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Abstract. The biggest problem with the photovoltaic power generation system is that the 

energy utilization rate is too low due to the instability of its power. Therefore, a reasonable 

method must be developed to track its maximum power so that the photovoltaic cell can 

output the maximum power at all times. Compared with the large oscillation at the 

maximum power point of the traditional disturbance observation method, an improved 

disturbance observation method with PID control duty cycle is proposed. The duty cycle 

of the boost circuit is controlled by the PID algorithm and the disturbance step length of 

the P-D characteristic is changed. Match the load impedance with the input impedance of 

the photovoltaic cell, so the photovoltaic cell outputs the maximum power, increasing the 

tracking efficiency. 

Keywords: Photovoltaic system; maximum power tracking; PID control 

1  Introduction  

Since the output power of photovoltaic cells will change with changes in the external 

environment and load, it must be tracked and controlled so that photovoltaic cells always output 

at maximum power. At present, the commonly used maximum power tracking (MPPT) methods 

for photovoltaic systems include constant voltage method, disturbance observation method, 

conductance increment method, etc. [1-3]. Literature [3] proposes a tracking method that 

directly perturbs the duty cycle. Literature [9] verifies the effectiveness of directly perturbing 

the duty cycle through simulation, but there is a certain deviation, which is different from the 

initial value of the duty cycle.  

Select the relevant, this article introduces a method based on the perturbation observation 

method, which is an optimized method in the literature [8]. The general process of this method 

is to add an MPPT module between the photovoltaic cell and the load. 

The function of this module is to sample the duty cycle and output power, and then compare 

the power of equidistant points on both sides of the duty cycle, and finally determine the 

direction of the disturbance. 
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The function of this module is to sample the duty cycle and output power, and then compare 

the power of equidistant points on both sides of the duty cycle, and finally determine the     

direction of the disturbance. Compared with the traditional disturbance observation method, the 

tracking efficiency is improved. Effectively avoid the oscillation phenomenon of power tracking. 

By controlling the duty cycle of the switching element in the Boost circuit, the load impedance 

is matched with the input impedance of the photovoltaic cell, so the maximum power is output 
and the photovoltaic cell is boosted at the same time.  

According to the characteristics of the photovoltaic cell, the simulink model is established, 

and the improved disturbance observation method is combined to simulate it, and the result of 

MPPT is obtained. 

2  Photovoltaic cell modeling and output characteristic simulation 

2.1  Photovoltaic cell equivalent circuit 

There are three types of equivalent circuits for photovoltaic cells [4]. The more commonly 

used equivalent circuits are shown in Figure 1. 
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Fig. 1.Solar photovoltaic cell equivalent circuit. 

 
The I-U characteristic curve of an ideal photovoltaic cell is obtained by subtracting the 

current of the diode from the photovoltaic cell photocurrent, but the photovoltaic cell in the 

experiment should consider the actual internal loss of the battery. Therefore, the model shown 

in the above [1]figure not only considers the series resistance Rs, the resistance value is generally 

low, which means the loss resistance of the line [5], but also considers the parallel resistance Rsh, 

which means the bypass resistance, and the resistance value is generally higher. , The order of 

magnitude is 103Ω, Ish is the leakage current caused by the process, Iph is the photogenerated 

current proportional to the light intensity, I is the output current, and Id is the diode saturation 

current [6]. According to the circuit diagram, Kirchhoff's theorem can be obtained: 

                 𝐼 = 𝐼𝑃ℎ − 𝐼𝑑 − 𝐼𝑠ℎ                             (1) 

The expression of Id and Ish in formula (1) is (2). 

           𝐼𝑑 = 𝐼0{exp [
𝑞(𝑈+𝐼×𝑅𝑠)

𝑛𝐾𝑇
] − 1}      𝐼𝑠ℎ =

𝑈+𝐼𝑅𝑠

𝑅𝑠ℎ
                   (2) 

In the formula, I0 is the saturated reverse current, K is Boltzmann's constant, and the value  

is 1.38x 10-23J/K; n is the ideal factor of the diode, usually about 1.3, and q is the charge of the 



 

electron, which is 1.6ⅹ10-19C. 

