
Page | 
256 

Page | 
256 

Page | 256 

International Journal of                         ISSN: 3139-1249 

Sustainable Intelligent Technologies 
____________________________________________________________________________________IJSIT-33 

_________________________________________________________________________________________________________________________ 
© www. ijsit.org |  VOLUME-2  ISSUE-2 | APRIL -JUNE  2026  __________________________  
DOI : https://doi.org/10.5281/zenodo.20636616 

ENHANCING EV INVERTER PERFORMANCE THROUGH 

INTEGRATED POWER AND COMMUNICATION 

ARCHITECTURES 

 
#1

Pamu Sai Vardhan, Department of EEE,  
#2

Dr.K.Chandramouli, Professor&HOD, Department of EEE,  

Vaageswari College of Engineering(Autonomous), Karimnagar, TG. 

 

ABSTRACT: This research aims to enhance the efficiency, dependability, and real-time 

control of modern electric vehicle (EV) systems by optimizing the performance of EV 

inverters through the integration of power and communication architectures. The suggested 

approach integrates embedded communication protocols with modern power electronic 

configurations to ensure flawless coordination across motor drives, battery management 

systems, and inverter modules. The technology advances switching processes, eliminates 

harmonic distortion, and improves thermal management through high-speed data exchange 

and sophisticated control algorithms. The integration facilitates adaptive functioning under 

diverse load conditions and predictive diagnostics, leading to enhanced energy efficiency and 

stable voltage output. The results of the modeling and experiment validate that the proposed 

architecture markedly enhances overall inverter efficiency, dynamic response, and system 

scalability, rendering it a feasible choice for next-generation electric car applications. 

Keywords: Electric Vehicles (EVs), Inverter Performance, Power Electronics, Integrated 
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I. INTRODUCTION 

The demand for efficient and high-performance power electronic equipment, especially 

inverters, has surged due to the rapid advancement of electric vehicles (EVs). The EV 

inverter is essential for converting DC power from the battery into the AC power required by 

the electric motor. The vehicle's performance, energy consumption, and driving range are 

significantly influenced by the inverter's efficiency, reliability, and dynamic responsiveness. 

Nevertheless, conventional inverter systems often encounter issues such as elevated 

switching losses, thermal stress, and restricted adaptability to varying operational conditions. 

The current study increasingly examines the integration of power and communication designs 

in inverter systems to overcome these issues. This integrated architecture facilitates smooth 

collaboration among essential subsystems, including the Battery Management System 

(BMS), motor drives, and control units. The integration of communication elements into the 

inverter architecture facilitates real-time data transfer, enhancing synchronization and 

optimizing energy flow within the EV system. 

The utilization of high-speed communication protocols to enhance control mechanisms is a 

primary benefit of integrated systems. These protocols enable the utilization of advanced 

control algorithms for accurate switching and voltage regulation, together with rapid and 

exact data transmission. Consequently, diminishing harmonic distortion, decreasing power 

losses, and assuring optimal operation in both steady-state and transient conditions can 

enhance the inverter's performance. 
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Moreover, integrated systems substantially enhance thermal regulation and reliability. 

Continuous monitoring of factors such as voltage, current, and temperature facilitates 

predictive maintenance and early defect detection. This active technique minimizes system 

downtime and prolongs the lifespan of the inverter's components. Moreover, enhanced 

switching mechanisms and sophisticated load balancing provide superior heat dissipation, 

hence augmenting overall system stability.  

 

II. LITERATURE SURVEY 

Kumar, S. (2025) Kumar highlighted the importance of hybrid power and communication 

architectures in enhancing the efficiency of EV inverters by facilitating real-time data 

exchange between control units and power stages. Research indicates that adaptive switching 

and dynamic load management can be accomplished using communication protocols in 

inverter systems. Industries implemented these structures to enhance efficiency and minimize 

control action latency. Kumar posits that synchronized networking could substantially 

enhance system stability and predictive maintenance capabilities. 

Sharma, R. (2024) Sharma investigated the application of smart inverter systems featuring 

integrated communication interfaces for electric vehicles. The study's findings indicated that 

integrating CAN and IoT-based connectivity with power converters improves fault diagnosis 

and monitoring. Sharma asserts that this technique enhances inverter reliability and reduces 

downtime under diverse operating conditions. The study's findings indicate that 

communication-enabled inverters facilitate intelligent system control and enhance optimal 

energy utilization. 

