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Abstract:

Maximum Power Point Tracking(MPPT), controllers
for solar inverters are flooding the market, these have
encouraged a lot of customers move towards PV solar
energy, because MPPT provides the boost required to
maintain constant, voltage or current requirements. But
the effectiveness of these systems are only optimal
during the best weather conditions, and the fail to
perform efficiently at varying weather conditions, they
have weak transient response and output power loss.
Extremum seeking control based MPPT systems, can
efficiently solve these problems, to improve robustness
during peak power production or peak power loads.
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I. Introduction:

The power surges in solar power plants, and the
uncertainty in optimal climatic conditions, and various
other factors have led to the research of Maximum
Power Point Tracking, but this is a solved problem and
universal. But there are issues related to MPPT in
equatorial regions. This project was inspired by the
conditions in India, the solar exposure level is not the
same throughout the country, and the peak power
production changes depending on it. If this problem of
peak power management is solved, India would be
benefited from the maintenance issues, the current
power plants are facing. This will encourage more
investors into solar power. The maximum efficiency of
the modern solar cells is only around 30-40%, but this
efficiency largely depends on the input radiation
exposure, and the load characteristics of the cell.
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So to improve the efficiency of the cells, the use of
MPPT controllers is significant because it can handle
the load requirements during the summer, but the
methods for creating a MPPT controller are not
universal, some are good at working only at peak
conditions, while some require new solar panels, new
batteries, or new super-capacitors. While this is not a
disadvantage to many, it certainly is, in India the
power plants, either owned by private companies or
the government are reluctant to reinvest to buy new
panels, every production cycle because, the efficiency
gain doesn’t justify the investment. So it this projects,
successfully attempts at providing a cost effective
solution to solve this problem by using Extremum
Seeking Control with MPPT. The simplified block
diagram of the MPPT method is presented in the
section Il. Sinusoid extremum seeking control, is used
for the paper and is presented in Section Ill. The
detection block is an integral block, and is presented in
the section IV. The dynamic stability of the system is
explained and verified in SectionV. The various
models constructed in the scheme are described. Thus,
the simulation of the sinusoid extremum seeking
control is presented in Section VI. The conclusion of
the paper is discussed in Section VII. The references
are mentioned in Section VIII.

I1. Maximum Power Point Tracking:

With the change in the location of sun and the
direction of the sun rays the power output of the solar
power module changes. In Power vs. Voltage curve of
the solar module there is only one maxima obtained of
power which corresponds to the particular value of
current and voltage.
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Since the efficiency of the power module is less
therefore it would be beneficial to operate it at the
peak power point so that maximum power supply from
the module can be achieved. Hence the maximization
of power improves the utilization and reliability of the

solar PV module.
‘—> ﬂ
L; LOAD

Fig 1. Simplified Block Diagram of MPPT based
converters.

A maximum power point tracker (MPPT) technique is
used to obtain the point of the maximum power from
the solar PV module and transferring that power to the
load. A dc to dc converter (step up/step down) is used
for the purpose of transferring maximum power from
the solar PV module utility gird. Maximum power
point tracking is used to ensure that the panel output
power is always achieved at the maximum power
point. MPPT enables the enhancement of the solar
based generation system. Using MPPT significantly
increases the output power from the solar power plant.
Losses in transformer, cabling, inverter and
transmission systems, which can be easily measured in
many cases. An IGBT based inverter is used to convert
the dc supply received from PV array into the ac
supply and thus which can be very easily fed into the
utility grid or be used by the home appliances which
are basically made to work on the ac supply. These
inverters are used to connect the PV array to the grid
through the transformers. These inverters use PWM
technique and are IGBT based. The voltage versus
current curves are shown in fig.5 for the solar module,
the point of maximum power is achieved at the
intersection of the current and voltage curve and at a
particular value of irradiation received from the sun.
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The efficiency of the inverter is measured on the basis
of its ability to convert the ac into dc. Presently
available inverters have efficiency of about 95 percent
to 98.5percent and thus choice of correct inverter is
very important aspect in the design process of power
plant. The less efficient inverters can be used in the
isolated systems or the grid tie. Inverters with
efficiency less than 95percent are readily available in
the market. Inverters when used at the low end of their
maximum power are less efficient and therefore using
the inverters at low end of maximum power should be
avoided. Inverters are most efficient when used in the
range of 30 to 90percent of power.

