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Abstract :- In furthermost of the maximum peak power
point tracking approaches described presently in the
literature, the finest function point of the photovoltaic
schemes is assessed by linear calculations. Nevertheless
these estimates can lead to less than optimum functioning
conditions and henceforth decrease significantly the
performances of the photovoltaic scheme. This paper
presents a novel technique to determine the peak power
point based on observes of the open circuit voltage of the
photovoltaic cells, and a nonlinear expression for the
optimum functioning voltage is established based on this
open circuit voltage. The methodology is thus a mixture
of the nonlinear and enhanced perturb and observe
(P&O) algorithm. The simulation and experimental
consequences show that the method develops clearly the
tracing efficiency of the extreme power obtainable at the
production of the photovoltaic array. The new technique
decreases the fluctuations around the peak power point,
and raises the average efficiency of the maximum power
point tracking attained. The novel maximum power
tracking technique will provide additional power to
energy storage.

Index Terms:- Enhanced perturb and observe algorithm,
repeated tracking reference, standalone photovoltaic,
open circuit voltage.

1. INTRODUCTION

The functioning power of PV array depends on the solar
temperature, radiation and particularly the photovoltaic
array output voltage [1]. If the transferal of power
between photovoltaic panel and battery load is not
optimum, the entire efficacy of the photovoltaic structure
will be suffered harmfully [2]. Numerous publications

challenge the problem regarding the search of the

optimum working point by utilizing various MPPT
approaches in order to excerpt the supreme energy from
the photovoltaic panel [3]. The mainstream of these initial
approaches are based on so-named hill climbing method
[4]. These approaches can be utilized to regulate the peak
power point for identified solar temperature and radiation
situations; though they exhibit oscillatory actions around
the peak power point under normal working conditions.
Furthermore, they can lead to a wrong path of the peak
power point tracing (i.e. to smaller amount efficiency) in
the case of an abrupt difference of irradiance and/or
temperature when the scheme is already very close its real
peak power point [5]. This is for the reason that the P&O
procedure interprets the perturbation as the consequence
of its previous difference of the modules working voltage,
and guesses its next deviation to be in the similar path as
that of the earlier one. These approaches have the famous
weakness of producing improvements that, when the
arrangement is already functioning at or very close its
optimal power point, take it away from that location when
a variation in ambient situations adjust the production
power of the photovoltaic array [6]. The next MPPT
technique, based on look-up tables of the PV array
characteristics, ought to be talented to promptly regulate
the best point of process when temperature and/or
irradiation values are accessible; nevertheless the
nonlinearity and the deviation of the characteristics of the
PV modules as a function of these variables make the
establishing and the storing of a consistent look-up table
somewhat problematic [7]. The third MPPT techniques,
based on the calculated modelling of the nonlinear
voltage versus current characteristics of the photovoltaic

array, can be modest and talented to rapidly determine the



best process point of the photovoltaic scheme [8]. When
utilizing this modelling of the voltage versus current
characteristics process, the maximum power point is
approached for numerous situations of load by a linear
role of the open circuit voltage or of the short circuit
current [9]. Though that technique has its peculiar
problems, as the proportion between open circuit voltage
and optimal operating voltage differs rendering to varying
situations of temperature and irradiation, and also that it
is incredible to regulate the open circuit voltage by
utilizing only single linear function of the voltage [10].
This paper progresses a nonlinear peak power point
tracking method based on observes of the open circuit
voltage in instruction to read optimum working
conditions for the photovoltaic array. The mixture of this
method with enhanced Perturb and Observe algorithm
technique greatly advances the performance of the peak
power point tracing of the photovoltaic schemes. This
new enhanced maximum power point tracing technique is
appropriate to any kind of load attached to the

photovoltaic modules.

