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An improved analysis of maximum power point tracking by using incremental conductance method
and fuzzy logic of solar photovoltaic array under partial shaded condition is proposed in this paper.
Maximum Power Point Tracking can minimize the system cost and maximize the array efficiency.
The proposed system is simple and cost effective. When the PV array is under PSC, there may be
many peak points in the P-V characteristic of PV arrays. Out of these only one peak point will be
global maximum power point. Though there are many conventional maximum power point tracking
(MPPT) methods, these methods are unable to extract maximum power under this condition. In this
paper, a two-stage MPPT method is presented to overcome this drawback. In the first stage, a
method is proposed to determine the occurrence of Partial Shading Condition(PSC), and in the
second stage, by using a new algorithm that is based on the ramp change of the duty cycle and
continuous sampling from the P-V characteristic of the array, global maximum power point of array
is reached. Since open loop operation is used, the implementation of the proposed method is cheap
and simple. The IC algorithm and fuzzy logic controller are designed to control the duty cycle of
Buck Boost converter and to ensure the MPPT work at its maximum efficiency. These methods are
robust in the context of changing environmental conditions and array characteristics, and have
minimum negative impact on the connected power system. By using the simulation results we can
analyze the proposed methods.

Copyright © Naga Swetha C., Sujatha P and Bharath Kumar P, 2018, this is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any

medium, provided the original work is properly cited.

INTRODUCTION

As the demand of energy is increasing day by day it is more
desirable to switch to the renewable energy sources and solar
photovoltaic system is ideal source of green energy. These PV
systems can be operated by either connecting to the grid or as
stand-alone structures. The major disadvantage of PV power
generation systems is that the amount of electric power
generated by PV module varies with the change in the weather
conditions, 1i.e., irradiation level. Under Partial shading
condition [2] it is important to extract maximum power in PV-
fed applications. Hence it is really crucial to use a maximum
power point tracking (MPPT) control method to achieve
maximum power (MP) output in real time in PV generation
systems. Till now many maximum power point tracking
(MPPT) methods have been presented [4-21] and used. Most of
these consist of two step techniques. In one of the methods [4]
after the PSC is detected the load line is moved based on short
circuit current and open circuit voltage of the array. In order to
obtain GMPP But none of them is able to track the Maximum
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Power Point accurately. The conventional and most popular
methods used are as follows Perturband Observe
(P&O), Incremental conductance, Fractional =~ Short  Circuit
Current, Fractional Open Circuit Voltage, Fuzzy Control,
Neural Network Control etc. [1]. In [5] the method is unable to
track GMPP. In [6] P&O method is used and by using the
dividing of rectangles method the voltage step sizes are
determined. In [7] neural network training under different PSCs
is presented, in which the measurement of solar irradiance level
and temperature are required. In [9] a distributed maximum
power point DMPP is proposed where the current of each
module is compensated by regulating its voltage at respective
maximum power point. A current transformer (CCT) is used in
[10]. In [11], when the PV power changes beyond the threshold
then P&O method starts sampling the P-V characteristic of
array in 60-70% of open circuit voltage of the module. In [12]
P&O method is proposed based in [11] which is similar to [13].
The method in [14] has the good performance but the voltage
must be measured at each module which is difficult and time
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consuming. The method in [15] is based on IC and sampling is
done in the PV characteristic curve of the array. But it limits
the search area as in [11] and also requires high sampling
number. In references [16-21] the MPPT is studied as an
optimization problem +using PSO method, simulated annealing
method and colony of flashing fire flies method. These
methods are successful but the sampling number used is so
high. It is known from references [22,23] that boost converters
undergo some transients to settle the PV array. In [1, 19] a
typical PSO method is used which has the low speed. In [18]
the PSO method is modified to improve in complexity and
speed. In [20] a method based on the firefly algorithm is
proposed. This method has the better speed and efficiency
compared to the PSO method. The main purpose of this paper
is to study and compare two maximum power point tracking
(MPPT) methods in a photovoltaic simulation system. The
methods used are Incremental Conductance method and Fuzzy
Logic Controller.

