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Abstract: Solar energy performs an important role in electric energy based on renewable energy generation systems when referring to 

clear energy. Systems for harvesting renewable energy frequently use DC/DC converters, especially solar photovoltaic systems. The 

DC/DC boost converter has been used for converting the output voltage from the solar PV system to the required voltage rating of the 

utility grid under the disturbance in the photovoltaic temperature and irradiation level. Because of that, a new maximum power point 

tracking based on the fuzzy logic controller (MPPT-FLC) algorithm applying the DC/DC boost converter is developed. The proposed 

approach aims toward improving the PV system's performance and tracking effectiveness. This aim can be achieved by adjusting the 

DC/DC boost converter's duty cycle to ensure that the PV system operates close to its MPP under varying environmental conditions. The 

effectiveness of the proposed method is verified in the off-grid PV system under conditions of the change of irradiation and temperature, 

and the comparison of between the proposed method, the incremental conductance (INC), perturb and observe (P&O), and modified P&O 

methods is also made. The obtained simulation results show that the MPPT capability significantly improved and achieved the highest 

MPPT efficiency of 99.999% and an average efficiency of 99.98% in total when applying the proposed method. 

Keywords: DC-DC converter, fuzzy logic, incremental conductance, perturb and observe, solar photovoltaic, maximum power point  

1. Introduction 

Researchers worldwide have been trying to find alternative 

solutions to traditional energy sources using energy from 

dispersed sources to reduce costs, pollution, and other 

environmental issues caused by fossil fuel-powered 

generators for the past few decades. Solar photovoltaic (PV) 

has emerged as a leading option to replace costly and 

environmentally damaging conventional power sources. 

Solar PV is preferred because of its safety, long lifespan, 

low maintenance, and cost-effectiveness. The widespread 

availability and extensive utilization of solar PV systems, 

both in independent setups and grid-tied configurations, 

underscore the growing popularity and practicality of solar 

energy as a sustainable solution for power generation. 

The most basic independent solar power system includes a 

module or a string of solar panels combined with a DC/DC 

converter that provides the load's power. The converter may 

increase or decrease the panels’ voltage based on the 

system’s characteristics. The independent solar energy 

system surveyed in this article is presented in Fig. 1. 

Extensive research on the maximum power point tracking 

(MPPT) methods has been conducted over the past decade, 

focusing on different techniques' speed, accuracy, and 

complexity. These requirements, such as the physical 

information needed from the PV modules, can impact 

computing power and efficiency. In recent years, there has 

been a surge in research on MPPT methods, as evidenced by 

the increasing number of studies published in this field. This 

research has led to the development of new and improved 

MPPT techniques, improving PV systems' efficiency and 

making them more reliable and cost-effective. 

 

Fig. 1. The off-grid PV system 

In [1], the authors presented the modeling, simulating 

MPPT methods using the P&O and the INC for the 

independent PV systems. The P&O and INC algorithms 

were explained and tested in detail. They compared the 

results under various solar radiation conditions with 

different working temperatures. In addition, the study also 

compared the effect when the system applied MPPT as the 
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P&O and INC with a fixed duty value of 0.35% and without 

MPPT. In [2], authors have introduced an MPPT method 

with high accuracy and the shortest response time, and this 

method is compared to the P&O, INC, and fuzzy logic 

controller (FLC). In addition to describing in detail the 

proposed MPPT method, the paper also presents 

comparative results showing the outstanding advantages of 

the proposed method: faster than four times compared to 

P&O, five times compared to INC, and about 28% 

compared to FLC. However, the suggested approach based 

on FLC also utilizes extra sensors to detect solar radiation 

and the temperature of the PV module in addition to the 

voltage and current sensors for the PV, which increases 

because of these sensors cost. The authors compared the 

P&O and hill-climbing (H-C) three-point MPPT methods in 

their study. Performing MPPT algorithms under varying 

conditions for a 10.2 kW PV system between P&O, INC, 

extremum seeking control (ESC), and FLC [3] showed that 

FLC was the best algorithm compared with others in all 

cases. However, this study only evaluates the cases of 

radiation intensity changes rapidly but has not done for the 

cases of slow change and evaluates the effectiveness of 

MPPT. In [4], the authors have explained in detail the 

differences between the conventional two-point P&O 

algorithm and the three-point P&O algorithm. The authors 

were concerned with performance criteria such as 

efficiency, the PV operating voltage, and MPP tracking 

accuracy under condiring the changes in ambient 

temperature and radiation intensity. 

