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Abstract. The output of photovoltaic array under uniform light is nonlinear with single peaks.
Among the MPPT strategies, The P&0O Maximum Power Point Tracking algorithm is mostly used,
due to its ease of implementation. However, its main drawbacks are the waste of energy in steady
conditions, when the working point moves across the MPPT and the poor dynamic performances
exhibited when a step change in solar irradiance or in temperature occurs. Because of this
disadvantage, P&O based on variable metric method is proposed. Combining these two algorithms,
use variable metric can automatic change the step-size during the process. Compared with the
conventional fixed step size method, the proposed approach can effectively improve the MPPT speed
and accuracy simultaneously. A theoretical analysis and the design principle of the proposed
algorithm are provided and its feasibility is also verified by simulation.

Introduction

Maximum power point tracking is an important part in photovoltaic power generation system,
which can transmit the maximum power of panels array to the inverter system. The control methods
of MPPT in common use is traditional P&O. The principle of this is comparing the incongruous
difference value of power. It will maintain the perturbation direction of duty cycle if the difference
value is positive, otherwise the duty cycle will perturb in the opposite direction if the difference value
is negative, the peculiarity of which is higher tracking efficiency, rapid tracking velocity, less
influenced by environment and the defect is it is vibrate obviously at MPPT, which wastage a part of
energy.

In this paper, it presents the control arithmetic of MPPT of variable step that based on variable
metric method to overcome the defect of traditional P&O, which can decrease the vibrate wastage at
MPPT and increase the tracking speed and transfer efficiency of system effectively. On the promise
of homogeneous illumination and temperature, adjusting step dynamically makes the given voltage
approach the MPPT point to achieve the effect of rapid tracking[1-4].

The output characteristic of photovoltaic array

The photovoltaic cell panels can be considered as the current supply that generate the light current
steadily, paralleled with a diode which wunder the positive bias and a parallel
resistance R«.Obviously, '~ offers the forward current 'sand the shunt current of the diode. The surplus
current outflows a photovoltaic cell and enters into the load R.passing by a series resistor. the
expression of the output current is[5]
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Where lo is the dark current of the cell. V is the output voltage. The electron charge is q 1.6x10™°C,
K is Boltzmann constant 1.38x10%J/K T is thermodynamics. A is P-N junction’s ideal factor,
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valuing 2.8 when the temperature is 278Kk.
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Fig.1 The output characteristic of a single PV model

The model of maximum power point

There is a maximum power point Po of the system under every environmental state and this point
will change accordingly as the environmental state changes. When the temperature and illumination
intensity are both different, in order that the cell can work at the best point under the current outside
condition, use a definite method to make the cell work at the maximum power point from beginning
to end when the maximum power point drifts. The method is named Maximum power point
tracking, thatis MPPT.

Modified perturbation and observation method based on variable scale

Traditional P&O comparing the incongruous difference value of power. It will maintain the
perturbation direction of duty cycle if the difference value is positive, otherwise the duty cycle will
perturb in the opposite direction if the difference value is negative. However the obvious defect is the
vibration wastage around MPPT. The small step leads the tracking speed slow and the large step leads
to a fast tracking speed but the vibration at MPPT is more obvious. When the environment makes a
rapid change, it will not only increase the vibrate wastage but also occurs the misjudgment in the
system. When working at the MPPT, the system will produce vibration around MPPT.
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Fig.2 The flow chart of traditional P&O

Because the veracity of the P&O affected by the step, it is important to choose the step. The core
idea of combining the variable metric method with P&O is changing the given step into metabolic
step and step formula into variable metric function. It can improve the P&O to adjusting the step
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dynamically. This make the maximum power point approach the practical maximum power point,
which improve the searching speed and the optimizing precision. The modified P&O estep will
change along the iterative algorithm. The Heather matrix and grads function are changing along with
the increase of the times of iteration in the operating progress.
In the progress of iteration, the particle updates its position and speed constantly based on the
individual extreme value and optimal solution. The formula is as shown.
Vit,+j1 ZWVit,j +Clrl(pi,j _Xit,j)+C2r2(pg,j _Xit,j)
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Where X,v-the position and vector speed. C1C2-positive learning factor.
R1 and R2- uniform distribute random number among 0O to 1.

d-spatial dimension. W-inertia factor. Pi and Po -individual extreme value and optimal
solution
Obtain the photovoltaic array power, variable voltage and initial expression under the certain
illumination by scanning. Evaluate the grads expression of several power and variable voltage. Find
the norm of variable voltage and its initial Heather array. And set the maximum time of iteration,
precision and given value A, B (both A and B are less than 1). After substituting the new voltage, if
power > initial voltage power +B*A” iteration time * the grad under initial voltage * the searching
direction under initial voltage, the arithmetic will be stopped and outputting the new voltage.
Otherwise, keep operating until the voltage power reaches the maximum value.

The MATLAB result of modeling

Based on the analysis of arithmetic, apply MATLAB to conduct the compare of modeling and
simulating between traditional P&O and the P&O based on the modified variable metric method.
Take the standard experiment temperature (the degree of 25). The short circuit current and open
circuit voltage of photovoltaic module are 7A and 0.6V under the standard illumination (1000). The
photovoltaic array receives uneven illumination in the simulation. The illumination condition is
shown as table 1. The three photovoltaic arrays are series connect to each other. Every array contains
15 photovoltaic modules that are series connect, and all these arrays are under the constant and same
experiment temperature.

Tablel. Array illumination conditions in experiment one

Array Arrayl Array2 Array3
Intensity 3000 2250 1500
density/w/m

Applying two kind of arithmetic to track the MPP of photovoltaic array, the results about the
MPPT of these two methods in simulation are shown as figure3.
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Fig.3 The effect of two MPPT methods on power
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Table2. The comparison of time and MPPT between two method

The traditional The improved
The traditional The improved algorithm of algorithm
algorithm time/S algorithm time/S maximum maximum
power/W power/W
0.45S
Iteration 15 times 0.0025 144.80W 148.85W

Iteration 15 times Iteration 5 times

As figure 3 shown, the traditional P&O possess the defects that power vibrates sharply and rate of
convergence is slow. However the P&O that based on variable metric method can adjust the step to
shorten the time of convergence, witch improve the precision of MPP. In the meantime, it solves the
problem of power vibration by variable metric method that helps the arithmetic appropriate for the
changing external environment more. Improve the photovoltaic array has a better optimizing speed
and solving stability at this modified arithmetic of MPPT.

Summary

The traditional P&O leads the energy vibrate wastage when passing the MPP under the stable
working condition, and it performs worse dynamic response when the illumination or temperature
changes. Aiming at the problem above, there presents a method that combing the traditional P&O
with variable metric method. There gives the contrast analysis of these two kinds of arithmetic by
MATLAB. According the result of simulation, the new method is better than the traditional P&O in
the aspect that finding the MPP of photovoltaic array under the uniform illumination and avoiding
power vibration. In conclusion, the new method can realize the MPPT in a more stable and more
precise way.
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