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Abstract

In this paper, artificial fish-swarm and narrowed search spaced 
perturbation observation algorithms were used to improve the 
design of maximum power point tracking solar charge controller. The 
unstable DC panel voltage was stabilized using a boost converter 
circuit. The charge controller output voltage was 12V and the output 
current was 40A. The study showed that an efficiency of 97 % can 
be achieved with the improved maximum power point tracking solar 
charge controller. At a maximum voltage (29V), the highest power 
output was 200W. The output voltage does not depend on the 
intensity of light, however, the output of the photovoltaic current and 
power output is proportional to light intensity.   
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Introduction
Recently, solar energy has received much attention due to its 

environmental friendliness compared to fossil fuel. It is also one 
of the cheapest available sources of clean energy [1]. Photovoltaic 
(PV) is a system that converts solar energy directly into electricity. 
Solar PV cell output characteristics is non-linear and it is affected 
by light, temperature, and the load at which the light intensity and 
temperature are fixed. A maximum power point tracking of the solar 
PV output characteristics may be obtained by changing output voltage 
[2]. Maximum power is produced at I-V characteristic point where 
the product of voltage and current is maximum. This point is called 
maximum power point (MPP).

Many maximum power point tracking (MMPT) algorithm, have 
been proposed in the literature [3,4]. It is proposed perturb and 
observe method, incremental conductance method was proposed by 
Shahidet and Dhar and intelligent-based methods by Mohamed [5-
8]. However, these methods differ in simplicity, speed of convergence, 
and application of hardware. Among the different proposed MPPT 
, perturb and observe (P&O) algorithm is one of the most widely 
accepted in solar PV systems because of its simplicity, ease of 

implementation, and not requiring previous knowledge for the system 
characteristics. Nevertheless, the conventional P&O algorithm has 
some drawbacks including the steady-state swinging around the MPP 
and the lack of considering the motor rating. 

This paper describes the design of an improved MPPT controller 
using a modified P&O algorithm. The algorithm is used to solve the 
conventional P&O defects at efficiency above 97%. The buck converter 
circuit and boost converter circuit are employed to get constant DC 
voltage output from changing DC panel voltage. The MPPT algorithm 
in the charge controller is implemented by varying the duty cycle 
of the dc-dc converter. This paper is organized as follows. First, the 
characteristics of solar panel and the battery charging system are 
presented in Section 2. Section 3 presents the proposed modified 
MPPT algorithm. The simulation and experimental results are given 
in Section 4. Finally, the conclusion is presented in Section 5.

Methods

Design of battery charge controller

Mostly, the PV systems require charge controllers to regulate the 
battery charging state, optimize battery and system performance, and 
help prevent battery damage or dangerous conditions during charging. 
In simple terms, a solar charge controller device controls the charging 
of a solar cell battery and controls battery drain. The charge controller 
checks if the battery needs to be recharged and if so, it checks the 
availability of solar power and begins charging the battery. Moreover, 
whenever the controller finds that the battery has reached the full 
charge voltage level, it stops charging from the solar cell. Also, when 
it finds that there is no solar power available, it assumes it is night 
and turns on the load. Therefore, the idea of designing such a charge 
controller is based on the primary responsibility of the battery, such 
as how to convert solar energy into electricity under different weather 
conditions of temperature and solar irradiance, and how to increase 
the charging rate of the battery. Figure 1 shows a schematic diagram 
of a battery charging system including PV panel and MPPT charge 
controller. The PV panel changes the solar energy into DC electricity 
while the MPPT charge controller operates the PV array at maximum 
power, independent of battery voltage, and also increases array energy 
utilization, and allows for the use of more efficient high voltage arrays 
with lower battery system voltages.

