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Abstract This paper proposes an improved Maximum Power Point Tracking (MPPT) algorithm for photovoltaic (PV) 

systems under partial shading conditions. The proposed method enhances the widely used Incremental Conductance (IC) 

algorithm by incorporating an incremental fuzzy control technique. The conventional IC algorithm suffers from limitations 

in adapting to rapidly changing irradiation conditions due to its fixed step size. The proposed Inc-Fuzzy algorithm 

dynamically adjusts the step size based on the change in power and voltage, enabling it to better track the Global Maximum 

Power Point (GMPP) under partial shading. Simulation results demonstrate that the Inc-Fuzzy algorithm achieves an average 

accuracy of 98.29% under constant irradiation and outperforms the conventional IC algorithm by 1.69% in terms of captured 

power during sudden irradiation changes. This improvement highlights the effectiveness of the Inc-Fuzzy approach in 

enhancing the performance of MPPT for PV systems under challenging operating conditions. 

 

 

Keywords − Fuzzy Control, Incremental Conductance, Partial Shading, MPPT Optimization, GMPP Tracking, Photovoltaic 

Systems, Step Size Adjustment, Dynamic Adaptation, Power Electronics, Irradiation Changes 

 

I. INTRODUCTION1 

Solar panels convert sunlight into electricity, offering a 

clean and sustainable energy source. This generated 

electricity can be stored in batteries for nighttime use, 

powering lights and appliances, or used directly without 

battery storage. However, the output of solar panels isn't 

constant; it varies based on factors like temperature, 

sunlight intensity (irradiation), and the electrical load 

placed on the system. Additionally, the electrical power 

generation depends on the specific characteristics of the 

solar panels themselves, like their short circuit current 

(Isc) and open-circuit voltage (Voc) [1]. Controlling the 

voltage of solar cells allows us to extract the maximum 

power they can generate under specific conditions. 

 Solar panels have the potential to generate 

significant amounts of electricity. However, their 

efficiency can fluctuate due to changing weather 

conditions, especially variations in sunlight intensity 

(irradiation) [2]. To address this issue, a technique called 

Maximum Power Point Tracking (MPPT) is employed. 

MPPT works by continuously adjusting the voltage of the 

solar panels to reach the Maximum Power Point (MPP). 

This MPP is the point where the panels produce their 

highest power output under specific conditions. One 

common MPPT method, the Incremental Conductance 
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(IC) algorithm, analyzes changes in the solar panel's 

conductance to track the MPP. While this method 

performs well under various weather conditions, it has a 

critical limitation. The IC algorithm relies on a set "step 

size" for voltage adjustments. This step size can be 

problematic: Large step size: If the step size is too large, 

the system can experience oscillations around the MPP, 

leading to wasted power. Small step size: Conversely, a 

very small step size slows down the tracking process, 

potentially missing the MPP during rapid changes in 

irradiation. Finding the perfect balance between accuracy 

and tracking speed by adjusting the step size is a challenge 

[3]. This paper proposes a modified version of the IC 

algorithm that incorporates Fuzzy Logic Control (FLC) to 

overcome this limitation. Fuzzy logic is an intelligent 

control technique that can handle complex systems like 

solar panels and make adjustments dynamically based on 

the operating conditions. By incorporating fuzzy logic, the 

proposed method aims to automatically adjust the step 

size based on the severity of the error from the MPP, 

leading to faster and more accurate tracking even under 

fluctuating irradiation. 

 Numerous Maximum Power Point Tracking 

(MPPT) methods have been developed to enhance the 

efficiency of solar panels. One widely used approach is 

the Incremental Conductance (IC) algorithm. Studies have 

demonstrated that the IC method effectively increases the 

output power of solar panels [4, 5]. In one application, the 

IC algorithm was implemented on a switching SEPIC 
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converter using a Pulse Width Modulation (PWM) wave 

generated by an Arduino microcontroller at a frequency of 

62.5 kHz to adjust the voltage based on a setpoint [6]. 