NOMENCLATURE

PV Photovoltaic

q Electron Charge

Ky Boltzmann’s Constant

T Cell’s Working Temperature

A Ideal Factor

Rsy Shunt Resistance

Rse Series Resistance

Isc Cell’s Short Circuit Current

Irs Cells Reverse Saturation Current

lpy Light Generated Current or Photocurrent
lo Cell Saturation of Dark Current

G Irradiance

T Temperature

Voc Open circuit voltage

Ns Series number of cells for a PV module
Np Parallel number of cells for a PV module
loh Cell light generated current

los Reverse saturation current

Rop optimum load

n Ideality factor

Rioad Load resistance

Isc* PV array short circuit current at the
reference
Pop optimum power

Voc* PV array open circuit voltage at the

reference
G* Reference solar irradiance
T* Reference solar temperature

0y, Oy Cell Temperature coefficients for current

and voltage
Ron International resistance
PWM  Pulse Width Modulation
SW Switch

IpvVpy  Output current; output voltage
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Fig.1 Equivalent circuit model of PV panel
2. PV MODULE CHARACTERISTICS
The corresponding electric figure of a photovoltaic array
is revealed in Fig.l. The photovoltaic array electric
characteristics under sun irradiance are specified in

expressions of Iy, and Vpy [11].

Tpy = Iy — o [e (MRiseley) g ] Yevtishey )

Where [.=Ngly, related to the light produced current of
the PV panel. 1o=Np los relates to the reverse saturation
current of the PV panel. V1=(Nsn.Kg.T)/q denoted as the
thermal voltage,

The PV array: lsc and Voc at solar radiation G and

temperature T are specified by

* G *
Isc = Isc (G_> + o, (T—=T") (2
Voc = Voc + @ (T — T*) — (Isc * Isc)Rsg (3)
An ideal PV module is one for which Rgc is zero and Rgy

is infinitely large. The output Ipy and Vpy are
V
Ipy =1, —Ig[e (VLTV) -1 (4)

I-1
va = VT ln[Ll—OPV + 1] (5)



Generally photovoltaic modules characteristic offerings
three significant points: Isc, Voc and Pop delivered by the
photovoltaic modules to Rop When the photovoltaic array
functions at their maximum power point.

3. SYSTEM DESCRIPTION

Fig.2 shows the block diagram of proposed novel
converter controller. It includes 40 Wp PV array, DC to
DC buck-boost zeta converter, battery load and new
enhanced Perturb and Observe method with repeated
observation tracing reference controller. The DC to DC
converter is collected of a control and power part. The
switch SW of the DC to DC buck-boost converter is a
Mosfet with a short R,,. The power switches of MOSFET
are controlled by a Pulse Width Modulation signal
production circuit that uses a microcontroller. T
represents the time period of the control signal and D
denotes the duty cycle. The SW is locked for the dT Time
period and unlocked for (1-d)T time period [15]. In
finding for the maximum power point and tracing this
point in order to reduce the spread between the optimal
power in the event of alteration of the climate conditions
and working power, the controller circuit of the DC to DC
buck-boost  zeta  converter insincerely  perturbs
occasionally the functioning point of the photovoltaic
module. The resultant output current and voltage of the
photovoltaic modules are then utilized by the controller
circuit to rise or drop the D of the buck-boost converter in
order to wvariation the functioning point of the
photovoltaic array. If the P (power) is thereby raised, then
the subsequent perturbation will be in the similar
direction; else the subsequent perturbation will be in the

conflicting direction.
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Fig.2 Block diagram representation of proposed scheme
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Fig.3 Conceivable movements of the working point.

4. NOVEL ENHANCED PERTURB AND OBSERVE
TRACKING ANALYSIS

The adjustable load obligatory generating maximum
power as a function of changing conditions of
temperature and irradiance will be the input resistance of
the converter. When the solar temperature and radiation
differed as exposed in Figs.8-9, each of the maximum
power points relates to only single value of the input
resistance of the converter. Then when the solar
temperature or radiation variations, the value of input
resistance seen by PV array must be altered to locate the
new maximum power point and this will be attained by
changing the duty cycle. In past decades, the maximum
power point tracking approaches produced resulted in
fluctuations of the spot of the maximum power point
which can really lead it away from its best value. In
direction to overcome this problem, an investigation is
provided to recognise the expected movement of the
functioning point resulting from a functional perturbation
of the working conditions [12]. Fig.3 shows the classic
graph of photovoltaic power difference according to the
functioning voltage. This graph demonstrations that there
are two functioning regions: the first is located on the
right hand side of the maximum power point where
AP/AV<0 and another on the left hand side of the peak
power point where AP/AV>0.