Figure 1:  Battery charging system.
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Solar Panel Characteristics

The two key factors that must be taken into account are radiation 
and temperature; simply because in solar panels, power generation 
depends on solar irradiance and operating temperature. They strongly 
affect the characteristics of solar modules. There is variation in MPP 
throughout the day (due to changes in irradiance) thus explaining 
why the voltage-current (VI) and voltage-power (VP) must be 
frequently tracked by the MPPT to ensure maximum available power 
from the panel. As the temperature increases, the I-V characteristic of 
the PV cell shifts to the left, so the MPP decreases as the temperature 
increases. Meanwhile, the photovoltaic properties of solar panels, their 
current-voltage or IV curves depend on temperature and irradiance 
levels. Therefore, the operating current and voltage that maximize 
power output will vary with environmental conditions. Hence, MPP 
needs to be located by the tracking algorithm, which is the core of the 
MPPT controller. 

Figure 2 illustrates that the change in current is greater than the 
change in voltage. In practice, the voltage dependence on radiation 
is often overlooked [9]. However, since the effects on current and 
voltage are positive, both increase as the irradiation increases, and 
therefore the result on power is also positive. The more the irradiation, 
the greater the power generated, however, temperature comparatively 
mainly affects the voltage. As shown in Figure 2, the voltage-current 
and voltage-power characteristics vary with temperature. In order to 
obtain a stable voltage above and below the output from the output 
voltage (PV cell), a high efficiency and minimum ripple DC-DC 
converter is required in the system.

Artificial fish-swarm algorithm

Artificial fish swarm algorithm is a kind of swarm intelligence 
algorithm which simulates the fish in the nature of foraging, cluster 
and collision behavior and mutual assistance between fish swarm, so 
as to realize the global optimal [10,11]. The algorithm is described as 
follows:

 The vector                          is denoted as the state of artificial fish consisted 
of n fishes, where                 is for optimization of variable; Y express food 
concentration and then the food concentration of artificial fish i in the 
current position can be expressed as                                                represents 
the distance of artificial fish   and artificial fish  ; δ denoted as crowded 
degree factor, expressed the crowded extent of artificial fish; Step 
expressed maximum step length of ever movement of artificial fish; 
visual is the maximum range what artificial fish percept; try-number 
denotes the attempt times in the behavior of prey.

(A) Random Behavior 

Achieve random behavior is simple. The artificial fish move a step 
to the direction of food increasing gradually in visual field, which is 
a behavior similar to natural fish. It ensures that the artificial fish flee 
sub-maximum to hunt for maximum point. The next position of  can 
be described as:

  (1) 

Where  is random numbers of [-1,1]. 

(B) Foraging Behavior

For aging behavior denotes fish swimming follow the direction of 
food increasing, artificial fish in current state and randomly selects a 
state     within its visual field, and calculate the objective function value 
Y, if       in the maximum problem,   goes forward a step in the direction 
of  ; Conversely, if the condition is not satisfied after repeating try 
number times, it moves a step randomly. The formula is as follows:

  (2) 

(C) Swarming Behavior

Swarming Behavior refers to a behavior of that fishes move as 
quickly as possible to the center of the adjacent companions in the 
process of swimming and avoids overcrowding. Let fish   search 
the number of companions    and the center position   in the visual 
range of current, If         and        , then move one step toward the 
center position which has more food and not too crowded; Otherwise 
foraging behavior is executed. The formula is as follows:

 (3) 

(D) Following Behavior

Following behavior refers to a behavior that the fish move to the 
direction which with the maximum food consistence in visual range. 
Artificial fish  search the number of partners   in the current state and 
that   is the largest partner   within partners, If            , that is to say   has 
higher food consistence and is not too crowded, then goes forward 
one step toward the center position; Otherwise perform foraging 
behavior. The formula is as follows:

  (4) 

Modified Maximum Power Point Tracking MethodsFigure 2a-2c: Solar panel characteristics.
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The MPPT algorithms are required in PV applications because 
the MPP of a solar panel varies with irradiation and temperature, so 
the use of MPPT algorithm is obligatory in order to get maximum 
power from the solar array. In the past few years, many methods for 
finding MPP have been developed and published. These techniques 
change in many features, such as the required sensor, complexity, cost, 
effective range, rate of convergence, proper tracking when irradiation 
or temperature changes, hardware required for the implementation or 
popularity, among others [11].

