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Abstract: The conventional P & O (perturb-and-observe) method, which is the most widely used as MPPT (maximum power point 
tracking) control, has the problem of low efficiency and unstable operation when solar radiation changes drastically. Aiming at this 
problem, this paper improves the conventional P & O method to reduce the bad effect of solar radiation by shortening the sampling 
interval of PV module’s output power while keeping the operating period unchanged. Experiments are conducted to study efficiency 
gains of improved method when solar radiation changes drastically. The result shows that, by this method, the efficiency of MPPT 
control can be increased 17% in average when PV module simulator is used and 20% at maximum when actual PV module is used, 
compared with the conventional P & O method. 
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1. Introduction 

Nowadays in a household PV generation system, the 

P & O (perturb-and-observe) method is the most 

widely used as MPPT (maximum power point 

tracking) control. However, it has several problems in 

actual application. So, Itako, et al. [1-4] have 

discussed the improved MPPT control method. One of 

the problems of conventional P & O method is low 

efficiency and unstable operation when solar radiation 

changes drastically. To solve this problem, we have 

proposed an improved P & O method which has 

different sampling timing and same operating period 

with the conventional P & O method. The result of 

experiments shows that, by the new method, the 

efficiency of MPPT method can be increased when 

solar radiation changes drastically. 

2. The Problem of the Conventional Method 

The P & O method is the most widely used as 

MPPT control. It is executed by periodically 
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perturbing (incrementing or decrementing) the array 

terminal voltage and comparing the PV output power 

with that of the previous perturbation cycle. If the 

power is increasing, the perturbation will continue in 

the same direction in the next cycle, otherwise, the 

perturbation direction will be reversed [5-8]. The 

flowchart of this method is represented in Fig. 1. 

However, the conventional P & O method can lead 

to the problem of low efficiency when solar radiation 

changes drastically. Fig. 2 shows the operation of the 

conventional method when solar radiation is stable. 

Fig. 2a demonstrates the waveform of the PV 

module’s output voltage. Assuming that the voltage is 

perturbed from V1 to V2 , as the sampling period of the 

conventional method is the same as the operating 

period, the output power of PV module is sampled at 

t1 and t2 (sampling interval Δt), and then, P1 and P2 

will be compared for the next move. Fig. 2b is PV 

characteristics of the module that correspond to timing 

t1 and t2. According to the principle of the P & O 

method, the output voltage will be moved back to V1 

when P1 > P2 is determined. 
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(a)                                (b) 

Fig. 1  The flowchart of P & O method. 
 

    
Time (s)                                 Output voltage of PV module 

(a) The waveform of output voltage                           (b) P-V characteristic 

Fig. 2  The operation of the conventional method (stable solar radiation). 
 

Fig. 3 shows the operation of the conventional 

method when solar radiation is rising. As shown in  

Fig. 2b, it should be P1 > P2 when operating point is 

altered from V1 to V2. But, by the effect of the 

increasing solar radiation, P-V characteristic is 

changed from P-Vt1 to P-Vt1 in Fig. 3b. As a result, the 

judgment of P1 < P2 is made, the operating point is 

incorrectly moved to V3, which away from the MPP 

(maximum power point). 

As shown in Fig. 4, if the solar radiation continues 

to rise, the operating point will become unstable and 

gradually move away from the MPP, leading to a low 

efficiency of the system. 

3. The Improved Method 

The variation dP of module’s output power that 

based on the operating of the P & O method can be 

explained by Eq. (1): 

dP  = 
2 1( ) ( )P t P t  = d vP  + d ( )GP t   

0
lim d d 0v

t
P P 
             (1) 

It can be seen that, the influence of the solar 

radiation can be restrained by shortening Δt. The most 

obvious way would be shortening the operating period 
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Time (s)                                   Output voltage of PV module 

(a) The waveform of output voltage                          (b) P-V characteristic 

Fig. 3  The operation of the conventional method (increasing solar radiation). 
 

 
Output voltage of PV module 

Fig. 4  The operation when solar radiation continues to 
grow. 
 

of the P & O method. However, to achieve this goal, 

the hardware (for example, the dynamic 

characteristics of the circuit) has to be reconsidered 

for the high-frequency PWM (pulse width modulation) 

signal. There is also a possibility of unstable output if 

the operating period is too short. 