 Comparative analyses of various conventional 

MPPT methods have been conducted by researchers ([7], 

[8], [9]). These studies concluded that incorporating a 

variable step size into the IC method offers the most 

effective solution for finding the maximum power point. 

However, the  IC algorithm has its drawbacks. To address 

these limitations, a variable step-size modification 

technique has been proposed [10, 11, 12]. This technique 

utilizes a scaling factor heavily reliant on the voltage 

change of the photovoltaic (PV) module. The proposed 

technique has shown improvements in both steady-state 

and dynamic performance responses. 

 Research on artificial intelligence-based 

methods for MPPT suggests advantages such as faster 

tracking and better environmental condition correction 

[13, 14]. However, these methods also come with 

drawbacks, including more complex implementation and 

higher costs. The use of fuzzy logic, a type of artificial 

intelligence, offers benefits like faster tracking and 

reduced power oscillations [15, 16, 17]. In contrast, the 

Particle Swarm Optimization (PSO) algorithm 

demonstrates advantages in achieving a better maximum 

power point under partial shading conditions [18, 19, 20]. 

Studies have investigated the behavior of MPPT trackers 

modeled using IC algorithms under rapidly changing 

environmental conditions such as temperature and 

irradiation levels [21]. The fixed step size employed by 

the IC alg oscillations orithm leads to during steady-state 

operation. Research by [22] proposes a novel approach 

based on fuzzy logic that can guarantee improved 

performance. The investigated system used to validate the 

proposed method consisted of a Kaneka K60 photovoltaic 

panel connected to a resistively loaded SEPIC converter. 

All results cited in this work were obtained using 

MATLAB-Simulink software. 

 Building upon these advancements, [23] 

proposes a revised additional conductance method 

combined with a Fuzzy Logic Controller (FLC) to 

enhance the conversion system's efficiency and 

operability under practical conditions. This research 

specifically focuses on reducing power oscillations during 

Figure. 2. Sepic converter circuit when switch Q1 is ON 

 

 

Figure. 1. Sepic Converter Circuit. 

 



International Journal of Marine Engineering Innovation and Research, Vol. 9(1), March. 2024. 47-57 

(pISSN: 2541-5972, eISSN: 2548-1479) 

49 

 

 

rapid climate changes by integrating two Sugeno fuzzy 

processes with the Incremental Conductance algorithm. 

II. METHOD 

A. Design of Sepic Converter 

The SEPIC converter, a type of DC-DC converter, is 

known for its ability to produce an output voltage that can 

be greater than, smaller than, or equal to the input voltage 

[24]. This flexibility makes it a valuable tool in various 

applications. The SEPIC converter consists of two main 

types of components: 

Active components: These are semiconductor devices 

capable of switching, such as Metal-Oxide-

Semiconductor Field-Effect Transistors. They play a 

crucial role in directing the flow of current within the 

circuit. Passive components: These include diodes, 

inductors, capacitors, and load resistors. They contribute 

to filtering, energy storage, and voltage regulation within 

the system. Due to the presence of switching elements, the 

SEPIC converter can be classified as a second-order 

system. Additionally, its output voltage exhibits nonlinear 

behavior over time, primarily due to the switching 

operation. Visualizing the SEPIC Converter (Figure 1): 

For a clearer understanding, Figure 1 presents a schematic 

diagram of the SEPIC converter circuit, illustrating the 

arrangement and connections of the various components 

mentioned above. As the SEPIC converter is a second-

order system, analyzing its behavior under different 

operating conditions requires determining several crucial 

parameters. These parameters hold significant importance 

in understanding and predicting the converter's output 

characteristics. 

      

      

      

      

      

      

      

       

 

During the period when switch Q1 is turned on: Inductor 

L1: This component acts as the primary energy source, 

receiving current directly from the input voltage source 

(Vin) and storing energy within its magnetic field. 

Inductor L2: While Q1 is on, L2 receives energy from the 

coupling capacitor (Ccp). The direction of current flow 

Figure. 4. Photovoltaic Characteristic Curve 

 

 

 

Figure. 3. Sepic Converter circuit when switch Q1 is Off. 
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through L2 is reversed compared to its state when Q1 is 

off. 

