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Abstract - In an era of digital communication and information technology, we all seek to transmit information in a fraction 
of a second. However, it‟s always likely that the reliability of the communication is jeopardized by noise and errors. It‟s 
because the communication system is always susceptible to errors and noise. Therefore, error detection as well as correction 
becomes an essential prerequisite to any efficient communication system. Here come Reed-Solomon codes that ensure 
smooth and hassle-free data transmission. Using VHDL code on Xilinx Spartan 6, this paper is aimed at designing, 
simulating and implementing R-S Encoder and R-S Decoder. It targets GF(23) and GF(24) to correct 2 burst errors and 3 
burst errors in R-S(7,3) and R-S(15,9)encoder and decoder respectively. 
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I. INTRODUCTION 

 

Reed-Solomon (R-S) codes have established  their 

credentials as non-binary codes with the capacity for 

correcting transmission errors effectively[12]. The 

codes markedly improve the quality of data 

transmission. R-S codes are employed in myriad 

applications like audio-tapes, QR codes, satellite 
transmission and a CD-ROM[4]. This wide range of 

applications requires various R-S codes. The latest 

digital system has to grapple with codes that use to 

fix errors. The hardware implementation of these 

codes is done through gate arrays or FPGA, by 

employing any of the hardware-description languages 

like VHDL. The users enter the desired parameters of 

the R-S code, such as code word length, error-

correcting capability, initial root of the code of 

generator polynomial, the size of the Galois Field 

elements, and the field generator polynomial. This 
research work is divided into seven sections, which 

include this introduction. The section II of this paper 

deals with Reed-Solomon codes, section III  is about 

R-S encoder, section IV sheds light on R-S decoder, 

section V illustrates simulation result, section VI 

presents conclusion ,and section VII looks at future 

prospectus of R-S codes. 

 

II. REED-SOLOMON CODES 

 

Irving S. Reed and Gustave Solomon published a 

paper titled “Polynomial Codes over Certain Finite 
Fields” in June 1960[10]. The study dealt with a new 

class of codes that were meant for fixing errors. 

Today, we know these codes as Reed-Solomon codes. 

R-S codes, in fact, have revolutionized the 

telecommunication industry. They were first used in 

the making of compact discs[11]. When we encode 

the data, it comes about in the form of polynomial; 

this actually is the basis of R-S codes. These codes 

are based on an  algebraic theorem that posits that k 

distinct points are in a unique position. It is a subclass 

of non-binary BCH codes and is linear block code[2]. 

It varies from a binary encoder in that it works on the 

several bits instead of separate bits. It has highest 

efficient use of redundancy. It is possible to adjust 

block length and symbol size[1]. A finite field, which 

we usually call Galois Field, is the basis of R-S code. 

R-S(n,k) codes in which „n‟ represent  number of 
code symbols and „k‟ represents information 

symbols. The number of parity symbols is n-k=2t and 

t is the number of error correction. 

n-k=2t  (1) 

Symbol size, m, and number of code word, n, is 

shown by, 

n=2m -1 (2) 

 

 
Fig.1 R-S code word’s structure 

 

III. R-S ENCODER 

 

R-S codes are part of non-binary BCH codes where 

generator polynomial is situated on GF(2m). As for a 

t-error-correcting Reed-Solomon code having the 
value n=2m-1, one can see generator polynomial 

written below[3]: 

g(x) =(x-αi) (x-αi+1)… (x-αi+2t)  (3) 

g(x) = g0+g1x+g2x
2+...+g2t-1x

2t+x2t (4) 

Whenever 2t=n-k and α is a primitive element of 

GF(2m) and m0 is the log of initial root of the code 

generator polynomial. Compared to other codes, R-S 

codes are distinct in a way that here additions and 

multiplication are done over GF(2m). 

The information elements mi belongs to GF(2m)  for 

0≤ i≤ k-1, which is used for the constructions of code 
word[13]. The polynomial form such as, R-S(n,k) 

code words expressed as, 
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C = (m(α1), m(α2),..., m(αn)) 

Using of support set (1,α, α2, .... αn-1)  (6) 
Code word R-S(n,k) code formed with the help of 

Eq.(6) 

C = (m(1), m(α),..., m(αn-1))  (7) 

The code word polynomial, 

c(x) = m(αn-1)xn-1 + m(αn-2)xn-2 +....+ m(α)x + m(1) (8) 

 

The encoding steps are[15]: 

Step 1: Multiplication of m(x), which symbolizes 

information polynomial, by xn-k. 

Step 2:- In order to get the remainder r(x), let‟s 

divide m(x)xn-k by g(x) 

r(x) = m(x).xn-k mod g(x) 
Step 3:- Then code-word polynomial c(x) is derived 

through m(x) and r(x) 

c(x) = m(x)xn-k +r(x) 

A circuit of mod g(x) division is its most significant 

framework. The feedback linear shift registers, 

adders, multipliers, and switches is shown in the 

circuit[14].Below is its circuit diagram of Encoder 

(see Fig. 2.) 