As shown in Fig. 5a, this paper proposed an 

improved method that taking the sampling timing 

immediately before and after the alteration of voltage. 

By this way, Δt is greatly shortened, the PV 

characteristics in Fig. 5b that corresponding to timing 

t1 and t2 will be basically the same, virtually 

unaffected by the increasing solar radiation. Therefore, 

P1 > P2 is accurately judged, the low efficiency caused 

by solar radiation can be suppressed. In this method, 

because the operating period is unchanged, no 

changing of hardware is required. 

4. Experiments 

The control system of experiments is shown in Fig. 6. 

It is composed of a boost converter which operating 

MPPT control to the PV array. 

The conventional method and the improved method 

will be compared in the experiments. The setting 

parameters of two methods are shown in Table 1. The 

parameters of conventional method are set according 

to the commercial products. The operating period and 

perturbing voltage of two methods are the same while 

the sampling interval Δt of improved method is quite 

shortened. 

4.1 The Experiment Using Simulator of PV Module 

The simulator of PV module which can set the 

changing solar radiation freely is first taken for the 

experiment. The variation of solar radiation is set as 

following rule: increasing the solar radiation level 

from 30% to 100% (Equivalent to 1,000 W/m2) in 8 s 

and then reducing from 100% to 30% in 8 s repeatedly. 

Fig. 7a shows the waveform of conventional method. 

It can be seen that, the output voltage of PV module 

simulator is very unstable and changing sharply as the 
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Time (s)                                   Output voltage of PV module 

(a) The waveform of output voltage                             (b) P-V characteristic 

Fig. 5  The operation of the improved method. 
 

 
Fig. 6  The control system of experiments. 
 

Table 1  The setting parameters of MPPT control. 

 
Conventional 
method 

Improved  
method 

Operating period (s) 1 1 

Sampling interval Δt (s) 1 0.15 

Perturbing voltage (V) 1 1 
 

solar radiation. Fig. 7b shows the waveform of 

improved method. As the solar radiation changing 

drastically, the output voltage is operating stably. 

Fig. 8 shows the MPPT efficiency (= the output 

power of PV module simulator PPV/Pmax × 100%) of 

two methods. The average MPPT efficiency of the 

conventional method is 72.2% while the improved 

method is 90%, 17% increased by comparison. 

Therefore, it is confirmed that, the MPPT efficiency of 

improved method is greatly increased compared with 

conventional method. 

4.2 The Experiment Using Actual PV Module 

The experiment using actual PV module is also 

conducted. The picture of the control system is shown 

in Fig. 9, it has same structure with Fig. 6. Table 2 

shows the electronic parameters of PV module. 

Fig. 10 shows the operation of two methods in the 

condition of actual solar radiation. When solar 

radiation suddenly increases, the output voltage of the 

improved method continues to operating at the MPP 

stably and the output power is also increased at the 

growth rates of solar radiation. On the contrary, the 

output voltage of the conventional method becomes 

unstable and moves away from the MPP as the solar 

radiation is rising. The output power of the improved 

method increases about 20% at maximum compared 

with conventional method after calculation. 

5. Conclusions 

This paper proposes an improved P & O method 

which shortens sampling interval of PV module’s 

output power to inhibit the influence of changing solar 

radiation. In the experiment using simulator of PV 

module, the MPPT efficiency is increased 17% in 

average by improved method. In the experiment of 

actual PV module, efficiency can be increased 20% at 

maximum compared with conventional method. 

Therefore, it is confirmed that, the improved method 

can solve the problem of low efficiency caused by the 

rapid change of solar radiation. 
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(a) The conventional method 
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(b) The improved method 

Fig. 7  The operation waveform under the changing solar radiation. 
 

 
Fig. 8  The efficiency of two methods. 
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Fig. 9  The picture of the control system. 
 

Table 2  The electronic parameters of PV module. 

Maximum power (W) Maximum power voltage (V) Maximum power current (A) 

50 16.4 3.05 
 

 
Fig. 10  The operation of MPPT control. 
 

Since the improved method has not been tested in 

an actual PV generation system (5 kW), the 

experiments on actual system are future work. 
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