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 The rapid adoption of electric vehicle (EV) motors has recently raised 

numerous issues including high expensive, complex maintenance, and 

resonance problems. Some of the most effective and most thoroughly 

investigated EV motors are 3ф induction motors and DC motors. Brushless 

DC (BLDC) motors for EVs are a more advanced version of the solution 

used in developing nations. Rising time, steady state, transient, overshoot, 

settling time and other characteristics of the EV based BLDC motor are 

difficult to control. A loss of control leads to system instability and reduces 

the components' lifespan. Thereby, in this work, a grid incorporated PV fed 

EV based BLDC motor is proposed using DC-DC converter along with 

hybrid optimized PI controller. An innovative high gain Luo converter has 

been developed with the goal to deal with the fluctuating behavior of PV 

systems and it provides the impressive advantages of a high conversion 

range, reduced voltage stress and outstanding efficiency. To considerably 

improve the performance of the suggested converter, the reliable hybrid 

particle swarm-spotted hyena optimized (PS-SHO) proportional integral (PI) 

controller is invented for controlling the BLDC motor's speed. The grid 

supplies electricity to the BLDC motor when the PV-based power source 

isn't accessible. The simulation used to determine the efficacy of the 

proposed BLDC motor system in MATLAB has confirmed that the 

methodology provides increased efficacy with a highest efficiency of 97.3% 

and a lower total harmonic distortion (THD) of 2.02%. 
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1. INTRODUCTION 

The decreasing supply of fossil fuels and rising carbon emissions are driving consumers to switch 

the energy towards renewable sources. Photovoltaic (PV) production is quickly overtaking traditional sources 

as the most suitable choice for a variety of appliances [1]. Considering this, the EV has drawn considerable 

devotion in the past few years as a vital PV source of energy. In an effort to increase the effectiveness and 

efficacy of PV-fed EV systems while lowering prices, a large number of research on electric motor drives 

have been carried out [2], [3]. EVs are essential for the operation of energy systems, batteries, power 

converters and motor drives. However, the somewhat restricted driving range caused by limitations in present 

battery technology prevents EVs from being used extensively [4], [5]. Powerful starting torque, quick 

dynamic response, strong torque ripple and acoustic noise are characteristics of switched reluctance motor 

https://creativecommons.org/licenses/by-sa/4.0/
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drives that match the requirements for wide application of EVs. A solar panel and a brushless DC (BLDC) 

motor drive are offered as solutions to these problems. To create a sustainable energy source, a PV panel is 

attached to the top of the EV [6]. Since the past few years, people have selected the BLDC motors for EV 

systems, because of its several advantages. Since the BLDC motor has maximum torque ratio and efficiency, 

minimal electromagnetic interference and low cost of preservation, it is frequently utilised for low and 

medium power purposes [7], [8]. The BLDC motor is too frequently employed in robotics, medical, 

aerospace, electric vehicles and servo appliances [9], [10]. These motors require electronic commutators, 

which depend on rotor location, to perform commutation deploying a voltage source inverter. Because BLDC 

motors don't require the use of brushes and have excellent speed-torque characteristics, there are fewer eddy 

current losses and copper losses. The permanent magnet excitation of the BLDC motor prevents  

excitation losses, which raises the efficiency of the motor to a suitable level [11]. Hence, this paper proposes 

a PV served BLDC motor for EV applications. The BLDC motor diagram for a PV-fed system is 

demonstrated in Figure 1. 

 

 

 
 

Figure 1. PV fed BLDC motor 

 

 

Normally, the PV panel has inability to meet the load demand, because of its insufficient dc output 

voltage. For the purpose of increasing the solar panel output dc voltage, several DC-DC converters are had 

been proposed. One of the common types of converters frequently utilized in PV applications is the boost 

[12], [13] converter. Boost converter is utilized to increases voltage input over a broad range. However, 

because it causes significant voltage stress, it cannot be used in high power applications. Buck-Boost 

converter's current input fluctuates, while the Cuk converter's input current is non-pulsating. These two 

converters run at high duty cycles to provide a discontinuous output current and maximize voltage gain [14], 

[15]. Despite the SEPIC [16] converter's continuous input currents and ability to execute high power 

applications, the significant number of ripples in input current lowers the thoroughgoing power extraction 

capabilities of PV over an extensive range. As these converters include built-in voltage boosting 

characteristics and the capacity to handle high power ratings, Luo converters are in fact the finest option for 

expanded PV-based EV charging systems. Luo converters [17] have the lowest current ripples and highest 

output voltage in comparison to other converters. The battery life is negatively impacted by the converter's 

disadvantage of non-pulsating current at the converter input. Therefore, the high gain improved Luo has been 

implemented to overwhelmed the restrictions of classical approaches. Utilizing this converter results in 

lowest voltage stress and highest voltage gain. 