The main element of a Photo Voltaic system is PV array that
constitutes a set of PV modules connected in series and
parallel. There is a non linear relation between voltage and
current in a PV array, where maximum power is generated
under only one operating voltage. Therefore, extracting
maximum power from a Photo Voltaic system in all operating
conditions is the main target of its control. Partial Shading
Condition (PSC) is the phenomenon in which all the modules
of an array do not receive the constant solar irradiance level
[2]. Conventional MPPT techniques are not able to detect the
global maximum power point (GMPP) under PSC; these
methods normally track local peaks.

Usually, a good MPPT algorithm that is able to detect PSC
should have the following properties:

1. Should be able to track the MPP rapidly to get high
efficiency,

2. The implementation must be with a low computational
load,

3. The use of sensors must be less and the cost must be
user friendly (removing current sensors of boost
converter reduces the cost drastically),

4. The disturbance to the connected grid must be
minimum.

In this paper, two new MPPT algorithms are presented which
are based on ramp change of the duty cycle and continuous
sampling from the P-V characteristic of the array. The
advantages of these methods are that: these methods are simple
and implementation is cheap due to the open loop operation,
though the speed is high it is of adjustable speed, in all
conditions the performance is robust and guaranteed, and
imposing minimum disturbance to the connected power system.
Also these methods have the performance superiority over the
currently using methods.

Most of the techniques that are currently in use consist of two
steps to attain Global Maximum Power Point. In the first step,
the point where the GMPP is present is determined. After the
PSC is detected, the load line is moved depending on the short
circuit current and open circuit voltage of the array, thus the
operating point comes closer to the GMPP, and in the second
step, the operating point converges to it. It can be understood

that this technique is unable to track the GMPP under all
conditions. These techniques do not guarantee reaching the
GMPP. In one of the methods, the MPPT uses a controllable
current transformer (CCT) disposed at the terminal of each PV
module, this CCT permits the required amount of current in the
series path of a PV string. By using a dependent current source
the CCT output current can be regulated. Though these
methods have high accuracy and they decrease the effect of PS
on the array power, their implementation is expensive.

In the above methods, GMPP is obtained by sampling different
points of the P-V characteristics of the array. Though these
methods are successful, their sampling number is high. As the
GMPP can occur in a wide range of the P-V characteristic,
initial sampling must cover the entire curve. The proposed
method has good performance, but it is required to measure the
voltage of each module.

PV Array: Characteristics
Uniform Irradiance Condition

The solar cell is the main element for the implementation of
any method. Solar cells are presented in different models in
various contexts. Among these models, single-diode model that
is shown in Fig. 1 is used in this paper. Based on this model,
relation between voltage (V) and current (I) of a PV module is
expressed as follows:

I=1Ip,—1I, [exp(%’a:[)—l]—% -(D)

Where the equivalent photocurrent of module is denoted by I,
the reverse saturation current of the equivalent diode is denoted
by I,, A is the ideal factor, and V1 (n;kT/q) is the thermal
voltage of module. Rs is the equivalent series and shunt
resistance is given by Ry,. For an array with parallel strings,
each consisting of series modules, I-V characteristic under UIC
is shown below.

V+II\\,'—;R51 ] V+II\\,'—;R51
I = N,L,, — Nyl |exp el I 1+ N -2
Np S
— WN—

R+
li'\ lID g Rsh V

Fig 1 Single-diode electrical model of a PV module

In this work the following symbols are used. Open circuit
voltage of PV module is given by V,c.mod» Open circuit voltage
of PV string is given by V.., Open circuit voltage of PV array
is given by Vicar, the voltage of MPP is given as Vi, the
voltage of module at its MPP is given as V ,p, mod, the voltage
of string at its MPP at UIC is given as Vi, and array
voltage at MPP under UIC is denoted by V pp-arr.
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Fig 2 (a) P-V and I-V characteristics of a typical PV module. (b) Structure of a
sample shaded string. (c) P-V and I-V characteristics of the shaded string

In fig 2(a), I-V and P-V characteristics of a typical solar
module under UIC are given. The maximum module current is
obtained at V=0 and is known as short circuit current (I.). The
negative current will be flowing for voltages above V.04, but
by using a blocking diode it is forced to zero. In UIC, the
maximum power point of module and array are unique and are
achieved at Vippmod = @Vocmod aNA Vinppoarr = 0V ocarr = NgVinpp-
mod Tespectively, here a is assumed as a coefficient which is
dependent on model parameters of the solar module.