Recently, the comparison between methods has also been 

introduced, such as the P&O, INC and P&O-backstepping 

controller (BSC) [5], artificial neural network (ANN)- 

integral sliding mode controller (ISMC) [6], ANN-BSC and 

ANN- integral feedback linearization controller (IFLC) [7]. 

The ISMC, IFLC, and BSC could control non-linear 

systems such as PV with fast responses to changes in input 

parameters and it also demonstrated resilience to system 

parameter variations or sensor errors. The application of 

ANN-IFLC in MPPT for the PV systems under different 

changing conditions gave better results than the algorithms 

in the study. The authors [8] presented a study on the fixed 

step size INC-MPPT and the adaptive step size Neuro-

Fuzzy INC-MPPT. The results showed that the Neuro-

Fuzzy-INC algorithm outperformed the IC-MPPT. The 

suggested method can improve the output power and 

significantly reduce the power losses through the simulation 

comparison of the system using MATLAB/Simulink. 

The studies mentioned above have highlighted numerous 

outstanding advantages of FLC and the weaknesses of 

conventional P&O, such as MPPT techniques that observe 

the increasing conduction correlation between the PV 

sources and loads. Some research has shown that the 

effectiveness of many MPPT techniques can be improved 

by applying different methods to enhance their 

performance. Furthermore, studies have shown that hybrid 

approaches such as ANFIS produce better results than their 

original counterparts. 

This paper introduces a new tool based on the fuzzy logic 

control method to track the MPP applying the DC/DC boost 

converter of off-grid photovoltaic. The following brief 

summary lists the primary particular contributions:  

(i) Building MPPT-FLC algorithm by calculating the grad 

slope from the voltage and current at the working point on 

the P-V cure of PV, in which the voltage and current signals 

are processed through the zero-order hold (ZOH) stage with 

the purpose of increasing control system stability;  

(ii) Testing for the working mode of the PV module under 

the conditions of fast and slow irradiation change from 0 to 

1000 W/m2 and the sine change of temperature from 20 to 

50oC, it is the same to change almost randomly and 

continuously, closing to actual operating conditions; 

(iii) Applying SimCoupler to simulate the tested system via 

time domain by combining PSIM and MATLAB. 

The next parts of the paper are structured as follows: The 

basic theory of the PV module model, followed by the 

explanation of the structure and operation of the boost 

converter presented in Section 2. In section 3, an overview 

of the MPPT techniques for the PV system is provided, and 

details of the MPPT techniques based on fuzzy logic are 

given. Simulation results and discussions are presented, 

comparing them with other traditional MPPT methods such 

as P&O and INC in section 4. Finally, a conclusion is 

reached in the paper.  

2. Materials and Method 

2.1. Solar photovoltaic model 

Solar modules typically consist of multiple solar cells 

connected in series or parallel to achieve a higher output 

power suitable for the application requirements. The PV cell 

is simplified by an equivalent circuit, as shown in Fig. 2 [9-

11]. It consists of a current source, a shunt diode, a parallel 

resistor and a series resistor. 

 

Fig. 2. Solar module circuit 

The diode PV cell has the following characteristics [9-11]: 
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in which I, Id, Ip, and Iph are the series resistor, the diode 

saturation, parallel resistor, photovoltaic currents; q is 

elementary charge and can be chosen 1.60217646.10-19 C 

for this paper; n is the diode ideality factor; k is the 

Boltzmann constant and can be chosen 1.3806503.10-23J/K 

for this paper; Ta is the ambient temperature; VPV is the 

terminal voltage of the PV cell; Rp and Rs are the parallel 

and series resistors. 

