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Abstract: The development of research on the maximum power point tracking (MPPT) 
controller has increased significantly in this decade. The MPPT technique, however, is still 
demanding because of the ease and simplicity of implementing tracking technique on the 
maximum power point (MPP). In this paper, MPPT techniques and their modifications from 
various literature are classified and examined in detail. The discussions are focused on the 
main objective of obtaining the best possible MPPT technique with the best results at a low 
cost. The assessment for the selection of MPPT techniques is based on assessments from 
the previous literature. The discussion of the MPPT technique assessment is divided into 
two parts. In Part I, the MPPT technique based on constant parameters, and trial-and-error 
will be discussed in detail, along with its algorithm development in recent times.
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1. Introduction

Solar energy (PV) is considered the most potentially sustainable energy resource in renewable 
energy issues. It is even considered to be one of the best green energy resources among other 
renewable energy resources to replace conventional energy sources, which are related to the 
environmental problems [1- 4]. This energy source offers abundant energy with minimal environ
mental hazards. Generating electricity from solar energy sources clearly does not deplete natural 
resources, does not result in greenhouse emissions such as CO2 and NOx or toxic gases such as 
SO2 and its particulates, does not produce liquid or solid waste products, reclaims degraded land, 
reduces transmission lines and electricity grids, and increases the quality of water resources, 
increasing regional and national energy independence, diversification, and security of energy 
supplies, as well as accelerating rural electrification, especially in developing countries [5, 7, 8] . 
Therefore, researchers have developed a renewable energy concept based on photovoltaic (PV) 
for this reason. It was even reported earlier in the decade that the PV energy sector was growing 
by more than 30% per year [9]. Besides, easy maintenance and long life are the advantages of 
the cost-side. Furthermore, the installation of large-scale PV-based power generation systems can 
help improve the economy in the household sector, health care, agriculture, education, and even 
the industrial sector [10].

However, PV systems have non-linear characteristics which are affected by environmental 
conditions such as temperature and irradiation. These varying conditions cause the maximum 
power point (MPP) generated by PV to vary according to conditions that affect it. To track the 
MPP, a method that has been developed over the last decade is maximum power point tracking 
(MPPT). Since the low energy conversion of the PV system is a major obstacle to PV-based 
power generation, it is necessary to have an MPPT system capable of optimally tracking the MPP 
in order to ensure maximum power extraction from the PV system making it more reliable and 
efficient [11- 13]. Furthermore, MPPT is considered to be the most economical way to upgrade 
the overall PV system alongside other major works [14, 15].

Over the past decade, many MPPT algorithms have been in demand and studied by many 
researchers due to their convenience and simplicity. A number of articles have discussed and 
reviewed the MPPT techniques with variations in their discussion and classification. Subudhi 
and Pradhan [13], Verma et al. [16], Esram and Chapman [17], Ali et al. [18], Kamarzaman 
and Tan [19], Bendip et al. [20], Gupta et al. [21], Podder et al. [22] describe a review and 
classification of MPPT techniques with their development variables, such as control variables 
(sensors), circuitry, cost, complexity, stability, etc. The articles are limited to a comparison of 
the methods for building variables and their performance. In other studies, Tajuddin et al. [23], 
Danandeh and Mousavi [24], Bollipo et al. [25], Karami et al. [26], Mao et al. [27] discussed the 
remarks, merits, and demerits, or the advantages and disadvantages, of each method. However, 
most studies underwent selection criteria to select the best MPPT technique. This paper proposes 
a simple explanation to determine the best alternative to the MPPT technique. In this paper, an 
assessment is given to get a score on each of the criteria. The assessment for the selection of 
MPPT techniques is based on assessments from the previous literature. The assessments based on 
criteria such as sensors, analog/digital requirements, cost-effectiveness, simplicities, stabilities, 
efficiencies, and tracking speeds are presented. The results obtained show some of the best 
methods based on each criterion. This paper aims to provide facilities for PV system installation
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developers to determine the best conventional MPPT method according to their needs. In Part I, 
the discussion focuses on constant parameters, and trial-and-error methods. Furthermore, the 
parameters to consider in selecting the MPPT technique will be discussed in-depth in Part II.