Partially Shaded Condition

For example if a PV array is subjected to two different
irradiance levels, then the modules that get high radiance(HS)
level are known as insolated modules and the modules that get
very low irradiance(LS) level are known as shaded modules.
Generally the insolated modules generate the current in the
string. The string current generated in the insolated modules is
greater than the current generated in shaded modules. This
current passes through the parallel resistance of the shaded
modules and generates a negative voltage across them. Hence
the shaded modules consume energy instead of generating
energy which leads to the drop of the overall efficiency of the
string and the development of the hot spots around the shaded
modules which may get damaged due to these hot spots. To
overcome this problem a bypass diode is connected in parallel
to each module so that it will carry the extra current of the

string to pass through it so that the modules may not get
damaged. Simultaneously, the module voltage will be about -
0.7V and also the string efficiency will improve. The sample
shaded array structure is shown in the fig 2(b).

Observations under Partially Shading Condition

Fig 2(b) and 2(c) show the structure and P-V and I-V
characteristics of a partially shaded string containing of N=4
series modules, nyg=2 shaded modules, and n;=2 insolated
modules in it. For currents that are greater than I, of the shaded
modules in Range 1, their bypass diodes conduct extra current
and cause the voltage across them to be about -0.7 to -1V .
During this situation the voltage across the string is divided
equally among the insolated modules only. For currents that are
less than I, of the shaded modules in Range 2, insolated
modules operate in approximately constant voltage area, and
therefore, the voltage across each of these modules will be
more than V ,5.meq and close to Voe.moq. The P-V characteristic
of the string has two MPPS. V.51 = Niy Vinpp-mod - Nsh * 0.7 is the
first one and second one Vi, is at when the voltage of the
shaded module becomes Vy,p.moa. The string voltage in this
local MPP is bound as follows:

NSVrrpp —nod < Vnpp -2 < nshVnpp —nod + ninVoc—rmd - (3)

As the irradiance ratio (IR=HS/LS) decreases, then V> gets
close to the lower bound of (3), and when it increases then
Vimpp-2 comes closer to the upper limit. Also, when K = ng, / nj,
is very high, then the upper limit of (3) approaches the lower
limit, and V,,,» gets close to it. From above it can be known
that in a string the minimum difference of the two local MPP
voltages is higher than V.5, mod.

Boost Converter Control

A two-stage grid connected solar system is shown in fig (3). In
the first stage, DC/DC boost converter plays the important role
by controlling its voltage to absorb power from the PV array. In
the second stage, to control the output voltage of the DC/DC
converter and to generate AC voltage to connect the solar
system to the grid an inverter is used. There is little coupling
between the two stages because of the DC link capacitor
between the boost converter and the inverter, and this helps to
study these stages separately.

Ipv L Lt Grid
M —TE s 1 v
+iL ‘D_l_l_ e T e ST
+ W/ Zs
PV CE_ W J‘ Inverter J.
Array o gy Va "|\ cf
Simple AVR Micro Controller
[ S —
AL "l PSC ‘\{PPT Vpv
Voltage & __L | Detection Algorithm Vo is optinal input
Tempraturs of 8 =
Sample Module of

Array
Fig 3 Overview of a two-stage grid connected PV system structure.