IMPP

(a) 

PMPP

(b) 

Fig. 3. The characteristic of the PV module at constant 

temperature and variable irradiant: (a) I-V curve and (b) P-

V curve  

The operating characteristics of a PV module depend on the 

solar irradiance and module temperature conditions. Fig. 3 

shows the characteristics of the PV module at constant 

temperature, a variable radiation performed in the I-V and 

P-V curves. The module will produce maximum power at a 

single operating point denoted by IMPP and VMPP. It is 

possible to calculate the MPP position based on the 

measured solar irradiance and module temperature from 

sensors for control purposes. To extract the maximum 

output power from the PV module, operating it at the MPP 

is necessary. The PV module's temperature and solar 

irradiation are the primary determinants of the MPP. The 

MPP of the system is constantly changing as these 

parameters change over time, sometimes randomly due to 

the environment [11]. 

 

2.2. DC/DC boost converter 

PV solar technology is characterized by the conversion of 

sunlight into direct current (DC) electrical energy. Despite 

persistent research and advancements in photovoltaic panel 

technology, the efficiency of converting sunlight into 

electricity remains comparatively low. Further research and 

development efforts are required to enhance the overall 

conversion efficiency and optimize the performance of the 

PV systems. The highest conversion efficiency is only 

around 20% or slightly higher. Therefore, optimizing the PV 

system efficiency is always essential [12]. The power 

semiconductor switch of the power converter must be 

controlled so that the maximum power is extracted from the 

PV system to supply the load. Some techniques and 

strategies to achieve this control are known as MPPT. The 

schematic diagram of the boost circuit is shown in Fig. 4. 

The periodic switching of the power semiconductor switch 

SW is the reason why the output voltage exceeds the input 

voltage. The inductor in the circuit acts as an energy storage 

device, which releases energy from the magnetic field 

during the operation of the circuit [13]. 

PV

RL
L C

SW

Vo

Vi

VL

D
Boost converter IC

ILIPV

 

Fig. 4. DC/DC boost converter 
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Fig. 5. DC/DC boost converter in mode 1 
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Fig. 6. DC/DC boost converter in mode 2 

Depending on the SW's state, the boost converter circuit 

will operate in one of two modes. 

For mode 1, as shown in Fig. 5, when the switch SW is 

closed during time t = tON. The current entering the boost 

circuit increases and passes through the inductor L. 
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For mode 2, as shown in Fig. 6, when the SW opens during 

time t = tOFF. The current flows through L, C, diode (D), and 

the load. Until the next cycle starts, the current in L 

decreases. The energy stored in L passes through the load in 

mode 2 [14]. 

Currently, discontinuous conduction mode (DCM) and 

continuous conduction mode (CCM) are widely used 

models for DC/DC step-up inverters, but they depend on 

several factors. However, CCM can benefit DCM by using 

a more comprehensive operating range, improved output 

voltage control, and reduced peak current stress. 

Additionally, CCM benefits from the availability of 

numerous components and reference designs due to its 

maturity as a technology. Consequently, this study will 

select parameters for the DC/DC boost inverter to operate in 

CCM. The operation and waveforms are in Fig. 7. 
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Fig.7. CCM waveforms of DC/DC boost converter: (a) the 

SW operates; (b) Inductor voltage; (c) Diode current; (d) 

Inductor current 

With the ideal converter circuit, we have the following 

equations [15]: 

out in pvP P P= =  (3) 

1

1

pvout

pv out
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−
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. .out out pv pvV I V I=  (5) 

The equivalent resistance of the load at the side of the 

DC/DC boost converter is calculated as follows: 

2

eqR (1 )LR D= −  (6) 

where D is the duty cycle, and RL is the load resistance. The 

equivalent resistance depends on D. Therefore, to extract 

and harvest the maximum power from the PV source, a 

control monitoring system is required to regulate the values 

of D. This control system is commonly referred to as an 

MPPT controller [14]. Several solutions are available to 

implement MPPT, which will be presented in the next 

section of this article. 

