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The incremental conductance method is susceptible to overshoot, oscillation, convergence 

errors, and the inability to adapt to rapidly changing conditions; therefore, innovation is 

required to ensure that this algorithm operates efficiently. This study investigates how the 

incremental conductance algorithm can be modified to enhance its performance, 

particularly in situations involving rapid environmental changes. The algorithm's 

performance is evaluated through simulation and subsequently compared to conventional 

methods and incremental conductance methods developed by previous researchers to 

determine how much performance increase can be achieved using the modified algorithm. 

The simulation results show that the second improved technique may significantly 

eliminate oscillations during maximum power point (MPP) tracking while also speeding 

up the convergence time. The results reveal that the proposed algorithm achieves an 

efficiency of 98.83%, which is higher than the conventional and first modified algorithms, 

which have efficiency values of 92.04% and 97.84%, respectively. Therefore, the second 

modification outperforms the other algorithms in terms of oscillation and efficiency. 
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1. INTRODUCTION

Renewable and sustainable energy sources have emerged as 

an imperative substitute for fossil fuels, which are associated 

with numerous adverse environmental consequences, 

including climate change and air pollution manifested as CO2 

emissions [1, 2]. Among renewable energy sources, solar 

energy is considered the most viable renewable energy source 

for addressing these challenges due to its abundant availability 

[3, 4], pollution-free, and requires little maintenance [5, 6]. 

Nonetheless, optimizing photovoltaic (PV) energy output has 

become challenging for researchers [7]. The amount of energy 

produced by PV is determined by the solar radiation conditions 

and the temperature of the PV cells. The intensity of solar 

radiation directly correlates with the amount of energy 

generated by photovoltaic (PV) system. Many methods have 

been proposed to maximize solar energy absorption through 

PV, including reconfiguring the PV system [8, 9], 

implementing a solar tracker system [10, 11], and employing 

the maximum power point tracking (MPPT) concept [12-14].  

The MPPT method exhibits distinct advantages in 

comparison to other approaches when it comes to optimizing 

PV solar energy absorption. It does not require reconfiguring 

the PV system and adding a device to move the PV surface in 

the direction of sunlight. As a result, the presence of MPPT is 

critical because it can improve output power efficiency by 

ensuring that the system works at the MPP and tracking new 

MPPs if environmental conditions change [15, 16]. MPPT 

techniques have been widely reported in the literature, with 

variations in tracking speed, convergence speed, oscillation, 

efficiency, and components used [17-21]. Numerous MPPT 

algorithms have been developed, including the fractional short 

circuit current (FOCC) technique [22, 23], the fractional open 

circuit voltage (FOCV) [24, 25], the fuzzy logic controller [26, 

27], the perturbation and observation (P&O) [28, 29], and the 

incremental conductance (INC) [30, 31]. The P&O and INC 

approaches are still extensively utilized due to their 

straightforwardness and less expensive in implementation [32, 

33]. However, the INC technique outperforms the P&O 

method in terms of efficiency and speed in tracking MPP in 

the face of rapid and dynamic environmental change [23, 34].  

Under certain conditions, the INC technique is not able to 

operate very well or consistently in tracking Maximum Power 

Point (MPP) even though it is superior to others. In the case of 

partial shadows, the voltage-power curve will have numerous 

local maximum points [35]. The usage of the direct control 

approach is also one of the INC method's flaws, causing 

oscillations in the MPP due to the fixed step size utilized to 

update the duty cycle [36]. As a result, modifying the INC 

method is critical to improving performance, particularly 

system performance in conditions of fast variations in solar 

radiation values and temperature.  

The purpose of this paper is to discuss adjustments to the 

INC approach to evaluate its performance in monitoring MPP 

under conditions of fast variations in solar light and 

temperature. The speed in tracking the MPP, overshoot, 

Journal Européen des Systèmes Automatisés 
Vol. 57, No. 1, February, 2024, pp. 33-43 

Journal homepage: http://iieta.org/journals/jesa 

33

https://orcid.org/0000-0001-9313-9906
https://orcid.org/0000-0003-1485-4595
https://orcid.org/0000-0001-7898-4909
https://crossmark.crossref.org/dialog/?doi=10.18280/jesa.570104&domain=pdf


 

convergence speed, oscillations in the MPP, and efficiency are 

all investigated. The algorithm development refers to the 

previous studies about INC methods on MPP tracking systems, 

the conventional INC and the INC that has also been modified. 