Amongst these technologies, the P&O and InCond algorithms are 
the most common. Both P&O and InCond algorithms so-called ‘hill-
climbing’ methods, which consists of moving the operation point of 
the PV array in the direction in which power increases. Hill-climbing 
techniques are the most popular MPPT methods because they are easy 
to implement and have good performance when radiation is constant. 
These techniques have the advantage of being easy to implement, 
but they also have disadvantages. Additional techniques based on 
different principles are fuzzy logic control, neural networks, fractional 
open circuit voltage or short circuit current, current sweep, etc. 
Moreover, most of these methods produce local maximum and some, 
(such as fractional open circuit voltage or short circuit current) give 
an approximate MPP, not the precise one. Under normal conditions, 
the V-P curve has only one maximum, so it is not a problem. Though, 
if the PV array is partially colored, there are multiple maxima in these 
curves.

The Perturb and Observe (P&O) is the most commonly used MPPT 
algorithms due to its ease of implementation in its basic form. The 
P&O algorithm is also recognized as “hill-climbing”, but both names 
refer to the same algorithm, depending on how it is implemented. 
[Hohm and Ropp [12] Hill-climbing includes a perturbation on the 
duty cycle of the power converter and P&O a perturbation in the 
operating voltage of the DC link between the PV array and the power 
converter. In the event of the Hill-climbing, perturbing the duty cycle 
of the power converter suggests modifying the voltage of the DC link 
between the PV array and the power converter, so both names refer 

 The voltages V_1 and V_2 is measures first to find the MPP 
holding region to reduce the operating point of the solar panel into 
area 2 region, which of it is(10% of the power curve), and at that 
point starts the P&O. , At this point, only few perturbation, MPP is 
attained and kept. In addition, under unvarying weather situations, it 
will adhere to the MPP, whereas the irradiance varies. Therefore, then 
arrowed search spaced P&O MPPT algorithm is implemented in this 
study, due to its briefness [13]. As shown in Figure 4, the p-v curve has 
been separated into (3) three, (Area1, Area 2, and Area 3).

When far from the maximum power point, choose a large step 

to approach the optimal state of system quickly. When close to the 
maximum power point, employ a small step to reach the maximum 
power point and reduce the oscillation. 

DC-DC Buck Converter

The Figure 5, shows a diagram of the DC/DC converter 
implemented in hardware. The DC-DC converter is a power electronic 
circuit that converts a dc voltage to a different dc voltage level and 
usually provides a regulated output. Therefore, dc-dc converter is used 
to control the charging current of the battery and also to switch the 
output power of the PV panel. Moreover, the main module of MPPT 
hardware is the switch mode DC-DC converter.

It is broadly used in DC power supplies and DC motor drives 

to convert unregulated DC input to a controlled DC output at the 
required voltage level. MPPT uses the same converter for different 
purposes, adjusting the PV MPP input voltage and providing load 
matching for maximum power transfer. 

Therefore, in order to alter the input resistance of the panel 
to match the load resistance (by changing the duty cycle), a DC-
DC converter is needed [14]. Boost converters are used for more 
practical applications from solar panels. In this experiment, the 
active switch (IGBT) is on dc-dc converter as it is obtained by using 
the duality principle on the circuit of a buck boost converter. The 
Boost converters are used for more practical applications from solar 

Figure 3: Modified P&O algorithm.

Figure 4: Examine space check of the power curve.

Figure 5: Buck converter.
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panels. The input of the boost converter is linked to the PV array and 
output is connected to the load. However, in order to acquire a stable 
voltage from an input power source (PV cells) above and below than 
the output, a high efficiency and minimum ripple DC-DC converter 
is needed in a system for residential power production. The buck-
boost converter makes it possible to efficiently convert a DC voltage 
to a lower or higher voltage. In addition, the buck-boost converter is 
especially suited for PV maximum power tracking purposes, with the 
goal of always getting the maximum possible power from the solar 
panel, regardless of the load.