Diode D1: In this state, D1 becomes reverse biased, 

effectively blocking any current flow through it. The Cout 

capacitor plays a crucial role in supplying current to the 

load during this on state. Figure 2 provides an equivalent 

circuit diagram for the SEPIC converter when switch Q1 

is turned on. This simplified diagram helps visualize the 

energy flow and interactions between components in this 

operating mode. Based on the analysis of Figure 2, the 

following adjustments can be identified as follows: 
 

 

 

 

 

 

 

 

 

 

 

 

 

When switch Q1 is turned off: Diode D1: This 

component becomes forward biased, allowing current to 

flow through it. As a result, inductor L1 transfers the 

energy it stored during the on state to the coupling 

capacitor (Ccp). Inductors L1 and L2: Both inductors 

contribute to supplying current to the output capacitor 

(Cout) and the load resistor (R Load) in this off state. The 

direction of current flow through L1 is reversed compared 

to its state when Q1 is on. L2 maintains its current 

direction from the on state. Equivalent Circuit: Figure 3 

depicts the equivalent circuit of the SEPIC converter 

during this off state, highlighting the changes in 

component behavior and energy flow compared to the on 

state. Analyzing Figure 3 reveals the following 

adjustments :  
 

 

 

 

 

 

 

 

 

 

The duty cycle, a crucial parameter in SEPIC converters, 

can be calculated by applying the principle of Volt-

Second Balance to both inductors, L1 and L2. Equations 5 and 6, 

which are not provided here, represent the mathematical expressions for 

this balance applied to each inductor, respectively. By solving these 

equations along with other relevant circuit parameters, the duty cycle of 

the SEPIC converter can be obtained. 

 

 

 

 

 
 

 

 

 

 

 

Upon subtracting equation 5 from equation 6, we obtain : 

 

 
 

Substituting the value of equation 15 into equation 14 

leads to the formula for the duty cycle of a SEPIC 

converter, as shown below: 

 

 

 

 

 

 

 

B. Design of Incremental Conductance – Fuzzy Logic 

Controller 

The Incremental Conductance algorithm finds the point 

on the solar cell's power-voltage curve where the slope is 

zero. This point corresponds to the maximum power 

output of the solar cell. It works by comparing the change 

in power with the change in voltage, which is the slope of 

the power-voltage curve. When the slope is zero, the 

change in power is zero, and the solar cell is operating at 

its maximum power point. The Incremental Conductance 

(InC) algorithm tracks the maximum power output of a 

solar cell. It does this by measuring changes in the cell's 

conductance, which relates its current and voltage. This 

allows the algorithm to understand how power changes 

with fluctuations in the current (Ipv) caused by varying 

irradiation levels. Based on the measured conductance, 

the algorithm determines the reference voltage (Vref) that 

needs to be applied to reach the state where: dI/dV + I/V 

 
TABLE 1. 

SEPIC CONVERTER SPECIFICATION 

Characteristics Nominal  

Vin 8 V - 21,8 V 

Vout 14,4 V – 20 V 

Maximum Iout            5 A 

Switching Frequency 40 kHz 

Maximum current ripple 20 % 

Voltage Ripple 0,5 % 

                                                                       

             

             

 
 

TABLE 1. 

SEPIC CONVERTER SPECIFICATION 

 
 characteristics                Nominal  

                Vin                   8 V - 21,8 V 

                 Vout                   14,4 V – 20 V 

Maximum Iout            5 A 

Switching Frequency        40 kHz 

Maximum current ripple            20 % 

    Voltage Ripple        0,5 % 
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= 0 [25]. This equation represents the point on the power-

voltage curve where the slope is zero, corresponding to 

the maximum power output. Figure 4 illustrates the three 

different operating conditions the InC algorithm 

encounters, categorized based on the sign of that equation. 