2. Maximum power point tracking (MPPT)

PV systems offer continuous power harvesting. However, the installation of a PV system 
suffers from huge costs due to the factors of the PV installation area itself. Therefore, low-cost 
MPPT can reduce costs by optimizing power harvesting at a low price. The maximum power from 
the PV module can be extracted by matching the MPP with the converter operating voltage and 
current. The application of the MPPT system is very wide, namely by connecting to a DC-DC 
converter or connecting to a network [28]. In the case of connecting to the network, the DC-DC 
converter is replaced by an inverter. Basically, the MPPT PV system connected to a DC-DC 
converter is shown in Fig. 1. The MPPT work sequence in the PV system first senses the PV 
voltage and current with a voltage and current sensor. The sensed values are then entered into the 
MPPT block. At this stage, the MPP is calculated at a specific sampling cycle. Once the MPP 
value is found, the MPPT block provides a reference value for the voltage and current (or just one 
of the variable voltages or currents) matched by the converter. Furthermore, the measured power 
values are compared with the MPP values. If there is a difference between the rated power and 
MPP, the duty cycle of the converter (control output) will be adjusted to reduce the difference.

Fig. 1. Basic MPPT block diagram on a PV system 
connected to a DC-DC converter

It should be noted that the main purpose of applying MPPT is to ensure maximum power 
is extracted from the PV module in any weather conditions. In this case, what is meant is the 
conditions of PV exposure to solar irradiation and the temperature of the PV module. Changes 
in temperature and irradiation will result in changes in the characteristics of the I  -  V  curve. The 
resulting curve is also influenced by the PV model used. PV modeling requires mandatory data 
in the form of open-circuit voltage (Voc), short-circuit current (Isc), maximum power voltage 
(Vmp), and maximum power current (Imp). Other parameters needed are photovoltaic current 
(Ipv), diode saturation current (I0), series resistance (R s), parallel resistance (R p ), and diode 
ideality factor (a ) . This characteristic curve becomes important to examine since the efficiency 
of the system depends on the operating point of the PV characteristic curve [29].
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The effects of temperature and irradiation variation produce non-linear current-voltage char
acteristics. To simplify this explanation, it can be seen in Fig. 2 . The I  -  V  and P -  V curves are 
formed due to variations in temperature and irradiation. As shown in Fig. 2, the MPP is not always 
at a fixed point but varies based on temperature and irradiation. The solar cell Isc is a function of 
irradiation and its efficiency decreases as irradiation decreases. Whereas as the temperature rises,
Voc rises, but Isc falls logarithmically [16].

Voltage (V)

(b)

Fig. 2. Characteristic curves of the I  -  V and P -  V, at condition: (a) fixed temperature and changing 
irradiation; (b) changing temperature and constant irradiation

The MPPT technique is oriented towards considering the problem of automatically finding 
the Vmpp voltage or Impp current at which the PV must operate to get the maximum output 
power Pmpp under a certain temperature and irradiation. The easiest MPPT technique to solve 
this problem is to use conventional methods. This method is easy and inexpensive to implement, 
so many commercial MPPT products use this method for simple purposes. However, some basic 
conventional methods lack the stability and efficiency of tracking results. In addition, at a steady- 
state condition, the use of this method also causes oscillations around the MPP. The tracking 
speed towards the MPP is another obstacle to this method. Therefore, the modifications were made 
with the aim of reducing deficiencies in basic conventional methods. The modifications made are 
expected to provide better stability, efficiency, and tracking speed than basic conventional methods. 
The oscillations that occur around the MPP by basic conventional methods need to be suppressed 
as well. However, the more sophisticated the modification method, the more complex the algorithm 
will be. This complex algorithm, however, must be able to be handled by a sophisticated processor. 
Understandably, the more sophisticated the processor used, the more it costs. O f course, this will 
be a problem when referring to the terms of cheap energy resource systems.
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Apart from the need for advanced MPPT techniques and inexpensive processors, up to now, 
there have been several processing devices that offer their respective advantages. For the purpose 
of implementing the MPPT technique on a cheap yet reliable PV system, various aspects need to 
be considered. Starting from the aspects of MPPT techniques, the need for supporting devices for 
processing devices will be explained in the next section.

