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Abstract: - An intelligent grid-connected control system for distributed generation system is proposed and 

studied. The proposed control system consists of reactive power compensation control strategy, dead-time 

compensation control strategy, voltage and current control strategy, anti-islanding control strategy, and so on. 

The interrelationships of the control strategies are also developed so as to form an intelligent and integrated 

protection system for the distributed generation system. A 10 kW power conditioner which consists of a dc-dc 

boost converter and a three-phase dc-ac voltage source inverter is established. Experimental results show that 

the power conditioner with the proposed control system can operate with high efficiency, high power factor and 

low current and voltage total harmonic distortion in a wide output range. Thus, it can be considered as a total 

solution of the control strategy for distributed generation system. 
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1 Introduction 
Nowadays, with the environmental problem 

caused by the use of traditional energy and the acute 

conflict between the limited natural resources and 

the demand for energy, the necessary of producing 

more energy combined with the interest in clean 

technologies yields in an increased development of 

power distribution systems using renewable energy 

[1,2]. Among the renewable energy sources, wind 

energy source and photovoltaic energy source have 

been widely utilized. So, many control strategies 

have been developed for three-phase voltage source 

inverter (VSI) in distributed generation system [2-

5]. In these researches, the space vector modulation 

(SVM) and the current control for three-phase 

inverter are mainly focused on. Some special control 

strategies which may be suitable for distributed 

generation system are developed in recent years [6-

11]. The control strategy researches are all mainly 

focused on one or more parts of the whole control 

system. There is also an overview of them described 

in [1].  

In this paper, an intelligent control system for the 

grid-connected distributed generation system is 

proposed. The control system consists of ac voltage 

rise restraint control, dc link voltage rise restraint 

control, dc link constant voltage control, dead-time 

compensation control, capacitor charge control, 

recover capacitor compensation control, passive 

anti-islanding detection and active anti-islanding 

detection, and so on. The interrelationships of these 

control parts are also analyzed in detail because 

there are many interrelationships in different control 

parts and protections of the system. A design 

example of a 400V of 10 kW design example, 

featured by high efficiency, high power factor and 

low total harmonic distortion(THD), is developed, 

and also confirmed by experimental results. 

This paper is organized as follows: the hardware 

topology is described in Section 2. Control system 

and control strategy are discussed in Section 3. A 

design example and experimental results are 

presented in Section 4. Finally, the conclusions are 

given in Section 5. 

 

 

2 Structure of hardware topology 
A three-phase grid-connected distributed 

generation system is shown in Fig. 1, which has a 

typical dc-dc-ac topology with a dc link boost 

chopper and a three-phase inverter. In this topology, 

a basic boost chopper maintains the dc link voltage 

at an appropriate level to ensure a high quality 

current feeding into the grid even at a low dc input 

voltage, and a typical three-phase intelligent power 

module full-bridge PWM VSI is connected to the 

grid through an inductor and capacitor filter and a 

electromagnetic relay. The control platform of the 

entire system is built on a digital signal processor. 
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Fig.1 Block diagram of grid-connected power conditioner for distributed generation system 

3 Structure of Control System 
The proposed control system of grid-connected 

distributed generation system is described in Fig. 2. 

For the inverter, the voltage space vector pulse 

width modulation (SVPWM) is used to generate 

PWM patterns of IPM driver. The d-axis reference 

current id_ref is the output of the dc link constant 

voltage control. The q-axis reference current iq_ref 

is the sum of the outputs of active anti-islanding 

control, recover capacitor compensation control and 

ac voltage rise restraint control. To reduce the 

current THD, dead-time compensation control is 

also necessary. For the boost converter, capacitor 

charge control, maximum power point tracking 

(MPPT) control and dc link voltage rise restraint 

control are applied to generate the dc reference 

current idc_ref used in the dc current control. These 

control strategies are combined by interrelationships 

to form a total solution of the control system that 

also has the protection functions.  

The details of the control system will be 

described in the following from sections 3.1 to 3.9 

according to the same numbers disctribed in the 

Fig.2.  