This aims to observe how the proposed method can increase 

the algorithm's performance. Tests are conducted under 

conditions of varying radiation, with two distinctions: one 

involving constant temperature and another involving 

temperature changes. As a result, some parameters will be 

observed, including convergence time, oscillation value, 

overshoot, and efficiency, to analyze the algorithm’s 

performance. 

 

 

2. CHARACTERISTICS OF PV 

 

Figure 1 depicts the equivalent circuit of a PV cell, which 

comprises of a photocurrent source, diode, and resistor 

arranged in series and parallel. 

 

 
 

Figure 1. The equivalent circuit of a PV cell 

 

Mathematically, the model in Figure 1 can be expressed as 

Eq. (1) [37, 38]. 

 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑠 [𝑒𝑥𝑝 (
𝑉 + 𝑅𝑠𝐼

𝑛𝑉𝑡ℎ
) − 1] −

𝑉 + 𝑅𝑠𝐼

𝑅𝑠ℎ
 (1) 

 

𝐼𝑝ℎ is the photocurrent originating from solar radiation 

influenced by the radiation value (G) and temperature (T), as 

can be seen in Eq. (2) [39]. 

 

𝐼𝑝ℎ = [𝐼𝑠𝑐
∗ + 𝑘𝑖(𝑇 − 𝑇∗)]

𝐺

𝐺∗
 (2) 

 

where, 𝑘𝑖 is the short circuit current temperature coefficient, 

𝐼𝑠𝑐
∗  the short circuit current value under Standard Test 

Conditions (STC), 𝐺∗ is the solar radiation constant with a 

value is 1000 W/m2, and 𝑇∗ is the temperature value of the PV 

cell which is 298 K. Moreover, 𝐼𝑠  is the reverse saturation 

current of the diode, V is the value of the PV output voltage, 

𝑅𝑠 and 𝑅𝑠ℎ represent the resistance that is installed in series 

and parallel respectively, and 𝑛 is the ideal factor of the diode.  

To calculate a thermal stress value (𝑉𝑡ℎ) uses the equation 

𝑉𝑡ℎ =
𝐾𝑇

𝑞
. Here, 𝐾  is Boltzmann's constant with a value of 

1.3806503e-23 J/K, 𝑞is the electron charge value with a value 

of 1.60217646e-19 C, and 𝑇 is the temperature of the PV cell 

in Kelvin (K). The output power value can be acquired through 

Eq. (3) and in determining the value of 𝑃𝑚𝑝𝑝 can be used Eq. 

(4).  

𝑃 = 𝑉 × (𝐼𝑝ℎ − 𝐼𝑠 [𝑒𝑥𝑝 (
𝑉 + 𝑅𝑠𝐼

𝑛𝑉𝑡ℎ
) − 1] −

𝑉 + 𝑅𝑠𝐼

𝑅𝑠ℎ
) (3) 

 

𝑃𝑚𝑝𝑝 = 𝑉𝑚𝑝𝑝 

× (𝐼𝑝ℎ − 𝐼𝑠 [exp (
𝑉𝑚𝑝𝑝 + 𝑅𝑠𝐼𝑚𝑝𝑝

𝑛𝑉𝑡ℎ
) − 1] −

𝑉 + 𝑅𝑠𝐼𝑚𝑝𝑝

𝑅𝑠ℎ
) 

(4) 

 

If the current passing through the parallel resistance is 

substantially lower than the other currents then the resistance 

value can be ignored. If this argument is applied, Eq. (3) can 

be replaced with Eq. (5). 

 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑠 [𝑒𝑥𝑝 (
𝑉 + 𝑅𝑠𝐼

𝑛𝑉𝑡ℎ
) − 1] (5) 

 

In this research, a monocrystalline type with the Solana 

brand SOL-M12100W series is used with the detail can be 

seen in Table 1 and the solar panel characteristic parameters in 

conjunction with the I-V and P-V characteristics curves seen 

in Figure 2. 

