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Abstract

In a communication channel, noise and interfereramesthe two main sources of errors occur during tlansmission of the message.
Thus, to get the error free communication errortcoincodes are used. This paper discusses, FPGAemmgntation of (15, 7) BCH
Encoder and Decoder for text message using Veklaglware Description Language. Initially each chater in a text message is
converted into binary data of 7 bits. These 7 hits encoded into 15 bit codeword using (15, 7) B&idoder. If any 2 bit error in
any position of 15 bit codeword, is detected andemed. This corrected data is converted back iato ASCII character. The
decoder is implemented using the Peterson algordhchChine’s search algorithm. Simulation was cadribut by using Xilinx 12.1
ISE simulator, and verified results for an arbitilgrchosen message data. Synthesis was succesiinkyby using the RTL compiler,
power and area is estimated for 180nm Technologally both encoder and decoder design is impleeeion Spartan 3E FPGA.

Index Terms. BCH Encoder, BCH Decoder, FPGA, Verilog, CadeRd& compiler.
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1. INTRODUCTION

Rapid growth in internet and mobile technology, Fetge of
information is common practice. Information may text,

audio, video etc form. Transmission of informattbnough a
physical medium or wireless medium, possibilityttata get
corrupted this leads to an error in a random omleced
locations of a symbol or the entire symbol. To haveliable
communication through a communication channel kizet an
acceptable Bit Error Rate (BER) and High SignalNioise

Ratio (SNR) error correcting codes are used. Tleses are
introduced in order to detect and correct a spegtifiumber of
errors which may occur during transmission of mgesaver a
communication channel [1]-[4].

There are different types of Error correction codes used in
present digital communication system based on ype bf
channel noise. Few of them are Hamming code [3lw Lo

Density Parity Check code (LDPC) [4], Bose-Chaudhur

Hocquenghem code (BCH) [5], Reed Solomon codedb{i
Turbo code [7]. These codes are different from eatbler in
their complexity and implementation. BCH codes waidely
used in the areas like, mobile communication, digit
communications, satellite communications, opticahd a
magnetic storage systems, and computer networks etc

In this work (15, 7) BCH encoder and decoder isleamgnted

on Sparten3E FPGA. For designing the BCH codes, two

coding techniques are used. They are Systematiescadd
Non systematic codes. In case of systematic codgmal
message d(x) is as it is in the encoded word #jere as in
case of non-systematic code encoded word c(X)teirud by
multiplying message d(x) with generator polynom@@{x).

Hence message data will not be same in the encodee
word. At the transmitter side using encoder cirdoithary
digits are encoded by appending some extra bits méssage
bits also known as parity bits. The parity bits amekssage bits
together called as ‘Codeword. At the Receiver emdeword
will be received and error detection and correcfioocess is
applied. This process is known as decoding. Ifrepresents
in received data within a correction limits, theoerwill be
corrected and original message is retrieved. Thigdves the
quality of transmitted message to great extent hedce
reduction in error rate.

The rest of this paper is organized as followsakel work is
discussed in section 2. (15, 7) BCH Encoder andbecare
discussed section 3. In section 4 Simulation anuthggis
results are discussed. Finally conclusion remar&sgaven in
section 5.

2. RELATED WORK

Cyclic decoding procedures for error correction8®H code
was discussed in [8]. They implemented binary B&ides
for 5 bit error correction with a length of 127 shitising
Peterson decoding procedure. Author shown thatt airer
correcting codes are less speed and more compleariware
compared to BCH codes Application of BCH codes
authentication of binary document images is disedse [9].
They used (7, 4) BCH encoder for encoding of aatter and
embedded in a binary document image, each 4 bit in
character is encoded to a 7 bit. They used BCH sdde
correct one bit error
Implementation of (7, 4) BCH encoder to correciginerror
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in any position of 7 bits is discussed in [10]. Tdieuit design
and simulation was carried out using Orcad ver&idnand
implemented on FPGA (Xilinx xc4013). In [11] apg@iton of
BCH code for error detection and correction in mgmis
presented. They compared both single error cooecéind
double error correction BCH codes using 180nm teldgy.
The synthesis and simulations were carried out gusin
Synopsys Design Compiler, power consumption and afe
the circuit was summarized for different (n, k) BQldde
cases. The result shows that power consumption saed
required was less compared to single error comecti
Application of BCH codes in fault tolerant methadgiven in
[12]. They designed a 32 bit ALU, which is secugaiast
many faults and able to correct any 5 bit faultany positions
of 32 bits input registers of ALU. The BCH codesreveised
to correct multiple errors. Author shown that comggato
TMR (triple modular redundancy) & Residue code, BCH
codes were the better choice in estimated area. INear
multi error correcting codes in the reliable MLC NB flash
memories using BCH and RS codes is discussed in Th&
encoder and decoder architectures for non linehit ®rror
corrections in flash memories can be modeled irl&gpand
synthesized in RTL design compiler.

