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The solar cell characteristics are non-linear and largely influenced by solar radiation, temperature and
load condition. The power output of a PV array changes with varying temperature and irradiation. A max-
imum power point algorithm is investigated to obtain maximum power from a PV array on varying oper-
ating conditions. So far various methods have been proposed to achieve the maximum power from PV
module. The incremental conductance (INC) and perturb and observe (P&O) algorithm are more notewor-
thy. In this paper two high performance and simple maximum power point tracker (MPPT) are proposed.
These algorithms are modified P&O and INC algorithms. These modified algorithms are capable to track
maximum power under rapidly changing atmospheric conditions with higher accuracy than their con-
ventional methods. They increase the harvested power from PV array and thus improve the efficiency
of MPPT algorithm. The algorithms using a high step-up-DC/DC converter are implemented on MAT-
LAB/SIMULINK tool. The results demonstrate a good performance and accurate tracking under rapidly
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1. Introduction

Due to diminishing deposits of non-renewable energy re-
sources, high oil prices and increasing damages to our environ-
ment, the renewable sources of energy have been attained the
especial importance. Among several renewable energy sources,
the Photovoltaic arrays are is more considerable as renewable
sources due to the advantages such as abundance, no noise at all,
and no pollution. The PV industry is growing rapidly which the
annual growth rate has been more than 40% for the last decade
[1]. The development of the solar cells and the power electronics
devices has accelerated this growth. However, high cost and low
efficiency in energy conversion limit the implementation of
photovoltaic systems. On the other hand the price of photovoltaic
modules is declining. The PV prices dropping consistently by 22%
each time the cumulated global production is doubles and the PV
prices have dropped by 40% over the last 2 years and are expected
to decrease up to 60% in 2020 [2]. The power output of a photo-
voltaic cell changes with a varying temperature and irradiation.
Therefore a maximum power point algorithm is used to obtain
maximum power from a PV array under varying operating condi-
tions. So far various algorithms for tracking maximum power point
have been proposed. In reference [3] an overview of these methods
has been done. Among several mppt algorithms, the Perturb &
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Observe (P&0) and Incremental Conductance methods are more
considerable than other algorithms due to the advantages such
as the implementation simplicity and independence to PV array.
The Fuzzy logic and the neural network controllers have the advan-
tages of working with imprecise inputs not needing an accurate
mathematical model and handling nonlinearity [4,5]. However,
the implementation of these algorithms is limited because of the
implementation complexity and dependent to the PV array and
periodic tuning. On the other hand, The P&O algorithm can fail
under rapidly changing atmospheric conditions. The incremental
conductance method is based on the slope of the PV array power
curve [6]. This method has partly solved divergence of the P&O
algorithm from the MPP under rapidly changing atmospheric
conditions and track maximum power point with higher accuracy
than the conventional P&0 method [7]. In this paper two high
performance and simple maximum power point tracker (MPPT)
are proposed. These algorithms are modified P&O and INC algo-
rithms. The modified algorithms are capable to track maximum
power under rapidly changing atmospheric conditions with higher
accuracy than their conventional methods. The MPPT algorithms
are simulated in MATLAB software using a high-step-up DC/DC
converter. Simulation results describe the good performance of
modified algorithms. The reminder of this study is structured as
follows. Section 2 explains Model and a characteristic of a PV cell,
Section 3 presents the P&O algorithm and its drawback. Section 4
will present the modified P&O algorithm. The INC algorithm and
the modified INC algorithm are presented in Sections 5 and 6.
The simulation results are presented in Section 7. Finally, the
conclusions are presented in Section 8.
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Fig. 1. Electrical model of solar PV module.

2. Model and characteristics of a PV cell

The equivalent electrical circuit of the module applied in this
study is shown in Fig. 1. The model utilizes a two diode model to
represent the PV cell. The model is known to have more accurate
prediction of the PV system performance during partial shading
condition [8]. A applied solar panel in this study, is collection of
40 cells of the polycrystalline silicon connected in series with max-
imum power of 100 W; open circuit voltage of 24.6 V, short-circuit
current of 5.3 A; voltage of maximum power 19.6 V.

In this model the cell output current according to the following
equation is obtained.

V+IRS) ] { (V+IRS) ]
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where Ipy is the current generated by the incidence of light. V is the
output voltage cell and I is the output current cell. Ip; and Io; are the
reverse saturation currents of diode 1 and diode 2 that According to
reference of [9], both saturation Currents can be calculated by equa-
tion of (3). oty and a, are diffusion and recombination current com-
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ponent and p = o + ap. The value of o4, according to Shockley’s
diffusion theory, must be unity [9]. Due to the best match between
the proposed model and the I-V curve on the datasheet, the value of
o is choosed with 1.2. Vr; 5 = NikT/q is the thermal voltage of the PV
module that N is number of cells connected in series,
q=1.602 x 10~ °cand K =1.38 x 1023 J/K and T is the cell temper-
ature in Kelvin (K). Ipy;sc is generated current in STC, Trer is the ref-
erence temperature of PV cell in Kelvin (K), usually 298 K (25). K; is
the temperature coefficient of short circuit current in percent
change per degree temperature also given in the datasheet. G is
the value of irradiance, which is normally mWj/cm? and
Gref(100 mW/cm?) is the nominal value of irradiance. The values
of R, and R, are computed by an efficient iteration method using
open-circuit voltage, short-circuit current and voltage-current of
maximum power point. The characteristic Eqs. (1)-(3) of the PV
module are implemented in MatLab simulink as shown in Fig. 2.

