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In this paper, a new syndrome block for Reed Solomon RS and BCH codes used respectively
in digital Video broadcasting DVB-S and DVB-S2 has been presented in order to reduce
the number of iterations compared to the existed block, which can be found in the literature,
the new method is based on a factorization of the equation corresponds to the syndrome
block, which allows us to conceive another circuit. However, this reduction can
approximately attain 40%. First, we developed and concepted the design of the proposed
algorithm. Second, we transformed the circuits on hardware description language VHDL
and finally we generated and simulated the basic and proposed algorithms using Quartus

1. Introduction

The quality of a data digital transmission [1]-[3]. Largely
depends on the number of errors introduced via the transmission
channel. Error control by coding technique is important. Indeed,
this technique called "channel coding"[4]-[6], permit both
detection and correction of possible transmission errors by using
error-correcting codes such as RS codes (Reed-Solomon.) [7] [8]
BCH (Bose, Ray-Chaudhuri and Hocquenghem) [9], [10] and
LDPC (Low-Density -Parity-Check) [11].

However, the "channel coding" technique [12], [13] uses a
very complex decoding mechanism requiring a very large number
of logic gates, which influences the response time.

The main aim of this work is to develop, concept and simulate
a new architecture for RS and BCH codes in order to reduce the
number of iterations in the syndrome block using a new method
based on the factorization technic (factorization method: we
develop and factorize the equation corresponds to the syndrome
block, the basic circuit is transformed into a new circuit which the
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inputs are parallel). Other points are noted like: a summary of
Reed Solomon codes is furnished in chapter 2. chapter 3 talks
about the proposed algorithm that uses a new syndrome
Block .Finally comparison of the basic and the proposed circuits
for various RS codes is presented in chapter 4, ended with a
conclusion

2. Reed Solomon Code

The RS (255,239) code [14] has length n = 28-1=255 som =
8, which imply that the Galois field contains 256 symbols (m = 8),
where the polynomial of an element in the Galois field can be
represented as:

a;x” +agx® +agx® +asxt+azxP+a,x?+a;xt +agx® (1)

The symbols are 8 bits. It is thus constructed from the Galois
Field GF (2%) [15]. The control symbols is N-K=16, t=N-K=2t=8
symbols correctable by N-bit words. The correction power
therefore corresponds to a maximum of 64 bits since each symbol
is on 8 bits.

The efficiency of this code is given by is:
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R=N/K=239/255=0.937 (2)
The symbols used in RS codes are:

e t=corrected errors number.
e n=total number of symbols
e K=symbols of message.
e (n-k) = detected errors number
e t=detected errors number
n

Information symbols Parity symbols

T L]

2t

=y

Figure 1: Reed Solomon code word structure

3. Galois Field (GF)
3.1. Galois Field Properties

The principal properties of a Galois field [16] are:

* Two operations characterize the Galois Field: addition and
multiplication.

* The result of addition or multiplication of Galois field elements
allows us an element in the same field.

* For each element m in the field, “zero” is the Identity of addition,
such that m + 0 = m.

* For each element m in the field, “one” is the Identity of
multiplication, such that m * 1 =m.

« For each element m in the Galois field, n is an inverse of addition
element such that m+n = 0.

« For each element m # 0 in the Galois field, n”! is an inverse of
multiplication such that n*n™! =1.

* Addition and multiplication operations should verify the laws of
commutative, associative and distributive.

Galois Field GF (2m)

Knowing that Galois field [17] can be considered a general case
to Binary Field. We hypothesize that we want to generate a finite
field GF (q) where q a prime number.

For the Galois field GF (2%) = 256 symbols composed of 8 bits.
GF (28) = (0, (XO, O, 02, O3, Ol4 vovvnnnnnnnnnnn (1254)

The corresponding primitive polynomial is:
Px)=xB+x" +x*+x3+x2+1 3)
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This allows us to construct the elements of Galois fields GF
(255).

