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Abstract: Digital communication system is used to transport an information bearing signal from the source to a user destination
via a communication channel. Channel coding is used for providing reliable information through the transmission channel
to the user. In channel coding the number of symbols in the source encoded message is increased in a controlled manner in
order to facilitate two basic objectives at the receiver one is Error detection and other is Error correction. It is used to reduce
the level of noise and interferences in electronic medium. The amount of error detection and correction required and its
effectiveness depends on the signal to noise ratio (SNR) [2]. In digital communication, a channel code is a broadly used term
mostly referring to the forward error correction code. Forward error correction (FEC) is a system of error control for data
transmission, whereby the sender adds redundant data to its messages, also known as an error correction code. The advantage
of forward error correction is that a back-channel is not required, or that retransmission of data can often be avoided, at the
cost of higher bandwidth requirements on average. In particular, FEC information is usually added to most mass storage
devices to protect against damage to the stored data [3].

1. INTRODUCTION

Reed solomon is an error-correcting coding system that was
devised to address the issue of correcting multiple errors—
especially burst-type errors in mass storage devices (hard
disk drives, DVD, barcode tags), wireless and mobile
communications units, satellite links, digital TV, digital video
broadcasting (DVB), and modem technologies like xDSL
(“x” referring to all the existing DSL solutions, whether
ADSL, VDSL, SDSL, or HDSL) [8]. Reed solomon codes
are an important sub class of nonbinary BCH codes. These
are cyclic codes and are very effectively used for the
detection and correction of burst errors. Galois field
arithmetic is used for encoding and decoding of reed
solomon codes. Galois field multipliers are used for encoding
the information block. At the decoder, the syndrome of the
received codeword is calculated using the generator
polynomial to detect errors. an error locator polynomial is
used to correct the errors. From the error locator polynomial,
the location of the error and its magnitude is obtained.
Consequently a correct codeword is obtained. Block lengths
and symbol sizes can be readily adjusted to accommodate a
wide range of message sizes. Reed solomon codes provides
a wide range of code values that can be chosen to optimize
performance.

The receiver uses the appended encoded bits to
determine and correct the errors upon reception of the
transmitted signal. The number and type of errors that are
correctable depend on the specific reed solomon coding
scheme used.

A reed solomon code is specified as RS (n, k) with s-bit
symbols. This means that the encoder takes k data symbols
of s bits each and adds parity symbols to make an n symbol
codeword. There are n – k parity symbols of s bits each. A
Reed solomon decoder can correct up to t symbols that
contain errors in a codeword, where 2t = n – k. The following
diagram shows a typical reed solomon codeword (this is
known as a systematic code because the data is left
unchanged and the parity symbols are appended).

Fig. 1: Two Points Exchanging Information

Fig. 2: RS Specification

2. REED SOLOMON ENCODER

The reed solomon code operates on bytes of fixed length.
Given m parity bytes, a reed solomon code can correct up to
m byte errors in known positions (erasures), or detect and
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correct up to m/2 byte errors in unknown positions. This is
an implementation of a reed solomon code with 8 bit bytes,
and a configurable number of parity bytes. The maximum
sequence length (codeword) that can be generated is
255 bytes, including parity bytes. The reed solomon encoder
reads in k data symbols computes the n – k symbols, append
the parity symbols to the k data symbols for a total of
n symbols. The encoder is essentially a 2t tap shift register
where each register is m bits wide. The multiplier coefficients
are the coefficients of the RS generator polynomial. The
general idea is the construction of a polynomial, the
coefficient produced will be symbols such that the generator
polynomial will exactly divide the data/parity polynomial.

3. REED SOLOMON ENCODER HARDWARE

Reed solomon codes are based on a specialist area of
mathematics known as galois fields or finite fields. A finite
field has the property that arithmetic operations (+, –, x /
etc.) on field elements always have a result in the field.

The basic principle of encoding is to find the remainder
of the message divided by a generator polynomial G (x).
The encoder works by simulating a linear feedback shift
register with degree equal to G (x), and feedback taps with
the coefficients of the generating polynomial of the code [7].

algorithm and the chien/forney block. The output of the
chien/forney block is an estimate of the error vector. This
error vector is then added to the received codeword to form
the final codeword estimate. A top-level block diagram of
the decoder is shown in figure. Note that the error value
vector Y comes out of the chien/forney block in reverse order,
and it must pass through a LIFO/FIFO block before it is
added to the received codeword R (x) [1]. Where R (x) is
received code word, Si is syndromes, L (x) is error locatorp
polynomial xi is error locations, Yi is error magnitudes, C (x)
is recovered code word and V is no of errors,

5. ERROR CORRECTION

The output of the chien/forney block is the error vector.

Fig. 3: RS Encoder

4. REED SOLOMON DECODER

The reed solomon decoder tries to correct errors and/or
erasures by calculating the syndromes for each codeword.
Based upon the syndromes the decoder is able to determine
the number of errors in the received block. If there are errors
present, the decoder tries to find the locations of the errors
using the berlekamp massey algorithm by creating an error
locator polynomial. The roots of this polynomial are found
using the chien search algorithm. Using forney’s algorithm,
the symbol error values are found and corrected. For an RS (n,
k) code where n – k = 2T, the decoder can correct up to T
symbol errors in the code word. Given that errors may only
be corrected in units of single symbols (typically 8 data bits).
The purpose of the decoder is to process the received code
word to compute an estimate of the original message symbols.

There are three main blocks to the decoder first is
syndrome generator, then euclid’s/barlekamp massey

Fig. 4: RS Decoder Block

Fig. 5: Reed Solomon Decoder Block
Diagram in Another Form

Fig. 6: Error Correction Block

This vector is the same size as the codeword. The vector
contains non zero values in locations that correspond to
errors. Because the error vector is generated in the reverse
order of the received codeword, a FIFO must be applied to
either the received codeword or the error vector to match
the order of the bytes in both vectors. The output of the adder
is the decoder’s estimate of the original codeword [4].
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6. CONCLUSION

Error detection and correction techniques are essential for
reliable communication over a noisy channel. Reed solomon
codes are one of the most powerful and efficient non binary
error correcting codes for detecting and correcting burst
errors. The effect of errors occurring during transmission is
reduced by adding redundancy to the data prior to
transmission. The redundancy is used to enable a decoder
in the receiver to detect and correct errors. Cyclic linear block
codes are used efficiently for error detection and correction.
The encoder splits the incoming data stream into blocks and
processes each block individually by adding redundancy in
accordance with a prescribed algorithm and the decoder
processes each block individually and it corrects errors by
exploiting the redundancy present in the received data. The
advantage of cyclic codes is that they are easy to encode
and  possess a well defined mathematical structure which
has lead to very efficient decoding schemes for them. The
reed solomon codes, burst errors can be effectively corrected.
Reed solomon codes are efficiently used for compact discs
to correct the bursts which might occur due to scratches or
fingerprints on the discs. Unfortunately the mobile channel
is a problematic environment with deep fades an ever present
phenomenon. Reed solomon codes are the best solution to
this problem. There is no other error control system that can
match their reliability performance in the mobile
environment.The optical channel provides another set of
problems altogether. Shot noise and a dispersive, noisy
medium plague line-of-sight optical system, creating noise
bursts that are best handled by reed solomon codes. As
optical fibers see increased use in high-speed multi-
processors, reed solomon codes can be used there as well.
There features make reed solomon codes an apparent choice
for deep space probes. They have been efficiently used in
the image communication system of NASA’s Voyager
mission. Reed solomon codes will continue to be used to
force communication system performance ever closer to the
line drawn by Shannon.
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