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ABSTRACT: In order to obtain the maximum power output of the solar cell, the output power 
should be continuously monitored in real time. Based on the traditional perturbation and observation 
methods, we propose a new algorithm of maximum power point tracking. The method uses the 
slope of the P-V curve to determine the disturbance step, which improves the tracking performance. 
Simulation results show that this method is superior performance. 

PHOTOVOLTAIC POWER MAXIMUM POWER POINT (MPPT) TRACKING 
In order to improve the power generation efficiency of the photovoltaic power generation system 
and reduce production costs, from the view of electronic systems, the MPPT (Maximum Power 
Point Tracking, referred MPPT) is a preferred solution because it is simpler, faster and more effec-
tive. 

Figure 1 shows a characteristic curve of the solar cell, which I-V characteristic curve with a solid 
line to present, P-V characteristic curve with dotted lines showing. 
 
Figure1. Solar cells characteristic curve 
 
Among them, 

SCI ：Short circuit current, which is the biggest current of solar cell output under specific tempera-
ture and sunshine intensity; 

mI ：Current of maximum power point, which refers to the current of maximum power output of 
solar cell under a specific temperature and sunlight intensity; 

OCV ：Open circuit voltage, which refers to the voltage of maximum output of solar cell under a 
specific temperature and sunshine intensity; 

mV ：Maximum power point voltage, which is to point to voltage value of maximum power output 
of solar cell under a specific temperature and sunlight intensity. 
It can be clearly seen on the solar cell IV characteristic curve that at a particular light intensity and 

relative humidity conditions, the maximum power output point mP  can always be found on the so-

SCI

mI

mV OCV

mPI

V

International Conference on Information Technology and Management Innovation (ICITMI 2015) 

© 2015. The authors - Published by Atlantis Press 371



lar cell output curve, so better methods can be found to solve this problem. In order to get the max-
imum power output of the solar cell, the output power of solar cell should be continuously moni-
tored in real time. In actual operation, the operating point of the PV array needs to be adjusted to 
make it work in the vicinity of the maximum power point, which is called optimization. 
It is well-known that there are many ways to calculate the maximum power point tracking[1-3], such 
as constant tracking method, the incremental conductance method, perturbation and observation me-
thod and batch scanning. Characteristics of constant voltage tracking method is relatively higher re-
liability, simpler to operate and easier to control, and the entire power system is less prone to signif-
icant change in the oscillation. In other words, this method improves the stability of the system. But 
the disadvantage is also obvious, such as the accuracy of control range is not high, and dramatic 
changes in sunlight intensity and temperature difference between the relatively large area is not ap-
plicable. Therefore, this algorithm is being gradually replaced by other algorithms. Incremental con-
ductance method and perturbation and observation method are substantially the same principle. The 
most obvious difference is that the former uses predicate logic, the latter is for certain measurement 
parameters necessary trade-offs. Implement incremental conductance method is relatively complex, 
in terms of temperature and speed detection, the method affect the tracking power point, which in-
crease the difficulty of control and calculation[4]. 

PERTURBATION AND OBSERVATION METHOD 
Fixed step disturbance observation method is based on the first output current in operation of the 
PV array for accurate measurements, and secondly in the original working state of the system, to ar-
tificially increase the output voltage of a voltage component (or called disturbance), eventually the 
change of output power system can be detected, and we will use the change of power varying sizes 
to find the maximum power point of photovoltaic power generation system. If the relationship be-
tween a given output power voltage and the system actual voltage was proportional which proves 
the location of the maximum power point is on the right of the current operating point, the next step 
is to further increase the voltage; if the relationship was inversely, which proves the left position of 
the maximum power point in the current operating point, we need to further reduce the voltage. Fi-
nally, the desired effect is achieved at the maximum power point working point near the work area.  
The advantage of perturbation and observation method is that it is reliable and simple to operate, 
relatively easier to implement. The disadvantage is that it is not easy to define the step, in other 
words, if the step is too short or too long, the tracking performance of the system will be directly af-
fected. It is not sure to determine the position of the maximum power point. Changes in the external 
environment is also likely to lead to misjudgment of the system, For example, when the system is 
working 25 C°  of ambient temperature, the radiation intensity of light is 2800W m , this time 
looking for the maximum power point, the measured direction to decrease the disturbance. When 
the system is still working 25 C°  of outside ambient temperature, when the light radiation intensity 
becomes 21000W m , after the increase in the disturbance, estimates the system power increases, so 
we could easily determine the direction of the disturbance is still decreasing, but the actual distur-
bance voltage should be increased, this is the system in the external environment changes, made the 
wrong judgment. 
Calculate flow chart is shown in Figure 2, in which Vold  and Iold , respectively, the value of the 
first 1k −  second solar cell output voltage and current [5]. 
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Figure 2.  The flow chart of disturbance observation 
 

