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Abstract 

Electric vehicles have a significant impact on the SDGs, specifically climate action, affordable and clean energy, and responsible consumption 
and production patterns. The present work focuses on a battery management system to effectively utilize the power from the battery to drive the 
brushless DC motor (BLDC) by tuning the low-voltage buck boost converter as a chopper circuit with fuzzy. The photovoltaic system acts as an 
additional source to charge the battery when the battery is not connected to the load, and at running conditions, fuzzy logic control enhances 
efficiency and provides smooth, adaptive control under varying load conditions. Also, the machine learning technique is used for drive control 
and automation operations. The energy in the BLDC is regulated by managing the voltage and current in a photovoltaic-powered low-voltage 
chopper by tuning the proportional integral derivative (PID) controller for an ideal balance between reliability and a quicker reaction. The K-
Nearest Neighbour (KNN) machine learning algorithm, due to its simplicity and effectiveness in classification, ensures the enhanced reliability 
and efficiency of the BLDC motor system with commutation and speed control. When fuzzy and the KNN machine learning algorithm are used, 
the development of systems for control and automation is expedited. The work also shows the results of a study that compared the interoperability 
of proportionate machine learning and fuzzy controlling algorithms developed with MATLAB. In order to do a critical analysis of the data, the 
results are compared with the graphs. The integration of the Internet of Things (IoT) and cloud technology with the use of KNN for BLDC motor 
control can enhance system proficiency with monitoring and display of the observed voltage, current values of the motor, sensorless control, fault 
diagnosis, and predictive maintenance. The work is also connected with the SDG and impacts due to the efficient operation of electric vehicles.  

Keywords: Photovoltaic System, Fuzzy Logic Controller, Internet of Things (IoT), BLDC Motor, Battery Management System 

1. Introduction  

Electric vehicles have a significant advantage over regular vehicles in terms of zero emissions. They emit fewer 

greenhouse gas emissions than gasoline-powered automobiles. They help to reduce the city's total air pollution levels. 

Because there would be no exhaust emissions, the carbon footprint will be reduced. An EV powered by an electric 

motor that gets power from the battery and can charge externally. Thus, an essential component in guaranteeing the 

security of electric vehicles is a battery management system (BMS), which controls the battery. By making sure that 

the battery works within its safe working range, it protects both the user and the battery. Mohammadreza Aghaei et al 

[1] proposed Photovoltaic system (PV) has the potential of producing free electricity and operating solar-powered 

vehicles. Due to the way they operate, portable solar panels typically generate significantly minimal energy.  A.Gurung 

et al. and Rathore, N et.al [2], [3] proposed that photovoltaic solar power system electrically charges batteries and 

controls the motor via converters. The solar cells will charge the lithium-ion batteries, which are rechargeable batteries 

generally used for energy storage. The chopper circuit, namely called DC- DC converters, are a sort of power converter 

that converts a direct current source from a specific voltage form to another. 
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The chopper circuits are specifically used in the electric vehicle industry because of simple in construction with the 

basic components of electronic switches, inductor and capacitor is shown by Mohamed, N et al [4] and M. Safayatullah 

et al [5]. These components perform the operation based on the load variation and decide the flow of load voltage from 

the source. The chopper circuits are basically used in photovoltaic connected system for their efficient utilization of 

the source and helps in the battery management system through effective power tracking methodologies P.Vinoth 

Kumar et al [6]. The need of electric vehicles with photovoltaic is gaining its importance in industrial, commercial and 

Agro needs for daily applications, hence research in the selection of suitable voltage converter is improved. The demerit 

in the chopper circuit is high switching frequency and size of the components used. At an excessive duty cycle, it draws 

a generous quantity of input current from the source. The problem is that in going from off to on or vice-verse there is 

a short time that the switcher is in transition and relatively high power is dissipated during the transition. The transition 

time becomes a higher percentage of the duty cycle the higher the switching frequency. Therefore, the transistor losses 

become higher too. The components utilized in a DC-DC converter can suffer severe issues from an excessive quantity 

of current. Hence, the chopper circuit offer stable DC input signal is converted to direct current signal with a decreased 

output value. As a result, it is intended to generate a dc signal as the output, which has a low magnitude in comparison 

to the dc signal input as explained in [7], [8] and [9], [10], [11] shows the efficient DC-DC converter for the EV 

applications. 

