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Abstract - One of the most promising forms of renewable energy is solar energy. However, efficient exploitation of this energy form is a
topic of great interest, especially in obtaining the maximum amount of power from the solar photovoltaic (PV) system under changing
environmental conditions. To solve this problem, it is necessary to propose an optimal algorithm. Therefore, this paper presents a feasible
maximum power point tracking (MPPT) technique for DC/DC boost converters applied in load-connected stand-alone PV systems
to extract the maximum available power. This proposed method is based on the combination of the modified perturb and observe
(P&O) and fractional open circuit voltage (FOCV) algorithms. The effectiveness of the proposed technique is verified via time-domain
simulation of the load-connected stand-alone PV system using PSIM software. The simulation results show a tracking efficiency with
an average value of 99.85%, 99.87%, and 99.96% for tracking the MPP under varying loads, irradiation, and simultaneously varying
temperature, load, and irradiation, respectively. In addition, tracking time is always stable at 0.02 sec for changing weather conditions in
the large range. Therefore, the results of the proposed method indicate advantages compared to the conventional method.

Keywords: Maximum power point tracking (MPPT), perturb and observe (P&0), DC/DC boost converter, photovoltaic solar

1. INTRODUCTION — —— -
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According to the global market outlook, global in-
stalled PV capacity will increase to 940 GW by the end
of 2021, a 22% increase from 772.2 GW in 2020, as
shown in Fig. 1 [1]. Such a rapid increase is due to the
ease of installation of this type of energy. For example,
they can be installed in places without other uses, such
as rooftops, deserts, or remote locations. Enhance,
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research topic in the last decade. However, its power Weas

generation efficiency depends on the characteristics Fig. 1. Global growth in installed PV capacity

of the PV module, which vary with solar radiation level 2008-2021

and atmospheric temperature [2]. To maximize energy

from solar absorption at different radiation levels, the Currently, the PV power generation system can be

PV model must be driven at its maximum power point  divided into two types that are grid-connected and
(MPP).In the past decade, a large number of MPP meth-  stand-alone PV systems. This paper focuses on the sec-
ods have been developed to increase the efficiency of  ond type, which has been widely installed worldwide
the PV module. due to its low cost and high convenience in installa-
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tion and use, especially for use in hard-to-connect or
unconnected areas of the power grid. The stand-alone
PV system refers to generating the electric energy that
supplies the electrical load of the DC and AC types.
This paper focuses on stand-alone PV, which is used to
supply electric energy to a DC load. The architecture of
the isolated-DC grid-connected PV system is proposed
in this study, as shown in Fig. 2. This system can be di-
vided into its key parts, which are the PV array, DC/DC
boost converter, control unit, and load.

In this paper, the stand-alone photovoltaic solar system
is considered to apply for any of the following: heating,
cooking, and water pumping. For example, the authors in
Ref. [3] have used this system to drive the pummel system
using a brushless direct current motor. The battery is not
used in this investigated system to save money and pro-
tect the environment. However, it has a significant prob-
lem in that the amount of the generated electric power
depends on the weather conditions, especially solar ir-
radiance. The efficiency of converting solar energy into
electrical energy from PV panels is very low, usually in the
range of 12% to 30%, due to the variations in irradiation,
temperature, and load [4]. To enhance the conversion
efficiency, the PV array should be tracked at the MPP. To
achieve this goal, the MPP tracking (MPPT) algorithm for
DC/DC converters is required. Basically, the MPPT algo-
rithm is a power control method that adjusts the duty cy-
cle of the DC/DC converter based on the output and input
of the PV array to capture maximum power production
continuously, thus achieving maximum power and sup-
plying voltage stability under varying weather conditions.

DC/DC
converter  j

Ipv‘
4Upv ‘|<}
MPPT
algorithm UL
H:> Pulse
generator

Fig. 2. The load-connected stand-alone PV system
with the assistance of the MPPT algorithm

The MPPT algorithms are developed based on crite-
ria including cost, efficiency, loss of energy, tracking
time, level of oscillation, scientific tracking MPP, and
type of power electric converter [5]. Considering these
accounts, it has two MPPT algorithms. The first is con-
ventional methods, which are simple and low-cost but
lead to poor performance. The second has been devel-
oped using intelligent methods, which have high per-
formance and are complex [6].

