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Abstract- In this proposed study, Transformer less single Stage PV System is proposed for 3-phase electrical power 
generation. In this present scheme, to get AC power, power conditioning has been proposed with less number of power 
electronics devices and small inductor and capacitors along with MMPT control. In this research paper conversion topology 
has been proposed for transformer less PV system and verified its results in MATLAB Simulink. To extract optimum DC 
power from solar PV modules MPPT charge controller is designed in single stage preceded by sliding mode current 
controller. In this study, constant voltage MPPT charge controller is designed based on small signal analysis of converter 
with PM=57° and GM=14.7dB. Proposed inverter is offering very low line voltage THDs compared with conventional 
inverter. 
 
Index Terms- VSI (voltage source inverter), PI controller, MOSFET power switches, DC - AC inverter, boost inverter, 
Pulse width modulated (PWM). 
 
 

 
 
I. INTRODUCTION 
 
Our main objective is to create a periodic time 
varying output AC voltage of a predetermined wave 
shape and frequency. 
 
Initially, a DC to  DC buck/boost  converter  is used  
to  create a  periodic time varying output DC voltage 
of a predetermined wave shape. Since the DC to DC 
converter output cannot have any negative voltage 
area, the wave shape created is actually that of the 
desired AC output with a fixed DC offset. The 
residual DC offset voltage has to be removed by 
using another converter of same rating and control 
such that the wave shape at the output of the second 
converter is the same as at the output of the first 
converter, but 

Shifted in phase by 1800. This results in the creation 
of an AC wave shape between the two Converter 

outputs, due to cancellation of the DC offset after 
series connection of the outputs of the two 
converters. 
Although a variety of wave shapes can be created 
over a wide range of frequency, for the purpose of  
 
analysis, it is assumed that the wave shape is 
sinusoidal in nature. 
The conventional VSI (voltage source inverter) 
shown in Fig. 2.1, referred to as buck inverter in this 
paper, is probably the most important power converter 
topology. It is used in many distinct industrial and 
commercial applications. Among these applications, 
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analysis, it is assumed that the wave shape is 
sinusoidal in nature. 
 
The conventional VSI (voltage source inverter) 
shown in Fig. 2.1, referred to as buck inverter in this 
paper, is probably the most important power converter 
topology. It is used in many distinct industrial and 
commercial applications. Among these 
applications,UPS and AC motor drives are the most 
important 

 
Fig1.1 Circuit used to generate an AC voltage larger than the 

DC input voltage 
 
One of the characteristics of the buck inverter is that 
the instantaneous average output voltage is always 
lower that the input DC voltage. 
 
Here a new voltage source inverter (VSI) referred to 
as a boost inverter or boost dc–ac converter. The  
main  attribute of the  new  inverter  topology is the  
fact  that  it generates  an  ac  output  voltage  larger  
than  the  dc  input  one,  depending  on  the 
instantaneous duty cycle. This property is not found 
in the classical VSI, which produces an ac output 
instantaneous voltage always lower than the dc input 
one 
 
I.I Boost converter: 
The  boost  converter  has  similar  structure  as  the  
buck  converter,  but  has components arranged in 
different manner. It is called boost converter because 
the voltage across inductor L adds to the input 
supply voltage to  boost the voltage above input 
voltage. The output of boost is always greater than 
input voltage therefore the circuit is used when higher 
output voltage than input is required. Fig.1.2. shows 
the circuit diagram of boost converter. 
 

 
Fig: 1.2 Boost Converter 

When MOSFET (S) is turned on current flows 
through L and S, thereby storing energy in the 
inductors magnetic field. Thus no current flows 
through Diode (Di) and the load voltage. The current 
now flows from the source through inductor (L), 
diode (Di) and load, and then charging the capacitor 
again. The voltage step up ratio is equal to current is 
supplied through the charge in capacitor C. When 
Switch (S) is turned OFF, the inductor L opposes 
any drop in current by immediately reversing  its 
EMF (Electro Magnetic Field). Thus the inductor 
voltage adds to the source voltage, thus boosting the 
output 
 

 
Fig: 1.3.Output Waveform of Boost Converter 

 
Above fig:shows output waveforms of boost 
converter. Boost converter requires much more 
capacitor than buck converter because the capacitor 
supplies the entire load current when the switch is 
closed. 
 
II. MODELING & MATHEMATICAL 
ANALYSIS 
 
The output voltages of dc power supplies are 
regulated to be within a specified tolerance band (e.g. 
± 1% around its nominal value) in response to 
changes in the output load and the input line voltages. 
This is accomplished by using a negative – feedback 
control system, shown in the Fig.3.1, where the 
converter output v0 is compared with its reference 
value Vo,ref. The error amplifier produces the 
control voltage vc, which is used to adjust the duty 
ratio d of the switches in the converter 
 

 
Fig:2.1 Voltage regulation:  feedback control system 
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Middle brooks, Cuk, and their colleagues have 
developed a state-space averaging technique that 
results in a linear model of the power stage including 
the output filter in Fig.13 fir small ac signals, 
linearized around a steady-state operating point 
the steady-state dc voltage transfer function is. 
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:  
 
II.i PI Controller for DC-DC Boost Converter In all 
switching converters, the output voltage v(t) is a 
function of the input line voltage vg(t), the duty cycle 
d(t), and the load current iload(t), as well as the 
converter circuit element values. In a dc-dc converter 
application, it is desired to obtain a constant output 
voltage v(t) = V, in spite of disturbances in vg(t) 
and iload(t), and  in spite of 
II.iiThe Circuit of the PI Controller: 
A detailed circuit layout of the PI controller is given 
in Figure 4.3. A total of six op-amps are used – two 
as buffer amplifiers, one for error, one for 
proportional gain, one as an integrator, and one as a 
summer. 
 