We use 0¥ = o + a* + a® + o? +1 to be able to code the whole
element: a®= o + a* + o + a +1 4)
The o for i ranging from [9; 254] can be obtained from the
multiplication rule:
al'=q ol Q)

4. Proposed of a new architecture for Syndrome Block

The proposed algorithm [18][19] of the Reed-Solomon code
RS (255, 239) used in DVB-T has 86 iterations, while 256
iterations using the existed method .This algorithm is based on the
new syndrome block to reduce the number of iterations with a
percentage which can reach 40% compared to the existing
algorithm.

Basic syndrome computation block

a) Case of the basic circuit for RS (15,11)
The basic syndrome computation block for RS (15, 11) is

expressed by the equation 6.
Si = R(@) =14 (@)™ +r3(@) +ra(@) +10 (6)
In the equation 6, the circuit corresponding shown in the figure2:
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Figure 2: Basic syndrome block for RS (15, 11)

b) Case of the basic circuit for RS (63,53)
The basic syndrome computation block for RS (63, 53) is
expressed by the equation 7.

Si = R(&) = gz ()% + 161 (a)® + -1y (@) + 19 (7)

In the equation 7, the circuit corresponding shown in the figure 3:
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Figure 3: Basic Syndrome block for RS (63, 53)

The proposed Syndrome Computation Block

a) Case of the proposed circuit for RS (15,11)
Using both equations 7 and 8, we can calculate all coefficients of
syndrome block polynomial [20]:

S; =R(a) =1y, ()™ +r5(@)B + (@) +1,  (7)

Wherei=1,2,3...2t.
The proposed Syndrome computation Block calculated by this
equation:

Si = R(@) = ((r- (r1a (@)% + r35(a)! + 115 () + 1y (o)?
+r30(a)! +1rg(a)? + - rp(a)? + 1y (o)
+1o) @)

The first clock, the mot received in parallel is (114, 113, '12).
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Figure 4: Proposed syndrome block for RS (15, 11)
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b) Case of the proposed circuit for RS (63,53)
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Figure 5: Proposed syndrome block for RS (63, 53)
¢) Case of the Proposed circuit for RS (255,239)
For the case of the RS (255,239) we have: n-k =2t = 16 syndromes.

For calculate of the example the syndrome S; we have the circuit:
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Figure 6: Proposed syndrome block for RS (255,239)

We generally use the following circuit:
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Figure 7: Proposed syndrome block for RS (255,239)
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Table 1: Comparison of circuits and performance analysis

Code Name Number of Number of Number
. . . . of
iterations for | iterations for .
Code . gained
N° the basic the proposed terations
circuit (Nb) | circuit (Nm)
1 RS (15, 11) 16 6 10
2 RS (63,55) 64 2 )
3 RS (255, 239) 256 86 170
4 |RS(1023,1019) 1024 342 682
5 RS (3240, 3070) 3241 1081 2159
6 RS (4095, 4091) 4096 1366 2730
no RSk N1 (Nw/3)+1 | Nb-Nm

Comparison of Circuits

For the table 1 shows the number for the basic, the proposed and

the gained iterations for different Reed Solomon codes:

In the table 1 the Reed Solomon RS (255, 239) code used 256
iterations for the basic syndrome block, while just 86 iterations
for the modified method. This algorithm use the new syndromes
blocks to reduce the number of iterations. This method also
reduces energy consumption with apercentage that can reach 33%

compared to the existing algorithm.

Performance analysis

Proving the performance of the proposed algorithm, we fulfill
an important number of checks in context of syndrome block for

different RS code; different parallel syndrome block is tested.
The Simulation result of RS (15, 11) is shown in the figure 9.

The figure 8 represents the different RS codes of the parallel
syndrome block.
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Figure 8: Evolution of the minimization rate the proposed circuit for the different
RS codes.

5. Simulation results

The simulation of the basic and proposed syndrome block using
the hardware description language VHDL [21] for the RS and
BCH decoders are presented in this party.

