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ABSTRACT 

BCH codes is an acronym for Bose, Ray – 

Chaudhuri, Hocquenghem, invented in 1960s and 

today they are used as a baseline for many recent 

Error Correcting Codes. BCH codes are powerful 

class of multiple error correction codes with well 

defined mathematical properties. BCH code is used 

to correct multiple random error patterns. The 

mathematical properties within which BCH codes 

are defined are the Galois Field or Finite Field 

Theory. The main focus of this project is to design 

encoder and decoder architecture for BCH codes.  

These types of codes are used in communications 

networks to detect and correct errors. The design 

of an encoder is based on Linear Feed Back Shift 

Register used for polynomial division and the 

decoder design is based on the algorithm to correct 

the errors occurred during transmission. The 

combination of BCH codes and LDPC codes are 

used for error correction for satellite 

communication standards. The proposed decoder 

supports the multi-byte parallel operations to 

enhance its throughput. In addition, it employs a 

LFSR-based parallel syndrome generator for 

compact hardware design 

Keywords: Barrel Decoder, Encoder, Error 

Correction; BCH Code,LFSR. 

 

1. INTRODUCTION 

Data corruption during the transmission and 

reception of data because of noisy channel medium 

is the most common problem faced in digital 

communication system. Thus, it is hard to get the 

reliable communication. Thus, to get the error free 

communication we need Error correction code. 

BCH codes is an acronym for Bose, Ray – 

Chaudhuri, Hocquenghem, invented in 1960s and 

today they are used as a baseline for many recent 

Error Correcting Codes. BCH codes are powerful 

class of multiple error correction codes with well 

defined mathematical properties. BCH code is used 

to correct multiple random error patterns. The 

mathematical properties within which BCH codes 

are defined are the Galois Field or Finite Field 

Theory. The main focus of this project is to design 

encoder and decoder architecture for BCH codes.  

The design of an encoder is based on Liner Feed 

Back Shift Register used for polynomial division 

and the decoder design is based on ibm algorithm 
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to correct the errors occurred during transmission. 

Also this project report contains comparison of 

BCH codes with other Error Correcting codes and 

gives the detailed explanation of salient feature of 

BCH codes. The combination of BCH codes and 

LDPC codes are used for error correction for 

satellite communication standards.  

The BCH codes architecture is described using 

hardware description language called Verilog and 

synthesized using Xilinx 9.1 ISE. The performance 

of the whole model is check in terms of simulation 

using Xilinx simulator 

 

Figure 1: Block Diagram of basic 

communication system 

Steps: 

[1] In the 1st step the message bits are given as 

input to the Source encoder_LFSR. This is the 

module where the density of message bits is 

increased by compression. This module use BCH 

codes or other Error correction code to encode the 

compressed data by adding the parity bits. The 

output of the source encoder_LFSR is a longer 

information bits, called “codeword”.  

[2] This codeword is given as input to the 

Encrypted module. This module increases the 

security of the information bits. 

[3] The 3rd module is channel encoder_LFSR, 

which increases the reliability and the hardware 

complexity of the Codeword. 

[4] The output of the channel encoder_LFSR is fed 

to modulator, which transform the codeword into a 

signal waveform. This modulated signal is now 

ready to transmit through a Channel.  

[5] The channel could be a physical medium or a 

wireless medium. The possibility that the codeword 

get corrupted in the channel is high because the 

channel is subjected to various noises. 

[6] The corrupted signal is received at the 

Demodulator module at the receiver section. In this 

module the signal, get de-modulated to get the 

corrupted codeword.  

[7] The original message bits are retrieved from the 

corrupted codeword using the decoding algorithm 

of Error correction code (ECC), which was initially 

used to encode the data at the Encoder_LFSR. 

Thus, the original information bits are retrieved at 

the output of the Source decoder [5] [6].   