PV Current and Voltage Sensor

In general, dc-dc converter is used to convert the voltage from the 
panel or array to a voltage close to the grid voltage and maximize the 
power drawn from the panel.

 On the other hand, the current and voltage sensors are also 
used for voltage and current monitoring, recording or verification of 
operational applications.

The voltage sense divider is powered by a simple buffer amplifier 

that shares a package with the current sense amplifier. A peak detector 
circuit is implemented due to current ripple, and the signal is amplified 
before analog to digital conversion.

Materials and Simulation
Materials and equipment

The following materials and equipment were used in the study: 
IGBT-based DC-DC buck converter, 0.11 mH of the inductor and 6.6 
mF of the capacitor, 12V / 100AH battery, Solar Module: 100-18-M.

Simulation

To validate the implementation of the recommended algorithm, 
a MATLAB/Simulink model of the buck converter was developed 
as shown in Figure 9. In this study, PV module simulated is built on 
the characteristic equation of the solar cell. The implementation of 
the MPPT algorithm is used by the coding of the flow chart, making 
it easy to understand and implement the modifications in the P&O 
algorithm.

The IGBT-based dc-dc buck converter is measured by the gate 
signal that is determined by the proposed P&O algorithm. Therefore, 
the switch frequency of the gate signal is 40 kHz and the buck 
converter contained of 0.11 MHz of the inductor and 6.6 mF of the 
capacitor.

All electrical specifications are +/-3%, All technical date at 

PV simulator

 As shown in Figure 11, a solar module was formed according to 
the conditions described in table 1 and a modified solar irradiance 
profile is made in the software interface of the PV simulator.

Figure 6: MModel of buck converter based on MATLAB/SIMULINK.

Figure 9: Model of buck converter based on MATLAB/SIMULINK.

Figure 10: Solar Module: 100-18-M.

Figure 7: PV current Sensor

Figure 8: PV Voltage Sensor.
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Table 1: Solar Module Used in the Experiment:

Parameter
Maximum Power (Pmax)

Open Circuit Voltage (Voc)

Short Circuit Current (Isc)

Maximum Power Voltage (Vmp)

Maximum Power Current (Imp)

Maximum System Voltage

Normal Operating Cell 
Temperature (NOCT)

Temperature Cycling Range

Weight

Dimensions

Maximum Series Fuse Rating

Buck converter frequency

Figure12 shows a high-frequency (40 KHz) buck converter 
design. The converter is controlled by the MPPT signal consisting of 
ARM platform, and the IGBT driver circuit which drive the power 
IGBT used in the converter as a switch. The ARM programming 
changes the duty cycle based on temperature and solar radiation 
levels. The controller attempts to maximize the watts output from the 
PV simulator by regulatory the duty cycle so that the PV simulator 
working is always at its maximum power point.

Battery -12V/100AH

In this research, 12V/100AH battery was used, as it shown in 

Fig.13. 

Results and Discussion
Solar panel output characteristics curves

Under different temperature conditions, the output voltage and 
current of the photovoltaic panel do not have a curve changing with 
temperature.

Figure 14 shows that the output current of a photovoltaic panel 
was greatly affected by the light intensity, which was substantially 

current increased to 6A.

In Figure 15, the output voltage of the photovoltaic panel is less 
affected by the light intensity. As the time increased the radiation also 
varied. When the radiation reduced from 1000w/m2 to 600w/m2 the 
output voltage was fairly constant around 21V.

Because the output power of the photovoltaic panel was equal to 
the output voltage of the photovoltaic panel multiplied by the current, 
the power output curve of the photovoltaic panel was similar to the 
current output curve under different light intensities (shown in Figure 
16). It was realized that the output power was affected by change in 

Figure 12: Buck Converter Circuit with IGBT Driver.