To improve the performance of the Incremental 

Conductance (InC) algorithm, a fuzzy logic controller is 

introduced. This controller allows for finer adjustments to 

the step size (Dstep) based on the magnitude of the error 

between the actual power change and the desired power 

change caused by variations in solar panel voltage. The 

fuzzy logic controller utilizes the photovoltaic 

characteristic curve (Figure 5) as a reference to define its 

membership functions and fuzzy rules. This curve 

represents the relationship between voltage, current, and 

power output of the solar panel. The slope of the power-

voltage curve and the current-voltage curve are divided 

into five zones. These zones represent different 

magnitudes of the error value and the change in current 

(delta I). The fuzzy logic controller uses this information 

to determine the appropriate adjustments to Dstep [26]. 

The fuzzy logic controller operates by dividing the 

operating space into five zones (A-E) based on the 

magnitude and sign of both the error value (difference 

between desired and actual power change) and the change 

in current (delta I). Zone A: When both error and delta I 

are positively large, the controller significantly increases 

the step size (Dstep) to achieve a large increase in the 

reference voltage (Vref). This accelerates the movement 

towards the maximum power point. Zone B: When both 

error and delta I are positively small, the controller 

minimally increases Dstep, resulting in a small increase in 

Vref. This fine-tunes the voltage change for precise 

movement. Zone C: When both error and delta I are zero, 

the controller maintains the current Dstep value, 

indicating the system is already at the optimal operating 

point. Zone D: When both error and delta I are negatively 

small, the controller minimally decreases Dstep, resulting 

in a small decrease in Vref. This carefully adjusts the 

voltage to prevent overshooting the maximum power 

point. Zone E: When both error and delta I are negatively 

large, the controller significantly decreases Dstep, causing 

Figure. 6. Membership Function of Input Error 

 

 

 

Figure. 5. Photovoltaic Performance Curve Zone Division 
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a large decrease in Vref [27]. This helps the system move 

away from a suboptimal operating point and towards the 

maximum power point. 

The fuzzy logic controller in this case utilizes the Takagi-

Sugeno (TS) approach. This is a type of fuzzy system that 

outputs crisp (non-fuzzy) values based on fuzzy inputs. 

The two TS fuzzy controllers are embedded within the 

basic Inc algorithm, preserving its core functionality. The 

first fuzzy set uses the error value as input (SISO type), 

while the second uses the change in current (delta I) (also 

SISO type). These fuzzy outputs influence the step size 

adjustment, ultimately leading to finer control of the 

reference voltage and faster convergence to the maximum 

power point. Similar to the error and delta I, the output for 

Dstep, which controls the voltage adjustments, also has 

five distinct categories: Positive Big, Positive Small, 

Zero, Negative Big, and Negative Small. Consistent with 

the chosen Takagi-Sugeno (TS) fuzzy approach, the Dstep 

values in each category are represented using fixed, 

predefined values instead of fuzzy sets. This characteristic 

is unique to TS fuzzy systems. Figure 7 specifically 

illustrates the membership function for the Dstep1 output 

category, providing further insight into the fuzzy logic 

controller's behavior. This section introduces the rule base 

for the first fuzzy set within the fuzzy logic controller. 

This set specifically deals with the error value, which 

represents the difference between desired and actual 

power change. 

Table 2 visually presents the established fuzzy rules for 

this set. These rules define how the controller should 

 

TABLE 2. 

RULE BASE OF FUZZY SET 1 

R Input Error   Output Dstep1  

1                 Negatif Big Positif Big 

2                  Negatif Small              Positif Small 

3  Zero           Zero 

4  Positif Small Negatif Small 

5  Positif Big         Negatif Big 

 

Figure. 8. Membership Function of Delta I 

Figure. 7. Membership Function Output DStep 1 
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adjust the step size (Dstep) based on the magnitude and 

sign of the error value (positive or negative, large or 

small) detected in the system. This fuzzy set becomes 

active only when the voltage difference (dV) reaches zero. 

