
                           International Scientific Journal of Engineering and Management (ISJEM)                                ISSN: 2583-6129 
                                  Volume: 05 Issue: 01 | Jan – 2026                                                                               DOI:10.55041/ISJEM03390 
                                  An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata        
 

© 2026, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                                 |        Page 1 
 

Design and Implementation of AHB-To-APB Bridge with CRC-Based Error 

Detection 

 

Divya K 

B.E - IV Year Department of ECE Chettinad College 

of Engineering and Technology Karur,Tamilnadu, India senthilkumar37378@gmail.com 

 

Gowsalya B 

B.E - IV Year Department of ECE Chettinad Collegeof Engineering and Technology karur,Tamilnadu, India 

krkarthi601@gmail.com 

 

Jeevitha D 

B.E - IV Year Department of ECE Chettinad College 

of Engineering and Technology karur,Tamilnadu, India duraikannujeevitha@gmail.com 

 

Jeevitha M 

B.E - IV Year Department of ECE Chettinad College 

of Engineering and Technology karur,Tamilnadu, India 

ragulsutha77@gmail.com 

 

Ragavi D  

Assistant Professor Department of ECE Chettinad College 

of Engineering and Technology karur,Tamilnadu, India ragaviece@chettinadtech.ac.in 

 

 

Abstract—Modern System-on-Chip (SoC) 

architectures incor- porate multiple high-

speed and low-power components, empha- 

sizing the need for efficient communication. 

The AMBA protocol helps standardize 

interactions between different components 

within an SoC.This paper explores the design 

and implementation of an AHB-to-APB 

bridge using SystemVerilog. The bridge 

enables efficient data transfer between the 

Advanced High- Performance Bus (AHB) 

and the Advanced Peripheral Bus (APB), 

ensuring seamless compatibility and smooth 

operation. Additionally, a Cyclic 

Redundancy Check (CRC) mechanism is 

integrated to detect and prevent data 

corruption during transmission. By reducing 

latency and improving reliability, this 

approach enhances the overall efficiency of 

SoC architectures. The correctness and 

performance of the bridge were verified 

through simulation. 

 

Index Terms—AMBA, AHB, APB, SystemVerilog, 

SoC, Error Detection, CRC. 

 

 

I. INTRODUCTION 

With the increasing complexity of SoC architectures, 

mul- tiple functional modules must communicate 

efficiently. The AMBA protocol addresses this challenge 

by defining different bus architectures for various 

performance requirements. AHB is used for high-speed 

operations, while APB is optimized for low-power 

peripheral communication. However, these buses 

operate differently, requiring an interface to facilitate 

seamless data transfer between them. 

This paper presents an AHB-to-APB bridge that acts 

as a communication link between these two buses. The 

bridge ensures efficient translation of control signals and 

data while maintaining system performance. 

Furthermore, to enhance data integrity, a CRC-based 

error detection mechanism is incorporated to detect 

transmission errors and ensure accurate data delivery. 
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Problem Statement: In highly integrated SoC de- 

signs,maintaining reliable communication between high-

speed processing cores and low-power peripherals 

presents sig- nificant challenges. Conventional bus 

interfacing techniques often lead to latency, 

synchronization difficulties, and power inefficien- cies. 

Moreover, data corruption during transmission can com- 

promise system reliability.This work aims to develop an 

optimized AHB-to-APB bridge using SystemVerilog, 

with the following key objectives: 

• Facilitating seamless communication between 

AHB and APB. 

• Minimizing latency and synchronization 

overhead for efficient data transfer. 

• Implementing a CRC-based error detection 

mechanism to enhance data integrity. 

• Optimizing power consumption while 

maintaining high system performance 

 

II. LITERATURE SURVEY 

In recent years, researchers have explored various ap- 

proaches to enhance the reliability, security, and 

efficiency of data transmission in embedded systems, 

particularly in fault- prone settings including 

industrial applications, automotive, and aerospace. 

