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Abstract—Smart multisource motor drive systems have gained considerable attention due to the increasing demand for reliable 

and uninterrupted power supply in industrial and agricultural sectors. Conventional motor drive systems are typically powered by 

a single source such as the utility grid or standalone solar photovoltaic (PV) systems, resulting in frequent interruptions during grid 

outages or renewable intermittency [2], [3]. To overcome these limitations, hybrid and multisource energy systems integrating solar 

PV, battery energy storage systems (BESS), and grid backup have been explored to enhance reliability and operational efficiency 

[4][8]. This paper presents a detailed technical review focusing on priority-based source switching, automatic transfer switch (ATS) 

mechanisms, microgrid-based energy management strategies, optimization techniques, and battery degradation considerations. The 

analysis identifies technical strengths, operational limitations, and research gaps in existing systems, and emphasizes the need for 

an integrated smart multisource motor drive system capable of synchronized source transition and stable motor operation. 

 

Index Terms—Multisource power system, motor drive, solar photovoltaic, battery energy storage system, automatic transfer switch, 

microgrid. 

I. INTRODUCTION  

Electric motor–driven systems constitute a significant portion of global electricity consumption and are extensively used in industrial 

automation, agricultural irrigation, water pumping, ventilation systems, and manufacturing processes [1]. In many of these 

applications, uninterrupted motor operation is essential to ensure productivity, safety, and economic efficiency. Conventional motor 

drive systems typically depend on a single power source, most commonly the utility grid, which makes them vulnerable to power 

outages, voltage instability, and poor power quality [3]. In remote and rural areas, grid unreliability further aggravates these 

challenges, leading to frequent operational interruptions. As a result, researchers have explored alternative power supply architectures 

to enhance reliability and ensure continuous motor operation under varying supply conditions [4], [5]. 

The growing emphasis on renewable energy integration has led to increased adoption of solar photovoltaic (PV) systems for powering 

motor drives due to their environmental benefits and declining installation costs [4]. Solar-powered motor drive systems are 
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particularly attractive for agricultural and rural applications, where grid access may be limited or unavailable [17], [24]. However, 

the intermittent nature of solar energy, caused by variations in solar irradiance, weather conditions, and seasonal changes, significantly 

affects the continuity and stability of motor operation [6]. To address this limitation, hybrid and multisource energy systems 

integrating solar PV with battery energy storage systems (BESS), grid supply, and in some cases diesel generators have been widely 

investigated [7], [8], [21]. These multisource systems aim to balance renewable energy utilization with reliability by providing 

alternative power paths during periods of insufficient generation. 

A key aspect of multisource motor drive systems is the implementation of effective energy management and control strategies. 

Priority-based source selection mechanisms have been proposed to ensure that renewable energy is utilized as the primary source, 

followed by battery storage and grid backup as secondary options [2], [6]. Automatic Transfer Switch (ATS)–based architectures 

further enhance system robustness by enabling rapid and seamless switching between power sources during faults or power shortages 

[4], [9]. In parallel, microgrid-based frameworks have gained attention as they allow coordinated control of distributed energy 

resources, storage units, and loads within a localized network [10], [11]. Optimization-based energy management strategies and 

demand response techniques have also been explored to minimize operational cost, reduce emissions, and improve overall system 

efficiency [7], [13], [20]. Despite these advancements, many existing approaches focus primarily on system-level optimization and 

planning, with limited attention given to motor-specific operational requirements. 

Recent studies have highlighted additional challenges related to battery lifecycle management, system scalability, and real-time 

implementation. Battery degradation has been shown to significantly affect long-term system reliability and economic viability, 

prompting the development of degradation-aware energy management strategies [16], [24]. Furthermore, most reviewed studies rely 

heavily on simulation-based validation using software tools, with limited experimental or field-level testing [14], [18]. Agricultural 

and productive-use microgrid studies demonstrate the feasibility of powering motor-driven loads effectively, yet these solutions are 

often case-specific and lack generalized control frameworks [17], [24]. Moreover, issues such as source synchronization, torque 

continuity during switching, and integration of battery health with motor control remain insufficiently addressed [9], [23]. These 

limitations indicate the need for a comprehensive review of existing research to identify gaps and establish the foundation for a smart 

multisource motor drive system capable of delivering reliable, efficient, and uninterrupted motor operation. Accordingly, this review 

paper analyzes research contributions to synthesize current developments, assess limitations, and justify the need for an integrated 

