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ABSTRACT: Reed Solomon codes are efficient and nonbinary error correcting codes. Generally the encoder is
implemented using Fibonacci Linear Feedback Shift Register
(LFSR) but here in this design of an encoder Galois LFSR is
used to make the system parallel. Thus because of the use of
Galois LFSR the propagation times are reduced. This
increases the speed of execution. Also the encoder is designed
in parallel to increase the overall execution speed. Galois field
arithmetic is used for encoding and decoding of Reed –
Solomon codes. Galois field multipliers are used for encoding
the information block. The encoder attaches parity symbols to
the data using a predetermined algorithm before transmission.
At the decoder, the syndrome of the received codeword is
calculated. VHDL implementation creates a flexible, fast
method and high degree of parallelism for implementing the
Reed Solomon codes. The FPGA Spartan-3E Board provides a
powerful, self-contained development platform for the new
parallel design.
KEYWORDS: Fibonacci LFSR, Galois LFSR, Reed-Solomon
Codes, Syndrome Calculation, FPGA.

I. INTRODUCTION
In real world communication, errors are introduced in
messages sent from one point to another (Figure 1). ReedSolomon 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).

Fig 1: Two Points Exchanging Information

In order for the transmitted data to be corrected in the
event that it acquires errors, it has to be encoded. 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. [1-4]
DOI:10.17605/OSF.IO/DBS9P

A Reed-Solomon code is specified as RS(n, k) with sbit symbols, where n is the total number of bytes the code
word contains and k is the number of data bytes. The
number of parity bytes is equal to n – k, where n is 2
s – 1

raised to the power of s minus one (2
). A ReedSolomon decoder can correct up to t number of bytes,
where 2t = n – k.

Fig 2: Reed-Solomon Code Word

Figure 2 shows a Reed-Solomon code word in which
the data is left unaltered while the parity bits are suffixed
to the data bits. This type of code is also known as a
systematic code.
A well-known example of a Reed-Solomon code is
RS(255, 223) with 8-bit symbols. For this specific ReedSolomon code, each code word has 255 total bytes, with
223 bytes of data and 32 bytes for parity. This code has: n
= 255, k = 223, s = 8, 2t = 32, t = 16.
This means that the decoder can automatically correct
16 symbol errors—up to 16 bytes anywhere in the code
word.
A Brief Summary of Reed-Solomon Terminology:
•
Symbol_Width is the number of bits per symbol
•
Code Word is the block of n symbols
•
RS(n,k) code: -n is the total number of symbols
per code word -k is the number of information symbols
per
Code word
•
Code Rate is equal to k / n
•
r = (n – k) is the number of check symbols
•
t = (n – k) / 2 is the maximum number of
symbols with errors that can be corrected.
II. FIBONACCI LFSR
In computing, a linear-feedback shift register (LFSR) is
a shift register whose input bit is a linear function of its
previous state. The most commonly used linear function
of single bits is exclusive-or (XOR). Thus, an LFSR is
most often a shift register whose input bit is driven by the
XOR of some bits of the overall shift register value. The
initial value of the LFSR is called the seed, and because
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the operation of the register is deterministic, the stream of
than a whole chain), thus it is possible for each tap to be
values produced by the register is completely determined
computed in parallel, increasing the speed of execution
by its current (or previous) state. Likewise, because the
[11-14].
register has a finite number of possible states, it must
IV. ENCODER
eventually enter a repeating cycle. However, an LFSR
Reed Solomon codes are efficient and non-binary error
with a well chosen feedback function can produce a
correcting codes. Generally the encoder is implemented
sequence of bits which appears random and which has
using Fibonacci Linear Feedback Shift Register (LFSR)
a very long cycle. The mathematics of a cyclic
but here in this design of an encoder Galois LFSR is used
redundancy check, used to provide a quick check against
to make the system parallel. Thus because of the use of
transmission errors, is closely related to those of an LFSR
Galois LFSR the propagation times are reduced. This
[5-10]. A 16-bit Fibonacci LFSR is shown in Figure 3.
increases the speed of execution.
The feedback tap numbers in white correspond to a
RS encoder should be able to perform to operations
primitive polynomial in the table so the register cycles
namely division and shifting. Figure 5 shows the block
through the maximum number of 65535 states excluding
diagram of Reed-Solomon encoder it consist of shift
the all-zeroes state.
registers labeled b0 through b2t-1. They are also called
For example, if the taps are at the 16th, 14th, 13th and
parity shift registers [15, 16]. Feedback data symbols are
11th bits (as shown in Figure 3), the feedback polynomial
fed to the finite field multipliers labeled g0 through g2t-1
is, x16 + x14 + x13 + x11 + 1
are the coefficient of generator polynomial. The working
of Reed Solomon encoder can be explained as follow:
1. In initial stage each parity registers will contain a
value zero.
2. The message is divided into m-bit words. Each word
is associated with increasing power of x forming
message polynomial m(x).
3. During the first k-clock pulses switches 1 and 2 are
in position B. The output will be the message
symbols. During these clock pluses LFSR will
Fig. 3: Fibonacci LFSR
compute the remainder.
4. When message symbols finished, switches are
III. GALOIS LFSR
positioned to A.
An LFSR in Galois configuration, which is also known
5.
All the parity values are shifted out of the register
as modular, internal XORs as well as one-to-many LFSR,
one at a time.
is an alternate structure that can generate the same output
stream as a conventional LFSR (but offset in time). A 16bit Galois LFSR is shown in Figure 4. The register
numbers in white correspond to the same primitive
polynomial as the Fibonacci example but are counted in
reverse to the shifting direction. This register also cycles
through the maximal number of 65535 states excluding
the all-zeroes state.