When active, it utilizes a membership function named 

"Delta I" or "Flow Change". This function employs five 

linguistic variables to represent different ranges of values: 

Negative Big (NB), Negative Small (NS), Zero (Z), 

Positive Small (PS), Positive Big (PB). The values 

associated with these linguistic variables range from -0.8 

to +0.8, as depicted in Figure 8. This figure likely presents 

the graphical representation of the membership function 

for Delta I. The output from Fuzzy Step 2 shares the same 

range as the output from Fuzzy Step 1. This is because 

both sets ultimately influence the same control variable - 

the Duty Cycle within the SEPIC converter circuit. This 

section introduces the rule base for the second fuzzy set. 

This set focuses on the change in current (Delta I), also 

referred to as "Flow Change". Table 3 visually presents 

 

TABLE 3. 

RULE BASE OF FUZZY SET 2 

R Input Delta I Output Dstep2 

1                Negatif Big             Positif Big 

2                Negatif Small               Positif Small 

3  Zero           Zero 

4  Positif Small Negatif Small 

5  Positif Big            Negatif Big 

Figure. 10. Graph of Power, Voltage and Current at 800 W/m2  Irradiation 

 
 

Figure. 9. Inc-Fuzzy Algorithm Test Circuit 
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the established fuzzy rules for this set. These rules define 

how the controller should adjust the step size (Dstep) 

based on the magnitude and sign of the Delta I value 

(positive or negative, large or small) detected in the 

system. 

III. RESULTS AND DISCUSSION 

The MPPT (Maximum Power Point Tracking) 

algorithm, combining Incremental Conductance (InC) and 

fuzzy logic (Fuzzy), is tested using MATLAB 2019 

software. A function block programmed in C simulates 

 

TABLE 4. 

INC-FUZZY ALGORITHM TRACKING RESULTS ON CONSTANT IRRADIATION 

Irradiation(W/m2)   Vpv(V)   Ipv(A)   Vout(V)   Iout(A)   Ppv(W)   Pout(W)  Pmax Theory(W)  Accuracy (%)  Eff 

(%) 

 100     16,37       0,57    15,47      0,509       9,33        7,87          9,62           96,95       84,38

 200     17,39      1,118    16,37      1,054      19,402     17,25       19,72           98,55       88,74

 300     17,83      1,657    16,7      1,593      29,541     26,6          29,91           98,76       90,04

 400     18,08      2,189    16,85      2,124      39,572     35,78       40,09           98,7       90,42

 500     18,22      2,721    16,88      2,657      49,576     44,85       50,23           98,68       90,46

 600     18,33      3,243    16,88      3,179      59,44        53,66       60,31           98,55       90,27

 700     18,39      3,762    16,84      3,699      69,18        62,29       70,3           98,4       90,03

 800     18,44      4,272    16,78      4,211      78,77        70,66       80,2           98,21       89,69

 900     18,39      4,817    16,62      4,758      88,58       79,07        89,97           98,45       89,26

 1000     18,45      5,293    16,58      5,235      97,65       86,79        99,99           97,66       88,87 

       Average              98,291       

89,216                     
   2                   Negatif Small               Positif Small 

   3    Zero            Zero 

   4    Positif Small         Negatif Small 

   5    Positif Big            Negatif Big 

Figure. 12. Statistics of Power Tracking Algorithm Incremental Conductance 

 
 

Figure. 11. Graph of Power Tracking Incremental Conductance Algorithm on Irradiation Changes. 
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the microcontroller responsible for controlling the MPPT 

algorithm. This block acts as the brain of the system. The 

test setup incorporates a model of a photovoltaic (PV) 

array that reflects real-world conditions. This model 

allows for adjustments in both irradiation levels and 

temperature, mimicking various environmental scenarios. 

Additionally, the electrical parameters of the PV model 

can be tailored to match specific PV specifications. The 

chosen PV module is a monocrystalline type with a 

maximum power output of 100 Watts, operating at a 

voltage of 17.8 Volts (Vmp) and a current of 5.62 Amps 

(Imp) under peak conditions. 

