
INDIAN JOURNAL OF SCIENCE AND TECHNOLOGY

ORIGINAL ARTICLE

 

 

OPEN ACCESS

Received: 28/12/2025
Accepted: 20/01/2026
Published: 30/01/2026

Citation: Ashokkumar G, Kannan R,
Ravi A (2026) Modelling and Control
of a PV System with INC-Based
MPPT and Luo Converter for Motor
Drive Applications. Indian Journal of
Science and Technology 19(4):
232-244. https://doi.org/
10.17485/IJST/v19i4.2039
∗
Corresponding author.

nveeramurgan@gmail.com

Funding: None

Competing Interests: None

Copyright: © 2026 Ashokkumar et
al. 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 author and source are
credited.

Published By Indian Society for
Education and Environment (iSee)

ISSN
Print: 0974-6846
Electronic: 0974-5645

Modelling and Control of a PV System
with INC-Based MPPT and Luo
Converter for Motor Drive Applications

G Ashokkumar1∗, R Kannan1, A Ravi2

1 Department of Electrical Engineering, FEAT, Annamalai University, Annamalainagar, Tamil
Nadu, India
2 Department of Electrical and Electronics Engineering, A.V.C College of Engineering,
Mayiladuthurai, Tamil Nadu, India

Abstract
Objectives: The objective of this study is to develop and evaluate a standalone
photovoltaic (PV)–driven variable-speed induction motor system using an
Incremental Conductance (INC)–based maximum power point tracking (MPPT)
algorithm and a positive-output super-lift Luo (POSLL) DC–DC converter, and
to quantitatively compare SPWM and SVPWM inverter control strategies under
varying operating conditions. Methods: The proposed system is modeled
in MATLAB/Simulink and comprises a PV array, INC-MPPT controller, POSLL
DC–DC converter, and a three-phase voltage source inverter feeding a
closed-loop induction motor drive. System performance is examined under
irradiance variations from 1000W/m2 to 200W/m2, speed transients, and load
disturbances. SPWM and SVPWM techniques are evaluated using identical test
conditions. Findings: Simulation results show that the INC-MPPT maintains
stable power extraction and regulates the DC-link voltage at approximately
250 V despite irradiance fluctuations. The POSLL converter provides high
voltage gain with reduced ripple, ensuring continuous motor operation.
Compared to SPWM, SVPWM reduces startup settling time from 0.364 s to
0.1232 s and improves steady-state efficiency from 95.84% to 98.46%. Under
load disturbance, SVPWM maintains higher efficiency than SPWM, indicating
improved dynamic stability and disturbance rejection. Novelty: This work
presents a system-level integration and quantitative validation of an INC-MPPT-
controlled POSLL converter combined with SVPWM-based inverter control
for standalone PV-fed induction motor applications, demonstrating superior
dynamic response and efficiency compared to conventional SPWM-based
systems.
Keywords: Photovoltaic (PV) System; Incremental Conductance (INC)
Algorithm; Maximum Power Point Tracking (MPPT); Positive Output Super-Lift
Luo (POSLL) Converter; Voltage Source Inverter (VSI); Induction Motor Drive
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1 Introduction
The global shift towards sustainable energy solutions has intensified the adoption of solar power systems, driven by their
environmental and economic benefits. Solar energy is abundant, environmentally friendly, and economical in nature. This is
particularly useful in regionswithout a constant electricity supply (1). Solar panels achieve peak efficiency at a specific operational
point, referred to as theMaximumPower Point (MPP), where the energy output ismaximized.MaximumPower Point Tracking
(MPPT) techniques are used to maximize energy production. One of the widely used MPPT algorithms is the Incremental
Conductance (INC) algorithm. It is also superior to the Perturb and Observe (P&O) approach because it functions well even
when there are rapid fluctuations in sunlight. However, MPPT alone is insufficient to drive motors (2) because these motors
require a high and constant voltage that cannot be supplied by solar panels. Induction motors are used in farming and industry
because of their power, cost-effectiveness, and low maintenance. However, the use of solar power to power these motors is
not straightforward owing to fluctuations in the voltage of the solar panels. A large step-up DC-DC converter and inverter are
required to maintain the power at a constant level. This is particularly suitable for a positive-output super-lift Luo (POSLL)
converter. It offers a high voltage, low ripple, and better efficiency than traditional converters.This is beneficial when employed
together with the INC MPPT algorithm to obtain a larger amount of energy and maintain a constant voltage (3). A Voltage
Source Inverter (VSI) is also necessary to convert DC power into AC power for use in changing-speed motors (4)], (5).