Fig 4: Galois LFSR

In the Galois configuration, when the system is
clocked, bits that are not taps are shifted one position to
the right unchanged. The taps, on the other hand, are
XOR'd with the output bit before they are stored in the
next position. The new output bit is the next input bit.
Note that Galois LFSRs do not concatenate every tap to
produce the new input (the XORing is done within the
LFSR and no XOR gates are run in serial, therefore the
propagation times are reduced to that of one XOR rather
DOI:10.17605/OSF.IO/DBS9P
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Fig 5: Architecture of RS Encoder

V. DECODER
A diagram of the Reed Solomon Decoder in detail is
shown in Figure 6 below:

Fig 6: Block diagram of the Reed Solomon Decoder

The symbols represented in Figure 6 are:

c(x) = Recovered Codeword

r(x) = Received codeword

v = Number or errors

Si = Syndromes

A Reed-Solomon codeword has 2t syndromes
that depend on the errors corrected not on the
transmitted codeword. The syndromes can be
calculated by substituting the 2t roots of the
generated polynomial g(x) into r(x), the received

L(x) = Error Locator Polynomial
Xi = Error Locations
Yi = Error Magnitudes
DOI:10.17605/OSF.IO/DBS9P
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codeword. The error-correcting codes become
VII. SYNDROMES CALCULATOR
more efficient as the block size increases because
The Syndromes calculator block evaluates the
the effect of noise becomes less than that for small
syndromes polynomial, Si, for each incoming
block size. [17-21]
codeword r(x) which is considered as a series of
The Reed Solomon decoder can be implemented
polynomial coefficients. If Si is non-zero then the
by using FPGA for improving the performance as
received codeword has errors and the next
well as quality of signal.
decoding phases are activated. If Si is zero then the
received codeword is error free and no subsequent
processing is needed.
VI. IMPLEMENTATION IN FP G A
The received codeword into the decoder,
1. Syndrome calculation
represented by r(x) use the original or transmitted
2. Error Polynomial (Berlekamp-Algorithm)
3. Finding error locations using chain search
codeword c(x) plus errors e(x). This statement is
algorithm.)
represented by the equation r(x) = c(x) + e(x).
4. Forney Algorithm implementation
When a codeword is decoded there are three
5. Error Correcting output block.
possible outcomes. First of the possibilities is when
These modules can be designed using VHDL and
two times the amount of errors plus the erasures is
synthesized in Xilinx ISE14.7 webpack software.
less than or equal to the number of parity symbols.
In the case the original transmitted code word will
be recovered. Second possibilities the decoder
cannot recover the code. Last possibility is the
decoder can mis-decode and recover an incorrect
code and have no indication of this. [22-23].
VIII.

