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Abstract

The function of the channel encoder i1s to introduce, in a
controlled manner, some redundancy in the binary
information sequence at the receiver. It 1s also required that
the channel encoder can overcome the effects of noise and
interference encountered in the transmission of the signal
through the channel.

Thus, the added redundancy serves to increase the
reliability of the received data and improves the fidelity of
the received signal. In effect, redundancy in the information
sequence aids the receiver 1In decoding the desired

information sequence.

In this thesis, the Reed-Solomon code was designed, which
1s used in an EUROFIX system. The EUROFIX system
uses the Loran-C system for information transmission.

As a result, this thesis proposed a design and
implementation method of the (14, 9) RS encoder. In the
decoder, the Galois Field Fourier Transform method was

adopted for reducing the decoding time.

It is concluded that the decoding time get shorter clock

times than a conventional method by the proposed one.
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A 2 & EUROFIX A]2#l3} Reed-Solomon Code
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Figure 2.1 The Concept of EUROFIX DGNSS.
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Figure 2.2 The Loran-C datalink model.




SAldol A AR= DGPSS CRC 4l& 2 RS 3= AS =

AEEE 2ot AEZEL AL (Continuous wave

interference)t} wx}& ZHH(Cross-rate Wave)s 2] o]0

i)
X
o
o
H
ol
>
et
>
fot
iy
rlo
Iz
BN
i)
K
Iz
foi
o
8
]
[oN
=
<3
i)
2



2.2 EUROFIX ¥z #A

EUROFIX¢] W% 34L& Loran-C/Chayka A && WZxs}
o "Holy &S 7FsothA w0 £t
Aol= Wz HYy o doly ARl A 99X

o

EAIE 98 Loran-C/Chayka AF&-¢] H714dstE A stele=
Mz gl e g HEEYS Agsct

(1) E}o]l™

3s-PPM(3-state Pulse Position Modulation)2 7z} H~71
oA 3HAFEH AR ] Ho] HEE T, WERE
WEE R e o fiste] WHEH2o Juse| A|7Fo]lF o

Wz o] 371#] 71538k AE 7 & 210 Fo1A4 Q)

¥ 21 Wx A
Table 2.1 States of the Modulation.

Transmission  time
Pulse state minus time of Indication

reference pulse(us)

Advanced pulse -1 -
Prompt pulse 0 0
Delayed pulse +1 +




(2) vz ¢
el Haamuel 3 Adde] dxd 52 A9
TE AR Zolornt gt & AxaFue 67 AAE

H417he] 7bsd gs | e Rafd

(3) Btol 9 H&A

(4) “diolete FHE" dd

AE 00000 0e AsHAE dHolE 9o e
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(5) WAA 9 F=

17h] 3s-PPM HAI A= 307 A4 Q E 5o +
A F
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222 =z &%

MzHE A4e IR, uA 234 A6 4 neT
kel Ag 279 Bavh ARG $AR UH A 671 Hx
52 7kA dEE 9x wzHEg. = 72670(35) 79 14170
o #Y= ol HHE T 6x2 ALY 37HA dHEgE <l
dEErte] YstA] ¢ FA nlolo~E WAE] flste] A
Hrh o] dHEEe] ey AAE FEE Sl o] Aol
ofef i 220 =23t 9l

L=

o

3E 22 Yo Wix 3 3d
Table 2.2 Total number of balanced patterns
in EUROFIX3-level modulation.

. Example
Modulation |, . Number of Combinations
Patt 0" is prompt pulse
a ,ern, "+ is delayed pulse number:( 6 ) . ( 6—287’0) . ( 6—.261’0)
Combination . zero, plus min us
""" is advanced pulse

6 - zero ‘
S e | (B39

0 - minus

4 - zero ‘

1 - plus 0000+ - (6)-(2)-(1)=30
1 4 1 1

1 - minus

2+ zero ‘
e R N AR

2 - minus

0 - zero ‘
e N IR

3 - ‘ 0 3 3

- minus

total = 141
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EUROFIXel| A ¢] Reed-Solomon 3=

=
=
H Az dde $5@ Adels @ & k. o
3]

A},
27 238 G3ME ARE TASE WA Ay 44

HojFEr

Information data

A

Information data CRC

Bits 0100101 0001011 1011000 1010001 0011101 0010110 0111001 0011010 1001110

| | | | Modulaton | | )
Pulses 00+~ +00+ 00040 -+ 00100 +0-0+ +010 -00400 0+00-0
19 2.3 EUROFIX dHlo]E &= ol A2
AR B33t 2 WA
Figure 2.3 Encoding and Modulation

for the Loran-C data channel.