 

2. IMPLEMENTAION 

In recent years there has been an increasing 

demand for digital transmission and storage 

systems. This demand has been accelerated by the 

rapid development and availability of VLSI 

technology and digital processing.  It is frequently 

the case that a digital system must be fully reliable, 

as a single error may shutdown the whole system, 

or cause unacceptable corruption of data, e.g. in a 

bank account . In situations such as this error 

control must be employed so that an error may be 

detected and afterwards corrected. The simplest 

way of detecting a single error is a parity checksum 

[2], which can be implemented using only 

exclusive-or gates. But in some applications this 

method is insufficient and a more sophisticated 

error control strategy must be implemented.  If a 

transmission system can transfer data in both 

directions, an error control strategy may be 

determined by detecting an error and then, if an 

error has occurred, retransmitting the corrupteddata 

. These systems are called automatic repeat request 

(ARQ). If transmission takes place in only one 

direction, e.g. information recorded on a compact 

disk, the only way to accomplish error control is 

with forward error correction (FEC) . In FEC 

systems some redundant data is concatenated with 

the information data in order to allow for the 

detection and correction of the corrupted data 

without having to retransmit it. One of the most 

important classes of FEC codes is linear block 

codes [2,29,43]. In block codes, data is transmitted 

and corrected within one block (codeword). That is, 

the data preceding or following a transmitted 
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codeword does not influence the current codeword. 

Linear block codes are described by the integer n, 

the total number of symbols in the associated 

codeword. Block codes are also described by the 

number k of information symbols within a 

codeword, and the number of redundant (check) 

symbols n-k.In error control, it is crucial to 

understand the sources of errors. Each transmitted 

bit has probability p > 0 of being received 

incorrectly. On memoryless channels every 

transmitted symbol may be considered 

independently, so only random errors occur. 

Unfortunately, most channels have memory and 

usually several successive symbols are corrupted. 

These kinds of errors are called burst errors [29]. 

Burst errors can be most efficiently corrected 

through use of burst error correcting codes, e.g. 

Reed Solomon (RS) codes . Because the structure 

of burst error correcting codes is usually 

complicated, multiple random error correcting 

codes are often employed. In order to improve 

burst error correction, the transmitted codewords 

are also rearranged by interleaving. The resulting 

code is called an interleaved code. In this way the 

burst errors scatter into several codewords and look 

like random errors. Other operations on block 

codes are also available to improve the error 

correcting ability or to adapt a code to a specified 

requirement. For example codes may be shortened, 

extended, concatenated or interleaved [2,5]. The 

simplest block codes are Hamming codes. They are 

capable of correcting only one random error and 

therefore are not practically useful, unless a simple 

error control circuit is required. More sophisticated 

error correcting codes are the Bose, Chaudhuri and 

Hocquenghem (BCH) codes that are a 

generalisation of the Hamming codes for multiple-

error correction. In this thesis the subclass of 

binary, random error correcting BCH codes is 

considered, hereafter called BCH codes. BCH 

codes operate over finite fields or Galois fields. 

The mathematical background concerning finite 

fields is well specified and in recent years the 

hardware implementation of finite fields has been 

extensively studied [4,5,6,7,8,9,10,13,]. 

Furthermore, any BCH code can be defined by only 

two fundamental parameters and these parameters 

can be selected by the designer. These parameters 

are crucial to the design and the question arises if it 

is possible to develop a tool that will automatically 

generate any BCH codec description, just by 

providing the code size n and the number of errors 

to be corrected t. This design automation would 

considerably reduce BCH codec design cost and 

time and increase the ease with which BCH codecs 

with different design parameters are generated. 

This is an important motivation since the 

architectures of BCH codecs with different 

parameters can vary remarkablyBCH codesThree 

different decoding strategies are presented 

according to the error correcting capability of the 

code. Generally decoding is broken down into three 

processes, syndromes calculation, Berlekamp-

Massey algorithm (BMA) and Chien search. 

The format of the codeword is as follows [4]:  

c(x) = xn-k * i(x) + b(x)   (1) 

Where, codeword c(x) = c0 + c1x +...+ cn-1xn-1 

information bits i(x)= i0 + i1x +...+ ik-1xk-1 

remainder b(x)= b0 + b1x +...+ bm-1xm-1 

also, ci, ji, bi are the subsets of Galois field 

Basically, encoder_LFSRmodule  consists of three 

modules. 

