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 This paper develops a maximum power point tracking (MPPT) approach for 

a microgrid-linked solar photovoltaic (PV) system based on the concept of a 

perturb and observe (P&O) approach. It is an iterative algorithm that requires 

a starting point to trace the maximum power point tracking. This study 

proposes the P&O MPPT algorithm for a 3-ɸ grid-connected PV system. In 

this work, the PV system is modeled as a DC grid-connected PV system, and 

the MPPT algorithm is applied to that model. An MPPT application is used in 

this proposal to amplify the effectiveness of the PV array in face of any 

unsteady climatic circumstances. Hence, the highest energy could be secured 

out of the solar PV array and interfaced with the grid. The voltage source 

converter will empower defining of boundaries and greatest degrees of force 

from sunlight-based chargers in an efficient way. A few outcomes like the 

current, voltage and result power for each different mix have been noted. 
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1. INTRODUCTION  

A lot of power is created from sustainable power sources over the last ten years. Among the expected 

sustainable power sources, photovoltaic (PV) has encountered colossal development in the power age [1]. A 

financially savvy answer for understanding the energy hold for 2 different network-associated photovoltaic 

frameworks is given. The suggested arrangement regularly utilizes a most extreme energy direct following 

control toward gauging the accessible photo energy and a constant power generation (CPG) mode to attain 

energy savings [2]. To carry out a thorough investigation and assessment of model predictive control (MPC)-

based maximum power point tracking algorithm (MPPT) approaches in several typical power converter 

settings. MPC-based MPPT presentation is intrinsically tied to converter geography, and it is impacted by the 

accurate assurance of the converter boundaries; aversion to the converter boundary fluctuations is examined 

[3]. The suggested calculation's key peculiarity is its suitability for both single and 2-stage PVPPs, as well as 

its adaptability to transfer the activity highlight to the right side or left side of MPPT. Further, the calculation 

execution recurrence and voltage rise between continuous working focuses are regulated in light of a hysteresis 

band regulator to obtain rapid unique reaction under homeless individuals and low-power swaying throughout 

consistent state operation [4]. A 3-level push ahead converter and a 3-level inverter are remembered for the 

proposed two-stage inverter. The three-level push ahead converter not just further develops power-change 

proficiency by bringing down voltage stress, however, it additionally guarantees that the dc-interface capacitor 

https://creativecommons.org/licenses/by-sa/4.0/
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voltages are changed utilizing a straightforward control computation [5]. The temperature regulator guarantees 

the ideal temperature of the sunlight-powered charger. A variable advance measured incremental conductance 

largest power point following computation is performed to ensure the cell works at its most extreme power 

point [6]. Photovoltaic frameworks have made significant progress in recent years. Because the greatest power 

point of a solar framework varies with the adjustment of natural circumstances, the most extreme power point 

following innovation is critical to gather the most extreme power from photovoltaic frameworks [7]. The 

dangers indicate a broad range of frequencies ranging from 10s to 1000s of Hertz. In light of the writing review, 

potential causes for the dangers are discussed [8]. 

The investigation uncovers that the annoyance from the MPPT calculation is one of the beginnings of 

inter harmonics showing up in the framework current [9], [10]. The essential objective of every MPPT method 

is to upgrade the result of concealed PV clusters under steady and transient weather patterns [11]-[15]. Due to 

the lower number of info signals accessible in single-stage frameworks contrasted with three-stage frameworks, 

PI-based dq regulators can't be utilized straightforwardly. The standard methodology in single-stage 

frameworks is to blend a stage signal symmetrical to the single-gradually ease framework's fundamental sign 

to procure dc values through (αβ to dq) interpretation [16]. To regulate the power flow of a 4 inverter with such 

a predetermined operating frequency, a high-performance system management controller (SMC) system is 

presented. Not only is the chattering problem greatly minimized in the proposed SMC system, but the 

resilience, control, and static responsiveness of the SMC system are also unaffected [17]-[18]. Whenever the 

lattice power is accessible for the extreme price during high electrical tax, the privately produced power from 

sun oriented is used for purchaser stacks or even overabundance power can be taken care of back to the matrix 

to procure monetary advantages [19]-[21].  

To manage the dc-interface voltage, an altered voltage regulator utilizing a criticism linearization plot 

with a feedforward PV current sign is introduced. The genuine and receptive powers are constrained by 

utilizing dq parts of the network current. A little sign solidness/eigenvalue examination of a matrix-associated 

PV framework with the total linearized model is performed to survey the vigor of the regulator and the 

decoupling character of the network-associated PV framework [22]. The adaptable AC transmission  

framework incorporates different remunerating gadgets. This paper manages the use of a sun-powered PV 

ranch inverter as a static compensator (STATCOM) to control voltage at the place of association which further 

develops the security during the constant time [23]. PV power yield is still low, ceaseless endeavors are taken 

to foster the PV converter and regulator for most extreme power extricating productivity and diminished 

expense factor [24].  