Usually, close loop control and open loop control are the two
methods used for the regulations of a PV array. We know that a
PV array connected to the boost converter shows the cases in
stability and dynamic response points of view, occurs when the
array operates in constant current region and low irradiance
level, where dynamic resistance of the array has its largest

26655 |Page



Naga Swetha C., Sujatha P and Bharath Kumar P., Partial Shading Condition Detection With Smooth Maximum Power Point Tracking of Pv Arrays Using
Incremental Conductance Method and Fuzzy Logic

negative value. As the dynamic response of system depends on
environment and operating point, this makes it difficult to
operate in closed loop condition by using single loop PI voltage
controller. To get the desired dynamic response another inner
loop is used. This two-loop control method needs two PI
controllers and an expensive current sensor.

Where as in open loop control, which is a commonly used
method for boost converters control, there is no feedback, and
the required input voltage is generated, the relation between the
input voltage and output voltage of the converter as shown
below.

Vin = Upy = (1 - D)UO -4

In this method, an expensive current sensor is saved as it is not
necessary to measure the boost converter inductor current.
Although there might be some steady state error and more
transients in the system response than in the close loop method.
Sampling time is one of the important parameters in MPPT of a
PV system. After applying a new command voltage (vi,') to
the converter, sampling from the array voltage and current must
be done after settling the system transient response to prevent
instability and disruption in MPPT, sampling. Therefore,
sampling time period must be more than this settling time.

For further analysis, response of a PV array connected to a
boost converter with open loop control is studied through
simulation in Matlab/Simulink environment. Converter
parameters are presented in Table I. Output voltage of the boost
converter is taken as constant at 250V. Simulated PV array has
Voear = 130V and I, = 8A.

140 !
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Fig 4 Response of switching and averaged state space models of boost
converter in PV system to step and ramp commands

Table 1 Parameters of Boost converter

() | L(ul) | CuuF) | Switching Frequency (kHZ)
03 600 100 0

The switching and averaged state space models of the system
are simulated and their responses to step and ramp command
signals by open loop control are shown in Fig. 4. Following
conclusions are made from the system response:

1. The responses of the accurate switching model and the
averaged state space model are almost identical.

2. There is some steady state error in the system response
to step and ramp command signals. As the MPPT
methods are based on sampling from specific points of
the array’s P-V characteristic, this error can affect their
operation.

3. Oscillation, overshoot and settling time of the system to
step commands is high, especially when the operating
point is in the constant current region of the PV array,
which impose higher switching stress and losses. In
contrast, the ramp response has negligible transient.

4. Settling time of the system step response is about 15ms.
Thus, for MPPT application, sampling time must be
more than 15ms. It is noteworthy that r; is considered
high, while in practice, for better efficiency, it is lower
and results in higher settling time.

MPPT is a time varying optimization problem, in which the
objective function evaluation is done physically; i.e. by
applying specific voltages to the array, its output power is
measured after settling its voltage, whereas in the numerical
optimization problems, function evaluation is done numerically
and imposes calculation burden on the processor. This settling
time depends on the design and operating point of PV array.
Maximum settling time of the boost converter used in
experiment and simulations of this paper is about 20ms.

According to Sec. II, under PSC, the GMPP is in the following
voltage region that must be searched for GMPPT:

VH‘PP —md <V <Voc—arr )

A straight solution for GMPPT with minimum steps is that
sampling from P-V characteristic of the array be done only in
specific points. In practice, these methods rely on
approximations and cannot guarantee the GMPPT.

According to the above discussion, two important facts inspire
using ramp voltage as the command signal of converter to
search the voltage region of (11) for GMPPT:

1. In contrast to the response of the boost converter to
step commands, settling time and transient of the
boost converter to ramp command is nearly zero(Fig.
4).

2. PV arrays do not have considerable dynamics and can
be assumed static. Unlike dynamic systems, then, the
measured power at each moment is related to the array
voltage at the same moment, corresponding to a point
on the P-V characteristic of the array.

Thus, the concept of scanning I-V characteristic of the array
with adjustable high speed ramp command voltage (or ramp
change of duty cycle) is proposed in this paper. Along with this
ramp input, the array voltage and current is sampled
continuously with proper rate.

Partial Shading Condition Detection

An algorithm for PSC detection is presented in this section,
which is based on three criteria. The performance of the final
algorithm is evaluated in various PS patterns.