• Bus Protocol Verification: Several studies 

have explored the use of formal verification 

techniques to analyze AMBA-based bus designs. 

Verification methodologies such as model checking, 

assertion-based verification, and simulation-based 

testing have been widely employed to ensure protocol 

compliance and detect potential design flaws [1]. 

• Error Detection Mechanisms: The integration 

of error detection techniques such as CRC, Hamming 

Code, and parity bits has been investigated to prevent 

data corruption during high-speed transmissions [2]. 

• Transaction-Level Modeling (TLM): 

Researchers have proposed transaction-level modeling 

approaches to im- prove the abstraction of AMBA bus 

designs. These models help in early-stage performance 

evaluation, de- bugging, and system-level verification 

while reducing the complexity of lower-level RTL 

simulations [2]. 

• Adaptive Bus Arbitration: Dynamic arbitration 

schemes have been introduced to enhance bus utilization 

and avoid contention in multi-master SoC environments. 

Techniques such as priority-based scheduling, round-

robin arbitra- tion, and dynamic request handling have 

been shown to improve overall system efficiency [3]. 

• Low-Power Bus Encoding: Several research 

efforts have focused on power-efficient bus encoding 

schemes, such as transition minimization techniques and 

adaptive voltage scaling, to reduce switching activity 

and lower power consumption in AMBA-based designs 

[4]. 

• Verification Techniques: The use of 

SystemVerilog and Universal Verification Methodology 

(UVM) has been widely implemented to validate 

AMBA-based bus models and improve simulation 

accuracy [5]. 

• Low-Power Optimization: Several studies have 

intro- duced power-efficient design strategies to 

optimize APB for energy-sensitive applications, making 

it more suitable for IoT and mobile devices [6]. 

• Latency Reduction: Modified bridge 

architectures have been proposed to minimize data 

transfer delays and improve throughput, ensuring 

seamless communication between AHB and APB [7]. 

• Dynamic Bus Configurations: Research has 

explored dynamically configurable bus topologies to 

enhance flex- ibility in SoC communication, allowing 

adaptive routing and improved fault tolerance [8]. 

 

III. DESIGN METHODOLOGY 

The design methodology for the AHB-to-APB bridge 

with CRC-based error detection follows a structured 

approach to ensure efficiency, reliability, and 

scalability. The development process includes 

specification analysis, architectural design, 

implementation, and verification. 

The methodology consists of the following key steps 

a) System Overview and Design Philosophy: 

The AHB- to-APB Bridge serves as a vital link between 

the high- speed Advanced High-Performance Bus 

(AHB) and the low-power Advanced Peripheral Bus 

(APB). It ensures seamless communication by 

efficiently bridging the per- formance gap between 

these two interfaces, allowing devices connected to both 

buses to operate harmoniously. This bridge enables the 

smooth transfer of data while ensuring protocol 

compatibility and minimal latency. The system is 

designed to: 
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Fig. 1. AHB-to-APB Bridge with CRC Integration 

Flow 

 

 

– Handle high-speed data transactions 

from AHB and convert them into APB-compatible 

signals. 

– Support low-power peripherals by 

ensuring power-efficient APB communication. 

– Integrate CRC-based error detection to 

enhance data integrity and prevent errors before data 

reaches APB peripherals. 

The key objective of this system is to achieve a 

balance between performance and energy efficiency, 

ensuring reliable and seamless communication in an 

SoC environ- ment. 

B. Design Philosophy The design of the AHB-to-

APB bridge follows three core principles: efficiency, 

reliability, and scalability. 

1 Efficiency 

– Optimized for low latency and minimum 

process- ing overhead, ensuring quick data transfer 

between AHB and APB. 

– A well-structured state-machine-based 

control mechanism to streamline protocol conversion 

and minimize wait states. 

 

 

2 Reliability 

– A Cyclic Redundancy Check(CRC) 

mechanism is incorporated to detect errors, ensuring 

that corrupted data does not reach APB peripherals. 