Six suitcases of perturbations from the functioning
After the
perturbation, there is a movement of the functioning point
from z-1to z, with P(z)>P(z-1) and V(z)<V(z-1). The

power rises after the perturbation. This specifies that the

point can be distinguished: First case:

maximum power point search is oriented in the correct

\



way. The find of the maximum power point continues in
the same way and grasps the functioning point z+1 by
increasing the duty cycle by AD. The voltage is then
improved to D=D+AD. Second case: After the
perturbation, there is a movement of the working point
from z-1 to z, with P(z)<P(z-1) and V(z2)>V(z-1). The
power decreases after the perturbation. This specifies that
the maximum power point search is oriented in the wrong
way. The maximum power point search way must be
changed and the duty cycle is increased by AD to reach
the working point z+1. The voltage is then raised to
D=D+AD. Third case: After the perturbation, there is a
displacement of the operating point from z-1 to z so that
P(2)>P(z-1), V(2)>V(z-1) and 1(z)>1(z-1). The power
rises after perturbation. This specifies that the maximum
power point search is oriented to the good direction.
Then, the maximum power point search direction must be
maintained and the duty cycle is increased by AD, to
reach the functioning point z+1. The voltage is then
increased to D=D+AD,. Fourth case: After the
perturbation, there is a displacement of the operating
point from z-1 to z so that P(z)>P(z-1), V(z)>V(z-1) and
I(z)<I(z-1). The power rises after perturbation. This
specifies that the maximum power point search is
oriented to the good direction. Then, the maximum power
point search direction must be maintained and the duty
cycle is reduced by -AD to reach the functioning point
z+1. The voltage is then decreased to D=D-AD. Fifth
case: After the perturbation, there is a displacement of the
operating point from z-1 to z so that P(z)<P(z-1),
V(z)<V(z-1) and I(z)<I(z-1). The power decreases after
perturbation. This specifies that the maximum power
point search is oriented to the bad direction. Then, the
maximum power point search direction must be
maintained and the duty cycle is reduced by -AD; to reach
the functioning point z+1. The voltage is then decreased
to D=D-AD;. Sixth case: After the perturbation, there is a
displacement of the operating point from z-1 to z so that
P(2)<P(z-1), V(2)<V(z-1) and 1(2)>I(z-1). The power
decreases after perturbation. This specifies that the
maximum power point search is oriented to the bad
direction. Then, the maximum power point search

direction must be maintained and the duty cycle is

reduced by -AD to reach the functioning point z+1. The
voltage is then decreased to D=D-AD.

Table-I Summary of controller process for numerous
functioning points

. Control
Tracing .
Case AP AV Al . action of
Direction
duty cycle
1 + - Correct way D=D+AD
Opposite
2 - + PP D=D+AD
way
3 + + + Correct way D=D+AD,
4 + + - Correct way D=D-AD
Opposite
5 - - - PP D=D-AD,
way
Opposite
6 - - + PP D=D-AD
way

The find the rules for the six cases of process are
summarized in Table-l. Obviously cases 1, 3 and 4
continue in the correct way, whereas cases 2,5 and 6 must
opposite way.

5. NEW ENHANCED P&O BASED REPEATED
OBSERVATION TRACING REFERENCE OF
MPPT CONTROLLER

5.1. Output voltage and output current based maximum
power point tracking

To evaluate the optimal working point corresponding to
the supreme power for the numerous levels of sun
irradiance, temperature, mathematical approaches can be
utilized to demonstration the linear dependence between
the open circuit voltage and optimal voltage [11]. The
simple general equation can be written as

Vor = KyVoc (6)
Where K, is the proportionality constant of voltage.

This mathematical approach the key idea of the method
called voltage based maximum power tracking. A same
tactic, based on the linear calculation of the optimal
current relative to the short circuit current, can also be
utilized to find out the maximum power point. The
following equation characterizes this concept of method

called current based maximum power tracking.

lIop = Kilgc @)



Where K; is the proportionality constant of current.

The voltage and current based maximum tracking
approaches may be utilized either with boost converter or
buck converter, contingent on the load characteristics. Isc
depends linearly on the sun irradiance, while the Voc
depends logarithmically on the sun irradiation. The
literature survey tends to demonstration that the linear
estimate of the current based maximum power tracking
method is higher accurate when matched with the linear
approximation of the voltage based maximum power
tracking method. Nevertheless, the method of voltage
based maximum tracking is loss less and more effective.
Moreover, real time observation of photovoltaic Isc and
lo make current based maximum power tracking
hardware greater complex associated with voltage based
maximum power tracking circuitry. From this
investigation, a new nonlinear tactic of the maximum
power point value assessment is proposed.