Building on the foundational understanding of MPPT techniques, this review delves into a comparative analysis of major
methods, emphasizing the advantages of the INCmethod under rapidly fluctuating irradiance conditions.This also implies that
INC outperforms P&O because it reduces oscillations and converges faster (6). The authors (7) presented a better INC algorithm
that increases dynamic tracking during rapid changes in irradiance; they found it to be more accurate and to have a smaller
steady-state error than the traditional INC approach.This author (8) discussed the POSLL converter, whose geometry enables it
to deliver a voltage lift, and observed that POSLL converters have a better voltage gain than normal boost converters, making
them suitable for PV applications. In this study, P&O and INC were compared with the combination of MPPT and a Super-
Lift Luo converter (9). It has been found that the INC combined with the Luo converter offers a more stable output and better
tracking efficiency. This study (10) shows that the Super-Lift Luo converter breaks the PV output voltage by a very large margin
compared with the ripple of the conventional boost topology and the conversion efficiency. The authors (11) developed a one-
stage INC MPPT structure that reduced the complexity of the system and reported that they achieved improved tracking with
the least number of oscillations around the maximum power point. In this review (12), different high-step-up converters are
grouped, and their suitability for renewable systems is discussed, with special attention to the fact that Luo converters and
Super-Lift converters have a higher gain without the use of transformers. The author (13) discussed independent PV-powered
induction motors with either single-stage or two-stage converters, including the significance of the constant DC-link voltage
and the effectiveness of MPPT in keeping the pace of the motor with a varying amount of sunlight.

Independent PV systems used to provide motor drive functions face significant performance problems owing to changes
in solar irradiance and temperature, resulting in erratic output voltage and reduced power supply. PV modules do not work
consistently at the Maximum Power Point, especially when the conditions change rapidly. Conventional MPPT techniques,
such as Perturb and Observe, cannot track the maximum power in changing situations. In addition, to drive an induction
motor, a stable and sufficiently large DC-link voltage is required, which cannot be provided directly by a standard PV output.
Traditional DC-DC converters cannot achieve the high voltage gain and regulation required for reliable motor operation. This
leads to reduced motor performance, poor efficiency, and system unreliability in standalone PV-driven applications.

To address the limitations mentioned above, this study presents a combined standalone photovoltaic motor drive system
consisting of an Incremental Conductance (INC)-based MPPT algorithm, a positive-output super-lift Luo (POSLL) DC-
DC converter, and a voltage source inverter controlled by space vector PWM (SVPWM). The INC algorithm enhances the
accuracy of tracking rapid irradiance variations, whereas the POSLL converter offers a high voltage gain with a lower ripple,
making the DC-link voltage constant. The use of SVPWM improves the voltage use and dynamic response of the motor drive,
which leads to faster settling time and reduced torque oscillations compared with traditional SPWM. The proposed model
enhances the stability and efficiency of the entire system in a standalone implementation, with the main goal of improving
the MPPT accuracy, voltage boosting capacity, and inverter-level control. Although photovoltaic-driven motor systems have
been extensively studied, there are still several limitations to the current methods. Traditional MPPTmethods, such as Perturb
and Observe (P&O), have steady-state oscillations and slow convergence under fast-varying irradiance conditions, resulting
in power loss and erratic DC-link voltage. Numerous reported systems use traditional boost or SEPIC converters, which have
only a small voltage gain, and the ripple and efficiency deteriorate with increasing duty cycles. Moreover, many studies have
concentrated on either the performance of MPPT or the analysis of converters; however, they have not confirmed the co-effect
onmotor-drive dynamics.Moreover, inverter control techniques, such as sinusoidal PWM (SPWM), which are commonly used
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in standalone PV-fedmotor drives, lead to longer settling times and larger torque ripples during startup, speed change, and load
disturbances. These constraints make current systems less likely to be used in reliable off-grid motor-drive applications.