Over the last few years, there have been many pro-
posed methods to achieve the MPPT under variable
weather conditions. The most significant are methods
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such as perturb and observe (P&O) [7], incremental con-
ductance (InC) [8], fractional open circuit voltage (FOCV)
[9], and fractional short circuit current (FSCC) [10]. The use
of these methods is effective; however, it has the problem
of slow convergence and significant oscillations around
the MPP. In addition, the PV array having the PV character-
istic is not linear; thus, it needs to apply the MPPT control
methods based on intelligent methods, including neural
network (NN), fuzzy logic control (FLC), and the meta-
heuristic method. Authors in Ref. [11] have proposed the
MPPT method based on the NN-global sliding mode for
DC/DC buck-boost converter. The ANN-FL was developed
by authors in Ref.[12]. The combination of the InCand FLC
has been proposed by authors in [13]. These combina-
tion methods have several benefits, including being able
to handle variable inputs, avoiding the requirement for
precise mathematical modeling, and having self-conver-
gence and self-learning capabilities [14]. The drawback of
these methods is that the tracking performance and out-
put efficiency are dependent on the engineer’s technical
knowledge. To overcome this problem, Manna, S et al.
[15-18] introduced new methods based on the model ref-
erence adaptive control (MRAC) to enhance the tracking
efficiency and speed of PV system under changes in am-
bient conditions. With these algorithms, it gives a reliable
tracking efficiency and time compared to the traditional
P&O, INC, FLC and ANF.

From an algorithmic point of view, even though the
P&O algorithm has many benefits, a rapid change in at-
mospheric circumstances leads this P&O algorithm to
drift away from MPP [19], and authors in Ref. [20] have
provided analyses of this drift issue. In this study, the drift
is clearly analyzed in terms of its potential occurrence,
the movement of the operating point, and the effects
of both abrupt changes in insolation and more gradual
changes. As a solution to the drift issue, the authors in
Ref. [21] have applied the constraint on perturbation
step size (AD). However, the value of AD is high, resulting
in an increase in steady-state power loss [22]. The adjust-
able variable step based on the Pythagorean theorem
to calculate the reference voltage through the optimal
value of AD is proposed by authors [23, 24]. However, it
is manually adjusted to regulate this AD.

According to the literature survey, most are not inter-
ested in the self-adjusting optimal value AD under si-
multaneously varying temperature, load, and irradiation
conditions. To solve this problem, this study proposes a
solution that is based on the combination of the modi-
fied P&0O and the FOCV algorithms. In this proposed
algorithm, automatic tuning of the step size results in
quick and precise tracking. Large perturbation values
are better for improving dynamic performance, whereas
lower values are better for improving steady-state per-
formance. In addition, the proposed method also con-
siders the drift problem early by setting upper and lower
threshold limits for changes in power based on the slow
and fast changes in the input of solar irradiance. The key
contributions of this work are summarized as follows:

International Journal of Electrical and Computer Engineering Systems



(i) The modeling of the load-connected stand-alone
PV system designed using the PSIM environment and
C++ code to assess the functionality of a PV module.
This system, which consists of a PV array, a DC/DC boost
converter, and an MPPT controller, can be used for any
of the following: heating, cooking, and water pumping;

(i) Establish a MPPT method based on the combi-
nation of the modified P&0O and the FOCV algorithms
to overcome the main drawbacks of the conventional
P&O-MPPT.

(iii) The stability of the proposed method is con-
firmed under simultaneously changing radiation, tem-
perature, and load.

Except for the introduction, this paper consists of four
sections and is organized as follows: Section 2 covers the
modeling, structure, and DC/DC boost converter.The prin-
ciple of operation and the schematic diagrams of the DC/
DC boost converter are presented in this section. Section 3
presents the control scheme for the DC/DC boost convert-
er of the load-connected stand-alone PV system, followed
by a recall of the conventional P&O-MPPT algorithm and
a proposal for the modified P&O-MPPT algorithm. The ef-
fectiveness of the control method for the DC/DC boost
converter based on the conventional and modified MPPT
algorithms applied in stand-alone photovoltaic solar sys-
tems through other studied cases is verified, analyzed,
discussed, and compared in Section 4. Finally, Section 5
contains the conclusions of this study, and the proposed
directions for future research are presented in this section.

2. PROBLEM FORMULATION

2.1. PHOTOVOLTAIC ARRAY

The proposed single diode mode of the PV module in
this study is shown in Fig. 3 and can be modeled by the rela-
tion between the output current and voltage as follows [2]:

L (u-r1)
I=1, -1 [e(g” j—lJ—{U;RSIJ (1

P

in which Uis the output voltage, I is the output current,
q is the electronic charge, {is the diode ideality factor, k
is the Boltzmann constant, T is the operating tempera-
ture, R_and R, are respectively the series and parallel
intrinsic resistances, Ipv is the photocurrent current and
can determine by Eq. (2), and 1 is the saturation current
and can determine by Eq. (3)
A