3. Mppt Algorithms 

The DC/DC converter is critical in driving the PV array at 

the MPP when the sun's insolation fluctuates. According to 

the maximum power transfer theorem, the load will get its 

peak power if its impedance is equal to the complex 

conjugate of the supply system's internal impedance [16, 

17]. The DC/DC converter is essential for driving the PV 

cluster to the MPP when sunlight varies. According to the 

maximum power transfer theory, the load will receive 

maximum power if its impedance equals the complex 

conjugate of the supply system's impedance. 

3.1. Perturb and Observe Algorithm 

The P&O-MPPT algorithm provides a straightforward and 

efficient approach to monitoring a PV system's MPP while 

ensuring originality. The MPP designates the moment when 

the PV system generates the utmost power capacity. The 

algorithm commences by initializing the PV system's 

operating point at a random value [18-20]. Following this, it 

introduces a minor adjustment to the operational point. 

Subsequently, the algorithm gauges the ensuing alteration in 

power output. If power output experiences an upsurge, the 

algorithm progresses in the direction of modification. 

Conversely, if power output declines, the algorithm shifts 

against the initial adjustment's direction. 

The P&O algorithm's functionality is grounded in the cyclic 

modification of the PV system's operational point and the 

subsequent assessment of power output changes. The 

algorithm systematically advances towards augmented 

power output until the MPP is attained. Nonetheless, the 

concurrence to the MPP may exhibit sluggishness, 

particularly in circumstances characterized by rapid MPP 

fluctuations. The rate of convergence for the P&O algorithm 

correlates with the magnitude of the adjustment. Larger 

adjustments expedite convergence but concurrently elevate 

the risk of overshooting the MPP [1, 19]. The flow diagram 

appears in Fig. 8. 
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Fig .8. Flow diagram of P&O algorithm 

The modified P&O algorithm [20] presents a variable duty, 

and the kth duty can be determined as follows: 

( )

( )

( )

k

k

k

P
D M

V

D
D =

D
 (7) 

where ΔD(k) can changed to bring the system quickly to MPP 

and reduce fluctuations when the system is working at MPP, 

M is a constant that depends on the working system and 

needs to be calibrated depending on the system parameters, 

and DP(k) and DV(k)  are the power and voltage change at the 

kth  of PV module and they can be determined as follows, 

respectively [21]: 

( ) ( ) ( ) ( 1) ( 1)k k k k kP V I V I− −D = −  (8) 

( ) ( ) ( 1)k k kV V V −D = −  (9) 

where V(k) and I(k) are the voltage and current at the kth step, 

respectively, and V(k-1) and I(k-1) are the voltage and current 

at the (k-1)th step, respectively. 

3.2. Incremental Conductance Algorithm 

The MPPT-INC algorithm, recognized for its simplicity and 

precision over the widely used P&O technique, optimizes 

power extraction from photovoltaic systems. Operating 

through power converters, it adjusts the duty cycle (D) 

based on voltage and current conditions for superior 

efficiency. During implementation, a regulated step size is 

employed to fine-tune duty cycle changes. A small step size 

results in gradual power vacillations and sluggish responses, 

while a larger step size can induce excessive oscillations 

[22-24]. The central challenge involves striking a balance 

between swift responses and steady-state accuracy, as fixed 

step sizes typically struggle with this equilibrium. Despite 

the algorithm's success in tracking accuracy, its 

performance in the face of external disturbances remains 

uncertain due to the absence of testing in that context. A 

viable solution entails incorporating a variable step size, 

which diminishes as the algorithm approaches the optimal 

power point. This dynamic adjustment facilitates both rapid 

responses and stable performance. Actually, since a variable 

step estimate performs smaller increases as long as the 

calculation approaches the specified working control point, 

which is the case with most typical MPPT calculations, both 

quick elements and steady-state exactness cannot be 

achieved at the same time [25, 26]. The flow diagram is 

presented in Fig. 9. 

 

Fig.9. Flow diagram of INC algorithm 

3.3. Proposed algorithm 

The MPPT-FLC algorithm is an intelligent approach aimed 

at tracking the optimal operating power point in PV systems 

[27]. Unlike relying solely on the system's mathematical 

model, FLC draws inspiration from human experience. By 

mimicking human decision-making processes, FLC 

enhances its ability to adapt and optimize power extraction 

effectively [28]. Therefore, the suggested tracking method 

is formulated using a gradual and adaptive exploration 

approach. 