The novelty of this study is that it integrates and quantitatively validates a system-level INC-basedMPPT-controlled positive-
output super-lift Luo converter with SVPWM-based inverter control of a standalone photovoltaic-fed induction motor drive.
This work is in contrast to the current literature, which explores the algorithms of MPPT, converters, and inverter control in
isolation; in other words, it shows how all these phases of energy transformation work together. In addition, the comparative
analysis of SPWM and SVPWM under the same photovoltaic and load conditions provides clear numerical support for the
performance improvement in terms of settling time, torque smoothness, and efficiency in off-grid applications.

2 Proposed PV System Description
The arrangement of an independent photovoltaic (PV)-powered system used to power an ACmotor load is shown in Figure 1.
In this arrangement, the PV array is the energy source and produces a DC output that is dependent on the solar irradiance
and cell temperature. To utilize solar energy to its optimum, a maximum power point tracking (MPPT) system continuously
adjusts the operating point of the PV array and provides the required duty ratio reference to the Luo DC-DC converter. The
PV voltage was raised to the required level using a Luo converter, which was selected owing to its capability to produce a high
step-up voltage gain with increased efficiency (14). A three-phase voltage source inverter (VSI) then converts the adjusted DC
output into AC power based on various leading modulation techniques, such as Sinusoidal Pulse-Width Modulation (SPWM)
and Space Vector Pulse-Width Modulation (SVPWM). The output filter suppresses the switching harmonics and produces a
cleanACwaveform.TheACpower was then fed to themotor, and the target reference and closed-loop control systemmeasured
the actual motor speed against the target reference and dynamically adjusted the switching signals of the inverter to keep the
drive system operating steadily and efficiently under different load and environmental conditions (15). [Figure 1]

Fig 1. Block diagram representation of PV system with INCMPPT tracking.

The total efficiency of a standalone PV-driven system is determined by the combined efficiencies of the PV array, MPPT
algorithm, and inverter. This is represented as (16), (17)

𝜂𝑇𝑜𝑡𝑎𝑙 = 𝜂𝑃𝑉 .𝜂𝑀𝑃𝑃𝑇 .𝜂𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 (1)

Alternatively, it can be formulated in terms of the power ratio as

𝜂𝑇𝑜𝑡𝑎𝑙 = 𝑃𝑂𝑈𝑇
𝐺•𝐴 = 𝑃𝑃𝑉

𝐺•𝐴 • 𝑃𝑀𝑃𝑃𝑇
𝑃𝑃𝑉

• 𝑃𝑂𝑈𝑇
𝑃𝑀𝑃𝑃𝑇

(2)

Where

𝜂𝑇𝑜𝑡𝑎𝑙 Total efficiency of the PV-based conversion system

𝜂𝑀𝑃𝑃𝑇 Efficiency of the MPPT tracking algorithm

𝜂𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 Efficiency of the inverter stage

𝜂𝑃𝑉 Conversion efficiency of the PV module

P𝑃𝑉 Maximum power generated by the PV array
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P𝑀𝑃𝑃𝑇 Power tracked by the MPPT controller

P𝑂𝑈𝑇 Final AC output power delivered to the load

G Solar irradiance (W/m2)

A Effective surface area of the PV array (m2)

2.1 Maximum Power Point Tracking (MPPT)

Maximum Power Point Tracking (MPPT) is a crucial technology in photovoltaic (PV) systems that enables the system to adjust
its power output as the environment changes.MPPT algorithms dynamically adjust the electrical operating point of PVmodules
to provide the maximum possible power to the system and enhance its efficiency (18), (19). One widely used MPPT algorithm is
the Incremental Conductance (INC) algorithm, which is based on the concept of measuring instantaneous conductance (I/V)
against incremental conductance (dI/dV). This method works better than Perturb and Observe (P&O) when atmospheric
conditions change (20), (21). The INC algorithm responds quickly to irradiance variations, has minimal oscillation about the
Maximum Power Point, and performs well under changing weather conditions. The application of MPPT typically requires
DC-DC converters, such as the Luo converter, to boost the output voltage. The duty cycle of the PV panels matched the source
impedance to the load impedance. As PV technology improves, MPPT algorithms increase the energy output and make solar
power more economical (18).

