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Abstract— Distributed grid connected photo voltaic (PV) is performing a significant role as an electric supply resource and 
as an integral part of grid. In this paper, a grid tie Neutral Point Clamped inverter is modeled and simulated as it can reduce 
harmonics. Grid synchronization is another concern for grid interfaced system and need continuous monitoring of grid 
variables. Hence, the reference frames for the injected current waveform is derived from grid variables such as frequency 
and phase. This control algorithm of grid-tie inverter is simulated. A LCL filter is designed to improve the performance of 
the solar PV system. 
 
Index Terms—LCL, NPC, PLECS, PV, PWM, Quantizer. 
 
I. INTRODUCTION 
 
The global electrical energy consumption is 
tremendously increasing and there is an urgent 
demand to increase the power capacity. It can be 
expected that the power capacity has to be doubled 
within 20 years. Hence, the production, distribution 
and use of energy should be as efficient as possible 
and incentives to save energy at the end-user should 
also be set up. Deregulation of energy has in the past 
reduced the investment in larger power plants, which 
means the need for new electrical power sources will 
be high in the near future. Two major technologies 
will play important roles to solve the future problems. 
One is to change the electrical power production 
sources from the conventional, fossil (and short term) 
based energy sources to renewable energy resources. 
The other is to use high efficient power electronics in 
power generation, power transmission/distribution 
and end-user application. 
Recently, the majority of the solar photovoltaic (PV) 
applications are grid connected in nature, which 
involves the PV modules connected to the utility grid 
through a power processing stage like grid-tie 
inverters, which convert dc power generated from PV 
modules to ac power used for ordinary power supply 
to electric equipments. Inverter system is therefore 
necessary for grid connected PV systems. As a result, 
to feed grids with high quality power, the current 
control of the grid-connected inverter plays an 
important role. Many control strategies and controller 
types have been investigated [1]. Both, high 
efficiency and proper operation of the grid connected 
solar photovoltaic (PV) power system is highly 
essential. 
A important challenge faced by engineers is the 
variation in solar energy. This leads to difficulties to 
design a system for grid connection. Hence, a novel 
method has been designed to emulate the real time 
scenario using quantizer where the output is kept 
constant for certain period. 
Inorder to reduce harmonics, Neutral Point Clamped  

 
Inverters are used. Multilevel inverters offer several 
advantages compared to the conventional 3-phase 
bridge inverter in terms of lower dv/dt stresses, lower 
electromagnetic compatibility, smaller rating and 
better output features. Various topologies and control 
strategies have been discussed in [2]. Multilevel 
converters are more and more used in industry and 
research in electronic power conversion for high 
power applications. There are several advantages of 
multilevel inverters such as improved waveform 
quality, better output waveforms which reduce the 
output filters, and the use of the passive components, 
and low switching frequency offers high efficiency. 
The output voltage waveform of a multilevel inverter 
is composed of intermediary voltage levels, which are 
obtained from capacitor voltage sources, what allow 
the use of high dc bus and the supply of higher 
power. The various dc capacitor connections of the dc 
bus allow the use of many low power sources. The 
most popular multilevel inverter topologies are Diode 
Clamped Inverter ‘DCI’,NPC inverter, Flying 
Capacitors Multilevel Inverters ‘FCMI’, Cascaded 
multi cell with Separate DC Sources ‘SDCS’ and 
Module Multilevel Converter ‘MMC’ [4]. This paper 
presents a 3-level Neutral-Point Clamped inverter 
using Carrier Based Pulse Width Modulation 
techniques as the control strategies. 
Electronic filters are analog circuiits which perform 
signal processing functions, specifically to remove 
unwanted frequency components from the signal, to 
enhance wanted ones, or both. The output filter 
reduces the harmonics in generated current caused by 
semiconductor switching. There are several types of 
filters. The simplest variant is filter inductor 
connected to the inverter's output. But also 
combinations with capacitors like LC or LCL can be 
used. The paper [7] proposes an active damper with a 
series LC-filter for suppressing resonances in an ac 
power-electronics-based power system. The added 
series filter capacitor helps to withstand most of the 
system voltage, hence allowing a lower rated 
converter to be used for implementing the active 
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damper. But the problem is that, with increase in use 
of IGBTs , corresponding increase in its auxilliary 
circuit. In [8] a design method of LC filter in three-
level NPC converter based on the minimum reactive 
power is discussed. A LCL filter is designed to 
improve the performance of the solar PV system. The 
analysis, modelling and control model of the electric 
part of grid connected photovoltaic generation system 
has been discussed in [3]. 
 
