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= ABSTRACT- To get maximum power from Photo Voltaic (PV) panel, a DC-DC converter is operated with an active
SWItched LC-network and a fuzzy controller, which boosts the output voltage by utilizing Maximum Power Point Tracking (MPPT).
In areas where solar energy is abundant, PV systems offer a low-cost source of electricity. Non-Polluting and low maintenance are
two advantages of a PV system. There are several factors that can reduce the output of solar energy, including irradiance,
temperature, and partial shading in the cells. A DC-DC converter with active switched LC networks can be used to provide constant
output voltage. As the power outcome of the PV system is variable, Perturb and Observe (P and O) MPPT procedure obtains
maximum output power. The output of P and O MPPT is compared with Fuzzy Logic Controller (FLC) MPPT and the results are

presented.
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1. INTRODUCTION

Rising electricity demand, forces us to find a new and efficient
ways of power production. The drawbacks of conventional way
of electricity generating techniques such as pollution, high cost
and extinction makes us to find renewable source of energy. The
renewable energy source is cost efficient, non-polluting, and
available in large amount. But they are non-reliable. Solar
energy is vital one among the non-conventional resources. Its
output varies due to the changing weather condition. The energy
for sun rays can be extracted in two ways. One of the ways is
heating the water by concentrating the solar rays in one
particular point. Another one is using PV cell to convert it into
electricity. But due the weather condition the output voltage and
power will be varied.

The two variable parameters are solar irradiance and
temperature. It is mentioned in the literature [1,2] the
characteristics of the PV system as a function of temperature
and irradiance. Accordingly, PV systems can provide maximum
output during low temperatures and high solar irradiance. But
variable output from PV system will affect the reliability of the
system. Many researchers came forward to find the solution to
make the output of the PV system as constant. As a result, they
found that using a DC-DC converter and an analysis circuit, the

output can be maintained as constant and the maximum output
power possible can be obtained. DC-DC converter should be
chosen such that the loss should be less, provides high gain and
could be able to obtain maximum power with high efficiency.

Several high step up DC-DC converters are mentioned in the
literature [3 -10]. There are various algorithms to track
maximum power such as incremental conductance [11], model
based rapid tracking [12], neural network method [13], genetic
algorithm approach [14] and P and O technique [15]. Here, P
and O method is implemented based on its advantages such as
cost efficient, good performance and easy implementation. In
[16], modified incremental conductance method is employed as
MPPT algorithm. DC-DC converter used is boost converter and
they have improved the efficiency and reduced the ripple
content in the output.

In the paper [17], the P and O MPPT algorithm is used with
boost converter connected to the grid. With large step times, the
model in the paper [18] runs faster. In [19], P and O method and
boost converter is used, and the converter's duty cycle value is
controlled by the aforesaid algorithm. A comparison of the P
and O method and the incremental conductance method in
MATLAB is performed in [20] and it is determined that the P
and O method improved the oscillation number, but Incremental
conductance maintained accuracy. A DC-DC converter is used
in tandem with a fuzzy controller in [21]. There is a combination
of DC-DC Boost converters and P and O methods used in [22].

The DC-DC converter is used here with an active switched LC
network in order to obtain high gain and efficiency. The MPPT
is used as an analysis circuit. It takes output power and voltage
of the PV system and calculates the duty ratio value for the
switches in the DC-DC converter. It monitors the output of the
PV system and for even a small change in the output and duty
ratio value will be changed.
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2. MATERIALS AND METHODS
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Figure 1: Block Diagram
The current and voltage equations are given in (1) to (8).
A DC load is supplied by a solar generator via an adaptation )
stage consisting of a DC-DC converter operated based on the p ~ During ON mode:

and O MPPT charge controller that assumes maximum energy Vi, = Vin (1)
transfer efficiency. This flow is shown in the figure 1. Vi, =Vin +V¢, 2)
icl = _l'L2 3

2.1 DC-DC Converter =1 (4)
A variety of applications require high-gain voltage conversion,
particularly in grid-connected systems for power processing of During Off mode:

low- voltage renewable sources. ASC is used in this suggested Vi, =Vin — V¢, (5)

converter, while the voltage gain is boosted by a combined ASL Vv, =Ve, =V, (6)
and ASC networks. The suggested converter has a basic P =i —i @
construction with low voltage strains on the extra diode and .+ _ le g
capacitor. Figure 2 shows DC-DC converter circuit. o = " Mo ®)

The gain equation of the converter is obtained as mentioned
below.