The error between the reference and the feedback is 
detected in amp #3, whose output is fed to the 
proportional amplifier (amp #5) and the integrator 
(amp #6). The proportional amplifier creates an 
output which is proportional to the error while the 
integral amplifier creates an output which is a time 
integral of the error. The outputs of these individual 
amplifiers are summed together in amp #8 to create 
the total PI controller Output. 
 

 
2.1 Op Amp Implementation of PI Controller 

II.iii Boost converter circuit with the control 
schematic 
In  order  to  implement  the  control  over  the  
boost  converter,  its  dc  output instantaneous  
voltage  is  sensed  and  scale  down  suitably.  This 
scaled  waveform  is compared with a reference 
waveform generated from a look-up table. The 
comparator output is fed to a PI controller and the 
processed error signal is now compared with a fixed-
frequency saw-tooth waveform generated elsewhere 
in the circuit. Output of this comparator creates the 
switching pulses for the converter, with a frequency 
equal to that of the fixed saw-tooth waveform. The 
output pulses are separated out corresponding to that 
for the upper switch and that for the lower switch, 
using an inverting logic gate. These signals are to be 
further processed through an isolation and gate drive 
circuit before they can be actually applied to the gate 
of the MOSFET power switches If the actual output 
waveform is lower than the reference value, then 
more energy is to be pumped into the output capacitor 
through the switching of the lower switch. However, 
if the actual output voltage is higher than the 
reference, then energy from the output capacitor has 
to be pumped back into the input side, through the 
switching of the upper switch. 
 
III. CONTROL STRATEGY FOR THE BOOST 
INVERTER 
 
However, references for both Boosts do not have 
to be independent. The main Disadvantage of the 
independent references is that the inverter output 
voltage is not directly controlled. As a 
consequence, this voltage can be affected by transient 
errors and dc offsets, and can show a poor rejection to 
external disturbances such as sudden load changes. A 
possible solution for this problem is to set an 
independent reference for one Boost, for instance the 
first one, and use the other Boost, the second one, 
to control directly the inverter output voltage, as 
shown by the following equat ions: 
 

 
 
Here the second Boost converter can cancel inverter 
output voltage dc offsets and reject output voltage 
disturbances up to its control loop bandwidth. 
Another option can be proposed that improves the 
system response in case of disturbances. Boost 
dynamics depends on the actual value of its duty 
cycle, which is obviously changing in this application. 
Fastest dynamics appear at the lowest levels of the 
duty cycles. Therefore, the Boost that has to 
compensate the output voltage variations can be 
selected depending on the sign of the sinusoidal output 
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voltage. 
Then, the references for each Boost are; 
 

 
IV. OVERALL CIRCUIT OF A BOOST 
INVERTER 
 

 
 
V. SIMULATION AND EXPERIMENTAL 
RESULTS 
 
The proposed controller has been designed and 
simulated to evaluate its performance. Also, 
performance assessment for the proposed controller 

and the previously introduced controllers is compared 
this three phase sliding mode control perform a better 
response and robust controller the results of this 
controller given below.  
 
Parameters of the proposed system 

 

 
Fig 4.1 Phase Voltages of 3-Phase inverter 

 

 
Fig 4.2 Load Currents of 3-Phase inverter 

 

 
Fig 4.3 Sliding Surface error 

 

 
Fig 4.4 THD of Phase Voltage of 3-Phase inverter 

 
CONCLUSION 
 
This Thesis describes a type of DC - AC inverter, 
referred to as boost inverter, which generates an 
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output ac voltage waveform of a pre-determined 
nature, which may be lower or larger than the input 
dc voltage depending on the operating duty cycle. 
The output is created in a simple way, without any 
filter circuit or transformer. This makes the system 
versatile for not only creating sinusoidal wave shapes, 
but other pre-defined wave shapes as desired, which 
is not possible to be created  by normal switching  
inverter systems with high efficiency. 
The four active switches (MOSFET's) are operated at 
a fixed frequency, which allows the use of a simple 
gate drive. 
The work presented here describes its operation and 
mathematical modelling with the object of studying 
its controllability feature. The circuit operation has 
been described and discussed. The verification is done 
by MATLAB simulation. It works for both the 
resistive and reactive load and with different reference 
voltage signal. 
 
The dynamical performance of the closed-loop PI 
control system is described. The new inverter is 
applicable in UPS systems using a sinusoidal 
output waveform. It is further applicable to other 
systems where specific wave shapes are to be created 
at power levels with desired frequency. 
 
Thus the boost inverter is suitable for applications 
where the output ac voltage needs to be larger than the 
dc input and can offer economic and technical 
advantages over the conventional VSI whenever an 
AC voltage larger than the DC link voltage is needed, 
with no need of a second power conversion stage. 
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