 

Table 1. Electrical characteristics of SOL-M12100W 

 

No Parameter Value 

1 Maximum Power (Pmax) 100 Wp 

2 Optimum operating voltage (Vm) 18.1 V 

3 Optimum operating current (Im) 5.52 A 

4 Operating-circuit voltage (Voc) 22.1 V 

5 Short-circuit current (Isc) 5.86 A 

6 Temperature coefficients of Isc +0.06 %/0C 

7 Temperature coefficients of Voc -0.35 %/0C 

8 Numbers of cells 36 pcs 

 

 
(a) I-V characteristics for various radiation 

 
(b) P-V characteristics for various radiation 

 

Figure 2. The PV characteristics under various radiation 

levels 

 

Using the parameters in Table 1, the results obtained from 

the simulation are modelled in Figures 2 and 3. Figure 2 
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depicts the effect of changes in radiation with a constant 

temperature, while Figure 3 depicts the effect of changes in 

temperature with a constant radiation value. 

 

 
(a) I-V characteristics for various temperature 

 
(b) P-V characteristics for various temperature 

 

Figure 3. The PV characteristics under various temperature 

 

From Figures 2 and 3, it can be seen that changes in the 

radiation value will affect the value of the solar panel output 

current. Meanwhile, variations in temperature values will 

affect the output voltage value of the solar panel. 

 

 

3. DC-DC CONVERTER 

 

A DC-DC boost converter is used to increase the voltage 

resulted from PV with its configuration is presented in Figure 

4.  
 

 
 

Figure 4. The proposed photovoltaic system configuration 
 

As seen in Figure 3, the energy produced by PV is 

influenced by solar radiation (G) and temperature (T). Two 

sensors are also added to measure the current and voltage. Eqs. 

(6)-(9) [7] can be used to calculate the boost converter's output 

voltage, input and output capacitor values, and inductance 

value. 

 
𝑉𝑜
𝑉𝑝𝑣

=
1

1 − 𝐷
 (6) 

 

𝐶1 ≥
𝐷

8 × 𝑓2 × 𝐿 × 0.01
 (7) 

 

𝐶2 ≥
𝐷

𝑓 × 0.02 × 𝑅
 (8) 

 

𝐿 =
𝐷 × (1 − 𝐷)2 × 𝑅

𝑟 × 𝐹
 (9) 

 

The boost converter's output and input voltage is 𝑉𝑜 and 𝑉𝑝𝑣, 

respectively with duty cycle D. According to Eq. (6), 

increasing and reducing the input voltage can be accomplished 

by increasing and decreasing the duty cycle value. The 

parameter r is the current ripple ratio, which is typically 

between 0.3 and 0.5. Table 2 delineates the component values 

employed for the boost converter. 

 

Table 2. The boost converter parameters 

 
No Parameter Value 

1 L 2.2 mH 

2 C1 47 uF 

3 C2 47 uF 

4 F 31500 Hz 

5 R 135 Ohm 

6 D 0.7 

 

Determining the component values, as shown in Table 2, 

depends on the desired converter design. A larger inductance 

value is expected to reduce oscillations in both current and 

voltage signals; however, this may result in slower response 

times and vice versa. Similarly, a higher switching frequency 

value is expected to increase efficiency. The type of transistor 

must also be considered because the performance of the 

chosen transistor influences power losses and system 

efficiency. The capacitor values are largely dependent on the 

availability in the market.  
 

 

4. INCREMENTAL CONDUCTANCE METHOD  

 

The INC method detects MPP by tracking the peak point of 

the P-V curve. In determining the location of the PV operating 

point, the INC method employs both additional and 

instantaneous conduction values. Eqs. (10) and (11) can be 

used to determine the location of the PV operating point [40]. 
 

𝑑𝐼

𝑑𝑉
= −

𝐼

𝑉
 (10) 

 

𝑑𝐼

𝑑𝑉
> −

𝐼

𝑉
 (11) 

 

𝑑𝐼

𝑑𝑉
< −

𝐼

𝑉
 (12) 
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Eq. (10) indicates that the PV module operating point is on 

the MPP, Eq. (11) shows that the PV module operating point 

is to the left of the MPP, and Eq. (12) indicates that the PV 

module operating point is to the right of the MPP. The MPP 

point is where the output power reaches its maximum value. 