5.2. New enhanced P&O with repeated observation
approach

The methodology is based on the Voc observe and a
nonlinear design of the optimal voltage. Supreme power

is attained by cancelling the derivative of the power.

Por=VopXlop (8)
dP _ d(pyVpy) _
T TR ®)
This leads to
o = — 12 (10)
dlpy Iop
IL-1
VpV = VT ln[LI—?I + 1] (11)
Yor _ ppdLtev) 4 45 (12)
Iop (Io)
dVPV = VT X _; (13)
[ILI(I)PV_H_]
_ lo
dVpy = Vp X [IL-Ipv+Io] (4
I, = I, (15)

The derivative of the relation of above equation is put
into Eq.(10) stretches

Vor _ _ Vr (16)

Iop (Io+lIsc—lop)

Taking into account Eq.(7) , Vop can be found as

IopV:
Vop = 7( A (17)

1
I—K—i)lop—lo

The V¢ of the photovoltaic array is written by

Voc = Vr 1n[‘1%c +1] (18)

The Optimal current is presumed from Eq.(10) and
Eq.(17).

lop = Kloe () = 1] 19

The optimal voltage can be calculated from Eq.(10) and
Eq.(19).

vt

(1-0)e (329)-1

Fig.4 gives the flow chart algorithm of the new technique

Vop = (20)

based on this nonlinear tactic. To evaluation the
maximum power point reference value, the Voc of the
photovoltaic panel is observed regularly at the output PV
array during the turn-off (opening) of the SW of the buck-
boost zeta converter. The measured voltage permits the
maximum power point reference value to be designed
from Eq.(20), and subsequently the value of the DC to
DC buck-boost converter “D” to be attuned.

The output power of a PV cell is getting changed with
a fluctuating irradiation and temperature. Consequently a
MPP technique is used to obtain peak power from a
photovoltaic array under changing functioning point have
been suggested. The nonlinear maximum power point
tracking method based on the observes of the open circuit
voltage in order to read best function conditions for the
photovoltaic panel. The arrangement of the this open
circuit voltage method with the new enhanced Perturb
and Observe technique largely advances the performance
of the maximum power point tracking of the photovoltaic
scheme. This novel maximum tracking approach is
appropriate to any kind of load coupled to the
photovoltaic panel. The enhanced algorithm is capable of
tracking the maximum power under the rapid changes in
atmospheric conditions with high accuracy compared to
existing system. The enhanced P&O algorithm
description is as follows [12].
The enhanced P&O method overcomes the problem of
conventional perturb and observe method such as failing
to track the maximum power under various atmospheric
condition. The proposed system uses the current versus
voltage curve method to avoid the happening as in
conventional P&O method. In fixed G condition, when

the current rises (reductions), the voltage reduces (rises).



Using this easy statistic, can be answered the problems of
conventional P and O from the real MPP in quickly
varying environmental circumstances, as follow. If the
power and the current instantaneously rise and then
voltage rises too, the algorithm recognizes that it is in
quickly varying environmental circumstances and
reductions the current, instead, it rises. When the power
and the current are rising instantaneously and the voltage
is reducing, algorithm is in fixed illumination and raises
the current. Hence the maximum power point tracking
technique avoids conflicting from the real maximum
power point. The enhanced perturbation and observation

technique are obtained in Fig.4.
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5.3 DC to DC Buck-Boost Zeta Conversion and Control
Scheme

According to the maximum power transfer theory,
maximum power achieved means that the photovoltaic
generating system is always supposed to operate at
maximum output voltage [13], [14]. Usually, an
appropriate controller is a DC to DC converter, which is
widely used in PV power systems as a matching interface
between the PV panel and the load. Hence the main
function of a these controller is to adjust the panel output
voltage to a value in which the panel transfers maximum
energy to the load by controlling the on-off times of the
converter’s power switch. The power delivered to the
load is a maximum when the source internal impedance
matches the load impedance.