I =1, +k, (T-T))———
pv (sc+ sc( r)) 1000 (2)

rY el
IO :Irs [T] e LT (3)
,

where Ais the illumination, Ebg is the band gap for silicon,
ksc is the short circuit factor, T is the reference tempera-
ture of the standard test conditions, and I_is the reverse
saturation, which is given by the following equation.
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where I _and U__are the short-circuit current and open-
circuit voltage, respectively, which are respectively giv-

en as follows:

G
1. =—I_ +k((T-T
s Gr se.r i ( r) (5)
Unc:Uncr+ku(T;_T)+gk7T ng (6)
' 9 G,

where G and G _are the actual solar radiation and the
reference irradiance at the standard test conditions, re-
spectively; I, and U, are the reference short circuit
current and the reference open circuit voltage at the
standard test conditions, respectively; and k. and k, are
the temperature coefficient of I _and the temperature
coefficient of U, respectively.

For practical PV cells, the value of R is large leading to
great influence when the PV operates in the current
source region. Therefore, Eq. (1) can be reduced as follows:

1
]‘ — SC

") 7)
et )1
In the case of a PV array having n, parallel and n_se-
ries of the PV cells connected together, the current can
be described as follows:
[l
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Fig. 3. The equivalent circuit of the PV module
2.2. DC/DCBOOST CONVERTER MODEL

2.2.1. Circuit description

The DC/DC converter used for the PV system includes
the buck, boost, buck-boost, and single-ended prima-
ry-inductor converters. Based on their advantages, dis-
advantages, and applications [25, 26], the DC/DC boost
converter is discussed and developed in many sectors,
such as industrial drives, adaptive control, battery pow-
er applications, etc., compared to the other ones. Par-
ticularly in the case of the PV application, it not only the
output voltage to the desired level but also performs
the MPPT control. Therefore, DC/DC boost converter is
chosen to study in this paper.

The MPPT-controlled PWM technique for the pro-
posed stand-alone PV systems using the DC/DC boost
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converter that is connected between the PV array and
the load as shown in Fig.2. The equivalent circuit dia-
gram is detailed in Fig. 4. The components are used,
including the inductor L, power diode D,, MOSFET SW,
and capacitor C as shown in Fig. 4 (a).

Based on the time duration of On or Off for the SW,
the DC/DC boost converter has two distinct modes of
operation, including the continuous conduction op-
eration (CCO) and the discontinuous conduction op-
eration (DCO). For the CCO model, the current through
L is always greater than zero, which means that the L
partially discharges before the switching cycle begins.
For the DCO model, the current through L goes to zero,
which means that the L is fully discharged at the end of
the switching cycle. Because the dynamic order of the
converter is reduced, the DCO model was not selected
compared to the CCO model [27]. Therefore, this study
uses the CCO model for further study.

The process of recharging and discharge will consti-
tute a switching cycle, standing for the obtained out-
put voltage is controlled by the time duration of On or
Off of SW.The PWM technique is applied to adjust the
On or Off duration. The switching period of SWis T,
the SWis closed with time D,T, and open with (1-D,)
T ,in which D_is the switching duty cycle. The perfor-
mance of the boost converter depends on the input
inductor and the connected load. The boost converter
only operates in the case of R, < R, . Fig. 5 shows the
tracking region of the boost converter on the U-I curve
of the PV [28]. In order to attain the maximum power of
the PV, the D must be changed so that the impedance
values between the load and source are matched. So,
the value of D, is determined as follows [28, 29]:

R
D, =1- __MPP_ 9)
RL

where R, is the internal resistance of the PV array and
R is load resistance.
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Fig. 4. The DC/DC boost converter: (a) The equivalent
circuit representation, (b) Equivalent circuit in the
case of turned-on switch SW, (c) Equivalent circuit in
the case of turned-off switch SW
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Fig. 5. Tracking region of the boost converter on
the U-I and P-U curves of the PV

2.2.2. Operation analysis

The operation of this boost converter topology de-
pends on the On or Off state of the switch SW and di-
vides into two models.

Model # 1: It begins when the switch SWis turned on
at time zero; the equivalent circuit is shown in Fig. 4 (b).
During this model, the inductor L is connected to the
ground, and the output voltage value is U = U. During
this state, the inductor charged the energy. The current
through the inductor L is raised and calculated by using
Eq.(10).The load R, is supplied the energy by the capaci-
tor C. In this case, the diode current is equal to zero. The
main operating waveforms of several components, in
this case, are shown in the period (0, D,T) of Fig. 6.