Buck converters are used to lower the voltage, while boost converters are switch-mode converters that measure and 

enhance the input voltage as proposed in the work done by Mondzik, A et al [12]. The efficiency of these motors is 

based on the performance of these converters. Due to its minimal maintenance requirements and high-power density, 

BLDC motors are largely employed in the space, robotics, and pharmaceutical sectors are analyzed by Prabhu, N.  et.al 

[13], Lee, J G et .al [14], Ramya, L.N. and K.Xia [15]. High-speed conventional control methods will not allow for 

adequate system switching, causing massive power losses. The EV system will encounter unnecessary power flow 

because of this issue. As a result, a revolutionary concept for controlling brushless DC motors was recently 

implemented was shown in Hussain. M.T et.al [16] and Thangavel, S. et.al [17]. The operations in this work will be 

carried out utilizing fuzzy logic and computational techniques, and the Node-MCU will oversee managing their data. 

This study describes the design of a minimized voltage Buck-Boost converter that generates efficient output by driving 

a brushless DC motor with photovoltaic energy employing fuzzy logic and machine learning. The precise position of 

the photovoltaic systems as power source and the methodology used to calculate the acceleration velocity are the two 

most crucial variables.  

Fuzzy logic is used in this processing to offer simple responses to all kinds of complicated challenges Aishwarya, M 

et.al [18]. In order to achieve excellent results, this article uses machine learning techniques for fuzzy logic, which 

enhances the efficiency of system and lowers switch losses. The buck-boost conversion device is investigated in this 

context, with fuzzy and machine learning methodologies utilized to explain the findings and highlight the predicted 

error. To control the operation, these methods and algorithms use specified data. The K-nearest neighbour (K-NN) 

models are the main emphasis of the technique utilised in this work, which is used for efficiency as shown by Vinoth 

Kumar.P et.al [19]. The fuzzy logic implemented by the simulation, and the ML idea will control the data. Machine 

learning algorithms are used to construct prototypical signals, recognize combinations, and make exact changes to the 

output signals as proposed by Chatterjee.D et.al [20] and Nelson L. M.al [21]. After that, this to be emulated and the 

brushless DC motor's speed setting to be presented. 

SDG 7, which aims to guarantee that everyone has access to modern, affordable, dependable, and sustainable energy, 

is greatly aided by EVs. Also, EVs are in line with SDG 13, which demands immediate action to mitigate the effects 

of climate change. Notable is also SDG 9 that emphasizes creating resilient infrastructure, encouraging equitable and 

sustainable industry, and supporting development. To make towns and settlements equitable, secure, adaptable, and 

environmentally friendly, SDG 11 is also partially achieved with the help of EVs. Controlling the quality of the air is 

one of the main problems in cities, since controlling the quality of the air is one of the main problems in cities. EVs 

present a more environmentally friendly way to consume and produce goods, particularly when combined with a 

circular economy strategy that recycles and reuses EV batteries and it has connectivity with the SDG 12 also. Electric 

vehicles also have connection with SDG3 and SDG 8 as the details referred from the refs [22], [23], [24]. The work 

also focuses on electric vehicles and sustainable development goals.   
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The work is organized as Section II. The proposed methodology explains how the proposed low voltage, buck and 

boost converters operate and are analyzed when connected to a voltage source. The switching modes of the converter 

are explained in this section. Section III follows the experimental analysis of the proposed work with the MATLAB 

simulation software. Section IV explains the experimental setup of the proposed converter and the connection of the 

IoT platform with the proposed system. Section V explains the conclusion and future scope of the work. Section V 

explains how the smart battery management system promotes sustainable development goals and how specific goals 

are achieved. 

2. The Proposed Method/Algorithm  

This section provides an explanation of the switching that will be used in the proposed circuit. In the proposed low 

voltage buck and boost converter, the modes of operation provide a description of the four steps of switching operations 

that are carried out by the converter. 

