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Abstract - Three different current control strategies which are PI-controller in dq0-reference frame, PID controller and 
hysteresis controller for a three-phase-four-wire solar inverter. We discussed in this paper  and compared concerning their 
influences on the grid harmonics, and the resulting power losses in the power devices. In this paper we discuss about the PI-
controller in dq0-reference frame, PID controller and hysteresis controller. 
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I. INTRODUCTION 
 
The inverters become more and more widespread 
within both private and commercial areas [1]-[5].The 
grid-tied inverter convert the direct current supplied 
by source and this current feed it into the utility 
grid[1].The advantages mid-point topologies are 
higher efficiency and less volume. 
Thetransformerless topology having some drawbacks: 
The main drawbacks are the leakage current in 
between the earth and solar panel. These leakage 
currents are a risk for humans touching the panel. 
The source voltage is smaller than the required DC 
link voltage. The voltage can easily be boosted by a 
transformer [4]. Intransformerless topology the 
voltage has typically to be boosted by a DC-DC 
converter. Because of the leakage current at the PV 
arrays. Three single phase converters are connected in 
parallel to achieve the three phase gridconnection. 
 
The  three phase four wire topology is applied, which 
is for low leakage current to connect midpoint of the 
DC link to neutral (earth). A boost DC/DC converter 
is inserted between the source and the inverter 
[6].The three phase four wire topology is introduced 
and investigated. The last wire(fourth wire) that 
connects the midpoint of the DC-link to neutral loads. 
The paper is configured as following: In section II 
Interleaved boost converter is described. In the next 
section the investigated control strategies are 
determined. In sections IV and V simulation results 
are shown. In the last section there is a conclusion. 
 
II. INTERLEAVED BOOST CONVERTER 
 
The system is based on a solar system. The system 
consists of a voltage source inverter (VSI) and a 
boost converter(BC). To cover the total voltage range 
of the solar array with the use of boost converter in 
the DC link.The LCL filter is connected in between 
VSI and Grid. Special about this topologyis the fourth 
wire and which connects the midpoint of split DC 
capacitors with the neutral phase of grid.These power 

sources have quite low-voltage output and require 
series connection of voltage booster to provide 
enough output voltage. DC-DC boost converter is 
generally used to further boost the voltage to the 
required level. Various other boosters such as boost, 
buckboost series resonant full-bridge and push-pull 
converters are not recommended because they add 
objectionable ripples in the current flowing out of the 
renewable energy sources. It's become imperative to 
develop a high temperature, high efficiency, and high 
power density electrical power systems which can 
reliably function during electronically extreme 
thermal excursions. 

 
Fig 1 Circuit diagram of directly coupled IBC 

 
In response to these increasingly demanding electrical 
equipment power density requirements, interleaved 
boost converters have been studied in recent years for 
their potential to improve power converter 
performance in terms of efficiency, size, conducted 
electromagnetic emission, and transient response. 
Due to interleaving operation, IBC exhibits both 
lower current ripple at the input side and lower 
voltage ripple at the output side. 
 
Therefore, the size and losses of the filtering stages 
can be reduced, and switching losses can be 
significantly decreased [9]. Fig 2 shows MATLAB 
model for Interleaved boost converter. The LCL filter 
is designed according to [7]. 
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Fig 2 shows MATLAB Simulink model for Interleaved boost converter. 

 
III. CONTROL STRATEGIE 
 
The current control strategies can be divided into two sub parts. One is linearand another non-linear. Since the 
investigated topologies consist of a three phase four wire system, the most encouraging linear control schemes 
are the control in dq0-reference frameand the resonant control, where every phase is controlledseparately. As a 
non-linear control technique the hysteresis controller is tested. For both linear control strategies thesame method 
for generating the PWM pulses can be utilized.In contrast the hysteresis control delivers directly the pulse 
pattern. 
 
A. PI CURRENT CONTROL IN DQ0-REFERENCE FRAME 
The standard PI controller in the form of 

(1) 
It has an infinite open loop gain at 0 Hz. For that reason the steady state error can only be take out for DC 
signals. 

 

 
Fig.3 MATLAB Simulink model for PI controller. 
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The AC signals have to be transferred into DC signals in a rotating reference frame by 

(2) 
 
After the PI control block the signal is inverse transferred for the PWM generation by 

(3) 
 
Figure 3 shows the control structure. The DC link voltage is controlled by a PI controller. The output of the DC 
link voltage controller is the d-component for the current controller. The q- and 0-component are set to zero for 
this investigations. The inverter states are generated by a sine-triangular PWM. 
 