A DC to DC converter with maximum power point
controller offers high efficiency over a wide range of
operating points. The full power may not be delivered to
the load completely due to the power loss for a without
converter. Therefore, the design of a good performance
converter is a very important issue. The block diagram of
the DC to DC converter controller proposed in this work
is shown in Fig.2. A DC to DC converter is used to
interface the PV output to the load and to track the
maximum power of the PV modules. A more detailed
schematic is illustrated in Fig.5. Usually, Topologies of
DC to DC converters [15] have mainly buck, boost, buck-
boost and Cuk, etc. In this study we chose the buck-boost
zeta converter circuit.

The ZETA DC to DC converter is similar to the buck-
boost topology varies the above and below the output
voltage. This converter needs two inductors and one
series capacitor, sometime this capacitor is called a flying
capacitor. The zeta converter basically is configured from
a buck controller that drives a high side PMOSFET. The
zeta converter is one more option for regulating a
nonlinear input power supply, like low cost wall wart. In
the design of the converter to minimize board space, a
coupled inductor can be used.

5.3.1 Modes operation of zeta converter
The illumination of Fig.5 shows a simple circuit of a
ZETA converter, containing of an input capacitor, Cin, an

output capacitor, C,, coupled inductors L; and L,, an AC



coupling capacitor C, a power MOSFET, SWy, and a
diode, D.
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Fig.5. DC to DC buck-boost zeta converter
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Fig.6 shows the ZETA converter operating in the
continuous conduction mode (CCM) when SW; is on and
when SW, is off. To recognize the voltages at the various
circuit nodes, it is essential to analyses the circuit at DC
when both switches are off and not switching. Capacitor
(C) will be in parallel with Coy, so C is charged to the
output voltage, Vo, during steady state CCM. Fig.6.
illustrations the voltages across L, and L, during CCM
operation. When SW; is off, the voltage across L, must be
Vout Since it is in parallel with Cg. Since C, is charged
to Vo, the voltage across SW; when SW; is off is Vi,
+Vou therefore the voltage across L; is —V relative to
the drain of SW;. When SW; is on, capacitor C, charged
to Vo, IS connected in series with L,, so the voltage
across L, is +Vj,, and diode D sees Vi, + Vo [16]. When

SW1 is on, energy from the input supply is being stored
in Ly, Ly, and C. L, also provides lo. When SW1 turns
off, L1’s current continues to flow from current provided
by C, and L, again provides lout. The duty cycle D for a
zeta converter operating in CCM is given by

Vout (21)

- Vin+Vout
This can be rewrite as

D _ tin _ Vou (22)

1-D  Iout Vin

Drmax 0CCUrS at Vinminy aNd Din 0CCUrS at Vinmax).
6. RESULTS

The simulation and experimental investigations were
passed out on the test bench of the portable standalone
photovoltaic renewable energy scheme installed at the
Government College of Engineering, Salem, Tamil Nadu,
and India [17]. The test sets contains a 40 W;
photovoltaic panel consists of four modules each 10 WP
respectively sponsored by I1T-Bombay, DC to DC buck-
boost zeta converter, new enhanced P&O with repeated
tracing reference controller and battery load. The
photovoltaic array has been utilized for charging the
battery load, which will operate as buffer drive storage
for the scheme. The simulation model of schematic
diagram is revealed in Fig.7. The designed new algorithm
and the conventional Perturb and Observe approaches
were  matched by  simulations  tools  using
Matlab/Simulink software. Fig.8 and Fig.9 stretch the
Voltage versus Current (V vs. 1); Voltage versus Power
(V vs. P) characteristics of a photovoltaic array for altered
values of solar temperature and irradiation. The lgsc is
clearly proportional to the sun radiation (Fig.8): Higher
radiation, additional current and more supreme power
output. On another side the temperature dependence is
opposite (Fig.8): a rise in ‘T’ causes a reduction of the
Voc (When adequately great) and henceforth also of the
supreme power output. Therefore these conflicting effects
of the deviations of solar temperature and irradiance on
the supreme power output create it significant to trace the
maximum power point efficiently. The voltage versus
power curves of Figs.8&9 demonstrations that the best
power point relates to a load joined to the photovoltaic

array that fluctuates with the ambient situations of T & G.
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constructed PV array sponsored by IIT, Bombay. To
authenticate the designed new maximum power point
tracking algorithm, a comparison is completed between
the conventional P&O algorithm and the above new
enhanced P&O with repeated observation method [19].
The evaluation was based on the output power of the
supreme power obtainable at the PV panels. The MPPT

tracing efficiency is distinct as [2]