PSI index as Partial Shading Condition Detection Criterion

The first proposed criterion is based on a new index that is
defined as follows:
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AP apP avn
= — v — 0V —
PS[ - AV.P Vrrpp —-arr — Vi Vnpp —-arr — v Vnpp —-arr —
1 oI
+ — Vipw — 6
Vinpp—-arr I.6V| npp —arr ( )

The above criterion is the normalized derivative of the PV
array power respect to the array voltage at Vipp-arr = NsVinpp-mod
= Vinpp-sts Which is similar to the criterion used in Incremental
Conductance method for MPPT. At UIC, because of the
constant radiance PSI is zero. But under PSC, as the local MPP
voltage changes from Vp.ar, hence the PSI is not zero and
depends on the shading pattern. According to Sec. II, when a
PV string is under PSC, the voltage across the shaded module
(Vinod-shaded) at Vinpp-sir = NgVimpp-mod 1S bound as follows:

NsVmpp-mod—"NinVoc-mod
pp < Vm)

- < Vi - 7
Ns—nin d —shaded nmpp —nod ()

From (7) two cases may arise for

al
Tov [a——

1) Nstpp—mod > ninvoc—mod
Under the above condition, Viog.shadea 1S positive and the

a . . .
absolute value of ﬁ |Vnpp _arr 18 less than its value in UIC,

the local MPP of the string is in V>V .0, and positive PSI is
obtained.

2) NSVmpp—mod < ninvoc—mod

In this case the shaded modules are bypassed with the bypass
diodes. The insolated modules operate in the constant voltage
region. Therefore,

al
W |V‘rrpp —-arr

(Change in current wrt to voltage in array) is much bigger than
its value in UIC; PSI is negative and local MPP of the string is
in V<Vyoo arr.

power

Current

0 50 100 150 200
Voltage (V) v Vipg—toce

mpp-str

Fig 5 I-V and P-V characteristics of PV string in different PSCs.

A sample of string is taken instead of the entire array and it is
tested for the effectiveness of PSI index in PSC detection under
different PS patterns. i.e, for simple understanding only two
irradiance levels are considered in PSs.

From the results of Sec. II and (3), it can be easily shown that
in a shaded string, when the irradiance ratio (IR) is too low or
K=ng/n;, is too high; the second local MPP (Vyp.2) Will be
nearer t0 Vg 1.€., the PSI index may be near to zero and it
fails to detect partial shading condition. Although the proposed
algorithm may rarely mistake in detection of PSCs in the
above-mentioned situations, but the main objective, which is

GMPPT, is not lost. To prove this fact, a sample string under
PSC (such as the PSCs in Fig. 5) is considered that has two
local MPPs; the first one is in the range and has, and the next
one is in with the following power relation:

1
Prpp —2 = Vipp —2Inpp —2 = Vipp —2 (E) Mpp -1 >

(K + DninVopp - (55) - Frpp -1 = K + 1) (52) Py 1 (8)
It is known that when IR is too low or K is too high (the same
situation that PSI index may be near zero, e.g. PSC1 in Fig. 5),
Pupp-2 Will be much greater than Py, ;. Hence, if the PSI does
any mistake in detection of this PSC, then the conventional
P&O algorithm used in the UICs tracks the second MPP which

is the GMPPT.
Updating V,,p,_arr and Final PS Detection Criteria

Till now, it is understood that V... is available for PSI
evaluation. Generally, Vippar and Vi, mea are dependent on
the type of modules and temperature as in (7); and also, there is
some difference between the temperatures of the shaded and
insolated modules.

Viop —arr = Vipp —arr—SC"(1 — Parr(T — 25)) =

Y Vop —moa —se* * (1 = proa —¢ (T — 25)) )

Where Vipparmse a0d Vipppmoasc are in shaded condition and
Vinpp-arr 18 under standard condition where (SzlkW/mz, T=25c¢),
respectively. T is temperature and p,,4 andp,, are the
temperature dependent coefficients of Vippar and Vippmods
respectively. It is known that under UIC, the operating voltage
of the array is Vpp-arr- Hence, Vi, o is available continuously.
As it is slightly dependent on irradiance level, it can be updated
easily, by using the array current at V.. Under the Partial
Shading Condition, the operating voltage is not Vigpan
Consequently, Vi, that is dominantly dependent on the
temperature of the array is not available.