Proposed work discusses, FPGA implementation of @35
Binary BCH Encoder and Decoder for text messag@gusi
Verilog HDL. This work aim to correct double error any
position of 15 bit codeword. Initially each chaexcin a text
message is converted into binary data of 7 bitss Thbit is
encoded into 15 bit codeword. Using (15, 7) BCH dtler if
any 2 bit error in a 15 bit codeword, it will deted and
corrected. The corrected data is converted intoA&CII
character. The decoder is implemented using ther§tat and
Zierler algorithm and chine’s search algorithm. Giation
was carried out by using Xilinx 12.1 ISE simulat@nd
verified the results for an arbitrarily chosen naggs data.
Synthesis was successfully carried out using theéeBce
RTL compiler, power and area is estimated for 180nm
Technology.

3.BCH CODE

BCH codes can be defined by two parameters thataede
sizen and the number of errors to be corredted

Block length: n=2-1
Number of information bits: & n-m*t
Minimum distance: g>2t + 1.

The generator polynomial of the code is specifiederms of
its roots over the Galois field GF"R2 Let a be a primitive
element in GF (2).The generator polynomial g(x) of the code
is the lowest degree polynomial over GF (2). Lgixjrbe the
minimum polynomials ofy; then generator polynomial G(x)
can be computed

G(x) = LCM [my(x), mg(X), ..., mx(X)] )
In this work n=15, k=7 and t=2 is considered. Hetice
generator Polynomial with, o?,... a* as the roots is obtained
by multiplying the following minimal polynomials:
my(x) = 1+x +X¢

Ma(X) =1+x+H+C+x*

Substituting m1(x) and m3(x) in equation (1) getmra
polynomial is obtained.

G(x) = LCM {my(x), ms(x)}

G(X) = {(1+x +¥) (1 +x+3E+x+x%)}

G(X) =1+X+xC+x +x8 2)
To build BCH codes over GF {2 we need to find out the
elements of GF (3 generated by p(x) =1+x+x4 is given in

Table below.

Table-1: The elements of GF {Rgenerated by p(x) =1+x#x

Powers of Binary Polynomizal

primitive | representation | form

element
o® 0001 1
ol 0C10 oL
o 0100 o
o? 1000 o3
ot o011 o +1
o 0110 o2 +o
cr® 1100 o T+
o’ 1011 l+o +o?
c® 0101 ai—1
a® 1010 o +o?
ol 0111 l+o +oa?
oll 1110 o t+a+o
al2 1111 Lo

+1+ai a3

ol 1101 l+o 3+ol
ols 1001 l+o 3
ol 1 L
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3.1(15, 7) BCH ENCODER

The (15, 7) BCH Encoder is implemented with a Limea
Feedback Shift Register (LFSR). (15, 7) BCH codelvaire
encoded as follows.

C(x) = x"¥* M(x) + b(x) ()
Where, Message bits M(x) =¢+ Myx +...+ M x<t
Codeword C(X) iS¢+ CX +...+ GxX™*

Remainder b(x) =+ bx +...+ h.x™! also, ¢ i, b are the
subsets of Galois field.

Figure 1 shows block diagram of (15, 7) BCH Encoder
module. The 7 message bits (MO, M1....M6) are appeithe
parallel to serial shift register. The output ofglkel to serial
shift register will be sent to (15, 7) BCH Encodeodule as
shown in figure. Using these message bits paritg bre
computed and sent to serial to parallel shift tegisThese
parity bits are appended to original message bitsbtain 15

bit encoded data. This entire encoding processinexju5
clock cycles.

LFSR b

Parity check bits
1hit
M Pl 1o St |5
msgs Serial Shift Parallel Shift
Register Register
M6 — -+ cl4
Clk ;

Figure-1: Block diagram of (15,7) BCH Encoder

3.2 (15, 7) BCH Decoder

The Figure-2 shows the block diagram of (15, 7) BCH
decoder. The decoding algorithm for BCH codes cigsif
three major steps.
« Calculate the syndrome valug,3=1,2,....,2t from the
received word r(x).
« Determine the error location polynomi{k)
< Find the roots of(x)and then correct the errors

Corrected data

Received codeword(x) #E; Output

- ¥ ™
N N
‘ Para]llei , Sj.'ndromle Peterson Chine's

s computaton o, Algorith | o f Search |y

shift —»
. : m _h

register
— >
RO 5

Figure-2: Block diagram for (15, 7) BCH Decoder.

The 15 bit received data is given as an input ¢éoghrallel to

serial shift register, the obtained serial outpilt be used as a
input to compute syndrome s(x) using the circuishswn in

Figure-3. If s(x) = 0, the transmission is erraefr Otherwise,
transmitted message will be in error. This entirecpss is
known as error detection process.

