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Abstract
Forward error correction (FEC) plays an important role in the field of
telecommunication and information theory as it improves the capacity of a
channel. It has been observed that Reed Solomon Error Corrector is a powerful
method for error detection and correction. Error Correction codes (ECC) are a
mean of including redundancy in a stream of information bits to allow the
detection and correction of symbol errors during transmission. This research
paper describes new design strategy targeting area optimization in
reconfigurable device (FPGA). Area optimization is a major issue as smaller
components allow for better system adaption, which is an expected feature of
reconfigurable system for space applications. The approach is applied in the
design stage of a component for the communications module of an on-board
computer system. The chosen component is a Reed-Solomon encoder, which
has been implemented using a Hardware Description Language (VHDL)
targeting an FPGA platform. The research work investigates traditional
alternatives for the encoder implementation, introduces the new architecture of
the error corrector behind the proposed approach, describes the design process
and discusses the area figures reached by the new design.
Keywords: Forward error correction (FEC), Error Correcting Code (ECC),
Reed-Solomon Codes, FPGA.
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INTRODUCTION
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]
Error control coding techniques are based on the addition of redundancy to the
information message according to a prescribed rule thereby providing data at higher bit
rate. This redundancy is exploited by decoder at the receiver end to decide which
message bit actually transmitted. Reed-Solomon codes are an important sub–class of
non-binary Bose-Chaudhuri-Hocquenghem (BCH) codes.
Reed Solomon codes are efficient and non-binary error correcting codes. 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 mathematics of
a cyclic redundancy check, used to provide a quick check against transmission errors,
is closely related to those of an LFSR [5-10].
Generally the encoder is implemented using general Linear Feedback Shift Register
(LFSR), but in present design of an encoder Galois LFSR is used to make the system
more efficient. 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 than a whole
chain), thus it is possible for each tap to be computed in parallel, increasing the speed
of execution [11-14].
Thus because of the use of Galois LFSR the propagation times are reduced. This
increases the speed of execution. 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 code word is calculated. VHDL implementation creates a flexible, fast method
and high degree of parallelism for implementing the Reed Solomon codes.
The new design of Reed-Solomon code presented here has following important
features,


Area optimization in reconfigurable device FPGA.



Fully synchronous design using a single clock.



Detects condition when the number of errors is too high to be corrected.



Supports different Reed-Solomon coding standards.
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System offers status and performance monitoring of signals.



Low cost VLSI architecture with less complexity.



Supports continuous input data with no gaps between blocks.



Continuous, high-speed, time-domain Reed-Solomon decoding architecture.

DECODER
A Reed-Solomon code word has 2t syndromes that depend on the errors corrected not
on the transmitted code word. The syndromes can be calculated by substituting the 2t
roots of the generated polynomial g(x) into r(x), the received code word. The errorcorrecting codes become more efficient as the block size increases because the effect
of noise becomes less than that for small block size.

Figure 1: Block diagram of the Reed Solomon Decoder
The symbols represented in Figure 1 are:
r(x) = Received code word
Si = Syndromes
L(x) = Error Locator Polynomial
Xi = Error Locations
Yi = Error Magnitudes
C(x) = Recovered Code word
v = Number or errors
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The Reed Solomon decoder can be implemented by using FPGA for improving the
performance as well as quality of signal.

RESULTS
Simulation Results
The simulation result of (31, 21) Reed Solomon error corrector is shown in Figure 2.
The figure illustrates the data word (111111100000000000000) which entered to the
FPGA encoder to be encoded. After adding the parity bits to the data, the code word
are performed to be (1110100000000000000000000000000) as shown in the
Figure 2. We are getting the corrected code word at dout as
(111111100000000000000).
The second simulation result is shown in the Figure 3. The figure illustrates the data
word (000000000000011111111) which entered to the FPGA encoder to be encoded.
After adding the parity bits to the data, the code word are performed to be
(0011001100000000000000000000000) as shown in the Figure 3. We are getting the
corrected code word at dout as (000000000000011111111). Thus this RS code detects
as well as corrects the errors in the code word.
Thus RS codes have been shown to be excellent error correcting codes among codes of
short lengths. The simulation test result shows that the architecture can operate at a
clock frequency of 200MHz to achieve a throughput of 4.2 Gb/s. Thus RS codes are
simple to encode and relatively simple to decode. Due to these qualities, there is much
interest in the exact capabilities of these codes.

Figure 2: Simulation Result-1 of a (31, 21) Reed-Solomon Corrector
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Figure 3: Simulation Result-2 of a (31, 21) Reed-Solomon Corrector
FPGA Spartan kit is shown in the Figure 4. The FPGA is connected with a computer in
order to download the software of each system into an FPGA chip as shown in Figure
5.

Figure 4: Spartan Kit
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Figure 5: 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 architecture of Reed Solomon
Error corrector reduces the occupied area of FPGA and increases the overall efficiency
of the system.
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RTL Schematic of RS Corrector is shown in Figure 6.

Figure 6: RTL Schematic of RS Corrector

Figure 7: Technology Schematic of RS Corrector
Figure 7 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.
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CONCLUSION
This research paper describes new design strategy targeting area optimization in
reconfigurable device (FPGA). Area optimization is a major issue as smaller
components allow for better system adaption, which is an expected feature of
reconfigurable system for space applications. The approach is applied in the design
stage of a component for the communications module of an on-board computer system.
The chosen component is a Reed-Solomon encoder, which has been implemented using
a Hardware Description Language (VHDL) targeting an FPGA platform. The research
work investigates traditional alternatives for the encoder implementation, introduces
the new architecture of the error corrector behind the proposed approach, describes the
design process and discusses the area figures reached by the new design. Since the new
design described in this research work, occupies very small area on FPGA, it presents
an ultra-low cost VLSI architecture of RS corrector with reduced hardware complexity.
Even though this new design requires very less area on FPGA it features a multipleerror correction capability. Thus it enables programmable solution to a large variety of
applications employing error control coding techniques in the communication and
consumer electronics field.
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