 
Fig.2 Block diagram of control system 

WSEAS TRANSACTIONS on SYSTEMS Jianfei Zhao, Xingwu Yang, Jianguo Jiang

ISSN: 1109-2777 571 Issue 5, Volume 9, May 2010



3.1 Control strategy of dead-time 

compensation for inverter 
To reduce the current THD caused by the dead-

time of switches in the IPM, dead-time 

compensation control is demanded. The control 

diagram is shown in Fig. 3. The d- and q-axis 

reference currents can be obtained in the following 

section 3.3 and 3.4,. The phase θ_pll of voltage 

vector for the Clarke and inverse Clarke transform is 

obtained from phase lock loop (PLL). The three-

phase reference currents iu_ref, iv_ref or iw_ref 

which have the same phase with voltage for PLL are 

the sinusoidal curves shown as (a). The 

compensated current curve is illustrated as solid line 

in (b). The gain k_dead of the limit is given by 

_ /dt cark dead T T= ,                                         (1) 

where Tdt is the period of dead-time, and the Tcar is 

the period of carrier. 

×

×

 
Fig.3 Block diagram of dead-time compensation control for inverter 

3.2 Control strategy of d-q axis current for 

inverter 
To generate the duty-cycle m_inv_ref and the 

phase θ_inv_ref for the SVPWM， the d-q axis 

current control is presented as Fig. 4. The a-q axis 

voltage outputs vd_dead and vq_dead of the dead-

time compensation control and the a-q axis voltage 

outputs of d-q axis current control are simultaneous 

used to the PWM generator of the inverter. As 

shown in Fig. 4, the feed forward value of the vd_ad 

and vq_ad are also used. 

( )2 2k x y× +

( )1tan /x y−

 

Fig.4 Block diagram of d-q axis current control for inverter 
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3.3 Control strategy of d-axis reference 

current for inverter 
According to the structure of the power 

conditioner shown in Fig. 1, the dc link constant 

voltage control is necessary to obtain an appropriate 

constant voltage to ensure a high quality current 

feeding into the grid. Because the boost converter is 

used for the MPPT control for the distributed power 

sources, such as photovoltaic (PV) and wind 

generator (WG), the dc link constant voltage control 

is realized by the control of the inverter side. The 

block diagram is shown in Fig. 5. The output is the 

d-axis reference current because the active power 

current of the inverter is originated from d-axis 

current. A soft start gain k_soft_inv and the original 

voltage of the dc link voltage vpn_start are used to 

reduce the impact dc link voltage vpn_ad from the 

control. k_soft_start begins at zero and ends at one. 

vpn_strat is originated from the input voltage of 

distributed power source though the diode in IGBT 

before the relay in the ac side is switched on. 

 
Fig.5 Block diagram of dc link constant voltage control 

3.4 Control strategy of q-axis reference 

current for inverter 
The q-axis current is the reactive current for the 

inverter. The control strategy is shown in Fig. 6. The 

reactive current iq_act_ref of anti-islanding control 

is one part of the q-axis reference current. It will be 

described in part I of this section. The reactive 

current iq_v_ref of the ac voltage rise restraint 

control is the other part of the q-axis reference 

current because to inject reactive power current can 

increase the voltage drop of the grid for increasing 

the inductive reactance. So, when the ac voltage of 

the grid is over the limit of the control system, this 

control method can reduce the ac voltage to inhibit 

the ac voltage over the limit value to some extent. 

The value of active power, reactive power and the 

power factor is presented in section 3.8. The 

iq_c_ref is the reactive current for the recover 

capacitor compensation in the capacitor filter of the 

ac-side. It is given by 

_
_ _

C

vsys rms
iq c ref

X
= ,                              (2) 

where vsys_rms is the grid voltage root mean square 

(RMS) value, and XC is the capacitive reactance of 

recover capacitor. It is given by 

1

2
C

AC

X
Cπ

=
× ×

.                                          (3) 

 
Fig.6 Block diagram of q axis reactive power current input 
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3.5 Control strategy of reference current 

for converter 
The reference current input ipn_ref of the boost 

converter is shown in Fig. 7. As described in section 

3.1, dc link constant voltage control is executed by 

the inverter. Before the relay in the side of ac power 

grid is switched on, sometimes the voltage of the dc 

link capacitor is very low for the low input voltage 

of the distributed generation source. If the relay is 

closed at that time, the surge current form the ac-

side is so large that IPM may be destroyed. Usually, 

the power conditioner uses a charge resistor and 

another relay to deal with this problem. Thus, the 

size of resistor is very big for the large power loss, 

and the cost of another relay is necessary. For this 

proposed control system, before relay is closed and 

the dc link constant voltage control is executed, the 

capacitor charge control is applied to the boost 

converter side. A constant charge reference current 

such as 1 A is used to deal with this problem. When 

the dc link voltage arrives at a safe level, the relay is 

closed and dc link constant voltage control is 

started. Then, the control of the boost converter is 

automatically switched to the MPPT control. 