In this condition, the change in power due to the voltage 

changes is equal to zero. At this point, the current value 

achieves its maximum, and the change in current relative to 

voltage is also zero which means the system has reached its 

maximum power point. This state indicates that the next 

voltage adjustment will not result in a considerable change in 

current, and the power value will reach its peak. Eq. (10) and 

Eq. (11) are derived from the slope of the P–V curve when the 

MPP is zero, as illustrated in Eq. (13). 
 

𝑑𝑃

𝑑𝑉
= 0 (13) 

 

If Eq. (13) is rearranged, the following equations will be 

obtained. 

 
𝑑𝑃

𝑑𝑉
= 𝐼

𝑑𝑉

𝑑𝑉
+ 𝑉

𝑑𝐼

𝑑𝑉
 (14) 

 
𝑑𝑃

𝑑𝑉
= 𝐼 + 𝑉

𝑑𝐼

𝑑𝑉
 (15) 

 

𝐼 + 𝑉
𝑑𝐼

𝑑𝑉
= 0 (16) 

 

Eq. (16) serves as the basis for the MPP calculation in the 

INC algorithm, which is illustrated in Figure 5. The reduction 

of the converter working cycle is required if Eq. (11) is 

satisfied, and conversely, if Eq. (12) is satisfied. If Eq. (13) is 

satisfied, the converter's duty cycle remains constant. 

 

 
 

Figure 5. Flowchart of INC method 

 

As shown in Figure 4, one of the flaws of the INC algorithm 

is susceptible to oscillations in a steady state, which is 

illustrated in Figure 6. Additionally, the algorithm's 

performance degrades significantly with an increase in solar 

radiation [41, 42]. In addition, the performance of the INC 

algorithm can also be influenced by noise and inaccuracies in 

measurements. Noises in current and voltage can induce 

oscillations. This can disrupt system voltage stability when the 

algorithm operates to reach MPP. This also will affect the 

convergence time. Another effect, noises and measurement 

errors provide challenges for algorithms in accurately 

discerning between substantial changes and minor fluctuations. 

As a result, the INC algorithm's performance must be 

improved by implementing improvements aimed at assuring 

proper GMPP tracking and addressing algorithm faults in 

making judgments when solar radiation values grow. 
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5. MODIFIED INCREMENTAL CONDUCTANCE 

METHOD 

 

The objective of modifying the conventional INC algorithm 

is to enhance the efficiency of the MPP tracking process. In 

this research, two modified algorithm is compared with the 

conventional ones to observe their performance in tracking 

MPP. Even though tracking MPP with conventional 

algorithms is more effective under uniform radiation 

conditions somehow oscillations in steady-state conditions can 

impact MPPT in the event of abrupt changes in radiation 

conditions. This algorithm finds it difficult to distinguish 

between the effects of rapidly changing radiation and changes 

in the location of the MPP. Two modifications are carried out 

here as explained in Figures 5 and 6.  

 

5.1 The 1st modified incremental conductance method  

 

The INC approach, described in reference [39], employs an 

algorithm depicted in Figure 6. The experimental results 

demonstrate that this approach outperforms the conventional 

INC algorithm. This algorithm can enhance the performance 

of Photovoltaic systems, particularly in dynamic conditions by 

mitigating significant power losses. Apart from that, this 

algorithm can also increase tracking efficiency by five percent. 

The algorithm's workflow is illustrated in Figure 6, with the 

modified part highlighted in shade. The values used in this 

algorithm for Δd = 0.0002, Δd1 = 0.0005, and Δd2 = 0.00009.  

f the voltage disturbance leads to current variation with the 

same sign, a sudden change in irradiance is imposed on the 

solar array. Alternatively, the conventional INC approach is 

adequate for efficiently monitoring the optimal MPP. 

Furthermore, the modified INC MPPT technique employs 

varying step sizes in the perturbation of the PV array, 

depending on the position of MPP on the P-V curve. 

Consequently, when the operating point is closer to MPP, the 

voltage perturbation step size becomes smaller, as depicted in 

Figure 6. 