2.1.1. Incremental Conductance algorithm
The incremental conductance (IC) algorithm is another advanced technique for maximum power point tracking (MPPT) used
in photovoltaic systems to maximize the power output under different conditions. The performance of the IC algorithm is
better than that of conventional techniques, particularly for rapidly changing irradiances (22). The IC algorithm operates on
the principle that the slope of the power-voltage curve is zero at the Maximum Power Point. It measures incremental and
instantaneous conductance to determine the direction for adjusting the operating points. The IC algorithm can run at a
steady state at the maximum power point and has fewer oscillations than the perturb and observe algorithm. The working
mechanism of the IC algorithm is represented in the flowchart in Figure 2, which shows the decision-making process of the IC
algorithm (22), (23). The algorithm repeats its cycle as the operating point changes to maximize the power output under varying
conditions. [Figure 2]

Fig 2. Flowchart of Incremental Conductance Algorithm

2.2 Solar Panel (DC Source)

The SunPower 305-WHT module utilized in the proposed system comprised 96 cells and offered a capacity of 300 W at 1000
W/m2 and 25∘C. Figure 3 illustrates theV-I and P-V characteristics of the proposed PVpanel (SunPower SPR-305-WHT) under
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various temperature conditions. It can be observed that the panel’s maximum power point is achieved at 300 W, 220 W, and
150 W with irradiance levels of 1000 W/m2, 750 W/m2, and 500 W/m2, respectively, all at a temperature of 25∘C (24). The solar
panel parameters are presented in Table 1. [Figure 3] [Table 1]

Fig 3. V-I and P-V characteristics for four irradiation levels of sun power SPR-305-WHT module.

Table 1. Electrical characteristics of the used PV module (SPR-305-WHT)
Parameters Rating
Peak Power (+/- 5%) P𝑚𝑎𝑥 305 W
Rated Voltage V𝑚𝑝𝑝 54.7 V
Rated Current I𝑚𝑝𝑝 5.58 A
Open Circuit voltage V𝑜𝑐 64.2 V
Short Circuit Current I𝑠𝑐 5.96 A
Temperature coefficient of open – circuit voltage -0.27 %/∘C
Temperature coefficient of short –circuit current 0.057 %/∘C

It is widely recognized that the temperature of PV panels (T) and the level of irradiation (I𝑟𝑟) significantly influence the
power output of PV systems. To enhance the efficiency of the system, an Incremental Conductance MPPT algorithm was
employed to optimize the power extraction from the PV panel.

2.3 Luo converter (DC-DC Converter)

This configuration requires a positive-output super-lift Luo (PSLL) converter. Unlike traditional step-up converters, the PSLL
Luo converter employs a dedicated voltage lift mechanism that increases the output voltage in discrete stages using a super-
lift. This design innovation allows the converter to have a very high voltage gain and still have a lower current ripple, better
efficiency, and better voltage regulation than the traditional boost and SEPIC converters. The working principle of the PSLL
converter is the energy-transfer mechanism of inductors and capacitors, and the equivalent circuit of the PSLL converter can
operate in two modes: switch-off and switch-on. The switch-on phase causes the inductors to store energy, and the switch-off
phase causes the energy to be transferred to the load and capacitor, which amplifies the output voltage. The use of this staged
voltage-lift principle makes the PSLL Luo converter particularly favorable for photovoltaic (PV) sensors, where a large voltage
step-up is frequently required to synchronize with the inverter DC-link levels when used in standalone and grid-connected
systems (25), (26). [Figure 4]

Figure 4 shows the simplified structure of the PSLL Luo converter and the operation mode of the converter when the switch
is in the conduction and cutoff states, respectively.These modes enable the interplay between the storage components of energy
(inductors and capacitors) and the switching device to allow continuous passage of energy and a high voltage gain. Luo-based
converter configurations in combination withMPPT and PI control have been highly cited in the recent literature as an effective
remedy for high-performance solar PV systems (16), (17), (27). The voltage across capacitor C1 is charged to V𝑖𝑛. During the
switch-on period kT, the current i𝐿 through inductor L increases with voltage V𝑖𝑛, and during the switch-off period (1-k) T,
it decreases with voltage – (V𝑂 - 2V𝑖𝑛). Consequently, the ripple in the inductor current iL is as; (27)

𝛥𝑖𝐿1 = 𝑉𝑖𝑛
𝐿 𝑘𝑇 = 𝑉𝑜 −2𝑉 𝑖𝑛

𝐿 (1−𝑘)𝑇 (3)
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Fig 4. Positive output super-lift Luo (DC-DC) converter.