3. MPPT techniques

MPPT techniques are classified into 4 categories based on:
i) constant parameters,

ii) trial-and-error,
iii) mathematical calculation, and
iv) measurement and comparison.
The first two techniques will be discussed in this section, and the remaining two techniques 

will be discussed in Part II.

3.1. Based on constant parameter
These techniques perform MPP tracking based on predefined values. The basic description 

and related work of the MPPT techniques based on constant parameters are summarized in 
Table 1, and the details are explained below.

Table 1. Basic description and related works of the MPPT techniques based on constant parameter

MPPT
technique Description of the technique Related works

Open-circuit 
voltage/short- 
circuit current

-  Open-circuit voltage: PV voltage ratio 
is assumed in maximum power point 
(Vmpp ) and open-circuit voltage (Voc) 
is constant.

-  Short-circuit current: PV current ratio 
is assumed in maximum power point 
(Impp) and short-circuit current (Isc) 
is constant.

-  Open-circuit voltage is superior than 
short-circuit current technique. Com
pared to short-circuit current, open- 
circuit voltage technique will result in 
simple hardware with higher efficiency 
and lower noise and cost [30].

-  Advantages: Simple and fast to track 
MPP

-  Disadvantages: It is difficult to determine 
k parameter in optimal value. If a PV pi
lot is added for improving the technique, 
additional cost is needed.

-  Bharath and Suresh [31] proposed frac
tional open-circuit voltage technique. 
The panel must be disconnected from the 
load to calculate Voc and Isc .

-  Without disconnecting the PV panel, 
Leedy et al. [32] proposed a pilot PV 
to calculate Voc .

-  Literature [33- 35] proposes a circuit to 
sample solar panel voltage and current 
by shortening the reading time.

-  Asim et al. [36] added a simple analog 
feed forward PWM controller to track 
MPP by automatically adjusting the ref
erence voltage.

-  Baimel et al. [37] proposed a semi-pilot 
PV which has two functions, the first as 
a supply to the load, and as a pilot PV 
for measuring open circuit voltage.

Continued on next page
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Table 1 [cont.]
MPPT

technique
Description of the technique Related works

Temperature
parametric

-  This method is based on the effect of ir
radiation and temperature on the current 
and voltage of the generated PV module.

-  This method allows direct MPP predic
tion with an equation so as to linearize 
the optimal voltage, cell junction tem
perature, and solar irradiance.

-  Advantages: Simple and fast to track 
MPP, widely adopted at low-cost appli
cations.

-  Disadvantages: Not stable at steady-state 
condition.

-  Parametric temperature modification 
carried out by El Mentaly et al. [38] 
based on a 3D linear regression model. 
The linear regression used allows this 
method to be performed in real-time to 
track MPP. Each PV module does not 
have the same optimal voltage for the 
same temperature and sunlight.

Voltage/current
feedback

-  Based on the error between the PV and 
the constant PV voltage or current is used 
to adjust the duty cycle of the DC-DC 
converter.

-  This method uses only one feedback 
loop control, making implementation 
economical.

-  Advantages: Cheap and simple.
-  Disadvantages: Unable to handle varying 

climatic conditions, low efficiency.

-  Karanjkar et al. [39] proposes an im
provised current feedback technique to 
track MPP under changing weather con
ditions. The proposed method adopts 
PID control tuned by the relay tuning 
method.

-  Sanjeevikumar et al. [40] developed 
an MPPT controller with two sensors 
as feedback in a proportional-integral 
closed loop (P-I).

P-N junction 
drop voltage

-  This method based on the relationship 
between the temperature characteristics 
of the PV cell and the p-n  junction diode.

-  The p-n junction voltage drop is used as 
the tracer reference voltage.