L,

U1

Vo _ (1+D-D?)

6=y ™ amny ®)

Figure 5 reveals the switching waveform of the DC-DC
converter where the inductors will charge during ON mode and
discharge during OFF mode. The capacitors will also charge
during on mode and discharge during OFF mode. Figure 6
portrays the plot between gain and duty ratio for different

53 |
Qi@ T

Figure 2: DC-DC Converter converters.
The suggested converter includes two Continuous Conduction Vasit
Modes (CCM) identified based on the currents of capacitor Cy, Vasa | | | -

inductor L4, and inductor L,. To obtain the gain equation, we
are considering only the CCM only. There are two time period B T b
Ton and Toff. During Ton, the gate signal will be given to the

MOSFET switches. Both the inductors will become parallel to

l///\/’\
the source. In Toff period, the switches will act open switch.
3

The inductor (L) will be connected with the capacitor (C1). The LA
capacitor will store the energy during period. The circuits
during the on mode and off mode are shown in the figures 3 and
4. . t
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Figure 5: Switching Waveform of DC-DC Converter
Figure 3: ON Mode Circuit
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Figure 6: Gain Vs Duty ratio curve for different converters

2.2 Maximum Power Point Tracking

Because power output from the panel is reduced during rainy,
gloomy weather, MPPT is employed to extract the maximum
power from converter. PV system electrical properties affect
maximum power point tracking.

2.2.1 P and O MPPT

The P&0O MPPT algorithm is unaffected by environmental
circumstances. With this approach, only a few parameters are
controllable in a closed-loop regulator. This method is widely
used in commercial systems because it is simple and involves
only a few measured parameters. This method evaluates the
output voltage, current, and power of a PV array's output and
adjusts the duty cycle value in accordance with the maximum
power point.

2.2.2 Fuzzy Controller Based MPPT

The FLC is an easy method to carry logical operations on the
inputs. The process of converting input of the fuzzy logic
control into fuzzy set based on the membership function of the
input is known as fuzzification. Then based on the rules given,
the output fuzzy set will be generated. Based on membership
function of the output and defuzzification method, the output
fuzzy set in converted into an integer value. There are various
defuzzification methods. In this paper, we used centroid
method.

Rule Base I

Fuzzification Inference Engine Defuzzification

Input Input Qutput Output
Crisp Set Fuzzy set Fuzzy Set Crisp set

Figure 7: Control flow diagram of FLC

Figure 7 shows the control flow of the FLC which explain the
conversion and comparison stages. The inputs of FLC are

ap _ (Pn—Po)

En = W= v

(10)
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CE =E, —E, (11)

Where P, denotes the output power from PV panel. E, is the
deviation in power with respect to deviation in voltage (error).
CE denotes change in error. The output of the FLC is variation
in duty cycle (4D). The input crisp set and output fuzzy set are
converter into fuzzy set and crisp set based on the membership
function.

3. RESULTS

3.1 Simulation Results

3.1.1 Simulation with P and O MPPT
The simulation of DC-DC converter with MPPT is done where
input for the DC-DC converter is given from the PV panel and
the voltage and current are measured and given to the MPPT
tracking block in order to calculate the duty ratio. Table 1
denotes the simulation parameters used.

““Table 1: Converter Specifications

Parameters Value
Supply Voltage 20V
Output Voltage 200V

Output Power 100 W
Switching Frequency(fs) 50 kHz

Duty Ratio 0.65

Inductor value L;: 200 pH, L,:800 puH
Capacitor value C;:22 yF,Co: 100 pF

400 Q

Load Resistor

The figure 8 shows the PV and IV curve of the PV panel for the
irradiance value is fixed as 250W/m? and the temperature as
25°Celsius. The figure 9 shows input power waveform along
with MPPT that tracks the maximum power. Output waveform
of DC-DC Converter along with the P and O MPPT is shown in
the figure 10. The efficiency of the circuit is 74%. The figure
11 illustrates the output power for variable irradiance.