Substituting (2) into (1) can obtain the characteristic expression (3) of photovoltaic cells: 

              𝐼 = 𝐼𝑝ℎ − 𝐼0 {exp [
𝑞(𝑈+𝐼×𝑅𝑠)

𝑛𝐾𝑇
] − 1} −

𝑈+𝐼𝑅𝑠

𝑅𝑠ℎ
                      (3) 

Since the value of the bypass resistor Rsh is particularly large, the bypass current Ish is small 

enough to be ignored, so the above equation can be rewritten as (4). 

                 𝐼 = 𝐼𝑝ℎ − 𝐼0 {exp [
q(𝑈+𝐼×𝑅𝑠)

𝑛𝐾𝑇
] − 1}                         (4) 

Because Rs in the equivalent circuit diagram of the photovoltaic cell is much smaller than 

the forward conduction resistance of the diode, it can be approximated as Iph=Isc. 

According to the I-U relationship of the photovoltaic cell, the output characteristic equation 

can be obtained. At the same time, the engineering mathematical model is established, and 

𝐼0=𝐴1𝐼𝑠𝑐  , 
𝑛𝐾𝑇

𝑞
= 𝐴2𝑈𝑜𝑐.Available (5): 

                    𝐼 = 𝐼𝑠𝑐 − 𝐴1𝐼𝑠𝑐 {exp [
𝑈

𝑈𝑜𝑐𝐴2
] − 1}                          (5) 

Solve A1 and A2 by formula (5): 

                        𝐴1 = (1 −
𝐼𝑚

𝐼𝑠𝑐
)exp (

−𝑈𝑚

𝐴2𝑈𝑜𝑐
)                           (6) 

                        𝐴2 = (
𝑈𝑚

𝑈𝑜𝑐
− 1) [ln (1 −

𝐼𝑚

𝐼𝑠𝑐
)]-1                        (7) 

In practical applications, the short-circuit current of photovoltaic cells under standard 

conditions (light intensity Sc=1000W/m2, battery temperature T=25 degrees Celsius) is Isc, the 

open circuit voltage is Uoc, the maximum power point Um, and the maximum power point current 

Im. These parameters are fixed values, so A1, A2 can be obtained as a constant. When the 

temperature or light intensity changes, it is necessary to recalculate the 4 parameters under the 

new conditions as Isc-n, Im-n, Uoc-n, Um-n. And recalculate A1-n, A2-n, under the new conditions: 

                         ∆𝑇=T-Tc                                          (8) 

                        ∆𝑆 =
𝑆

𝑆𝑐
− 1                                    (9) 

                  𝐼𝑠𝑐−𝑛 = 𝐼𝑠𝑐(
𝑆

𝑆𝑐
)(1 + 𝑎∆𝑇)                              (10) 

                  𝐼𝑚−𝑛 = 𝐼𝑚(
𝑆

𝑆𝑐
)(1 + 𝑎∆𝑇)                              (11) 

                   𝑈𝑜𝑐−𝑛 = 𝑈𝑜𝑐[(1 − 𝑐∆𝑇)ln (𝑒 + 𝑏∆𝑆)]                      (12) 

                 𝑈𝑚−𝑛 = 𝑈𝑚[(1 − 𝑐∆𝑇)ln (𝑒 + 𝑏∆𝑆)]                     (13) 

The coefficients in the formula are typical values: a=0.0025, b=0.5, c=0.00288. To sum up, 

build a simulation model in simulink according to the engineering mathematical model of 

photovoltaic cells as shown in the figure. The parameter settings select the photovoltaic cell 

model CN-200S on the market: Pm=120W, Isc=7.68A, Im=6.94A, Uoc=17.5V, Um=28.8V. The 

coefficients a, b, c in the formula are typical values. The model of the photovoltaic cell is shown 



 

in the Figure 2. 

 

 

 

Fig. 2. Photovoltaic cell model. 

 

2.2  Photovoltaic cell simulation results 

Run the simulation of the photovoltaic cell model, and finally get the output characteristic 

curve of the photovoltaic cell. As shown Figure 3. 

 

 

 

Fig. 3. U-I, U-P characteristic curves of photovoltaic cells. 

 
Figure 4 is the P-U characteristic curve diagram of the output of the photovoltaic cell when 

the temperature is constant and the light intensity is different. The image shows that the output 

power of the photovoltaic cell changes with the voltage. Under certain external conditions, the 

photovoltaic cell has a maximum output power. 
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Fig. 4. Photovoltaic cell P-U diagram. 

