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Abstract. A DC/DC converter is used in a traditional single-phase two-stage grid-
connected micro-inverter for photovoltaic (PV) applications to acquire the most DC power
from the PV module. The rising voltage of the PV module to a grid voltage level is limited
to a specified value in this inverter. Furthermore, the two-stage inverter is less efficient due
to the lack of separation between the input and output. To supply an alternating current
(AC) to the load, a single-stage Push-Pull PV micro-inverter was designed, simulated, and
constructed in this research. To keep the produced power as high as possible, a
microcontroller PIC 16F877A is used to track the highest power point of the panel and
compute the appropriate pulse width of the converter. Sinusoidal pulse width modulation
is employed for this purpose. The incremental conductance algorithm and maximum power
point tracking (MPPT) technique are implemented using the PIC microcontroller. The PV
module is tested using Matlab/Simulink software under varied solar irradiance (G) and
ambient temperature (T) conditions. Experimentation results from a lab prototype are also
given. The prototype will become a system that feeds a single-phase AC load with a clean
sinusoidal current waveform from a single panel. The key advantage of this model is that
it includes a real microcontroller, just like in real life, so that the MPPT algorithm code
used in simulation will be used in real life.
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1 Introduction

Solar energy will have a huge impact on its long-term benefits, which will be widely
spread throughout the world because it is clean, inexhaustible, an independent resource, and its
development is affordable because it is climate-friendly and an ideal power source for energy-
deficient areas, making it advantageous [1]. There are many application fields for the
conversion of solar energy into electrical energy such as vehicular, naval, residential, aircraft,
and space applications [1-3]. As a result, solar energy is likely to play a significant part in global
electric power generation in the next decades. A photovoltaic (PV) system can be used to
harvest this energy. PV systems can be used either as stand-alone systems or in conjunction
with the utility grid. In this study, stand-alone PV systems are designed to function
independently of the electric utility grid, and they are often planned and sized to serve specific
DC and/or AC electrical needs. Only a PV array may be used to power these systems. A direct-
coupled system, in which the DC output of a PV module or array is directly connected to the
converter, is the most basic sort of stand-alone PV system. Because direct-coupled systems
need electrical energy storage (batteries), the load functions only during daylight hours, making
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them ideal for typical applications like ventilation fans, water pumps, and small circulation
pumps for solar thermal water heating systems [4-5]. The rapidly falling cost of stand-alone PV
modules, advances in power electronics, and government incentives for PV systems make it
critical that PV system penetration on the utility grid continues to rise, particularly on low and
medium voltage grids [6]. Nowadays, more and more complex PV systems are being studied
for designing and implementation of efficient PV system strategies. The input voltage to
DC/DC converters varies substantially in regulated switch mode power supplies, notably in the
case of PV supply sources due to unpredictable and rapid variations in solar irradiation and cell
operating temperature. Several switching system connection topologies have been presented [7]
with the goal of achieving the appropriate voltage level for specific applications such as pumps,
motors in general, and power supply at various times of the day. The application in this case is
to provide power to the load. This is accomplished by employing an inverter to convert the DC
electric power generated by the PV array to AC electricity. The load is supplied with the
inverter's output power. The (PV) array feeds a power optimizer, which is a DC/DC converter.
It will supply its output power to the load or inverter. The power optimizers can extract
maximum power from PV systems by continuously tracking the maximum PowerPoint. This is
done by individually tuning the performance of the panel through (MPP). A power optimizer is
ideal for treating PV arrays during the variation in irradiance and temperature. Maximum power
point tracking is a technique usually utilized with a photovoltaic (PV) array system to track the
point of maximum power. This is done by adjusting the pulse width of the DC/DC converter's
electronic switch, to reach the maximum power point at different conditions [8-9]. In this work,
a step-up (Push-Pull) DC/DC converter is used to fulfill the requirement of the inverter. It
consists of five components: transformer, electronic switch, diode, and an input and output
capacitor. The choice of the (DC/DC) Push-Pull converter configuration provides the lowest
cost and the higher efficiency [10]. The maximum power point tracker has numerous algorithms
such as incremental conductance, perturb and observe method, constant voltage, and constant
current, etc. The selection between them is based on the operating conditions of the PV and the
advantages of one of them due to many requirements and conditions. The incremental
conductance algorithm is the most often utilised because of its great adaptability and accuracy
throughout all seasons [11]. It is based on changes in light and temperature. On the power curve
of a photovoltaic (PV) array, the MPP is found at the zero slope point. MPP has a negative on
the right and a positive on the left. The terminal voltage of a photovoltaic (PV) array is always
adjusted according to the MPP [12]. The (PV) array voltage and current must be monitored to
estimate the conductance and incremental conductance. The maximum power point (MPP) is
tracked in real-time using a microcontroller in this paper to solve the aforementioned
drawbacks. A microcontroller has the advantage of not oscillating close to MPP. This type of
control is only found in the Push-Pull converter, which uses a high-frequency transformer to
create galvanic isolation between the input and output sides as well as a high conversion ratio.
The PV module has been modeled and simulated based on the one-diode PV model using
Matlab/Simulink software. The system to be simulated and implemented is shown below. It is
composed of three main parts; the first part is the photovoltaic (PV) panel, which is intended to
convert solar energy to electric energy. The second part is represented by the DC to DC
converter triggered by using the Max-mum Power Point Tracker (MPPT) algorithm. Because
photovoltaic (PV) arrays have a poor efficiency, the MPPT is used to extract maximum power
and improve efficiency under various conditions. The third part is a 1-phase inverter switched
by the sinusoidal pulse width modulation (SPWM) technique to provide sinusoidal voltages
supplying the 1-phase electric load.



