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Abstract 
 

Photovoltaic (PV) power generation, as an important renewable energy source, has been widely applied in recent years. With 
continuous advancements in PV technology, improving the efficiency and stability of PV systems has become a research focus. 
Currently, the output power of PV systems is significantly affected by environmental factors. The Maximum Power Point 
Tracking (MPPT) algorithm plays a crucial role in PV systems. This paper compares three classical MPPT algorithms—
Incremental Conductance (INC), Perturb and Observe (P&O), and Constant Voltage (CV). Through MATLAB/Simulink 
simulations, their tracking performance under different irradiance and temperature conditions is analyzed, including steady-
state error, dynamic response speed, and power oscillation. The results show that the INC algorithm outperforms P&O and 
CV in both dynamic adjustment capability and steady-state accuracy, allowing faster and more stable tracking of the Maximum 
Power Point (MPP) while reducing power loss. This study provides a reference for selecting MPPT algorithms in photovoltaic 
applications. 
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1. Introduction 

With the rapid development of renewable energy,[1] 

photovoltaic (PV) power generation technology is playing an 

increasingly significant role in the global energy mix. 

However, due to the influence of temperature and irradiance 

variations on the output characteristics of PV cells, the 

Maximum Power Point (MPP) also changes accordingly. 

Therefore, adopting an efficient Maximum Power Point 

Tracking (MPPT) algorithm is crucial for improving the 

energy conversion efficiency of PV systems.[2-4]  

Currently, common MPPT algorithms include the Perturb 

and Observe (P&O) method,[5] the Constant Voltage (CV) 

method,[6] and the Incremental Conductance (INC) method.[7] 

The P&O algorithm is widely used due to its simplicity and 

low computational complexity, but it tends to cause power 

oscillations in steady-state conditions and may fail to track 

MPP under rapidly changing environments. The CV method 

approximates the MPP using a fixed voltage, but its accuracy 

is highly dependent on PV module parameters. The INC 

algorithm, based on the derivative information of the PV curve, 

can more accurately determine the MPP direction, making it 

more effective in dynamic environments. 

This paper compares the performance of P&O, CV, and 

INC MPPT algorithms through MATLAB/Simulink 

simulations,[8] analyzing their dynamic response, steady-state 

error, and power loss under different irradiance and 

temperature conditions. The study results indicate that the INC 

algorithm exhibits superior tracking performance compared to 

P&O and CV, providing higher power output and stability 

under complex operating conditions. This research serves as a 

reference for selecting MPPT algorithms for PV systems. 

Using the MATLAB/Simulink platform, this study 

establishes a complete PV system simulation model, including 

a PV module, a DC/DC converter, and an MPPT control unit. 

First, the mathematical model of the PV module is developed, 

considering environmental factors such as irradiance and 

temperature. The I-V and P-V characteristic curves are used to 

analyze the PV module’s performance. Next, the Incremental 

Conductance method is applied to track the Maximum Power 

Point, and simulation analyses under different environmental 

conditions are conducted to enhance MPPT efficiency. 

Simulation results show that the Incremental Conductance 

1 School of Mechanical and Electronic Engineering, Wuhan 

University of Technology, Wuhan, 430070, China 
2 Birmingham Centre for Energy Storage (BCES) and School of 

Chemical Engineering, University of Birmingham, Birmingham, 

B15 2TT, United Kingdom 

*Email: w.zhao@bham.ac.uk (W. Zhao) 

https://www.espublisher.com/


Research article                                                                                                                                                                                Engineered Science 

 

2 | Eng. Sci., 2025, 35, 1485                                                                                                                                                                  Engineered Science Publisher 

algorithm can rapidly track the MPP under irradiance 

variations while maintaining high power output in steady-state 

conditions. Compared to the traditional P&O and CV 

algorithms, the INC algorithm more accurately determines 

power variation trends, reduces power oscillations, and 

improves system stability. Additionally, dynamic 

environmental variable inputs are used to further validate the 

effectiveness of the simulation model in enhancing MPPT 

response speed and steady-state accuracy. 