-  Advantages: Cheap and simple.
-  Disadvantages: Inaccurate as it only con

siders the effect of temperature.

-  Kobayashi et al. [41] named the “excel
lent operating point tracker” due to the 
fact that the temperature characteristics 
of the p-n junction diode are the same as 
that of the solar array.

3.1.1. Open-circuit voltage/short-circuit current

In this article, the open-circuit voltage and short-circuit current methods are discussed because 
these two methods have similar principles. The open-circuit voltage method works by assuming 
that the ratio of the solar panel voltage at maximum power (Vmpp) and the open-circuit voltage 
(Voc) is constant. Whereas in the short-circuit current method, the ratio of the solar panel current 
at maximum power (Impp) and short-circuit current (Isc) is constant. The fractional open-circuit 
voltage method is basically carried out by literature [42] and [43], which is implemented on 
high concentration PV and PV energy harvesters. The short-circuit current method is basically 
described by the literature [44] and [45] . Meanwhile, literature [46] and [47] apply it to the 
grid-connected.
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The constant values for the open-circuit voltage and short-circuit current methods are found 
in Eqs. ( 1) and (2), respectively. The difficult thing in this method is to determine the constant 
k at the optimal value. Literature [30, 48- 53] found k values varied between 0.73 and 9.2. The 
algorithm of this method is shown in Fig. 3. Assuming a constant reference voltage or current, 
the effects of temperature and irradiation are eliminated, so that this method is considered the 
simplest method. The simple algorithm of this method produces no oscillations around the MPP. 
However, the resulting MPP value is not the true MPP value.

k =

k =

Vm
(1)

(2)

Fig. 3. Algorithm for the open-circuit voltage/short-circuit current method

I

The obstacle that is often faced when applying this method is the difficulty of calculating 
the optimal constant value, which causes low efficiency. This problem is also caused by weather 
changes that cause MPP fluctuations. Weather-induced fluctuations in the MPP can result in 
the misreading of the optimal MPP value. The literature [31] proposed an open-circuit voltage 
reading system based on time. On the other hand, to calculate Voc and Isc, the panel must be 
disconnected from the load. This method causes the power to disappear for a moment. To solve 
this problem, the literature [32] proposed the PV pilot to calculate Voc without disconnecting the 
PV panel. The proposed schematic is shown in Fig. 4 . Another way to overcome this is [33- 35] by 
proposing a circuit to sample the voltage and current of the solar panel by shortening the reading 
time. Similarly, literature [36,37] added a simple analogue feed forward PWM controller to track

Fig. 4. PV pilot concept
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the MPP by automatically adjusting the reference voltage. Literature [37] proposed a semi-pilot 
PV which has two functions: the first as a supply to the load, and the second as a pilot PV 
for measuring open-circuit voltage. However, the disadvantages of the method of adding other 
devices, such as the PV pilot, make it more expensive.

3.1.2. Temperature param etric

The dependence of the current generated by the PV module due to the irradiation effect and 
the PV module voltage due to the temperature effect provided the basis for the development 
of this method [54- 57]. This method allows direct MPP prediction with Eq. (3), which can 
achieve linearization of the optimal voltage, cell junction temperature, and solar irradiation. This 
method is performed by estimating irradiation and measuring temperature to determine MPP. 
The flowchart and block diagram of this method are shown in Fig. 5. In this method, the optimal 
stress is obtained through the formula as:

Vmpp — (m + Sv) — T  (w + Sy ) ,  (3)

where: u, v, w and y  are the PV parameters at different irradiance conditions S  in W/m2, while T  
is the actual temperature.