The error correction process includes Peterson Zieder
algorithm, Chine’s search algorithm. Peterson’soaigm
accepts syndrome s(x) as a input and computes lewator
polynomial o(x). For finding the error locator polynomial
using the formulac,= S,0, = (S+S°)* (Si). This
polynomial can be further used to find the locatiminthe
errors. Using chine’s search algorithm error lamatiis
determined. This process includes searching thguenioots
of the error locator polynomial. The input for tlohine’s
search iss(x) and it returns roots of error locator polynomia
which corresponds to the error positions.

Chine’s search circuit for the double error coimtt(15, 7)
BCH code is shown in Figure-4. Using the error tma
information, errors will be corrected by simply piting
(converting 1 to 0 and 0 to 1) location in receivédbit code
word. The corrected data will be converted in toCAS
character. This decoding procedure will be repeédedther
received code words.
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Figure-3: Syndrome circuit for (15, 7) BCH Decoder
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Figure-5: Chine’s search circuit for the double error
correction (15, 7) BCH code

4. RESULTSAND DISCUSSION

In this section simulation and synthesis result€léf 7) BCH
Encoder and Decoder is discussed. The system has be
simulated using Xilinx12.1 ISE simulator and fuodility of
encoder and decoder is verified. Synthesis wasechout by
using the cadence RTL compiler and power and asea i
estimated for 180nm technology.

4.1 Simulation Results of (15, 7) BCH Encoder and
Decoder

The Figure-6 shows simulation waveform of (15, 7¢HB
Encoder. Here “BENGALURU” is considered as a text
message. As seen in figure when the reset pingh, lthe
input is loaded to Encoder and all other intermtedignals
are set to zero. When enable pin set to high amdetbet pin to
low, ASCII character converted into 7 bit binargits. Using
these binary digits the parity bits were calculated these
parity bits are appended to the original messatgetbiobtain
a 15 bit encoded data or codeword. To indicateBtheoded
data in the output terminal hold pin is used. Ilichpin is high
15 bit encoded data is obtained at the output ddre same
process repeats for other characters as well.

dn

b Rt [t
1!

Figure-6: Simulation results for (15, 7) BCH Encoder

Figure-7 shows simulation waveform of (15, 7) BCddoder
with two bit errors. As seen in figure when theeteand load
pin is high, encoded data or received vector gxjpaded as
input to decoder and all other intermediate sigrais set to
zero. In the decoding process initially, enable s@h to high
and the reset pin set to low. During this receivs bit
encoded data is given as input for syndrome contipatalf
no error in received code word syndrome outpuei® zElse
syndrome output will not be zero. It indicates emoesent in
the 15 bit received data. Once error in two bitsld bit
codeword, it is detected and corrected usHgerson and
Zierler algorithm and Chine’s search algorithm &salssed in
section 3. To indicate status of error in Messdgg bit is
used. When the Flag pin is high, it indicates dedodata at
the output terminal and it remains low for nextreoted data
available at the output terminal. This correctedadés
converted into an ASCII character. The same praeeds
repeated for other characters as well.
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Figure-7: Simulation results for (15, 7) BCH Decoder

4.2 Synthesis Results of (15, 7) BCH Encoder and
Decoder

The Figure-8 and Figure-9 shows RTL schematic &f (1)
BCH Encoder and Decoder generated by Cadence
compiler. Table -2 shows power and area estimatidr(d5,
7) BCH Encoder for 180nm technologypynthesis was
successfully carried out by using cadence RTL cdanpi
Power and area is estimated for 180nm technololyg.power
and area obtained for (15, 7) BCH Encoder are 151486
nw and 6961pmand for Decoder are 477932.501 nw and
14051 pnit is given in Table-2.

RTL

Figure-8: RTL schematic of (15, 7) BCH Encoder.

Figure-9: RTL schematic of (15,7) BCH Decoder

Table-2: Power and Area computations of (15,7) BCH
Encoder and Decoder for 180nm Technology

Name of the Module | Power(nw) Area (fm
Encoder 151867.464 6961
Decoder 477932.501] 14051

5. CONCLUSIONS

The usage of error correcting codes is very immbria a
modern communication system. In this paper impldgatem

of (15, 7) BCH Encoder and Decoder for text messiage
discussed. Initially each character in a text ngssés
converted into binary data of 7 bits. This 7 bieiscoded into

15 bit codeword. If any 2 bit error in any positioh 15 bit
codeword, it can be detected and corrected. Thisected
data is converted into an ASCIl character. The decds
implemented using the Peterson and Zierler algoridind
chine’s search algorithm. Simulation was carriet lpuusing
Xilinx 12.1 ISE simulator and verified results fam arbitrarily
chosen message data. Also design of both encodér an
decoder successfully implemented on Spartan 3E FPGA
hardware. Synthesis was successfully done by usieg
cadence RTL compiler, power and area is estimated f
180nm technology. The power and area obtained If6r 7)
BCH Encoder are 151867.464 nw and 6961um2 and for
Decoder are 477932.501 nw and 14051 pm?2.
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