 

 
 

Figure 6. The algorithm models developed in the 1st modified INC [39] 

 

5.2 The 2nd modified INC algorithm 

 

The 2nd modified INC in this study is a result of 

modification done in the 1st INC algorithm illustrated in Figure 

6. This method is further developed by referring to the 

Variable Step Size (VSS) concept which can be seen in Figure 

7. When there is a change in the radiation value, there will be 

a quite large change in the power (𝑑𝑃) value while the change 

in the voltage value is relatively small. Usually, VSS is 

influenced by provisions that can cause changes in the duty 

cycle value that are large enough to shift the operating point 

away from the new MPP. Changes in power values can cause 

the MPPT algorithm to take longer to reach a new MPP, 

consequently leading to a reduction in the tracking efficiency 

value. Hence, this study posits that the VSS value is solely 

determined by the power change value (𝑑𝑃), as defined in Eq. 
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(17). N is a switching factor to adjust the VSS value to improve 

performance, particularly tracking accuracy and convergence 

speed. 

 

∆𝐷 = 𝑁 ∗ |𝑑𝑃| (17) 

 

The algorithm depicted in Figure 7 is essentially similar to 

the approach illustrated in Figure 6. If there is a fluctuation in 

voltage that leads to a change in current, indicating that the 

system is operating in the presence of varying radiation, the 

procedure resembles the one depicted in Figure 6. 

Alternatively, if this requirement is not met, the standard INC 

method can be used effectively, indicating uniform or equal 

radiation circumstances. The algorithm depicted in Figure 6 

was devised in a manner similar to that shown in Figure 7, 

where alterations in current and voltage result in modifications 

in power. This method utilises the notion of VSS, where the 

step value for each change in the duty cycle is determined by 

variations in the power output of the solar panel. The 

modifications implemented by the researcher are indicated by 

the yellow shading in Figure 7. 

 

 
 

Figure 7. The algorithm model of the proposed method 
 
 

6. RESULT AND DISCUSSION 

 

This section discusses the performance of MPPT algorithms 

with three different INC techniques by observing their ability 

to adjust to changes in external circumstances, such as 

variations in radiation and temperature. The algorithm 

performance is observed through such parameters such as 

convergence speed, oscillation, overshot and efficiency. 

Experiments are conducted to examine the effects of varying 

radiation conditions while keeping the temperature constant, 

as well as to investigate the combined effects of changing 

radiation and temperature. Conducting tests at a consistent 

temperature is done to determine if the algorithm can 

effectively reach MPP based on variations in radiation levels. 

Any alteration in the radiation and temperature values will 

result in a corresponding reduction in the output power value. 
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The temperature under constant and fluctuating conditions is 

used to determine how solar panels can sustain electrical 

energy conversion efficiency. Low and constant temperatures 

will improve efficiency when converting solar energy into 

electrical energy. Conversely, high temperatures can lead to a 

reduction in the efficiency of converting electrical energy due 

to the heat-induced rise in resistance within the solar panels. 

In addition, high temperatures might diminish the voltage and 

current produced by solar panels, while significant 

temperature fluctuations can heighten the likelihood of 

physical harm to the panels. Solar panels are often utilized to 

function within a specific temperature range. Optimizing the 

temperature within a certain range can enhance the efficiency 

and durability of solar panels. 

Testing is conducted in order to determine if the developed 

algorithm can still attain MPP in response to variations in 

radiation levels. This performance is visible because variations 

in radiation and temperature values occur frequently in real-

world situations. The measurement results are shown in 

Figures 8-11. 

 

 
(a) Irradiance change pattern 

 
(b) Performance of system with INC conventional 

 
(c) Performance of systems based on modification algorithm 

 
(d) Performance of systems based on proposed algorithm 

 

Figure 8. System performance under various irradiation and 

fixed temperatures 

 