(  Initialization )

Calculate lMPP

Measure T Measure !PV Measure T

Measure !sc  ̂  ̂ fp v  ~ !MPP 1 be
yes — +*—  no

(a)

f l l l H  1
I

/  uu
7  »

Temperature (T) 

Irradiation (S)

T
c

>>

MPPT
TECHNIQUE

Duty ®  
Cycle |

L_ J I/out

(b)

Fig. 5. Parametric temperature methods: (a) flowchart and (b) block diagrams



Vol. 72 (2023) Maximum power point tracking techniques for low-cost solar photovoltaic applications 133

The temperature parametric method modification is done by literature [38] based on the 
3D linear regression model. The linear regression used allows this method to be carried out in 
real-time to track MPP. Each PV module does not have the same optimal voltage for the same 
temperature and solar irradiation. Thus, the first step is to choose three different types of PV 
modules and then know their characteristics. Furthermore, a 3-dimensional linear correlation 
between the optimal voltage Vmpp, ambient temperature T  and solar irradiation S  was found by 
Matlab and P-SIM. The behavior of Vmpp was studied towards different temperatures and solar 
irradiation for several PV modules, so it was found

Vmpp = a o + &i S + (x^T, (4)

where a 0, a 1 and a 2 are constants which are determined depending on the PV module used. After 
the coefficients a 0, a 1 and a 2 are determined, Vmpp can be found in real-time by measuring the 
ambient temperature and solar irradiation with Eq. (4) . The algorithm method proposed by the 
literature is shown in Fig. 6.

Fig. 6. Improved temperature parametric algorithm

3.1.3. Voltage/current feedback

This method is commonly used in stand-alone PV systems that do not use batteries. Figure 7 
shows a basic diagram of the voltage/current feedback method. This method consists of a simple 
control system to tie the voltage or current to a constant level [58]. In this method, the duty cycle 
(D ) of the DC-DC converter to control the PV at the specified operating point is adjusted by the 
error between the PV voltage or current and the PV constant voltage or current. This method is 
simple and uses only one feedback-loop control, making implementation economical. However, 
this method cannot handle variations in climatic conditions.

Fig. 7. Voltage/current feedback method
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Literature [39] proposes an improvised current feedback technique in order to track the MPP 
under changing weather conditions. The proposed method adopts a PID control tuned by the relay 
tuning method. The schematic diagram of the proposed method is shown in Fig. 8. Relay tuning 
is used to make it easy and accurate to tune the PID parameters of systems that are not linear.

(a) (b)

Fig. 8. Schematic of the current feedback method improvised with PID control: (a) diagram
and (b) relay tuning method

Literature [40] proposes an MPPT controller with two sensors as feedback in a proportional- 
integral (P-I) closed loop. The maximum reference voltage of the PV panel is obtained by 
comparing the feedback voltage of the panel with the maximum reference PV voltage specified
Vp v v  ,ref. The output reference voltage (Vo,ref) is obtained from the error obtained by adjusting the 
P-I controller. The reference values obtained provide the maximum fixed output voltage reference 
for the DC-DC converter. The set reference voltage (Vo,ref) is compared with the feedback signal 
obtained from the DC load voltage to obtain an error signal. Then it is applied to the P-I controller 
to compensate for the available errors.

3.1.4. P-N junction drop voltage

This method is one of the old methods used to track the MPP. The irradiation effect is 
negligible in this method, and only the temperature effect is considered. The basic concept of this 
method is the relationship between the temperature characteristics of the PV cell and the voltage 
of the p-n  junction diode [41]. The diode configuration is placed between the PV cell and the 
converter. The p-n  junction voltage drop is used as the tracer reference voltage. This voltage drop 
is caused by changes in the surface temperature of the PV so that it affects the diode installed on 
the back of the PV panel. A simple schematic of this method is shown in Fig. 9 .

The reference voltage, Vr , is given by

V, = k2 (V, -  Vref) = k2 (Vs -  k iVd ) ,  (5)

where: Vd is the forward voltage drop of the p -n  junction, Vref is the reference voltage derived 
from the amplified value Vd , is the output voltage of the PV module. Whereas k i and k2 are 
the gains of the Am pl and Amp2 amplifiers, respectively.
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Fig. 9. Control circuit configuration based on 
constant voltag

3.2. Based on trial-and-error

These techniques seek to measure and interpret the results in order to decide whether to 
achieve the MPP. The basic description and related work of the MPPT techniques based on 
trial-and-error are summarized in Table 2, and the details are explained below.