In conclusion, this paper investigates MPPT control 

strategies for PV systems through MATLAB/Simulink 

simulations, focusing on the working principles, performance 

characteristics, and optimization strategies of the adaptive 

step-size Incremental Conductance algorithm to improve PV 

power tracking efficiency. Future research can integrate 

artificial intelligence-based optimization algorithms to 

enhance the global search capability and dynamic response 

performance of MPPT algorithms, ultimately improving the 

overall efficiency of PV systems and providing valuable 

insights into MPPT algorithm selection. 

 

2. Structural characteristics and working principle of 

photovoltaic power generation systems 

2.1 Current generation process 

Solar photovoltaic cells are mainly composed of photovoltaic 

materials and electrical components. Their structure is divided 

into several layers, each with different functions. The most 

basic photovoltaic cell is composed of semiconductor 

materials (usually silicon), which generate electrons and holes 

through the photoelectric effect under light irradiation. When 

the two ends are connected to wires, an electric current is 

produced. Photovoltaic cells generate electricity using solar 

energy, which is clean, environmentally friendly, pollution-

free, and renewable. They have low operating costs, simple 

maintenance, are not affected by fluctuations in the price of 

fossil fuels, and have strong adaptability, and can be applied 

in various scenarios such as residences, industries, and large-

scale power stations.[9] Photovoltaic cells generate 

photovoltaic current through exposure to sunlight, and 

photovoltaic modules convert the generated direct current to 

industrial and household electricity and integrate it into the 

power grid system; the excess electricity is stored in batteries.  

 

2.2 Mathematical model of photovoltaic module 

The equivalent circuit of a photovoltaic cell usually consists 

of a current source,[10] a diode(𝐷), series resistance (𝑅𝑠), and 

parallel resistance (𝑅𝑝). The equivalent circuit diagram of the 

photovoltaic cell is shown in Fig. 1.  

The relationship between the output voltage and the output 

current of a photovoltaic module can be described by a 

nonlinear model.[11,12] The most common photovoltaic module 

model is the single-diode model,[13] whose output current is 

expressed by the following Eq. (1): 

𝐼 = 𝐼𝑝𝑣 − 𝐼𝐷 − 𝐼𝑝                              (1) 

 
Fig. 1: Equivalent circuit diagram of photovoltaic cells. 

 

From the diode characteristics can be known: 

𝐼𝐷 = 𝐼0 [exp⁡ (
𝑉+𝐼𝑅𝑠

𝑅𝑝
) − 1]                         (2) 

According to Kirchhoff's law: 

𝐼𝑝 =
𝑉+𝐼𝑅𝑠

𝑅𝑝
                                      (3)  

Consult the photogenerated current formula of 

photovoltaic panels: 

𝐼𝑝𝑣 = (𝐼𝑠𝑐 + 𝐾𝑡 △ 𝑇)
𝐺

1000
                        (4)  

where 𝐼𝑝𝑣 is the photovoltaic cell photogenerated current, 𝐼0 is 

the reverse saturation current of the diode, 𝐼𝑝  is the current 

flowing through the shunt resistor 𝑅𝑝 , 𝐼𝐷  is the current 

flowing through the diode, 𝑉⁡ is the output voltage, I 

photovoltaic cell is the output current, 𝑅𝑠  is the series 

resistance which is generally very small, 𝑅𝑝  is the shunt 

resistance which is generally thousands of Ω, n is the ideal 

factor of the diode, 𝑉𝑡  is the thermal voltage constant, 𝑉𝑡 =
𝑘𝑇/𝑞 , where k is the Boltzmann constant with a value of 

1.38×100-23 J/K, T is the absolute temperature (in Kelvin, K), 

q is the elementary charge of electrons with a value of 1.6×10-

19 C, 𝐼𝑠𝑐 is the short-circuit current in the standard case (25 °C, 

1000 W/m2), 𝐾𝑡 represents the temperature coefficient of the 

current, and 𝐺  is the current PV cell receiving the light 

radiance, △T = T-298.15. 

