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Abstract- Due to the presence of non-linear loads such as switching mode power supplies and phase controlled rectifiers or 
alternating current converters for electronic converters used on utility side in a network consisting of 3-phase DG source,  a 
nonsinusoidal voltage is absorbed at the point of common coupling (PCC). The situation gets aggravated during the 
islanding mode, when the grid power is not available. This deteriorates the performance of other loads connected in parallel. 
A scheme based on nonsinusoidal pulse-width-modulation (NSPWM) control of an inverter-based 3-phase DG source is 
implemented to regulate and produce a sinusoidal voltage at the PCC. It is demonstrated that THD of the supply voltage at 
the PCC can be reduced to the desired level.  
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I. INTRODUCTION 
 
FROM the viewpoint of limited reserves of 
conventional fuels, distributed generation (DG) 
systems such as photo voltaic (PV), wind, fuel cells, 
micro turbines, etc. are expected to increase. With the 
increased distributed resources (DR) into the grid, it 
is desirable and advantageous to tap additional 
benefits out of these resources besides their main 
function of active power generation. The feasibility of 
using DG for power conditioning, power factor 
compensation, real and reactive power control, and 
mitigation of other power-quality (PQ) problems have 
been discussed in the literature [2]–[5].  A hybrid DG 
system based on the PV-cell combination, which is 
capable of regulating reactive and active power fed 
into the grid, has also been presented [5]. 
 
All of the work cited refers to the grid-connected 
operation of DG sources. To realize the full potential 
of DG units, however, their operation under stand-
alone mode (i.e., in an   islanded mode, must also be 
investigated [6]). This   is because the system 
performance in stand-alone mode is more sensitive to 
factors such as the control scheme of the DG, 
interface, and types of loads etc., compared to grid-
connected operation. 
 
Fig. 1 shows the interface of a inverter-based DG unit 
operating in stand-alone mode. VS represents the rms 
value of the AC voltage generated by the inverter. 
The DG source is tied to the point of common 
coupling (PCC) through an inverter and a series 
inductor having an inductance “r” and an internal 
resistance “L,” The series inductor is essential from  
the control and protection point of view [7]. If the 
grid is live, the quality and magnitude of the voltage  

 
at the PCC is decided entirely by the grid. As the grid 
imposes a stiff sinusoidal voltage at the PCC, 
irrespective of the presence of nonlinear loads, other 
loads connected at the PCC draw sinusoidal current. 
Thus, the presence of nonlinear loads does not affect 
the performance of other loads connected at the PCC 
as long as the grid is live. However, if the grid is not 
live and if the DG source has to supply power to the 
loads connected at the PCC, the presence of nonlinear 
loads affects the performance of all the loads 
connected at the PCC. In this case, the nonlinear 
current, drawn by the nonlinear load, leads to a 
nonlinear voltage drop across the line impedance, 
given by 

1line hnV V V                                          (1) 
 
where V1 is the fundamental component of Vline and 
Vhn represents its nth harmonic component.     
 

 
Fig 1: DG source interface with the loads at the PCC. 

 
Hence, even if the inverter is controlled to generate a 
sinusoidal output voltage, the voltage at the PCC 
VPCC=VS-Vline will be nonsinusoidal. The problem of 
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distorted supply voltage at the PCC, as shown in Fig. 
1, can be handled by compensating the nonlinear drop 
across the line impedance. 
 
The remainder of this paper is organized as follows. 
Section II explains the principle on which the 
proposed scheme works. It describes the analytical 
background of the scheme to regulate the voltage at 
the PCC and to compensate the harmonic voltage 
drop across the line impedance. Section III gives the 
details of the control scheme based on the analysis 
presented in Section II. Section IV presents the 
simulation results. The major conclusions of the work 
are presented in Section V. 
 
II. ANALYTICAL BACKGROUND 
 
This section describes the analytical background of 
the scheme to regulate the voltage at the PCC and to 
compensate the harmonic voltage drop across the line 
impedance. 
 