Without the approach of using V and I inputs of PV module 

in literature [28], this study proposes to use the grad slope 

value of the operation characteristic P-V curve as shown in 

Fig. 10 and its variation to determine the change duty at 

MPPT steps for FLC. The grad slope is determined as 

follows [21]: 
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Based on the fact that the PV array's P-V slope is zero at the 

MPP, Fig. 10 provides three circumstances that may be 

characterized as follows:  

i)  𝑔𝑟𝑎𝑑𝜃(𝑘) > 0: on the left of MPP, the voltage and power 

increase in this case. 

ii) 𝑔𝑟𝑎𝑑𝜃(𝑘) < 0: on the right of MPP, in this case, the 

power decreases and the voltage increases. 

iii)  𝑔𝑟𝑎𝑑𝜃(𝑘) = 0: at MPP. 

The MPPT-FLC structure, as shown in Fig. 11, includes the 

fuzzification, inference engine, and defuzzification blocks. 

The first block is the fuzzification block containing two 

input variables of the error E(k) and changes in error ΔE(k) at 

the kth operation value. These variables are defined by using  

Eqs. (11) and (12) respectively. The error E(k) is assigned to 

the gradθ(k) of kth point P-V characteristic of PV. The 

instantaneous power of the PV array is denoted as Ppv(k), and 

the DC link voltage is represented as V(k). When E(k) is 

greater than zero, the system is heading towards the MPP; 

when E(k) equals zero, it’s operating at the MPP; and when 

E(k) is less than zero, it moves away from the MPP. 

 

Fig. 10. MPPT operation based on P-V characteristic curve 
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( )( ) ( ) ( 1) ( ) ( 1)k k k k kE E E grad grad − −D = − = −  (12) 

The second functional block entails the execution of 

membership rules known as an "inference engine", where 

the user's basic logic is decoded. Table 1 displays a 

comprehensive set of fuzzy linguistic rules comprised of 25 

distinct situations, and the notations are denoted the 

negative big (NB), negative medium (NM), negative small 

(NS), zero (Z), positive small (PS), positive medium (PM), 

and positive large (PB) [29, 30]. These rules are set on the 

IF-THEN statement, as explained in the following 

examples:  

IF [(E(k)=NS) and (∆E(k)=PS)] THEN [∆D(k)=PS] 

IF [(E(k)=PS) and (∆E(k)=Z)] THEN [∆D(k)=NS] 

 

Fig. 11. Fuzzy logic control structure block 

Table 1: Rules for the FLC 

      ΔE(k) 

E(k)      
NB NS Z PS PB 

NB Z Z PB PB PB 

NS Z Z PS PS PS 

Z PS Z Z Z NS 

PS NS NS NS Z Z 

PB NB NB NB Z Z 

The third functional component, known as 

"defuzzification", is responsible for transforming the 

inference engine's verbal instructions into numerical crisp 

values. After "defuzzification," which is accomplished 

using the center of gravity technique. The fuzzy system's 

output may be described as follows [31]: 

( )
1

( )

1

n

i i
i

k n

i
i

D D

D

D


=

=

 D  D  
D =

D




 (13) 

where n is the number of IF-THEN rulers and µ(ΔDi) 

presents the minimum membership of the ith rule. 

The fuzzy toolbox in MATLAB software was used to create 

the input and output membership functions [32, 33]. These 

functions are then displayed in Fig. 12 (a) and 3-D control 

surface in Fig. 12 (b). 

4. Simulation Results 

4.1. System and elements set up 

Fig. 13 depicts the simulated off-grid PV system. In this 

figure, it has two blocks. The first one is the proposed MPPT 

control one is established and second on is the 
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PSIM_Coupler is established PSIM. This simulated system 

has two inputs, which are voltage (VA) and current (IA) of 

PV from the power circuit in PSIM transferred to MATLAB 

by PSIM_Coupler block. The output of the MPPT controller 

is the PWM value returned to the PSIM to control the boost 

converter. 