AE HES 7 HES ZF OFo® yroldd. webA o
g 7hel Wz ddoer AHXIY. sk, ol& 9719
IAEEL Reed-Solomon 13t Z yewl mo)zith 9709 A
oA 71 %3 ads gy Ades oy 442 7

HlE9] HolE 7hxith
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2.4 Reed-Solomon §3% ¢ ® 33}

Reed-Solomon 3%+ CD(Compact Disk), digital VCR,
DAT(Digital Audio Tape) % HDB%S 2 A|~HoA o7/ A

S WE3lE W23 (nonbinry) BCH

=, BCH H3&¢ vid7bx 2 dol7b g7 —191 g™-ary 5

ojolty, MM GF(g™)lA Aedvs A2 BCH H=
o] 5A& OYlE HoFa Q.
Reed-Solomon Code ©¢]|&of] Eol7}7] Ao F84 HiE

S Aozt aAEL 33 ZoH7]8].
2.4.1 Finite Galois Field with q elements : GF(q)

GF(@)= 71354 & 4 A= 59 FJ&oltt. finite field2
dE= BFE 2T gE T« UHAE yed=d,
GF(2)={0,1}, GF(3)={0,1,2}, GF(5)={0,1,2,34} &%&°] €t} %
= GF(27) , m=1234,..°1 Walx ook sh=dl o]z
ArE 27 o= tie U Aot
GE(2™l A S8 Z2 primitive element a 1], o] uf
o) GF(2™Mel A& vayh 2

GF2") = 0,1, a,a?, a®, - ,a? ~2 ) @D

_15_



2.4.2 Field F,Ad nat ©h32)

Field GF(2)= F,°llA]
A e, Vi, 0<i<m, 18I f, (002
shA. o] w) v
F(x) = fod fia & fox® oo fx (2.2)
£ field F,9149¢ m=ke] a2 (Polynomial of m power)o]

293 @

2.4.3 Primitive element

& finite field GF(g)°1A 0°bd 3 element g order”t
g—1°1" g5 GF(¢)9 primitive element&} o). ulehA]
primitive element®] %2 (power) 224 GF(g)9 0old RE
elements YERE 4 Al Hrh T3 EE finite fields
primitive elementZ 2zfil )t}
2157F Q] primitive polynomial p(x)E ©]1-83F¢] eleme

nt o/ & a3 2ol vEhdit

o' =X mod p(x), (j=0,1, -+, 2" —=2) = (2.3)

_16_



244 g 2

fla) =09 W, o] o5 @329 F(Polynomial's root)©]

g i, fx)7h AN TEAeld g gF, o,
f(x)el 2ol gk ol W g% 4% o*, B o9 conjugate
2kl gt
245 RS ¥39 A4 134
"—1—Fk bt 2t .
g(x)= ]:[1 (x+a’7") = Z‘,Ogixl """"""" (2.4)

A71A o= GF(2™)9 primitive elemento] 3 p= Fo] A
o TH2l.
Field GF(p)IMel  (n, k) RS-Code = p/ilel ¥

a#gth. GR(2™ 7 AT e HERZ ol FojA] 9
o gy 2 WFER FAEH AL

AR, B2 xS 5-27—1 AEER A 3la oA
S HEODGIDE v S~ m(2”—1) HEERZ o] Fojxth

A4, ARG e p—2 AEER TAEY F m(n—20
HEER o] Fojxi),

d7|A gz AE oY HAS et o3y o] xdEH

o,

_17_



x| B 2 94 &= A AFE v
AA . AAE p— k= 9t AHER Hoj9lal o]AL ,o
HESZ ¥ojg)
A, HAaxAY g & 2+ 1°ltH16]
oS 1% 248 RS codeE o] &3t WA AE H 335

