l

Serial Coding (Block Code)

1/18

| ™

Serial Coding (Block Code)

e R
! FEC
N 4
i
4
Parity
Data (coded) (coded)

a)

S
1O
£
%)
\ 4 =
S N\ E
; n
[ FEC
N o
4
Parity
Data (coded) |\ 1coded)

b)

Fig.: 1

l

Serial Coding (Block Code)

K

Parity

Data (coded) (uncoded)

c)



2/18

FEC

/

Serial Coding (Block Code)

N

\

/

Data (coded)

Parity
(coded)

Proposition

Fig.: 2



3/18

Input Data k

L-Y |oqWAS eleq

SN

Z I10quAs ejeq
| loquis ejeg

0 loquAs eleq

FEC

112 loquiAs-Aied

0 loquiAs-Aiied

L - loquwAs ejeq

Z 10qwiAs ejeq

| loqwAs eleg

0 loquiAs ejeq

~

Original Data k

Overhead 2t

FEC Coding Word n

Fig.: 3



4/18

Data Entry Data Exit
l A
FEC Coding b FEC Decoding | !

Serial Coding Serial Decoding

L Lossy Channel J

Fig.: 4




5/18

Legend

| I Overhead [:‘ Raw data

FEC Parity (no DC-Balance

«
XKXRXKIRIRININN] — Overhead HEH  and no running length

¥ limitation)

118 6B 7B
| A | B | [ ] Overhead

L
| A |—|—| B }—H C |—|—| Overhead

4

JOCRXXKXKRIKIKXNAXKXNAN

! FEC-Overhead

Line-Coding-Overhead

Fig.: 5



6/18

FEC
Symbol
Size
[Bits]

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

_
o
o
o
N~

2788 ——-------

6 7 8 9 10 11 12

Fig.: 6



V. 'S4

/ / 123125 [oquAS / /
8c1T
TR \ S < N
joquiAs €1 €1 £T €T
\ 4 v A 4 A\ 4
XN|Al XN XN XNA
MAET XT MAET XT MNAET XT MAET XT
F 3 F 3 F 3 F 3 3 3 » »
eL| er| eL| er| eL| er| gL | er|
5 =3 5 =
5 W 5w S W 5
3 2 a3 2 a2 32
m m m m
8 - = = =
i r'y FY 7y 7'y
~ zr | €T |- zr | £T |- B zr | 8| €T |- zr | €T |- zr |
a¢14d1t qaeTdT1t a4¢t4at1t qa€1dT11 a84a/ a¢1g11 4849 a4e14dTl a¢t14t1t ae1dT11l a¢ctdatt
IT 1T IT IT z IT 9 IT IT IT T
CIT
uj
v \ 4 A J A A 4 y A v A 4 v

JoquiAs




8/18

AHd 0} 8871

18p07-8UI

0/g 034

Bleq oSN gzl

q/ "3

isnipy [od jsnipy jod isnipy|od snipy od
82,81} ge181) 82181l ge1a1 884, 82181l 8989 ge1a1l 8,81} ge181) 82/8ll
A A A A A A A A A A A
034 03 034 034 03 034 03 034 034 034 03
oquAs-gL | | loquiAg-y) | | loqwAS-gil | | oquAgs-gL) | | 1oquAS-gL | | loowAS-gil | | 0quiAg-g9 | | oquikg-Ll | | 1oquiAg-giy | | oqwAgs-gl | | loquiAg-gLl




Data
Entry

Data
with
Parity
Symbols

Channel

9/18

112b Data Entry
e

-

11b Data Symbol k-1

11b Data Symbol 1
11b Data Symbol 0

7

11b Data Symbol k-1

11b Data Symbol 1
11b Data Symbol 0

7

11 Bit FEC-Coding

11 Bit FEC-Coding

</

</

11b Parity Symbol 2t-1

11b Parity Symbol 2t-1

11b Parity Symbol 0

11b Parity Symbol 0

11b Data Symbol k-1

11b Data Symbol 1
11b Data Symbol 0

¥

11b Data Symbol k-1

11b Data Symbol 1
11b Data Symbol 0

Y

11b12b Serial Coding

11b13b Serial Coding

Fig.: 8A

6b Data Symbol k-1

6b Data Symbol 1
6b Data Symbol 0

7

6 Bit FEC-Coding

</

6b Parity Symbol 2t-1

6b Parity Symbol 0

6b Data Symbol k-1

6b Data Symbol 1
6b Data Symbol 0

Y

6b8b Serial Coding




Channel

Burst-
Bit
Errors

Potential
Erroneous
Data with
Parity
Symbols

- EE O N O N O B N BN BN BN EE BN N BN EE B B Em B Em Em

Corrected
Data

10/18

12b Parity Symbol 2t-1

13b Parity Symbol 2t-1

12b Parity Symbol 0

13b Parity Symbol 0

12b Data Symbol k-1

13b Data Symbol k-1

12b Data Symbol 1

13b Data Symbol 1

12b Data Symbol 0

V;