One of the arrangements being proposed to work on the unwavering quality and execution of these 

frameworks is to incorporate energy stockpiling gadgets into the power framework organization [25]. 

Examination of the powerful attributes of Lithium-ion batteries was helped out, through recreations of the 

normalized systems [26]. Under the trapezoidal light change, a logical perturb and observe (P&O) calculation 

is proven to differentiate shortfall courses following regular P&O calculation [27]. A two-level voltage source 

inverter (VSI) was used in SAPF architecture, and P-Q hypothesis computation is used to extract referential 

consonant fluxes [28]. The most basic problem with running a breeze ranch or a sun-oriented PV plant is that 

these RERs can't be planned like conventional generators since they contain environmental parameters like 

breeze speed and solar-powered lighting [29]. To make up for the low transformation productivity, different 

MPPT calculations are fostered that give robotized command over power points of interaction to create ideal 

power effectiveness [30]. 

 

 

2. RESEARCH METHOD 

This paper focuses on perturb and observe (P&O) based MPPT approach for microgrid-linked 

photovoltaic systems. The workflow diagram of the study approach used in this research report is shown in 

Figure 1. This method is based on the synchronous reference frame theory. 
 

 

 
 

Figure 1. Workflow diagram of the proposed method 
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2.1.  PV array 

PV cells are the building blocks of solar modules. Electricity is produced by solar cells which turn the 

energy in the photons of sunlight by using the phenomenon of photoelectric. Each solar cell generates electric 

power but in a very small amount. PV arrays are arranged in such a way that solar cells are connected in parallel 

or series to raise the output power. Output voltage and current of a PV array can be studied as nonlinear and 

exponential relationships, and exactly at one point PV array gains maximum power. Photovoltaic generators 

are normally compared to current generators with neither dependent voltage sources. While night time, the 

solar cell becomes a passive device. Due to its passive nature, it neither produces voltage nor current. A solar 

cell contains p-n junction-like semiconductor devices. A current is generated when exposed to light. With 

regard to sun irradiation, the produced current will fluctuate linearly. 

 

I = 𝐼𝑝ℎ − 𝐼𝑜 [𝑒
(
𝑉+𝑅𝑠𝐼

𝑉𝑡𝑎
)
− 1] −

𝑉+𝑅𝑠𝐼

𝑅𝑝
 (1) 

 

Where 𝐼𝑝ℎ is solar-generated current, 𝐼𝑜 is the diode saturation current, 𝑉𝑡 = 𝑁𝑠𝐾𝑇/𝑞 is the thermal voltage of 

the array, 𝑁𝑠 is the number of cells connected in series, a is the diode ideality constant, 𝑅𝑠 is series resistance, 

and 𝑅𝑝 is parallel resistance. 

 

2.2.  MPPT control 

An array is a string of panels where its output power reaches the maximum value at a point. The array 

of the MPPT has to be followed to confirm the efficient operation of the solar array. A PV system lifetime 

booster is fixed to raise the delivery power of the PV module. There are several control schemes and controller 

kinds to choose from. Different properties can be used to categorize these approaches. MPPT may be divided 

into two categories: offline techniques and online approaches, with the first relying on solar cell models and 

the latter, referred to as model-free methods. In the simplest form, the P&O algorithm is widely used and simple 

to execute strategy. If the operating voltage (v0) of the photovoltaic array is unsettled in a specific direction, 

then P>0, and the arrangement travels towards the array's operation point to acquire maximum value. The PV 

array voltage will then be arranged in a similar direction using the P&O method. If P is less than zero, the 

Photovoltaic array arrangement moves far from the MPPT, and the P&O method reverses the perturbation's 

direction. The P&O method of MPPT is shown in Figure 2. The P&O depends on the principle of change in 

the voltage level in comparison to the recent power with previous power. 

 

 

 
 

Figure 2. Perturb and observe (P&O) MPPT algorithm 

 

 

 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 29, No. 2, February 2023: 635-643 

638 

2.3.  DC-DC boost converter 

The converter that has its input voltage less than its output voltage is called a boost converter. 