 

 
Fig.2 Circuit Diagram of Encoder 

 

Here‟s a step-by-step description of the workings of 

the circuit: 
Step 1: All the registers R0 to R2t-1 are set at 0. When 

the switch is on the message m(x) is sent to two 

points: one to the output c(x) and the other, after 

multiplying with parity bits, to the circuit. 

Step 2: After k
th

 clock cycle the m(x) is sent to the 

circuit and division is done. We get r(x) as co-

efficient of remainder. All the values are stored in the 

registers. 

Step 3: After k+1th clock cycle the switch is moved 

to position 2. Then the data in the registers start 

shifting one by one. After 2t=n-k clock cycle, all the 

data is sent to the output end. And code word c(x) is 
formed along with k information symbols to m(x). 

This is the process of encoding one block of code. 

Step 4: Now we reset all the registers at 0. And again 

undertake encoding in the same done above for the 

next block of codes. 

 

IV. R-S DECODER 

 

The code word c(x) that we get following the process 

of encoding is expected to be interrupted while being 

communicated through channel[7]. Say e(x) is noise 
or error pattern. Now it‟s going to be attached to c(x) 

and the sum would be communicated to the receiver. 

Say for example the received-vector‟s polynomial is 
r(x), thus r(x) = c(x) + e(x). Below are expressions of 

c(x), e(x), as well as r(x). 

c(x) = c0 +c1x + c2x
2 +....+ cn-1x

n-1  (8) 

e(x) = e + e1x + e2x
2 +....+ en-1x

n-1  (9) 

r(x) = r0 +r1x + r2x
2 +....+ rn-1x

n-1  (10) 
 

 
Fig.3 R-S Decoding Steps 

 

We can perform RS decoding in the following ways: 

Step 1. Calculating Syndromes 
By the definition of Syndrome, S =RHT 

Syndrome polynomial, s(x) = s1+ s2x + s3x
2 +.... 

+ s2t x
2t-1  (8) 

Calculating the coefficients si(i = 1,2,...,2t) of s(x)  

based on r(x) 

si = r(αi) =  𝑟𝑗𝑛−1
𝐽=0 (𝛼𝑖)j 

= r0 + r1α
i + r2(α

i)2 +....+rn-1(α
i)n-1 

= r0 + αi (r1+...+ αi(rn-3 + αi (rn-2 + αirn-1 ) )...)  (9) 

Step 2. Calculating polynomial that locates errors 

Once syndrome polynomial is calculated, error values 

as well as their locations are computed. Here, 2t 

values of syndrome polynomials are calculated from 

step one. The polynomials contain aggregate v 

unknown terms; here v is unknown error number 

before decoding[8]. 

Step 3. (Chien Search) addressing the issue of error 

position 

Decoding process also involves an important stage, 
which is to pinpoint the locus of errors in the code 

word received [5]. Chien Search is used to achieve 

this end. Using input values, the Search finds out if 

output is 0. 

Step 4. Deriving error values 

As soon as location of error is found out, syndrome 

values as well as error polynomial sources are used 

with a view to calculating error values. Forney‟s 

Algorithm [6], which is employed to achieve this 

goal, can efficiently undertake a matrix inversion. 

Step 5. Correcting errors 

Error symbol having set bit shows received code‟s 
corresponding bit has error, and thus needs to be 

fixed[9]. To this end, all symbols are read again. At 

each location of error, the symbols received are XOR 

having error symbols. This way decoder fixes an 

error. 

 

V. RESULTS 

 

This paper seeks to design R-S(7,3) & R-S(15,9) 

encoders and decoders, which are simulated in 

VHDL. These encoders and decoders are synthesized 
on Spartan 6 FPGA board using Xilinx software. The 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-10, Oct.-2019, http://iraj.in 

A Comparison of R-S(7,3) and R-S(15,9), Employing Reed-Solomon Encoder and Decoder 

    

11 

paper deals with the way to detect and correct errors. 

Identifying errors and fixing them is an essential 
prerequisite for seamless communication. We reduce 

the impact of an error during communication by way 

of introducing redundancy to data before 

communication. The redundancy enables decoder to 

detect and correct errors. Table 1 illustrates design of 

R-S(7,3) and R-S(15,9) encoder. 