I11. SINUSOID EXTREMUM SEEKING
CONTROL

The aim of the ESC is that the point known as
operating point should be tending towards the ideal for
undertaken system that has been described by not
known nonlinear map with an only extreme point (i.e.,
a maximum or a minimum). Principle of the Sinusoid
ESC, shown in Figure 2, can be condensed as
mentioned: an input-output nonlinear map is shown, in
continuation it is shown that a very small amplitude
sinusoid signal is added to the x as an input signal, this
yields y as the output signal which oscillate around its
average value. If smaller input signal x is added than
the maximum of the nonlinear map then both the
sinusoid signal will be in phase and if larger input
signal x is added than the maximum then both the
sinusoid signal will be in counter phase, as it is shown
in Figure 1. The Frequency of y as the output signal
will be double if x as the input signal will reach
maximum; it should also be noticed that the magnitude
of the ripple of y as the output signal controlled by the
curves gradient. It is also to be paid attention that,
when y as the output signal is multiplied by the same
frequency as well as same phase, the particular
multiplier output g will be positive before the
maximum had been reached and to the right of the
maximum it will be negative.
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df (x)

fix) + xgvinwnt))

g = f(x)kxgsin (wyt) + kxZsin ® (w,t)

_ldf(x)
T2 dx
_1df @)
. 2 dx 3)
s D If it is considered that the first and second harmonics is

Fig 2. ESC Sinusoid Principle attenuated by the low-pass filter completely, the
expression of the output of the low-pass filter will be

| Modulated
outpat

kxg + f (x) kxg sin (wt)

kxg cos (2w,t).

given as below
Nonlinear |
Detection block 2 dx s+a (G))
1 I [ - 5 Where * is given as the convolution operator, and
Q)(L - L s (XK _ portion given in braces is the filter impulsion response.
A R N B \’F Here, we have assumed small amplitude of the
Jk sinusoid  perturbation and suitable attenuated
@ xo sin(wot) ' harmonics, it_should be_declar_ed that th(_e output signal
of the detection block i.e. u is proportional df(x)/dx,
Fig 3. Block Diagram of ESC Principle the slope of the curve.
The following sections will describe the function of V. DYNAMIC STABILITY ANALYSIS:
the detection block and examine the condition of The only difference which is there in between the
stability, figure 2 shows the scheme. averaged signal and the real or the instantaneous signal
is about the magnitude therefore with proper
IV. DETECTION BLOCK: magnitude consideration analysis can be done.
The output which comes out from the Detection block Averaged signals that is included in the sinusoid
u being proportional to the slope of the map as extremum-seeking circuit are

described below. The integrator block output will have

— T .
signal x and y as the output of the nonlinear mappingy x=(1/T) .[n (x + xqsin (wyt))dt

will be equated to y= (1/T) IUT y(t)dt
— 1 — T
y=fx+xpsin (wf). i = (1) [ u(t)dt
Sinusoid perturbation is considered small, assumed as
the condition xo« X, then approximation of above T =2n/w, )
expression by Tayloiid}vz:?ment will be as y = f(x)‘ f(x) . f{—?]‘
y=f(x)+ TI;] sin (wut). @ We obtain an average output of non-linear map,

although according to expression (2), we can explain,
. here the dynamic relationship of averaged signals. This
2sin ~ (wot) = 1 — cos (2wal)  zh0r0ximation is shown with the help of Figure 3.

of the output signal of the multiplier block will be as

With the help of basic trigonometric identity,
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Now we take care of the following candidateLyapunov

Nonlinear |7 = f® function to prove the stability condition of then
o onlinear system,
df - 1 o 1
: [Tl e [= |2HEhe V(znz) =52+ [ -aki—a ) day
5 i+a ® 2 0 h(e)

Fig 4. Average — Signal Extremum seeking Control (8) ) o .
Block Diagram. In order to verify the positive definiteness ofV(z), we
see that the existence of a function which is
Therefore, the constants term is denoted as, continuousm(z,) such that m(zt).zt>0O, for all, implies

Inz' m(e,)da, > 0

It can be corroborated given that itis true for positive
and negative Zy, that is,

2
k., = kxnf 2 and now the average dynamic
behavior can be given as

= 2, >0=m(a,) >0,

xX=u, .