2 System Description

2.1 One-diode PV Cell Model

A PV cell model is represented by the corresponding circuit in Fig 1. A one-diode model [13]
is another name for this concept. The output voltage and current of PV are Vpv and Ipv, which
are coupled in parallel and series, respectively. Is is the diode saturation current, and Isource is
the photocurrent source. The basic equation that represents the 1-V characteristic of the ideal
PV cell is [14] derived from semiconductor theory.
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Fig. 1. Equivalent circuit of one—diode model for PV cell.

2.2 MPPT

As demonstrated in the flowchart in Fig 2, the incremental conductance method is utilised to
change the duty cycle of the converter to follow the MPP. The 1_C's algorithm has many
topologies, but all that depends on the AV and AI. The naming came from the term (AI/AV)
which is known as incremental conductance [15]. This value makes the algorithm go in the right
direction and achieving the goal at which {(AP/AV) = 0} means reaching the maximum power
point, as seen in Fig 3. The I-C algorithm catches the maximum power point exactly and still
observing the system by observing the AV and Al, if they have any changes, then it will repeat
the procedure to catch the maximum power point again. After calculating the AV and Al through
the new condition, if the AV # 0 this means the algorithm point is somewhere, but not on
biggest power point, so the algorithm looking again at the sign of the new (AP /AV), whether it
is positive or negative for pursuing the right direction to reach the MPP again.

Assuming it catching up the maximum power point (MPP) at certain weather condition if the
condition change suddenly the AV not change and still equal to zero, but the Al has greatly

changed, that makes the algorithm to operate again and so on. The magnitude of the increment
controls how quickly the MPP is tracked [16]. It is possible to increase the increment size, but



at the expense of accuracy [17]. Figure 4 depicts the algorithm's responsiveness to changing
weather conditions.
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Fig 2. I_C's algorithm.
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Fig 3. Operation of I_C Algorithm.
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Fig 4. I_C Response

2.3 DC/DC Converter

A step-up DC/DC Push-Pull converter must be utilised to feed a 1-phase, 50Hz, 220 VV AC load
from low voltage (PV) panels, as shown in Fig. 5. This converter feeds the 1-phase inverter by
the required voltage. The DC/DC converters are widely used to step up the DC voltage or to
regulate (PV) array voltage. The input of these converters is a fluctuated DC voltage, which is
supplied by the PV panels. So the mean DC output voltage should be adjusted to be equal to the
required value. The quantity of energy absorbed from the PV and given to the inverter is
continuously adjusted to accomplish output voltage regulation in the DC/DC converter. The
maximum power point tracker (MPPT) algorithm adjusts the duty cycle for these two essential
processes of energy absorption and injection.

The output from PIC is a PWM signal with a variable duty cycle ratio that is applied to the main
IGBT through the optocoupler. Two optocouplers are used for the two IGBTs SAC; and SAC..
The PV module voltage and current are sensed using a voltage divider and a current sensor,
respectively. The signals of these sensors are fed to the microcontroller to implement the MPPT
algorithm. A bank of input electrolytic capacitors consists of 2400uF connected across the PV
input side.

Fig 5. The Power Optimizer Simulation Typical Connection.



2.4 Inverter

The main purpose of a DC/AC full-bridge converter (inverter) is to produce alternating voltage
and current waveforms from a DC power source. These types of power waveforms are found
into many methodologies according to the load requirement. Hence, the output waveform
parameters like magnitude and frequency can be controlled. Inverters can be divided into two
types: voltage source inverter (VSI) and current source inverter (CSI). The voltage source
inverters are most commonly used with a V/f control of Ac load, as seen in Fig 6. The PWM
signals of the IGBTS generated by the microcontroller. The gate driver is implemented using an
IR2110 integrated circuit. These drives are ideally suited for driving power IGBTs and used in
inverter applications.

Fig. 6. Circuit of a Power Inverter v;)ith an LC Filter.

