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Abstract 
 

With the global energy mix transformation, new energy resources, particularly luminous energy, have garnered increasing 
attention, along with a gradual increase in their proportion in the electric power sector. However, challenges in new energy 
resource consumption and system planning persist. Therefore, this study develops a power supply planning model based on 
a photovoltaic (PV) microgrid system. This model can be applied to improve the consumptive ability of new energy resources, 
optimize the power combination, and realize the sustainable development of the power system. System modeling and 
simulation analysis are conducted using MATLAB/Simulink software to analyze the electrical output characteristics for PV 
microgrid system optimization. PV power and direct current load models are initially established, and the effects of different 
parameters on the power curves are analyzed. The results demonstrate that the developed mathematical models are effective 
in simulating the electrical output characteristics of PV microgrid systems. Additionally, the model optimizes the power supply, 
supporting the sustainable development of the power system. Adjusting the model parameters significantly influences the 
system output, which is valuable for designing and optimizing PV power generation systems. 
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1. Introduction 

With the rapid depletion of fossil fuels, there has been growing 

interest in the development of renewable energy sources. New 

energy resources, such as solar, wind, hydro, geothermal, and 

bioenergy are garnering significant attention.[1] Among this 

luminous energy is a critical component owing to its minimal 

environmental impact. The energy conversion process 

produces almost no pollutants and requires no additional 

resources compared with traditional fossil fuels, making it 

environmental friendly.[2] With advancement in photovoltaic 

(PV) technology, the construction and operation of PV power 

generation systems have become significant drivers of 

economic growth. In the late 20th century, scientific 

researchers discovered the phenomenon of the PV effect, 

where sunlight illuminating the surface of semiconductor 

materials generates an induced current.[3] Technological 

advancement has led to the successful development of 

monocrystalline Si solar cells, making a breakthrough in solar-

to-energy conversion.[4] In Europe, United States and Japan, 

the microgrids basic theoretical analysis is completed. The 

model tools and simulation tools of distributed energy 

resources and microgrids are preliminary establishment.[5] 

According to the verification of experimental test and on-side 

demonstration, the basic theory of microgrids operation, 

protection and economic analysis can be solved. The available 

microgrid models are mainly built based on microgrids 

economic operation. However, the microgrid models 

combined with renewable energy and energy storage are 

missing, from which the important role of renewable energy 

on microgrid operation is unable to reflect.[6] Therefore, in this 

manuscript, a microgrid model based on renewable energy is 

proposed. This model is developed in Matlab, from which the 

output characteristic of PV microgrid can be observed directly. 
In traditional energy systems, distribution networks 

primarily use alternating current (AC).[7] However, recent 

studies have proposed a direct current (DC) microgrid to 

reduce energy conversion loss in transmission systems. This 

approach reduces power and DC load conversion losses, 

enhancing economic efficiency. It also avoids synchronization 

with large AC power grids.[8] For security, the bus voltage 

remains stable during power outages or voltage drops owing to 

the high energy storage capacity of the DC capacitor and 

converter voltage control.[9] A comprehensive cost estimation 

comparison of DC and AC microgrids is shown in Table 1.[10] 

This study presents a power supply planning mathematical 

model based on a photovoltaic (PV) microgrid system. 

PV power generation is essential for the development and 

application of solar energy and is reliant on PV cells.[11] Due 
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Table 1: Comprehensive cost estimation comparison of DC and AC microgrids. 

Cost item AC microgrid DC microgrid Comparison 

PV module Identical Identical No difference 

Inverter High (DC-AC) Low (DC-DC) DC system is cheaper in the DC environment 

Energy storage system High (AC-DC) Low (DC) High DC storage efficiency 

Power distribution equipment Medium Low (Low pressure) High cost of high voltage DC switch 

Harmonic control High (Active power filter) None AC system requires an additional filter 

Running loss Higher Low Less DC conversion 

Maintenance cost Higher Low Simple maintenance for DC equipment 

Load compatibility High (Conventional loading) Low (Reconstruction) Special-purpose load for DC system 