For managing the voltage across the DC link in a situation of additional disruptions and 

unpredictability, a feedback control technique is typically used. Numerous types of controllers have been 

proposed in [18] to maintain the dc link voltage control, from that proportional integral (PI) controllers are 

one of the common type controllers. The traditional strategies for adjusting the PI controller's variables 

include mathematical formula-based approaches that conduct initial assumptions and display arbitrary 

increase or decrease in error values at any time. Since errors in following approximations are controlled using 

optimization-based procedures, such methods are highly recommended [19]. The genetic algorithm [20], grey 

wolf optimization (GWO) and particle swarm optimization (PSO) are three optimization techniques that 

significantly influence how PI controllers are tuned [21], [22]. However, these algorithms struggle with 

delayed convergence during the improved search stage and poor local search capability. In regard to these 

problems, a hybrid particle swarm-spotted hyena optimized (PS-SHO) optimization is implemented to deliver 

improved control signals to the converter. Thereby, the primary goal of this works is explained as follows: 

˗ A PI controller and a hall sensor control the BLDC motor's speed. 
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˗ An improved Luo converter with a high gain has been used to boost the voltage of a PV panel with a 

considerable reduction in power loss and ripple. 

˗ To use a hybrid PS-SHO optimized PI controller to achieve the suggested converter's maximum 

conversion efficiency. 

˗ To construct a grid-interactive system that accepts additional solar power during the day and generates 

electricity at night. 

˗ To maintain the grid current's total harmonic distortion (THD) around 5%. 

 

 

2. PROPOSED SYSTEM DESCRIPTION 

Due to benefits including their straightforward design, great efficacy, exceptional speed control 

ability, minimal losses and low maintenance requirements EVs are most commonly powered by BLDC 

motors. Figure 2 illustrates the construction of a PV supplied BLDC motor drive for an EV using a PS-SHO 

optimized PI controller in this article. The production of power from a PV system is not continuous because 

it fluctuates with solar irradiation and temperature. PV system resultant voltage is kept as a constant dc 

output of the right voltage by using a high gain enhanced Luo converter. When compared to traditional PI 

controller, PS-SHO optimized PI controller offers an excellent possibility for removing the peak overshoot 

problem with a quick settling time. The converter achieves a stable state with not exceeding the 

predetermined value by using a properly adjusted PI controller. The 3 𝛷 VSI obtains the converter's output dc 

voltage and transforms it to AC voltage before supplying it to the EV's motor. The basic goal of regulating 

the motor speed is accomplished with a PI controller. This controller input is error speed produced by 

analyzing the reference (𝑁𝑟𝑒𝑓) and actual (𝑁𝑎𝑐𝑡) speeds of the motor. The controller output passes into the 

PWM generator, which produces the appropriate pulses to regulate the switching action of the VSI. Using a 

1ф VSI, the converter resultant dc voltage is converted to AC voltage and delivered into 1ф grid. PI 

controller is employed to establish grid voltage synchronization. During lack of PV power throughout the 

night, grid electricity is utilized to power the BLDC motor. 
 

 

 
 

Figure 2. Solar fed BLDC motor using optimized PI controller 

 

 

3. PROPOSED SYSTEM MODELLING 

3.1.  PV system modelling 

As shown in Figure 3, an analogue circuit of a solar cell consists of a series resistor 𝑅𝑠, a shunt 

resistor 𝑅𝑠ℎ, a current source 𝐼𝑝ℎ, and a diode 𝐷. Every solar cell that contributes to the solar energy system is 

depicted by a single diode model. The output current produced by the PV, or 〖𝐼𝑃𝑉, is calculated using (1). 