The voltage is considered changing from O to open circuit volt-
age corresponding to the variation in current from short circuit
current to 0. Fig. 3 shows the power-voltage and current-voltage
characteristic with the variation in solar insolation level at cell var-
ious temperatures.

As seen in Fig. 3 with a increasing in temperature and a decreas-
ing in irradiation, the solar power decreases and also there exists a
peak power corresponding to a particular voltage and current.
Most MPPT techniques attempt to find the PV voltage or PV current
that result in the maximum power point under different tempera-
ture and irradiance. Also it can be seen, a decrement in the module
voltage will decreases the current. In this paper is used this simple
fact to improve the efficiency of MPPT algorithm, as it will be ex-
plained in Sections 6 and 4.

3. Perturb and observe

The P&O algorithm is based on the perturbation in the operating
voltage and then the resulting change of power is observed [10].
This algorithm involves a perturbation in the operating voltage of
the PV array, and then if change of power (AP) is positive, the
future perturbation should be kept the same to reach the MPP
and if change of power (AP) is negative, direction of perturbation
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Fig. 2. Simulink of PV module.
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Fig. 5. Divergence of P&0O from MPP as shown in [10].

should be reversed to move back toward the MPP. In other words,
if with increasing (decrementing) the voltage increases (decreases)
the power, the operating point of the PV array is on the left maxi-
mum power point and if the power decreases, the operating point
is on the rights maximum power point. This process continues un-
til the algorithm reaches the point of maximum power. Then swing
around to this point. The flowchart of this algorithm is given in
Fig. 4[11].

This algorithm may exhibit erratic behavior in rapidly changing
atmospheric conditions as a result of moving clouds. This problem
can be explained using Fig. 5 with a two power-voltage curves
with varying irradiance [12]. Assume that the operating point is
at the point A and is oscillating around the MPP and a perturbation
will moves the operating point toward the point B. However, if the
irradiance increases rapidly to P, power curve within one Sampling
period, the operating point will actually moves from the point A to-
ward the point C. This problem happens because the MPPT cannot
recognize that power increment is the result of the increasing irra-
diation and simply assumes that it is the result of moving the oper-
ating point to the MPP. If the irradiance is still rapidly increasing,
the MPPT continuing to perturb to the right again and the operat-
ing point continues to deviate from the actual MPP until the solar
radiation change slows. This situation can occur on the partly clou-
dy days, and the MPP tracking is most difficult because of the fre-
quent movement of the MPP.

[p=p+an, | | DD-aD | [ p=p-an, |
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Fig. 6. Flowchart of the modified P&O algorithm.
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4. The modified P&O algorithm

The Divergence of the P&O algorithm from the MPP under rap-
idly changing atmospheric conditions that was described in the
previous section can be solved by using the PV current-voltage
curve. As seen in this curve, in constant irradiation, when the volt-
age increases (decreases), the current is decreases (increases).
Using this simple fact, can be solved the Divergence from the ac-
tual maximum power point in rapidly changing atmospheric con-
ditions, as follow. If the power and the voltage simultaneously
increase and the current increases too, the algorithm realizes that
it is in rapidly changing atmospheric conditions and decreases the
voltage, instead, it increases. When the power and the voltage are
increasing simultaneously and the current is decreasing, algorithm
is in constant irradiation and increases the voltage. Therefore the
MPPT algorithm avoids deviating from the actual MPP. The modi-
fied P&O algorithm is presented in Fig. 6.

5. Incremental conductance algorithm

The INC algorithm is based on the slope of power-voltage curve.
It calculates the slop of p-v curve. If it is positive, operating point is
at the left side of the MPP, thus must be moved to the right by
increasing the module voltage. If the slop of curve is negative, algo-
rithm is assumed that the operating point is at the right side of the
MPP, thus must be moved to the left by decreasing the module
voltage. Finally, when the slop of p-v curve is zero, the operating
point is at the MPP and the algorithm stop the voltage adjustment.
As given by following equation:

I Al .

vtay > 0 At the left side of the MPP (4)
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Fig. 7. Flowchart of the INC algorithm.