𝑉𝑜 = 2−𝑘
1−𝑘𝑉𝑖𝑛 (4)

The voltage transfer gain is as,

𝐺 = 𝑉𝑜
𝑉𝑖𝑛

= 2−𝑘
1−𝑘 (5)

When the switch is on, the input current i𝑖𝑛 is the sum of i𝐿 and i𝐶1, whereas it is equal to i𝐿 when the switch is off. During
the switch-off phase, the current through capacitor i𝐶1 matched that of i𝐿. In the steady state, the average charge on capacitor
C1 must remain constant. The following equations are applicable:

𝑖𝑖𝑛−𝑜𝑓𝑓 = 𝑖𝐿−𝑜𝑓𝑓 = 𝑖𝐶1−𝑜𝑓𝑓

𝑖𝑖𝑛−𝑜𝑛 = 𝑖𝐿−𝑜𝑛 = 𝑖𝐶1−𝑜𝑛

𝑘𝑇 𝑖𝐶1−𝑜𝑛 = (1−𝑘)𝑇 𝑖𝐶1−𝑜𝑓𝑓 (6)

If inductance L is sufficiently large, i𝐿 is nearly equal to its average current, I𝐿. So,

𝑖𝑖𝑛−𝑜𝑓𝑓 = 𝑖𝐶1−𝑜𝑓𝑓 = 𝐼𝐿

𝑖𝑖𝑛−𝑜𝑛 = 𝐼𝐿 + 1−𝑘
𝑘 𝐼𝐿 = 𝐼𝐿

𝑘

𝑖𝐶1−𝑜𝑛 = 1−𝑘
𝑘 𝐼𝐿 (7)
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The average input current is.

𝑖𝑖𝑛 = 𝑘𝑖𝑖𝑛−𝑜𝑛 +(1−𝑘)𝑖𝑖𝑛−𝑜𝑓𝑓 = 𝐼𝐿 = (2−𝑘)𝐼𝐿 (8)

Considering,

𝑉𝑖𝑛
𝐼𝑖𝑛

= (1−𝑘
2−𝑘)

2 𝑉𝑜
𝐼0

= (1−𝑘
2−𝑘)

2
𝑅 (9)

The fluctuation of the current I𝐿 through inductor L is,

𝜉 = 𝛥𝑖𝐿/2
𝐼𝐿

= 𝑘(2−𝑘)𝑇 𝑉 𝑖𝑛
2𝐿𝐼𝑖𝑛

= 𝑘(1−𝑘)2

2(1−𝑘)
𝑅
𝑓𝐿 (10)

Normally, 𝜉 is small, which means that this converter normally works in continuous mode.
The ripple voltage of output voltage v𝑜 is

Δ𝑣𝑜 = Δ𝑄
𝐶2

= 𝐼𝑜(1−𝑘)𝑇
𝐶2

= 1−𝑘
𝑓𝐶2

𝑉𝑜
𝑅 (11)

The variation ratio of output voltage v𝑜 is,

𝜀 = Δ𝑣𝑜/2
𝑉𝑜

= 1−𝑘
2𝑅𝑓𝐶2

(12)

3 Results and Discussion
The proposed method was simulated using MATLAB/Simulink software, as shown in Figure 5. The SPR-305 PV panel was
connected to the Luo converter to increase its working power. The irradiance of the PV panel was adjusted to the duty cycle
of Luo by adjusting the incremental conductance MPPT controller, which adjusted the duty cycle. This was then fed to an
inverter after passing through a Luo converter. The output of the pulse-width modulated inverter was linked to a three-phase
induction motor. The speed of the motor was controlled by changing the inverter switches with PWM signals to a PI controller
in accordance with the reference speed. [Figure 5]

Fig 5. Simulink model of the proposed system.