 

to their parameters, ambient temperature, illuminance, and 

loads, the electrical output characteristics of PV cells are 

nonlinear. To effectively improve PV power generation system 

efficiency, a maximum power point tracking (MPPT) control 

device is commonly used, including a PV array module, MPPT 

algorithm, pulse width modulation (PWM) module, and 

DC/DC transformation module. Among them, the PV array 

module is formed by multiple PV cell units in 

series and parallel connections with tight packing. The MPPT 

module mainly includes the control algorithm. There is 

currently a wide variety of MPPT algorithms,[12] each with their 

own advantages and limitations. Owing to its mature 

development, simple control, and high precision, the 

perturbation and observation method and incremental 

conductance (INC) are used commonly. The PWM module 

output is used as the drive signal of DC/DC circuits. In DC/DC 

conversion, buck and boost converters have the highest 

efficiencies. For a buck converter, the high voltage can be 

transformed to low voltage. In general, the output voltage level 

of a PV array is low.[13] Therefore, a buck converter is seldom 

used the grid-connected process, as the grid-side level must be 

higher. For a boost converter, the output voltage of the PV 

array increases, making the grid-connected process easy to 

implement. Furthermore, the impedance transformation 

function of a boost converter is commonly used for MPPT 

control as the circuit is easily driven. 

In this study, based on the analysis of an MPPT control 

model in PV power generation, Simulink models for different 

modules are built. Among them, the PV cell model is built 

using an engineering mathematics model. The MPPT 

algorithm uses the INC method and the boost converter is used 

for DC/DC conversion. Based on an analysis of these modules, 

the MPPT control system based on a boost circuit is explored 

in detail. Furthermore, this approach can also be applied to 

analyze MPPT control in actual PV power generation systems. 

 

2. Simulation of a PV microgrid 

The primary modules of PV microgrid include a PV cell, boost 

converter, and DC load. This system forms a compact 

microgrid model, as illustrated in Fig. 1. 

 

2.1 PV cell modeling 

The system current was determined by the output power of 

the PV array. The output current of the solar cell was calculated 

as follows: 

I=Ip-Iv {exp [
q(V+IRx)

AKT
] -1} -

V+IRs

RSH

 (1) 

where 𝐼𝑝 is the photocurrent; 𝐼0 is the diode saturation current; 

𝐸𝛼 is the Mittag-Leffler function; 𝛼 is the degree of fractional 

order; 𝐴 is the diode quality factor; 𝑞 is the charge constant; 𝐾 

is the Boltzmann constant; 𝑇 is the PV cell temperature; and 

𝑅𝑆 and 𝑅𝑆𝐻 are the internal resistances of the PV cell in series 

and parallel connections, respectively.[14]  

To accurately calculate the output current, the relevant 

parameters were adjusted to simplify Eq. (1), as follows: 

 
Fig. 1: PV microgrid structure. 
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I=Isc- [1-A(e
U

BUoc-1)] (2) 

For simplicity, Eq. (2) was rewritten as follows: 

Im=Isc- [1-A(e
Um

BUoc-1)] (3) 

where B represents the battery capacity.  

To simplify the calculation at room temperature, the value of 
𝑒𝑈𝑚

𝐵𝑈𝑜𝑐
 exceeded one, as follows:  

𝐼𝑚 = 𝐼𝑠𝑐 (1 −
𝐼𝑚
𝐼𝑠𝑐
) 𝑒

−𝑈𝑚
𝐵𝑈𝑜𝑐 (4) 

The state of the electric circuit was precisely represented as 

follows:  

𝐼𝑆 = 𝐼𝑠𝑐 [1 − (1 −
𝐼𝑚
𝐼𝑠𝑐
) 𝑒

−𝑈𝑚
𝐵𝑈𝑜𝑐 (𝑒

1
𝐵 − 1)] (5) 

when 𝑒
1

𝐵 significantly exceeded one, the battery capacity was 

as follows: 

𝐵 = (
𝑈𝑚
𝑈𝑜𝑐

− 1) [𝐼𝑛 (1 −
𝐼𝑚
𝐼𝑠𝑐
)]

−1

 (6) 

Eq. (2) - (6) were incorporated into a simulation model, from 

which the voltage–current (U-I) characteristic curve of the 

PV power was obtained.[15]  

After obtaining the U-I characteristics, the values of the 

light intensity and system temperature variation were 

calculated.[16] Subsequently, these values were substituted into 

Eq. (7) - (11) and used in the simulation. Firstly, the model was 

used to simulate normal external conditions (solar external 

condition 𝑆𝑟𝑒𝑓 = 1000𝑤 𝑚2⁄   and ambient temperature 

𝑇𝑟𝑒𝑓 = 25°𝐶 ). The power-voltage (P-V) simulation curves 

before and after MPPT tracking were then obtained. 

