
 

Abstract 

Voltage Source Inverters (VSI’s) places an important role 

in the voltage control of Distributed generation (DG) units 

interfaced to the grid. Implementation of effective control of 

the inverter allows improving the voltage and frequency in the 

load side if the main power grid is disturbed or disconnected. 

In this paper, a simple control technique is developed for a 

VSI working in island mode. The control technique consists of 

a voltage loop and PI controller. Voltage regulation under 

various loads is studied.  

Index Terms- Voltage Source Inverters (VSI’s), Distributed 

generation (DG), PI controller 
 

 

I. INTRODUCTION 

 

At present scenario there is a huge demand of power due to 

massive economic growth. In Tamil Nadu there is a huge 

shortage of power in spite of the rising prices of oil & other 

fossil fuel / depletion of fossil fuels. Recently, distributed 

generation (DG) units are increasingly being used because of 

their economic and environmental benefits compared to the 

use of large power plants which is depending on fossil fuels. 

Many distributed power sources, such as wind turbines, 

photovoltaic (PV) and fuel cells, do not generate a 50 Hz 

voltage, so they require a voltage-source inverter (VSI) as an 

interface to the grid. These power-electronic interfaces have 

different properties as compared to conventional power plants. 

DG systems with VSI’s are promising because of their 

possibility of high service reliability, power quality and 

flexibility, lower losses in transmission and distribution and a 

lower dependence on fuel costs when using renewable energy 

sources.Tamil nadu Energy Development Agency (TEDA) 

presents a microgrid as a system providing both power and 

heat where most of the sources are connected to the ac-grid via 

power-electronic interfaces. The microgrid architecture insures 

that the electrical impact of distributed energy resources 

(DER, [5]) on its bulk power provider at least qualifies the 

microgrid as a good citizen, meaning that it complies with grid 

rules. Potentially the microgrid behaves as a model citizen [2], 

meaning that inverter-based DG always acts to improve the 

local electrical environment. 

DER can operate in parallel to the grid or islanded from it. 

The microgrid will disconnect from the main grid during large 

disturbances (voltage collapse, faults, poor power quality). 

 

                                     

 
 

In this paper, a microgrid in islanded mode with a single 

VSI-connected DG-unit is studied. The control of the VSI is 

usually obtained in the rotating dq-reference frame 

synchronous to the grid voltage, for example in [5–8]. An 

advantage of this method is that the i
th

 harmonic of the signals 

50Hz component can easily be evaluated using a low pass 

filter after transformation to a reference frame rotating with i 

times the fundamental pulsation. A disadvantage of this 

method is the numerical complexity, because of, for example, 

the need for harmonic reference. By using the Clarke and Park 

transformations, the quantities in a three phase balanced 

sinusoidal system in steady state are transformed into dc-Park 

components, which is an advantage for control issues. 

However, in three-phase asymmetrical systems or in systems 

with voltage harmonics, the Park transformation does not 

result in dc-quantities. In single phase systems, the Park or 

Clarke transformations are even not applicable.  

 

Therefore, in [10], a Kalman-filter technique is used for the 

transformation to values that match an ideal sinusoidal 

waveform as closely as possible, even if the voltage is highly 

distorted by the presence of harmonics. Those values are the 

inputs of a phase-locked loop (PLL) for transformation to the 

dq-reference frame and this ensures a fast and low distorted 

operation of the PLL. 

In this paper, the control is performed in the time domain 

without transformation of reference frame and by using 

conventional PI-regulators. A single-phase grid is studied and, 

in further research, this will be extended to a three-phase grid. 

The voltage of the grid is controlled only voltage control loop. 

To constrain the inverter current within its safety limits, a fast 
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current controller is used in the inner loop, having a reference 

current obtained by the outer-loop voltage regulation. 

 
 

  II. CONTROL STRATEGY 
 

 
Figure 2: Control strategy 

 

In this paper, a control strategy for inverters in island mode 

is described; the topology of the VSI is shown in Figure 1. In 

this figure the grid is represented as a load. The aim is to 

control both the amplitude and the frequency of the grid 

voltage ( )gv t . A schematic overview of the control strategy is 

shown in Figure. 2. 

The input voltage that is fed to the VSI should be 

such that the output voltage should be constant. 

Hence to maintain constant output voltage the 

feedback is taken from the output voltage and fed to the error 

controller loop. In error controller loop the feedback output 

voltage is compared with the reference grid voltage (vref) and 

the error signal is fed to the PI controller. The PI controller 

process the error and generates control signal which is send to 

the firing circuit. 