D T,
=— j U,dt (10)

Model # 2: It begins when the switch SWis turned off
atthetime of D, T , the equivalent circuit is shown in Fig.
4 (c). During this model, the output voltage in the induc-
tor L is changed and the value is U, = (U -U,). During this
state, the inductor discharged the energy through the
diode to the load. The current through the inductor L is
decayed and calculated by using Eq. (11). The main oper-
ating waveforms of several components, in this case, are
shown in the period (D T,T )of Fig. 6.

T,

| (11)
T,

hl»—‘ S

D,
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Fig. 6. Boost converter operating waveforms: (a) the
switch SW; (b) Inductor voltage; (c) Diode current;
(d) Inductor current

3. MPPT CONTROL METHOD

3.1.DC/DC BOOST CONVERTER

The equivalent circuit of the selected DC/DC boost
converter is shown Fig. 4. The value of D is set up in
the condition between zero to 1 and is considered in
the condition without losses. The output voltage is cal-
culated as follows [30]:

1

U, = U
1-D,

i (12)

The inductance value is determined by Eq. (13), and
this value never falls to zero [31]:
_ (I_DW)ZDM/‘RL

2AL, 1, 13

in which, Al is the output current ripple that is selected as
1% of the output current, and the switching frequency of
f,, selected is the value of 20 kHz. The capacitance value is
calculated as follows [32]:
_ UoDw
CAU,fLR,

where AU is the output voltage ripple that is selected
as 1%.

(14)

__ Rypp
L

(D, 1) (15)

where D is the switching duty cycle and can be de-
termined as follows:
)

on

Dw:— (16)

(ton + [q[f)
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3.2. MPPT ALGORITHMS

There are numerous MPPT algorithms for the DC/DC
converter system based on solar energy systems that
have been put out by numerous researchers with the
shared objective of maximizing power output and op-
erating the system at its maximum power point. The
P&O is a widely popular technique for obtaining the
most power from solar PV due to its ease of use and low
cost in comparison to other MPPT techniques. There-
fore, this paper considers this method to be improved
and uses it as a new method.

3.2.1. Conventional P&O algorithm

The P&O method operates based on observing the
PV power through the sensed values of the voltage and
current of the PV array. Fig. 7 shows the principle of op-
eration of this method, which depends on the calcula-
tion of the output power of the PV array based on the
sensed values of the current and voltage. This power is
compared to the previous one to address the direction
of perturbation and, subsequently, update the switch-
ing duty cycle of the DC/DC converter as follows:

D,y = Dyyym1y £AD,,

(17)
where D, and D, are the current and previous per-
turbations of D, respectively; k and (k-1) are the cur-

rent and previous sampling instants.

In general, the PV array power is calculated based on
the sensed values of the voltage and current. The val-
ues of voltage and power at k are stored as Py =U,
I(k).Then, the power is calculated by using the previous
values at (k- 1). The increment of the voltage and pow-
er of the PV array between two consecutive samples is

determined as follows:

{AU =Uw =V

(18)
AP = Ry = By

Power oscillation

ower

around MPP
o &~ A P&O -
A Pwpf——————————————— as
& Dayges1y=Duy+ADsy LS
Y -
= I
er D, w(k) =D wk-1) +AD,, ”/ |
5 Peipf———= ——— :
il 2 -l
_____ | | |
Pen| Dy I :
I
: Lo | APIAU=0
I I
kel : | _
<, -
Ug‘y Uwp Uy Unmrp) Voltage
AU= U — Ugery> AP/AU>0 | AP/AU<0

Fig. 7 . The principle of operation of the
conventional perturb and observe algorithm

From Fig. 7, there are three conditions based on the fact
that the slope of the power curve vs. voltage (current) of
the PV array is zero at the MPP and can be described as
follows:
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i) %>0: on the left of MPP, the voltage increases
power increases;

i) AP <0:on the right of MPP, power decreases with
an increase in the voltage;

iy AP _ ) - at MPP.
AU

By comparing AP and AU, the algorithm decides
whether to increase or decrease the duty cycle. If the volt-
age increases (positive) and the power increases (posi-
tive) in two consecutive calculation cycles, then the volt-
age will be driven to increase (positive) in the next cycle.
If the voltage increases (positive), that leads to a decrease
in power (negative), and then the voltage is controlled to
decrease (negative) in the next cycle, and vice versa.

From Eq. (12), the output voltage is proportional to
the D, which is determined by Eq. (16) and will be ad-
justed by increasing or decreasing a value called the
“AD", and the updated values between two consecu-
tive samples are determined by Eq. (17). This may be
done repeatedly until the PMPP is achieved [33]. Table
1 lists the overall P&O direction characteristics, and Fig.
8 depicts its flowchart, which can be found in [34-35].