B. PID CONTROLLER 
PID controllers are commonly used to regulate the timedomain behavior of many different types of dynamic 
plants. PID is a control technique which aims to reduce errors of a system by undergoing three different 
mathematical operations and racking the results up producing a control output. PID means for proportional, 
integral, and derivative words, constitutes control output from the effect of these three mathematical 
expressions. The formula for PID is described by 

 
where: P proportional, I integral, D derivative, N filter coefficient 
Proportional effect has an impact on controller output as errors multiply with a specific gain value. Proportional 
effect increases the accuracy of static and dynamic response of a system. That is, it has an impact on a system in 
the way of fast reaction time and a reduction of errors. While the proportional gain factor K increases, the 
steady-state error of the system decreases. However, despite the reduction, P control can never manage to 
eliminate the steady-state error of the system. In this study, gain value is found using various automatic tuning 
methods or by trial and error. 
The integral effect has an impact on controller output proportionally to the sum of the errors from the effective 
operation of the system. While the integral effect increases static accuracy and eliminates error, its dynamic 
response time reduces. The integral effect and the integral coefficient is determined by an automatic tuning 
system and by the trial and error method. 

 
Fig 4. MATLAB Simulink Model for PID controller. 
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A derivative effect has an impact on controller output in direct proportion to the change in error. The derivative 
effect does not contribute to error recovery, while increasing dynamic response. PID controller has the optimum 
control dynamics including zero steady-state error, fast response (short rise time), no oscillations, and higher 
stability. The necessity of using a derivative gain component in addition to the PI controller is to eliminate the 
overshoot and the oscillations occurring in the output response of the system. One of the main advantages of the 
PID controller is that it can be used with higher-order processes including more than single energy storage. Fig 4 
show MATLAB Simulink model for PID controller. 
 
C. HYSTERESIS CONTROLLER 
The current controlled PWM has several advantages such as fast dynamic response, inherent peak current 
protection, good dc link utilization, instantaneous current control etc. [13]. Pulse width modulation (PWM) is 
the most popular control technique for grid-connected inverters. Among the various PWM techniques, the 
hysteresis band current control is used very often because of its simplicity of implementation. Also, besides fast 
response current loop, the method does not need any knowledge of load parameters. 
 
There are many researches in implementation hysteresis current control, for example in[10]-[11 ], but many 
have yet to implement together with the grid. For quick current controllability, unconditioned stability, good 
current tracking accuracy and easy implementation, the hysteresis band current control technique has the highest 
rate among other current control methods such assinusoidal PWM. However, the bandwidth of the hysteresis 
current controller determines the allowable current shaping error. By changing the bandwidth, the user can 
control the average switching frequency of the grid connected inverter and evaluate the performance for 
different values of hysteresis bandwidth [12]. Fig 5 show MATLAB Simulink model for hysteresis controller.

 
Fig 5.MATLABsimulink model for hysteresis controller. 

 
IV. SIMULATION RESULTS 
 
The output filter is an LCL filter designed concerning to [7]. The input voltage is delivered by a solar simulator 
that is on the one hand able to produce a fixed DC voltage and on the other hand can deliver a current and 
voltage according to a given V/I-characteristic of a solar array. 
 
A. Simulation results for PI controller :- 
In Fig. 6 , 7 ,8 .9 ,shows  the grid voltage(Vabc ) , current (Iabc) , current (Id &Iq) and PLL frequency 
waveform are shown for a grid connected PWM inverter when controlled using a PI controller only. 
a) Output Voltage Of PI Controller 
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Fig 6 Output Voltage Of PI Controller 

 
b) Output Current  Of PI Controller 

 
Fig 7 Output Current Of PI Controller 

 
c) Iq and Iq Current 

 
Fig 8. Iq and Iq Current 

 
d) PLL waveform 

Fig 9  PLL waveform 
 
B. Simulation results for Hysteresis controller :- 
In Fig. 10 ,11 ,12 .13,shows  the grid voltage(Vabc ) , current (Iabc) , current (Id &Iq) and PLL frequency 
waveform are shown for a grid connected PWM inverter when controlled using a Hysteresis controller only. 
 
a) Output Voltage Of Hysteresis Controller 

 
Fig 10 Output Voltage Of Hysteresis Controller 
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b) Output Current  Of Hysteresis Controller 

 
Fig 11 Output Current  Of Hysteresis Controller 

 
c) Iq and Iq Current 

 
 

Fig 12Iq and Iq Current 
 
d) PLL waveform 

 
 

Fig 13 PLL waveform 
 
C. Simulation results for PID controller :- 
In Fig. 14 , 15 ,16,.17 , the grid voltage(Vabc ) , current (Iabc) , current (Id &Iq) and PLL frequency waveform 
are shown for a grid connected PWM inverter when controlled using a PID controller only. 
 
a) Output Voltage Of PID Controller 

 
 

Fig 14 Output Voltage Of PID  Controller 
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b) Output Current  Of PID Controller 

 
Fig 15 Output Current  Of PID Controller 

c) Iq and Iq Current 
 

 
Fig 16 Iq and Iq Current 

d) PLL waveform 

 
Fig 17  PLL waveform 

 
D. Simulation results for interleaved boost converter 
Given below is the input and output voltage waveform obtained from MATLAB simulation 
a) Input voltage of boost converter 