The principle involved to regulate and achieve a 
sinusoidal supply voltage at the PCC is 
mathematically explained in this section. Referring to 
Fig. 1, the voltage at the PCC is given by 

 
 
where VPCC, VS, and I represent the vector 
quantities and consist of fundamental as well as 
harmonic components. I is the current supplied by the 
source (inverter). 
Hence  

 
 
where VS1, VPCC1 and I1 represent the fundamental 
component of the source voltage, voltage at the PCC, 
and source current respectively, while VSn, VPCCn, and 
In are the nth order harmonic components present in 
the source voltage, voltage at the PCC, and source 
current, respectively. k is the maximum order of 
harmonics which has to be eliminated. 
Rearranging (3) yields the following:  

 
 
Hence, if the second term on the left-hand side of (4) 
is made zero, a sinusoidal voltage at PCC can be 
obtained. Thus, (4) shows that in order to achieve a 
sinusoidal, the following condition should be 
satisfied: 

 
Thus, to achieve a sinusoidal voltage at the PCC, 
each “n” harmonic component (VPCCn), in VPCC must 
be made zero. It is evident from equations (5) and (6) 
that this will lead to ΔVn=0, thereby compensating 
the nonlinear drop across the line impedance on the 
source side. This can be done by comparing each 
harmonic component VPCCn with the desired 
(tolerable) level VPCCn*, resulting in the error voltage 
as given below 

 
where xn, given by (8), is then applied to the 
individual proportional-integral (PI) controller whose 
output is multiplied with a sine wave at the respective 
harmonic frequency and delayed by an angle θn 
identical to that of the phase of that harmonic in the 
output voltage. This results in the corresponding 
“reference harmonic component”, VPCCn..  
Thus                 

 
where kp and ki are the proportional and integral 
constants. While kn is the amplitude of the nth 
harmonic component with which the reference 
sinusoid waveform of SWPM is to be modulated. 
Here, modulation refers to the addition of the 
“reference harmonic components” to the reference 
sinusoid waveform of SPWM for inserting the 
nonlinear voltage ∑Vhn in series with VS (Fig. 1). 
The above reference harmonic components shown in 
equations (7) and (8) modulate the sinusoidal 
reference V1* in such a way that a particular 
harmonic component is produced in the output of the 
inverter which opposes its counterpart on the load 
side. The resulting reference waveform is a 
nonsinusoidal reference waveform Vref*, which is 
used for comparison with a carrier triangular 
waveform. Therefore  

 

 
Fig 2: System configuration with NSPWM control
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Fig 3: Schematic diagram of the control scheme 

 
III. CONTROL SCHEME 
 
Fig. 2 shows a single-phase inverter operating in 
islanded mode and supplying various loads connected 
at the PCC. Due to the nonlinear current, INL, drawn 
by the nonlinear loads, becomes nonsinusoidal. The 
NSPWM controller takes VPCC as the input and 
generates a nonsinusoidal reference waveform 
(Vref*) for firing the switches T1 through T4 of the 
inverter. This nonsinusoidal reference is compared 
with a triangular waveform to generate PWM signals. 
The inverter fired with these PWM signals acts as a 
nonsinusoidal voltage source to produce a desired 
sinusoidal voltage VPCC* at the PCC. The details of 
the NSPWM controller block are shown in Fig. 3. 
 
The detailed control scheme, as shown in Fig. 3, 
consists of two main loops, referred to as the “voltage 
control loop” and “compensation loop.” The voltage-
control loop regulates the voltage at the PCC. The PI 
controller of this loop adjusts the amplitude of the 
sinusoidal reference waveform and, thus, controls the 
modulation index as is done in a conventional 
sinusoidal PWM (SPWM) technique. The 
compensation loop modulates the sinusoidal 
reference waveform with the harmonic frequencies 
present in the load current to generate a nonsinusoidal 
reference Vref*. This nonsinusoidal reference, as in 
the case of SPWM, is compared with a repetitive 
high-frequency triangular waveform. 
 