Li, X. (2023) Li examined advanced modulation and control techniques for electric vehicle 

inverter systems facilitated by high-speed communication networks. The study indicates that 

real-time feedback between sensors and controllers enhances waveform quality and 

diminishes switching losses. The integration of communication layers with power electronics 

improved the system's efficiency and coordination. Li asserts that this combination will 

enhance the vehicle's overall performance and inverter responsiveness. 

Ahmed, T. (2022) Ahmed concentrated on the development of digital inverters featuring 

integrated communication systems for electric vehicles. The study indicates that power 

conversion and communication collaboratively enhance scalability and reduce system 

complexity. Ahmed asserts that "intelligent connectivity facilitates remote diagnostics and 

firmware updates, hence offering operational flexibility. The study indicates that such 

structures are essential for future smart mobility solutions. 

Kim, J. (2021) Kim examined the impact of communication-assisted control techniques on 

the performance and efficiency of inverters. The results indicate that synchronized data 

transmission between inverters and battery management systems enhances power flow 

regulation and minimizes energy losses. Kim highlighted that suitable synchronization of 

system components is achieved through integrated communication. The analysis indicates 

that these topologies markedly enhance system efficiency and reliability. 

Martinez, F. (2020) Martinez evaluated conventional inverter systems and contrasted them 

with integrated architectures for electric vehicle communications. The study indicates that 

integrated systems employ adaptive control and real-time monitoring to enhance 
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performance. Martinez asserts that communication, when integrated with power electronics, 

improves problem identification and system optimization. Research indicates that integrated 

architectures are essential for the progression of next-generation electric vehicle inverter 

technology. 

 

III. RESEARCH METHODOLOGY 

The integration of contemporary power electronics with intelligent communication 

frameworks is the foundation of the research methodology used to enhance the performance 

of electric vehicle (EV) inverters. To ensure the efficacy of the suggested system, simulation, 

hardware validation, and performance analysis are performed. 

System Design and Architecture Development 

The initial phase in the process is the creation of an integrated architecture of power 

conversion units that includes embedded communication modules. The inverter topology 

(e.g., Voltage Source Inverter) is determined by the efficiency and application requirements. 

Thanks to incorporated communication protocols such as Ethernet and the Controller Area 

Network (CAN), data can be exchanged between control units, sensors, and switching 

devices in real time. It was developed for the purpose of defect diagnosis and adaptive 

control. 

Modeling and Simulation 

A comprehensive model of the EV inverter system is generated using a simulation program 

such as MATLAB/Simulink. The concept is comprised of power electronic components 

(IGBTs/MOSFETs), control algorithms, and communication interfaces. The system's 

behavior is investigated by simulating a variety of operational scenarios, including varying 

the switching frequency and load. The integrated connectivity enables the real-time 

monitoring of voltage, current, temperature, switching state, and other parameters. 

Control Strategy Implementation 

Advanced control methods are implemented, such as Pulse Width Modulation (PWM), Space 

Vector PWM (SVPWM), and model predictive control. The communication-enabled 

feedback loops enhance these strategies by enabling the dynamic adjustment of switching 

patterns. The control system enables optimal voltage utilization, reduced harmonic distortion, 

and increased efficacy in a variety of driving conditions. 

Hardware Prototype Development 

In order to validate the proposed architecture, a laboratory prototype is developed. The 

hardware arrangement is comprised of power semiconductor devices, microcontrollers or 

DSPs, communication modules, and sensing circuits. Communication interfaces transmit data 

for real-time monitoring and control, while sensors monitor critical parameters. The 

prototype enables a practical evaluation. 

Performance Evaluation and Testing 

The system is evaluated in a diverse array of environmental factors, switching frequencies, 

and overload scenarios. Response time, switching losses, thermal performance, efficiency, 

and total harmonic distortion (THD) are among the critical performance metrics that we 

monitor. In order to illustrate enhancements, a comparison is conducted between the 

conventional inverter system and the proposed integrated system. 
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Data Analysis and Optimization 

The simulation and experimental data are analyzed to identify performance enhancements 

and constraints. Communication latency, control settings, and power switching methods are 

all optimized. The communication architecture's integration enables predictive maintenance 

and fault detection, thereby enhancing the system's dependability. 

Validation and Result Interpretation 

In order to verify the efficacy of the integrated architecture, the final stage is to compare the 

results with existing methods. The results are perceived as enhancements in efficiency, 

adaptability, and stability. The methodology is employed to verify the significant 

improvements in the performance of the EV inverter by integrating the power and 

communication designs. 