II. BRIEF DESCRIPTION OF THE SYSTEM 
 
The basic block diagram of the proposed system is 
given below. The regulated photovoltaic signals, 
using quantizer, forms the input to the NPC Inverter. 
The inverter model is a bidirectional three- level 
voltage-source inverter (VSI), with three legs, one per 
phase, each containing two series-connected high-
side switches and two series-connected low- side 
switches. The IGBTs are used as switches. The gating 
signals to the inverter are controlled by the active 
power from which the reference current is obtained. 
The mid-point of each leg is then fed to the respective 
phase of the AC grid via a filter. The grid is modeled 
as an ideal three-phase 50Hz, 130 VRMS voltage 
source. The DC capacitors have initial voltages of 
200 V DC , though the setpoint for the DC bus is 450 
VDC, so they will charge up at the start of the 
simulation. The ac output of the inverter is 
synchronized with the grid having V rms using LCL 
filter with a damping resistor. The model is simulated 
in PLECS (Piecewise Linear Electrical Circuit 
Simulation) toolbox in standalone mode. 
 

 
Figure 1: Basic block diagram of the proposed system 

 
III. PV MODELING 
 
As the solar energy is erratic in nature, it is therfore 
necessary to design system to incorporate these 
irregularities. This can be achieved by a quantizer. A 
quantizer is a mathematical model which is used for 
discretization of analog signals. The Quantizer block 
passes its input signal through a stair-step function so 
that many neighboring points on the input axis are 
mapped to one point on the output axis. The effect is 
to quantize a smooth signal into a stair-step output. 
The output is computed using the round-to-nearest 
method, which produces an output that is symmetric 
about zero. 

 

where y is the output, u the input, and q the 
Quantization interval parameter. 
 
In the proposed system, a ramp signal is assumed to 
resemble the solar energy. Therefore, 

 
 

 
Figure 2: Block diagram of a quantizer 

 

 
Figure 3: Step output from a ramp input 

 
IV. INVERTER MODELING AND CONTROL 
STRATEGIES 
 
As seen in [4], the last decades exhibited that most 
industrial applications require megawatt power levels 
and medium voltages. By using a series connection of 
power semiconductor switches, the high level voltage 
is divided into intermediary low level voltages. This 
solution generates new converters topologies known 
under the name of multilevel converters. The 
converter studied in this paper is a Neutral-Point-
Clamped three-level converter with three bridge legs. 
“Three-level” means that each bridge leg, A, B and C 
can have three different voltage states. The converter 
topology can be seen in Fig. 3. Switch 1 and 3 on 
each leg are complementary, which means that when 
switch 1 is on, switch 3 is off and vice versa. Switch 
2 and 4 is the other complementary switching pair. 
 

 
Figure 4: Neutral Point Clamped Inverter 
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If each of the capacitors has a constant voltage of 0.5 
Udc, then having the two upper switches on will give 
an output voltage of Udc compared to level 0, switch 2 
and 3 on will give 0.5 Udc and by having the two 
lower switches on, an output voltage of 0 will occur. 
In addition to these three states there is a forbidden 
state where the first switch is on while the second is 
off. 
 

Table 1: Switching States of an NPC Inverter 

 
 
As the number of levels increase in a converter 
system, the smoothness of the output will also 
increase. However it makes it more difficult to 
control. 
The classical Pulse Width Modulation (PWM) 
algorithms developed for two-level converters have 
been extended to multilevel inverters such as carrier-
based PWM, Space Vector Modulation (SVM), 
hysteresis current control, selective harmonic 
elimination etc. The SVM is the popular method in 
industrial applications for such converters because it 
offers the advantages of improved power quality at 
the same switching frequency and better utilization of 
DC-bus voltage compared to the traditional 
sinusoidal PWM technique. However, the SVM is 
designed in Parks frame and uses trigonometric 
function to compute the duty cycle of the adjacent 
three vectors to synthesise a desired voltage vector. 
Therefore, the hardware implementation of this 
modulator requires complex and time-consuming on-
line computation by a Digital Signal Processor DSP 
that limits its operation up to several kHz of 
switching frequency [4]. 
The control of inverter is the key to ensure that whole 
microgrid system exhibit stable and efficient 
operation as whole of Distributed Generation (DG) 
units are directly connected to microgrid . The two 
operation modes, as seen in [5], of microgrid have 
different operating requirement for DG; in the grid-
connected mode, the distribution network provides 
voltage and frequency support for microgrid, DG is 
equivalent to a current source and achieve constant 
power output under PQ control method. The structure 
diagram of DG unit in the microgrid is shown in 
figure1. Udc is equivalent dc power; L, C are filter 
inductor, filter  capacitor respectively; Zin is line  
impedance; Ui , Uo respectively are bridge inverter  
output  voltage  and capacitor voltage; iL, iC, iO 
respectively are inductor current, capacitance current 
and DG output current. The controller forms the core 

of the whole control system, it determines the 
operation mode of the DG and the working 
performance. 
 