However, in practice, it is difficult to measure the ideal 

parameters according to the previous Eqs. (1)-(4). Combining 

the four parameters of 𝑉𝑚 , 𝐼𝑚 , 𝑉𝑜𝑐 , 𝐼𝑠𝑐  given by the 

manufacturer with the previous four equations can be obtained 

as follows:[14]  

𝐼 = 𝐼𝑠𝑐 {1 − 𝐶1 [𝑒𝑥𝑝 (
𝑉

𝐶2𝑉𝑜𝑐
) − 1]}                (5) 

In Eq. (5), 𝑉𝑜𝑐  is the breaking voltage under standard 

conditions, and 𝐶1 and 𝐶2 are constants, whose values are: 

𝐶1 = (1 −
𝐼𝑚

𝐼𝑠𝑐
)𝑒𝑥𝑝 (−

𝑉𝑚

𝐶2𝑉𝑜𝑐
)                    (6)  

𝐶2 = (
𝑉𝑚

𝑉𝑜𝑐
− 1) [𝑙𝑛 (1 −

𝐼𝑚

𝐼𝑠𝑐
)]

−1
        (7)  

Combine Eqs. (4)-(7) and modify the parameters therein, 

and then build the simulation model. 
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3. Modeling and analysis of photovoltaic cell 

characteristics 

Based on the above Eqs. (4)-(7) and parameter corrections, a 

stable parameter simulation model is established in sinmulink 

in matlab, and the parameters of the PV cell are shown in Table 

1. The output characteristics (V-I and V-Pcurves) of the PV 

module change under different light intensity and temperature 

conditions.[15] The V-I curve describes the relationship between 

current and voltage, while the P-V curve describes the 

relationship between power and voltage, and is usually a 

nonlinear curve The maximum power point (MPP) usually 

occurs at the top of the V-P curve, which corresponds to the V-

I curve is at the turn for maximum power. The voltage (𝑉𝑚) 

and current (𝐼𝑚) corresponding to the MPP are key parameters 

in the system design. This is also the target tracked by the 

MPPT algorithm. The parameters of this PV modeling are the 

result of a partial modification based on the parameters of a 

PV cell model that can be bought on the market: the TY-

30M18V parameters. 

Several basic parameters of the PV cell in the standard case 

are set: the breaking voltage 𝑈𝑜𝑐, the short-circuit current 𝐼𝑠𝑐, 

the current 𝐼𝑚  corresponding to the maximum power point, 

and the voltage 𝑈𝑚, which provide the basis for the subsequent 

analysis of the characteristics of the PV cell. Based on Eqs. 

(5)-(7), the simulation model of the PV cell built in 

MATLAB/Simulink is constructed as shown in Fig. 2. 

Table 1: Parameters of photovoltaic cells. 

Parameters Value 

Short-circuit current（𝐼𝑠𝑐） 9.36A 

Open-circuit voltage (𝑉𝑜𝑐) 43.30V 

Current at maximum power (𝐼𝑚) 8.80A 

Voltage at maximum power (𝑉𝑚) 36.10V 

Maximum output power（𝑃𝑚𝑎𝑥） 317.68W 

 

The model used to test the characteristics of PV cells after 

encapsulation is shown in Fig. 3. The input parameters are 

light intensity and temperature, and the output quantities are 

current and voltage. 

In real life, many factors can affect both the local and 

overall output characteristics of PV cells. The following study 

will focus on simulating and analyzing the impact of 

irradiance intensity and temperature on the overall output 

characteristics of PV cells. 

 
Fig. 2: Simulation model of photovoltaic cell. 

 
Fig. 3: PV cell output characteristics test package module. 
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Fig. 4: Influence of different temperatures on output characteristics of photovoltaic cells (a) I-V curve and (b) P-V curve. 

 

The standard solar irradiance is generally 1000 W/m², and 

the normal operating temperature for PV cells is 25 °C. The 

output power of PV cells is influenced by many factors in 

natural environments, with temperature and light intensity 

being the most significant. Using the method of controlling 

variables, the effects of light intensity and temperature on the 

output characteristics of PV cells are studied separately. 

Considering that the surface temperature of PV panels is lower 

than the air temperature in winter and higher in summer, the 

temperatures set here should take seasonal variations into 

account. Fig. 4 shows the output characteristics of the PV cell 

under light intensity of 1000 W/m² and temperatures of 85 °C, 

65 °C, 45 °C, 25 °C, and -5 °C. 