ERROR POLYNOMIAL
BERLEKAMP ALGORITHM
The Error Locator Polynomial Computation
block performs the evaluation of the error locator
polynomial coefficients, L(x). It is based on the
Berlekamp-Massey algorithm. The Berlekamp–
Massey algorithm is an algorithm that will find the
shortest linear feedback shift register (LFSR) for a
given binary output sequence. The algorithm will
also find the minimal polynomial of a linearly
recurrent sequence in an arbitrary field. The field
requirement means that the Berlekamp–Massey
algorithm requires all non-zero elements to have a
multiplicative inverse. Reeds and Sloane offer an
extension to handle a ring. Elwyn Berlekamp
invented an algorithm for decoding Bose–
Chaudhuri–Hocquenghem (BCH) codes. James
Massey recognized its application to linear
feedback shift registers and simplified the
algorithm. Massey termed the algorithm the LFSR
Synthesis
Algorithm
(Berlekamp
Iterative
Algorithm),but it is now known as the Berlekamp–
Massey algorithm [22,24-25].
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IX. ERROR LOCATIONS
XI. ERROR CORRECTOR
The Error Correction block performs the actual
CHIEN SEARCH
corrections on the detected errored symbols and ge
The Error Locations Computation block uses the
nerates the output control, status and monitoring si
error locator polynomial computed in the previous
gnals.
phase and finds the exact locations of the errors in
the codeword. It is based on the Chien
search time domain algorithm.In algebra, the Chien
XII. WHY IMPLEMENTATION OF REED
search, named after Robert T. Chien, is a fast
SOLOMON CODE USING FPGA?
algorithm for determining roots of polynomials
defined over a finite field. The most typical use of
RS codecs can be implemented in a number
the Chien search is in finding the roots of errorof platforms, traditionally being Application
locator polynomials encountered in decoding ReedSpecific Integrated Circuits (ASICs), then shifting
Solomon codes and BCH codes [26, 27].
towards DSP. FPGAs provide the advantage of
X. ERROR MAGNITUDES
easy design reuse, faster design time especially for
FORNEY ALGORITHM
prototyping. In fact, programmable-hardware
The Error Magnitudes Computation block
devices are most recommended for Reed-Solomonevaluates the magnitudes which are added to the
codec implementation due to the abundance of
received symbols in order to correct the detected
registers that the hardware implementation
errors. It is based on the Forney algorithm. In
coding theory, the Forney algorithm (or Forney’s
requires.Parallel realization of equations is possible
algorithm) calculates the error values at known
to meet time speed constraints. The RAMs
error locations. It is used as one of the steps in
available further reduce hardware resources.
decoding BCH codes and Reed–Solomon codes (a
Equations with multipliers and power/inversion
subclass of BCH codes). George David Forney, Jr.
circuits may be mapped into the look-up table
developed the algorithm [28-30].
architecture of the FPGAs [31-35].
VLSI Design Flow:

Figure 8: Circuit Design flow for FPGA
Figure 7 shows overall VLSI design flow of the
system and Figure 8 shows the steps that are used to
design the circuit.
Figure 7: VLSI design flow

XIII.

RESULTS

Simulation Results
ModelSim is a tool that integrates with Xilinx ISE to
provide simulation and testing. Two kinds of simulation
are used for testing a design: functional simulation and
timing simulation. Functional simulation is used to make
sure that the logic of a design is correct. Timing
DOI:10.17605/OSF.IO/DBS9P
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simulation also takes into account the timing properties of
the logic and the FPGA, so we can see how long signals
take to propagate and make sure that your design will
behave as expected when it is downloaded onto the
FPGA.

Fig 9: Simulation Result-1 of a (31, 21) Reed-Solomon Corrector

Technology View
Viewing a Technology schematic opens an NGC file
that can be viewed as an architecture-specific schematic.
Figure 10 shows the technology schematic of RS
Corrector. This schematic is generated after the
optimization and technology targeting phase of the
synthesis process. It shows a representation of the design
in terms of logic elements optimized to the target Xilinx
device or "technology"; for example, in terms of of LUTs,
carry logic, I/O buffers, and other technology-specific
components. Viewing this schematic allows you to see a
technology-level representation of your HDL optimized
for a specific Xilinx architecture, which might help you
discover design issues early in the design process.
Fig 10: Technology Schematic of RS Corrector

Hardware System Results
Field Programmable Gate Arrays is used to implement
this new design of the error detection and correction
trans-receiver. Field Programmable Gate Arrays (FPGAs)
are semiconductor devices that are based around a matrix
of configurable logic blocks (CLBs) connected via
programmable
interconnects.
FPGAs
can
be
reprogrammed to desired application or functionality
requirements after manufacturing. This feature
DOI:10.17605/OSF.IO/DBS9P