multisource motor drive architecture 

II. NEED OF THE STUDY 

 The increasing demand for reliable and uninterrupted power supply has highlighted the limitations of conventional single-source 

motor drive systems. Power interruptions during motor operation negatively affect productivity, efficiency, and equipment lifespan 

in industrial and agricultural applications. Solar photovoltaic systems provide a clean and renewable source of energy; however, their 

intermittent nature affects system reliability during low sunlight conditions.Battery energy storage systems can provide backup 

power, but efficient synchronization and energy management are necessary for stable operation. Therefore, there is a need for a smart 

multisource motor drive system capable of integrating solar photovoltaic systems, battery backup, and grid supply within a unified 

framework. The proposed system ensures uninterrupted motor operation, automatic source switching, improved renewable energy 

utilization, reduced dependency on conventional energy sources, and enhanced operational reliability 

III. FINDINGS FROM THE STUDY OF LITERATURE 

 

The From the study of literature, it is observed that conventional motor drive systems mainly depend on a single power source, 

which reduces reliability during power interruptions [1]. Hybrid renewable energy systems integrating solar PV, battery storage, 

and grid supply improve continuity and operational stability for motor applications [2]. Priority-based energy management 

techniques maximize renewable energy utilization and reduce dependency on conventional grid supply [3]. Automatic Transfer 

Switch (ATS) mechanisms help maintain uninterrupted motor operation during source failure or low-power conditions [4]. 

Synchronization techniques are important for maintaining stable voltage and frequency during source transitions [5]. Smart 

controllers and microcontroller-based monitoring systems improve switching speed and energy management efficiency [6]. 
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Microgrid-based systems enhance reliability and support distributed renewable energy integration [7]. Demand response and 

intelligent load management improve overall energy efficiency during varying load conditions [8]. Optimization techniques reduce 

power losses and improve system performance in hybrid energy systems [9]. Virtual synchronous generator control improves 

voltage regulation and dynamic stability [10]. Battery energy storage systems ensure continuous power supply during solar 

intermittency [11]. Advanced inverter technologies improve power quality and motor drive performance [12]. Renewable energy 

integration significantly reduces carbon emissions and fuel dependency [13]. Energy management systems support efficient 

charging and discharging of storage batteries [14]. 

Intelligent source selection methods improve system reliability and reduce operational cost [15]. Real-time monitoring systems 

enhance fault detection and protection capability [16]. Hybrid AC/DC microgrid configurations improve flexibility and energy 

sharing between sources [17]. Power electronic converters improve efficiency and stability in multisource systems [18]. Adaptive 

control strategies provide better response under dynamic load conditions [19]. IoT-based monitoring systems improve remote 

supervision and control accuracy [20]. Renewable-based motor drive systems are highly suitable for rural and agricultural 

applications [21]. Smart switching techniques reduce transition delay and improve uninterrupted operation [22]. Efficient energy 

utilization methods improve the overall economic performance of hybrid systems [23]. Agricultural productive energy applications 

demonstrate the importance of reliable microgrid systems in remote areas [24]. Bi-level optimization methods with lithium battery 

storage improve battery lifespan and long-term economic benefits [25]. 

 

IV. RESEARCH  METHODOLOGY 

 

  

The methodology adopted in this research work follows a systematic approach for analyzing multisource Energy integration and 

motor drive applications. Various research papers related to hybrid energy systems, Automatic transfer switching, battery energy 

storage systems, renewable energy integration, and motor-driven Applications were studied in detail. The reviewed literature was 

classified into priority-based switching systems, Automatic Transfer Switch Systems, optimization-based energy management 

systems, battery degradation studies, and agricultural motor Applications. Comparative analysis was performed based on source 

configuration, control strategy, renewable Energy utilization, system reliability, battery performance, and real-time implementation 

capability. The identified limitations and research gaps formed the basis for developing the proposed integrated Smart Multisource 

Motor Drive System. The proposed system combines renewable energy integration, intelligent Source management, and automatic 

transfer switching within a single operational framework 
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V. BLOCK DIAGRAM 

 

Fig V.1. Block Diagramof Smart Multisource Motor Drive System 

The proposed Smart Multisource Motor Drive System is designed to provide uninterrupted power supply to a motor load by 

intelligently utilizing solar power, battery backup, and grid supply with priority-based switching.Initially, the solar panel 

generates 12V DC power from sunlight. This solar power is given the highest priority and is supplied to the multisource 

synchroniser through the solar DC input. Simultaneously, a 12V battery is connected as a secondary backup source through the 

battery DC input. The multisource synchroniser combines and regulates the available solar and battery power to provide a stable 