 

𝐼𝑃𝑉 = 𝐼𝑝ℎ − 𝐼𝐷 − 𝐼𝑠ℎ (1) 

 

The Shockley equation is used to determine the diode current 𝐼𝐷. 

 

𝐼𝐷 = 𝐼𝑜 [𝑒𝑥𝑝 (
𝑉𝑃𝑉+𝑅𝑠𝐼𝑃𝑉

𝛼𝑉𝑡𝑁𝑠
) − 1] (2) 

 

The current passing via the 𝑅𝑠ℎ shunt resistor is. 

 

𝐼𝑠ℎ =
𝑉𝑃𝑉+𝑅𝑠𝐼𝑃𝑉

𝑅𝑠ℎ
 (3) 
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Here, the obtain by replacing the values of 𝐼𝐷 and 𝐼𝑠ℎ in (1). 

 

𝐼𝑃𝑉 = 𝐼𝑝ℎ − 𝐼𝑜 [𝑒𝑥𝑝 (
𝑉𝑃𝑉+𝑅𝑠𝐼𝑃𝑉

𝛼𝑉𝑡𝑁𝑠
) − 1] −

𝑉𝑃𝑉+𝑅𝑠𝐼𝑃𝑉

𝑅𝑠ℎ
 (4) 

 

Thereby, 𝑁𝑠 stands for the number of series-connected solar cells, 𝛼 indicates the ideality factor, 

𝐼𝑜illustrates the diode saturation current and 𝑉𝑃𝑉  is the solar panel's output voltage. The following calculation 

produces the diode's thermal voltage, 

 

𝑉𝑡 =
𝑘𝑇

𝑞
 (5) 

 

𝑘, 𝑞, and 𝑇 represent the Boltzmann constant, electron charge, and cell temperature, respectively and Table 1 

represents the PV parameter specifications. 

The PV system's intermittent nature means that the output DC voltage is not high enough to fulfil 

the load requirement. The adoption of appropriate DC-DC converter topologies improves the low output 

voltage. The DC/DC converter is designed to control the steady output voltage of the solar cell in a variety of 

operating scenarios. High gain enhanced Luo converters are used to control and improve the DC voltage to 

effectively drive the BLDC motor in this study. 

 

 

 
 

Figure 3. PV cell equivalent circuit 
 

 

Table 1. PV panel parameter description 
Parameters Values (Units) 

Peak power (𝑃𝑚𝑝) 100 𝑊 

Peak power current (𝐼𝑚𝑝) 5.42 𝐴 

Peak power voltage (𝑉𝑚𝑝) 18.75 𝑉 

Number of series connected PV cells 𝑁𝑠 36 

 

 

3.2.  High gain improved Luo converter modelling 

The conventional Luo converter has certain drawbacks, such as the need for a large output capacitor 

to minimize ripple voltage because the output current fluctuates and the inability to function the converters at 

high duty ratios in order to increase gain. The introduction of a high gain improved Luo converter addresses 

these shortcomings. Furthermore, this proposed converter offers a high output gain at a low input DC voltage 

and low duty cycle. The proposed high gain improved Luo converter proceeds in continuous conduction 

mode with a single switch. The single switch operation decreases the converter's operating stress. The 

continuous conduction mode (CCM) minimizes the amount of heat generated by power semiconductor 

devices. Figure 4 shows an improved high gain Boost converter. Single power switches (𝑆), two inductors 

(𝐿1, 𝐿2), two input capacitors (𝐶1, 𝐶2) on output capacitor 𝐶𝑂, and two diodes (𝐷1, 𝐷2) one output diode 𝐷𝑂 

comprise this converter. 
 

3.2.1. Modes of operation 

There are two distinct states in which converter switches can operate: stage 1 and stage 2. 

˗ Stage 1:(𝒕𝟎 − 𝒕𝟏) 

It begins from(𝑡0 − 𝑡1) and the switch 𝑆 has been activated as seen in Figure 5(a). Therefore, the 

diodes 𝐷1 , 𝐷2 link two capacitors 𝐶1, 𝐶2 and two inductors 𝐿1, 𝐿2 together in parallel to the voltage source 𝑉𝑖𝑛. 