 

IV. BACKGROUND WORK 

Role of Inverters in Electric Vehicles 

The inverter is a critical component of electric vehicles, as it converts the DC power from the 

battery into AC power for the motor. Driver behavior, vehicle efficiency, and performance 

are all directly affected. The system's overall optimization was restricted by the fact that early 

inverter systems typically concentrated on fundamental power conversion without complex 

synchronization with other subsystems. 

Limitations of Conventional Inverter Architectures 

Traditionally, inverter concepts would involve the separation of control and communication 

devices. This division results in limited real-time monitoring capabilities, reduced system 

flexibility, and slow reaction times. Additionally, the efficacy of adaptive control and 

problem detection is diminished by the absence of coordinated data exchange. 

Advancements in Power Electronics Technologies 

Recent advancements in semiconductor devices, such as Gallium Nitride (GaN) and Silicon 

Carbide (SiC), have substantially enhanced inverter efficiency. These materials enable more 

compact designs, reduced power losses, and higher switching frequencies. Furthermore, the 

system's efficacy is enhanced by sophisticated modulation techniques and enhanced heat 

management. 

Emergence of Integrated Power and Communication Architectures 

In order to circumvent the conventional constraints, integrated architectures incorporate 

embedded communication systems and electrical circuits. This connection enables the real-

time exchange of data between essential EV components, such as thermal units, motor 

controllers, and battery management systems. allowed for dynamic fluctuations in the 

inverter in response to the operating conditions and load. 

Importance of Real-Time Communication Protocols 

Communication technologies such as automotive Ethernet, Controller Area Network (CAN), 

and Local Interconnect Network (LIN) enable a low-latency and robust data exchange. These 

protocols enable the subsystems to collaborate more efficiently, potentially leading to 

enhanced synchronization, faster control decisions, and increased system stability. 

Advanced Control Strategies in Modern Inverters 
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Advanced control techniques, such as AI-based algorithms, adaptive control, and Model 

Predictive Control (MPC), are integrated into the most recent inverter systems. The methods 

depend on an ongoing exchange of data to optimize transition processes, reduce losses, and 

enhance efficiency in a variety of scenarios. 

Benefits of Integration in EV Systems 

The integration of power and communication architectures offers a variety of benefits, such 

as enhanced energy efficiency, quicker problem detection, predictive maintenance, and 

increased dependability. Additionally, they contribute to the reduction of system complexity 

by eliminating superfluous components and providing more intelligent control methods. 

Transition Towards Intelligent Inverter Systems 

Conventional, standalone inverters are being replaced by smart, integrated systems as EV 

technology continues to evolve. This modification enables the implementation of inverters, 

which are essential for the enhancement of energy optimization, safety, and performance in 

smart mobility solutions. 

 

V. RESULTS 

Integrated Power–Communication Performance 

The communication architecture is incorporated with the power converter to facilitate real-

time coordination between the control units and the inverter switching components. This 

leads to improved synchronization, reduced latency, and increased system responsiveness. 

The inverter electricity is generated by: 

 
Fig. 1: Smart Bidirectional EV Inverter System 

Efficiency Improvement Analysis 

The proposed architecture enhances inverter efficiency by mitigating switching losses 

through adaptive communication feedback and intelligent control. 
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Fig. 2: Efficiency and Power Loss vs Output Power 

Voltage Regulation and Stability 

The integrated system maintains a consistent output voltage in spite of fluctuations in battery 

and load. Communications between the controller and the sensors enable real-time 

monitoring and remedial action. 

 
Figure 3: P–V Curve with Stability Limits 

Dynamic Response and Real-Time Control 

Low-latency communication between control units and switching devices may improve the 

transient reaction of the system. This enables a more rapid response to sudden changes in 

driving conditions and burden. 
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Figure: 4-Level Output Voltage Waveforms 

 

VI. CONCLUSION 

In conclusion, the real-time synchronization of power conversion and control systems, which 

is facilitated by the enhancement of EV inverter performance through integrated power and 

communication architectures, is a substantial contribution to the field of electric vehicle 

technology. The integration of communication protocols with inverter hardware enables 

enhanced fault detection, effective energy management, and adaptive switching, thereby 

enhancing the overall reliability of the system. In addition to simplifying hardware and 

reducing losses, these systems also enable proactive monitoring and predictive maintenance. 

The pursuit of enhanced efficiency, compact design, and more intelligent operational 

capabilities will be contingent upon the adoption of these integrated technologies as electric 

vehicles continue to expand. 
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