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Abstract: PV array output power is a nonlinear function of the external environment and the load, in order to give full
playing to the performance of photovoltaic array, maximum power point tracking (Maximum Power Point Tracking,
referred to as MPPT) control adjust the disturbance of accounting space based on the work of photovoltaic arrays.
Although the existing variable step size control has a better ability to fast tracking steady-state effect, but it’s complex
and less versatile. Contrary to the characteristics of the poor start up in the MPPT, Proposed a new maximum power
point tracking (MPPT) control method, that mutations in the external environment or the load, the first fixed voltage
method to adjust the operating point of PV array to the maximum power point nearby, to ensure fast tracking; on this
basis, the introduction of small step perturbation and observation method of maximum power point to optimize the
steady-state characteristics, which can effectively reduce the output power of photovoltaic array maximum power point
in the oscillation. The simulation results of the fixed voltage method, perturbation and observation method and the
combination of the two proposed methods show that the method can quickly and accurately track the PV array
maximum power point, reduce the maximum power point oscillation energy loss and improve the conversion efficiency
of the photovoltaic energy system.

Keywords: Photovoltaic array; maximum power point tracking; a fixed voltage method; disturbance observation;
variable step.

1. INTRODUCTION

At present, due to the global energy crisis, the world's
major developed countries are starting to focus on the use
of renewable energy. In all renewable energy, the energy
of photovoltaic power generation is the use of the most
flexible and viable source . However, photovoltaic cells
has obvious nonlinear characteristics, in order to achieve
the power output of photovoltaic power generation system
to maximize, the output of photovoltaic cells requires the
maximum power point tracking. Currently, There are
many ways for the maximum power point tracking, such
as the constant voltage control method, disturbance and
observer method, incremental conductance method , fuzzy

point effectively and improve the use efficiency of
photovoltaic devices using the proposed method.

2. EQUIVELENT MODEL

Solar cell made of a p-n junction fabricated in thin wafer or
semiconductor layers and electrical characteristics are
different from an ordinary diode [1], [2], [3], [4]. Thus solar
cell as like as current source in which a diode connected in
parallel as shown in figure 1. The light falling on the cell is
directly proportional to output current of solar cell
(photocurrent Ipv, cell ) .The modelling process of solar cell
can be developed on equation(1).

control method, based on forecasts of maximum power I

tracking and so on. Fixed step size to control affect the — o
effect of control in these methods, cannot take into . +
account the speed and stability, although variable step size Ip::T | Ta

of fuzzy control has good control performance, but the Y

designing and parameter tuning of the fuzzy controller is = C) N Hsﬂ illﬂ__ v

complexity and increase design difficulty and system cost,
different to promote the forth- putting. Based on analyzing
the method of the constant voltage and P&O method, a
new MPPT controlling method, when the external o
environment or the load has changed, adjusting the Figure 1: Equivalent circuit of PV cell

operating point of PV array to the maximum power point }
V+IR V+IR.
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nearby by the constant voltage method, to ensure fast

tracking. On this basis, in order to further improve the NKT R
efficiency of the photovoltaic array, use the P&0O method ) sh
with small step near the maximum power point, thereby

Where;

reducing the oscillation near the maximum power point of
the system. Simulation and experiment show that reduce
the oscillation of the output power at maximum power
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Ion is the photo current,
Is is the reverse saturation current of diode (A)
q is the electron charge
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V is the voltage across the diode (V)
K is the Boltzmann constant
T is the junction temperature in kelvin (K)
N is the ideal factor of the diode
R; is the series resistance of diode,
Rqh is shunt resistance of diode.

Vol. 4, Issue 10, October 2015

The basic equation (1) of the elementary PV does not
represent the |-V characteristic of practical PV arrays.
Practical modules are composed of several connected PV
cells requires the inclusion of additional parameters Rs
and Rp, with these parameters (1) becomes (2)

I/’+RS*IJ1}V+RS*I @

I=Ter - [°[EXP( Vi*a Ry

The light-generated current of the module depends linearly
on solar irradiation and is also influenced by temperature
according to (3).
. G

Loy = (IPV,n +KIAT)? ©)
Where Kl is the Temperature coefficient of ISC , G is the
irradiance (W/m?) and Gn is the irradiance at standard
operating conditions.