Figure 11: PV simulatorsoftware interface. Figure 13: Battery 12A/100AH

Figure 14: PV battery Output Current.

Figure 15: PV battery output voltage

Value
100 W

21.6 V

6.12 A

18 V

5.56 A

1000 V

45+3 °C

-40°C to+85 °C

7.5 kg

1200×540×30 mm

10 A
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radiation. The output reduced when the radiation reduced.

In Figure 17, when the light intensity increased, the output current 
of the photovoltaic panel increased greatly. However, at a specific light 
intensity the output current remained constant till the voltage was 
25V when the current began to reduce. 

As can be seen from Figure 18 that output power of the 
photovoltaic panel varies with light intensity. The higher the light 
intensity the higher the output power. The output power steadily 
increased from 0V till it reached it 25V, 27V, 29 and 30V for 300W/
m2, 600W/m2, 800W/m2 and 1000W/m2 respectively when it started 
to reduce sharply.

 

Figure 19 shows the maximum power point curve of the 
photovoltaic panel at a 25 ° temperature environment with a light 
intensity of 1000 W/m2. At the maximum power point voltage Vm 
of 29V, the photovoltaic panel has a maximum output power Pm of 
200W.

Figure 20 is a p-v schematic diagram of the perturbation and 
observation method.

As shown in figure 20, if the output voltage increases, the power 
Pn+1 are greater than the Pn power. Meanwhile the maximum power 
point which is on the right side of the current time is necessary to 
continue to increase the voltage. If the power Pn+1is less than the Pn 
power, the maximum power point on the left side of the current time, 
and the voltage needs to be reduced. Therefore, if the output voltage 
is reduced, the Pn+1 power is less than the Pn power; the maximum 
power point on the right side of the current time, and the voltage 
needs to be increased. However, If the Pn+1 power is greater than 
the Pn power, then the maximum power point on the left side of the 
current time needs to continue to reduce the voltage.

In Table 2, the controller developed works near the MPP of 
changed solar irradiance, which draws nearly 95% of the power at 
the MPP. In addition, the intensity vs. output power solar radiation is 
shown in Figure 21 (records of Table 2).

Table 2: Bulk charging stage analyses.

The Solar 
radiation
W/m2

PV current
at operating
point of the
controller
(Amp)

PV voltage
at operating
point of the 
controller
(Volt)

MPP Power
(Watt)

Operating
point of the     
controller 
power (Watt)

100 0.2415 13.787 3.48 3.33

200 0.4904 13.928 7.28 6.83

300 0.739 14.041 11.13 10.38

400 0.9949 13.774 14.98 13.7

500 1.2429 13.854 18.8 17.22

600 1.4797 14.19 22.57 21

700 1.6898 14.919 26.29 25.21

Figure 16: PV battery output power.
Figure 19: P-V Characteristic Curve.

Figure 20: Schematic diagram of P&O

Figure 17: Volta metric characteristics of PV cells under different light 
intensities.

Figure 18: Volta metric characteristics of PV panels under different light 
intensities.
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800 1.911 15.18 29.94 29.01

900 2.1179 15.541 33.52 32.91

1000 2.3374 15.579 37.02 36.41

Conclusion
The study concludes that:

1. Efficiency of 97 % can be achieved with an improved design 
and implementation of (MPPT) solar charge controller based on 
modified perturbation and observation (P&O) algorithm. 

2. A maximum power output of 200W can be achieved at a 
maximum voltage of 29V.

3. Photovoltaic current output is directly proportional to light 
intensity (radiation), however, the output voltage is independent of 
the light intensity.

4. Photovoltaic power output is directly affected by the light 
intensity

5. To reduce payback time in using solar panels the maximum 
power point must be constantly and quickly tracked.

6. The cost of installing any solar charging controller can be 
optimized by adding MPPT and appropriate algorithms.
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