The controller requires information only about the 
voltage at the PCC to generate the nonsinusoidal 
reference waveform discussed before. The magnitude 
│VPCCn│and the angle θn of each harmonic 
component, present in VPCC, are derived using 
“Harmonic Calculator” shown in Fig. 3. This 
information is then passed on to the “Harmonic 

Generator” blocks. The number of “Harmonic 
Generator” blocks required depends on the desired 
THD in the voltage at the PCC.  Fig. 3 shows the 
“harmonic generator” blocks for 3rd through kth 
harmonic components. The PI controllers of these 
harmonic generators adjust the amplitude of the 
respective reference harmonic components (defined 
in Section II) into the reference waveform.  
 
The reference value, set for all of these PI controllers 
should be less than 0.03. Thus, these loops ensure that 
the individual harmonic components in the voltage at 
the PCC are brought to the levels recommended by 
the standards. The error voltage, given by (7), is 
applied to the individual PI controller whose output is 
multiplied with the sine wave at the respective 
harmonic frequency. It is also delayed by an angle 
identical to that of the phase of that harmonic in the 
output voltage. This forms the “reference harmonic 
component” given by (8). Thus, each harmonic block 
produces its respective harmonic components. The 
reference harmonic components generated by these 
“harmonic generator” blocks are added with the 
sinusoidal reference obtained from the “voltage 
control” loop to produce a modulated nonsinusoidal 
reference waveform Vref* given by (9). 
 
IV. SIMULATION RESULTS 
 
The scheme discussed before is simulated with 
MATLAB/Simulink and the results of the simulation 
are presented in this section. The loads considered (as 
an example) for the simulation study are comprised of 
the following loads 
Case 1) Resistive load R1 = 80Ω. 
Case 2) Resistive load R1 = 80Ω and parallel 
combination of R2 = 20Ω and L2 = 8.5mH per phase 
connected in parallel at the PCC. 
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Case 3) Resistive load R1 = 80Ω and parallel 
combination of R2 = 20Ω and L2 = 5.53mH per 
phase and parallel combination of R3 = 16Ω and C3 
= 2.78µF per phase connected in parallel at the PCC. 
 
The input dc supply voltage (Fig. 3) for the 
simulation is considered to be 200 V. The reference 
voltage is set at 200 V, to achieve an rms voltage of 
200 V at PCC. The DG source is tied to the point of 
common coupling (PCC) through an inverter and a 
series inductor having an inductance of 0.12mH and 
an internal resistance of 0.5mΩ. The series inductor is 
essential from the control and protection point of 
view. An isolation transformer is connected in 
transmission line to block transmission of DC signals 
from one circuit to the other, but allow AC signals to 
pass and also block interference caused by ground 
loops. 
 
The above three cases are simulated in both 
Sinusoidal Pulse Width Modulation (SPWM) and 
Non Sinusoidal Pulse Width Modulation (NSPWM) 
and the results are shown below. 
 
Fig 4 and 5 shows the simulink circuit of the three 
phase DG source supplying various loads at the PCC 
under SPWM control and NSPWM control 
respectively. It shows three different loads connected 
in parallel. Fig 6 shows the harmonic generator block 
in which each block represents 3rd, 5th, 7th, 9th, 
11th, 13th harmonic blocks respectively. The 
operation of harmonic generator is explained in 
section III. Fig 7 shows harmonic calculator block of 
3rd harmonic. The block extracts the 3rd harmonic 
component in the voltage and calculates the 
magnitude and phase difference. 
 

 
Fig 4: Simulink circuit with SPWM control. 

 
The three different loads as mentioned above are 
simulated separately with both SPWM control and 
NSPWM control and are shown below. 

 
Fig 5: Simulink circuit with NSPWM control. 

 
Case 1: 
Fig 8 shows the output voltage of inverter, load 
voltage under SPWM control and load voltage under 
NSPWM control. It is clear that under SPWM control 
the voltage waveform is highly distorted. The 
NSPWM control gradually modulates the reference 
waveform by introducing harmonic components into 
it.  
 