From Fig. 4, it can be clearly seen that when the voltage 

gradually increases, the current stays close to the high value of 

Isc until it enters the nonlinear region, and when the light 

intensity is certain, the maximum output power of the PV cell 

increases with the temperature but in the reverse direction. The 

reason for this is that an increase in temperature causes the 

open-circuit voltage (𝑉𝑜𝑐) of the PV cell to drop, which reduces 

the total power output of the cell, thus causing a leftward shift 

in the V-P curve. In general, for every 1 °C increase in 

temperature, 𝑉𝑜𝑐 decreases by about 2 mV (depending on the 

cell material and manufacturing process). The reason for this 

is that as the temperature increases, the carriers (electrons and 

holes) of the semiconductor material increase under thermal 

excitation, resulting in a weakening of the built-in electric 

field within the cell, which reduces the voltage output of the 

cell. 

When the control temperature is constant at 25 °C, the light 

intensity is set to 1000 W/m2, 900 W/m2, 700 W/m2, 500 W/m2, 

and 300 W/m2. The results are shown in Fig. 5. From Fig. 5, 

we can know that the photogenerated current increases with 

the increase of light intensity, and the output power of PV cell 

is proportional to the light intensity. This is because the 

photovoltaic cell generates current due to photon 

bombardment of electrons, and the greater the intensity of 

light, the more electrons are bombarded. This generates more 

current. Conversely, the lower the light intensity, the fewer 

electrons are bombarded, and thus the less current is generated. 

However, the effect on the open-circuit voltage is small, and 

the effect of light intensity on the output power of the PV cell 

is greater than the effect of temperature on the output power 

of the PV cell in comparison to Fig. 4. When increasing the 

light intensity, the peak of the P-V curve becomes higher and 

the power output increases significantly, but the Vmpp 

position changes less. When decreasing the light intensity, the 

peak of the P-V curve decreases, and the output power of the 

PV system decreases.  

From Figs. 4 and 5, it is obvious that the effect of light 

intensity on PV cells is greater than the effect of temperature on 

PV cells. The main factor affecting the photovoltaic cell 

photogenerated current is the light intensity, which has little effect 

on the breaking voltage. The temperature mainly affects the  

 
Fig. 5: Influence of different light intensities on output characteristics of photovoltaic cells (a) I-V curve and (b) P-V curve. 
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breaking voltage of the PV cell. By analyzing the maximum 

power point of the P-V curve, the control strategy is designed so 

that the PV system always works at the maximum power point to 

improve the power generation efficiency. The I-V test curve is 

used to detect if the component is aged or damaged, e.g., a steep 

drop in the I-V curve may indicate a component failure. And 

increasing the series resistance 𝑅𝑠 inside the module will reduce 

the output voltage and affect the power output. 

 

4. Introduction to INC algorithm 

The MPPT technique makes the operating point of the PV 

system always close to the maximum power point by adjusting 

the load resistance or changing the operating voltage to get the 

maximum power output. It is controlled based on the voltage 

and current variations of the PV modules in the system. In 

order to maximize the power output of the PV system, the 

maximum power point must be tracked in real time. In this 

paper, the INC method is used as an implementation of the 

MPPT algorithm. INC is a commonly used MPPT algorithm. 

The incremental conductance method is based on the 

mathematical characteristics of the PV cell power curve, and 

by comparing the negative value of the conductance increment 

with the instantaneous conductance, it determines whether the 

maximum power point has been reached or not, and 

dynamically adjusts the operating point so that it always 

operates near the maximum power point. The INC algorithm 

is highly accurate and responsive, and it is suitable for 

environments with large variations in light intensity and 

temperature. 

The basic principle of the INC algorithm is that at the 

maximum power point,[16] the derivative of power to voltage is  
 

0, that is, Eq. (8): 
𝑑𝑃

𝑑𝑉
= 0                                        (8) 

where, 𝑃⁡ = ⁡𝑉 × 𝐼. Thus, we get Eq. (9): 

𝑑𝑃

𝑑𝑉
= 𝐼 + 𝑉

𝑑𝑃

𝑑𝑉
= 0                              (9) 

The results are as follows in Eq. (10): 

𝑑𝐼

𝑑𝑉
= −

𝐼

𝑉
                                    (10) 

If 𝑑𝐼/𝑑𝑉 = −𝐼/𝑉 , the system reaches the maximum 

power point. If 𝑑𝐼/𝑑𝑉 > −𝐼/𝑉, the system does not reach the 

maximum power, the need to continue to increase the voltage 

to improve the power; If⁡𝑑𝐼/𝑑𝑉 < −𝐼/𝑉, the system has not 

reached the maximum power point and needs to reduce the 

voltage to get closer to the maximum power point. 