2.1. Switching Mode 1-Boost Operation 

As can be seen in figure 1(a), the chopper circuit goes through the process of activating the MOSFET (Q1 and Q2) and 

then switching the diodes (D1 and D2) in the opposite direction to complete this duty. It is the chopper circuit that will 

provide the holding current (iL), and the voltage supply (Vdc) will be controlled by the voltage in the inductor. The 

chopper circuit will work in boost mode. 

diL/dt=V_dc/L (1) 

The equation 1 shows the change of inductor current in the circuit when the load is connected to the circuit and voltage 

is applied to the circuit. 

〖dV〗_out/dt=-V_out/〖RC〗_out (2) 

The equation 2 show the output of the boost converter circuit and V_out is the output voltage with the flow of current 

in the capacitor.  

2.2. Switching Mode 2- Buck Operation 

This mode describes a chopper circuit in buck operation when one switch (Q1) is ON and the other is OFF, as depicted 

in figure 1(b). The diode (D1) is biased in the opposite direction, and diode 2 operates in the forward direction. In a 

buck converter, also known as a step-down chopper, the output voltage is lower than the input voltage. The basic 

operation of a buck converter can be understood through its main components and their functions with the circuit.  

diL/dt=(V_C-V_out+V_dc)/L (3) 

〖dV〗_C/dt=-i_L/C (4) 

〖dV〗_out/dt=i_L/C_out -V_out/〖RC〗_out (5) 

 

The equation 4 shows the change of inductor current in the buck operation of the circuit when connected to the load, 5 

and 6 depicts the output voltage (V_out) with the flow of current in the capacitor. 

2.3. Switching Mode 3- Boost and Buck Mode 

The both boost and buck functionalities are integrated is essential in electric vehicles (EVs) for managing power flow 

between the high-voltage battery pack and the various subsystems that may require different voltage levels. This 

bidirectional DC-DC converter can operate in both directions: it can step up the voltage (boost mode) and step down 

the voltage (buck mode). This bidirectionality is crucial for efficiently managing energy flow, especially in systems 

where energy may need to be transferred in both directions, such as between the battery and the motor during driving 

and regenerative braking The boost chopper circuit operates when switch Q2 is operated, and the buck operation is 

performed when switch Q1 is switched OFF. The diode (D1) operates in forward mode, and the diode (D2) operates 

in reverse mode. Based on the duty cycle, the final output voltage (Vo) connected to the load exceeds the input voltage 

(Vi) due to the current through the inductor (iL) and capacitor connected in the circuit as shown in equation 6, 7 and 8. 
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diL/dt=(〖-V〗_C+V_dc)/L (6) 

〖dV〗_C/dt=i_L/C (7) 

〖dV〗_out/dt=-V_out/〖RC〗_out (8) 

2.4. Switching Mode 4- Buck and Boost Mode 

The buck-boost converter can function in both buck (step-down) and boost (step-up) modes, depending on the direction 

of current flow and the control strategy. This versatility is achieved using the inductors, capacitors, switches, and diodes 

which is depicted in the equations 9 and 10. The switches operate alternately when one switch (Q2) is switched ON 

and another (Q1) is turned OFF. This operation occurs when D1 forwards and D2 reverses the direction during diode 

switching. In this operation, both capacitors will conduct the inductor current (iL), which is the result of current flowing 

through an inductor is shown in figure 1. 

diL/dt=(〖-V〗_out+V_in)/L (9) 

〖dV〗_out/dt=i_L/C_out -V_out/〖RC〗_out (10) 

 

    
(a) (b) (c) (d) 

Figure 1. Low voltage chopper circuit 

These switching mode operations provide a clear insight into the flow of current through the diode and capacitor as in 

figure 1. The sequential switching operations at each mode provide the need for efficient control that needs to be 

employed with the fuzzy. The efficient fuzzy control employed in the work makes the switching operation efficient 

with a quick response. The experimental analysis of this low voltage DC-DC converter connected to a load is simulated 

with the MATLAB software. The operation of the converter connected to the photovoltaic system is explained in 