The firing circuit produces corresponding gate pulses required 

to maintain the output voltage equal to grid voltage at the VSI 

output. The above topology is very simple one which has only 

one loop i.e., voltage loop, this circuit work independent to 

load current and it is verified in simulation with resistive load 

 

II. DESIGN OF VOLTAGE CONTROL 

In general single phase inverter are 2-step inverter, which 

offers simple control and low switching loss, lower order 

harmonics are relatively high leading to high distortion of the 

current wave unless significant filtering is performed 

PWM inverter offers better harmonic control of the output 

than 2-step inverter. The dc input to the inverter is chopped by 

switching devices in the inverter. The amplitude and harmonic 

content of the ac waveform is controlled by the duty cycle of 

the switches. The fundamental voltage v1 has maximum 

amplitude = 4Vd/ for a square wave output but by creating 

chopped pulses, the amplitude of v1 is reduced as shown in 

figure 4. 

 

.  

 

     
Figure 4: PWM principle to control output voltage 

 

There are various PWM techniques available for effective 

control of output voltage which is listed below  

 Sinusoidal PWM 

 Selected Harmonic Elimination  PWM 

 Space-Vector PWM 

 Instantaneous current control PWM 

 Hysteresis band current control PWM 

 Sigma-delta modulation 

The most common PWM approach is sinusoidal PWM. In this 

method a triangular wave is compared to a sinusoidal wave of 

the desired frequency and the relative levels of the two waves 

is used to control the switching of devices.  

 

PI Control 

Proportional Integral (PI) control in VSI provides superior 

control over traditional Pulse Width Modulation or Sinusoidal 

Pulse Width Modulation (SPWM). In order to obtain a smooth 

desirable waveform at the output side, the switching frequency 

must be constant and should be independent of output 

frequency and this can be achieved by PI Control. 

 

Advantages of PI Control 

 Fixed inverter switching frequency resulting in known 

harmonics. 

 Instantaneous control and wave shaping. 
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PI Control Structure 

When a load is connected to the inverter output. The output 

voltage at the load side is sensed by means sensors and it is 

feedback to a comparator or subtractor which compares this 

load output with the reference signal (desired signal) and it 

produces the voltage error signal. This instantaneous error is 

fed to a proportional-integral (PI) controller. The integral term 

in the PI controller improves the tracking by reducing the 

instantaneous error between the reference and the actual 

voltage. The error is forced to remain within the range defined 

by the amplitude of the triangular waveform. The resulting 

error signal is compared with a triangular carrier signal and 

intersections decide the switching frequency and pulse width. 

 

  
Figure 5: Block Diagram 

PI controller is a feedback controller which detects the error 

value which is the difference of the output signal and the 

desired or reference signal. PI controller works to minimize 

this error by controlling the system inputs. PI controller has 

two elements namely Proportional (P) and Integral (I). 

Proportional part reduces the error while Integral part reduces 

the offset. P depends on present error and I depends on past 

errors. So, step response of a system can be improved by using 

PI controller. 

 

 
Figure 6: PI loop 

 

After installing a PI Controller block the new response of the 

system will be 
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Now PI element gains, Kp (proportional gain) and Ki (integral 

gain) should be tuned to obtain a better system response. The 

effect of each parameters value on increasing is given below. 

 

          
 

Table 1: Block Diagram 

 

 IV.SIMULATION AND RESULT 

 

Matlab Circuit Diagram: 

  

             

 
                   Figure 7: VSI model in Simulink  
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Control Circuit: 

 

 

 
                       Figure 8: PI control block 

 

 

 

 

Output Voltage waveform 

 
 

Output Current waveform 

 
 

In the simulations, a sample frequency of 10 kHz is used. The 

dc-bus voltage Vdc equals 300 V and the desired grid rms 

voltage vg equals 163 V with a fundamental frequency of 50 

was verified in simulation. In first simulation only resistive 

load is consider with R = 1kilo ohms, In the second and third 

simulation RL and RLC loads are consider and outputs was 

verified 

                      

V. CONCLUSION 

The control of the voltage of a single-phase microgrid with 

one VSI is obtained. The Simulink model has been simulated 

in MATLAB. Its various parameters such as L and C for LC 

Filter design, kp and ki for PI controller and parasitics has 

been calculated for Simulink modelling and then simulated. 

These parameters are varied and the resulting voltage and 

current graphs has been studied. 
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