The realization steps are to collect the output voltage V and 

output current I of the PV module in real time, calculate the 

conductivity increment, and judge whether 𝑑𝑉 is 0. If it is 0, 

then see whether 𝑑𝐼 is 0: if it is greater than 0, then the voltage 

needs to be increased; if it is less than 0, then the voltage is 

reduced; if it is equal to 0, then it is just at the point of the 

maximum power. If 𝑑𝑉 is not 0, then compare the magnitude 

of conductivity increment with the size of the negative value 

of the conductivity in the transient, and then adjust the 

operating voltage of PV module by controlling the duty cycle 

of DC/DC converter, and then repeat the above steps. After the 

comparison result is obtained, the operating voltage of the PV 

module is adjusted by controlling the duty cycle of the DC/DC 

converter, and then the above steps are repeated continuously 

to track the MPP in real time. The flowchart is shown in Fig. 

6.[17] 

 
Fig. 6: Flowchart of INC algorithm. 
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Fig. 7: Model of MPPT algorithm under stable input conditions. 

 

5. Simulink modeling and simulation of MPPT algorithm 

5.1 Simulink modeling 

A new model different from the one described in Chapter 3 is 

used in this section. The simulation of the PV system in 

MATLAB/Simulink can be built using the self-contained 

Simscape Electrical toolbox. The model diagram is shown in 

Fig. 7. 

The Simulink model in this paper contains the following 

main parts: (1) Photovoltaic Array Model: The "Photovoltaic 

Array" module in Simscape is used to configure the electrical 

parameters of the PV panel. The specific parameters of the PV 

module used in this study are shown in Table 2. (2) MPPT 

Controller: The MPPT controller implements the INC 

algorithm and compares it with the CV and P&O algorithms. 

It adjusts the voltage in real-time to track the MPP. (3) DC-DC 

Converter: A DC-DC converter is used to transform the DC 

output of the PV array into a voltage suitable for the load or 

the grid. In this simulation, a Boost converter is chosen as the 

regulation circuit. The schematic diagram of the Boost 

converter is shown in Fig. 8. (4) Load: The load simulates the 

connection between the PV system and the load or grid to 

analyze power output. The resistance of the load is set to 10 Ω. 

 
Fig. 8: Boost circuit schematic. 

 

The input capacitor in the circuit is used for filtering at the 

input end.[18] Specifically, when there are changes in the input 

voltage or significant power supply noise, the input capacitor 

can prevent noise signals from entering the circuit,[19] thus 

preventing interference with the normal operation of the Boost 

circuit. The basic working principle of the Boost circuit is that 

when the switch is turned off, the inductor releases energy, and 

the current flows through the diode to the load and output 

capacitor, generating a Boost effect. Eq. (11) is the basic 

operating mode: 

𝑉𝑜𝑢𝑡 =
𝑉𝑖𝑛

1−𝐷
                                    (11) 

where,⁡𝑉𝑜𝑢𝑡 is the output voltage, 𝑉𝑖𝑛 is the output voltage of 

the PV cell, which is the input voltage of the Boost circuit, and 

𝐷  duty cycle, which is a key parameter for controlling the 

switching of the switching tube. The IGBT bipolar transistor 

is selected for this simulation. The PV cell can be made to 

operate at the maximum power when the previous load 

conditions are met by adjusting the size of 𝐷 . The device 

simulation parameters of the Boost circuit are shown in Table 

2. 

Table 2: Simulated electrical parameters of the Boost circuit. 

Parameters Value 

Inductance(L) 0.003H 

Capacitance(in) 0.002F 

Capacitance(out) 0.001 F 

IGBT frequency 40 kHz 

Load 10Ω 

 

The inductor in the Boost circuit functions as an energy 

storage component, converting electrical energy into a 

magnetic field for storage. The output capacitor also serves as 

a filter and provides voltage to the load when the switch is in 

the off state. 