2.5 Microcontroller Based SPWM

This system's basic control circuit is a microcontroller that was designed to generate two digital
SPWMs that are 180 degrees apart. The SPWM switching technique is used to provide a clean
sine wave. This approach uses the same switching pattern as the DC-to-AC two-leg inverter.
The SPWM is a dependable method. It's used in a variety of power electronics applications,
including motor drivers, UPS systems, and renewable energy systems. Following the original
sine wave amplitude, SPWM switching techniques are described as constant amplitude pulses
with a variable duty cycle for each period. The most frequent way to make this signal is to
compare a sinusoidal and a triangular waveform, as seen in Fig 7. We use a peripheral interface
controller (PIC) microcontroller to replace the traditional technique in this study. Using the
built-in PWM module, the microcontroller can stack commands to generate the required pulse
width modulation waveform. Using the PIC16F877A system, the microcontroller generates a
variable pulse width modulation signal that regulates the applied voltage on the gate drive. The
microcontroller is simple and adaptable, allowing for real-time control algorithm changes
without requiring any hardware changes. This inverter could be used in a stand-alone balanced
load system or a grid-connected system powered by a photovoltaic panel.
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Fig 7. SPWM Generational Method.

Table 1. illustrates all of the criteria that were considered as well as the final design [18, 19].

NO. Parameter Value
1 Converter parameters
2 Vow 34-38V
3 I 8A
4 Pout 290W
5 Dinax 0.5
6 fs 30 kHz
7 C; 2400 uF
8 N 12
9 Vout 640V
10 n 0.85
11 Transformer design parameters
12 N, 7
13 Ng 84
14 PIV 800 V
15 Inverter Parameters
16 IGBT's PIV 1800 V
17 Filter Parameters
18 L 1mH
19 C 1.2 uf

3 Simulation Results

The simulation results, as shown in Figs below show the P—V and |-V characteristics of the
PV module for the one-diode model. The PV module has been tested by Matlab/Simulink as
seen in figures 8 and 9 based on its datasheet parameters. To show the effects of the solar
irradiation and ambient temperature on PV module characteristics, they illustrate and verify the
nonlinear PV and IV PV output characteristics module. The PV module is tested for various
solar irradiation and ambient temperature. To demonstrate the influence degree of each
parameter on the characteristics of the PV module, the solar irradiation and ambient temperature
should be varied independently. In addition, to demonstrate the impact of ambient temperature
and solar irradiance on PV module properties. They demonstrate and verify the non-linear IV



and PV of PV output characteristic, and it has been tested under different solar irradiation and
temperature. The solar radiation and ambient temperature must be changed autonomously to
show the effect degree of each parameter on the characteristics of the PV module. Figs 10 and
11 show the IV and PV variations of one-diode model under varying temperature levels (0, 25,
55°C) and constant irradiation (1000 W/m2). When the temperature of the PV array is raised at
constant solar irradiation, the voltage of the PV array falls, and the current rises, resulting in a
decrease in the PV array's generated power.
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Fig 8. Simulated of the photovoltaic system under fixed irradiation and various temperature.
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Fig 9. Simulated of the photovoltaic system under fixed temperature and various irradiation.
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Fig 10. I-V curve under fixed irradiation and various temperature.
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Fig 11. P-V curve under constant irradiation and various temperature.

The I-V and P-V characteristics of the one-diode model are shown in Figs 12 and 13 for different
irradiation levels (1000, 800, 600 W/m?) and constant temperature (25°C). The results displayed
in the figures below show that when solar radiation is reduced from a constant temperature of
25°C, the PV array's voltage drops from V, the current drops, and the PV array's generated

power drops.
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Fig 12. 1-V curve under varied irradiation and constant temperature.
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4  Experimental Implementation

The hardware power stage circuit for the proposed system is implemented using the
design specification above. The voltage of the PV module has a range between 34-38V that is
connected to the input terminals DC/AC inverter via Pull-Pull converter power circuit. The
practical testbed of the converter is illustrated in Fig 14. While the practical inverter circuit
implementation is in Fig 15. The results without and with filter are shown in Fig.16 and Fig. 17
respectively. The output voltage of the inverter is 220 V.

Fig 15. Inverter Practical Circuit.
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5 Conclusion

In this paper, a single-phase Push-Pull PV micro-inverter operating in DCM has been
designed and implemented to feed alternating current to the load from a 250 W photovoltaic
module. The PV module has been modeled and simulated based on the one-diode PV model
using Matlab/Simulink software. DC/DC at 30 kHz The PV array's voltage is raised from PV
DC at full power to 640 V DC using a Push-Pull converter. The MPPT controller uses the
Incremental Conductance (I-C) technique to optimise the duty ratio. The duty ratio of this MPPT
system is automatically varied to extract the most power. The inverter device will handle the
DC to AC conversion. The output power optimizer voltage (up to 640 volts) will be used to
generate 1-phase 220 volts at 50Hz. Furthermore, all of the plans are put into practise in the lab.
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