The amount of solar irradiation and temperature variations are major considerations in determining the output of a PV
system for any application. An Incremental Conductance algorithm was used to adjust the duty ratio to make the output of the
Luo converter almost constant. The irradiance of the PV panel was decreased from 1000 to 200 W/m2 in the period between
t=0.7 and t=1.8s and the temperature remained constant at 25∘C. In this phase, the power was reduced to 20 kW at 1.2s and

https://www.indjst.org/ 238

https://www.indjst.org/


Ashokkumar et al. / Indian Journal of Science and Technology 2026;19(4):232–244

then to 75 kW at 1.6 seconds. This was verified by the converter output voltage beating slightly 250V–280V at 1.2s owing to a
variation in the duty ratio between 0.5 and 0.2, and the voltage was once more increased to 0.4 at 1.8s. As noted, the output of
the proposed converter was almost constant (250V) even though there were changes in the irradiance and temperature under
different climatic conditions. Figure 6 shows themodelling nature of the PV system under startup-transient conditions, with the
inverter driven by SPWM. The results showed that although SPWM is a viable technique for generating balanced three-phase
voltages, it leads to significant oscillations in the current output and electromagnetic torque, principally because of switching
voltage ripples. Consequently, the motor converged gradually and reached a steady level after approximately 0.364s. At this
point, the system achieved a steady-state torque of 4.127 N-m and an efficiency of 95.84%, highlighting the shortcomings of
SPWM in terms of transient response and torque ripple. Figure 6 presents the respective responses for the SVPWM method.
SVPWM revealed a much faster dynamic response, with the steady state of the motor speed attained at 0.1232s. The torque
profile was also smoother and less oscillatory, and the steady-state efficiency was significantly increased, reaching 98.46%.
The above results strongly indicate the better performance of SVPWM compared with SPWM when using standalone PV-fed
motor-drive applications.The SVPWMapproach not only provides faster convergence of speed and lower torque ripple but also
provides better approximate overall performance and is thereforemore amenable to high-performance renewable energy-based
motor drives. [Figure 6]

Fig 6. Startup-transient response of three-phase standalone PV system.

Figure 7 shows the response of the output voltage, current, speed, torque, and efficiency of a standalone photovoltaic (PV)-
fed motor drive to a servo test with a 15% speed increase under the action of SPWM control. In this case, the reference speed
at t = 0.5 seconds is decreased to 1400 rpm compared with 1200 rpm. It takes the motor 0.086s to reach the new steady-state
speed at which it reaches a torque of 1.875 N-m and an efficiency of 98.64%. Figure 7 shows the corresponding response using
SVPWM.The system in this case exhibited better dynamic performance, whereby the motor reached the commanded speed in
0.053 s. The torque response was smoother and restricted to 1 Nm, and the efficiency was enhanced to 99.47, which is a clear
indication of the benefits of SVPWM in dynamic tracking. [Figure 7]

Figure 8 shows the response to a 30% slowdown in speed with the use of SPWM, whereby the speed of 1400 rpm reduces to
1000 rpm at t = 1.5 s. Under SPWM, the torque reached a steady point of 0.7 N-m, and the efficiency was 98.45%. In addition,
Figure 8 shows a similar situation when controlled by SVPWM. In this case, the torque reduces slowly to zero, and the efficiency
is 100% in the steady state. These results show that SVPWM has a shorter settling time, reduced torque ripples, and increased
efficiency than traditional SPWM; consequently, it is a better choice than traditional SPWM in the servo control of independent
PV-fed motor drive systems. [Figure 8]

Figure 9 shows the output voltage, current, speed, torque, and efficiency responses of the PV-poweredmotor drive under the
conditions of regulation with sinusoidal PWM (SPWM) when the load torque is doubled. The applied torque is 10 N-m and
then 15 N-m at t = 0.5s, which creates a significant disruption to the response of the motor.This short-term period also shows a
slight reduction in speed and stabilization of the motor at 961.1 rpm, and the entire efficiency of the system reduces to 81.13%
owing to the increased demand. In addition, it represents the corresponding response in the SVPWM. In this case, the system
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Fig 7. Servo responses of the proposed system with an increment of speed 15%.

Fig 8. Servo responses of the proposed system with a decrement of speed 30%.
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was more stable and had better dynamic performance. Although the torque also increased to 15 Nm, the efficiency decrease
was not as significant as that of the SPWM.The efficiency of the system reached 87.55%, which indicates that SVPWM can be
more efficient and perform better based on various load situations. [Figure 9]

Fig 9. Regulatory response of the proposed system with load change of 50% increment.