[1] 5 bit Parallel to Serial Shift Register 

[2] Encoder_LFSR module - Linear feedback shift 

register 

[3] Serial to Parallel Shift Register 

The Encoder_LFSR module is designed with 

respect to the generated polynomial given 

Generator polynomial is divided by the incoming 

5-bits message bits. The division is carried out 

using linear feedback shift register, the remainders 

of this division is added with the original message 

bits to form a “codeword”.   

The Decoder design is consists of 5 blocks. These 

blocks are: 

1. Parallel to Serial Shifter 

2. Syndrome Block 

3. Inversion-less Berlekam Massey 

Block 

4. Chain Search Block 

5. Error Correction Block. 

6. Syndrome Block 

The output of the parallel to series shifter is given 

as input to the Syndrome block. As a first step of 
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syndrome block operation the input 1bit is 

converted to 4-bits. These 4-bits are given as input 

to the six parallel syndromes blocks. These 

syndrome blocks generate the syndrome S1_IN, 

S2_IN, S3_IN, S4_IN, S5_IN and S6_IN. The 

architecture of the syndrome blocks is given as per 

the equation (3.7). In the first clock pulse these 4-

bits are added with α(i) and this result is stored in 

the register D. At the next clock pulse the result 

stored in register D is multiplied by α(i) and the 

resultant bits of this multiplication is added with 

new incoming expanded 4-bits. The register D is 

now updated with the new resultant bits. This 

cyclic steps repeat in all six parallel syndromes for 

15 clock cycles, until the last bit of the corrupted 

codeword is enters to the syndrome block. The 

output syndromes S(i) is generated at the end of 

16th clock cycle. The hld signal for the syndrome 

block is set to high at the 18th clock pulse to make 

sure that the output of the syndrome block is not 

changed with every clock cycle. 

FIGURES/CAPTIONS 

 

. 

b0 b1 b2 bn-k-1

g1 g2 gn-k-1

x
n-k

 i(x)

c(x)

S1

S2

1

2

 

Fig 2: Encoding circuit for BCH 

 

Fig 3: Encoder_LFSR 
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Fig 4: Decoder 

R = Received data, S = Generated Syndromes, Λ = Error locator polynomial 

 

Fig 5: BCH Encoder_LFSR and Decoder 

 

 

Fig 6: RTL SCHEMATIC of BCHEncoder_LFSR 
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Fig 7: RTL SCHEMATIC of BCH Decoder 
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Fig 8:Test-Bench wave form of BCH Encoder 

 

Fig 9: Test-Bench wave form of BCH Decoder 
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Fig 10: Pin diagram of Xilinx devicexc2vp2-6-fg256 

 

Fig 11 Syndrome block 
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Fig 12 Test Bench wave form of Syndrome block 

 

3. CONCLUSION 

From the summary table it can be seen that the 

there are totally 26,624 flip flops are available in 

the FPGA board, out of which only 39 flip flops are 

being used. So, the utilization percentage of the flip 

flops is only 1%. Also, the available LUT are 

26,624 out of which only 32 are being used, hence 

the utilization percentage of the LUT is also almost 

equal to 1%. There are 221 IOBs are available in 

FPGA out of which only 23 IOBs are used for 

encoder_LFSR design. So, the utilization 

percentage is 10%. Thus, it could be seen that the 

percentage of the various components used for the 

encoder_LFSR design are very less as compared to 

the available quantity. So, it could be concluded 

that the encoder_LFSR design of this project is 

optimized and also has good performance.For 

decoder, totally 1,320 flip flops are available in the 

FPGA board, out of which only 213 flip flops are 

being used. So, the utilization percentage of the flip 

flops is only 11%. Also, the available LUT are 

1,320 out of which only 560 are being used, hence 

the utilization percentage of the LUT is also almost 

equal to 23%. There are 66 IOBs are available in 

FPGA out of which only 35 IOBs are used for 

decoder design. So, the utilization percentage is 

53%. Thus, it could be seen that the percentage of 

the various components used for the BCH_Decoder 

design are very less as compared to the available 

quantity. So, it could be concluded that the 

BCH_Decoder design of this project is optimized 

and also has good performance 
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