𝛥𝑡 = 𝑡 = 𝑡𝑟𝑒𝑓                      (7) 

𝐼𝑂𝐶
′ = 𝐼𝑆𝐶

′ (
𝑠

𝑠𝑟𝑒𝑓
) (1 + 𝛼𝛥𝑡) (8) 

𝛥𝑠 =
𝑠

𝑠𝑟𝑒𝑓
− 1 (9) 

𝐼𝑚
′ = 𝐼𝑚 (

𝑠

𝑠𝑟𝑒𝑓
) (1 + 𝛼𝛥𝑡) (10) 

𝑈𝑚
′ = 𝑈𝑚(1 − 𝑐𝛥𝑡)(1 + 𝑏𝛥𝑠) (11) 

The PV power simulation model was developed using 

MATLAB/Simulink simulation software, as shown in Fig. 2,[17] 

where f(u) is the S-function and the S-function module 

represents the s-function of MPPT in the PV module. 

 

2.2 DC load modeling 

Compared with PV power, establishing a DC load model is 

more convenient. The resistive-inductive-capacitive (RLC) 

load was selected using the Simscape module. 

The selected components were loaded into the simulation 

model. After encapsulation, a DC pulse load was obtained.[18] 

These load power variations were processed using module 

instructions that possessed good flexibility and operation. This 

model is shown in Fig. 3. 

 
Fig. 2: PV cell simulation model. 
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Fig. 3: DC load system model. 

 

 
Fig. 4: PV microgrid simulation model. 

 

2.3 DC microgrid modeling and parameter settings 

After modeling each module, a DC microgrid simulation 

model was built using Simulink software, as shown in Fig. 4.[19] 

The elapsed time was set as 3 s, while the discrete step was set 

at 5×10-7 s. 

The simulation environment was set as a discrete state, and 

the ode23tb simulation algorithm was used. Other simulation 

parameter settings included the maximum and minimum step 

sizes. 

The important parameters of each simulation component 

are listed in Table 2. The reference standard was IEC 61850-7-

420: Distributed energy resources (including PV) 

communication and automation.[20] 

 

3. System simulation results and analysis 

3.1 Output characteristic analysis of the PV cell 

The P-V characteristics of the PV array are shown in Fig. 5. 

When the operating voltage of the generator was lower than 

the maximum voltage Vmax, the output voltage of the PV array 

increased.[21–23] However, when the operating voltage exceeded 

Vmax, the output voltage gradually decreased, leading to a 

reduced output power of the PV array.[24,25] From the 

curve graph, the PV array performance can be optimized 

automatically using MPPT technology.[26] According to the 

voltage regulation on the console, the output power of the PV 

array can be adjusted under varying temperatures and lighting 

conditions, which improves the efficiency. 

Table 2: Model parameters. 

Name Numerical value 

Stabil Volt capacitor in PV side/F 20e-5 

Filter inductance in PV side/H 300e-6 

DC load/Ω 30 

Capacitor in load side/F 100e-6 
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Fig. 5: P-V characteristic curve of the PV array. 

 

Studies have demonstrated that fluctuations in temperature 

and light intensity continuously affect the output power, no-

load voltage, and short-circuit current of PV arrays. These 

environmental changes alter the equilibrium points of the 

system, reducing efficiency and impacting the rate of energy 

conversion, which is shown in Fig. 6. Therefore, the 

adaptability of the system to environmental changes must be 

improved.[27,28] Power variation under different situations must 

be constantly monitored to maintain maximum power output 

(MPO). Therefore, a detailed system-control strategy must be 

explored. Consequently, the output characteristics of the PV 

cell were analyzed.  

(1) I/U and P/U characteristic curves under a constant 

temperature and different light intensities: 

The operating temperature of the PV unit was set a constant 

25 ℃. The simulations of the effects of different light 

intensities on the PV array are shown in Fig. 7.  

From Fig. 7(a), under a constant ambient temperature 

(25 ℃), the battery current increased with increasing light 

intensity. Additionally, the open-circuit voltage (OCV) slightly 

increased, but its growth rate was lower than that of the electric 

current. This indicates that electric voltage is less sensitive to 

changes in illumination.[29,30] A single parabolic peak was 

observed in the P-U characteristic diagram. At 25 ℃, the 

battery output power positively correlated with light intensity, 

but beyond the maximum power point (MPP), the system 

power decreased despite an increase in voltage. In Fig. 7(b), 

the MPP was also positively correlated with light intensity. 