Figure 8 depicts the system's performance simulation results 

using the conventional INC technique, the first modified INC 

algorithm [39], and the proposed INC algorithm with changing 

radiation parameters and a fixed temperature of 25℃. Figure 

8(a) is a pattern of changes in radiation values starting from 

600 W/m2 rising to 1000 W/m2 and then suddenly dropping to 

200 W/m2 which then increases again to 900 W/m2. Figure 

8(b) depicts the conventional INC method system performance 

in terms of PV output power, voltage, current, and load voltage 

from the converter. In the beginning, there are quite large 

oscillations in the output power signal and load voltage on the 

converter, but the oscillations decrease when the radiation 

reaches the maximum value. When radiation drops drastically 

then overshot occurs and oscillations appear in the PV output 

power signal, PV voltage, and load voltage on the converter, 

which then diminish as the radiation value increases. The 

oscillations arise from variations in sunlight intensity and the 

shadows that obstruct the sunlight from reaching the solar 

panel's surface. Oscillations can cause fluctuations in the 

output power of solar panels, leading to disturbances in the 

load and diminishing system stability. In addition, the 

hysteresis effect of the power converter employed in the 

MPPT system might induce abrupt fluctuations in the current 

and voltage of the solar panel's output. This condition will 

affect system stability and produce undesirable fluctuations in 

output power. Moreover, Figure 8(c) depicts the system 

performance utilizing the modified INC algorithm shown in 

Figure 6. The duty cycle increments used for this modified 

algorithm are ∆D = 0.00003, ∆D1 = 0.00005 and ∆D2 = 

0.000007. The results of this algorithm modification can 

improve the performance of conventional algorithms, 

especially in reducing oscillation values. This algorithm can 

also increase the output power value of PV, especially under 

maximum radiation conditions. Figure 8(d) is an illustration of 

the performance of the system using the modified INC 

algorithm as in Figure 7. Overall, the two modified algorithm 

have better performances. Oscillations in output power, 

especially at steady state are deemed to be non-existent. 

However, there are weaknesses to both of these methods. This 

can be seen when the radiation value drops drastically causing 

overshoot with different values. 

Figure 9 shows the results of system performance when 

variations in radiation and temperature values occur. Figure 

9(a) depicts the variation pattern of changes in radiation and 

temperature values. 
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(a) irradiance change pattern 

 
(b) Performance of systems with INC conventional 

 
(c) Performance of systems based on modification algorithm 

 
(d) Performance of systems based on proposed algorithm 

 

Figure 9. System performance under various irradiation and 

fixed temperatures 

Figure 9(b) is an illustration of the system performance 

using the conventional INC algorithm. The description of the 

resulting performance is not much different from the 

performance in Figure 8(b), but the main difference is that 

there is a decrease in the power produced by PV. The system's 

performance utilizing the conventional method under 

changing radiation conditions and constant temperature is 

98.92 W at maximum radiation but reduces to 93.33 W when 

radiation conditions and temperature change. This condition 

also occurs in the two modified algorithms, where changes in 

temperature and radiation cause a decrease in electrical power 

output. In general, the performance difference between 

changing radiation conditions and constant temperature and 

changing radiation and temperature conditions is not 

significant. The obvious difference is that the oscillations that 

occur differ for each method, with the lowest oscillation value 

occurring when the second modified algorithm is used. 

 

 
 

Figure 10. Comparison of output power from PV using 

different INC algorithm under changing radiation conditions 

and constant temperature 

 

 
 

Figure 11. Comparison of output power from PV using 

different INC algorithm under changing radiation and 

temperature conditions 
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Figure 10 illustrates the comparison of the output power 

signal from each algorithm used in the research under different 

radiation conditions while maintaining a constant temperature. 

The second algorithm modification exhibits significantly 

improved oscillation, overshoot, and convergence times. 

The output power signal from PV, as determined by the 

three MPPT algorithms under varying radiation and 

temperature conditions, is depicted in Figure 11. The results 

indicate that the PV power output diminishes under conditions 

of high radiation (900 W/m2 and 1000 W/m2), compared to 

conditions where the radiation changes and the temperature 

remains constant as in Figure 11. Nevertheless, under radiation 

conditions of 600 W/m2 and 200 W/m2, it is observed that The 

PV output power has not changed significantly. 