Table 2. Basic description and related works to MPPT technique based on trial-and-error

MPPT
technique

Description of the technique Related works

Perturb and 
observe (P&O)

-  The reference voltage perturbation tech
nique has a faster response to irradiation 
changes and temperature transients but 
has low stability when operated at high 
disturbance levels.

-  The direct duty cycle perturbation tech
nique provides better energy utilization 
with good stability. However, the re
sponse of this technique is slower in deal
ing with changes in irradiation and tem
perature.

-  Advantages: Does not require informa
tion on PV characteristics and can be 
applied to all PV modules.

-  Disadvantages: Tracking outcomes are 
strongly influenced by perturbation step 
size, especially in P&O with fixed step 
size perturbations. The magnitude of the 
step size value will affect the oscillation 
which is proportional to the step size it
self. While the small step size value will 
affect the speed of the system in finding 
MPP.

-  Killi and Samanta [29] and Ahmed and 
Salam [66] propose an improvisation of 
conventional P&O algorithms to reduce 
steady-state oscillations and eliminate 
the possibility of divergence from the 
MPP locus. Divergence is a drift in the 
direction of the MPP search which usu
ally occurs in P&O algorithms due to 
changes in irradiation.

-  Jusoh et al. propose variable step-size 
perturbation [67] to reduce the oscilla
tions that occur in conventional P&O.

-  Alik and Jusoh [68] proposed modifica
tion of P&O by checking algorithm. This 
modification has a varying step size re
sulting in a faster tracking speed.

Continued on next page
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Table 2 [cont.]

MPPT
technique

Description of the technique Related works

DC-link 
capacitor drop

-  This method is designed to work with 
PV systems connected in parallel with 
AC system lines by detecting the volt
age drop across the DC link capacitor 
[69- 71].

-  Advantages: Simple, requires no detec
tion or power calculation and no decision 
logic or lookup tables.

-  Disadvantages: slow convergence, only 
designed for AC systems, system re
sponse and stability are highly dependent 
on the main circuit and its control system 
parameters.

-  Ding et al. [72] proposed an adaptive 
DC-link voltage control method for two- 
stage PV inverters during low voltage 
ride-through (LVRT) operation period. 
The DC-link voltage is controlled fol
lowing changes in network voltage dur
ing LVRT operation to maintain a high 
modulation ratio.

Variable
Inductance

-  The constant inductor in the buck con
verter is replaced by a variable inductor.

-  Advantage: reduces inductor size by 
75% [73].

-  Disadvantage: Slow convergence.

-  Costa et al. [74] used a DC-DC LLC res
onant converter which made the system 
more complex. However, the resulting 
performance decreases the overall losses 
in the converter. In addition, the trans
former allows galvanic isolation from the 
input to the output.

3.2.1. Perturb and observe (P&O)

Perturb and observe (P&O) [59- 64] is the method most widely used by researchers, even for 
commercial production. For researchers, this method is a favorite to be used as a comparison 
of the other methods they have developed. The flowchart of the conventional P&O method is 
shown in Fig. 10. Broadly speaking, the P&O method can be implemented into two techniques, 
namely reference voltage perturbation and direct duty ratio perturbation. The reference voltage 
perturbation technique has a faster response to handle radiation changes and temperature transients 
but has low stability when operated at high perturbation rates. On the other hand, the direct duty 
cycle perturbation technique results in better energy utilization with good stability. But this 
method is slower to respond to changes in the amount of light and the temperature [65].

