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Abstract— an adaptive fuzzy logic control (AFLC) for the 

maximum power point tracking (MPPT) algorithm is 

suggested in this paper. The AFLC is improved from scaling 

FLC, and it’s mainly to adjust the duty-cycle of the 

defuzzification of FLC for facing many kinds of external 

variations, such as loading variation, current of solar cells. 
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I. INTRODUCTION 

Energy has been one of the most important driving forces in 

our fast growing world. Nations are in an endless search for 

new energy sources. This search passed through many 

revolutions, from the use of fire and coal to the discovery of 

fossil fuels such as oil and natural gas. However, this search 

was faced by many challenges, since many of these resources 

are expensive, destructive to the environment, or ceasing to 

exist in the near future. Significant progress has been made 

over the last few years in the research and development of 

renewable energy systems such as wind, sea wave and solar 

energy systems. Among these resources, solar energy is 

considered nowadays as one of the most reliable, daily 

available, and environment friendly renewable energy source. 

The amount of energy in the sunlight reaching the 

earth’s surface is equivalent to around 10,000 times the 

world’s energy requirements. Consequently, only 0.01 

percent of the energy in sunlight would need to be harnessed 

to cover mankind total energy needs. Given that the sun 

shines on this part of the globe nearly the entire year, many 

new projects are intended to make use of solar energy as a 

back-up source to the existing power system. Another 

incentive of the spread of such projects is the fact that the cost 

trend of photovoltaic (PV) systems is descending, while the 

fuel price is ascending. The reason behind this trend is the 

growing mass production and market of PV systems. The 

advancement in solar systems is based on the new 

technological advances in the industries of photovoltaic cells, 

power electronics switches, microcontrollers, and computer-

based simulation packages. Solar systems not only can serve 

as a backup to existing energy systems, but they can also be 

easily integrated with large grid systems, or can be used as 

standalone systems serving as independent energy sources. 

II. BASIC CELL CONFIGURATION 

The solar cell can be represented by the electrical model 

shown in Fig 1 Its current-voltage characteristic is expressed 

by the following equation (1) 

         (1) 

Where I and V are the solar cell output current and 

voltage respectively, I0 is the dark saturation current, q is the 

charge of an electron, A is the diode quality factor, k is the 

Boltzmann constant, T is the absolute temperature and RS 

and RSH are the series and shunt resistances of the solar cell. 

RS is the resistance offered by the contacts and the bulk 

semiconductor material of the solar cell. The origin of the 

shunt resistance RSH is more difficult to explain. It is related 

to the non-ideal nature of the p-n junction and the presence of 

impurities near the edges of the cell that provide short-circuit 

path around the junction. In an ideal case RS would be zero 

and RSH infinite. However, this ideal scenario is not possible 

and manufacturers try to minimize the effect of both 

resistances to improve their products. 

 
Fig. 1: Equivalent Circuit of Solar Cell 

Sometimes, to simplify the model, the effect of the 

shunt resistance is not considered, i.e. RSH is infinite, so the 

last term is neglected. A PV panel is composed of many solar 

cells, which are connected in series and parallel so the output 

current and voltage of the PV panel are high enough to the 

requirements of the grid or equipment. Taking into account 

the simplification mentioned above, the output current-

voltage characteristic of a PV panel is expressed by equation 

(1), where np and ns are the number of solar cells in parallel 

and series respectively. 

              (2) 

III. FUZZY LOGIC CONTROLLER 

 
Fig. 2: Basic configuration of a fuzzy logic controller 

DC-DC converter systems are becoming strong candidates 

for modern fuzzy control techniques due to their complex, 

nonlinear behavior, particularly for large load and line 

variations. The highly nonlinear behavior of these power 

circuits is caused by the presence of a switch, which can be 

any electronic switch such as a transistor, a MOSFET, or any 

other switching device. Depending on the state of the switch 

(ON/OFF) the plant structure exhibits very different 
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functioning modes, resulting in a severe nonlinearity. PV 

modules also have nonlinear current-voltage (I-V) 

characteristics that are dependent on solar radiation, 

temperature, and degradation due to environmental effects. 

Therefore, their operating point that corresponds to the 

maximum output power varies with the environmental and 

load conditions. 