Table 1. The overall P&O direction characteristics

Voltage Change in power Direction of
perturbation (AU) perturbation (AP) perturbation (4AD,)
+ + +

+
+

3.2.2. Improved P&O algorithm

The conventional P&O algorithm has two main draw-
backs. The first is that the AD _is a fixed value, as shown in
Fig. 7. This affects the process of achieving MPP because
it depends on this AD  jump. If this value is large enough
to reach the MPP quickly, the system will fluctuate widely
around the MPP. Conversely, if the offset is small, the sys-
tem oscillates less around the MPP but takes longer to
arrive at the MPP [36]. The second is that it depends on
the measured voltage and current values, which depend
on the sensors and measurement errors during the sys-
tem's operation. For the measurement error, the system
will measure the values n (usually choose a value from 3
to 7; if this value is too large, it is difficult to respond when
environmental conditions change rapidly) times, then
perform the comparison according to the P&O algorithm
to find the trend in the next operating cycle [37].

To overcome these drawbacks, this study proposes a
solution that the principle of operation of the proposed
method is shown in Fig. 9 and the algorithm flowchart
is shown in Fig. 10. In this proposed algorithm, auto-
matic tuning of the step size results in quick and pre-
cise tracking. Large perturbation values are better for
improving dynamic performance, whereas lower val-
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ues are better for improving steady-state performance

[37]. The current form of the generic tracking equation

is presented in Eq. (17) above, in which the k* optimum

value ofADW(k] should be determined as follows:
AD. k) =M(k)(grad9(k))

w

(19)
where M, is the k' step size that is altered in ac-

cordance with the PV system's specifications. For this

study, this value is calcaleted as follows:

A

Fiy

Read n times:
Voltage: Uy = Z(Uy/n
Current: If) =X()/n

Mgy = (20)

Calculate:
Pay = Up*Iey
AP =Py - Py
AU=Ug - Ug-n

D\y=Dy 1) - AD, H Dy(g=Duik-1)+ ADyy || Dy(=Di(i-1) - ADyy |

k=k+1
Dy = Dy

| Dy(gy=Di(e1) TADy I

Fig. 8. The flowchart of the conventional algorithm

Corresponding to each working point of k" of PV on
the P-U characteristic curve as shown Fig. 9, the grad
slope is determined as follows:

AR
grad 0y, = abs <l
AUy

(21)

where APM and AU(k are the change in output power
and working voltage of the PV module at the k" step.

Substituting Eq. (19) into Eq. (17), and it can obtain
as follows:

Dw(k) = Dw(k—l) +M(k)(grad9(k))

Dw(k) = Dw(k—l) _M(k)(gradg(k))

(22a)
(22b)

It is clear from Eq. (22) that the modified automation
complies with the operating point to provide a fast-
tracking capability. As demonstrated in Fig. 9, when the
operational point of the PV system is close to the MPP, the
shift in the PV power and voltage is less significant than
when the operational point is far from the MPP. As a result,
the suggested approach boosts the MPPT tracker’s speed
during abrupt changes in the weather and lowers its os-
cillation during steady-state situations. Additionally, the
suggested approach takes the drift issue into early con-
sideration, Basically, the drift issue occurs when the solar
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irradiation on the PV array rapidly increases by at least 10
Ws/m? [17]. The input of solar irradiance is thus depen-
dent on the following two requirements for change in the

solar irradiance perturbation AG,,.[38]

{AGSTC <10 is slow change

AGgre >10 is fast change (23)

Considering the irradiance of the PV system operat-
ing under standard test condition G_ . is 1000 W/m?,

STC
the new conditions are obtained as follows:

AG .
—5T€ <19% is slow change
STC
AG (24)
—3TC€ >19% is fast change
Gsre
) —-—-P&O (APYPRE1%5 power oscillation
g ‘:m____u____l‘}}_PHWCd P& O P W »| | around Mpp
A~ gradf, = const ’U‘”’”‘___’_i"‘ grad0,pp =0
Diisn i i ot i ez 7
MPP N .
5 BBy iilgg, O Y
v w(k) w(k-1) W(k)Q)Q' e l |
o R - ] v
Q;g < e _I YarTn : |
I R, o === o : ~
L - ird i ARy l
& et i g%,"""% G, .
Hg Py —5 — — A 7
< " b “‘(”_D"“ D+AD | | apm=o
H 1 | i
! [ i
5, <—A—>:<—r> ,| i i
IJ(L 1) / U(k) ’;' 0.76. Use: :UMPP Voltage
AU = Ugy = Ugey - 4 I
AU(1+1)<AU(1> APIAU>0 | APIAU<0

