
 

  



Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 

 

 

Vol. 22, No.3, 2026                   https://ijerst.org/index.php/ijerst                  843 

ISSN 2319-5991 www.ijerst.com 

© 2026 IJERST. All Rights Reserved 

Peer Reviewed, Referred & Indexed Journal 

Research Paper 

Optimized Hardware Architecture for Turbo Encoding in 

Automotive Communication Systems 

1C. Ravalitha,2P. Hari Singh,3 T. Vardhan, Ch.Ramya Sree* 

1,2,3B. Tech Students, Department of Electronics and Communication Engineering, Samskruti 

College Of Engineering & Technology 

* Department of Electronics and Communication Engineering, Samskruti College Of 

Engineering & Technology 

*Email:ramyachalla614@gmail.com 

ABSTRACT 

The advancement of intelligent transportation systems and modern automotive electronics has increased 

the demand for reliable and high-speed communication systems within vehicles. In-vehicle 

communication networks are responsible for exchanging large volumes of data between sensors, control 

units, infotainment modules, navigation systems, and autonomous driving platforms. However, 

automotive communication environments are highly affected by electromagnetic interference, signal 

attenuation, thermal fluctuations, and transmission noise, which can lead to communication errors and 

system instability. Conventional error correction methods used in vehicle communication systems often 

fail to provide sufficient reliability and low-latency performance required for modern automotive 

applications. To overcome these challenges, the proposed Chip Design for Turbo Encoder Module for 

In-Vehicle System introduces an optimized VLSI architecture capable of performing high-speed forward 

error correction encoding with improved communication reliability and reduced power consumption. 

The proposed turbo encoder module utilizes recursive systematic convolutional encoding techniques and 

optimized interleaver structures to minimize bit error rates and improve transmission stability in noisy 

automotive environments. The architecture is implemented using low-power CMOS design 

methodologies and hardware optimization techniques to achieve compact chip area utilization, faster 

processing speed, and efficient energy consumption suitable for real-time automotive systems. By 

integrating FPGA and ASIC implementation strategies, adaptive control circuitry, and parallel 

processing mechanisms, the proposed system improves data transmission accuracy, communication 

reliability, and operational efficiency in intelligent transportation systems. The proposed chip design is 

highly suitable for autonomous vehicles, advanced driver assistance systems, vehicle-to-vehicle 

communication, automotive infotainment systems, and next-generation embedded automotive 

electronics requiring secure and reliable high-speed communication. 

Keywords: Turbo Encoder, In-Vehicle Communication, VLSI Design, Automotive Electronics, FPGA 

Implementation, ASIC Design, Error Correction Coding, CMOS Technology, Embedded Systems, 

Intelligent Transportation Systems, Vehicle Communication Networks, Low Power Design, Automotive 

Communication Systems, High-Speed Data Transmission, Digital Communication. 

I. INTRODUCTION 

Modern vehicles are increasingly dependent on 

continuous data exchange among electronic 

control units, sensors, communication interfaces, 

and intelligent driving components. As the 

amount of information handled inside a vehicle 

grows, reliable data transmission becomes 

essential, particularly in environments affected by 

noise, interference, and rapidly changing 

operating conditions. Error-control coding 

provides an effective way to protect transmitted 
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information against such disturbances. Recent 

hardware-oriented coding studies have therefore 

focused on architectures that combine dependable 

error correction with high throughput and 

efficient utilization of computational resources 

[1], [2]. 

Turbo coding remains an important forward error 

correction technique because of its strong ability 

to recover information transmitted through noisy 

channels. A conventional turbo encoder generally 

consists of recursive systematic convolutional 

encoders connected through an interleaving 

mechanism. Although the encoding principle is 

well established, its hardware realization 

introduces practical concerns related to memory 

organization, processing delay, circuit area, and 

power consumption. FPGA-based investigations 

have shown that careful memory management 

and parallel processing can significantly improve 

the efficiency of turbo coding hardware [3], [4]. 

Verilog-based implementations have also 

demonstrated the suitability of turbo encoders for 

configurable digital communication platforms 

[5]. 

Recent developments have placed greater 

emphasis on reducing latency while preserving 

coding performance. A low-latency turbo encoder 

architecture implemented on FPGA illustrates 

how hardware-level optimization can support 

demanding communication applications [6]. 

Similarly, an NB-IoT turbo encoder 

implementation demonstrates that dedicated 

FPGA architectures can provide an effective 

balance between processing capability and 

resource usage [7]. High-throughput decoder 

designs further indicate that architectural 

restructuring and controlled parallelism can 

reduce processing bottlenecks in communication 

hardware [8]. These findings provide a useful 

foundation for developing compact encoder 

modules intended for embedded and automotive 

platforms. 

Power efficiency is another major concern in 

communication-oriented chip design. Vehicle 

electronics often operate under strict thermal and 

energy constraints, making unnecessary 

switching activity and excessive hardware 

utilization undesirable. Low-power turbo coding 

architectures have explored optimized processing 

structures to reduce implementation overhead 

while maintaining reliable communication 

performance [9]. Compact decoder structures and 

scalable synchronization architectures also show 

that hardware efficiency can be improved through 

simplified data paths, reduced storage 

requirements, and carefully organized processing 

units [11], [13]. 

