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Abstract 

 

In this paper we have designed and implemented a BCH (15, 7, 5) encoder on FPGA using VHDL description 

language and we implanted it on an FPGA Spartan 3E Starter board. The digital logic implementation of binary 

encoding of multiple error correcting BCH code of length n=15 is organized into shift register circuits. Multiple 

characteristics of cyclic codes will be discussed further on. The results of the simulation and implementation using 

Xilinx ISE.12.1 software and the LCD screen on the FPGA’s Board will be shown at last. 
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1 Introduction 

Nowadays, we live in a world where communications play an important role both in our daily lives and in their 

involvement in the economic and technological fields. We constantly need to increase the flow of transmission while 

maintaining and improving their quality. But without a concern of reliability, all improvement efforts would be futile 

because it would necessarily mean that some data are to be rebroadcast [1, 2], that’s why strong data transmission 

with less errors was needed hence new ways of transmitting data broke through in the world of communications 

including transmission via satellites or what’s called Digital Video Broadcasting Via satellite (2
nd

 generation)  DVB-

S2. 

DVB-S2 represents an evolution of digital broadcasting for television. With the new additions, we have gained in 

spectral efficiency compared to similar existing standards [3, 4], in addition to new applications introduced. 

This contribution by the DVB-S2 standard is due to the changes made to the modulation and channel coding level.[5, 

6] 

Channel coding is a standard technique in all wireless communication systems. In addition to the typically employed 

methods like convolutional coding, turbo coding or low density parity check (LDPC) coding, algebraic codes are used 

in many cases [4,7,8,9]. For example, outer BCH coding is applied in the DVB-S2 standard for satellite TV 

broadcasting [2, 6, 8] A key operation for BCH and the related Reed- Solomon codes are multiplications in finite 

fields (Galois Fields) [9, 8,10], where extension fields of prime fields are used. A lot of architectures for 

multiplications in finite fields have been published over the last decades. This paper examines four different multiplier 

architectures in detail that offer the potential for very high throughputs. We investigate the implementation 

performance of these multipliers on FPGA technology in the context of channel coding [5].  

This paper will then represent the theoretical body of the BCH error correcting code,  how to build it in order to apply 

the same theory on real BCH code used in the DVB-S2 standard, the only difference is going to be in the parameters 

of the code , the VHDL codes and the implementation results will be given by the end of the article. 

 

2 Galois field  

A finite field is also often known as a Galois field, after the French mathematician Pierre Galois. A Galois field in 

which the elements can take q different values is referred to as GF (q). The formal properties of a finite field                     

are [9, 8, 10, 11,12]:  
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There are two defined operations, namely addition and multiplication.  

- The result of adding or multiplying two elements from the field is always an element in the field.  

- One element of the field is the element zero, such  that a + 0 = a for any element a in the field.  

- One element of the field is unity, such that a • 1 = a for any element a in the field.  

- For every element a in the field, there is an additive inverse element -a, such that a + (- a) = 0. This allows the 

operation of subtraction to be defined as addition of the inverse.  

- For every non-zero element b in the field there is a multiplicative inverse element. This allows the operation of 

division to be defined as multiplication by the inverse.  

- The associative [a + (b + c) = (a + b) + c, a • (b • c) = [(a • b) • c], commutative [a + b = b + a, a • b = b • a], and 

distributive [a • (b + c) = a • b + a • c] laws apply. 

 

3 BCH code 

The Bose, Chaudhuri, and Hocquenghem (BCH) codes form a large class of powerful random error-correcting cyclic 

codes. 

This class of codes is a remarkable generalization of the Hamming codes for multiple-error correction. Binary BCH 

codes were discovered by Hocquenghem in 1959 and independently by Bose and Chaudhuri in 1960. 

For any positive integers m (m ≥ 3) and t (t<    ), there exists a binary BCH code with the following parameters 

[8,13]: 

 

 Block length:        

 Number of parity check digits :        

 Minimum distance:        

 

Clearly, this code is capable of correcting any combination of t or fewer errors in a block of        digits. We 

call this code a t-error-correcting BCH code. 

The generator polynomial of this code is specified in terms of its roots from the Galois field GF (  ). Let be a 

primitive element in GF (  ) The generator polynomial      of the t-error correcting 

BCH code of length      is the lowest-degree polynomial over GF (  ) which has:                as its roots. 

The generator polynomial of a BCH code is the smallest common multiple of the minimum polynomials 

corresponding to odd powers               of a primitive element of GF (  ) : 

                                                                                                                           (1) 

Since the degree of each minimal polynomial is m or less, the degree of      is at most   . That is, the number of 

parity check digits,   —   , of the code is at most equal to   . 

There is no simple formula for enumerating   —   , but if   is small,   —    is exactly equal to   . 

 

3.1   BCH encoding 
 

We often use what’s called systematic coding:  

It is often used to encode the information that passes through computer networks. The following algorithm shows the 

steps to follow to achieve this type of coding.[8,13] 

 

 Multiply       by         . 
 Divide              by      . 

 Have the remainder       of the previous division. 

 Add        to              . 

 

The BCH codes are implemented as cyclic codes, that is, the digital logic implementing the encoding and decoding 

algorithms is organized into shift-register circuits that mimic the cyclic shifts and polynomial arithmetic required in 

the description of cyclic codes. Using the properties of cyclic codes, the remainder        can be obtained in a linear 

stage shift register with feedback connections corresponding to the coefficients of the generator polynomial as shown 

in the following figure: 
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Fig.1: Digital circuit for BCH encoder 

 

3.2   BCH decoding 
 

The basic idea of the BCH code decoder is to detect an erroneous sequence with few words, who summoned the 

received data, gives rise to a valid code word [8, 13]. 