Fig. 9. The principle of operation of the proposed
algorithm

The normalized change in solar irradiance is equiva-
lent to the normalized change in power. Therefore Eq.
(22) can be represented as [39]:

% <1% is slow change
(25)

%> 1% is fast change

where AP is the change in power and P represents its
previous iteration. As known, if the irradiance varies and
alters P's value, AP’s value likewise changes in the same
way. As a result, the value of AP/P remains essentially con-
stant under a variety of environmental circumstances. Ad-
ditionally, when the operation point s in the drift problem
condition, this value is positive; otherwise, it is negative.
In order to address the drift issue as soon as possible, a
constant value of AP/Pis inserted at the beginning of the
program, as illustrated in Fig .10. In this paper, the value
of AP/P is chosen as 0.01. Under various weather circum-
stances, the MPP voltage is computed at roughly 78% of
the open circuit voltage. In order for the suggested meth-
od to determine the side of the operational point when
the solar irradiance varies quickly, the U_, is applied as
76% of the open circuit voltage [39]. The operation point
is to the right of the MPP if the PV voltage is greater than
the U, which causes the D, reference to decrease. If not,
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the D, reference increases, and the AP/P shrinks dramati-
cally when the operation point is near the MPP. As a result,
the control unit enters the conventional P&O method to
determine the precise optimum MPP.

Read n times:
Voltage: Ug = Z(Up)/n
Current: [y = X2([)/n

Calculate:
Pw=Unln
APg=Pg) - Ppery
AUp=Ug - U

Using Egs. (19)-(21)

| Using the pink dashed
part of Fig. 8

e

e

k=k+1
D1y =Dy

Fig. 10. The flowchart of the improved perturb and
observe algorithm

4. RESULTS AND DISCUSSION

To assess the efficacy of the recommended method, a
PSIM model for the proposed standalone PV system with
MPPT algorithm has been developed, as shown in Fig.
11. A PV array, a DC/DC boost converter with an MPPT
controller, and a resistive load are all components of the
system under examination. Table 2 summarizes the elec-
trical characteristics of the BP MSX 60 PV panel, which
is used as a standard, under normal test conditions. The
DC/DC boost converter design parameters are shown in
Fig. 11 and were based on Section 3. The resistive load is
adjustable and ranges in value from 50 Q to 200 Q.

I
Pmax 1.5m b
= O Y ° .
Radiation intensity a3
NN + 1°D”F7 50uF - V)
] (G )
Temperature ||/ \\ RLoad
T \\
VA J)wm \ Vo
® \
Y PA oy T Y Po.
v seorerr - v
Fae e
Car . eair
s ¥ duty (o -

MPPT_C_embedded

Fig. 11. Simulation model stand-alone photovoltaic
system with MPPT algorithm

The P-U and I-U characteristics of a simulated BP MSX
60 PV panel for the irradiances of 200 W/m? and 1000
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W/m? at 25 °C are shown in Fig.12. As a result, the MPP
powers have changed from 10.66 W to 59.6 W, and the
MPP voltages have changed from 16.88 V to 17.14 V
corresponding to the insolation level of 200 W/m? and
1000 W/m?, respectively.
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Voltage (V) 16.88 17.14

Fig. 12. The /-U and P-U characteristics for a module
on the irradiances of 200 W/m?
and 1000 W/m? at 25 °C

Table 2. Electrical characteristics of the PV module

Parameters Values

The maximum power (Pmax) 60 W

The voltage at Pmax (Umpp) 171V

The current at Pmax (Impp) 35A

The open circuit voltage (Uoc) 211V

The short circuit current (Isc) 3.8A

The temperature coefficient of Uoc -(80 + 10) % V/°C
The temperature coefficient of Isc -(0.065 + 0.015) % V/°C
The temperature coefficient of power -(0.5 £ 0.05) % V/°C
The nominal operating cell temperature 47 +£2°C

The operating temperature 25°C

When the sun irradiation varies, it is not possible to
manually adjust the load resistance with the variable
value from 50 Q to 200 Q. Therefore, the MPPT algo-
rithm and DC/DC boost converter have been designed
in Section 3 to continuously adjust the duty cycle of the
converter. Two scenarios are considered to verify the
perfection of the proposed system.