From the data in Table 3, we can determine that the 

maximum power of the photovoltaic array is 86.09 W. Next, 

we proceed with the MPPT simulation. The sampling 

frequency for this simulation is set to Ts = 0.01 s. First, we 

analyze the INC algorithm under steady-state conditions, and 

then we compare the three algorithms under dynamic input 

conditions. 

g c

m s
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Table 3: Specific parameters of photovoltaic modules. 

Parameters Value 

Short-circuit current（𝐼𝑠𝑐） 5.17A 

Open-circuit voltage (𝑉𝑜𝑐) 22 V 

Current at maximum power (𝐼𝑚) 5.7 A 

Voltage at maximum power (𝑉𝑚) 18.36 V 

Maximum output power（𝑃𝑚𝑎𝑥） 86.29 W 

Number of units per module 36 

Number of modules in series per string 1 

Temperature coefficient of open circuit voltage (%/deg.C) -0.4385 

Temperature coefficient of short-circuit current（%/℃） 0.0860 

 

 
 

 

Fig. 9: V-P curves of photovoltaic cells under different conditions 

 

The V-P graph of the photovoltaic cell used in this MPPT 

simulation under different conditions: At 25 ℃ with irradiance 

levels of 1000 W/m², 700 W/m², 400 W/m², and 100 W/m². At 

an irradiance of 1000 W/m² under temperatures of 0 ℃, 25 ℃, 

45 ℃, and 75 ℃.The resulting power curves are shown in Fig. 

9. 

 

5.2 Analysis of simulation results 

The simulation results indicate that the INC algorithm 

effectively enhances the output power of the photovoltaic 

system and ensures that the system remains near the maximum 

power point under varying environmental conditions. 

Compared to traditional fixed operating point methods, MPPT 

control significantly improves the overall system efficiency. 

Under an irradiance of 1000 W/m² and a temperature of 25 ℃, 

the INC algorithm achieves a maximum tracked power of 

86.09W, with a tracking efficiency of 99.77% under steady-

state conditions. 

 

5.2.1 Effect of temperature on tracking results of INC 

algorithm 

First, the impact of temperature on the MPPT algorithm is 

considered.[20] The conditions set are as follows: maintaining a 

light intensity of 1000 W/m², with simulations performed at 

temperatures of 0 °C, 25 °C, 45 °C, and 75 °C for comparison. 

The impact of temperature is shown in Fig. 10. As the 

temperature increases, there is little effect on power tracking, 

but a significant impact on voltage. At higher temperatures, 

although there is a slight fluctuation in power tracking, it 

eventually stabilizes at the maximum power point of the 
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Fig. 10: Effect of different temperatures on INC algorithm tracking (a) t-I plot, (b) t-V plot, and (c) t-P plot. 

 

 
Fig. 11: Effect of different light intensity on INC algorithm tracking (a) t-I plot, (b) t-V plot, and (c) t-P plot. 
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current operating state. The temperature difference clearly 

shows that high temperatures have a greater impact on the INC 

algorithm system than low temperatures. 

 

5.2.2 Effect of light intensity on the tracking results of INC 

algorithm 

Considering that the outdoor conditions are not always clear, 

there are times when dark clouds or other shading objects 

cause shadows on the PV cells. Thus, simulation experiments 

with different light intensities under uniform illumination are 

conducted on the MPPT algorithm to verify the effectiveness 

of the algorithm and the model. As shown in Fig. 11, the model 

is given three light intensities of 1000 W/m2, 500 W/m2, and 

200 W/m2, and the temperature is kept at 25 ℃. The 

simulation effects of different light intensities performed 

under stable conditions are shown in Fig. 11. 

Comparison of Fig. 10(c) and Fig. 11(c) shows that 

changes in light intensity have a greater effect on the power of 

the PV cell than that caused by temperature, and the same 

effect on voltage and current. After the light intensity 

decreases to a certain level, the Boost circuit has almost no 

provisioning effect on the current and only controls the voltage. 

This is because the photogenerated current of the PV cell is 

inherently low under low light conditions. Even if the INC 

algorithm adjusts the voltage to increase the power output, it 

can only maximize the output power of the cell, but the current 

itself is limited by the light intensity and cannot be increased 

beyond what the light conditions can provide. 

5.2.3 Dynamic input 

Considering that the external natural environment does not 

remain constant, it is necessary to perform a simulation with 

input conditions that change over time. The following 

simulation dynamically adjusts the temperature and light 

intensity inputs in steps, and compares the results with the 

traditional P&O and CV algorithms. 