Section III 

3. Experimental Analysis of the Proposed Work 

3.1. Proposed Chopper Circuit Operation 

Figure 2 displays the distinct functioning of the chopper circuit with buck and boost coupled, as well as the results of 

the BLDC motor's operating, which represent the effectiveness level. The charge is generated first by a photovoltaic 

with a 17-volt input voltage. The buck converter then lowers the voltage to a minimum level of 5 volts. In case, the 

boost circuit is utilized the voltage will be improved and the efficiency of the motor is increased. This work promotes 

effective usage with the chopper circuits as well as the discharge of voltage in the batter used in electric vehicle 

applications [15]. Figure 3 shows the BLDC motor operation.  
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Figure 2. Simulation of the proposed chopper circuit 

 

 

(a) (b) 

Figure 3. BLDC motor operation    

Figure 3(a) and figure 3(b) exhibit the voltage at the output of the buck as a chopper and its activity with regard to time, 

and the buck converter function is launched from the beginning level to increase the BLDC motor's efficiency [16], 

[17], [18], [19], [20]. The voltage increases first, and the buck converter reduces it. Based on how the converter is 

running, the switching techniques allow the voltage stress in the switches to be enhanced or lessened [21], [22]. The 

converter that generates boost only operates when needed with this technology, increasing efficiency. 

The output voltage and current of the chopper are shown in figure 4 (a), and the current and voltage acting as the output 

across the load are shown in figure 4 (b) and figure 4 (c). 

 

(a)     (b) 
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(c) 

Figure 4. Output voltage and current of the chopper circuit  

The simulation portion showed the fuzzy logic in action, and the machine learning idea will be used to manipulate the 

data. Fuzzy logic enhances the efficiency of power usage, which is critical for extending battery life. It optimizes the voltage and 

current supplied to the BLDC motor, ensuring that the battery is not overburdened and that energy is used efficiently. This leads 

to longer battery life and reduces the frequency of recharging, which is essential for applications like electric vehicles or portable 

devices. Fuzzy logic also provides smooth and adaptive control, which minimizes energy waste and maximizes performance, even 

under varying load conditions. This adaptability helps in maintaining consistent battery performance, as the system can adjust to 

changes without manual intervention. Additionally, the robust performance of fuzzy logic controllers ensures that the battery 

operates within safe parameters, protecting it from damage due to overcurrent or voltage fluctuations. This results in a more reliable 

and durable battery management system. The simplified design process of fuzzy logic controllers means they can be implemented 

more quickly and with less complexity, making it easier to integrate effective battery management into a wide range of applications. 

Overall, the use of fuzzy logic in BLDC motor control with a buck-boost converter significantly improves battery efficiency, 

lifespan, and reliability. 

Using the K-Nearest Neighbors (KNN) algorithm in BLDC motor control with a buck-boost converter for battery management 

adapts to various operating conditions by learning from historical data, ensuring optimal performance and improved efficiency by 

predicting the best control actions. This adaptability helps reduce energy consumption and extend battery life. KNN also prevents 

overcharging and over discharging by predicting optimal rates, protecting the battery. It enhances predictive maintenance by 

identifying patterns and anomalies, enabling proactive interventions. Real-time decision-making capabilities ensure the system 

always operates efficiently. KNN's simplicity, scalability, and ease of implementation make it a practical choice for integrating 

machine learning into motor control. Additionally, its accuracy improves with more data, leading to better decision-making over 

time and enhances system adaptability, efficiency, and longevity, making the system more effective and reliable. 

IoT-based monitoring in BLDC motor control with a buck-boost converter significantly improves battery management by 

providing real-time data, enabling remote monitoring, facilitating predictive maintenance, enhancing efficiency, and ensuring 

automated control adjustments. Using IoT and Thing Speak in BLDC motor control significantly enhances monitoring and 

management. IoT sensors collect real-time data on motor speed, voltage, current, and temperature, which is transmitted to Thing 

Speak, an IoT analytics platform. ThingSpeak visualizes this data, enabling operators to monitor performance remotely and in real 

time. It stores historical data for trend analysis and uses built-in MATLAB analytics for advanced processing, predicting 

maintenance needs, and optimizing efficiency. Alerts can be configured for immediate notifications of anomalies, allowing 

proactive intervention. Additionally, Thing Speak enables remote control adjustments to the motor, optimizing energy usage and 

improving overall performance. This integration leads to better efficiency, reliability, and cost savings in BLDC motor operations. 