When the relatively fast transient phenomena like the passing
clouds is the reason for partial Shading, then the change in
temperature is not rapid, and hence, the temperature is almost
identical in all modules. Or else, the temperatures of the shaded
and insolated modules are different; and this temperature
difference is proportional to the difference of the radiation
levels. Therefore to update V y,pp-ar, temperatures of all modules
must be measured, this method is not economical. Hence, in the
proposed algorithms only the temperature of one sample
module is used for updating V., .. T0 update these parameters
Pmoa andp,, are used. In this situation, it is not clear whether
the sample module is insolated or shaded. Accordingly, three
cases may be fronted as follows:

1. Here the whole array is assumed to be in UIC, and the
temperature of all modules is the same as the sample
module temperature. Thus, there will be no error in
updating in this case, and UIC can be detected using the
PSI index.

2. In this case, the array is in PSC and the sample module
is insolated. In this case because of the negative value of
Pmoa Tor all types of modules and in (7), the updated
value of Vi, Will be less than its real value.
Therefore, the calculated value of PSI and the difference
between the real local MPP voltage and the updated
Vinpp-arr (NamedA IVmpp — arr) will be greater than its
real value. Hence, PS detection becomes easier.
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3. In this case the array is in PSC and the sample module is
shaded. In this case, as the value of p,,. is negative, the
updated value of Vi, 1S greater than its real value.
Hence, the calculated value of PSI and the difference
between the local MPP voltage and the updated Vpp ar
will be smaller than its real value and may be even zero.
Therefore, success of the proposed algorithms may be
affected. In this situation, voltage of the sample module
is measured while the array voltage is at updated value
of Vippar. Clearly, voltage of the sample module at this
point is quite different from the updated value of V.
ar(namedA|Vmpp — mod|) when the array is under PSC.
Otherwise, their difference will be nearly zero. This
modification ensures success of the proposed algorithm
for PS detection.

Based on the above discussion, the PSI index criterion is
dependent on two other criteria. These two criteria are defined
based on normalized values of and that are defined in the
above. Finally, the criteria for PS detection will be as follows.
|PSI| > 0.001

SVmpp-error| <, (.02 (10)
Vimpp—-error

‘—AV’"’” —7 > 0.02
Vnpp —error

The thresholds that are specified in (10) are determined
according to the simulations of many PS scenarios on various
structures of PV array. If at least one of the above criterions is
met then the array is said to be under PSC. The flow chart for
the proposed algorithms for PS detection is shown in the fig.6.
The proposed PSC detection does not impose any considerable
disturbance on the system, since PSI is evaluated at Vipar. It
can be observed that p,,4 andp,,., may be non-identical
because there may be a difference in the module models in the
array. Here the following variablesVpp-arr-scs Vimpp-mod-se» May
change due to aging. Nevertheless, they can easily be updated
online when the array is under UIC. The effectiveness of the
algorithm is independent from uniformity of modules and their

aging.

Fig 6 Flow chart for the proposed algorithms for PS detection

A string of series modules is used to study the proposed
algorithms. In (6), it is understood that PSI of an array is the
weighted average PSI of individual strings and for the detection
of PSC in any array, the PSI and two other criteria in (8) are
used.

X Ap;

Pi
AV.Y P;

e (1)

Where P; and AP; are the power of string i and it’s differentiate,
respectively.

AP
PSI = mlvapp—array = Vapp—array = Z PSI|

Incremental Conductance Method

In incremental conductance method the array terminal voltage
is always adjusted according to the MPP wvoltage i.e.,
incremental conductance is compared with the instantaneous
conductance of the PV array.