Therefore, under constant ambient temperature, the output 

power of the PV module positively correlates with light 

intensity.  

(2) I/U and P/U characteristic curves for a constant light 

intensity and different temperatures: 

 
Fig. 6: Real-time tracking power in different working conditions. 
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Fig. 7: I/U (a) and P/U (b) characteristic curves of different light intensities at a constant temperature. 

 

Subsequently, the light intensity of the PV unit was set to a 

constant 1000 W/m2. The simulations of the effects of different 

temperatures on the PV array are shown in Fig. 8.  

As shown in Fig. 8(a), with increasing temperature, the 

electric voltage decreased as the electric current increased. 

This change was more significant at different temperatures. Fig. 

8(b) shows that the temperature increased with decreasing 

output power, which explains the inverse proportionality 

between the maximum power and temperature. Consequently, 

under constant light conditions, an increase in temperature 

caused the output photovoltaic (OPV) device voltage to 

decrease while increasing the current, ultimately reducing the 

output power. By contrast, when the temperature decreased, 

the property parameters of the PV device exhibited a reverse 

trend. The experimental result is consistent with the IEC 

61850-7-420 standard. The error bound from the comparison 

of the simulation results with the partial differential equation 

(PDE) analytical solution was obtained as  

‖𝑃𝑠𝑖𝑚 − 𝑃𝑚𝑜𝑑𝑒𝑙‖ < 5%. 

According to the PV characteristic curves, the relationship 

between the voltage and current of the PV cell is completely 

different to that of a traditional energy storage cell. As the 

voltage increased, the current decreased. From the product of 

the voltage and current, the power change curve caused by the 

voltage was obtained. As the voltage increased, the power first 

increased and then decreased; therefore, an MPP existed. To 

improve the efficiency of the PV cell, it should always operate 

in MPPT. Therefore, research on the MPPT tracking algorithm 

in PV cells is extremely important.[31] 

 

3.2 Calculation process of the maximum power algorithm  

The maximum power algorithm significantly affects the 

electrical output characteristics. Variations in temperature and 

light intensity can affect the MPP of a PV cell, as well as its 

output voltage and current. In DC/DC conversion, buck and 

boost converters have the highest efficiencies. For a buck 

converter, the high voltage can be transformed to a low voltage. 

In general, the output voltage level of a PV array is low. For 

the grid-connected process, the grid-side level must be higher; 

therefore, a buck converter is seldom used. For a boost 

converter, the output voltage of the PV array increases, making 

the grid-connected process easy to implement. In addition, the 

impedance transformation function of a boost converter is 

commonly used for MPPT control and the circuit is easily 

driven.  

The boosting process of a DC boost circuit is the energy 

transfer process of inductance. On charge, the inductance 

absorbs energy. On discharge, the inductance releases energy. 

If the capacitance is sufficiently large, a stable electric current 

can be maintained during the discharge process in the output 

terminal. If this on and off process continuously repeats, the 

voltage in both sides of capacitance is higher than the input 

voltage. This adjustment, which involves changes in the 

battery power, is an effective control method, as shown in Fig. 

9. Owing to the maximum power control structure, a PV cell 

can approach or reach the MPO in different environments. 

Among them, Ipv and Upv are two output variables during the 

PV grid-connected process. 

The INC method was used for MPPT control. 

Instantaneous conductivity changes in the PV array can be 

monitored, and the MPP can be defined. The PV cell 

conductivity changes with the MPP, which corresponds to the 

 
Fig. 8: I/U (a) and P/U (b) characteristic curves of different temperatures at a constant temperature. 
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Fig. 9: Maximum output algorithm control structure. 

 

point at which the conductivity changes significantly. In this 

study, MPPT realization by INC steps were as follows:  

(1) The voltage (U) and power (P) of the PV cell were 

measured. 

(2) The rate of change in the conductivity (G) was calculated 

as dG/dV. 

(3) The MPP was confirmed when dG/dV=0.  

With this method, additional sensors and complicated 

mathematical models are not required. The MPPT can be 

found only with voltage and current measurements. 