– Extensive verification and fault-injection 

tests are 

conducted to validate error detection and ensure system 

stability. 

3 Scalability 

– Designed as a modular architecture, making 

it easy to scale for multiple AHB masters or future 

AMBA protocols such as AXI. 

– Developed using SystemVerilog, ensuring 

smooth integration with FPGA and ASIC hardware 

imple- mentations. 

b) Cyclic Redundancy Check (CRC) Encoder 

Design: The CRC Encoder is a key component of 

the system that calculates and appendCRC the original 

data’s checksum. The foundation of CRC is polynomial 

divisions ,where the trans- mitted message is treated as a 

polynomial, and the generator polynomial defines the 

type of CRC used (e.g., CRC-16- ANSI). The steps 

involved in CRC encoding are as follows: 

• Input Data: The data to be transmitted is first 

taken as an input (16-bit data in this design). 

• CRC Calculation: The CRC is calculated by 

performing a series of shifts and XOR operations, 

iterating over each bit of the data. The CRC is initially 

set to a predefined value (e.g., 0xFFFF for CRC-16) and 

is updated for every bit of data using the chosen 

polynomial. 

• CRC Appending: Once the CRC is calculated, it 

is appended to the original data to form the encoded 

data, which is then transmitted over the communication 

chan- nel. This encoded data is a 32-bit value in this 

design, consisting of the original 16-bit data and the 16-

bit CRC. 

The CRC16 Sender module is implemented in Verilog, 

with data being continuously processed by the CRC 

encoder. The module ensures that the CRC is updated 

whenever the input data changes, thus providing the 

correct encoded output. 

c) Requirement Analysis: The first step in 

designing the AHB-to-APB bridge is understanding the 

specific require- ments of the system. This includes 

analyzing: 

• Data Transfer Needs: Evaluating the speed at 

which data must be transferred between AHB and APB 

to prevent bottlenecks. 

• Power Consumption: Ensuring that the bridge 
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does not significantly impact the power efficiency of 

low-power APB peripherals. 

• Error Detection & Correction: Implementing 

CRC to maintain data integrity without excessive 

computational overhead. 

• Scalability Considerations: Designing the 

bridge in a way that allows future modifications, such as 

additional peripherals or enhanced error correction 

features 

d) Architectural Design: The AHB-to-APB 

bridge ar- chitecture consists of several modular 

components, ensuring seamless data transfer. The 

primary architectural components include: 

•  

AHB Interface: Captures control and data signals from 

the AHB master and forwards them to the bridge logic. 

Bridge Logic Unit: Converts AHB transactions to 

APB transactions while ensuring compliance with 

protocol standards. 

•  

APB Interface: Processes and sends the converted 

signals to APB peripherals, handling lower-speed 

communication efficiently. 

•  

CRC Module: Integrates error detection to identify 

and flag corrupted data before it is transmitted to 

APB. 

•  

State Machine Controller: Manages transitions 

between different operational states such as idle, read, 

write, and wait states, optimizing overall 

performance. 

e) Implementation: The bridge is 

implemented using SystemVerilog, making it 

compatible with FPGA and ASIC platforms. Key 

implementation aspects include: 

• State Machine Control: Governs data transfer 

based on handshaking signals. 

• Multiplexers and Decoders: Facilitate 

address decoding and signal translation between AHB 

and APB. 

• Error Detection Circuit: Uses CRC for real-

time mon- itoring of data integrity and fault detection. 

• Clock Synchronization: Ensures proper 

timing coordi- nation between the faster AHB and the 

slower APB, preventing data loss. 

• Buffering System: Implements temporary 

storage for smooth data handling during protocol 

conversion. 

• Protocol Adaptation Logic: Ensures smooth 

interaction between AHB and APB devices with 

different operational requirements. 

f) Verification and Validation: To ensure 

correctness, the bridge undergoes rigorous 

verification using simulation tools. The verification 

process includes: 

• Functional Testing: Checking data 

transactions under different conditions to ensure 

accurate protocol transla- tion. 