In this paper, the SW frequency is chosen fSW = 20kHz. L = 

1.5mH, Ci = Co = 150µF, time step is 1x10-6s. Because Req 

of Load is calculated by (6), the D is between 0÷1, so the 

value of Rload will be chosen to satisfy the condition larger 

than the RMPP of the PV module at the lowest operation 

condition (100W/m2) is about 40Ω. Thus, the Rload in this 

survey is 50Ω. In this study, the ZOH function block for 

each voltage and current signal of PV is used to improve the 

stability and performance of control systems. 

The specific PV module parameters employed in the 

experimental model are detailed in Table 2.  

 

 

(a) 

 

(b) 

Fig. 12. The fuzzy processing procedure: (a) Relationship 

function;  

(b) 3-D control surface viewer 

The efficiency analysis in response to four MPPT 

algorithms, including P&O [24], INC [24], and modified 

P&O [20], and this proposed method is demonstrated under 

considering the model changes in radiation conditions and 

working temperature, as shown in Fig. 14. To reduce the 

oscillation at MPP, the ΔD of P&O and INC will be chosen 

and fixed at 0.3%. In contrast, the modified P&O and the 

proposed method will have flexible ΔD based on the 

proposed algorithm. 

Table 2. Electrical characteristics of the PV module 

Parameters Values 

The maximum power (Pmax) at 

MPP 
60 W 

The voltage at Pmax (Vmpp) 17.0 V 

The current at Pmax (Impp) 3.53 A 

The open circuit voltage (Voc) 21.1 V 

The short circuit current (Isc) 3.8 A 

The temperature coefficient of 

Voc  
-(80  10) % V/0C 

The temperature coefficient of Isc  
-(0.065  0.015) % 

V/0C 

The temperature coefficient of 

power 
-(0.5  0.05) % V/0C 

The nominal operating cell 

temperature 
47  2 0C 

The operating temperature 25 0C 

 

4.2. Performance evaluation 

The effectiveness of the proposed MPPT-FLC and three 

other algorithms is measured by MPPT efficiency. The 

instantaneous MPPT efficiency was calculated according to 

the following equation: 

( )

( )*

100%
MPPT

MPPT

MPP

P t

P t
 =   

(14) 

The average MPPT efficiency is given by: 

( )

( )
( )

*

100%
MPPT

MPPT avg

MPP

P t dt

P t dt
 = 




 (15) 

where, PMPP* is the maximum power of PV can be archived 

by signal in the PV module of simulation. Besides, it is also 

the target of the MPPT algorithm. On the other hand, PMPPT 

is the power of PV module by using MPPT algorithms to 

harvest the power. This value depends on the ability of the 

algorithm to track the MPP of PV at any time with its 

irradiation and temperature. 
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In this study, we aim to compare the performance criteria of 

the algorithm, so we will focus on presenting the power 

results obtained from the PV module and MPPT time for 

evaluation. Two cases of system change due to 

environmental influences will be presented as follows: 

Case 1: The performance of the proposed control stratagem 

is verified through the varying irradiation while keeping 

constant temperature at 25 oC. In this case, the input of PV 

is irradiation varied, as shown in Fig. 14 (a). In this case, the 

system response for the four methods is shown in Fig. 15. 

Observing these results shows that the FLC algorithm 

exhibits an exceptionally fast MPPT time of approximately 

0.02 seconds, P&O and INC to need 0.06 seconds to reach 

the MPP from starting. The modified P&O is faster and 

needs almost FLC times as 0.02 seconds. Furthermore, the 

comparisons of VPV, Vout, IPV, Iout, MPPT efficiency and duty 

cycle are also present in Fig. 15 (b)-(g). From Fig. 15 (a) and 

(f), we can see that the PV’s power and MPPT efficiency of 

the proposed FLC have the largest values in both indexes 

(the PV’s power always reaches almost to the PMPP* and the 

MPPT efficiency is almost 99.999%~100%) compared with 

surveyed algorithms. The next good algorithm is modified 

P&O [20]. Although it has drifted in some cases, the overall 

MPPT efficiency is still so good, with over 99.98% as Fig. 

