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3.12.2
Block code 

The block of 640 information bits is encoded by shortened systematic Reed Solomon (RS) code over Galois field GF(28). The Galois field GF(28) is built as an extension of GF(2). The characteristic a of GF(28) is equal to 2.

The code used is systematic RS8 (92,80), which is shortened systematic RS8(255,243) code over GF(28) with the primitive polynomial  p(x)=x8+x4+x3+x2+1. The primitive element a is the root of the primitive polynomial, i.e. 

a8 = a4 + a3 + a2 + 1.

Generator polynomial for RS8(255,243) code is: 

g(x)=
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; that  results in symmetrical form for the generator polynomial with coefficients given in decimal notation   

g(x)= x12 +18x11 + 157x10 + 162x9 + 134x8 + 157x7 + 253x6 + 157x5 + 134x4 + 162x3 + 157x2 + 18x + 1

where binary presentation of polynomial coefficients in GF(256) is {a7, a6, a5, a4, a3, a2, a, 1}

Specifically, decimal, power and polynomial presentations for the generator polynomial coefficients are presented in 3.11.2.2.

The RS encoding is performed in the following three steps:

a)
Bit to symbol conversion


The information bits {d(0),d(1),…,d(639)} are converted into 80 information 8-bit symbols {D(0),…,D(79)} as the following:


D(k) = 128d(8k+7) + 64d(8k+6) + 32d(8k+5) + 16d(8k+4) + 8d(8k+3) + 4d(8k+2) + 2d(8k+1) + d(8k)            for k = 0,1,...,79


Resulting 8-bit symbols are presented as


D(k) = {d(8k+7), d(8k+6), d(8k+5), d(8k+4), d(8k+3), d(8k+2), d(8k+1), d(8k)} 

for k = 0,1,...,79


where d(8k+7),…,d(8k) are ordered from the most significant bit (MSB) to the less significant bit (LSB).


The polynomial representation of  a single information symbol over GF(28) in terms of a is given by


Da(k) = a7d(8k+7) + a6d(8k+6) + a5d(8k+5) + a4d(8k+4) + a3d(8k+3) + a2d(8k+2) + ad(8k+1) + d(8k)

b)
Encoding


The information symbols D(0)…D(79) are encoded by shortened systematic RS8(92,80) code with  output symbols    U(0)…U(91) ordered as

U(k)=D(k) for k=0,1,..79; U(k)=R(k) for k=80,81,…,91; 

where R(k) are parity check symbols added by RS8(92,80) encoder.


Information symbols are ordered in the descending polynomial order such that Da(79) corresponds to the lowest degree term of D(x) = Da(79) + Da(78)x + …+ Da(1)x78 + Da(0)x79, where D(x) is the polynomial representation of information symbols {D(0),D(1),…,D(79)} over Galois field.


Parity check symbols in polynomial representation over Galois field are ordered in the descending polynomial order such that Ra(91) corresponds to the lowest degree of R(x) = Ra(91) + Ra(90)x + … + Ra(81)x10 + Ra(80)x11. The parity check symbols are calculated as R(x)=remainder[x12 D(x)/g(x)] and U(x) = R(x) + x12 D(x), i.e., 

Ua(k)=Da(k) for k=0,1,..79; Ua(k)=Ra(k)  for k=80,…,91.


The encoding operation with the shortened RS8(92,80) code may be presented as the following:

-
Expanding 80 information symbols to the block of 243 symbols by adding 163 dump (zero) symbols 

-
Encoding 243 symbols by systematic RS8(255,243) encoder with outer block of 255 symbols

-
Removing 163 dump symbols, resulting in the output block of 92 symbols.

c)
Symbol to bit conversion  


The output symbols {Ua(0),…,Ua(91)}are converted back into symbols {U(0),…,U(91)} and then back into binary form with LSB coming out first, resulting in the block of 736 bits {u(0),…u(735)}.
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