  Several steps are required for decoding these codes: 

 

 Calculation of syndrome 

 Calculation of polynomials error localization and amplitude 

 Calculation of roots and evaluation of two polynomials 

 Sum of the polynomial consists of the polynomial and to reconstruct the received information 

 Start without error. 

 

This can be summed in the upcoming figure for easier conception of the VHDL source-code that we will be using in 

the conception of our BCH decoder. 

 

 
 

Fig.2: Digital circuit for BCH decoder 

 

Where: 

         R(x): received code word 

         S(x): the calculated syndrome 

             : The eror locating polynomial 

         C(x): Codeword after decoding 

 

In this paper we used the algorithm of BERKLAMP-MASSEY [14] from the fact that it was specially made for the 

decoding of this type of codes. The logic chart of this algorithm is: 
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Fig.3: BERKLAMP-MASSEY algorithm [14] 

Where: 

    : The error locating polynomial 

 : Disperency [14] 

D(x): disperency polynomial [14] 

4  FPGA Target used 

We used the FPGA Spartan 3E starter board in order to display the results on the LCD screen that exists on the board. 

It has many others blocs distend to different areas of use in the world of micro-technology. 

The FPGA Spartan 3E starter is shown in the following image [15]:  
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Fig. 4: FPGA Spartan 3E starter board 

 

This family of boards is a lot easier in manipulating process than others since we implement the programs on the 

FPGA microchip directly from the development software used to write the VHDL program in the first place unlike the 

previous families that required other software to realize this task.  

 

5  Implementation of BCH code 

We realized the VHDL programs of this code based on the algorithms seen above and it lead to 3 main programs: 

 The coder  

 The decoder  

 The BCH code 

As for the LCD display program, it’s added at the end to command the characters to be shown after the 

implementation.  

 From the Algorithm we generate RTL (Register transfer level) code. This implies that our VHDL code describes how 

data is transformed as it is passed from register to register. The transforming of the data is performed by the 

combinational logic that exists between the registers. 

Figures 5, 6 and 7 shows respectively the RTL schematics for VHDL  coder , decoder and BCH code programs.  

 

 

 
 

Fig. 5: RTL schematics for VHDL Coder program 
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Figure 6: RTL schematics for VHDL decoder  program 

 

 

 
 

Fig.7: RTL schematics for VHDL program of  the BCH code   

 

The design of the encoder/decoder BCH was described in VHDL and simulated on ISIM and its performance has been 

verified using the software Xilinx 12.1.  

 As for the simulation results, we decided to do two simulations sequences: 

two simulations sequences: 

 Sending only one data frame k=1000100 and one error  e=011000010000000 (Fig .8) 
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 Sending two data-frames k= 0100010 and k’=0011101 and two errors e=011000010000000 and 

e’=100001000100000 (Fig.9). 

The results that we got after simulating the blocs are shown in figure 8 and 9. The simulation results shown in the 

figures are indeed proof of the successful realization of the coding and decoding blocs we implemented a specific 

frame and got the same one at the exit which was the purpose followed by the algorithm used in this case. 

 

 
Fig. 8: Simulation for one sequence 

 

 
Fig. 9: Simulation for two sequences 
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The encoder/decoder BCH design was implemented on FPGA Spartan 3E starter, using the software Xilinx ISE12.1. 

As for the implementation results we can clearly see on the LCD screen the results displayed as the input frame and     

the output frame (Fig.7). We realized this program as to have the same frame at both sides of the blocs. 

 

 
Fig.7: Implementation results on LCD screen of the FPGA Spartan 3E starter 

 

The Table 1, shows the performance status of BCH code, like project file, module name, target device, project 

version, design goal and also it gives utilization summary. Our project uses 73 slice registers among 9312 and also it 

uses 94 slice LUTs among 9312. It uses 35 bounded IOBs among 238. It uses 15% bounded IO blocks and overall 

hardware overhead of BCH Code is 22%. These performances were verified by software Xilinx ISE 12.1.  

 
Table 1: Shows the performance status 
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6 Conclusion 

The emergence and deployment of DVB-S2 technology will have a significant impact on the industry of broadcasting 

and telecommunications satellite. The new standard meets the specifications of DVB-S standards and previous DSNG 

and significantly improves efficiency of coding and modulation. It addresses the need for a long-awaited higher 

spectral efficiency and, combined with new video compression technologies such as H.264/AVC, it allows companies 

to DTH to offer other services and SD TV HD and interactive TV services with the spectral resources. Although the 

DVB Group does not expect that the DVB-S2 standard replaces the DVB-S standard for television in the near future, 

due to investment in DVB-S across the globe the effort was considered so beneficial, gains power and so awesome 

and so universal coding applications, we hear more and more in the middle of the broadcast that “we no longer need 

another system in our lifetime.” 

However in this paper we are interested in achieving a VHDL program coding / decoding BCH code destined to the 

DVB-S2 standard. 

To begin, it was necessary to make a point on the digital broadcast standard DVB-S including how the BCH codes are 

used and the transmit / receive chain to understand the peculiarity of this transmission technique and especially for 

standard DVB-S2. 

It was also a thorough theoretical study for each component used in the encoding and decoding BCH followed by 

examples for complete understanding. 

The design of the encoder/decoder was described in VHDL and validated on FPGA (Spartan 3E starter) using the 

software Xilinx 12.1. 

The results showed that after compilation and simulation, it seemed that the integration of reprogrammable integrated 

circuits (FPGA) in telecommunications systems facilitates the improvement of the transmission rate and thus increase 

the transmission speed. 
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