 
Figure 5: Distributed Generation Unit connected to a grid 

 
When the controller inFig. 4 adopts the PQ control, 
its typical control block diagram is shown in Fig. 5. 
P*, Q* are active power reference value and reactive 
power reference value respectively; uref is controller 
output voltage modulation  signal. Only the 
inductance current iL get effective control in the 
whole process, the main purpose of sampling output 
voltage uo is to obtain the amplitude, frequency and 
phase information to achieve the synchronization 
with the distribution network. The DG adopts PQ 
control mode cannot provide frequency and voltage 
support for microgrid, but can realize the power 
reference value trace output, it is suitable for working 
in the grid-connected mode. A detailed algorithm has 
been presented in paper [6]. 
 

 
Figure 6: Active and Reactive Power Controller in a grid 

connected system 
 
V. FILTER 
 
In [9], a design procedure for an LCL-filter in a front-
end three- phase active rectifier is proposed. The 
main goal is to ensure a reduction of the switching 
frequency ripple at a reasonable cost and, at the same 
time, to obtain a high performance rectifier. A step-
by-step procedure for designing an LCL -filter is 
proposed and verified by simulations and 
experiments. An example of LCL-filter design has 
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been reported and, with the obtained values, the filter 
has been realised and tested. The experimental results 
demonstrate the goodness of the design procedure 
both of the LCL-filter and of the controllers. The 
performance of the overall system is good both in the 
low and high frequency ranges. 
The LCL filter is vulnerable to oscillations and it will 
magnify frequencies around its cut- off frequency. 
Therefore the filter is added with damping. The 
simplest way is to add damping resistor. In general 
there are four possible places where the resistor can 
be placed: series/parallel to the inverter side inductor 
or series/parallel to filter capacitor. The variant with 
resistor connected in series with the filter capacitor 
has been chosen. The value of the damping resistor 
can be calculated as [10]: 

 
 

This is simple and reliable solution, but it increases 
the heat losses in the system and it greatly decreases 
the efficiency of the filter. However, this problem can 
be solved by active damping. The filter can be 
modelled as shown in Fig. 6. The effect of the 
damping resistor is clear from Fig. 6. The resistor 
reduces the voltage across the capacitor by a voltage 
proportional to the current that flows through it. This 
can be also done in the control loop. The current 
through Cf is measured and differentiated by the term 
sCfRsd. A real resistor is not used and the calculated 
value is subtracted from the demanded current. In this 
way the filter is actively damped with a virtual 
resistor without losses. The disadvantage of this 
method is that an additional current sensor is required 
and the differentiator may bring noise problems 
because it amplifies high frequency signals. 
However, this is beyond scope of this paper. 

 
Figure 7: Active Damping system for a gid connected system 

 
VI. SIMULATION RESULTS 
 
An outer voltage controller implemented as a PI 
regulator provides a current setpoint to an inner dq 
current controller. The voltage controller measures 
the DC voltage and calculates the error compared to 
the 450 V DC reference value. The current controller 
has separate PI regulators for direct and quadrature 
currents that produce a Vdq reference. The AC phase 
voltages and currents are measured and fed to the 
current controller. A phase-locked loop generates the 
reference phase angle for the abc to dq 
transformations. A low pass filter is inserted into the 
feedback path from the Ia,b,c measurement to represent 
the limited bandwidth of the current sensor. 
Modulation indices are generated for each of the 
three separate modulators for the three phase legs. 
DC voltage is regulated to 450 VDC after the 
transients settle. The perturbation caused by the step 
change in current from the PV array is regulated out 
in approximately 50 ms. The switching pattern 
clearly shows a three-level pulse train with the 
fundamental waveforms phase-shifted. The real and 
reactive power delivered to the grid is observed. 

 

 
Figure 8: Three level grid connected neutral point clamped converter 
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Figure 9: Active Power Controller to generate switching signals 

 

 
Figure 10: Output waveforms (with damping resistor) 

 

 
Figure 11: Switching signals applied to the gate (with 

damping resistor) 

 
Figure 12: Output waveforms (without damping resistor) 

 

 
Figure 13: Switching signals applied to the gate (without 

damping resistor) 
 

VII. SIMULATION PARAMETERS 
 
1. Ramp :  Initial output: 10 

Final output: 25 
Start time: 0 
Slope(1/sec): 10 

2. Quantizer: Quantization Interval: 1 
3. Neutral Point Clamped Capacitors: C= 1e-3 

Initial Voltage: 200V 
4. Vdcref = 450V 
5. L=0.005H 
6. C=100e-2 F 
7. R=0.001 
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CONCLUSION 
 
A system partially imitating the real time scenario of 
fluctuation in solar energy has been used in modeling 
a grid connected PV system. However, the ramp does 
not correctly represent the solar radiation as it does 
not account for decreasing intensity of solar energy. 
Multilevel inverters provide higher efficiency to a 
system, but increases auxilliary circuit. A damping 
resistor improves the waveform but increases losses. 
Active damping is gaining momentum in the research 
as it reduces losses. 
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