When the ac voltage of grid system is higher than 

the limit value, instead of using the reactive power 

current injected to the ac grid described in section 

3.2, another method to reduce the ac voltage is to 

limit the output reference current of the MPPT by 

gain_p_limit. This will be described in section 3.8. 

If the dc link voltage is higher than the limit 

value, another limit id_vdc_limit is applied to reduce 

the reference current ipn_ref. 

 

 
Fig.7 Block diagram of reference current for converter 

 

3.6 Control strategy of current control for 

converter 
  The current ipn_ref described in section 3.5 is 

applied for the current control to generate PWM for 

the boost converter. The diagram is shown in Fig. 8. 

 

 
Fig.8 Block diagram of current control for converter 

 

3.7 Control strategy of dc link voltage rise 

restraint for converter 
As described in section 3.5, when the dc link 

voltage is higher than the limit value vpn_limit_ref, 

the dc link voltage rise restraint control shown in 

Fig. 9 is executed to reduce the output current of the 

converter because the inverter can not delivery 

much more power to the ac power grid system. 

Here, another soft start gain k_soft_con for the 

converter is also used to reduce the impact of the 

inhibition control. 
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Fig.9 Block diagram of dc link voltage rise restraint control 

3.8 Control strategy of ac voltage rise 

restraint for inverter and converter 
In section 3.2 and 3.5, a control strategy called ac 

voltage rise restraint control is mentioned. It is 

executed when the maximum ac voltage vsys_max is 

up to the limit value vsys_limit. One reason may be 

that the voltage quality in some factory is bad for 

the operations of equipments sometimes. The other 

reason may be that the impedance of the ac power 

grid is so large that the voltage is increasing when 

power conditioner regenerates power to the grid. 

Thus, the ac voltage rise restraint control is 

necessary, and the block diagram is described in 

Fig. 10. The iq_pf_llimit coming from the limit of 

the power factor (PF) is given by 

_ _ _ tan(36.87 )iq pf limit id lpf= × ° ,                  (4) 

where id_lpf is the d-axis current of the inverter. 

tan(36.87 ) 0.8° = ,                                               (5) 

When the vsys_max is higher than vsys_limit, if 

the injected q-axis current iq_v_limit is higher than 

iq_pf_limit, the gain_p_limit is decreased to limit 

the boost converter output not to generate more 

power to the ac grid as shown in Fig. 10. It is 

because that the PF is lower than 0.8 at this time. 

When the vsys_max is higher than vsys_limit, if the 

PF is also higher than 0.8, the q-axis current 

iq_v_limit of the inverter is increased to inject 

reactive power into ac power grid described in Fig. 

6. Thus, the inductive reactance can be increased for 

more voltage drop of the ac grid voltage, and the 

active power regenerated from power conditioner to 

the ac power grid is not decreased. When the ac grid 

voltage is dropped under the limit voltage, the 

reactive power current iq_v_limit will return to the 

zero. Then, the limit the output reference current 

gain_p_limit is set to maximum value. 

 
Fig.10 Block diagram of ac voltage rise restraint control 
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3.9 Control strategy of anti-islanding 

detection 
Islanding detection method is applied in the 

distributed generation system to prevent the power 

conditioner regenerating the power to the ac power 

grid when the ac power grid is default. 

a) Passive islanding detection. 

Passive methods for detecting an islanding 

condition basically monitor parameters to stop 

converting power when there is sufficient transition 

from normal specified conditions. In this paper, a 

voltage phase jump detection method is presented. 

The voltage phase of the ac power grid is detected 

by PLL. When the voltage phase jumps out of the 

allowable range, the islanding condition will be 

detected by the controller. To prevent the effect of 

the noise in PLL, a moving average method by 10 

cycles of ac voltage is used. 

b) Active islanding detection 

Active methods for detecting the island introduce 

deliberate changes or disturbances to the connected 

circuit and then monitor the response to determine if 

the ac power grid with its stable frequency, voltage 

and impedance is still connected. The method used 

in this system is to inject reactive power described 

in Fig. 6. The current value iq_acf_ref is given by 

( )_ _ _ 5%iq acf ref id ad= × ± .                        (6) 

The pulse frequency is 1Hz, and the pulse 

amplitude is 5% of the active power current. 