I al

b (12)
If the above equation is true then the array voltage is equal to
the MPP voltage and the controller maintains the same voltage
till the irradiation value changes and this process is repeated.
This method is based on the observation of the maximum
power point.

Here we assume that

dapP

L=0- (13)
4P 40D _ ¥y (14)
av av av av

LP_r+vi. (15)
av av

MPP is reached when above equation is true. Hence we write
that

dal
0=1+V- (16)
dl 1
AT {17
A AP, .
PV Power Pp) AV, -
AR, | \ 45,
AV AV,
>
D PV Voltage (V)

Fig 7 Incremental conductance method on a P-V Curve of solar module

Fig-6 shows that the slope of the P-V array power curve is zero
at The MPP, increasing on the left of the MPP and decreasing
on the Right hand side of the MPP. The basic equations of this
method arementioned below.

dl 1
= _Z AtMPP

dv v

A Y ertof MpP

av> Ty Leftof

& < == right of MPP (18)

Where I and V are output current and output voltage of P-V
array respectively. The left hand side of equations represents
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incremental conductance of P-V module and the right hand side
represents the instantaneous conductance. When the ratio of
change in output conductance is equal to the negative output
conductance, the solar array will operate at the maximum
power point.

Incremental Conductance MPPT Algorithm
The algorithm works as follows

In the first step the voltage of the PV array is read and then the
current of the array are taken by the controller at some
operating point k. Let us assume the values as Vy and I;. Then
after giving some delay the same readings are taken at the
operating point Vy_; and Iy_;. The difference in both the voltages
and currents are calculated by the controller AV, and Al . Now
there may be two different situations i.e., if AV, =0 then the
controller calculates the difference between the currents i.e.,
Al as shown in step 5. If the difference of the currents Al <0
then the present value of current is less than the previous value,
in this case we have to increase the duty cycle because the
voltage of PV array is less than the V,,,, i.e., the operating point
is on the left side of the PV curve. The process is repeated after
increasing the duty cycle.

Now let us assume that AV, # 0 then it checks whether! +

%4 5_11/ = 0, if the condition is true then the voltage is V., if the

condition is not true then the controller either increases the duty
cycle or decreases accordingly till the condition is true. Then
the process is repeated.

Here the peak power of the module will be above 98% of its
incremental conductance. The Flow chart of incremental
conductance MPPT is shown below.
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Fig 8 Flow chart for Incremental conductance method

Fuzzy Logic Controller

Fuzzy logic can be defined in many ways.In other terms this
can be explained as the logical system that is a mutilate logic
extension. The structure of fuzzy logic controller is shown in
the fig.9. The fuzzification block is used to process input
signals and assign a fuzzy value to the input signals. The
interpretation of data by taking certain set of rules and their
membership functions into consideration is done by the
interface mechanism. Then the defuzzification block is
responsible for the conversion of the fuzzy information coming
from the interface system to the non-fuzzy information. In this
work a fuzzy controller is used with two input variables error in
voltage (E) and change in error in voltage (CE) and the output
(D).

The triangular membership function is used for the
fuzzification process.For the inputs E, CE, and output D
seventriangle membership functions are used. The membership
functions for the above variable can be seen in the fig 10 (a),
(b), (c) below.

Fuzzy Logie Cantroller

L Fuizzy I it

= Fuzzyfication [ nlkrence = Defuzzylication

: nlerenge Lo for

I

P4 } !

| Membership Membership

! function of Rule Base Tunetion of

| i1|puT Fuz'f.\r sef output fuzzy set

I

________________________________________

Fig 9 Structure of Fuzzy Logic Controller

The 7 membership functions for all three variables are
expressed by linguistic variables positive big(PB), positive
medium (PM), positive small (PS), zero (ZE), negative small
(NS), negative medium (NM), negative big (NB). A rule in the
rule base can be expressed in the form: If (e is NB) and (de is
NB), then (cd is PB). The rules are setbased upon the
knowledge of the system and the working of the system. In
table 2 the 49 rules can be viewed that are applied to the
controller. The two inputs E and AE are represented by rows
and columns. The intersection of both is the output D.