1 on PV module ouput power ( 3)

Nr = n “=1 maximum power of PV modules in n samples

ents and rheostat

Incline angle

Maximum power point tracking nail

Photovol
epresent +, Block

Input PV source VOItag

Output voltage of
rter

A\~ .o y
Fig.11 Photos of prototype setup (a) PV array (b) DC to

DC buck-boost zeta converter with enhanced P&O
repeated tracking MPPT algorithm.
6.1 Experimental Setup and Results
The process of enhanced P&O with repeated tracking
reference MPP tracking algorithm has been assessed by
experiment. The experimental test was carried out on the

laboratory test bench of the standalone PV system

installed on the floor of the Electrical and Electronics
Engineering at Government College of Engineering,
Salem, India, sponsored by IIT, Bombary. A model of the
suggested scheme depicted in Fig.11 composed of (a)
photovoltaic panel (b) DC to DC buck-boost zeta
converter with suggested controlling technique. In the
test, there are four PV modules mounted side by side and
is connected in series and parallel manner. AtMega 8
microcontroller was used to deliver the control pulses for
the DC to DC zeta converter. The C language code of the
enhanced P&O with repeated tracking reference
controller and PWM generator system is constructed and
debugged, and executed with the assistance of the Arr
studio development tool and Proisp software [16, 17].
Fig.11 (a) displays a setup of solar PV panels connected
in parallel and series arrangements. The panel is tilting
stand preparation is used. Microcontroller Atmega8 was
utilized to track the real PV characteristics. From the
experimental results conclude that the solar illumination
has been observed as proportional to short circuit current.
Fig.12. shows the gate pulses generated by Atmega

microcontroller with weather conditions are introduced.
+

L L L L

Fig.12. Experimental waveform of gate pulse and drain to
source voltage of MOSFET.
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operating cell temperature by ignoring the effect of the
sun irradiation. Given sunlight radiance for a typical day,
the output current is administrated by its output voltage
which is determined by the ensuing load [20]. Without
taking cell temperature differences into consideration, the
supreme power is determined by both irradiation strength
and output voltage. For different output current, voltage,
and power are exposed in Figs. 14, 15 and 16 for a typical
day (12" March 2012 at Salem).

Fig.13 Solar radiation intensity for a sample day (12"

March 2012 at Salem) in the form of Gaussian function.
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Fig.14 Current characteristics during a sample day for
different voltage.

6.2 Numerical Simulation

For easiest Simulink, the sun irradiation strength for a
typical day is expected to be a process of Gaussian
function which is demarcated as

G(t) = Gmaxexp[—(t —t)?/20% (24)

Where Gp.x is the greatest irradiation strength at a
specified time, ¢ is the standard deviation of Gaussian
function; t. is the centre time, Fig.13 demonstrations a
graph of the Gaussian function for the sun irradiation
strength for a typical day (12" March 2012 at Salem) with
the circumstances. Ga=1 KW/m?, 6 =0.5 and tc=12. The
highest of sunlight irradiance intensity happens at after
noon. The module/cell temperature for a typical day is

supposed to be at a stable temperature of nominal

Fig.15 Voltage characteristics during a sample day (12"
March 2012 at Salem) for different voltage.
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Fig.16 Power characteristics during a sample day (12"
March 2012 at Salem) for different voltage.

7. CONCLUSION

A new enhanced P&O with repeated measurement tracing
reference technique based on a nonlinear approach for
approximating the best functioning point was established.

Utilizing this technique, it is conceivable to adapt the



battery load to the photovoltaic array and to follow the
maximum power point howsoever the climate situations
may differ. Simulation and experimental outcomes of this
new enhanced approach exhibited that the tracing
efficiency of the maximum power point is improved than
that gotten with the conventional Perturb and Observe
technique. The new enhanced nonlinear process produced
virtually no fluctuations around the maximum power
point, the main drawbacks of the conventional Perturb
and Observe technique. Implementation of such a
technique in photovoltaic schemes will raise the power
delivered to energy storage media. The simulation and
experimental results show that the gain in power attained
by this new enhanced technique can clearly raise the
production and storage rates from photovoltaic schemes
because of the enriched control of the maximum power

point during varying ambient climate conditions.
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