distinguishes FPGAs from Application Specific
Integrated Circuits (ASICs), which are custom
manufactured for specific design tasks. Although onetime programmable (OTP) FPGAs are available, the
dominant types are SRAM based which can be
reprogrammed as the design evolves.
Experimental Setup with Spartan Kit
The Spartan-3 Board provides a powerful, selfcontained development platform for designs targeting the
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Spartan-3 FPGA from Xilinx. It features a 200K gate
 8 slide switches, 4 pushbuttons, 9 LEDs, and 4-digit
Spartan-3, on-board I/O devices, and 1MB fast
seven-segment display
asynchronous SRAM, making it the perfect platform to
 Serial port, VGA port, and PS/2 mouse/keyboard
experiment with any new design, from a simple logic
port
circuit to an embedded processor core.
 Three 40-pin expansion connectors
The board also contains a Platform Flash JTAG Three high-current voltage regulators (3.3V, 2.5V,
programmable ROM, so designs can easily be made nonand 1.2V)
volatile. The Spartan-3 Board is fully compatible with all
 Works with Digilent’s JTAG3, JTAG USB, and
versions of the Xilinx ISE tools, including the free Web
Pack. The board ships with a power supply and we can
JTAG USB Full Speed cables, as well as P4 &
add a programming cable at checkout.
MultiPRO cables from Xilinx
The Spartan kit which is shown in Figure 11 has
 1Mbyte on-board 10ns SRAM (256Kb x 32)
following important specifications,
 18-bit multipliers, 216Kbits of block RAM, and up to
500MHz internal clock speeds
 On-board 2Mbit Platform Flash (XCF02S)

Fig 11: Spartan Kit

Fig 12: Experimental Setup

Table 1: Device Utilization Summary using Model-Sim

From Table 1 we can see that the Number of slice Flip
Flops utilization is only 1% i.e. only 126 Number of slice
Flip Flops are used. Also we can observe that number of
input LUTs and number of occupied slices utilization is
only 1% and 2 % respectively. This shows that this
design requires less area. Thus this new parallel
DOI:10.17605/OSF.IO/DBS9P

architecture of Reed Solomon Error corrector reduces the
occupied area of FPGA and increases the overall
efficiency of the system.
RTL View
Viewing an RTL schematic opens an NGR file that can
be viewed as a gate-level schematic.This schematic is
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generated after the HDL synthesis phase of the synthesis
 Supports continuous input data with no gaps
process. It shows a representation of the pre-optimized
between blocks
design in terms of generic symbols, such as adders,
XV. THE FUTURE SCOPE
multipliers, counters, AND gates, and OR gates, that are
Coding field of communication is highly growing area
independent of the targeted Xilinx device . RTL
in present era of research. Still, it needs a lot of
Schematic of RS Corrector is shown in Figure 13.
improvement in the field of error correction and coding
techniques. The commercial world is becoming
increasingly mobile, while simultaneously demanding
reliable, rapid access to sales, marketing, and accounting
information. Unfortunately the mobile channel is a nasty
environment in which to communicate, with deep fades
an ever-present phenomenon. Reed-Solomon codes are
the single best solution; 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
Fig 13: RTL Schematic of RS Corrector
systems, creating noise bursts that are best handled by
Reed-Solomon codes. As optical fibers see increased use
XIV.
CONCLUSION
in high-speed multiprocessors, we can expect to see
Error control coding techniques are based on the
Reed-Solomon codes used there as well.
addition of redundancy to the information message
By improving concatenation technique i.e. by
according to a prescribed rule thereby providing data a
concatenation of LDPC (Low Density Parity Check) as
higher bit rate. This redundancy is exploited by decoder
inner code and RS (Reed-Solomon) as outer coding, we
at the receiver end to decide which message bit actually
can enhance the performance of FEC system. The goal of
transmitted. Reed-Solomon codes are an important sub–
this research work is to reduce the occupied area of
class of non binary Bose-Chaudhuri-Hocquenghem
FPGA and increase the efficiency. The development of
(BCH) codes.
highly effective decoding algorithms for the
Reed Solomon codes are efficient and non-binary error
implementation is another area where the significant
correcting codes. Generally the encoder is implemented
amount of research work can be done. In more
using Fibonacci Linear Feedback Shift Register (LFSR)
specialized, single-use applications such as the occasional
but here in this design of an encoder Galois LFSR is used
deep space probe; Reed-Solomon codes will continue to
to make the system parallel. Thus because of the use of
be used to force communication system performance ever
Galois LFSR the propagation times are reduced. This
closer to the line drawn by Shannon. These are but a few
increases the speed of execution. Also the encoder is
of the applications showing that Irving Reed and Gus
designed in parallel to increase the overall execution
Solomon's codes have brought us a long way and that we
speed. Galois field arithmetic is used for encoding and
can expect them to be with us for a very long time to
decoding of Reed – Solomon codes. Galois field
come.
multipliers are used for encoding the information block.
The encoder attaches parity symbols to the data using a
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