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ABSTRACT:
In this paper by using the nonlinear structure for model the solar cell, the voltage and the desired power as the solar cell
output are provided. The optimal operating point for power of solar cell system is called the maximum power point and
varies in different conditions. In order to achieve this goal, the DC / DC converter is boost converter, which controls by
its switching. Fuzzy theory has been used to achieve optimal power for load and maximum solar cell power. In this
paper, the fuzzy algorithm is also used to optimize the control method. Changes in output load and amount of sunlight
are among the issues in which the stability of the control system is analyzed. The results are presented according to the
simulation in MATLAB software and the good performance of the controller is shown in different conditions of the
system's performance.
KEYWORDS: Solar Cell-Tracking Maximum Power-Adaptive Smart Controller Chart.
1.

INTRODUCTION
Photovoltaic panels have a strong belief that in the
near future, solar cells will be used by direct conversion
of solar radiation into electrical energy as a suitable and
safe alternative to fossil. Among the applications of
photovoltaic systems, we can mention the following
points:
 Solar lighting, Solar Lighting is currently the
world's largest application, and tens of
thousands of samples are installed annually
throughout the world. (Such as the supply of
streets, parks, roads, tunnels, and the supply of
power stations outside the electricity grid).
 The supply system of a residential unit, the
energy needed for all residential and rural home
appliances can be supplied using photovoltaic
panels and storage systems.
 Traffic lights and cameras
 Cathodic protection of oil and gas pipelines,
now the National Iranian Gas Company is
using this system in some places;
 Solar pumping system, the ability to extract
water from wells, qanats, springs, rivers and
other uses.
 Road Assistance Systems
 Providing
telecommunication
stations,
seismographs, radar and military wireless
devicesPortable or Portable Power System, the

power of these systems is from 100 watts to
1kW.
Given that factors such as the effect of shift load
changes, changes in the amount of solar radiation, and
changes in the surface temperature of the solar cell over
time, reduce the system power level, a control system is
designed to be used to influence the adverse effects of
the above Conquered In this regard, the Fuzzy Intelligent
Algorithm will be used along with the fuzzy method
optimization algorithm. In addition to controlling the
system to reach the maximum power curve, in addition
to controlling the system, the fuzzy controller can
withstand system changes and uncertainties, as well as
the stability of the system.
The overall structure of the paper is as follows; in
the first section, the basic content and necessity of this
research and the proposed plan and idea of control have
been raised. In the second part, the control plan
examines the various articles related to the subject and
examines the proposed controller structure. The third
part deals with the modeling of the solar cell system and
its mathematical relations. In the fourth section, using
the MATLAB program, we simulate the system
according to the achieved relationships and implement
the proposed controller. In the fifth part of this paper,
conclusions and suggestions will be made based on the
results of simulation.
2.

SOLAR CELL MODELING SYSTEM
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Photovoltaic panels have nonlinear voltage-voltage
and non-linear voltage-voltage characteristics, in which
there is an optimum operating point called the maximum
power point, which varies in different atmospheric
conditions. The most important of these conditions is the
change in the intensity of the sun's radiation and
temperature changes. An example of the current-voltage
and voltage-voltage characteristic is shown in Fig. 1
with temperature and steady-state radiation. As you can
see, the panel only provides power at a given voltage and
maximum flow rate, so an interface circuit is required to
use the panel at the same point of maximum power. This
interface circuit can be a DC / DC converter. Also, here
is a controller that needs to find this peak point and
provide a converter point to the point.

Fig. 1. The I-V and P-V characteristic of a solar panel.
A solar cell is a p-n semiconductor transducer
produced by exposing DC to light. The equivalent
electrical circuit of the solar cell is shown in Fig. 2.

