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Abstract: This paper presents a maximum power point
tracking algorithm for Photovoltaic array using only in-
stantaneous output current information. The conven-
tional Hill climbing method of peak power tracking has
a disadvantage of oscillations about the maximum power
point. To overcome this problem, we have developed a
algorithm, that will estimate the duty ratio correspond-
ing to maximum power operation of solar cell. The es-
timation of the optimal duty ratio involves, finding the
duty ratio at which integral value of output current is
maximum. For the estimation, we have used the well
know Lagrange’s interpolation method. This method
can track maximum power point quickly even for chang-
ing solar insolations and avoids oscillations after reach-
ing the maximum power point.

Keywords: Maximum power point tracking, Output
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1. Introduction

Recently, since the global environmental problem is wors-
ening, the research and development for the natural en-
ergy is actively progress around the world. photovoltaic
array system has been a focus of attention for residen-
tial photovoltaic energy system because solar cell can
directly convert solar energy to electric energy [1]. So-
lar cell has the optimum operating point, and if the PV
array operates at this point, gives its maximum power
output. But this optimum operating point of solar cell
varies with load, solar insolation, temperature. Thus,
maximum power point tracking (MPPT) control is re-
quired to extract maximum power from the solar cell for
all conditions.

Several methods are proposed for MPPT [2-6]. In gen-
eral, the MPPT control is implemented using the out-
put power information. This output power information
is obtained using voltage, current sensors and low-pass
filter. Therefore, it leads to complex construction and
increases the cost of PV system. Further, the conven-
tional MPPT methods use hill climbing algorithm for
maximum power tracking. This Hill climbing method
tracks the maximum power point by incrementing the
duty factor by constant values. The disadvantage of this
method is that it takes more time to track the maximum
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power point and the operating point oscillates even after
the maximum power point is reached.

To overcome these problems, we proposes a new MPP-
T algorithm of photovoltaic array using instantaneous
output current information. Because, in regulated bus
PV systems [6], the power output is proportional to the
output current. Therefore, the MPPT can be in imple-
mented by finding the integral value of output current
(average value) rather than output power information.
The integral value of output current is obtained by a
simple integral circuit.

In this new MPPT algorithm, the optimum operating
point is estimated using the Lagrage’s interpolation met-
hod. The proposed method also works well even if solar
insolation changes rapidly. Performance of the proposed
method is compared with that of Hill climbing method
through experimental results.

2. Configuration of PV system

The proposed MPPT is implemented using only instan-
taneous output current information. Configuration of
the PV system is shown in Fig. 1. photovoltaic array
and Battery specifications are shown in Table 1 and 2,
respectively. The proposed PV system consist of a two-
phase DC-DC boost converter. The converter switches
operate with phase difference (¢) of 180" and a switch-
ing frequency of 20kHz.

Integral value of output current (Vint) is the output
through an integral circuit shown in Fig. 1, and is de-
tected through an A/D converter. The integral circuit
diagram used in experiment is shown in Fig. 2. The
detailed integral circuit consist of three analog switches,
main integral circuit, sample-hold circuit, and a voltage-
buffer circuit. The integral circuit operates at interval
of flowing output current %,.

When duty factor o changes from 0 to 1, The output
power characteristics of PV array for two different solar
insolations are shown in Fig. 3 and the integral value
of output current characteristics are also shown in Fig.
4. It is evident that the solar cell has the optimum
operating point at which it gives maximum power. Then
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Table 1. Photovoltaic Array Specification.

Maximum power(Pyax) 480 W
Open circuit voltage(Voc) 207V
Short circuit current(Isc) 310 A

Operating voltage at maximum power 16.7V
Operating current at maximum power 2.88 A
Module efficiency 11.0

(AM1.5, 1000W /m?, 25°C)

Table 2. Battery Specification
Rating voltage 12.0V
Rating capacity 28.0 Ah

the integral value of output current also changes in the
same fashion as that of output power. Since the inte-
gral value of output current is proportional to the output
power of PV array, it is possible to track the maximum
power point of PV array using only the output current
information instead of using output power information.

3. Maximum power point tracking control

In MPPT control, to obtain a good tracking perfor-
mance, the duty factor éop: corresponding to maximum
power point of the PV array is estimated based on Vipe
characteristic curve approximation using Lagrange’s in-
terpolating method. The estimated value of duty ratio
Gopt converter tracks the maximum power point. Fur-
ther, the operating point of PV array reach the maxi-
mum power point quickly and will not make any oscil-
lations about this maximum power point. The tracking
method is described in the following steps.

STEP! : When duty factor is o« =0.1, 0.2, 0.3, ...,
0.7, determine corresponding integral values
of output current Vin,. These values let say
V}m :l/im,l, Vint?, Vil’lt3, ey Vint7.

STEP2 : The integral value of output current between
the values determined as in STEP! is esti-
mated by using Lagrenge’s interpolation met-
hod. The estimated Vi, is defined as Vim.