• Fault Injection Testing: Introducing errors to 

evaluate CRC-based error detection. 

• Performance Analysis: Measuring latency, 

power con- sumption, and error recovery efficiency. 

• Coverage Testing: Ensuring all possible 

operational states and transitions are verified to 

maintain robustness. 

• Stress Testing: Evaluating the bridge’s 

stability under extreme workloads to ensure long-

term reliability. 

g) Synthesis and Optimization: Once 

verified, the bridge is synthesized and optimized for 

hardware implemen- tation. Optimization steps 

include: 

• Logic Optimization: Minimizing gate count 

to reduce area and improve efficiency. 

• Timing Analysis: Ensuring stable operation 

within de- fined timing constraints. 

• Power Optimization: Reducing dynamic 

power con- sumption to enhance efficiency for low-

power applica- tions. 

• Scalability Assessment: Evaluating future 

expandability to support additional AHB masters and 

APB peripherals. 

• Hardware Resource Utilization: Ensuring 

efficient us- age of FPGA or ASIC resources to avoid 

unnecessary complexity. 

By implementing this structured methodology, the 

AHB-to- APB bridge optimizes high-speed data 

processing while main- taining power-efficient 

peripheral communication and ensuring data integrity 

through CRC-based error detection. 

IV. IMPLEMENTATION AND VALIDATION 

Fig. 2. Simulation Results 

 

The AHB-to-APB bridge was implemented and tested to 
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verify its efficiency, reliability, and fault tolerance. The 

sim- ulation results demonstrated the correct 

functionality of data transfer between the AHB and APB 

buses while ensuring error detection using CRC. Various 

test scenarios were executed to validate the bridge’s 

ability to handle transmission errors and maintain 

system performance. 

A. Test Scenarios and Validation 

1) Test Case 1: Successful Data Transmission 

• AHB successfully transmitted data to APB 

without errors. 

• The CRC value was computed and appended 

to the transmitted data. 

• The APB side successfully verified the CRC, 

ensuring the integrity of the received data. . 

• No error flags were raised, confirming reliable 

commu- nication. 

2) Test Case 2: Single-Bit Error Injection 

• A fault was introduced in the transmitted data by 

modi- fying a single bit. 

• The CRC at the receiver side detected the 

mismatch and flagged the error. 

• The erroneous data was rejected, ensuring only 

valid data was processed. 

3) Test Case 3: Multi-Bit Error Injection 

• Multiple bits were flipped in the transmitted 

data to simulate severe corruption. 

• The CRC module detected the 

inconsistency, and the system flagged the data as 

incorrect. 

• The bridge successfully prevented corrupted 

data from reaching APB peripherals. 

4) Test Case 4: Error Correction through 

Redundancy 

• The system utilized a redundancy mechanism 

to revali- date transmitted data. 

• If an error was detected, a retransmission 

request was initiated. 

• The corrected data was received successfully, 

maintaining data integrity. 

a) Simulation Results: The simulation 

results con- firmed the reliability of the system in 

fault-tolerant data transmission. 

 

 

 

Fig. 3. Console Results 

 

Fig. 4. Synthesized Design 

 

V. COMPARATIVE ANALYSIS 

The results indicate that the bridge successfully 

transfers data while effectively detecting and 

preventing errors. The integration of CRC enhances 

data reliability, making the system suitable for real-

world applications requiring secure and fault-tolerant 

communication.

 

 

Fig. 5. Performance metric 

VI. CONCLUSION 
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In order to provide dependable data transfer with low 

latency and power consumption, the AHB-to-APB 

bridge with CRC-based error detection was designed and 

implemented. The results confirm that the bridge 

successfully detects and prevents transmission errors, 

enhancing the robustness of SoC communication. By 

incorporating CRC, the design ensures data integrity, 

making it suitable for a wide range of embedded and 

real-time applications. 
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