The MPPT InC-Fuzzy algorithm is evaluated under 

two different conditions:  Constant Irradiation: This test 

assesses the algorithm's performance under stable lighting 

conditions. Rapid Irradiation Change: This test simulates 

a sudden change in light levels, evaluating the algorithm's 

ability to adapt and maintain optimal power output. A 

previously designed SEPIC converter circuit is used to 

interface the MPPT algorithm with the PV array and 

adjust the system's voltage and current levels. Figure 9 

provides a schematic diagram of the test circuit for the 

InC-Fuzzy algorithm, offering a visual representation of 

the setup. 
A. MPPT Testing at Constant Irradiation 

This section describes the testing procedure for the MPPT 

algorithm under constant light conditions. A signal 

generator is used to provide varying irradiance levels as 

input to the PV block. The test covers a range of irradiance 

values, starting from 100 W/m² up to 1000 W/m². The test 

is conducted at a constant temperature of 25°C. Each test 

run lasts for 2 seconds. The SEPIC converter's load is 
 

TABLE 5. 

RESULTS OF TRACKING ALGORITHM INC ON IRRADIATION CHANGE 

Time (s)     Ipv (A) Vpv (V)     Vout (V)    dv (V)   di (A)       di/dv             Neg I/V      D(k-1) 

    0        0                 0        0         0                0         0               0               0 
  0,1      2,64              18,55     12,75   18,55              2,64       0,1423       -0,1423    
0,40734 
  0,2      2,48              18,96     12,25     0,41             -0,16      -0,390        -0,1308    
0,39250 

  0,3      2,77              18,01     13,06    -0,95              0,29      -0,305        -0,1538    
0,42034 
  0,4      2,89              16,88     14,14    -1,13              0,12      -0,10          -0,1712    
0,45583 
  0,5      2,88              17,04     14,15     0,16             -0,01      -0,062        -0,1690    
0,45367 
  0,6      4,57              18,16     13,13     1,12              1,69       1,5089       -0,2516    
0,41962 
  0,7      4,25              18,54     16,92     0,38             -0,32      -0,842         -0,2292    
0,47715 
  0,8      4,25              18,54     16,92       0                0           ~            -0,2292    
0,47715 
  0,9      4,25              18,54     16,92       0                0           ~            -0,2292    
0,47715 
   1      4,25              18,54     16,92       0                0           ~            -0,2292    
0,47715                     

  1,1      4,25              18,54     16,91       0                0           ~            -0,2292    
0,47700 

  1,2      4,25              18,55     16,9                0,01                0           0            -0,2291    
0,47672 
  1,3      2,33              16,76     12,94   -1,79             -1,92        1,0726      -0,1390    
0,43569 
  1,4      2,2              18,11     11,4                1,35             -0,13       -0,096        -0,1214    
0,38630 
  1,5      2,05              18,74     11,06    0,63             -0,15       -0,238        -0,1093    
0,37114 
  1,6      2,31              17,15     12,71   -1,59              0,26       -0,163        -0,1346    
0,42565 
  1,7      2,3              17,18     12,34    0,03             -0,01       -0,333        -0,1338    
0,41802      
  1,8      2,02              18,83     10,8                1,65             -0,28       -0,169        -0,1072    
0,36449 
  1,9      2,22              17,99     11,91   -0,84              0,2       -0,238        -0,1234    
0,39832 
   2      2,33              16,76     12,93   -1,23              0,11       -0,089        -0,1390    

0,43550 
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adjusted to an optimal resistor for each specific irradiance 

level. This optimal resistance value is calculated by 

dividing the PV's voltage at peak power (Vmp) by its 

current at peak power (Imp). The MPPT algorithm starts 

with an initial duty cycle (Dinit) of 40% (0.4). Figure 10 

showcases a graph depicting power, current, and voltage 

at an irradiance level of 500 W/m². Table 4 likely contains 

a comprehensive overview of the tracking data obtained 

across all tested irradiance levels. The table includes a 

column named "Pmax Theory," which represents the 

theoretical maximum power output of the 100 Wp solar 

panels at different irradiance levels. This data serves as a 

benchmark to assess the accuracy of the MPPT 

(Maximum Power Point Tracking) algorithm's 

performance. A higher Ppv (actual power generated by the 

solar panel) value closer to the corresponding "Pmax 

Theory" value indicates better accuracy. The results 

presented in the table demonstrate that the InC-Fuzzy 

MPPT algorithm performs well under constant irradiation 

conditions. This is evident from the average accuracy of 

98.291% and the average efficiency of 89.21%. These 

values suggest that the algorithm effectively tracks the 

maximum power point of the solar panel under steady 

lighting conditions. 