Fig. 2: Equivalent electrical circuit of the solar cell.
The relation between the flow of a panel and a
nonlinear relation is as follows:
𝐼 = 𝐼𝐿 − 𝐼0 [exp (

𝑉+𝑅𝑠 𝐼
𝑉𝑡 𝑎

) − 1] −

𝑉+𝑅𝑠 𝐼
𝑅𝑠ℎ

(1)

Ipv and Io are photovoltaic and saturation currents of
the array, and Vt = NskT / q. The thermal voltage of the
array with Ns of the connected series cell Rs and Rp is
the equivalent of series and parallel resistance.
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3.

LITERATION REVIEW
So far, trajectories have been designed and presented
in a variety of points, which vary in complexity, the
required sensor, convergence rate, price, efficiency,
hardware implementation. In the following, some
important and useful methods are presented here. Niuno
and colleagues [1] introduced a fuzzy adaptive approach
in 2014 to adapt system performance. In this method, in
addition to the fuzzy controller designed for work cycle
changes, a fuzzy controller is also designed for the
scaling factor, which results in a better trace than the
conventional fuzzy controllers. Zineuri et al. [2] In 2014,
a fuzzy obsolescence method was introduced to
compensate for the defects of each of the two P & O and
fuzzy methods. In this method, P & O controller outputs
are used as fuzzy controller inputs. Finally, the amount
of work cycle changes is applied to the system as the
controller's final output. Kharb et al. [3] In 2014, we
proposed a comparative fuzzy inference system, which
is a combination of neural networks and fuzzy networks.
According to this paper, the system inputs are solar
radiation and PV panel temperature, and the output
shows the maximum power that the system can operate
at a given radiation and temperature. The output power
of the system is then calculated from the voltage
multiplication in the output current of the PV obtained
from the sensors, and an error is obtained by comparing
these two potentials. This error goes to a PI controller
and we will output a control signal for the PWM
generator. The comparison of the efficiency between
neural network, P&O and ANFIS methods indicates the
superiority of the ANFIS method [5]. If some of the solar
cells fail in a solar panel or when cloudy in the shadow
(partial shadow phenomenon), other conventional
methods cannot track the maximum power point, and
correction methods [5] or smart methods [6], [7], [8],
[9]. Chu and his colleague [10] In 2009, a slippery mode
controller designed to track the maximum power point
with a Boost converter connected to a solar panel. The
stability of the system is proved by using the Lyapunov
function. This method is resistant to environmental
changes, unspecified internal parameters, external
disturbances and load variations. In 2012, Chiu and his
colleagues presented a control method called the sliding
mode control of the terminal in order to find the exact
maximum power point. Then, in order to reduce the
convergence time to the answer, sliding mode control is
designed assuming that the boundary of the uncertainty
boundary of the circuit element is known.
4.

FUZZY-ADAPTIVE CONTROL STRUCTURE
The adaptive fuzzy controller is considered to be a
high-performance controller group. In this paper, in
order to obtain the amount of duty cycle, the power
converter is used. In this regard, various factors have
been considered to evaluate the performance of the
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control system. These include the variation in the
amount of solar radiation at the solar cell surface, as well
as the variation in time with its temperature. The output
load variability over time and the investigation of the
dynamic stability of the output voltage will also be
analyzed in simulations. An adaptive fuzzy controller
will function in a comparative manner if any of the
variable parameters (membership function, fuzzy rules
and scaling factor) change during operation, otherwise it
acts like a conventional fuzzy controller will do. For
example, if we assume that in a fuzzy system output we
have a scaling factor, for the control of the system, the
block diagram of Fig 4 is proposed.

Fig. 5. input membership function for Ce.

Fig. 6. output membership function for GD

Fig. 3. Adjustable fuzzy controller structure.
As outlined in the figure, the system output, which is
the same as the cycle work, is calculated from (2):
∆𝐷(𝑘) = {𝛼(𝑘) ∗ 𝐺𝐷} ∗ ∆𝐷𝑁(k)

(2)

Where GD is the same as the scaling factor and α is
the matching gain of the fuzzy controller and ΔDN is the
main fuzzy controller output. The fuzzy rule of this
comparative coefficient is as follows. In Figures 5 and 6,
the membership functions are presented to the error
inputs and the fuzzy controller error correlation to the
scaling factor. Figure 7 is the membership function for
the output of the fuzzy controller, GD.