4. Experimental setup / Environment 

In the prototype depicted in figure 5, the photovoltaic system is connected to a lower-voltage buck boost converter. The battery 

that is connected between the source and the load charges it when the load is not using it. The microcontroller integrated into the 

charging circuit via the fuzzy logic controller is used to control how the battery is charged. This technique takes advantage of fuzzy 

logic, which can offer straightforward solutions to complex issues. The machine learning technique enhanced this research on 

effective ways to improve power electronic devices with lower switching losses and ideal inductor values. Specifically, the DC-

DC buck boost converter model is taken, along with methods of machine learning algorithms that will aid in determining and 

assessing the variation with respect to inaccuracy and being employed to analyse the gathered data. For the objective of efficiency, 
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the algorithm used in this research mostly leverages K-nearest neighbour (K-NN) model-based approaches [23]. The voltage 

levels and BLDC motor performance according to the fixed value is shown in table 1.  

 

Figure 5. Experimental prototype of the proposed system 

Table 1. Voltage levels and BLDC motor performance according to the fixed value 

Voltage(V1) Voltage(V2) Voltage(V3) Fixed Value 

4.76 4.76 4.76 0 

4.75 4.75 4.75 0 

4.74 4.74 4.74 0 

4.76 4.76 4.76 0 

4.74 4.74 4.74 0 

4.77 4.77 4.77 0 

4.74 4.74 4.74 0 

4.77 4.77 4.77 0 

4.75 4.75 4.75 0 

4.75 4.75 4.75 0 

5.1 5.1 5.1 1 

5.1 5.1 5.1 1 

5.09 5.09 5.09 1 

5.11 5.11 5.11 1 

5.09 5.09 5.09 1 

5.08 5.08 5.08 1 

5.08 5.08 5.08 1 

5.09 5.09 5.09 1 

The voltage values will be identified using a machine learning technique, and the functioning of the buck and boost 

converters will be based on those voltage levels [18], [19], [20], [21], [22], [ 23]. It will be tracked, along with each 

individual voltage, and both will be adjusted before the processes start. The voltage and current levels will be evaluated 

at the precise times and dates listed in table 1 and this can be viewed and will be regularly checked. The simulation of 

the drive with machine learning is shown in figure 6 with switches coupled to a photovoltaic voltage source. 
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Figure 6. Simulation circuit of drive operation with the machine learning technique 

Based on the values from the pre-defined data set, the system will operate. These will serve as the basis for controlling 

how the converters operate. The proposed low voltage converter system is simulated in figure 7(a) using a fuzzy and 

machine learning method. Figure 8 shows the BLDC motor performance with the IoT measuring current and voltage. 

 

 

Figure 7 (a). The Simulation of proposed low voltage converter system using a fuzzy and machine learning 

method 

 

Figure 7(b). The ripples in the stator current remain in the same manner in machine learning technique 
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                              Figure 8(a). Stator Voltage                                 Figure 8 (b). Stator current 

Figure 8. BLDC motor performance with the IoT measuring current and voltage 

5. Results and Discussion 

The rotor speed is depicted in figure 5(a) and figure 5(b) as increasing continually and being maintained in the fuzzy 

approach. However, figure 7(a) of the machine learning technique demonstrates that the maximum level indicates the 

first starting current created to cause the motor to take up speed. When it exceeds its highest rate of speed, the current 

is reduced to its normal level and continues to vary rather than continuously increasing. The stator current illustrated 

in figure 5(c) exhibits ripples and doesn't change frequently, as demonstrated by the fuzzy approach. In the machine 

learning technique, as shown in figure 7(b), ripples in the stator current remain in the same manner. The major 

distinction between fuzzy logic and machine learning is that the former employs feedback mechanisms for determining 

values, and the latter performs buck and boost operations depending on the values [19]. While the pre-set data set is 

used in the technique control the motor operation, figure 8 BLDC motor performance with the IoT measuring current 

and voltage, figure 8(a) shows stator voltage, figure 8(b) shows stator current. The simulation results also indicate the 

IoT components measured through it [23]. Figure 9 shows the graph of speed level monitoring with respect to date 

based on current and figure 10 shows the graph of speed level monitoring with respect to date based on voltage. 