Simulation the proposed circuit of RS (15, 11)

The Simulation result of the modified RS (15, 11) is shown in
the figure 10.
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Figure 9: Simulation result of the basic decoder (15, 11).
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Figure 10: Simulation result of the modified decoder RS (15, 11)
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Figurel 1: Block diagram of Syndrome Block

Simulation the basic circuit of RS (15, 11)

The simulation of the developed and basic syndrome bloc is
presented in this part for the RS and BCH decoders. Thus,
simulation results on the tested scenario show that the proposed
system is very effective and achieves high performance in the
minimization rate.

6. FPGA implementation

Implementation of decoder algorithms for Reed-Solomon
codes [22], [23] can be considered as a problematic cases on
account of the very large amount of used electronic elements in
order to implement the new algorithm on FPGA card to discuss
how to save the hardware resources [24], [25] .In this paper a new
hardware model of the Syndrome Block has been concepted and
developed using the programming Language (VHDL) and
implemented using Xilinx Synthesis Tool. The circuit scheme of
the implemented program is shown in Figurel1.

The proposed Syndrome Block consists of a global ‘Clk’ and
Three Parallel Inputs initiate the calculating Syndrome Block
process, the ‘result’ can be obtained immediately after entering
inputs.

Syndrome Block

The calculation of the syndrome block furnishes us two
results: 1- all syndrome polynomial coefficients are equal to zero,
in this case we stop the rest of the decoder process because the
received code word is correct, 2- if one of polynomial coefficients
is different to zero, the code word is erroneous, so we continue the
process of the decoder. We need 2t basic scheme as defined in
Fig.12.Where 1<i<2t, or for each Syndrome Si, n iterations are
needed to calculate the polynomial coefficients.

)
R(x) { I ) D s.

Figure12: Basic syndrome calculator cell
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Test procedure for RS (15, 11)

The proposed algorithm has been implemented on a FPGA
Card using Xilinx Spartan 3E-500 to verify the test setup which
presented in figurel3.

Figure 13: Value of Syndrome block for RS (15, 11) codes

For the case of RS (15, 11), we have four coefficients of
syndrome Block (So, Si, Sz, S3). In Fig.13, the value is equal to
15 (So=15) in decimal, (1111) in binary, so we can get the same
result with only 5 iterations in comparison with the basic circuit.

The code specified for DVB-T

The Digital Video Broadcasting-T standard defines RS (255,
239, 8) code, a main version is proposed to generate (204, 188, 8)
code, this code contain 204 symbols, where 188 represent the
symbols of message [8]. The Galois field of RS (255, 239) code
has 256 symbols (m=8) so we can represent the polynomial of a
field element as:

a;x’ +agx®+agx®+a,xt+azx3+ax2+a;xt+a, (9)

Where the polynomial generator for t = 8, can be presented
as:

P)=x®+x*+x3+x2+1 (10)

For the case of RS (255, 239) used in Digital Video
Broadcasting-T standard, the decoder detects 2t=16 errors and
corrects t=8 errors.

Test procedure for RS (255, 239)

The proposed algorithm has been implemented on a FPGA
Card using Xilinx Spartan 3E-500 to verify the test setup which
presented in figurel4.
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For the case of RS (255, 239), we have four coefficients of
syndrome Block (S0, S1, S2, S3). In Figure 14 the value is equal
to 186 (S0 = 186) in decimal, (10111010) in binary, so we can get
the same result with only 5 iterations in comparison with the basic
circuit.
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Figure 14: Value of Syndrome block for RS (255, 239) codes

7. Conclusion

A recent algorithm of syndrome block for Reed-Solomon RS
and BCH codes has been presented in this paper. This algorithm
presents a new syndrome computation block with a view to
minimize the number of iterations. The proposed algorithm has
been generated, simulated, implemented on the FPGA card and
compared to the existed one to demonstrate the difference
between the two circuits and the number of reduced iterations, the
comparison between circuits in table 1 proves that the RS code
(255, 239) has 256 iterations using the modified method while, 86
iterations using the basic method.
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