HE MW ik} IE PE  PM FB

05+ B

0 n ro— n n n n n
-1 08 -06 04 02 o] 0.z 0.4 0.6 0.8 1
imput warizble input1 "

Fig 10(a) Membership Function of Input1
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Fig 10(b) Membership Function of Input2
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Fig 10(c) Membership Function of Output
Table 2 Rule base for Fuzzy Logic Controller

e/Ae  NB NM NS ZE PB PM PS
NB PB PB PB PM PM PS ZE
NM PB PB PM PM PS ZE ZE
NS PB PM PS PS ZE NM NB
ZE PB PM PS ZE NS NM NB
PB PM PS ZE NS NM NB NB
PM PS ZE NS NM NM NB NB
PS ZE NS NM NM NM NB NB

SIMULATION RESULTS

In this section, performance of the methods proposed for
tracking of GMPPunder PSC is evaluated in various aspects
using simulations and experiments.

Simulation Results

The methods that are compared are the P&O method,
Incremental Conductance method and by using fuzzy logic
controller method. In the below graph the characteristics for PV
curve are shown under UIC condition and two different PSC
conditions.
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Fig 12 P-V characteristics of array in UIC and two different PSCs

Simulation results are presented in the fig (13) and fig (14), and
the efficiency of the proposed MPPT algorithm is compared
with the P&O method and incremental conductance method
and fuzzy logic. In the simulation of the proposed methods,
analog to digital conversion time of processor in measuring the
voltage and current of the array is considered 0.5ms, which is
achievable by a low-speed micro controller. Also, the voltage
ramp for searching the GMPP is set to 4000 V/s. The proposed
algorithm tracks the GMPP in all cases rapidly in lower than
70ms.

Here by giving the ramp inputthe array voltage is varied; bythis
process the speed of tracking increases and also the transients
and stress on the converter is reduced.This type of input also
has extra benefits in terms of interaction with the connected
grid (Fig. 3)i.e., in the system, the inverter must deliver all
generated PV power to the grid rapidly for regulating the
voltage of the output capacitor of boost converter. Therefore,
changing the array power leads to changing the injected power

to the grid, and it yields voltage transients at the point of grid
connection. Step changes in the array voltage, and
consequently, the array power impose greater voltage
transients, while changing the array voltage with ramp yields
lower transients and much better power quality.
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Fig 13 MPPT process with the Incremental Conductance Method.
(a) array voltage, (b) array power, and (c) grid voltage.
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Since sampling from of the array P-V characteristic in these
methods are done with specific intervals which depend on the
model of modules, non-identical modules in the array affect
their Efficiency. In contrast, the proposed MPPT algorithm is
completely independent from the modules make and model.

CONCLUSION

In this work a partial shading detection algorithm was
implemented. There are placing a simple and fast algorithm
which is denoted as the increment condition of MPPT under
PSC that operates as direct control method and needs no
feedback control of current and voltage. And another algorithm
based on the fuzzy Logic controller. Simulation results validate
the performance of the proposed method in speed and accuracy.
This work was aimed to explore the performance of a
maximum power point tracking system which implements
Incremental Conductance (IC) method and Fuzzy Logic
Control method. The comparison shows a promising
performance for the proposed reconfigurable PV array
compared to the conventional PV array with central and strings
inverters approaches. Also from the comparison graphs shown
in the fig (13) and fig (14) compares the power and voltage of
the P&O method, IC method, and Fuzzy Logic Controller
method. It can be observed that the output from the Fuzzy
method has fewer distortions compared to P&O method and IC
method. According to the performance of the proposed
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GMPPT method (fuzzy logic) we have following advantage
which is given below: (i) It is simple and can be implemented
with a cheap microcontroller like AVR; (ii) It has a high
adjustable speed; (iii) Because of the smooth change of power
in comparison with other methods (P&O method and IC
method), it has minimum negative impact on the connected
power system; and (iv) Its efficiency is guaranteed and is not
dependent to the model of modules.
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