 

It can be seen from Figure 4 that when the temperature of the photovoltaic cell is constant, 

as the light intensity increases, the short-circuit current of the photovoltaic cell will increase 

with the increase of the light intensity; the output power of the photovoltaic cell will increase 

with the increase of the light intensity. And the maximum output power also increases with the 

increase of light intensity. It is worth mentioning that their changes are very obvious.  

Therefore, we can get a conclusion, that is the power-voltage relationship and the current-

voltage relationship of photovoltaic cells is not a linear relationship, but an obvious non-linear 

relationship.  

At the same time, we can also get that the short-circuit current and output power of 

photovoltaic cells are greatly affected by the light intensity, and the open circuit voltage is 

relatively small. 

3  Disturbance Duty Cycle Control Method 

3.1  Traditional disturbance observation 

During the entire process of photovoltaic power generation grid-connected system, the 

efficiency of photovoltaic cells is worth considering. According to statistics, the efficiency of 

photovoltaic cells is only about 10%, which limits the operation of photovoltaic power 

generation systems to a certain extent. It is known that the output characteristics of photovoltaic 

cells are affected by light intensity and temperature, and it has been known that the output 

characteristic curve of photovoltaic cells is not a straight line, so they are in a nonlinear 

relationship.  

When the external environmental conditions change, the output of photovoltaic cells 

Voltage and current will change, output power will also change, but no matter how it changes, 

there is only one maximum power point.  

The process of traditional disturbance observation method is to artificially apply a 

disturbance amount ΔU to the output voltage of the photovoltaic cell, observe the power change, 

if the output power increases, continue to impose disturbance in this direction, if the power 

decreases, impose disturbance in the reverse direction.  



 

When the power is reduced again, it means that it is near the maximum power point, and it 

continues continuously, and finally the power has been oscillating near the maximum power 

point. This method is relatively simple to implement, but there will be a lot of power loss at the 

maximum power point. The traditional disturbance observation method MPPT model is shown 

in the Figure 5. 

 

 

 

Fig. 5. Traditional disturbance observation method MPPT model. 

 

3.2  PID disturbance duty cycle observation method 

Because the P-D curve of the photovoltaic system is basically similar to the P-U image, the 

disturbance observation method is also applicable. This method tracks the power by controlling 

the duty cycle of the switching element in the Boost circuit. The specific method is as follows 

[7]. 

As shown in Figure 6, it is a Boost circuit with a period of T and a duty cycle of d. 

According to the circuit, the relationship between the duty cycle and the voltage can be obtained. 
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Fig. 6. Boost circuit. 

 

When the switching element is turned on, the photovoltaic power supply charges the 

inductor and the capacitor discharges the resistor. The current that the inductor increases during 

this process is ∆𝐼𝐿 =
𝑉𝑖𝑛

𝐿
𝑑𝑇. 

When the switching element is turned off, the inductor and the photovoltaic power supply 

both charge the capacitor, and the current reduced by the inductor is ∆𝐼𝐿
′ =

𝑉𝑖𝑛−𝑉0

𝐿
𝑇(1 − 𝑑). 

In a cycle, when a continuous current flows through the inductor, the charging current and 



 

the discharging current of the inductor are equal, so you can get ∆𝐼𝐿=∆𝐼𝐿
′ , so 𝑉0 =

𝑉𝑖𝑛

1−𝑑
, 𝐼0 =

𝐼𝐿(1 − 𝑑). 

Therefore, the input impedance of the photovoltaic cell can be obtained Rin=R(1-d)2, so only 

the duty cycle d needs to be adjusted so that the input impedance of the photovoltaic cell is equal 

to the load impedance, and the maximum power can be obtained. Improved tracking efficiency. 

 

3.3  How to change the duty cycle through PID control 

Track the maximum power of the photovoltaic cell and then output the maximum power. 

This paper proposes an MPPT strategy based on the perturbation and observation method. The 

method is to obtain a duty cycle that can be automatically changed through the perturbation 

observation method, and then PID control the duty cycle Then output the final duty cycle. The 

specific method is as follows. 