Similarly, Figure 10 shows the output voltage, current, speed, torque, and efficiency of the standalone PV-drivenmotor drive
during a regulatory test with a 75% load reduction under SPWM control. The motor torque decreased owing to the reduction
in load, which caused the motor speed to increase. Under SPWM, the speed was 983 rpm, and the efficiency of the system
was stabilized at 94.24%. This figure also displays the respective responses of SVPWM. In this case, the motor operated more
efficiently, the speed increased to 996 rpm, and the system efficiency increased to 96.45%.The transition in torque was smoother
and less oscillatory, and the efficiency profile of the systemwasmore stable than that of the SPWM.The results of the study show
that SVPWMhas been found to have better dynamic control, higher efficiency, and better speed response under load-reduction
operating conditions than standard SPWM, thereby proving its capability over conventional SPWM in regulating responses in
PV-driven motors. [Figure 10] [Table 2] [Table 3]

Table 2. Simulated responses of PV Source Standalone System

Control Technique
Start–up Transients Servo response Regulatory response

Increment of 15% Decrement by 30% Increment by 50% Decrement by 75%
Rise
time
(Sec)

Settling
time
(Sec)

Effi-
ciency
(%)

Settling
time
(Sec)

Effi-
ciency
(%)

Settling
time
(Sec)

Effi-
ciency
(%)

Settling
time
(Sec)

Effi-
ciency
(%)

Settling
time
(Sec)

Effi-
ciency
(%)

SPWM 0.5 0.364 95.84 0.086 98.64 0.285 98.45 0.137 81.13 0.158 94.24
SVPWM 0.0445 0.1232 98.46 0.053 99.47 0.168 100 0.0634 87.55 0.152 96.45
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Fig 10. Regulatory response of the proposed system with load change of 75% decrement.

Table 2 shows the reactions of a standalone PV-fed motor drive system under various conditions. It compares two control
schemes: SPWMand the SVPWM.Three conditions, namely the startup, servo, and regulatory responses, were used tomeasure
the performance in terms of the rise time, settling time, and efficiency. SVPWM is superior for start-ups.The settling time of the
SPWMwas 0.364s, and it settled at 95.84%. The SVPWM stabilized after 0.1232s and had an efficiency of 98.46%. This implies
that SVPWM is more responsive, consumes less energy, and the system is more stable and efficient. SVPWM is also superior in
terms of the servo responses. At a 15% speed increase, the SPWM stabilized in 0.086s at 98.64% efficiency. With an efficiency of
99.47%, the SVPWMsettled at 0.053 s. At a 30% reduction in speed, SPWMcan take 0.285swith 98.45% efficiency, and SVPWM
can take 0.168s with 100% efficiency. SVPWM ismore responsive, allows change tracking, andminimizes changes in speed and
torque. SVPWM is superior in terms of regulatory response. At 50% load, the SPWM stabilized at 0.137 s with an efficiency of
81.13%.The settling time of SVPWMwas 0.0634 s, and it settled with an efficiency of 87.55%.With a load reduction of 75%, the
SPWM required 0.158s with 94.24% efficiency, whereas the SVPWM required 0.152s with 96.45% efficiency. SVPWM is more
responsive to loads and is more stable and efficient in terms of energy consumption than SPWM. Overall, Table 2 demonstrates
that SVPWM is superior to SPWM under all conditions. This allows for quicker settling, minimizes variations in speed and
torque, and is more efficient. In PV-based motor drives, performance and efficiency are important, and SVPWM is preferable.