MPPT control is therefore an intriguing subject 

from the control point of view, due to the intrinsic 

nonlinearity of dc-dc converters and PV modules. This is 

because an accurate model of the plant and the controller is 

necessary while formulating the control algorithm. There are 

two possible ways of overcoming this. One method is to 

develop more accurate nonlinear models for controllers, but 

the discouraging fact about taking this route is that complex 

mathematical derivations are involved. Even when 

developed, the complicated control algorithms may not be 

suitable for practical implementations. The other method is to 

employ heuristic reasoning based on human experience of the 

plant. Such experience is usually collected in the form of 

linguistic statements and rules. In this case, no modeling is 

required, and the whole business of controller design reduces 

to the "conversion" of a set of linguistic rules into an 

automatic control algorithm. Here, fuzzy logic comes into 

play as it provides the essential machinery for performing 

the said conversion. Such a completely different approach is 

offered by fuzzy logic, which does not require a precise 

mathematical modeling of the system nor complex 

computations. This control technique relies on the human 

capability to understand the system's behavior and is based on 

qualitative control rules. Thus, controller design is simple, 

since it is only based on linguistic rules of the type: “IF the 

change in output power is positive AND the change in duty 

cycle is negative THEN reduce slightly the duty cycle" and 

so on. 

Fuzzy logic control relies on basic physical 

properties of the system, and it is potentially able to extend 

control capability even to those operating conditions where 

linear control techniques fail, i.e., large signal dynamics and 

large parameter variations. As fuzzy logic control is based on 

heuristic rules, application of nonlinear control laws to 

overcome the nonlinear nature of dc-dc converters is easy. 

Fuzzy logic offers several unique features that make it a 

particularly good choice for these types of control problems 

because: It is inherently robust as it does not require precise, 

noise-free inputs. The output control is a smooth control 

function despite a wide range of input variations. 

              (3) 

Z0 = defuzzifier (Z) 

The term Z0 is the non-fuzzy control output and 

defuzzifier is the defuzzification operator. There are various 

defuzzification methods which include, centre of area (COA), 

bisector, mean of maxima, sum of maxima, etc. The COA 

method commonly known as centre of gravity is used in this 

work. The method is computationally intensive but more 

accurate than other methods. In this method, the crisp output 

Z0 of the Z variable is taken to be the geometric centre of the 

output fuzzy value µout (Z), where µout (Z) is formed by 

taking the union of all the contributions of rules whose DOF 

> 0 as shown in Figure 4-6. The general expression for the 

COA method in the case of a discretized universe of discourse 

is given by proposed model. 

IV. PROPOSED MODEL 

 
Fig. 3: Simulation diagram of PV array with Fuzzy 

(Mamdani) 

As seen from figure 3, the proposed response is much faster 

than that of INC and P&O algorithms. From graph maximum 

power at 250 w/m2 irradiance is 6.6 watt which is higher than 

P&O but less in comparison of INC algorithm .So INC is 

better and faster than fuzzy under low irradiance conditions. 

Output power at 750 w/m2 irradiance is 42.86 watt and at 

1000 w/m2 it is 58.07 watt.  It can be deduced that the fuzzy 

controller is faster from above techniques under transitional 

state, and present also much smoother signal with less 

fluctuation in steady state. 

V. RESULT 

 
Fig. 4: Fuzzy based MPPT PV power output 

The blue line show the variation of energy with irradiation. 

VI. CONCLUSION 

The aim of this thesis was to develop a method to optimize 

the energy extraction in a photovoltaic power system. The 

concept of PV module maximum power point tracking has 

been presented and various methods of addressing existing 

challenges are explored. A fuzzy logic based algorithm for 

tracking the maximum power is proposed in this work. In 
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order to formulate and implement the algorithm, a system 

model is needed. The various components and subsystems are 

analyzed, modeled, validated, and combined together to 

produce a complete maximum power point tracker model 

.Efforts have been made to achieve the maximum power point 

in least possible time. 

Simulation results show that the proposed fuzzy 

logic algorithm has an average efficiency of 99% under 

rapidly varying conditions and in the presence of 

measurement noise. The results show that compared to other 

MPPT techniques, it provides improved performance in terms 

of Oscillations about the maximum power point, speed and 

sensitivity to parameter variation. This is possible since fuzzy 

logic controller rules can be assigned separately for the 

various regions of operation resulting in effective small-

signal and large-signal operation. 
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