
Fig 1. DG unit with local load harmonic current 

compensation capability 

synchronized with PoC voltage
 PoCV
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where θ is the PoC voltage phase angle detected by PLL,Pre 

f and Qre f  are the real and reactive power references, and E∗ is 

the nominal voltage magnitude of the system. However, the 

current reference generator in (1) is not accurate in controlling 

DG power, due to variations of the PoC voltage magnitude. To 

overcome this drawback, an improved power control method 

with consideration of PoC voltage magnitude fluctuations [11] 

was developed as shown in Section II-B.  

First, the fundamental PoC voltage VPo C α  f and its 

orthogonal component VPo C β  f  (quarter cycle delayed respect 

to VPoCαf) are obtained by using SOGI[15]as  Validate the 

effectiveness of the proposed DG control method. 
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Modeling of Dg Unit with The Proposed Current Control 

Scheme 

In this section, the harmonic compensation performance  

using the proposed current controller is investigated. 

Modeling of the Proposed Current Control Method 

It is well understood that the current-controlled inverter 

shall be described as a closed-loop Norton equivalent circuit 

[27], [29] 
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     Fig 2. DG unit with the proposed Control Scheme 

Grid Operation 

The DG Grid can operate in two modes. In grid-tied mode, 

the main converter is to provide stable dc bus voltage and 

required reactive power and to exchange power between the AC 

and DC buses. The boost converters are controlled to provide the 

maximum power. When the output power of the DC sources is 

greater than the dc loads, the converter acts as an inverter and 

injects power from DC to AC side. When the total power 

generation is less than the total load at the dc side, the converter 

injects power from the AC to DC side. When the total power 

generation is greater than the total load in the DG Grid, it will 

inject power to the utility grid. Otherwise, the DG Grid will 

receive power from the utility grid. In the grid tied mode, the 

battery converter is not very   important in system operation 

because power is balanced by the utility grid. In autonomous 
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mode, the battery plays a very important role for both power 

balance and voltage stability. Control objectives for various 

converters are dispatched by energy management system. DC 

bus voltage is maintained stable by a battery converter or boost 

converter according to different operating conditions. The main 

converter is controlled to provide a stable and high quality ac 

bus voltage. Both PV can operate on maximum power point 

tracking (MPPT) or off-MPPT mode based on system operating 

requirements. Variable wind speed and solar irradiation are 

applied to the PV arrays respectively to simulate variation of 

power of ac and dc sources and test the MPPT control algorithm. 

 
Fig 3. Equivalent circuit of a solar cell 

Modeling of PV Panel 

Fig. 3 shows the equivalent circuit of a PV panel with a 

load. The current output of the PV panel is modeled by the 

following three equations [11], [12]. All the parameters are 

shown in Table I: 
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Coordination current control of the converters 

There are five types of converters in the DG Grid. Those 

converters have to be coordinately controlled with the utility grid 

to supply an uninterrupted, high efficiency, and high quality 

power to variable DC and AC loads under variable solar 

irradiation and wind speed when the DG Grid operates in both 

isolated and grid tied modes. The control algorithms for those 

converters are presented in this section. 

Grid-Connected Mode 

When the DG Grid operates in this mode, the control 

objective of the boost converter is to track the MPPT of the PV 

array by regulating its terminal voltage. The back-to-back 

ac/dc/ac converter of the DFIG is controlled to regulate rotor 

side cur-rent to achieve MPPT and to synchronize with ac grid. 

The energy surplus of the DG Grid can be sent to the utility 

system. The role of the battery as the energy storage becomes 

less important because the power is balanced by the utility grid. 

In this case, the only function of the battery is to eliminate 

frequent power transfer between the dc and ac link. The dc/dc 

converter of the battery can be controlled as the energy buffer 

using the technique [15]. The main converter is designed to 

operate bi-directionally to incorporate complementary 

characteristic of wind and solar sources [16], [17]. The control 

objectives of the main converter are to maintain a stable dc-link 

voltage for variable dc load and to synchronize with the ac link 

and utility system. The combined time average equivalent circuit 

model of the booster and main converter is shown in Fig. 4 

based on the basic principles and descriptions in [18] and [19] 

for booster and inverter respectively. 

Power flow equations at the dc and ac links are as follows: 
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Fig 4. Time  average model for the booster and main 

converter 
where real power  and  are produced by PV 

respectively,  and  are real power loads connected to ac 

and dc buses respectively,  is the power exchange between ac 

and dc links,  is power injection to battery, and  is power 

injection from the DG Grid grid to the utility. The current and 

voltage equations at dc bus are as follows: 
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Where  is the duty ratio of switch ST. Equations (10) and 

(11) show the ac side voltage equations of the main converter in 

ABC and -  coordinates respectively [20] 
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Where  ac side voltages of the main converter 

are,  are voltages across  

in Fig. 2, and  ,  and  are the corresponding -  

co- 

In order to maintain stable operation of the DG Grid under 

various supply and demand conditions, a coordination control 

algorithm for booster and main converter is proposed based on 

basic control algorithms of the grid interactive inverter in [19]. 

The control block diagram is shown in Fig. 5.The reference 

value of the solar panel terminal voltage is determined by the 
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basic perturbation and observation (P&O) algorithm based on 

solar irradiation and temperature to harness the maximum power 

[21], [22]. Dual-loop control for the dc/dc boost converter is 

described in [23], where the control objective is to provide a 

high quality dc voltage with good dynamic response. This 

control scheme is applied for the PV system to track optimal 

solar panel terminal voltage using the MPPT algorithm with 

minor modifications. The outer voltage loop can guarantee 

voltage reference tracking with zero steady-state error and the 

inner current loop can improve dynamic response. 

 
Fig 5.The simulation control block diagram 

Simulation Block and Results 

 
Fig 6.  Proposed simulation Block with Grid and Load 

 

 
Fig 7. Dc link Voltage 

 
Fig 8. Grid Load voltage and grid without controller 

 

 
Fig 9. Grid Load Voltage and Current in phase with each 

other 

 
Fig 10.  Proposed  PV cell voltage, PV power, without MPPT 

and With MPPT controller and distorted DC  grid 
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Table 1. Parameters in simulation results 

 
Conclusion 

In this paper, a simple harmonic compensation strategy is 

proposed for current-controlled DG unit interfacing converters. 

By separating the conventional proportional and multiple 

resonant controllers into two parallel control branches, the 

proposed method realizes power control and harmonic 

compensation without using any local nonlinear load harmonic 

current extraction or PoC harmonic voltage detection. Moreover, 

the input of the fundamental power control branch is regulated 

by a closed-loop power control scheme, which avoids the 

adoption of PLLs. The proposed power Generation of PV Cell 

with MPPT control method ensures accurate power control even 

when harmonic compensation tasks are activated in the DG unit 

or the PoC voltage changes. Simulated and Simulation results 

from a single-phase DG unit verified the feasibility of the 

proposed strategy. 
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