The detailed performance of the three algorithms under 

changing radiation conditions and constant temperature can be 

seen in Table 3. In terms of convergence time, the second 

modified INC method outperforms the other two algorithms 

significantly. The convergence times for radiation levels of 

600 W/m2 and 200 W/m2 cannot be determined due to the 

constantly changing output signal. However, the second 

modified algorithm achieved a convergence time of 0.0085 

second. Similar to a maximum radiation value of 900 W/m2, 

the signal remains stable throughout, even at a radiation value 

of 1000 W/m2. In contrast, in the conventional algorithm and 

the first modified technique, the signal perpetually changes 

when confronted with radiation of 200 W/m2, resulting in the 

absence of a convergent point. The second modification 

algorithm, meanwhile, completes in 0.211 seconds. When 

evaluated concerning oscillation values, the performance of 

the second modified algorithm is superior to that of the other 

algorithms due to its comparatively lesser oscillations. In 

terms of MPP monitoring, the tracking efficiency of this 

algorithm also has better performance than that of the other 

algorithms.  

From Table 4 it can be seen that the convergence time can 

be said to be no different from the previous condition and also 

in terms of oscillations of the second modified algorithm it is 

much smaller. In terms of tracking efficiency, the second 

modified algorithm is also much better than the other two 

algorithms. The significant difference between these two 

different conditions is that the output power value decreases 

when the radiation and temperature values change at all 

specified radiation levels. From the observed performance, the 

modified algorithm tends to have an occurrence of overshot 

which is greater than the conventional INC algorithm. This 

overshoot occurs when radiation suddenly drops to the lowest 

level, which in this study was set at a radiation value of 200 

W/m2. 

 

Table 3. The performance of three different INC techniques under radiation changes and temperature remains constant 

 

MPPT 

Algorithm 

Convergence Time at Various Radiation 

Levels (seconds) 

Oscillations at Steady State at 

Various Radiation Levels (Watts) 
Max 

Overshoot 

(Watt) 

Average 

Tracking 

Efficiency 

(%) 

600 

W/m2 

1000 

W/m2 

200 

W/m2 
900 W/m2 

600 

W/m2 

1000 

W/m2 

200 

W/m2 

900 

W/m2 

INC 

Conventional Not 

Found 
Stable 

Condition 

Not 

Found 
Stable 

Condition 

5.9191 0.873 5.875 0.552 11.92 92.04 

The 1st modified 

[39] 
1.898 0.273 1.48 0.679 30.99 97.84 

The proposed 

algorithm (2nd 

modified) 

0.0085 0.211 0.249 0.273 0.369 0.195 28.19 98.83 

 

Table 4. The performance of three different INC techniques under the changes in radiation and temperature 

 

MPPT 

Algorithm 

Convergence Time at Various Radiation 

Levels (seconds) 
Oscillations at Steady State (Watts) Max 

Overshoot 

(Watt) 

Average 

Tracking 

Efficiency 

(%) 

600 

W/m2 

1000 

W/m2 

200 

W/m2 
900 W/m2 

600 

W/m2 

1000 

W/m2 

200 

W/m2 

900 

W/m2 

INC 

Conventional Not 

Found 
Stable 

Condition 

Not 

Found 
Stable 

Condition 

5.9327 1.0121 5.01 0.6329 12.44 89.94 

The 1st modified 

[39] 
2.0647 0.3986 1.331 0.191 29.56 93.39 

The proposed 

algorithm (2nd 

modified) 

0.0085 0.2105 0.1819 0.398 0.106 0.1887 27.06 94.47 

 

 

7. CONCLUSIONS 

 

The performance of the algorithm utilized in the research is 

tested under two different scenarios. The first condition is that 

radiation varies while temperature remains constant, while the 

second is that both radiation and temperature change. The test 

results reveal that the performance of the second modified 

algorithm according to the VSS concept outperforms the other 

two algorithms significantly. When it comes to convergence 

time, oscillation, and efficiency. The fundamental difference 

in the application of the algorithm in these two conditions can 

be seen from the PV output power where the output power is 

lower when the radiation and temperature conditions change. 

Another flaw revealed by the test findings is the existence of 

overshoot in the PV output power signal while utilizing the 

modified algorithm. This scenario occurs when the amount of 

radiation absorbed by PV reduces dramatically from the 

greatest level to the lowest level, which in this case is 200 

W/m2. The algorithm devised is still uncomplicated, making it 

easily implementable in a photovoltaic system. The efficacy of 

this method can be further investigated by employing 
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alternative converters or examining its consequences in 

regions with diverse radiation and temperature circumstances. 
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