15 (f). The duty cycles of all surveyed algorithms are the 

same sharp as in Fig. 15 (g), but the proposed FLC and 

modified P&O have less oscillation in stable conditions and 

are more well done in transient times. But the modified P&O 

also had some drift durations. So, FLC is the most effective 

MPPT algorithm for control to collect more power and 

better immediate efficiency, and also the average one for all 

time. 
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Fig. 13. The simulated off-grid PV system  
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Fig. 14. The simulation scenario: (a) the varying irradiation,  

(b) varying temperature 
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Fig. 15. The response in Case 1: (a) PV’s power output, 

(b) PV’s voltage output (Vpv), (c) Output voltage (Vo), (d) 

PV’s current (Ipv), (e) Output current (Io), (f) MPPT 

efficiency, (g) Duty cycle 

Case 2: The performance of the proposed control stratagem 

is verified through variations in both temperature and 

irradiation. In this case, the varying inputs of PV are shown 

as shown in Fig. 14. The system response for four methods 

in this case is shown in Fig. 16. Observing these obtained 

results, the parameters of radiation intensity and operating 

temperature directly affect the PMPP*  of PV to test the 

stability of the control algorithm under different conditions. 

The power output of the PV module represented in Fig. 16 

(a) demonstrates the constrained performance of 

conventional P&O and INC algorithms under rapidly 

changing environmental conditions, specifically at elevated 

temperatures affecting the MPPT control. The sluggish 

response time and oscillations observed during system 

control contribute to these limitations. The tracking time in 

Case 2 is the same as in Case 1, which demonstrates the 

effectiveness of the proposed MPPT algorithms. The FLC 

algorithm is particularly effective, achieving the best results. 

Furthermore, the modified P&O solution, based on the 

traditional P&O technique, also displays commendable 

results while offering the advantage of simpler handling 

when compared to FLC. This aspect also warrants careful 

consideration. Another more, the comparisons of VPV, Vout, 

IPV, Iout and the MPPT efficiency are also present in the Fig. 

16 (b-f). 

Observing the obtained results in two study cases shows that 
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the duty cycle (%) changes rapidly according to the PMPP 

parameter of PV when applying the proposed method. This 

duty cycle oscillates at a fixed value initially set at 0.3% 

when applying the P&O and INC. For the modified P&O. 

In addition, in order to quickly response in cases where PMPP 

changes suddenly, the system continuously changes, leading 

to drift or high fluctuations due to the setting of parameter 

M from Eq. (7). 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

(g) 

 

Fig. 16. The response in Case 2: (a) PV’s power 

output, (b) PV’s voltage output (Vpv), (c) Output 

voltage (Vo), (d) PV’s current (Ipv), (e) Output current 

(Io), (f) MPPT efficiency, (g) Duty cycle 

5. Conclusion 

This paper describes a proposed FLC for the DC/DC boost 

converter of a stand-alone solar power system. The circuit 

dynamics are simulated using PSIM software, while the 

control logic is programmed using MATLAB software. The 

two software are integrated by the SimCoupler module to 

exploit their strengths. The solar panel system has a capacity 

of 60 Wp, and the boost converter operates at a switching 

frequency of fsw = 20kHz. The FLC adjusts ΔD(k) based on 

the gradθ(k) value of the operational point on the P-V 

characteristic curve and its variation after each kth period. 

Furthermore, the ZOH step is a useful technique for 

increasing control system stability and performance. The 

performance of FLC is compared with conventional 

algorithms such as P&O, INC, and modified P&O with 
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adaptive ΔD(k), showing that FLC achieves the highest 

efficiency of 99.999% and an average efficiency of 99.97% 

in the 14 seconds of two tested cases. This is more adaptive 

to climate change than conventional P&O, INC, and the 

modified P&O algorithm. The research results also 

demonstrate that the integration with MATLAB enables the 

application of advanced algorithms to PSIM for MPPT 

control of solar power systems. 
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