At the reference voltage perturbation, the PV output voltage is perturbed periodically and the 
output power is compared to the previous cycle. The perturbation position in the P&O algorithm 
is shown in Fig. 11. It can be seen that, in simple terms, perturbation to the right is performed 
when the PV operating point is on the left, and vice versa. The advantage of this method is 
that it does not require information on PV characteristics and can be applied to all PV modules. 
However, the weakness of this method is that the tracking results are strongly influenced by the 
step-size of perturbation, especially in P&O with fixed step-size perturbation. The large step-size 
value will have an effect on the oscillation that is proportional to the step-size itself. Meanwhile, 
the small step-size value will affect the system speed in finding MPP.
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Fig. 10. Flowchart P&O

Various studies were conducted to develop the P&O algorithm. Killi and Samanta [29], as well 
as Ahmed and Salam [66], propose improvisation of the conventional P&O algorithm in order to 
eliminate the possibility of divergence from the MPP locus and reduce steady-state oscillations. 
Divergence is a drift in the direction of the MPP search that usually occurs in the P&O algorithm 
due to changes in irradiation. The scheme proposed by the literature is shown in Fig. 12(a). In 
the literature [67], variable step-size perturbation was also used to reduce the oscillations that 
occur in conventional P&O. The schematic proposed in the literature is shown with a flowchart 
in Fig. 12(b). In that study, if the perturbation goes to MPP, the duty cycle is increased by the 
multiplication factor (A) i.e., AP > 0. However, if AP < 0, then the duty cycle must be divided 
by (A). Factor (A ) is a constant whose value is greater than 1. Changes to the P&O algorithm 
were also made by [68], which suggested a checking algorithm.
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(a)

(b)

Fig. 12. Flowchart systems are proposed by: (a) literature [29] to eliminate drift and 
(b) by [67] to reduce oscillations
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3.2.2. DC-link capacitor drop

The diagram of this method is shown in Fig. 13. This method is designed to work with a PV 
system connected in parallel with an AC system line by detecting the voltage drop across the DC 
link capacitor [69- 71]. The duty ratio boost converter is obtained by the equation:

D = 1 -
V,pv

Vink
(6)

where Vlink is the boost converter output voltage, and Vpv is the input voltage. The power that 
comes out of the boost converter can be increased by increasing the current entering the inverter, 
thereby increasing the power output from the PV module. The Vjink voltage can be kept constant in 
a range that does not exceed the maximum power of the PV module. Capacitor Vink starts dropping 
when it exceeds PV power. Before the dropping point, the inverter current control command is at 
the maximum position, and the PV module operates on the MPP. To prevent Vink dropping, the 
AC system line current is fed back to the DC link.

Fig. 13. DC-link capacitor drops control method diagram

Literature [72] proposes an adaptive DC-link voltage control method for two-stage PV in
verters during the low voltage ride-through (LVRT) operation period. The DC-link voltage is 
controlled following the changes in network voltage during LVRT operation to maintain a high 
modulation ratio. Therefore, the high-frequency harmonics injected into the network can be re
duced. The proposed control method can reduce the double-line-frequency DC-link voltage ripple 
within a certain limit. This ripple reduction can keep the DC-link voltage within a safe operational 
range. Front-end converter control aims to change according to the DC-link voltage reference.

3.2.3. Variable inductance

Figure 14 shows the variable inductance control schematic diagram. In this method, the 
constant inductor in the buck converter is replaced by a variable inductor. The advantage of 
this replacement is that it can reduce the inductor size by up to 75% [73]. In another work, 
literature [74] used DC-DC LLC resonant converters. The low inductance value is sufficient to 
overcome the high irradiation case. Meanwhile, the inductance should be increased in the case of 
low irradiation. The minimum inductance is given by

T D 2( 1 -  D)Vpv (7)
-̂ mm = 2 £ j ’ (7)2 js Ip v

where f s is the switching frequency.
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Fig. 14. Variable inductance method diagram

4. Conclusion

Many academics have been working on a variety of MPPT strategies to increase the power 
output of PV-based power plants in an effort to contribute to the development of sustainable 
renewable energy sources such as solar and wind. An overview of MPPT approaches and their 
modifications classified according to constant parameters and trial-and-error has been offered 
in this Part I in the form of a review of the literature. A table has also been created to present 
the basic concepts of the method, advantages and disadvantages, and highlight the most recent 
changes in the modification of each algorithm in a thorough manner. This review can be quite 
valuable when picking MPPT solutions that are minimal in cost and can be deployed quickly.
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