 

 

Fig. 7. Photovoltaic cell P-D diagram 

 

The P-D relationship diagram of the photovoltaic cell can be obtained by calculation as 

shown in the Figure 7, so any point in the figure above indicates that the size of D at a certain 

moment is Dk, and then two equidistant points are taken before and after this point.  

They are Dk-1, Dk+1 and Dk+1=Dk+ΔD，Dk-1= Dk -ΔD, and finally 9 different situations of 

three point powers can be obtained according to different positional relationships [8].  

Suppose that point A on the P-D diagram is taken as the original operating point, points B 

and C are two sampling points with the same step distance from A, and the power of the three 

points is Pk for point A and Pk-1 for point B. Point C is Pk+1. Then the direction of duty cycle 

disturbance can be determined by comparing the power relationship between A and B, C and A.  

If both comparisons are greater than, it can be determined that the photovoltaic cell is 

working on the left side of the maximum power point at this time, and the duty cycle should be 

increased at this time. If both comparisons are less than, it can be determined that the 

photovoltaic cell is working on the right side of the maximum power point at this time, and the 

duty cycle should be reduced at this time. If one of the two comparisons is greater than one and 

the other is less than, it can indicate that the photovoltaic cell is working near the maximum 

power point at this time, and the duty cycle is not adjusted.  
Through the experimental simulation results, it can be seen that the method of pairwise 

comparison to determine the disturbance direction proposed in this paper has certain advantages. 

Its control logic includes every situation, and the tracking speed and tracking efficiency have a 

certain improvement compared with traditional methods.  

First set the reference quantities H and Y, [9] when Pk> Pk-1, Y=1, otherwise Y=-1. When 

Pk+1>Pk, Y=1 otherwise Y=-1. when Pk=Pk-1, Pk+1=Pk, Y=0. H=Y1+Y2. The MPPT control process 



 

introduced in this article is as follows: 

 

If Pk>Pk-1, Pk+1>Pk，then H=2 

If Pk>Pk-1, Pk+1<Pk，then H=0 

If Pk<Pk-1, Pk+1<Pk，then H=-2 

If Pk>Pk-1, Pk+1=Pk，then H=1 

If Pk=Pk-1, Pk+1<Pk，then H=-1 

If Pk=Pk+1, Pk-1=Pk，then H=0 

 

The above six situations do not include misjudgment. If a misjudgment occurs, it means 

that the system has made an error. Therefore, they are all judged as H=0, and the existing duty 

cycle remains unchanged [10].  

This control method of changing the duty cycle based on the disturbance observation 

method can significantly reduce the oscillation of the output power of the photovoltaic cell at 

the maximum power point.  

The duty cycle is sampled and the relationship between the power is compared and then an 

appropriate duty cycle is output. Finally, the output duty cycle is PID adjusted and the final duty 

cycle is output to the switching element in the Boost circuit.  

The photovoltaic cell can output the maximum power, so that the cell always works near 

the maximum power point to achieve the purpose of tracking the maximum common power. 
The control principle diagram and control flowchart are shown in the Figure 8 and Figure 9. 
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Fig. 8. Schematic diagram of duty cycle disturbance. 
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Fig. 9. Duty cycle disturbance control flowchart 

 

The overall model of photovoltaic cells can be seen as a combination of several modules, 

first is the photovoltaic cell module, then the Boost circuit module, MPPT control module, and 

PWM pulse width modulation module. Combine various modules together to form the entire 

photovoltaic power generation system [11]. The simulation model is shown in the Figure10. 



 

 

 

Fig. 10. Overall model of photovoltaic cells. 

 

The power tracking results obtained by running the above model in Matlab/Simulink are 

shown in Figure 11 and Figure 12. 
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Fig. 11. Power tracking graph. 
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Fig. 12. Power tracking graph. 

 

4  Conclusion 

At present, there are many methods for maximum power tracking of photovoltaic systems. 

The traditional methods can no longer meet people's requirements due to their imperfect 

tracking efficiency and tracking accuracy. Therefore, this article proposes an improved 

disturbance observation method. And the feasibility of the method is verified through simulation 

experiments. This method avoids the problem of photovoltaic cells oscillating at the maximum 

power point, reduces power loss and increases the efficiency of power tracking. For the power 

tracking research of photovoltaic systems, A certain reference price. 
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