 

 
 

Fig.11 Pictorial view of experimental prototype 

 

4 Design example and experimental 

results 
Based on the circuit in Fig. 1 and the control 

strategy of Fig. 2, a grid-connected power 

conditioner for distributed generation system of 

10kW is designed as shown in Fig. 11. 

According to the theoretical analysis in section 2 

and 3, the parameters of the main components in the 

power conditioner are given in Table 1. 

The specifications of the power conditioner 

designed are shown in Table 2. 

Table 1 Circuit parameters in Fig.1 

Item Symbol Parameter 

AC inductor LAC 2.7mH,15A 

AC capacitor CAC 15uF,450V 

DC inductor LDC 2.5mH,28A 

DC input capacitor CDC1 3300uF,450V 

DC bus capacitor CDC2 2200uF,400V 
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Table 2 Specifications of the design example 

AC/DC Item Parameter 

AC Rated voltage 380V±10% 

 Power factor >0.98 

 Rated capacity 10kVA 

DC Voltage range 0～650Vdc 

 Current range 0～25Adc 

 Maximum  power 10kW 

Fig. 12 shows the specifications of the proposed 

power conditioner in the rating condition. The 

results show that the power conditioner has a power 

factor λ12 of 0.9940 and an efficiency η1 of 92.66%. 

The THD of each phase current in ac-side is lower 

than 2.68 % and the THD of the voltage is lower 

than 1.09 % in the last four items shown in the Fig 

12. 

 
Fig.12 Experimental results of rating operation. U1, U2, I1 and I2 are the ac input line voltage and line current, 

P12, Q12 and S12 are the input active power, reactive power and apparent power. λ12 is power factor. U3, I3 and P3 

are the output voltage, current and power in the dc-side. η1 is the efficiency of the converter. The THD of U1, 

U2, I1 and I2 are in the last four items. 

 

 
Fig.13 Experimental waveforms of grid voltage and current of rating operation. va(CH1):250V/div, ia (CH2): 

20A/div 
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Fig.14 Efficiency and power factor curve 

 

 
(a) passive detection 

 
(b) active detection 

Fig.15 Experimental waveforms of anti-island capability. vu(CH1):80V/div, iu (CH2): 5A/div 

 

Fig. 13 shows the experimental curves of ac grid 

voltage va and current ia at rating condition. ia is in 

phase with va, and they are both very near 

sinusoidal curve with low distortion. 

Fig. 14 shows the experimental results of 

efficiency and power factor with different output 

power from 1 kW to 10 kW.. The power conditioner 

has a peak efficiency of 92.93% at 6.5kW, and can 

be operated with an efficiency of higher than 91% 

when the output power is above 2.5 kW. The power 

factor is higher than 0.98 during a wide range 

from2.5kW to 10 kW, According to the analysis and 

experimental results, the proposed power 
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conditioner can work with high efficiency and high 

power factor in wide power output range. 

Fig. 15 shows the experimental results of passive 

anti-landing and anti-active landing detection. The 

passive anti-detection is shown in Fig. 15(a). The 

detection period is 143 ms because the phase jump 

detection uses a moving average of 10 cycle period 

of the voltage. The active anti-detection is shown in 

Fig. 15(b). The detection period is 527 ms for the 

1Hz reactive power injected into the ac power grid. 

When the active anti-islanding detection experiment 

is executed, the passive anti-islanding detecting is 

forbidded because the passive anti-islanding 

detection will be faster than the active anti-island by 

cutting off the ac power grid system. 

 

5 Conclusion 
An intelligent control system of the control 

system  for the distributed generation system is 

proposed according to the hardware topology with a 

boost converter and a three-phase full bridge 

inverter. The control system considers many aspects 

of the grid-connected system, such as the ac voltage 

rise restraint, dc link voltage rise restraint, passive 

anti-islanding and active anti-islanding detection, 

and so on.  

In addition, a design example rated at 400V, 

10kW with proposed control system has also been 

developed and tested as well. The power conditioner 

can be operated with high power factor, high 

efficiency and low THD in a wide output power 

range. So, the design example and experiment 

results demonstrate the validity of the proposed 

power hardware structure and the control system. 

Therefore, It can be used in the distributed 

generation system  such as photovoltaic power 

source system, wind power source system and fuel 

cell power source system. 
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