The diodes 𝐷1, 𝐷2 are in forward mode throughout this period, while the diode 𝐷𝑂 is in reverse state. 
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˗ Stage 2:(𝒕𝟏 − 𝒕𝟐) 

This state begins at (𝑡1 − 𝑡2)and the switch 𝑆 has been deactivated as seen in Figure 5(b). The diode 

𝐷1, 𝐷2 links the two capacitors 𝐶1, 𝐶2, the source voltage𝑉𝑖𝑛 and the two inductors 𝐿1, 𝐿2 in series with  

the capacitor 𝐶𝑂 loaded by the𝐷𝑂. During this time, diode 𝐷𝑂 is in forward mode and diodes 𝐷1 , 𝐷2 are in 

reverse mode. 

At the switching (𝑂𝑁) period (𝑡𝑜𝑛 = 𝐷𝑇) 

 

𝑉𝑖𝑛 = 𝑉𝐿1 = 𝑉𝐿2 (6) 

 

𝑉𝑖𝑛 = 𝑉𝑐1 =  𝑉𝑐2 (7) 

 

and at the switching (𝑂𝐹𝐹) period (𝑡𝑜𝑓𝑓 = (1 − 𝐷)𝑇) 

 

𝑉𝑖𝑛 − 𝑉𝐿1 − 𝑉𝐿2 + 𝑉𝑐2 − 𝑉𝑜 = 0 (8) 

 

as an output, for the obtained switching (𝑂𝐹𝐹) period is. 

 

𝑉𝐿1 = 𝑉𝐿2 =
3𝑉𝑖𝑛−𝑉𝑜

2
 (9) 

 

The derived following results using the voltage-second balance equation between the inductors 

(𝐿1 𝑎𝑛𝑑 𝐿2): 

 

𝑉𝑖𝑛𝐷𝑇 +
3𝑉𝑖𝑛−𝑉𝑜

2
(1 − 𝐷)𝑇 = 0 (10) 

 

as a result, the voltage transfer ratio from (10) is stated as: 

 
𝑉𝑜

𝑉𝑖𝑛
=

3−𝐷

1−𝐷
 (11) 

 

the proposed converter gain voltage (𝑀𝐷), is. 

 

𝑀𝐷 =
𝑉𝑜

𝑉𝑖𝑛
=

3−𝐷

1−𝐷
 (12) 

 

Where, 𝑀𝐷 is a transfer voltage gain. By the application of high gain improved Luo converter, PV panel 

output voltage is enhanced. Moreover, conversion efficiency of the suggested converter further improved 

using efficient hybrid PS-SHO optimized PI controller, which is offers a stabilized DC link output voltage to 

the 3ф VSI. 

 
 

 
 

Figure 4. Improved high gain Luo converter 
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(a) (b) 

 

Figure 5. Modes of operation (a) stage 1 (𝑡0 − 𝑡1) and (b) stage 2 (𝑡1 − 𝑡2) 

 

 

3.3.    Hybrid PS-SHO optimized PI controller 

3.3.1. PI controller 

PI controllers are a type of numerous optimal controllers for a variety of sectors. Utilizing these 

controllers requires utilizing their modifying elements in order to get the intended outcomes. It is therefore 

essential to use a method that is both quick and easy to use. These control factors (𝐾𝑝, 𝐾𝑖) need to be 

specified. Figure 6 displays the PI controller's operational structure. 

A PI-controller is used to control almost every process imaginable, from movement control to 

aerospace and from slow to fast systems. Certain drawbacks, including a large peak overshoot, susceptibility 

to controller gains, and a slow response to unexpected disruptions. These limitations are tackled by using the 

hybrid PS-SHO algorithm, which fine-tunes the parameters of PI controller. In the following section, a 

detailed explanation of the proposed PS-SHO algorithm is provided. 
 

 

 
 

Figure 6. PI Controller 
 

 

3.3.2. PSO method 

PSO is a basic and widely used optimization. A variety of particles have the ability to travel in a 

multidimensional search space using this approach. During searching, every particle's velocity has to be 

upgraded. 