The diode saturation current 10 dependence on
temperature can be expressed as shown in (4).

- 3
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Eg is the band gap energy of the semiconductor and 10,n
is the nominal saturation current expressed by (5)
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From (4) and (5) I can be expressed as shown in (6).
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Where V. is open circuit voltage ,lsc,n is the short circuit
current , Vt,n is the thermal voltage , Tn is the temperature
at standard operating conditions. Vt = Ns*kT/q is the
thermal voltage of the module.

3. OUTPUT CHARACTERSTICSOF PV CELL

The output power of PV is the nonlinear function of
ambient temperature and light intensity, the relationship
between the output power and the temperature, light
intensity is shown below. Figure 1 shows the output
characteristic curve of photovoltaic cells at different
temperature. From Figure 1 we can see that as the ambient
temperature rises, the output power of photovoltaic cells
decreases with the other conditions unchanged. As can be
seen from Figure 2, other things being unchanged, the
output power of photovoltaic cells increases as the light
intensity strengthens. At particular light intensity, there is
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a unigue maximum output power Pm for photovoltaic cell,
which is called maximum power point.

The above analysis shows that the output power of
photovoltaic cells, with considerable uncertainty, changes
with the ambient temperature and light intensity. To this
end, PV arrays must adopt maximum power point tracking
control under different environmental conditions to
achieve maximum power output Power.
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Fig. 2 U-I curve at different temperature
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Fig. 3 P-U curve at different temperature

4. TWO COMMAN METHOD OF MAXIMUM
POWER POINT TRACKING

4.1 Incremental Conductance Method

Incremental conductance method [6-7] (called IncCond
for short) is one of the common used MPPT control
algorithms.  Incremental conductance method could
estimate the relationship between the operating point
voltage and the maximum power point voltage [8]. Think
of the current | as a function of operating voltage U. For
the formula of output power P =U. I, we can obtain dP/dU
=1 +U .dlI/dU by derivative at both ends of the formula.
We can see from the output characteristics of photovoltaic
cells that when dP/ dU >0, U is less than the maximum
power point voltage max U ; when dP/ dU <0, U is
larger than the maximum power point voltage max U ;
when dP/ dU = 0, U equals the maximum power point
voltage U - That is the following formula:

if dl/dU > -1 /U, thus U <U max ;
if dl/dU < -1 /U, thus U >U max ;
ifdl /dU=-1/U, thus U =U max ;

In this way, we can judge and adjust the operating point
voltage U through the relationship between dl dU and -
I/U  to relies the maximum power point tracking. U is
the reference voltage, the flow chart of incremental
conductance method is as follows:
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Figure 4: Method of increasing conductivity flow chart

When light intensity and outside temperature change, the
incremental conductance method could control the output
voltage to track the maximum power point voltage
smoothly and could also reduce oscillation phenomena
near the maximum power point. However, this control
algorithm is very complicated, and the setting of adjusting
voltage AU influences the maximum power point tracking
accuracy greatly. If AU is too large, the tracking accuracy
is not enough, the operating point cannot reach the
maximum power point all along. If AU is too small, the
tracking speed will slow down, the efficiency of
photovoltaic power generation will also decrease.

4.2 Perturbation and Observation,P&0O

Perturbation and observation method [9] (Perturbation and
Observation, P & 0), is also known as hill climbing
method (Hill Climbing, HC). Its working principle is
making a small active voltage perturbation in a certain
working voltage of photovoltaic cells and observing the
change direction of output power. If the output power
increases then perturbation in the same direction should be
kept, otherwise perturbation against the original direction
should be made. The tracking diagram of perturbation and
observation method is as follows.
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Figure 5: Taking systematic diagram of perturbation and
observation method

Disturbance observation has been widely used in
photovoltaic maximum power point tracking because of its
simple control structure, few parameters, and easy
implementation. However, due to its fixed step, the
oscillation phenomenon occurs near the maximum power
point, which reduces the power generation efficiency.
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Reducing the magnitude of each adjustment can weaken to
a certain extent the oscillation near maximum power point,
but the tracking to changes in the external environment
will slow down, which also reduces the power efficiency.
Therefore, selecting the appropriate step is the key for
perturbation and observation method to achieve the
desired effect.