Case 1: Simulation results for the varying load under
the fixed irradiation: The tested system has been simu-
lated for two predefined load levels of 100 Q and 150 ().
The fixed ambient temperature of 25 °C and the fixed
irradiation of 1000 W/m? are considered inputs to the
PV panel. Fig. 13 shows the comparison of the output
power of the PV panel of both MPPT algorithms. Ob-
serving the dynamic response, the performance and
efficiency of the proposed method are better in com-
parison with the conventional P&O algorithm in terms
of response time and output power oscillations. The
proposed method has a fine response and less fluctua-
tion around the MPP than the conventional method. In
the case of R, =100 &, it takes 0.05 seconds to reach
the MPP point when applying the conventional MPPT
method, whereas using the proposed MPPT method, it
is 0.015 seconds, as shown in Fig. 13 (a).
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In addition, a simulation for the predefined varying
load is tested to verify the output response for the PV

according to the following structure.
100Q2, for

R()= 50Q, for

150Q2, for

2002, for

t<0.2 sec
0.2sec<t<0.5sec
0.5sec<t<0.7 sec

t>0.7 sec

(26)

The dynamic response is shown in Fig. 14, and the
simulated results are summarized in Table 3. From this
table, it can be seen that the proposed MPPT method
presents better results than the conventional MPPT
method in terms of response time, efficiency, and oscil-
lations to reach the MPP point. The efficiency for track-
ing MPP is expressed by using Eq. (27) below, in which
the maximum power is 60 W. As a result, the average ef-
ficiency and tracking time, in this case, are 99.85% and
0.0375 sec, respectively.

P
7 =—2-100%

max

(27)
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Fig. 13. The output power of a PV panel at 25 °C

with the input irradiance of 1000 W/m?: (a) the load
of 100 Q, (b) the load of 150
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Fig. 14. The output power of a PV panel at 25°C
with the input irradiance of 1000 W/m? under
considering the predefined varying load
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Table 3. A comparison of the properties of both methods for the predefined varying load and the fixed irradiation

) Conventional algorithm Proposed algorithm
Time (s) R, (Q) P o (W) - a b
e P_(W) n (%) Tracking time (s) P (W) n (%) Tracking time (s)
0-0.2 50 60 49.01 81.68 0.1 59.89 99.82 0.03
0.2-0.5 100 60 58.80 98.00 0.11 59.92 99.87 0.03
0.5-0.7 150 60 58.20 97.00 0.1 59.91 99.85 0.04
0.7-1 200 60 57.64 96.07 0.09 59.92 99.87 0.05
Average = = = 93.19 0.105 = 99.85 0.0375

Case 2: Simulation results for the varying irradiation
under the fixed load: In this scenario, the input irradia-
tion varies in a range of 200 W/m? to 1000 W/m? at the
time from 0 to 1 second, the temperature operation is
kept at 25°C, and the fixed load is 50 Q according to the
following structure.
200W/m?, for
1000W/m?,
300W/m?, for 0.4sec<t<0.6sec(28)
(300-1000)W/m2, for 0.6 sec<t<0.8sec
1000W/m?, for

t<0.2 sec
for 0.2 sec<t<0.4sec

irradiance(t) =

t>0.8sec

The comparative output power of the two MPPT algo-
rithms is shown in Fig. 15. According to the findings, the
suggested method's power tracker addresses the input
irradiance's correct direction, whereas the traditional
method's tracking power does not when the input ir-
radiation abruptly changes. Notably, the suggested ap-
proach's converter duty cycle caused the drift issue to
affect the traditional method more than it did. In Fig. 16,
this converter duty cycle is shown. Table 4 lists the simu-
lated outcomes for both techniques. The efficiency for
tracking MPP is expressed by using Eq. (27), in which the
maximum power is defined by predefined power levels.

Output power (W)

Proposed method
Conventional method

Maximum power

0 Ojl 072 073 0.‘4 015 0?6 0.7 0.8 0.9 1
Time (s)
Fig. 15. The output power of a PV panel at 25°C
with considering the varying irradiance

According to the results in Table 4, the proposed
method's MPPT efficiency under all the different weath-
er condition scenarios achieves an average tracking ef-
ficiency of 98.87% for the drift problem under sudden
changes in weather conditions (suddenly increasing,
suddenly decreasing, or linearly decreasing the input
solar irradiation). The suggested strategy lowers the
oscillation around the MPP under steady-state circum-
stances and swiftly follows the MPP during changes in
weather, according to the findings of the simulations.
In addition, compared to the typical approach, the out-
put PV power is greater.
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Fig. 16. The converter duty of a PV panel at 25°C
with considering the varying irradiance

Case 3: Simulation results under simultaneously
varying temperature, load, and irradiation: this scenar-
io is carried out to verify the effectiveness of the pro-
posed method for the PV system under different value
range of the temperature, load, and irradiation for a
period of 3 sec as shown in Fig. 17. The response of the
output power of the PV system for each time when ap-
plying two method is shown in Fig. 18. The simulation
results are summarized in Table 5.
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Fig. 17. The simultaneously varying temperature,

load, and irradiation
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Fig. 18. The conveter duty of a PV panel under
simultaneously varying temperature, load, and
irradiation

Observing the obtained results shows that under
different random changing conditions that affect the
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survey system, the proposed method still achieves high
tracking efficiency, with the lowest value of 99.71% and
the highest up to 99.97%; the average efficiency in this
case is 99.85%. The tracking time is always stable at 0.02
sec for condition of the large range of the temperature,
load, and irradiation.