 

𝑉𝑖
𝑘+1 = 𝜔𝑣𝑖

𝑘 + 𝐶1𝑟𝑎𝑛𝑑1(𝑃𝑖,𝑝𝑏𝑒𝑠𝑡
𝑘 − 𝑥𝑖

𝑘) + 𝐶2𝑟𝑎𝑛𝑑2(𝑃𝑖,𝑔𝑏𝑒𝑠𝑡
𝑘 − 𝑥𝑖

𝑘) (13) 

 

Here, 𝜔 is the starting weight, with values within 0.4 and 0.9 and two independent variables are chosen 

𝑟𝑎𝑛𝑑1 and 𝑟𝑎𝑛𝑑2, which fluctuate between [0, 1] and the acceleration coefficients are 𝐶1 and 𝐶2. The 

location of the swarm is altered by, 

 

𝑥𝑖
𝑛𝑒𝑤 = 𝑥𝑖 + 𝑣𝑖  (14) 

 

Additional iterations lead to a superior response, which is provided by. 

 

𝑥𝑖
𝑘+1 = {

𝑥𝑖,𝑛𝑒𝑤𝑖𝑓𝑓(𝑥𝑖,𝑛𝑒𝑤)≤𝑓(𝑥𝑖)

𝑥𝑖𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
} (15) 
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PSO has the main benefit of requiring less variables to be tuned. PSO achieves the most effective solution 

through particle communication; however, its convergence occurs at an extremely slow pace near the global 

optimum via a multidimensional search space. 

 

3.3.3. SHO method 

The spotted hyena optimizer (SHO) is a bio-inspired metaheuristic optimization method established 

by Dhiman and Kumar [23]. The method relies on the social behaviors of spotted hyenas, the biggest of three 

different hyena species (striped, brown, and aardwolf). Spotted hyenas are skilled hunters who hunt in 

groups, depending on groups with more than 100 members. The SHO algorithm consists of four key 

processes that mimic the spotted hyena's encircling, hunting, attacking, and searching behaviors of hyenas. 

˗ Prey encircling 

The most appropriate solution has been considered as the prospective prey and other search agents 

adjust their placements in response to the best solution acquired. This behavior’s computational framework is 

presented by (16) and (17): 

 

𝐷ℎ = |𝐵. 𝑃𝑝(𝑥) − 𝑃(𝑥)|, (16) 

 

𝑃(𝑥 + 1) = 𝑃𝑝(𝑥) − 𝐸. 𝐷ℎ, (17) 

 

˗ Hunting 

SHO's hunting approach is outlined as (18) and (19): 

 

𝑃𝑘 = 𝑃ℎ − 𝐸. 𝐷ℎ, (18) 

 

𝐶ℎ = 𝑃𝑘 + 𝑃𝑘 + 1 … + 𝑃𝑘 + 𝑁, (19) 

 

˗ Attacking prey 

The mathematical equation for attacking prey is as (20): 

 

𝑃(𝑥 + 1) =
𝑐ℎ

𝑁
, (20) 

 

˗ Searching for prey 

Considering the E and B vectors is part of the search for a viable solution. The SHO method is 

capable of solving a variety of multidimensional issues while avoiding local optimum concerns. 

 

3.3.4. Hybrid PS-SHO algorithm 

The PSO method possesses the disadvantage of being confined to local minima when forced to a 

high restriction, but it has certain benefits such as effectiveness, reliability, and ease of implementation. SHO, 

on the other hand, avoids becoming imprisoned locally and maintains a balance between exploration and 

exploitation. As a result, both the outstanding features of PSO and SHO are integrated in the hybrid PS-SHO 

technique. Figure 7 depicts the flow chart of the hybrid PS-SHO approach and the ensuing sections clarify 

the way the PS-SHO method is implemented.  

Operation of PSO: 

˗ Step 1: Each particles' fitness functions are calculated. 

˗ Step 2: Local 𝑝𝑏𝑒𝑠𝑡 and global 𝑔𝑏𝑒𝑠𝑡 values are determined. 

˗ Step 3: All swarm velocity is adjusted utilizing expression (13). 

˗ Step 4: The swarm location has been upgraded utilizing (14). 

˗ Step 5: Every particle's fitness value is evaluated. 

˗ Step 6: Considering (15), the optimum solution for the following iteration is chosen by comparing the 

fitness value of every particle. 