$4< e Aol

[

Uncoded Data Stream

H\\\\\Hl
||

| ]

N

l

RS Encoder

k—symbol block

% 24 RS codeE AlE3te] H33) gt A

Figure 2.4 Encoding using Reed-Solomon code.
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2.5 3 A Fourier M3 o] 83 RS 359 B34

25.1 RS B3¢ guldel 23w

Hx) = g(2)q(ox) £ s(x) v (2.6)
A7IM, g(x)= HFHACIL, s(x)= WA AT o]
o}
2l (26)oA ()& LF(syndrom)olgt &HH, 54— k—13F
o7t At 2T s(w)7t F(zero) W= Hx)7F g(x)el
OJEE  Hx)=c(x)7t Hol dEHHe} dX|stA Hr.
gy, (002 W AERY EFom & de F

sohgaol WPE B F AWEc)OIEE LFALL A

AA, 4 WY () ZFH 2T s=(sq,5,,89), =
Ak iu}(syndrome computation).

A, dagEs ol8dt] &F 84, (1<i<2)=FH
LA X patA S F-3kt}(error location polynomial).
AA, 792 e &2 7oA 7R (error

| (error value)E A4HgH

1

location) ¥ <.
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o

2l

2

AA, SFFEH e(x)E 2AHFL o(x) = r1x)+ e(x)°l 230
2 F= AAZ}(error correction).
e 19 25 dubAel RS B39 RadAS yERI A
o]t} 2][5].
Input r(x) output __ c(x)
41 B TH 3l X A b
A
» 2 HA » 2 X A&
A
A
(= <Xl F AX
Ciatal o] HiZ= > | A
Al A

% 25 AWl RS 59 HEV

Figure 2.5 Decoder of general RS code.
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2.5.2 3419 Fourier Y3t

Fourier W& F&A GF(g)9 »*xHd WEH 1A=
goldtt.

A4 e o] o4t Fourier® 3HDFT)S ¢ #7ng wWgke] &
= she] Aeoldn

ArEUYE = (v,, v, v,_p°let shal, MeEWE S
V=(V,, Vi, V,_pelek sk = wE e dA= v
Fade

V,= ”2 e ]‘ZMk/”Ui, 0 hpm—1 "rvrrre (2.7)

Te wow Fe 948 ARoR 2t 439 W
3

Ale] Fourier® 35 th33 o] Hod 4 vt

A WEe} stal, o5 GE(g™MUWe A7 49 diE & o
coll W& F2A Fourier W& C={C/j=0,1,,n—1}<
U3 o] Ageld

_21_



AntH o2 GF(g) ¥ WMEE Wsld A (extension

field)Ql GF(g™)39 ¥4= W3do WErt +A5H, W

she vaa FeE g 2ol

=] =] A~
x4z 5 2

n—1
co(x) = Zcx =cytextex’+otc, x"

n—1 )
Clx) = 20 cx’
=

=Cy + Cix+ Cox* +-+C,_1x"~
ol W 2 293 4 2102 7+ &4 AfE g gk

n—1 o )
¢;i= 2, Cila)=Ca ") 0<i<n—1
=

C,= Zc(a' )Y =C(a’), 0<i<n—1
4 21D 4 (212025 ¢,=(°H

LJ—;_ qog C_Oo]uﬂ c(x) a —i=2

QFME ] FolmE the How

FAME = S}
zddH
ri=cite , 0<i<p—1 (2.13)
--------------------- (2.14)
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9o 2 (213)F A Q1AM C;=c(a’)O1EZ (x)7F
a,a’, TS 2t Fagddeld (x)9 AF T

Cl,CZ,"',CZtIf: <O>O]]’4— U:}‘j/]r/\i, );]1 (215)’8‘ E}%‘T”} 71%‘:}

Ri=E;,=e(a’), 1<j<2p e (2.15)
T vy T R, Ry, Ry = S FHO ®Evtow
A F Ak m=E 2 (21605 o o] A

Eo E; eoe | By Epri | oo S

Ro R eoe | Ry Ry | oo Rn-1

0 S. eoe | S, 0 coe 0

a9 26 W3 JAoMe REAYE, oF, FAALGY A
Figure 2.6 Connection of code, error, syndrom in

transformation domain.
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O(x) = }!i[l(l—xa'ik), (0<7,<n—1)