The need for reliable coding becomes more 

significant as vehicles evolve into connected 

communication platforms. Vehicle-to-Everything 

communication enables information exchange 

between vehicles, infrastructure, pedestrians, and 

communication networks, creating demanding 

requirements for dependable and timely data 

transfer [12]. In such systems, the coding 

hardware must process data with low delay while 

consuming limited silicon area and power. 

Research on communication-specific turbo 

decoders, adaptive coding architectures, and 

high-throughput FPGA processing systems 

further highlights the importance of flexible and 

implementation-aware hardware design [10], 

[14], [15]. 

Motivated by these developments, this work 

presents an optimized hardware architecture for 

turbo encoding in automotive communication 

systems. The proposed design focuses on 

efficient data processing, reduced hardware 

complexity, low encoding latency, and suitability 

for implementation on FPGA or ASIC platforms. 

By organizing the constituent encoder and 

interleaving operations into a compact hardware 

structure, the architecture aims to support 

dependable in-vehicle data communication while 

limiting resource and power overhead. The 

resulting design can serve as a practical coding 

module for automotive networks that require a 

balance among reliability, processing speed, 

implementation cost, and energy efficiency. 

II. LITERATURE SURVEY 

R. Kumar and S. Verma (2021) developed an 

FPGA-based turbo encoder for automotive 

communication systems. Their work 

concentrated on improving error correction and 

transmission reliability while keeping the 

hardware structure simple. The architecture was 

designed to provide efficient power utilization 

and dependable operation in embedded 

automotive communication environments. 
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A. Sharma and P. Reddy (2022) proposed a 

parallel VLSI architecture for high-speed turbo 

encoding. Their approach used optimized 

interleaving and scheduling methods to increase 

encoding throughput and reduce processing 

delay. The design was intended for real-time 

embedded communication systems that require 

fast and continuous data processing. 

M. Singh and D. Patel (2023) presented a low-

power CMOS turbo encoder architecture for 

embedded systems. The proposed design reduced 

switching activity and thermal dissipation while 

maintaining effective encoding speed. Their 

study emphasized the importance of balancing 

power consumption, hardware performance, and 

reliable communication. 

N. Gupta and K. Jain (2024) introduced an 

ASIC-based turbo coding architecture for vehicle 

communication networks. Their implementation 

focused on compact chip-area utilization, 

improved data throughput, and lower 

communication latency. The design was 

considered suitable for intelligent transportation 

and connected vehicle applications. 

S. Rao and L. Menon (2025) investigated error 

correction coding techniques for autonomous 

vehicle communication systems. Their work 

demonstrated that turbo coding can reduce 

transmission errors and strengthen data reliability 

under noisy automotive conditions. The study 

highlighted the importance of robust error 

correction for safety-related and real-time vehicle 

communication. 

III. EXISTING SYSTEM 

In the existing automotive communication 

systems, conventional error correction techniques 

such as convolutional coding, cyclic redundancy 

checks, and parity checking mechanisms are 

commonly used to improve communication 

reliability. Although these methods provide basic 

error detection capability, they fail to achieve the 

high reliability and low latency required for 

modern intelligent transportation systems and 

autonomous vehicle communication networks. 

Traditional turbo encoder architectures also 

suffer from high hardware complexity, increased 

chip area utilization, and excessive power 

consumption due to inefficient sequential 

processing and complex interleaving operations. 

Existing systems often experience 

communication delays and reduced throughput 

when processing high-speed automotive data 

streams. 

Many current communication architectures lack 

optimized low-power hardware designs suitable 

for embedded automotive electronics. 

Continuous switching activity and inefficient 

hardware resource utilization increase thermal 

dissipation and reduce operational efficiency in 

automotive communication modules. Existing 

implementations also provide limited scalability 

for future autonomous driving systems and 

intelligent transportation infrastructures. 

Additionally, many conventional turbo encoder 

systems do not efficiently utilize FPGA and ASIC 

resources, resulting in increased implementation 

cost and reduced energy efficiency. Therefore, 

there is a need for an optimized turbo encoder 

chip architecture capable of providing high-speed 

communication performance, reduced power 

consumption, compact chip area, and reliable 

operation suitable for modern in-vehicle 

communication systems. 

IV. PROPOSED SYSTEM 

The proposed Turbo Encoder Module introduces 

an optimized VLSI hardware architecture for 

performing high-speed forward error correction 

encoding in automotive communication systems. 

The architecture utilizes recursive systematic 

convolutional encoder units combined with 

optimized interleaver modules and parallel 

processing mechanisms to improve 

communication reliability and reduce 

transmission errors in noisy automotive 

environments. 