Operation of SHO: 

˗ Step 7: The starting population of SHO is the end population of PSO. 

˗ Step 8: Using the all equations of SHO, the parameters ℎ, 𝐵, 𝐸, 𝑎𝑛𝑑 𝑁 are updated. 

˗ Step 9: Every search agent is assigned a random position. 

˗ Step 10: The objective function is used to generate fitness values for the spotted hyena. 

˗ Step 11: The location of the spotted hyena and parameters of 𝑃ℎ and 𝐶ℎ has been updated. 

˗ Step 12: The optimum solution for the next iteration is determined through a comparison of the fitness 

functions. 
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˗ Step 13: By comparing the fitness functions, the optimal solution is chosen for following iteration. 

˗ Step 14: 𝑃ℎ 𝑎𝑛𝑑 𝐶ℎ are updated. 

˗ Step 15: The preceding stages are continued until the stop demand is satisfied. 

˗ Step 16: The final suitable controller parameters have been determined. 

With the implementation of hybrid PS-SHO algorithm, the gain parameter of PI controller is tuned optimally. 

In addition, the effectiveness of proposed converter enhanced using PS-SHO optimized PI controller. 

 

 

 
 

Figure 7. Hybrid PS-SHO flow chart 

 

 

3.4.  BLDC motor modelling 

BLDC motors have become prevalent in EVs because of its advantages such as higher dynamic 

speed and dependability. BLDC motors, compared to ordinary DC motors, lack brushes, leading to minimal 

servicing and great efficiency. While EVs are powered by BLDC motors, this outperforms induction, DC and 

switching reluctance motors in terms of technologically superior performance. The BLDC motor is made up 

of a three stator windings and permanent magnet rotor and, with a trapezoidal flux distribution. The  

harmonic fields of the stator induce currents in the rotor, however these currents together with stray and iron 

losses are ignored. 

For a system with equilibrium, the mathematical equations of stator windings with respect to of 

motor electrical characteristics are provided by: 
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𝑉𝑎𝑛 = 𝑅𝑠𝑖𝑎 + 𝐿𝑎𝑎
𝑑𝑖𝑎

𝑑𝑡
+ 𝐿𝑎𝑏

𝑑𝑖𝑏

𝑑𝑡
+ 𝐿𝑎𝑐

𝑑𝑖𝑐

𝑑𝑡
+ 𝑒𝑎 (21) 

 

𝑉𝑏𝑛 = 𝑅𝑠𝑖𝑏 + 𝐿𝑏𝑎
𝑑𝑖𝑎

𝑑𝑡
+ 𝐿𝑏𝑏

𝑑𝑖𝑏

𝑑𝑡
+ 𝐿𝑏𝑐

𝑑𝑖𝑐

𝑑𝑡
+ 𝑒𝑏 (22) 

 

𝑉𝑐𝑛 = 𝑅𝑠𝑖𝑐 + 𝐿𝑐𝑎
𝑑𝑖𝑎

𝑑𝑡
+ 𝐿𝑐𝑏

𝑑𝑖𝑏

𝑑𝑡
+ 𝐿𝑐𝑐

𝑑𝑖𝑐

𝑑𝑡
+ 𝑒𝑐 (23) 

 

The stator resistor per phase 𝑅𝑠 is assumed to be identical for all three phases and 𝑒𝑎 , 𝑒𝑏 , 𝑒𝑐 are the 

induced trapezoidal emf. When there is no variation in the rotor reluctance correlating to the angle generated 

by non-saliency and three symmetrical phases are considered, 

 

𝐿𝑎𝑎 =  𝐿𝑏𝑏 = 𝐿𝑐𝑐 = 𝐿 (24) 

 

𝐿𝑎𝑏 = 𝐿𝑏𝑎 = 𝐿𝑎𝑐 = 𝐿𝑐𝑎 = 𝐿𝑏𝑐 = 𝐿𝑐𝑏 = 𝑀 (25) 

 

because of the balancing of stator phase currents, 

 

𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐 = 0 (26) 

 

thus, the stator winding expressions are can be written as, 

 

𝑉𝑎𝑛 = 𝑅𝑠𝑖𝑎 + (𝐿 − 𝑀)
𝑑𝑖𝑎

𝑑𝑡
+ 𝑒𝑎 (27) 