The first Lagrange interpolation

To estimate Viy from a=0.1 to a=0.4, Vim is
estimated in the intervals of incremental duty
ratio Aa =0.02 by using the already known
Vint. Vine is calculated by using the following
equation.
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where z is a estimated, and (zo, yo) = (0.1,
Vint1) , (@1,%1) = (@02, Vine2) ..., (23,73)
= (00.4, Vinta)-

The second Lagrange interpolation

To estimate Vi from a=0.4 to a=0.7, Vint
is estimated at intervals of incremental du-
ty ratio Aa=0.02 by the detected Viy. Vim
is calculated by the above equation (1). Fig.
5 shows the result of Lagrange’s interpolation
method for high solar insolation. As shown
in Fig 5, the estimated Vine is exactly match-
ing with that obtained in Lagrange’s interpo-
lation.

STEPS3 : Select maximum Vi, which has a maximum
value in the above estimated Vim and the de-
tected Vip:. The selected Vi is defined as
the Vimax. Then, &op: which has Vimax IS
defined as duty ratio corresponding to max-
imum power point. The experimental setup
adjusts the duty ratio to Gop: and tracks the
maximum power point.

STEP/ : The estimation error is determined by the fol-
lowing equation.

|‘A/imax - intl S 0.10 (V) (2)

where Vipax is the selected Vin, by STEPS.
Vint 1s actual integral value of output current
corresponding to &qp:.

If the estimation error satisfies equation (2), it appears
that maximum power point of PV array is reached by
using Gop:- Then, repeat STEP4 using its &qp: again.
It means that this method can avoid oscillations after
reaching the maximum power point. If the estimated
error is not satisfied equation (2), the estimated error
is big, go to STEP!, because it mean that &op is not
corresponding to maximum power point. Equation (2)
represents the evaluation of the estimated error. In case
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Fig. 5 The results of the Lagrange’s interpolation
for high insolation

of variable solar insolation if equation (2) is not satisfied,
go to STEPI, because it appears that solar insolation
changes suddenly. Based on the above algorithm, the
maximum power point tracking is implemented experi-
mentally.

4. Experimental Results

To examine the cffectiveness of the proposed MPPT
methods, experimental results are presented for con-
stant and stepwise insolations. In the experiment, the
performance of the proposed algorithm using the La-
grange’s method and the proposed MPPT using instan-
taneous output current are compared with the Hill climb-
ing method, where the sampling period is 8 msec, the
initial duty factor ap =0.1, the incremental (or decre-
mental) duty factor Aa in the Hill climbing method is
0.05.

4.1. Experimental Results for High
Solar Insolation

The performance of MPPT at high solar insolation is
shown in Fig. 6. Figs. 6(a), 6(b), and 6{(c) show the out-
put power, integral value of output current Vi,, and du-
ty factor o, respectively. From the output power shown
in Fig. 6(a), the proposed method tracks the maximum
power point quickly, which is same as obtained with the
Hill climbing method. It is seen that the optimum oper-
ating point Gy is exactly estimated in Fig. 6(c), where
Gopt 1s close to 0.52. Since, it can estimate dop with-
in the seven data point, it will take about 56 msec for
tracking the maximum power point. From Fig. 6, it
can be noticed that the proposed algorithm reaches the
maximum power point and tracks continuously without
any oscillations about this maximum power point.
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4.2. Experimental Results for Low
Solar Insolation

The performance of the MPPT for low solar insolation is
shown in Fig. 7. Figs. 7(a), 7(b), and 7(c) show output
power, integral value of output current Vi, and duty
factor a, respectively. From Vi, shown in Fig. 7(a),
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the proposed method tracks the maximum power point
as quickly as that of the Hill climbing method. It is
seen that the optimum operating point &ope is exactly
estimated as shown in Fig. 7(c), where Ggp,; is close to
0.30. In this case, the proposed method can shorten the
tracking time of MPPT without making any oscillations.
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4.3. Experimental Results for Stepwise
Solar Insolation

Fig. 8 shows the experimental results, for the case in
which the solar insolation is changing in stepwise man-
ner. Figs. 8(a), 8(b), and 8(c) show the output power,
integral value of output current, and duty factor, re-
spectively. From the output power shown in Fig. 8(a),

the proposed method tracks the maximum power point
even if solar insolation is changing. Therefore, when Vip
reach at its maximum value, the output power moves
close to the maximum power point as shown in Fig. 8(a).
From the above experimental results, it is demonstrat-
ed that the MPPT control using output current and the
proposed algorithm can track the maximum power point
quickly without making any oscillations about the op-
erating point.

5. Conclusion

A voltage sensorless maximum power point tracking al-
gorithin is developed. In the proposed algorithm, the
optimum operating point of PV array is estimated us-
ing output current information. The tracking effective-
ness is demonstrated through experimental results. The
experimental results show that the proposed algorithm
tracks the maximum power point at a faster rate with-
out showing any oscillations.
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