DC output.The synchronized DC output is connected to the relay module (Automatic Transfer Switch - ATS), which is 

controlled by the ATMEGA328P microcontroller. The microcontroller continuously monitors the availability of solar power, 

battery condition, and grid supply. According to the priority logic, the system first uses solar energy, then battery power, and 

finally shifts to grid supply if both renewable sources are unavailable.The grid supply (230V AC, 50Hz) is connected through 

an AC sensing and protection circuit. This circuit detects grid availability and protects the system from abnormal voltage 

conditions. The relay module automatically performs seamless switching between the synchronized renewable source, battery 

backup, and grid supply.The selected power source is then supplied to the inverter, which converts 12V DC into 230V AC 

output. A step-up transformer further stabilizes the AC voltage to provide approximately 230V AC, 5A suitable for operating 

the motor load or other AC appliances.A DC-DC buck converter converts 12V DC into regulated 5V DC required for powering 

the microcontroller, relay module, sensing circuit, and LCD display. The 16×2 LCD display shows system parameters such as 

source status, battery level, and operating condition.Thus, the system ensures reliable, efficient, and uninterrupted motor 

operation through intelligent source synchronization and automatic switching 

 

VI. FLOW CHART 

The flowchart represents the working procedure of the proposed Smart Multisource Motor Drive System. The operation begins with 

the start condition, where the solar panel starts generating DC power from sunlight. At the same time, the system checks whether 

the battery is available and sufficiently charged to act as a backup source.After this, the multisource synchroniser combines and 

regulates the solar and battery inputs to provide a stable DC supply. The microcontroller continuously monitors all available power 

sources including solar, battery, and grid supply.The system first checks the availability of solar power because solar energy has 

the highest priority. If solar power is available, the system directly uses solar energy to operate the load. If solar power is unavailable, 

the controller checks the battery condition. When the battery is available, the system switches to battery mode and supplies power 

from the battery source..If both solar and battery sources are unavailable or insufficient, the system automatically switches to the 

grid supply using the Automatic  
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Fig VI.1. Flow Chart Of Methodology 

Transfer Switch (ATS). This ensures uninterrupted operation of the motor or connected load.Once the source is selected, the 

relay module activates the appropriate switching path and supplies DC power to the inverter. The inverter converts the 12V DC 

supply into AC power. Then, the step-up transformer increases the AC voltage to approximately 230V AC required for the motor 

load.Finally, the AC power is supplied to the motor or electrical load, and the LCD display shows the current system status such 

as active source, battery condition, and operating mode. After successful operation, the process continues continuously for 

uninterrupted power management. 

  

VII. MATHEMATICAL MODELLING OF SMART MULTISOURCE MOTOR DRIVE SYSTEM 

The proposed system integrates solar photovoltaic power, battery backup, add-on supply, and grid supply to ensure uninterrupted 

motor operation. The mathematical model of the system can be represented by the following equations. 

A. Total DC Input Voltage 

The total DC voltage available at the multisource synchroniser is 

𝑉𝐷𝐶 = 𝑉𝑆 + 𝑉𝐵 + 𝑉𝐴 
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where: 

 𝑉𝐷𝐶= Total DC input voltage (V)  

 𝑉𝑆= Solar panel voltage (V)  

 𝑉𝐵= Battery voltage (V)  

 𝑉𝐴= Add-on supply voltage (V)  

 

B. Input Power of the System 

The total input power supplied by all available sources is 

𝑃𝑖𝑛 = 𝑉𝐷𝐶𝐼𝐷𝐶 

 

where: 

 𝑃𝑖𝑛= Input power (W)  

 𝐼𝐷𝐶= Total DC input current (A)  

 

C. Solar Power Generation 

The power generated by the solar panel is 

𝑃𝑆 = 𝑉𝑆𝐼𝑆  

 

where: 

 𝑃𝑆= Solar power (W)  

 𝐼𝑆= Solar current (A)  

 

D. Battery Power Contribution 

The battery power delivered to the load is 

𝑃𝐵 = 𝑉𝐵𝐼𝐵  

 

where: 

 𝑃𝐵= Battery power (W)  

 𝐼𝐵= Battery current (A)  

 

E. Output Power of the Inverter 

The AC output power supplied to the motor load is 

𝑃𝑜𝑢𝑡 = 𝑉𝐴𝐶𝐼𝐴𝐶cos⁡𝜙 

 

where: 