 

𝑉𝑏𝑛 = 𝑅𝑠𝑖𝑏 + (𝐿 − 𝑀)
𝑑𝑖𝑏

𝑑𝑡
+ 𝑒𝑏 (28) 

 

𝑉𝑐𝑛 = 𝑅𝑠𝑖𝑐 + (𝐿 − 𝑀)
𝑑𝑖𝑐

𝑑𝑡
+ 𝑒𝑐 (29) 

 

and the obtained electromagnetic torque is: 

 

𝑇𝑒 =
𝑒𝑎𝑖𝑎+𝑒𝑎𝑖𝑏+𝑒𝑐𝑖𝑐

𝑤𝑚
 (30) 

 

where 𝑇𝑒 the electromagnetic torque and 𝑤𝑚 is the angular speed in radians per second. By comparing the 

reference speed〖𝑁𝑟𝑒𝑓  with the actual speed 𝑁𝑎𝑐𝑡 , the PI controller controls the speed of the 3𝜙 BLDC 

motors, as seen in Figure 8. 

 

 

 
 

Figure 8. Regulation of BLDC motor using PI controller 
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4. RESULTS AND DISCUSSION 

This research focuses on a PV-based BLDC motor with a PI controller and a hall sensor for 

continuous speed regulation. Increasing the PV output with lesser ripples and power loss through the use of a 

high gain improved Luo converter. A hybrid PS-SHO optimized PI controller is deployed to increase the 

switching efficacy of recommended converter. To construct a grid-interactive system that supplies electricity 

at night while accepting excess solar power during the day. This graph shows the overall performance of the 

recommended system when tested using the MATLAB platform. Table 2 shows the parameter design of the 

proposed system. 

 

 

Table 2. Parameter description 
 Parameters Values 

PV Panel Open circuit voltage 𝑉𝑂𝐶 22.68 𝑉 

Short circuit current 𝐼𝑆𝐶  5.86 𝐴 

Peak power 100 𝑊, 15 𝑃𝑎𝑛𝑒𝑙𝑠 

Number of series connected PV cells 𝑁𝑠 36 

High Gain Improved Luo Converter Switching Frequency 10 𝐾𝐻𝑧 

𝐿1, 𝐿2, 𝐿3 0.288 𝑚𝐻 

𝐶1, 𝐶2 4.6 𝜇𝐹 

𝐶𝑜 220 𝜇𝐹 

BLDC motor Speed  3000 𝑟𝑝𝑚 

Load inertia (𝐽) 9 × 10−4 𝑁𝑚2 

 

 

As illustrated in Figure 9(a), a temperature variation of 0.25 s is created to assess the efficacy of the 

recommended technique to tackle the intermittent behavior of the PV system. At the same time, the 

temperature increases abruptly from 25 °C to 35 °C. Figure 9(b) depicts the irradiation of a PV system 

ranging from 800 W/Sq.m to 1000 W/Sq.m. 

The output current and voltage of PV panel is indicated in Figure 10. The temperature variation at 

0.25 s, which affects the PV panel's current and voltage. According to the waveform Figures 10(a) and 10(b), 

the voltage rises from 50 V to 60 V, the current reaches a peak value of 40 A and after 0.26 s and it becomes 

stable with small distortions respectively. The recommended high gain Improved Luo converter boosts the 

produced PV voltage. 

The high gain Improved Luo converter simulation result is highlighted in Figure 11, which shows 

that the PS-SH optimized PI controller is successful in maintaining a constant dc-link voltage of 330 V while 

reducing settling time by 0.1 s as seen in Figures 11(a) and 11(b) correspondingly. The proposed improved 

controller settles more quickly than the standard PI controller. Similar to that, the Figure 11(c) illustrates the 

steady current 0.2 A is kept preserved after 0.3 seconds. The waveforms for grid voltage and current are 

illustrated in Figure 12, which demonstrates that 230 V and 9 A are maintained correspondingly as seen in 

Figures 12(a) and 12(b). As shown in Figure 13, the actual power of 200 W is attained after 0.28 seconds and 

the current is maintained after 0.06 seconds, which are illustrated in Figures 13(a) and 13(b) accordingly. 