The proposed system integrates dedicated control 

logic, memory management units, and adaptive 

scheduling techniques to improve encoding 

throughput and minimize communication 

latency. Parallel processing structures enable 

real-time data processing suitable for autonomous 

driving systems and intelligent transportation 

applications. 

Low-power CMOS methodologies and optimized 
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clock management mechanisms are incorporated 

into the architecture to reduce dynamic power 

consumption and improve thermal efficiency. 

The turbo encoder module supports both FPGA 

and ASIC implementation strategies for flexible 

deployment across multiple automotive 

communication platforms. 

Advanced interleaving structures improve burst 

error correction capability and enhance 

transmission stability during wireless and wired 

communication operations. The proposed 

architecture also supports scalable integration 

with vehicle-to-vehicle communication networks, 

intelligent transportation systems, and embedded 

automotive sensor platforms. 

The proposed chip design is highly suitable for 

autonomous vehicles, advanced driver assistance 

systems, infotainment systems, smart 

transportation platforms, and embedded 

automotive electronics requiring reliable and 

energy-efficient communication solutions. 

V. Block Diagram 

The system architecture of the proposed Turbo 

Encoder Module consists of multiple functional 

layers including input data interfaces, recursive 

convolutional encoder units, interleaver modules, 

control logic circuitry, memory buffers, output 

communication interfaces, and power 

optimization units. The input data interface 

receives digital information from automotive 

communication systems and transfers it to the 

turbo encoding subsystem for forward error 

correction processing. 

The recursive systematic convolutional encoder 

units perform parallel encoding operations to 

generate systematic and parity bits required for 

reliable error correction during data transmission. 

The interleaver module rearranges input data 

sequences to improve burst error correction 

capability and enhance communication reliability 

in noisy automotive environments. 

The control logic circuitry manages 

synchronization, scheduling, data flow control, 

and encoding operations across all hardware 

modules. Dedicated memory buffers temporarily 

store encoded data and support high-speed 

communication processing. The power 

optimization layer integrates low-power CMOS 

switching techniques and adaptive clock control 

mechanisms to reduce energy consumption and 

thermal dissipation. 

The communication output interface transfers 

encoded data streams to automotive 

communication networks and wireless modules 

for reliable in-vehicle communication. The entire 

architecture is optimized to provide high 

throughput, reduced latency, compact chip area 

utilization, improved communication reliability, 

and energy-efficient operation suitable for 

modern automotive electronic systems. 

 

Fig 5.1: System Architecture 

 

Fig 6.1: Turbo Encoder CMOS Circuit 

Design 

 

Fig 6.2: FPGA Integration and Hardware 

Implementation 
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Fig 6.3: Real-Time Encoding and Timing 

Analysis 

 

Fig 6.4: Automotive Communication 

Reliability Testing 

VII. CONCLUSION 

The proposed Chip Design for Turbo Encoder 

Module for In-Vehicle System provides an 

efficient and reliable communication solution for 

modern automotive electronics and intelligent 

transportation systems. By integrating optimized 

recursive systematic convolutional encoding 

techniques, parallel processing architectures, and 

advanced interleaving structures, the proposed 

system significantly improves communication 

reliability and reduces transmission errors in 

noisy automotive environments. 

The architecture achieves high-speed encoding 

performance, reduced communication latency, 

compact chip area utilization, and low power 

consumption suitable for FPGA and ASIC 

implementation platforms. The integration of 

low-power CMOS methodologies and optimized 

hardware scheduling mechanisms further 

improves operational efficiency and thermal 

performance in embedded automotive 

electronics. 

The proposed turbo encoder module supports 

autonomous driving systems, intelligent 

transportation infrastructures, advanced driver 

assistance systems, and vehicle communication 

networks requiring secure and reliable data 

communication. Thus, the proposed system 

serves as a scalable, energy-efficient, and high-

performance communication architecture for 

next-generation automotive electronic systems. 

VIII. FUTURE SCOPE 

The proposed Turbo Encoder Module offers 

significant opportunities for future advancements 

in automotive communication technologies and 

intelligent transportation systems. In the future, 

Artificial Intelligence and Machine Learning 

techniques can be integrated into communication 

control systems to enable adaptive error 

correction, intelligent communication 

scheduling, and predictive transmission 

optimization for autonomous vehicle 

communication networks. 

Advanced semiconductor technologies such as 

FinFET CMOS, System-on-Chip architectures, 

and Network-on-Chip communication 

frameworks can further improve chip 

performance, reduce power consumption, and 

enhance scalability for future automotive 

electronics. Future research may also focus on 

integrating high-speed wireless communication 

technologies such as 5G and vehicle-to-

everything communication systems with turbo 

encoder architectures for intelligent 

transportation applications. 

The proposed architecture can also be extended 

for autonomous robotics, smart city 

transportation systems, industrial communication 

networks, and aerospace communication 

platforms requiring reliable error correction 

coding and real-time communication 

performance. Advanced low-power VLSI 

methodologies and adaptive hardware 

acceleration techniques will further improve 

energy efficiency and communication reliability 

in future embedded systems. 
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