Fig. 4. input membership function for e.

GD is obtained in accordance with fuzzy rules.
These rules are based on expert observation. That is, the
expert who decides when the error input and error
changes in the sufferings of the membership functions
will decide which interval to be. The controller must go
to reduce the error, but the error should not be increased
by doing so, because we do not have a good response.
Therefore, there must be a compromise between errors
and error modifications.
In control systems, error reduction increases the
amount of fault and error variation, which should be
designed fuzzy output that both decrease, but not at the
cost of error correction and failure of the error. The
second part is in the design of a fuzzy controller of the
database or rules. In this section, the expert's response is
expressed as fuzzy rules. These rules determine the
relationship between inputs and outputs. Therefore,
according to the number of fuzzy sets that are expressed
in the fuzzy field, the number of law rules is determined,
and given that the number of fuzzy sets for the error
membership functions (e) and the error (de) changes are
considered to be five, so the total number The rules of
the structure are 25.
Rule 1) If is NB and then NB is output is ZE;
Rule 2) If e is Ns and is NS then output is ZE;
The above rules, which are expressed in words,
express the reaction of the expert in different situations,
and it is necessary to explain that the above rules have
been obtained empirically and with the method of trial
and error. Whether or not GD is high or low depends on
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the system condition at any given time, the system may
encounter a turbulent moment, or with a factor that does
not make the fuzzy output suitable for the system, so this
factor must be in itself Adapt to system conditions to
compensate for the controller at a moment, the degree of
disturbance, or any other factor. the range of GD
changes is as follows:
If the system responds quickly to the desired
response, then the magnitude factor must be selected.
 If e is NB and De is PB then a is VB
Or
 If is PB and De is NB then a is VB.
When the system performs well for good
performance, which means that the error is low and the
error variations are reduced, there must be a very low
coefficient to bring the system closer to the lasting state:
 If it is NB and De is NB then a is ZE
or
 If e is PB and De is PB then a is ZE
When the system returns to its optimal state in its steady
state, the value must be zero.
 If e is ZE and De ZE then a is ZE
In order to reduce or eliminate volatility around the
desired value, the coefficient value should be considered
low.
 If e is NS and De is PS then a is VS
Or
 If e is PS and De is NB then a is S
In Fig 7, fuzzy rules are shown based on linguistic
variables.

Vol. 7, No. 1, Marc h 2018

Fig. 8. input membership function for e.

Fig. 9. input membership function for Ce.

Fig. 10. output membership function for task cycle.

Fig. 7. fuzzy controller rules to set the duty cycle.
In fact, this controller acts to get MPP fast so that
when the system's operating point is too large a MPP, it
chooses a very large α (VB), and when we are in the right
direction, α is very Small (ZE) is selected. Also, to
reduce the oscillations in a steady state, when we
approach the MPP, a small value (S) will be selected.
The input and output functions of the fuzzy controller
and its rules are shown in Figures 8, 9, and 10. In this
controller, inputs include error signals and error
modifications. Inputs have 7 membership functions as
linguistic variables: NB, NS, ZE, PS, PB, which
expresses very negative, negative, zero, low positive and
very positive.
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In Fig. 11, fuzzy rules are shown based on linguistic
variables. The fuzzy controller, based on how much
input the error is, is located on one of the membership
functions and finds some fuzzy value. The output is
determined according to the fuzzy rules and applied in a
non-phase manner to the controller output.

Fig. 11. fuzzy controller rules to set the duty cycle.
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5.

SIMULATION
The model of the solar cell model in the Simulink
Matlab space simulates the shape of Fig. 12. Three
blocks have been placed in the simulink space:
1. 1.solarcell panel: A nonlinear model of the
photovoltaic system.
2. 2.controller: System controller to achieve
maximum solar cell power.
3. 3.converter: A power converter where the
Boost converter is used as an incremental
converter for the output load.