B. Testing the Incremental Conductance Algorithm on 

Variable Irradiation 

The next test is conditioned to determine the 

performance of MPPT Inc-Fuzzy if there is a rapid and 

sudden increase or decrease in irradiation. With a load 

resistor of 4 Ohm, the amount of irradiation was changed 

from 500 W/m2 to 800W/m2 at 0.6 seconds and then 

reduced to 400W/m2 at 1.2 seconds. The tracking process 

of the Inc-Fuzzy Algortima that has been designed is 

compared with the basic Incremental Conductance 

Algorithm with a fixed Dstep of 6.10-5. The results of 

tracking power, large currents and voltages from the basic 

algorithm of Incremental Conductance can be seen in 

Figure 11. The IC algorithm tracks the maximum power 

accurately, though steady-state oscillations are present. 

Oscillations are larger at lower irradiation levels (500 and 

400 W/m²) compared to the smaller oscillations at 800 

W/m². This is likely because the 4-ohm load is optimal at 

800 W/m². These oscillations lead to suboptimal power 

generation, with a total root-mean-square (RMS) power 

loss of 53.13 watts within 2 seconds. Refer to Table 5 for 

easier interpretation of the tracking results. The table can 

also verify the IC algorithm's functionality by comparing 

the increment value (ΔG) and the current conductance 

(G(k)) to generate the output D(k-1). This value, in turn, 

determines the voltage (Vpv) and current (Ipv) in the next 

iteration. In simpler terms, while the IC algorithm tracks 

the maximum power well, it suffers from oscillations at 

specific points, impacting overall power generation 

efficiency. Table 5 provides additional details for further 

analysis. The duty cycle adjusts by a fixed increment 

(Dstep) of 6.10^-5, but over 0.1-second intervals, these 

adjustments can accumulate, resulting in larger increases 

or decreases in multiples of Dstep. When irradiation 

remains constant, the algorithm aims to maintain a 

specific condition (di/dv = -I/V) to reach the maximum 

power point. This information is also presented in Table 

5: if the change in conductance (ΔG) is greater than the 

current conductance (G(k)), the duty cycle decreases to 

increase the reference voltage (Vref). Conversely, if ΔG 

is smaller than G(k), the duty cycle increases to reduce 

Vref. At 0.6 seconds, the significant increase in the duty 

cycle responds to the higher irradiation. As the irradiation 

rises, so does the power generated by the photovoltaic 

(PV) system. Therefore, the algorithm prioritizes current 

by increasing the duty cycle for optimal power 

production. On the other hand, the duty cycle decreases 

sharply at 1.2 seconds due to the decreased irradiation. 

With lower irradiation, the PV output is reduced, 

prompting the algorithm to lower the duty cycle to 

optimize voltage with a smaller current. 

IV. CONCLUSION 

The InC-Fuzzy algorithm achieves an average 

accuracy of 98.29% when the irradiation level remains 

constant. This indicates that the algorithm effectively 

tracks the maximum power point under stable conditions. 

When the irradiation level undergoes a sudden and 

significant change, the InC-Fuzzy algorithm shows its 

advantage. In a scenario where irradiation jumps from 500 

W/m² to 800 W/m² at 0.6 seconds and then drops to 400 

W/m² at 1.2 seconds (lasting for a total of 2 seconds), the 

total power generated by the PV system using the InC-

Fuzzy algorithm reaches 54.03 watts. This represents a 

1.69% increase in power compared to the conventional 

Incremental Conductance algorithm. In simpler terms, the 

InC-Fuzzy algorithm excels in both stable and rapidly 

changing irradiation conditions, offering superior power 

harvesting compared to the conventional approach. 
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