As shown in Fig. 12, the given conditions are: 1000 W/m², 

700 W/m², 400 W/m², and 100 W/m², with a step interval of 

0.5s. These simulations are conducted while maintaining a 

constant temperature of 25 °C to keep the variable single. Fig. 

12(a) shows the curve of current variation with changing light 

intensity. It can be seen that the change in light intensity has a 

significant impact on current, and the same applies to voltage. 

The power values tracked by the INC, P&O, and CV 

algorithms on the first pass are 86.26W, 85.44W, and 75.88W, 

respectively, with times of 0.106s, 0.232s, and 0.053s. The 

tracking efficiency is 99.77%, 99.01%, and 87.93%, 

respectively. On the second tracking, the powers are 59.81W, 

59.79W, and 53.02W, with tracking times of 0.058s, 0.153s, 

and 0.253s, respectively. The power tracked on the third and 

fourth passes is still optimal with the INC algorithm, with 

relatively shorter tracking times. Overall, in terms of the 

impact of external light intensity changes, the performance of 

the INC algorithm in MPPT is superior to the other two 

algorithms. 

As shown in Fig. 13, the dynamic input conditions are such 

that the temperature changes over time: four cases are 

 
Fig. 12: Effect of dynamically varying light intensity on INC algorithm (a) t-I plot (b) t-V plot (c) t-P plot (d) t-G plot. 
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Fig. 13: Dynamically varying temperature effect on INC algorithm (a) t-I plot, (b) t-V plot, (c) t-P plot, and (d) t-T plot. 

 

considered 25 °C, 0 °C, 45 °C, and 75 °C at 0.5s intervals. In 

this scenario, the light intensity is kept constant at 1000 W/m². 

It is clear that the impact of temperature changes on the 

system's output is somewhat smaller compared to the effect of 

light intensity changes. However, local results do change. 

It can be seen that, except for the CV algorithm, the output 

current of the photovoltaic panel in the other two algorithms 

does not change significantly with increasing temperature. On 

the contrary, when the temperature changes, the output voltage 

of the photovoltaic panel varies more, as temperature changes 

have the most significant impact on voltage, which can be 

observed from the photovoltaic characteristics analysis section. 

After the first temperature change, the maximum power 

tracked by the INC, P&O, and CV algorithms were 9603W, 

95.89W, and 94.03W, with tracking times of 0.05s, 0.053s, and 

0.059s, respectively. After the second temperature change, the 

maximum power values were 77.04W, 74.20W, and 35.75W, 

with tracking times of 0.169s, 0.231s, and 0.228s, respectively. 

After the third temperature change, the maximum powers 

tracked by the three algorithms were 64.67W, 63.08W, and 

25.98W, with convergence times of 0.122s, 0.258s, and 0.049s, 

respectively. 

From this, it can be observed that when the external 

temperature fluctuates significantly, the INC algorithm 

reaches a stable state first, demonstrating the best robustness. 

The P&O algorithm comes second, with the maximum power 

it converges to only slightly lower than that of the INC 

algorithm. Lastly, the CV algorithm, although able to converge, 

tends to get trapped in local maxima, causing power loss. 

In summary, while changes in light intensity or temperature 

cause power fluctuations, the INC algorithm can still track 

well, and the tracking time remains within an acceptable range. 

It is also noted that even though the temperature change was 

larger during the second test, the tracking time was still shorter 

than when the light intensity changed. Therefore, light 

intensity is the key factor causing power changes in the 

photovoltaic panel and is a critical factor that the algorithm 

and model must consider. 

Finally, environmental factors do not change in isolation; 

in many cases, both temperature and light intensity change 

simultaneously. Therefore, simulations and testing of the 

algorithm and model must account for such scenarios. 

In Fig. 14, the variable conditions set are as follows: light 

intensity changes sequentially from 1000 W/m², 700 W/m², 

100 W/m², to 400 W/m², with a time interval of 0.5s. The 

temperature changes sequentially from 25 °C, 0 °C, 45 °C, to 

75 °C, with the same time interval of 0.5s. 