=1+ @ x+ Qpx® 4+ Qv (2.17)
21 217N AP A xR TdA s xdEH o
=% 2t
n—1

0= > 0,0 "=0(a"")

7=1

= ,!_:Il(l—a_iaik), 0<i<n—1) (2.18)

1>

(218)914  j= 7,018 g=0°13, %01 (Ol
U BAZE A"

t
Ej:_ ;l@tEj_k , 1£]£%_1 """""""" (221)

o
fr
i
S

=
1o
ok
ol

2 22De @9 AF gl 4R
4 Qgolrh,

o1% el WAAe Bes ol e,
t
Sj:_ ;IQij_k y t+1£]£2t """""""" (222)

A 222094 @,= A Q2D Zd"H AA"H T
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E(1<k<)S E0<k<pZ¥ TAHER 78 $ glh ue

A e ol9e EAESERE A Q2DF olgste EF T

2= 12 0] 3] 4II5].

. output c(x)
nput r(x > =4 HIHE XA ()
E (2t+1<j<n)

ol o= ya SEES I >
SIES] e(x)

E (1<j<2t)

a9 27 A B3]

Figure 2.7 Transformation Decoder.
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Al 3 & EUROFIX Al "4 A RS Code %3 3}

i)

3.1 Gr@hHdA (14, 9) 2% 2% AA RS #3 #A

2 =Tl AE EUROFIXAA AM&¥= GF(27)AA H&
sto] Ao 128707hA1 9] Al E Fo| A NELSolA B AE =24
2 o]g3 (14, 9), (20, 9), (30, 99¢] 3 =& F 7} 3hdst

$

TaE A= 14, 95 A"t 27 &7 A4 RS

9 &l
Symbol block
Alx) S
\ 4 T
M Al 140021
a(x) »  Symbol block
c(x)=A(x)g(x)

a9 31 RS ¥35 %4
Figure 3.1 Encoding of Reed—Solomon code.

a9 31604 BEol WA A4 tharA e ARslok Bt
GF(2T)A A5 A tarae et g,

pla)=1+a’+a" =0 (3.1)
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2 GBDY GFERNAA Y b, WE gdee rEg
ES Ay

2 (24)2FH AT o5 2ol xd
g(x)=(x+a)(x+ D) x+ ) (x+ ")

= a'lo + a99x+ a'41x2 + a94 x3 + x4 """""" (32)

21 (32)¢k 4 33)9 4 Aot w2 v Zol yEhd
t}.
a"A(e)=(a,+a, t+as)+(ay+as +ag)a+ (a3 + ag)a’
+(ay +a, +as)a’ + (a; + ay + ag)a’
+(ay +as)e® +(ay +ag +a)ab (3.4)
a”Ale)=(ay+a, ta, +ay+ay)
+(ayta, +ay, +as+a;+as)a
+(ag+a, +ay,+as+ay+as +ag)a’
+(ay + as +ag)a’ + (ay + a; + ag)a’

+(ag +a; +ay)e® +(ay +a, +as +ay)d®

_27_



a"Ala)=(ay+a, tas+as)+(ay+a,+a, +ag)a
+(ay + ag +as)a* + (a; + a; + as + ag)a’
+(ay +as +as +ag)a' + (a; +ay +ag)a’
+(ag+ay+ay)al (3.6)
M A(e)=(ay+a, +as +ag)+(ag+ay +as + ag)a?
+(ay+a, +ay+a;+a, +as)ae’
+(ay+a, +ay+a;+a, +as+ag)a
+(a; +ay +as+ay+as +ag)e’

+(d2 + as + ay + as + ag )a’G """""""" (37)
3.2 (14, 9) RS #357] A4
99 A (34),(35),36),(375E o & (14, 9) RS %%

1% AAE
19 329 go] vpeht),
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Figure 3.2 (14, 9) Encoder of RS code.
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3.3 RS Encoding Al & d# o] A

919l 19 329 o] AW FarE AEHoA & Rk
ct.

Galois Field GF(27)°1A W& & & Ade ,3 1275
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