€(0,z) = J m(a,)da, >0,
0

df

X

Where, the integrator differential equation is
represented by row one whereas the filters differential
equation is represented by row two. We have assumed
that it has just one maximum and this show it
behaviour as concave function; thus the evaluation of
the second derivative or Hessian will give(less than
zero) negative i.e.

"2 2

dfldx <0 .

_ f _ _ It is s_een that _the _When respect to time gives
differentiated with respect to time the gradient gives

(df) df__df N V(z,.zz}zzzz'z+( ak”( |) )
dt \ dx dx? a'x- (10)

) ) ) ) 6 By the substitution of the state variables derivatives
Renaming of the state variables is also an integral part asper expression (7) in the time derivative of the

and, the average dynamic system is expressed as Lyapunovfunction, (10) can be arranged as

u = —au + ak,

z;<0=m(a;) <0,

€ (z,0) = ‘[‘l m(«,)da, = —rm(a,)daI >0
0 2, )
Now the function m(z;) as m(z;)=-aki(1/h(zy))z; it is
be observed that since a>0, k;>0 and, h(z;)<0
thenm(z,).z,>0 for all z; except z;=0. Therefore,

IoZI (—ak,(1/h(ex,))ex,)dea; > 0

2,)is, positive definite.
Continuing further the derivating V (z;, Z) with

and thus V(zi,

z) = h(z))z,,

Z, = —-az, +ak,z,, @

Where

h(z,) = d* fdx* < 0
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As shown that V(Z;, Z,) is positive definite and V(Zy,
Z,) is semi negative definite, the condition thus proves
the stability of the system. In regard to above it is easy
to evaluate the asymptotic stability of the system, with
the help of LaSalle invariance principle since origin is
the only invariant of system for which V =0.
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As assumed that the nonlinear map has just one p

. ;
maximum ie. @ /4% <0 1he nonlinear map i K- —
corresponds to the power-voltage curve of a PV panel S

has just one maxima. The section given below Gﬂrﬂ'_@‘[ﬁf—@;
describes the adaptation technique to analyse the =
algorithm of MPPT circuit for a PV system. Moreover, —

thus a stable §ystem is ensured and thus it is rellabl_e Fig 5. ESC — MPPT model Block in simulink
for the operational range of the PV system. Analysis
that can only considered is the stability in front of
signal disturbances that is small can be found in.
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VI. SIMULATION OF SINUSOID EXTREMUM-
SEEKING CONTROL:

As Shown in Figure 5, the time responses of a Sin ESC
system under uniform irradiance of 1 kW/m2 at25 °C
and variance drop to 600 W/m2 at some time duration.
It is found that large oscillation of the original ESC
system is enhanced by introducing sinusoid
perturbation and the MPP is precisely tracked as
intended. The small residual oscillation during the =
transient state is added to the ESC system itself as well sy -

i=?§5
1

o

i

-=mﬂ;qno.-

as the sinusoid perturbation. Therefore, it will result in >—’/_-m TR e =

1 ot

large oscillation due to an increase in the amount of
sinusoid perturbation, which need the parameter tuning
to be reduced and hence the steady-state oscillations
will be reduced. Figure 6 shows the simulations model
in the case of reduction in irradiance from 1 kW/m to T —J
600 W/m2 at some time duration. No matter how
suddenly irradiance changes, the MPP can still be
precise while tracking as shown in the previous case,
this causes oscillation within acceptable range in the
time duration = 10 s. It is proved that the Sin ESC
approach do intend to improve the high oscillations as
experienced in a conventional ESC approach. Figure 7
and figure 8 show the plots of the voltage and current
waveforms respectively of the simulations done in
figure 5 and 6.

Fig 6. Simulink Simulation model of PV arrays,
with Constant and time varying climatic conditions,
and the output efficiency with ESC MPPT.

Fig 7. Simulated output of ESC - MPPT controller.

Volume No: 4 (2017), Issue No: 3 (March) March 2017
www.ijmetmr.com

Page 147



ISSN No: 2348-4845

Technology, Management and Research

A Peer Reviewed Open Access International Journal

Fig 8. Power output, Duty, Voltage, current, and
efficiency of the simulated system.
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