5. VARIABLE PERTURVATION AND
ABSERVATION

The perturbation and observation method with fixed step
reduces the effect of tracking significantly. The
perturbation and observation method with variable step is
adopted in this paper; the duty cycle of voltage regulation
circuit serves as the control parameter on the maximum
power point tracking. The control system uses duty cycle
as the control parameter, which only needs one control
loop and reduces the controller design difficulty. The
relationship between PV output power P with duty cycle D
is shown as below [11]

P
dPAdD=)
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Figure 6: Schematic diagram of P-D relationship

The essence of disturbance observation method with
variable step: far from the maximum power point, select a
large step in order to approach the system optimal working
state quickly; in the vicinity of maximum power point,
select a small step to decrease or avoid system oscillation.
The P-D curve of the photovoltaic cells indicates that the
absolute value of the derivative power to duty cycle
gradually decreases close to the maximum power point.

6. SIMULATION PRINCIPLE OF SIMULINK

As can be seen from figure 1, PV output voltage U=I*RI ,
Rl is the equivalent load resistance. Adjusting light
intensity, irradiation and resistance to change the output
voltage and then achieve maximum power point tracking.
So the output power at maximum point is given as.

P=Uoc*Isc

Figure 7(a): simulation model of 6 solar cell
From the above figure this is the arrangement of six solar
cell here we connect irradiance port together and negative
to positive terminal.
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Figure 7(b): Simulation model of subsystem of 18 cells
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Figure 7(c): Simulation model of subsystem of 72 cells

As simulation model shown here arrangement of three
group of 6 cell to 18 cell and group of two 18 cell to 36
cell and finally shown in the simulation model two group
of two 36 cell make a 72 cell panel.

Solar cell panel connected to Simulink PS converter and
this converted light intensity to physical signal.
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Figure 8: Structure of the simulation system

Set the ambient temperature 25°C, The light intensity
from 600 W/m? to 1000 W/m?.

In the simulation process, particular attention should be
given to the cooperation of the sample time. In step signal
step time taking 0.2, initial value is zero and final up to
1000. And the initial perturbation is generated by the
combination of mutual signal.

7. SIMULATION RESULT AND ANALYSIS

In Simulation model light intensity is 1000 W/m?® and
taking resistance is 7 ohm.

In below result irradiance is 1000 W/m? and resistance is 5
ohm. Then the current is 4.58 A and Voltage is 31.95 V.
hence the power is the product of current and voltage is
obtained 146.331 W.
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Current

Figure 9: Output Power v/s Time axis with R=7 ohm,

Curent

Figure 10: Output Power v/s Time with R=11 ohm

In above result irradiance is 1000 W/m? and resistance is 7
ohm then simulation result obtain current is 3.451 A and
voltage is 38.1 V. Hence the output power is obtained as
131.483 W.

8. CONCLUSION

This article first analyzes the output characteristics of
photovoltaic modules and the traditional maximum power
point tracking algorithm and then proposes a MPPT
algorithm. By using mathematical model of photovoltaic
modules and, simulation model is built in
Matlab/Simulink. The photovoltaic output characteristics
are simulated under different light and temperature
conditions by the simulation model. Whenever we
increase the resistance power is increased and after a
certain point of resistance it will decrease so where we get
maximum power on resistance is called maximum power
point (MPP).The simulation results show that: this
algorithm can overcome the shortcomings of the
perturbation based on fixed step, it enable the system to
track the maximum power point quickly, reduce the
system’s steady state error, and ensure stability. It is an
effective control method to overcome the nonlinear
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characteristics of photovoltaic modules and improve the
efficiency of photovoltaic power generation system.
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