Additionally, the INC algorithm is robust to the nonideal 

characteristics of PV cells and environmental changes. A 

comparison of the advantages and limitations of INC with 

other MPPT methods is shown in Table 3.[32] 

Table 3: Comparison of the advantages and limitations of INC with other MPPT methods. 

Method Advantages Limitations 

Perturbation and observation 

(P&O) 

(1) Simple implementation 

(2) Low hardware cost 

(3) A priori knowledge of the PV array not 

required 

(1) Oscillation occurs in a rapidly changing 

illumination 

(2) Low steady-state efficiency 

(3) Step selection proceeds sensitively 

Fuzzy logic control (FLC) 

(1) Adapted to nonlinear environment 

(2) Strong noise immunity 

(3) Accurate mathematical model not required 

(1) Complex design 

(2) Computing resource requirements are too high 

(3) Difficult to adjust parameters 

Artificial neural network (ANN) 

(1) Adapted to complex environment model 

(2) High predictive ability 

(3) Strong adaptability 

(1) Too much training data 

(2) High hardware implementation coat 

(3) Overfitting risk 

Particle swarm optimization 

(PSO) 

(1) Strong global search ability 

(2) Adapted to multi-peak MPPT 

(1) High computational cost 

(2) Complex parameter optimization 

(3) Slow convergence 

INC 

(1) Fast dynamic response 

(2) High steady-state accuracy 

(3) Low oscillation 

(1) High computation complexity 

(2) Sensitive to sensor noise 

(3) Higher precision voltage and current sampling 

requirements 

As shown in Fig. 10, the operating points were 

continuously adjusted using the INC algorithm. The PV cell 

always operated around the MPPT. This method can 

significantly improve the energy utilization of PV systems, 

from which solar energy can be maximally used. Based on 

accurate control and optimization, MPPT technology plays an 

important role in the field of PV power generation. 

The control process of the INC algorithm is shown in Fig. 

11. 

In Fig. 11, the duty cycle variation is ΔD. The MPP is 

defined as the change in dG/dV. In MPPT, the value of dG/dV 

changed from positive to negative. The duty cycle was 

adjusted to search for the MPP. This is a function of tracking 

control. In Figure 11, V(k) and I(k) represent the latest detected 

voltages and currents, respectively; and V(k-1) and I(k-1) are 

the previous detected voltage and current, respectively. The D-

values of the latest and previously detected values were 

calculated. K is a variable coefficient with a value in the range 

of 5-10. 

Regarding the illumination mutation condition, the INC 

Lyapunov stability analysis steps were as follows:  

(1) System modeling: 

The PV system dynamic equation (continuous-time) is as Eq. 

12: 

{
𝑉
⋅

= 𝑢
𝑑𝐼

𝑑𝑉
≈
𝛥𝐼

𝛥𝑉

 (12) 

where 𝑢 is the control input (duty cycle adjustment), 𝑉 is the 

PV output voltage, and 𝐼 is the output current.  

(2) Considering the power error 𝑒 =
𝑑𝑃

𝑑𝑉
  (MPP criterion), the 

Lyapunov function is as Eq. 13: 

𝑒 =
𝑑𝑃

𝑑𝑉
= 𝐼 + 𝑉

𝑑𝐼

𝑑𝑉
  (13) 

(3) The piecewise Lyapunov function was constructed. If 

illumination mutation occurred, 𝑉
⋅
(𝑒) < 0  prompted 𝑒  →0 

(converge to MPP) as Eq. 14: 

𝑉(𝑒) =
1

2
𝑒2 > 0(∀𝑒 ≠ 0) (14) 
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Fig. 10: Operation principle of the INC method. 

 

 
Fig. 11: INC algorithm control flow. 
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Fig. 12: INC simulation module. 

 

4. Simulation of different influence factors on the output 

power 

Based on the output characteristics of the PV cell, the MPO of 

the PV array was affected by the MPPT algorithm, light 

intensity, and temperature. Therefore, a wide-range and fast-

response INC algorithm was used as the MPPT control 

algorithm. 

 

4.1 MPPT controller 

The MPPT controller is the core component of a PV power 

generation system realizing MPPT. The main function of this 

module is using the relevant MPPT algorithm to adjust the duty 

cycle of the boost circuit, from which the boost circuit can be 

driven by the PWM output signal. Therefore, this module 

should include an MPPT algorithm and implement PWM.  