 𝑃𝑜𝑢𝑡= Output power (W)  

 𝑉𝐴𝐶= AC output voltage (230 V)  

 𝐼𝐴𝐶= Load current (A)  

 cos 𝜙= Motor power factor  

 

F. Inverter Efficiency 

The efficiency of the inverter is expressed as 

𝜂 =
𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

× 100 
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where: 

 𝜂= Inverter efficiency (%)  

 

 

G. Source Selection Logic 

The priority-based source selection of the proposed system can be mathematically represented as 

𝑆𝑜𝑢𝑟𝑐𝑒 = {

𝑆𝑜𝑙𝑎𝑟, 𝑉𝑆 ≥ 𝑉𝑡ℎ
𝑆𝑜𝑙𝑎𝑟 + 𝐵𝑎𝑡𝑡𝑒𝑟𝑦, 𝑉𝑆 < 𝑉𝑡ℎ  and 𝑉𝐵 > 𝑉𝑚𝑖𝑛

𝐺𝑟𝑖𝑑, 𝑉𝑆 < 𝑉𝑡ℎ  and 𝑉𝐵 ≤ 𝑉𝑚𝑖𝑛

 

 

where: 

 𝑉𝑡ℎ= Solar voltage threshold  

 𝑉𝑚𝑖𝑛= Minimum battery voltage  

 

 

 

H. Voltage Regulation of Load 

The output voltage regulation of the system is 

𝑉𝑅 =
𝑉𝑁𝐿 − 𝑉𝐹𝐿

𝑉𝐹𝐿
× 100 

 

where: 

 𝑉𝑁𝐿= No-load voltage  

 𝑉𝐹𝐿= Full-load voltage  

For the developed system, 

𝑉𝐿𝑜𝑎𝑑 ≈ 230 VAC 

 

under all operating conditions, indicating effective source synchronisation and uninterrupted motor operation.  

These equations form a proper Mathematical Modelling section for your research paper and directly support the experimental 

results table and operation of the Smart Multisource Motor Drive System. 

 

 

VIII. RESULTS AND DISCUSSION 

 

Sr. No. 
Battery Voltage 

(V) 
Solar Voltage (V) 

Add-On Supply 

(V) 
Grid Voltage (V) 

Output Voltage Across 

Load 

1 5.0V 12.2V 0V 0V 230VAC 

2 4.8V 11.1V 0.9V 0V 230VAC 

3 4.8V 10.5V 1.5V 0V 230VAC 

4 4.8V 10.4V 0V 230V 230VAC 

 

The Smart Multisource Motor Drive System was successfully tested under various operating conditions by changing the 

availability of solar, battery, add-on supply, and grid power sources. The experimental observations demonstrate that the system 

effectively manages multiple power sources and ensures continuous power delivery to the load. During normal operating conditions, 
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when solar voltage was available in the range of 10.4–12.2 V and battery voltage was maintained around 4.8–5.0 V, the system 

supplied power through the renewable energy sources while maintaining a stable output of 230 V AC across the load. 

As the solar voltage decreased, the battery and add-on supply automatically contributed to support the load without affecting the 

output voltage. The source selection and switching process occurred smoothly, indicating proper operation of the control circuit and 

relay-based Automatic Transfer Switch (ATS). When renewable energy sources became insufficient, the system successfully 

transferred the load to the grid supply and continued delivering the required 230 V AC output. 

The results confirm that the proposed system can provide reliable and uninterrupted power to motor-driven loads under varying 

source conditions. The integration of solar energy, battery backup, and grid supply improves energy utilization, enhances system 

reliability, and reduces dependence on conventional power sources. Therefore, the developed Smart Multisource Motor Drive System 

is suitable for agricultural, industrial, and rural applications where continuous motor operation is essential 

 

IX. CONCLUSION 

The Smart Multisource Motor Drive System provides a reliable and efficient solution for uninterrupted motor operation using multiple 

energy sources. The integration of solar photovoltaic systems, battery energy storage systems, and grid supply improves operational 

continuity while maximizing renewable energy utilization. The proposed system successfully addresses the limitations associated 

with conventional single-source motor drive systems through intelligent energy management and automatic source switching. The 

system provides improved reliability, reduced operational cost, enhanced renewable energy utilization, and environmentally friendly 

operation. The proposed Smart Multisource Motor Drive System is highly suitable for industrial, agricultural, and rural applications 

where uninterrupted motor operation is essential. Future integration of intelligent control systems and IoT-based monitoring can 

further enhance system adaptability and efficiency. 
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