 
Fig 8: a) inverter output voltage b) load voltage under SPWM      

control c) load voltage under NSPWM control. 
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TABLE I Comparison of the harmonic spectrum 
under SPWM and NSPWM operation (case I) 

 
 
Shunt compensation has been used in between 
transmission line with a capacitance of 3µF per phase 
in order to maintain voltage constant. Table I shows 
the dominance of 5th and 7th order harmonics with 
their amplitudes of 10.43 V and 7.72 V. respectively 
under SPWM control. The THD under these 
conditions is 6.82%. The dominant harmonics shown 
above are reduced to 6.04 V and 1.78 V respectively 
in NSPWM control. The THD under these conditions 
is 3.73%. It is also observed that the harmonic 
spectrum of VPCC mainly consists of odd harmonics. 
The reason for the absence of even harmonics is the 
quarter-wave symmetry of the load current. 
 
Case 2: 
Loads R1 and parallel combination of R2 and L2 
connected in parallel at PCC: 
 

 
Fig 9: a) load voltage under SPWM control b) load voltage 

under NSPWM control. 
 
Fig 9 shows the output voltage at PCC under SPWM 
control and NSPWM control respectively. Where in 

SPWM control the voltage waveform is distorted, the 
NSPWM control gradually modulates the reference 
waveform by introducing harmonic components into 
it and the distortion is reduced. Here in this case a 
filter is used in load side in order to reduce the 
harmonics created by the inductive load. Table II 
shows the dominance of 5th and 7th order harmonics 
with their amplitudes of 16.65 V and 9.11 V 
respectively under SPWM control. The THD under 
these conditions is 9.84%. The dominant harmonics 
shown above are reduced to 4.96 V and 1.33 V 
respectively in NSPWM control. The THD under 
these conditions is 2.76%. 
 
TABLE II Comparison of the harmonic spectrum 

under SPWM and NSPWM operation (case II) 

 
 
Case 3: 
Loads R1, parallel combination of R2 and L2 and 
parallel combination of R3and C3 connected in 
parallel at PCC: 
 

 
Fig 10: a) load voltage under SPWM control b) load voltage 

under NSPWM control 
 
Fig 10 shows the output voltage at PCC under SPWM 
control and NSPWM control respectively. It is clear 
from fig 10, in SPWM control the voltage waveform 
is distorted, the NSPWM control gradually modulates 
the reference waveform by introducing harmonic 
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components into it and the distortion is reduced.  
Table III shows the dominance of 5th   and 7th order 
harmonics with their amplitudes of 11.6 V and 7.08 V 
respectively under SPWM control. The THD under 
these conditions is 7.12%. The dominant harmonics 
shown above are reduced to 4.31V and 0.77 V 
respectively in NSPWM control. The THD under 
these conditions is 2.84%. 
 
TABLE III Comparison of the harmonic spectrum 

under SPWM and NSPWM operation (case III) 

 
 
CONCLUSION 
 
Nonlinear loads connected at the PCC cause a 
nonlinear drop across the line impedance and, hence, 
distort the supply voltage available at the PCC. This 
problem gets more pronounced during islanding. In 
this paper, a scheme based on the NSPWM technique 
has been proposed which is capable of compensating 
the nonsinusoidal drop across the line impedance and 
producing regulated sinusoidal voltage at the PCC. 
Not only is the THD reduced, the individual 
harmonic components are also reduced to a specified 
level. The only input that the controller requires for 
its operation is the voltage at the PCC. A notable 
feature of the proposed algorithm is that it does not 
require any current sensor or any other external 
compensating device. Also, it does not require the 
load and line parameters’ values. The THD of the 
voltage at PCC is dependent on the number of 
harmonics extracted and introduced into the 
nonsinusoidal reference waveform. To compensate 
“n” harmonic components present in the voltage at 
PCC “n” harmonic generator blocks are required. 

However, most of the loads (like the one considered) 
present quarter-wave symmetry where only odd 
harmonics are present. Hence, in such cases, the 
“harmonic generator” blocks are required only for the 
odd harmonics. This minimizes the number of 
harmonic generator blocks and reduces the 
mathematical analysis. The satisfactory performance 
of the controller is demonstrated using the simulation 
results obtained in MATLAB/Simulink. 
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