 
Fig.18. Input voltage of boost converter 

b) Output voltage of boost converter 

 
Fig.19 voltage of boost converter 

 
Observation: DC-DC output voltage is input to DC Link capacitor is 650. 
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CONCLUSION 
 
A detailed simulation study of a grid connected PWM 
inverter controlled through two control techniques in 
MATLAB/Simulink has been carried out is 
performed to understand the physical behaviour of 
the system. 
The IBC with the Diode-capacitor multiplier is 
proposed to be the best one. Which reduces input 
current and output voltage ripple so that the size of 
the passive components like inductors and capacitors 
are reduced? A compact and efficient DC/DC 
converter thus can be developed. 
Three different current control strategies-PI in dq0-
reference frame , hysteresis controller and PID for a 
three phase four wire solar inverter have been 
investigated. 
It could be concluded that the hysteresis controller 
leads to the lowest losses but depicts a wide harmonic 
spectrum due to the variable switching frequency. 
The behaviour of the PI controller in dq0 reference 
frame and PID controller show very similar results. 
 
REFERENCES 
 
[1] T. Kerekes, R. Teodorescu, P. Rodriguez, G. Vazquez, and E. 

Aldabas.A new high-efficiency single-phase 
transformerlesspv inverter topology. Industrial Electronics, 
IEEE Transactions on, 2009. 

[2] Lin Ma, TamasKerekes, Remus Teodorescu, Xinmin Jin, Dan 
Floricau,and Marco Liserre. The high efficiency transformer-
less pv invertertopologies derived from npc topology. In 
Power Electronics andApplications, 2009.EPE ’09. 13th 
European Conference on, pages 1–10,Sept. 2009. 

[3] R. Teodorescu, F. Blaabjerg, U. Borup, and M. Liserre. A 
new controlstructure for grid-connected lclpv inverters with 
zero steady-state errorand selective harmonic compensation. 
In Applied Power Electronics Conference and Exposition, 

2004.APEC ’04. Nineteenth Annual IEEE,volume 1, pages 
580–586 Vol.1, 2004. 

[4] Wittig, W.-T. Franke, and F.W. Fuchs. Design and analysis 
of adc/dc/ac three phase solar converter with minimized dc 
link capacitance.In Power Electronics and Applications, 
2009.EPE ’09. 13th EuropeanConference on, pages 1–9, 
Sept. 2009. 

[5] T. Kerekes, M. Liserre, R. Teodorescu, C. Klumpner, and M. 
Sumner.Evaluation of three-phase transformerless 
photovoltaic inverter topologies. Power Electronics, IEEE 
Transactions on, 24(9):2202–2211, Sept.2009. 

[6] Weimin Wu, XiaoLi Wang, Pan Geng, and Tianhao Tang. 
Efficiencyanalysis for three phase grid-tied pv inverter. In 
Industrial Technology,2008.ICIT 2008.IEEE International 
Conference on, pages 1–5, April2008 [7] M. Liserre, F. 
Blaabjerg, and S. Hansen. Design and control of anlcl-filter 
based three-phase active rectifier. In Industry Applications 
Conference, 2001.Thirty-Sixth IAS Annual Meeting. 
Conference Record of the 2001 IEEE, volume 1, pages 299–
307 vol.1, Sep-4 Oct 2001. 

[7] W.-T. Franke, C. K¨urtz, and F. W. Fuchs, “Analysis of 
control strategies for a 3 phase 4 wire topology for 
transformerless solar inverters,” in to be published at ISIE 
2010, Bari, July 2010. 

[8] C.N.M. Ho, H.Breuninger, S.Pettersson, G.Escobar, and F. 
Canales,“A comparative performance study of an interleaved 
boost converter using commercialized Si and SiC diodes for 
pv applications,”8th International Conference on Power 
Electronics - ECCE Asia, The ShillaJeju, Korea,May 30-June 
3,2011. 

[9] B. J Kang and C. M Liaw, "A Robust Hysteresis Current 
Controlled PWM Inverter for Linear PMSM Driven Magnetic 
Suspended Positioning System" IEEE Transactions on 
Ind.Electronics, vol. 48, no. 5, pp 956- 967, Oct, 2001. 

[10] S. Jena et.al., " Power Quality Improvement of 1- phase Grid 
Connected PWM inverter using Fuzzy with Hysteresis 
Current Controller", IEEE Conference on Power Electronics, 
2011. 

[11] P.A Dahono, "New Current controllers for Single Phase Full 
bridge Inverters", International conference on Power System 
Technology, Singapore, pp-1757-1762, Nov., 2004. 

[12] M.P. Kazmierkowaski, and L.Malesani, "PWM Current 
Control Techniques of Voltage Source Converters- A 
Survey" IEEE Trans., on Ind. Electron, vol. 45, no. 5, pp 691-
703, Oct., 1998. 

 
 
 
 
 
 
 
 
 
 
 

 