The simulation module is shown in Fig. 12. It uses the INC 

method to realize PWM control. As the MPPT control 

algorithm, the INC method has high precision and is easy to 

implement. The implementation principle of the INC method 

is as follows: The V-P curve of the PV cell in Fig. 8 shows that 

𝑑𝑃 𝑑𝑈⁄ = 0 at the MPP. According to mathematical derivation, 

at the MPP, 𝑑𝐼 𝑑𝑈⁄ = −𝐼 𝑈⁄   is valid. Therefore, when the 

output conductivity variation of the PV cell (𝑑𝐺 = 𝑑𝐼 𝑑𝑈⁄ ) is 

equal to the negative value of the output conductance (𝐺 =
𝐼/𝑈), the solar battery operates at the MPP. Therefore, 𝐺 + 𝑑𝐺 

can be used to identify whether the PV power generation 

system operates at the MPP. If 𝐺 + 𝑑𝐺＜0, the system operates 

on the right side of the MPP. At this point, the output voltage 

should be reduced. If 𝐺 + 𝑑𝐺＞0, the system operates on the 

left side of the MPP. At this point, the output voltage should be 

increased. Only if 𝐺 + 𝑑𝐺 = 0 does the system operate at the 

MPP. 

The control structure of the duty cycle is shown in Fig. 13. 

 

 
Fig. 13: Duty cycle control structure. 

 

4.2 Effect of different light intensities on the output power 

The constant temperature and initial light intensity were set at 

25 ℃ and 1000 W/m2, respectively. The light intensity at 1 s 

fluctuated at 500 W/m2 and increased to 800 W/m2 after 2 s. 

The PV panel parameters are listed in Table 4, and the 

temperature and light intensity curves are shown in Fig. 14. 

Table 4: PV panel parameters. 

Parameter Value 

Short-circuit current/Isc 8.35 A 

OCV/Usc 43.6 V 

MPP voltage/Um 34.5 V 

MPP current/Im 7.5 A 

MPP power/Pm 258.75 W 
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Fig. 14: Temperature (constant) and light intensity (variable) curves. 

 

As shown in Fig. 15(a), the PV output voltage fluctuated at 

approximately 34.5 V within 0.12 s. Although the light 

intensity changed, the voltage fluctuation remained small. As 

shown in Fig. 15(b), during the initial stage of the simulation, 

the output current rapidly reached 7.5 A, which aligns with the 

initial PV panel setup parameters. The current waveform can 

be clearly observed according to the partial enlargement of the 

oscilloscope. However, with changes in light intensity, the 

fluctuation became more pronounced. According to the PV 

output curve shown in Fig. 15(c), the incremental conductance 

was flexibly adjusted. Within 0.12 s, the MPP was rapidly 

tracked, which output the power. With changes in light 

intensity, the MPPT control algorithm continued to adjust, 

identifying the MPP. 

 

 
Fig. 15: PV array output curves under different light intensities. (a) Output voltage/V, (b) Output current/A, and (c) Maximum power 

output (W). 
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To enhance the robustness of MPPT, a fuzzy logic observer 

(FLO)-MPPT controller was used to prove the stability of the 

algorithm, using the following steps: 

(1) The error variables were defined as Eq. 15: 

𝑒 = 𝑃𝑝𝑣 − 𝑃𝑀𝑃𝑃, 𝛥𝑒 =
𝑑𝑒

𝑑𝑡
 (15) 

(2) The Lyapunov function was constructed as Eq. 16: 

𝑉(𝑒) =
1

2
𝑒2 > 0(∀𝑒 ≠ 0) (16) 

(3) Fuzzy control rate design: 

Input: 𝑒  and 𝛥𝑒  → Fuzzification → Fuzzy rule base → 

Defuzzification → Output 𝑢 (duty cycle increment 𝛥𝐷) 

(4) Lyapunov optimization constraint: 

The control rate was governed by Eq. 17: 

𝑉
⋅

= 𝑒 ⋅ 𝑒
⋅
≤ −𝜅𝑒2    (17) 

The PV system model 𝑒
⋅
= 𝑓(𝑒, 𝑢, 𝑑) was substituted, from 

which the stable domain of 𝑢 was determined. 
 

4.3 Effect of different temperatures on the power output 

The light intensity was set to 1000 W/m2 and the initial 

temperature was set to 25 ℃. The temperature increased to 35 ℃ 

in 1 s and decreased to 30 ℃ in 1.5 s thereafter. In 2.5 s, the 

temperature decreased again to 25 ℃. The PV panel 

parameters are listed in Table 2 and the temperature and light 

intensity curves are shown in Fig. 16. 