FRACTIONAL STEP PERTURBATION AND OBSERVATION METHOD BASED ON P-V 
CURVE SLOPE  
Based on the perturbation and observation method, we proposed fractional step perturbation and ob-
servation based on P-V curve slope. 
Through solar cell P-V characteristic curve (Figure 1), it can be known that the slope of the P-V 
curve at the maximum power point is zero. According to the knowledge of advanced mathematics, 
when the points on the left side of the curve are close to the maximum point, the slope of the curve 
is smaller and closer to zero. In the same way, the absolute value of the slope of the curve is smaller 
and closer to zero. Therefore, the perturbation step size and P-V curve slope and can be used to es-
tablish a relationship between the two, namely when in the P-V curve of slope absolute value small-
er, perturbation step should be decreased, whereas it should be increased. 
The algorithm flow chart of the slope of the P-V curve is based on the fractional step method. The 
flow chart is shown in Figure 2: P (0) is the previous output power of system, DV is the variation of 
previous voltage, V and I respectively represent the solar cell voltage and the output current value, P 
(k) for measurement the system output power, the temp to a temporary variable, Vref is the voltage 
value to be output from a photovoltaic cells next time. 
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Figure 3. Flow chart of the step by step method based on the slope of P-V curve 
 
In Figure 3, formula Temp=k*( P(k)-P(0))/DV is the core of this method, by which can be known 
that the perturbation step is determined by the slope of the P-V curve. The ratio of P (k) -P (0) with 
DV can be very good to determine the positive and negative step, so as to achieve the purpose of 
improving the efficiency of the whole system. For the proportion coefficient k, usually take 1. 
Any situation can occur in real working environment. When temperature changes more frequently 
and light intensity changes obviously, large disturbance step will also change, so it is necessary to 
control its step length variation to achieve the optimal control results. Through a series of simula-
tion research, we determine the value of 0.5, that is the value of step length variation smaller than 
0.5 is optimal, and it needs to be forced to 0.5 if greater. 
When the whole system is in static mode, the operation of the system over a period of time tracking, 
perturbation step size becomes zero, with the power becomes zero, at this time there will be Temp = 
k * (P (k) - P (0))/DV the denominator is zero, it is not reasonable, once the external environment 
changes, and the whole system has lost the ability to continue to follow, so as long as when distur-
bance step length is less than 0.05, forced to as 0.01, in order to achieve the purpose of improve the 
static characteristic of the algorithm. 
Several parameters mentioned above are determined by calculation and simulation. In actual work-
ing environment, they can be determined according to actual situation. 

SIMULATION RESULTS  

The solar cell Simulation Model 
Use function module to establish the internal structure of solar cell simulation model shown in Fig-
ure4 in Simulink environment of MATLAB software. 
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Figure 4. Solar cell simulation model the internal structure 
Maximum power point tracking model 
In MATLAB, we write MPPT control algorithm by S function, use of the solar cell model above to 
establish MPPT simulation in MATLAB environment. Simulation schematic is shown in Figure 5. 

 
Figure 5. MATLAB simulation diagram of MPPT 
The simulation results 
In the MPPT of S function, respectively calculate the results according to fixed step length distur-
bance observation process and step by step length disturbance observation based on the slope of P - 
V curve. The simulation results are shown in figures 6 and 7. 
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Figure 6 Fixed step disturbance observation. 
 
 
 

 
 
Figure 7 Based P-V curve slope fractional step perturbation and observation method. 
 
As can be seen from Figures 6 and 7, based on the P-V curve slope fractional-step perturbation ob-
servation method, dynamic and static resistance are significantly better than fixed step disturbance 
observation.   
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