 
 

Figure 9.  The graph of speed level monitoring with 

respect to date based on current 

 Figure 10. The graph of speed level monitoring with 

respect to date based on voltage 

In figure 9 and figure 10, shows the outcomes of the IoT platform's continual tracking of the current and voltage with 

respect to time and data are displayed. Figure 11 depicts the machine learning algorithm's behaviors connected to the 

chopper circuit, a comparison with the voltage and the fixed value, and the correspondingly enhanced performance. 
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Figure 11.  Investigation of the speed and the fixed level of the chopper operation 

5.1. Smart Battery Management Promoting Sustainable Development Goals (SDG) 

Real-time battery information is performed in this work by means of the IoT, which facilitates the continuous 

monitoring and cloud-based transmission of all battery-related data. By analyzing speed, acceleration, power usage, 

and other factors, the technology is able to forecast the remaining range of the battery and assess its overall health. 

Battery management systems can perform predictive maintenance with artificial intelligence, and machine learning 

entails understanding degradation, projecting future failures, and planning maintenance tasks appropriately. The better 

management system powered by solar energy helps to achieve a clean, reliable, and sustainable energy-based vehicle 

system meeting SDG 7. Also, SDG 13 is achieved through a reduction in emissions through carbon emissions from 

electric vehicles. In order to promote off-peak charging, machine learning algorithms can modify the charging rates. 

This encourages EV owners to charge their cars at times of lesser demand, in addition to helping to balance the load 

on the grid. SDG 12 is perfectly achieved by responsible consumption of energy for charging batteries and utilization. 

In addition to helping automakers design and construct new prototypes, it also boosts supply chain effectiveness, 

reinforces driver safety on the road, enhances the passenger experience, facilitates more efficient driving, and makes 

predictive maintenance of both factory equipment and on-road vehicles possible. Through innovative approaches used 

in this proposed work, improve the population's access to food, health, transportation, water, and energy services. The 

intelligent system used in the electric vehicle helps achieve SDG 11 advancement. 

6. Conclusion 

The approach described here demonstrates the fundamental operating concepts of a BLDC motor working together 

with a Buck converter and a Boost converter, based on a thorough investigation of current and velocity measurement. 

Electric vehicles play an important part in the area of electrical machines since they have significantly increased their 

operational efficiency. This has been achieved through the reduction of their physical dimensions and weight, while 

simultaneously providing exceptional torque capabilities. This is in contrast to asynchronous motors of comparable 

size. The use of cloud technology enables the measurement and display of current and voltage readings. The analysis 

of the results was conducted by examining the responses of both controllers through a graph analysis that was plotted 

accordingly. The BLDC motor exhibits three distinct fixed voltage levels. The input that is delivered to the system is 

used to adjust the speed and current values. The first goal shows current values of 0.060 amperes, while its speed value 

is roughly measured at 36.792 rotations per minute. Following that, the values for the next fix were recorded. The 

initial fixed value was adjusted, resulting in 0.025 amps of current and a considerable decrease in speed to 18.45 rpm. 

The following readings were taken with a raised current value of 0.060 amps and an increased speed of 34.79 rpm to 

restore balance to the fixed. In our operation, we have satisfactorily determined the topology of the combined chopper 

circuit. The optimal performance of a drive can be achieved through precise machine learning techniques, and its 

applications can be quantified through the use of an IoT platform.  

Real-time monitoring and maintenance of the system can help to detect and address any issues that may arise. Advanced 

monitoring techniques, such as IoT-based sensors, can be used to provide real-time data on the performance of the 
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system, allowing for proactive maintenance. The integration of hybrid sources along with solar systems with chopper 

less control using three-phase induction motors can help to improve the stability and reliability of the system. This is 

also an option for several applications that focus on improving efficiency [24], [25]. 
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