From Fig. 14, it can be observed that the power drop after 

the second temperature change, when combined with the light 

intensity variation, is particularly severe. However, due to the 

increase in both temperature and light intensity, the 

convergence speed of all algorithms is relatively fast, and the 

maximum power tracked by each algorithm is quite similar. 

In the first tracking, the fastest convergence time is 0.039s  
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Fig. 14: Effect of simultaneous changes in light intensity and temperature on the INC algorithm (a) t-I plot, (b) t-V plot, (c) t-P plot, 

and (d) t-T plot and t-G plot. 

 

for the INC algorithm, with a maximum power of 75.09W. The 

slowest convergence time is for the P&O algorithm, at 0.229s, 

with a convergence power of 85.44W. In the second tracking, 

the fastest convergence time is 0.132s, with a maximum power 

of 66.76W, while the P&O algorithm converges the slowest, 

with a maximum power of 75.08W. The CV algorithm, on the 

other hand, is in an oscillation state. 

After the final change, the INC algorithm maintains the 

maximum power for the longest time, while the P&O 

algorithm disrupts the convergence state first, and the CV 

algorithm remains at a constant power state.  

 

6. Conclusion 

This paper conducts a comparative study of three classic 

MPPT algorithms, Perturb and Observe (P&O), Constant 

Voltage (CV), and Incremental Conductance (INC), focusing 

on their dynamic performance and steady-state characteristics 

under different environmental conditions. The results indicate 

significant differences in the performance of these algorithms 

when light intensity and temperature change. 

The P&O algorithm, due to its periodic perturbation, 

exhibits steady-state power oscillations. In cases of rapid light 

intensity changes, it may misjudge the direction, leading to an 

increase in power loss. The CV algorithm, although simple in 

structure, fails to adapt to environmental changes, resulting in 

an inability to accurately track the Maximum Power Point 

(MPP), especially under conditions with significant 

temperature variations, where it experiences larger errors. In 

contrast, the INC algorithm, by calculating the relationship 

between incremental conductance and instantaneous 

conductance, more accurately determines the MPP position. It 

provides better dynamic response in the presence of light 

intensity and temperature changes, reduces steady-state 

oscillations, and improves system efficiency. 

Through MATLAB/Simulink simulation validation, it was 

found that under the same environmental conditions, the INC 

algorithm consistently outperforms the P&O and CV 

algorithms in power tracking efficiency. Particularly in cases 

of rapid light intensity changes, the INC algorithm can adjust 

the duty cycle more quickly, achieving a more stable 

maximum power point tracking. Furthermore, the INC 

algorithm exhibits lower power loss in steady-state conditions, 

demonstrating better stability compared to P&O and higher 

tracking accuracy compared to CV. 

Although the INC algorithm performed best in this study, 

there is still room for improvement. For example, under 

rapidly changing operating conditions, the step size selection 

in the INC algorithm has a significant impact on tracking 

speed and steady-state error. Additionally, in later stages of 

temperature and light intensity changes, there may be 

instances where the algorithm fails to maintain the 

convergence equilibrium. Incorporating adaptive step size or 
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intelligent control methods could further improve its tracking 

performance. Furthermore, for specific applications, such as 

MPPT in partially shaded environments, heuristic 

optimization algorithms, such as Particle Swarm Optimization, 

Genetic Algorithms, etc., should be considered to avoid local 

optima. 

Overall, this study demonstrates that the INC algorithm 

offers superior performance in photovoltaic MPPT, making it 

suitable for applications that require high dynamic response 

and steady-state efficiency. However, each MPPT algorithm 

has its own strengths and weaknesses. In practical applications, 

the most suitable MPPT control strategy should be chosen 

based on the specific needs of the photovoltaic system, 

balancing computational complexity, hardware cost, and 

tracking accuracy. Future research could further explore 

MPPT algorithms based on intelligent optimization to further 

enhance the overall performance of photovoltaic systems. 

This study mainly simulates the performance of the 

photovoltaic system under different light intensities to validate 

the effectiveness of the MPPT algorithm under ideal 

conditions. However, photovoltaic systems in real-world 

environments are affected by various factors, such as clouds, 

obstructions, and the aging of photovoltaic components, all of 

which can significantly alter the output characteristics of the 

system. Therefore, the results of this study may have certain 

deviations and cannot fully and accurately reflect the 

performance of photovoltaic systems in real-world conditions. 
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