Table 3 presents a comparative evaluation of the proposed standalone photovoltaic-fed induction motor drive with related
studies reported in the literature. Prior studies primarily used conventional boost-type DC–DC converters and SPWM-based
inverter controls often exhibit longer settling times and reduced efficiency under standalone operating conditions.Theproposed
system integrates an INC-based MPPT algorithm with a positive-output super-lift Luo converter and SVPWM-controlled
inverter, resulting in improved voltage stability and dynamic response. As shown in Table X, the settling time is reduced by up
to 66.15%, whereas the overall efficiency improves by approximately 2.6–6.4% compared with SPWM-based systems. Unlike
several existing studies that validate individual subsystems independently, the results demonstrate a coordinated system-level
improvement, confirming the suitability of the proposed approach for off-grid photovoltaic motor drive applications.
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Table 3. Comparative Performance of the Proposed PV-fed Induction Motor drive with Existing Literature
Reference MPPT

Algo-
rithm

DC–DC
Con-
verter

Modula-
tion
Technique

Application Performance Metrics Remarks

Saady et al.,
(2021) (4)

P&O Conven-
tional
DC–DC

SPWM PV pumping
system

Longer settling, torque
oscillations

Limited transient
performance

Bollipo et al.,
(2020) (6)

INC Boost SPWM Standalone
PV

Settling time > 0.25 s,
noticeable torque ripple

Moderate dynamic
response; limited voltage
gain

Shang et al.,
(2020) (7)

Improved
INC

Boost SPWM PV system Reduced MPPT oscillations,
slow motor convergence

MPPT improved but
inverter dynamics not
optimized

Dheeban et al.,
(2021) (10)

P&O /
INC

Super-Lift
Luo

— PV source
only

High voltage gain, ripple
reduced

Converter validated
without motor load

Oliver et al.,
(2022) (14)

INC Boost SVPWM Grid-
interactive
PV

Efficiency ≈ 95% Grid support improves
stability

Proposed System
(Startup
Transient)

INC POSLL
Luo

SPWM Standalone
PVMotor
Drive

Settling time 0.364 s,
efficiency 95.84%

Baseline comparison
within proposed
framework

Proposed System
(Servo)

INC POSLL
Luo

SVPWM Standalone
PVMotor
Drive

Settling time 0.1232 s,
efficiency 98.46%

66.15% faster response,
reduced torque ripple

Proposed System
(Regulatory)

INC POSLL
Luo

SVPWM Standalone
PVMotor
Drive

Efficiency 87.55% at 50%
load, 96.45% at 75% load
reduction

Superior disturbance
rejection

4 Conclusion
This study presents a standalone photovoltaic-fed induction motor drive system that combines an MPPT algorithm based on
Incremental Conductance (INC), a positive-output super-lift Luo (POSLL) DC-DC converter, and a voltage source inverter
that uses SPWM and SVPWM control methods. To test the system under dynamic conditions, the system’s capabilities to
respond to variable irradiance, speed, and load conditions were tested to determine the system’s capabilities in terms of its
overall efficiency and ability to regulate the voltage as required. The proposed configuration was proven to be effective through
quantitative simulation studies. Even when the solar irradiance differed between 1000 W/m2 and 200 W/m2, the INC-based
MPPT could maintain the power extraction constant and the DC-link voltage at approximately 250 V. The POSLL converter
delivers the high voltage gain required with a lower ripple and allows the inverter to operate continuously and reliably under
varying environmental conditions.Theperformancewith SPWMwas significantlyworse than thatwith SVPWM. In the startup,
the settling time decreased from 0.364s (SPWM) to 0.1232s (SVPWM), which is a 66.15% decrease. The steady-state efficiency
was improved to 98.46% compared to 95.84%, and under load disturbance conditions, SVPWM had an efficiency of 87.55%
compared to 81.13% at SPWM, indicating that it is more efficient in the disturbance rejection and response of the torque.

The novelty of this study is that it attempts to integrate and quantitatively compare an INC-MPPT-controlled POSLL
converter with the SVPWM-based inverter control of a standalone photovoltaic-driven induction motor system. In addition,
the direct numerical comparison between SPWM and SVPWM operating under the same photovoltaic and load conditions
is another clear indication of the superiority of SVPWM in off-grid applications of renewable motors. Based on the obtained
results, the proposed system can be successfully implemented in sun-powered irrigation pumps, rural industrial motor drives,
and off-grid renewable energy needs, where a quick dynamic response and high efficiency are of high importance. To ensure
practical implementation, SVPWM is highly recommended over SPWM because the former is more efficient with regard
to settling time and operation during load disturbances. Future developments should be based on hardware realization, the
addition of smart controllers (intelligent controllers, e.g., fuzzy or neuro-fuzzy controllers), and testing under partial shading
and real-time operation conditions to make the system even more robust and applicable.
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