The effects of different temperatures on the PV array power 

output results are shown in Fig. 17, including the actual output 

voltage and current.  

 
Fig. 16: Temperature (variable) and light intensity (constant) curves. 

 

 
Fig. 17: PV array output curves under different temperatures. (a) Output voltage/V, (b) Output current/A, (c) Maximum power output 

(W). 
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From Fig. 17(a), in 0.16 s, the PV output voltage fluctuated 

by approximately 34.5 V. Although the temperature changed, 

the voltage fluctuation was minimal.  

As shown in Fig. 17(b), in the initial stage of the simulation, 

the output current quickly reaches 7.5 A, which aligns with the 

initial PV panel setup parameters. The current waveform can 

be clearly observed according to the partial enlargement of the 

oscilloscope. However, with changes in temperature, the 

current change is insignificant. According to the PV output 

curve shown in Fig. 17(c), the incremental conductance is 

flexibly adjusted. In 0.16 s, the MPPT is quickly tracked, 

which outputs power. The maximum power output did not 

change with changes in temperature. 

Overall, the primary factors affecting the maximum power 

output are light intensity changes and the MPPT algorithm, 

with the effect of light intensity being the most significant. 

According to the controlled experiment, the power prediction 

trend conformed to the output characteristics of the PV cell. 

The simulation data is consistent with manufacturers’ 

datasheets. 

 

5. Conclusion 

With rapid socioeconomic development, traditional energy-

supplying modes cannot meet the demand for overall growth. 

PV energy, a renewable and clean energy source, holds 

wide application prospects. Based on the references, the 

environmental factors make great effect on output 

characteristics of photovoltaic system. The solar irradiance and 

temperature are mainly influence factors. According to the 

meteorological data under different weather condition, the 

photovoltaic system output can be calculated by Matlab 

simulation model. It makes positive effect on power grid 

dispatch. In this manuscript, from the changes of PV system 

output characteristic curve with meteorological data changing, 

the meteorological parameters in simulation model is adjusted 

to acquire higher output power. It is consistent with real 

experimental result. Based on the output characteristics of 

photovoltaic system under different typical day, the 

temperature range of solar panels can be roughly found. It can 

prevent the thermal damage. The working status of 

photovoltaic system can be real-time tested. According to the 

regular cleaning, maintenance and overhaul for solar panels, 

the service life of solar panels will be extended. Besides, the 

output power of photovoltaic system can be stabilized, which 

improves the working efficiency of photovoltaic system. 

According to the deployment analysis of the PV power 

generation theory, the following conclusions can be drawn: 

(1) The working characteristics and principles of the PV supply 

were analyzed, exploring the characteristics and advantages of 

the PV supply. According to an analysis of PV microgrid 

construction object, the incremental conductance was used for 

power planning. 

(2) PV cells in the microgrid were modeled using the PV cell 

module in Simulink, and the DC load module was modeled 

using the RLC load in an electrical storehouse. Subsequently, 

the simulation parameters were defined. 

(3) The output characteristics of the PV power supply and 

output were simulated. Test results showed that with increasing 

temperature, system output power and voltage declined, and 

vice vera. Thus, temperature changes 

are inversely proportional to the output characteristics of PV 

power generation, although, the effect was minimal. 

(4) The effect of light intensity on the PV power generation 

output characteristics was significant. When light intensity 

significantly changed (from 1000 w/m2 to 600 w/m2), the 

output power of the PV system became unstable. This 

observation suggested that the performance of the PV system 

was poor under weak light intensities. Thus, a DC boost circuit 

can improve output stability. 

In this research, one kind of nonlinear system optimization 

based on derivative is developed, which can be extended to 

non-convex optimization problem with PV characteristics kind 

(Such as fuel cell and chemical reaction process). The 

proposed work in future work is as follows: 

From the experimental result, the MPPT control system in 

this manuscript can be used for simulation research of MPPT 

in PV power generation system. It is very significant for the 

research of external environment effect on PV power 

generation control. Meanwhile, the pure inductive loads are 

selected in Boost simulation circuit. Regarding to the effect of 

capacitive reactance loads on MPPT control system, it is still 

needed for further research. 
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