Vol. 7, No. 1, March 2018
For this section, one can also use the MATLAB Function
block for coding the solar cell system, as shown in Fig.
14, according to the mathematical modeling
relationships.

Fig 14 Solar Cell Model in Simulink.
Table 1. The parameters of the solar cell.
Parameter
value

Fig. 12. Solar Cell System with Adaptive Fuzzy
Controller.
The solarcell block contains solar radiation inputs,
cell temperature and converter input voltage. The output
of this block is presented as a photovoltaic current. In
Figure 13, the interior part of the solarcell block is
shown.

Irradiance
Temperature
K
Q
N
Eg
Ns
Trk
Voc
Isc
A

1000
25
𝟏. 𝟑𝟖 ∗ 𝟏𝟎−𝟐𝟑
𝟏. 𝟔 ∗ 𝟏𝟎−𝟏𝟗
1.62
1.12
72
298
43.5
4.75
𝟎. 𝟔𝟓 ∗ 𝟏𝟎−𝟑

In the converter block, a DC-DC boost converter is
located as shown in Fig. By controlling the power switch
in this converter, you can achieve the desired voltage
level and power.

Fig. 13. The internal part of the solarcell block.
Fig. 15. Boost converter for solar cell.
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The controller block in Fig 13 is a control algorithm
for achieving maximum power for the photovoltaic
system. At the beginning of the simulation, the Perturb
and Observe (P&O) method will be used to control the
system. In the P & O method, the voltage or current of
the PV output is a perturb and then the power output is
checked. If the power is increased, we continue to
change the voltage or current in the same direction,
otherwise the direction Reverse the voltage or current
change. The structure of the P&O control algorithm in
Simulink Matlab is shown in Fig.16.

Fig. 21 Voltage output of the photovoltaic system with
variable load

Fig. 22. Output power of the photovoltaic system in the
presence of variable load
According to the above, it can be seen that the P & O
method, in addition to the simplicity of the controller,
takes more time to the optimal value of the system, and
the superiority of the proposed controller of this thyristor
quickly indicates the desired power of the solar cell.
Gives in this method, the changes in the amount of
radiation and temperature as well as the change in the
output load have very little effect on the dynamics of the
output voltage of the converter and its power, compared
with the P&O method.

Fig. 16. P&O Method Structure in Simulink.
To check the performance of this control algorithm,
the output load values are increased and decreased
according to the time difference indicated in (3). The
same temperature and irradiation are determined as
relations (4) and (5) as time-varying parameter. The
output voltage waveform and the output power of the
photovoltaic output are shown in Fig 17-18.
Ro = 500 0 < 𝑡 < 5
{ 𝑅𝑜 = 550 5 < 𝑡 < 8
𝑅𝑜 = 500 8 < 𝑡 < 10
T = 25 0 < 𝑡 < 4
{ 𝑇 = 27 4 < 𝑡 < 7
𝑇 = 25 7 < 𝑡 < 10
S = 500 0 < 𝑡 < 4
{ 𝑆 = 550 4 < 𝑡 < 7
𝑆 = 500 7 < 𝑡 < 10
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(3)
(4)
(5)

6.

CONCLUSION
In this paper, an intelligent controller is used to
follow the maximal power point of solar cell. In this
controller, the two fuzzy controller structures are merged
and by using experience, design rules for them. the boost
converter switches to achieve the desired voltage level.
In this way, the maximum power point of solar cell will
be achieved. In order to analyze the challenge of
disturbances on the proposed controller, an adaptive
fuzzy controller is used. This fuzzy controller designs
the scale coefficients for another fuzzy controller and in
different conditions, the system yields the range of duty
cycle for the boost converter. This idea of control has
been evaluated in terms of changes in temperature and
radiation, as well as the change in output load, and it is
observed that the P&O method has faster response, less
fluctuations and optimal system performance.
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