Contrary, the time is almost instantaneous (less
than 0.005 sec). As a result, the proposed method
gets better efficiency than the method of Ref [40]; the
average efficiency under varying temperatures is 98.33
%, 96.475%, and 99.825% when applying FL, ANN, and
ANN-fuzzy, respectively.

Table 4. A comparison of the properties of both methods for the fixed load and suddenly changed irradiation

Conventional algorithm Proposed algorithm
Time (s)  Irradiation (W/m?) P_ (W) 5 . ) 5
max P, (W) n (%) Tracking time (s) P, (W) n (%) Tracking time (s)
0-0.2 200 1.4 11.35 99.56 0.09 11.38 99.82 0.04
0.2-04 1000 60 50.00 83.33 0.30 59.93 99.88 0.015
04-0.6 300 17.49 17.32 99.03 0.11 17.48 99.94 0.07
0.6-0.8 300-1000 39.02 34.18 87.60 N/A 38.99 99.87 N/A
0.8-1.0 1000 60 50.00 83.33 N/A 59.91 99.85 N/A
Average - 90.57 - - 99.87 -
Table 5. A comparison of the properties of both methods
under simultaneously varying temperature, load, and irradiation
Conventional algorithm Proposed algorithm
Time (s) P . (W) . .
max P, (W) n (%) Tracking time (s) P, (W) n (%) Tracking time (s)
0-0.5 11.40 11.38 99.82 0.04 11.38 99.82 0.02
0.5-1.0 57.85 49.49 85.55 0.07 57.68 99.71 0.02
1.0-1.5 17.2 17.09 99.35 0.05 17.19 99.94 0.0015
1.5-2.0 37.53 32.87 87.59 N/A 37.49 99.89 N/A
2.0-2.3 55.16 47.21 85.58 0.02 55.05 99.80 0.005
2.3-2.5 32.96 29.78 90.35 0.002 3293 99.91 0.002
2.5-3.0 32.95 29.11 88.35 0.04 32.94 99.97 0.02
Average - 90.94 - 99.86 -

5. CONCLUSION

The marketability of photovoltaic solar energy will
be heavily influenced by its efficiency, stability, and
dependability. This paper has developed the control
method for the DC/DC boost converter based on the
MPPT algorithm applied in a stand-alone photovoltaic
solar system in order to respond well and complete oth-
er renewable energy sources from a technical aspect.
The main purpose is to improve the tracking efficiency,
tracking speed, and oscillation related to changing the
temperature, load, and irradiation, which are the main
drawbacks of the conventional P&O-MPPT.

The PV panel type of the BP MSX 60 PV is considered
when developing the mathematical model. The DC/
DC boost converter is designed in accordance with the
MPPT algorithm with the objective of maximizing power
output and operating the system at its maximum power
point. The design of the DC/DC boost converter and the
modification of the conventional P&O-MPPT algorithm
have been explained in deep detail. For the design of the
DC/DC boost converter, the CCO model is applied. The
constraint on perturbation step size is selected based on
the impedance value between the load and source and
is considered in the condition without losses. The induc-
tance and capacitance values are calculated based on
the output current, a voltage ripple of 1%, and a switch-
ing frequency of f set to 20 kHz. For the MPPT algo-
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rithm, it uses the modified perturb and observe (P&O)
and fractional open circuit voltage (FOCV) algorithms
to determine the duty ratio with an adaptive step size.
In addition, a combination of current changes as well
as power and voltage changes is considered in the de-
cision-making process to avoid the drift problem early.

The simulation validation of the proposed and con-
ventional P&O algorithms was presented and compared
using study cases of varying loads under fixed irradiation
and changing irradiation under a fixed load. The simu-
lation results show that the proposed MPPT technique
achieves efficiency with an average value of 99.85%,
99.87%, and 99.96% for tracking the MPP under varying
loads, irradiation, and simultaneously varying tempera-
ture, load, and irradiation, respectively. The suggested
strategy lowers the oscillation around the MPP under
steady-state circumstances. It swiftly tracks the MPP dur-
ing weather changes, according to the findings of the
simulations. In addition, the output PV power is more
significant compared to the conventional approach.
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