 

 R-S (7,3) R-S (15,9) 

No.of code symbols n=7 n=15 

No. of data symbols k=3 k=9 

No. of parity symbols n-k=4 n-k=6 

No. of error 

correcting capability 
t=n-k/2=2 t=n-k/2=3 

Galois Field GF(23 ) GF(24 ) 

PrimitivePolynomial 
1+x+x3(11 

decimal) 

1+x+x4(19 

decimal) 
Table1 Design of R-S Encoder 

 

The RTL schematic for R-S(7,3) and R-S(15,9) 

encoder is   shown in Fig.4 and Fig. 5 

 

 

 
Fig. 4 R-S(7,3)Encoder 

 

 
Fig. 5  R- S(15,9)Encoder 

 

The simulation output testifies our design for R-S 

(7,3) & R-S(15,9) encoder, which is shown in Fig. 6 
and Fig. 7. The encoder contains an error indicator, 

which shows errors in data. 

 

 
Fig. 6 Waveform of R-S(7,3) Encoder 

 

 
Fig. 7 Waveform of R-S(15,9) Encoder 

 

RTL Schematic for R-S(7,3) & R-S(15,9) decoder is 

shown in Fig 8 and Fig 9. 

 

 
Fig. 8 R-S(7,3) Decoder 

 

 
Fig. 9 R-S(15,9) Decoder 

 

For R-S(7,3) and R-S(15,9) decoder, simulation 

waveform has various word vectors. If errors are 
greater than the capacity for correction, decoder 

resumes decoding failure towards the end of the 

received message. The waveform is shown in Fig. 10 

and Fig. 11. 
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Fig.10 Waveform of R-S(7,3)Decoder 

 

 
Fig.11 Waveform of R-S(15,9)Decoder 

 

Table 2 and Table 3 show the device utilization for R-

S(7,3) and R-S(15,9) encoder and decoder on target 

device XC6slx4-2tqg144. 

 

Logic Utilization R-S(7,3) R-S(15,9) 

Number of Slices 

Registers 

19 out 
of 

4800 

0% 
32 out 

of 

4800 

0% 

Number of Slices 

LUTs 

24 out 

of 

2400 

1% 

43 out 

of 

2400 

1% 

Number of fully 

used LUT+FF pairs 

19 out 

of 24 
79% 

33 out 

of 43 
76% 

Number of bonded 

IOBs 

13 out 

of 102 
12% 

16 out 

of 102 
15% 

Number of BUFG 
1 out 

of 16 
6% 

1 out 

of 16 
6% 

Table 2 Synthesis Report for device utilization of R-S(7,3)  & 

R-S(15,9) encoder 

 

Logic Utilization R-S(7,3) R-S(15,9) 

Number of Slices 

Registers 

32 out 
of 

4800 

0% 
130 

out of 

4800 

2% 

Number of Slices 

LUTs 

18 out 

of 

2400 

0% 

136 

out of 

2400 

5% 

Number of fully 

used LUT+FF pairs 

17 out 

of 33 
51% 

88 out 

of 178 
49% 

Number of bonded 

IOBs 

10 out 

of 102 
9% 

13 out 

of 102 
12% 

Number of BUFG 
1 out 

of 16 
6% 

1 out 

of 16 
6% 

Table 3 Synthesis Report for device utilization of R-S(7,3)  & 

R-S(15,9) decoder 

 

For R-S(7,3) and R-S(15,9) encoder and decoder 

show the timing delay where the speed grade is -2. 
The delay report is shown in Table 4. 

 Encoder Decoder 

 
R-

S(7,3) 

R-

S(15,9) 

R-

S(7,3) 

R-

S(15,9) 

Speed 

Grade 
-2 -2 -2 -2 

Delay 

Time (ns) 
2.724 3.035 2.009 3.374 

Maximum 

Frequency 

(MHz) 

367.107 329.489 497.760 296.384 

Table 4 Comparison Table of R-S (7,3) R-S(15,9) Encoder and 

Decoder 

 

VI. CONCLUSION 

 
Finally, simulation of the R-S encoder and decoder 

with constraint R-S(7,3) & R-S(15,9) has been used 

to correct 2 burst errors and 3 burst errors. The 

synthesis results show that the delay time of the R-

S(7,3) encoder is 2.724ns and decoder is 2.009ns. 

Similarly, the delay time of R-S(15,9) encoder is 

3.035ns and decoder is 3.374ns. The comparison is 

shown in table 4. The R-S(7,3) uses less number of 

logic element compared to R-S(15,9). This work 

shows that there is reduction in cost, less fabrication 

area and low complexity with high speed. 

 

FUTURE SCOPE 

 

The practitioners of tamper detection and copyright 

protection may find it to be a good reference. Reed-

Solomon codes can be developed to correct multiple 

errors and create various types of constructions. It is 

interesting to study bar codes and QR codes 

applications, because they have the capacity to 

visually display the error-correction codes, making 

the codes easily accessible to interested users. 
We can see that satellite transponder bandwidth has 

regularly been very popular. In fact, its popularity is 

growing. 
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