Periodical opening and closing of an electronic switch make it function as a switching converter. To increase 

the Photovoltaic voltage to point level a boost converter happens to be used. PV array temperature and 

irradiance impact the input of boost converter remains unchecked. All this process is controlled in continuous 

conduction mode. MPPT controller causes pulses for maximum power point. The capacitor value in a boost 

converter is usually chosen in such a way that a controlled voltage is achieved and the inductor value is chosen 

for maximum permissible ripple current at a low duty cycle. 

 

2.4.  VSC 

 VSC is really called voltage source converters, these are self-commutated converters that associate 

with HVDC, and this framework uses gadgets fit for high-power electronic applications like insulated-gate 

bipolar transistor (IGBTs). They produce alternating current (AC) voltages that are delivered with no assistance 

or depending on an AC framework. It enables us to have more freedom in view of active power regulation and 

also reactive power regulation, and even black start capabilities. VSCs, also known as modules in an modular 

multilevel converter (MMC), maintain consistent polarity at the terminals of voltage direct current (DC), like 

a two-level or a three-level converter. The reversal of the power flow direction causes a shift in the current 

direction. VSCs are more obviously coupled in DC systems with multiple terminals. In contrast with the more 

mature VSC-based high voltage direct current (HVDC) frameworks, critical security controls (CSC)-HVDC 

gives speedier dynamic power stream guidelines while likewise giving greater adaptability and responsive 

power steadiness at the 2 converter nodes. 

 

 

3. RESULTS AND DISCUSSION 

 All of the calculations in this work were done in MATLAB. Figure 3 shows the simulation of the grid-

connected photovoltaic system. In order to achieve desired results, a P&O kind of MPPT method has been 

implemented, along with a direct current to direct current boost converter. 

 

 

 
 

Figure 3. The photovoltaic system is simulated with a grid type of connection 
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 The I-V and P-V properties of the solar cell are shown in Figure 4. The 5 series modules and 66 

parallel threads make up a solar cell. The parameters were acquired at a temperature of 25 °C with irradiances 

of 1 kW/m2 and 0.25k W/m2. The graph of irradiance vs. time and temperature vs. time is shown in Figure 5. 

In the irradiance–time graph, it starts off constant at 1,000 and then drops to 250 owing to the use of MPPT, 

before increasing and remaining constant at 1,000. When it comes to temperature-time graphs, it starts at 25 

and rises to 50 when using MPPT, then drops to 20 and remains constant. The plot shows power versus time 

as already shown in Figure 6. Output power has a dynamic temporal response, which is shown. The 

characteristics of temporal response for system output power in the case of P&O method-based MPPT imply 

that the P&O-based MPPT follows non-spiky peaks but with occasional oscillations, particularly at changing 

intervals. 

 

 

 
 

Figure 4. Solar cell’s P-V and I-V characteristic plot 

 

 

 
 

Figure 5. The output of irradiance and temperature of the PV array 

 

 

Figure 7 depicts a graph of voltage versus time as well as duty cycle versus time. The non-static 

response of v0 is shown in a voltage-time graph. During fast variations in irradiance and temperature, the output 

voltage's temporal response shows tiny voltage waves. Due to the enablement of MPPT, the duty cycle in the 

duty cycle–time graph remains constant for 0.3s before increasing to 0.6. We can extract the maximum power, 

which is 100.7 kw at 0.453 duty cycle, by adjusting the duty cycle. Figure 8 shows the graph between 𝑉𝑟𝑒𝑓 −
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𝑉𝑚𝑒𝑎𝑛 vs time and modulation index vs time. In the voltage-time graph, it first increases and oscillates at 500 

and then reaches its peak value at 750 and decreases and remains constant. In the modulation index–time graph 

it first increases and constant and forms ripples due to MPPT. When connected to the grid, Figure 9 depicts the 

output V and I. At the utility grid end, the current and voltage waveforms are strictly sinusoidal. 

 

 

 
 

Figure 6. The output of power of the PV array 

 

 

 
 

Figure 7. The output of voltage and duty cycle of PV array 

 

 

 
 

Figure 8. The output of the voltage source controller (VSC) 
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Figure 9. The output of the utility grid 

 

 

4. CONCLUSION 

This study documents the development of a grid-connected PV system simulation model based on 

complete circuits. MATLAB/Simulink was used to create all of the simulations. P-V and I-V curves are 

obtained for a variety of temperatures and solar irradiance output circumstances. The report also includes a PV 

array using MPPT. With the use of MPPT, one of the results in MATLAB reveals the highest position of the 

photovoltaic array. MPPT is attained and enhanced utilizing a DC-to-DC boost converter using the P&O 

method. This has a maximum power of 100.7 kW and a duty cycle of 0.453. 
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