L Al
V AV
The INC algorithm is shown in the flowchart in Fig. 7
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6. The modified incremental conductance algorithm

The incremental conductance algorithm is intended to solve the
problem of the P&O algorithm under rapidly changing atmospheric
conditions [13]. However, in this paper, the performance of the INC
algorithm in rapidly changing atmospheric conditions is improved
by using the current-voltage curve. If the slop of the p-v curve is
positive and the sign of the changing current and voltage are posi-
tive simultaneously, the algorithm realizes that the irradiation is in
rapidly increasing atmospheric conditions and decreases the volt-
age. On the other hand, if the slop of the p-v curve is positive,
changing voltage and current are in negative simultaneously, the
algorithm realize that it is rapidly decreasing atmospheric condi-
tions and increases the voltage. Finally, if changing voltage and
current are in opposite directions, the algorithm for tracking max-
imum power point increases the voltage, as the INC conventional
algorithm. So the algorithm avoids divergence from the actual
maximum power point in rapidly changing atmospheric condi-
tions. The modified INC algorithm is shown in Fig. 8.

7. Simulation results

In this section the algorithms using the High-step-up DC/DC
converter are implemented on MATLAB/SIMULINK tool. The high-
step-up dc/dc converter is required to increase voltage gain and
satisfy the high bus voltage requirements for dc/ac inverter.
Another alternative is used the PV series-connected configuration,
but in this method, the output power of the PV arrays is decreased
significantly because of module mismatch and partial shading,
primarily in urban areas [14,15]. The applied high-step-up dc/dc

|D:[;V+AD2 || p=p-ap || D:[‘)'—AD, I bop D I Db D |
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Fig. 8. The modified INC algorithm.
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Fig. 9. System configuration of high step-up converter.

converter in this study is able to convert 13-400 V DC and its con-
version efficiency is in the range 96-98% [16]. The schematic con-
verter is shown in Fig. 9.

For the simulation of the MPPT system the high-step-up dc/dc
converter model is developed in simulink/MAtlab. The values of
the components where performed from the design procedures gi-
ven in [16]. At switching frequency 100 kHz, the value of the com-
ponents selected are:

Ly =13uH n=1/6 K=98% L, =470uH C;=5uF

The switch used was an ideal switch, with low switching and ON
state loss. The simulink setup is shown in the Fig. 10.

The MPPT block contains the new algorithms which were ex-
plained in the Sections 4 and 6. The temperature is kept fixed
and is not varied. The PV block was shown in Fig. 2. A trapezoidal
irradiation profile has been used for testing the performance of the
new algorithms for tracking the maximum power in under rapidly
changing atmospheric conditions. In this test, Radiation reaches
from the initial value 500-1000 w/m?, within 60 ms. Then it is kept
constant for 60 ms in the 1000 w/m? amount and again reaches the
same amount 500 w/m?, within 60 ms. The behaviors of the basic
P&O and INC trackers are simulated and compared in Fig. 11.

It can be seen in Fig. 11 the INC algorithm is track maximum
power point better than the P&O algorithm. The modified P&O
algorithm has been implemented in simulink software in order
to verify performance of new algorithm. In Fig. 12 is compared per-
formance of the modified P&O algorithm and the conventional P&0O
algorithm under rapidly changing atmospheric conditions.

It can be seen in Fig. 12 the modified P&O algorithm performs
better than the basic one and it has the high efficiency under rap-
idly changing atmospheric conditions. The modified P&O algorithm
prevents deviation from the MPP. Also, in order to verify perfor-
mance of the modified INC algorithm, it has been simulated in sim-
ulink and in Fig. 13 is compared with the conventional INC
algorithm. As shown in Fig. 13 the modified INC performs slightly
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Fig. 10. The simulated model of DC/DC converter.
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Fig. 14. Comparison of tracking MPP of modified INC and modified P&O during a trapezoidal irradiation profile.

better than the basic one rapidly changing atmospheric conditions ditions is compared in Fig. 14. It can be seen in Fig. 14, the perfor-
and it increases received power from PV module and improves the mance of modified P&0 and INC algorithm is improved and they
MPPT efficiency. have the high efficiency under rapidly changing atmospheric con-

Finally, the performance of the modified INC algorithm and the ditions. The error of these modified algorithms from the trapezoi-
modified P&O algorithm under rapidly changing atmospheric con- dal irradiation profile is shown in Fig. 15.
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Fig. 15. Comparison of error of modified INC and modified P&O during a trapezoidal irradiation profile.

8. Conclusion

In this paper, a modified maximum power point tracking on
P&O algorithm under rapidly changing atmospheric conditions
has been investigated. The method uses the current-voltage curve
to separate the effects of the environment from the moving the
operating point to the MPP in constant irradiation, in most times.
Therefore, by identifying the environmental changes, it would pre-
vent the deviation from the MPP. The new method provides an
accurate tracking even under rapidly changing atmospheric condi-
tions. The proposed method not only improves the basic P&O algo-
rithm, also improves the basic INC algorithm. In order to verify the
performance of the proposed method, the modified P&0 and mod-
ified INC algorithm have been implemented in simulink software
and compared to the conventional P&O and INC algorithm. The re-
sults show that both algorithms perform clearly better than them
conventional algorithms, by providing accurate tracking under rap-
idly changing atmospheric conditions.
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