 

 

  
(a) (b) 

 

Figure 9. Waveforms demonstrating PV panel (a) temperature and (b) irradiation 
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(a) (b) 

 

Figure 10. Waveforms demonstrating PV panel (a) voltage and (b) current 
 

 

  
(a) (b) 

 
(c) 

 

Figure 11. Waveforms demonstrating output of converter voltage using (a) PI controller,  

(b) PS-SHO optimized PI controller, and (c) output current 

 

 

  
(a) (b) 

 

Figure 12. Output waveforms of grid side (a) voltage and (b) current 
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(a) (b) 

 

Figure 13. Output waveforms of grid side (a) real power and (b) reactive power 
 

 

When a mechanical load is applied to the motor shaft, opposing forces are created that the motor 

must overcome. The motor must produce additional torque to offset the load torque in order to keep rotating 

or increase speed. Depending on the load, this causes an increase in motor current and torque output to 

maintain or vary the speed. The change in torque in a BLDC motor is a natural response to changes in load 

and speed. To overcome external resistance and maintain the desired speed, the motor adjusts its torque 

output. Here, the BLDC motor's current, speed, back electromagnetic force (EMF) and torque are illustrated 

in Figure 14. The increased torque and starting current of the BLDC motor allow it to start up at a low speed. 

The motor's speed doesn't change as the current amplitude does. The motor's current consumption throughout 

operation is quite small. For smooth and consistent operation, a maximum speed of roughly 2000 𝑟𝑝𝑚 is 

shortly reached. As seen in Figure 15, the proposed strategy minimizes THD to 2.02%.  

Table 3 represents the efficiency analysis of proposed converter in contrasted to another converter, 

the corresponding plot represented in Figure 16. The graph makes it abundantly evident that the suggested 

high gain enhanced Luo converter has the highest efficiency of 97.3% and the lowest ripple contents. 

Similarly, the comparison of THD is indicated in Figure 17, from the observation is it noted that the 

suggested system has reduced THD value in contrasted to other approaches. The PI controller with optimized 

PI controller comparison is indicated in Table 4. Here, the proposed hybrid PS-SHO optimized PI controller 

accomplishes very quick settling time of 0.23 s while compared to classical PI, GA tuned PI, PSO tuned PI, 

GWO tuned PI, and SHO tuned PI controllers. 
 
 

  

  
 

Figure 14. Waveforms for BLDC motor parameters  
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Figure 15. THD 

 

 

Table 3. Comparison analysis of converter 
Converter Efficiency% 

Interleaved DC-DC [24] 94.85% 
Single Phase LLC [25] 95.8% 

DAB [26] 96.7% 

Transformer less converter [27] 95.2% 
Proposed converter 97.3% 

 

 

 
 

Figure 16. Comparison analysis of efficiency 

 

 

 
 

Figure 17. Comparison analysis of THD 
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Table 4. Comparison analysis of controller 
Controller Parameter 

Rise time (𝑡𝑟) Peak time (𝑡𝑝) Settling time (𝑡𝑠) 

PI 0.01 s 0.01 s - 

GA-PI 0.09s 0.05s 0.52s 

PSO-PI  0.1 s 0.09 s 0.43 s 
GWO-PI 0.07 s 0.08s 0.39s 

SHO-PI 0.08 s 0.07s 0.32 s 

Hybrid PS-SHO-PI 0.01 s 0.01 s 0.23 s 

 

 

5. CONCLUSION 

This paper proposes a grid-integrated PV supplied EV based BLDC motor with a DC-to-DC 

converter and a hybrid optimized PI controller. A novel high gain Luo converter has been developed to 

address the oscillating properties of PV systems and it provides the outstanding advantages of a high 

conversion range, low voltage stress and exceptional performance. The recommended converter's efficiency 

is greatly increased by the trustworthy hybrid PS-SHO optimized PI controller. A PI controller then controls 

the motor speed. The BLDC motor uses grid's supply of electricity in the event that the PV based power 

source fails. The MATLAB simulation used to assess the suggested EV motor's efficient functioning verifies 

the approach's increased efficacy, with an optimum efficiency of 97.3% and a reduced THD of 2.02%. 
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