4

Figure 8: PV and VI curve for the PV panel
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Figure 9: Power from the PV module
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Figure 10: Output power of MPPT
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Figure 11: Output power of MPPT with different Irradiance level

3.1.2 Simulation with Fuzzy Controller MPPT

The simulation of DC-DC converter along with FLC is carried
out where the input for the DC-DC converter is given from the
PV panel and the voltage and current are measured and given to
a function to calculate the slope and change in slope and this
value will be given to the FLC in order to calculate the change
in duty ratio. This value will be added to the previous duty ratio
value.

Mambarship function plots

bia “npaiz*

Figure 12: Inputl Membership function (Error)
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Figure 13: Input2 Membership function (change in Error)
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Figure 14: Output Membership function (change in Duty Ratio)

Figures 12 and 13 portrays the membership function for the
inputs of the FLC and the figure 14 shows the membership
function for the output of the FLC. The inputs of the FLC are
compared based on the fuzzy rues shown in the table 2.
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““Table 2: The rules for FLC

NB PoS PoB NeB NeS NeS
NS PoS PoS NeS NeS NeS
ZE ZE ZE ZE ZE ZE

PS NeS NeS PoS PoS PoS
PB NeS NeB PoB PoB PoS

i
. —
‘&:
.

w e us " ar o o
Tera

Figure 15: Output waveform of PV system along with FLC

Time Time

Figure 16: Output waveform of PV system for different irradiance
along with FLC

The figure 15 shows the waveform that represents the output
power waveform for fuzzy logic controller for the irradiance
value 250W/m? and the temperature as 25°C. Figure 16
represents the output waveform for different irradiance value
(250, 500 and again 250 W/m?) at 25°Celsius temperature.

3.2 Experimental Results

The hardware for the converter used is designed and the
experimental result are obtained for input voltage (Vin) 5V and
duty ratio of 0.65. As per the gain equation for duty ratio, the
voltage gain should be 10. Thus, the obtained voltage is also
50V and the waveform of the output voltage is portrayed in
figure 17. Figures 18 and 19 show current through inductors L1
and L. Figures 20 and 21 show current through diodes Do and
D:. Figures 22 and 23 show the voltage across MOSFETS S;
and S.
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Figure 17: Hardware Output voltage waveform
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4. DISCUSSION

b e b - e The proposed converter model is first developed in MATLAB
A }Vj }_J_ }“" iy and the results are presented. The P and O based MPPT results

Action

Save |

Shon are portrayed in figures 9, 10 and 11 under closed loop
Images condition. The simulations are then carried out with fuzzy
Selact controller based MPPT under different irradiances and its
. outputs are shown in figures 15 and 16. From the figure 15, we
ave -
TEKO0S5.JPG can say that the output of the FLC based MPPT is more stable
SR L S than the P and O MPPT and from the figure 16, we can say that
] _ the FLC tracks the maximum power value even the irradiance
Figure 19: Current through Inductor (L2) value changes. A hardware prototype model is developed, and
Tek .M. Tria’d M Pos: 0.000s SAVE/REC results are presented in figures 19 to 25. Figure 17 shows an
= gction output voltage of 50 V for an input voltage of 5 V and a gain of
Save Image)
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:5. CONCLUSION
e The DC-DC converter used has more advantages such as high
e T peey g Select gain, high voltage effic!ency, simple circuit and minimum
: = f‘*‘ }‘" voltage stress on the devices used. The output of the P and O
s MPPT and FLC are compared, and we can conclude that the
SN TS output obtained by the FLC is more stable and efficient. The
output is obtained with FLC for different level of irradiance and
Figure 20: Current through Diode (DO) the FLC tracks the maximum power point.
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