13b Data Symbol 0

"/

12b11b Serial Decoding

13b11b Serial Decoding

</

</

11b Parity Symbol 2t-1

11b Parity Symbol 2t-1

11b Parity Symbol 0

11b Parity Symbol 0

11b Data Symbol k-1

11b Data Symbol k-1

11b Data Symbol 1

11b Data Symbol 1

11b Data Symbol 0

;

11b Data Symbol 0

v/

11 Bit FEC-Decoding

11 Bit FEC-Decoding

v/

11b Data Symbol k-1

v/

11b Data Symbol k-1

11b Data Symbol 1

11b Data Symbol 1

11b Data Symbol 0

11b Data Symbol 0

8b Parity Symbol 2t-1

8b Parity Symbol 0
8b Data Symbol k-1

8b Data Symbol 1
8b Data Symbol 0

"/

8b6b Serial Decoding

</

6b Parity Symbol 2t-1

6b Parity Symbol 0
6b Data Symbol k-1

6b Data Symbol 1
6b Data Symbol 0

/

6 Bit FEC-Decoding

v/

6b Data Symbol k-1

6b Data Symbol 1
6b Data Symbol 0

Fig.

v
112b Data Exit

: 8B



11/18

1007
v

1017
v

101A -
'

1027

Fig.: 9



12/18

oL B4

|
n
|
|
|
|

29D Jpwiof
405|192 95¢

(popod) |~ papo) peojhed (0 10wi0) _ peojhed _
1193 erep papo] peojAed + JopeaH |19 I122 e3ep _ peojAed + IapeaH (|2 _
papo) peojAed + 491004 |30 peojAed + 191004 ||9D
(papo3) papo) peojhed (g 3owiof) peojAed
192 E1ep papo) peojAed 192 e3Ep peojAed
papo) peojAed + JopesH |19 _ peojAed + JopeaH |19
aouanbas yYsd uJaned anbiun 0uUaNbas Ysd _ uianed anbiu
_ papo) peojAed + 121004 ||2D peojAed + 131004 ||2D
(papo2) _ papo) peojAed (q 20wii0f) _ peojAed
1192 exep _ papo) peojAed 122 exep _ peojAeqd
_ papo) peojAed + JapeaH (|20 _ peojAed + JapeaH (19D
[} L] 1 []
i 1 Suipo) ydojg ! !
i i Alddy ] d
* papo) peojAed + 191004 ||2) peojAed + 131004 ||2D
(papo3) * papo) peojAed (g 1puLof) peojAeqd
192 E1ep papo) peojAed 1193 e3EP peojAed
papo) peojAed + J2peaH |20 peojAed + JapeaH |19)
(papo2) Aﬁ _ papo) peojAed + 121004 |90 (b 10W10f) peojAed + 121004 ||2D
1192 e3ep papo) peojAed + JapeaH (190 113 e1ep _ peojAed +IapeaH |2

aouanbag Ysd ulaned anbiun

g 8¢1

22uanbas ¥sd _

ulaned anbiup

Hg 711

»
>

A

g 8¢1

A 4




13/18

L1 Bi4

(421004 + peojAed Jo peojAed Jo peojAed+iapeaH)
(papo2) ereq Jo 11g 87T

LCl

v

syun
Buipod
¥o0lg

L S S S C N N C N N -

S & S S S O I & e e

(431004 + peojAed Jo peojAed 10 peojAed+iapesH)
(pepodun) eleq Jo 19 ZTT

LLL




2L b4

14/18

|
Moy 1931004 __w& nd - Dd0d
Moy peojied ||23) N 9'v'2'0
[Mmoy JapeaH |130) dn NS e Id DYOH nd 1d
0 <IT
|
uJaned paxi4 JUAS awel 1se4 POUANDaS YS31 dUAS awel
t3 1% 8CT
S]12D eleQ X 95¢
|
Moy 121004 __mu* 1d - DY0d (papooun)
Moy peojAed |130) q 9720 pap
1190 eleq
__som Jopesay __mﬂ dA NS e Id D4OH d 1 nd
0 Y [Buipod aun
uJaned paxi4 JuAs awel ise4 [@ouanbag yYs47 ouAs awely
o | [ ¢ [ 1 | el [ [ | [ [ [ [ | [ s




15/18

datanr data |symbol symbol nr sym.pol

0 | 000000 | 00101011 | O 0 0 0000
1] 000001 | 00111001 | 1 0 0 0000
2 | 000010 | 00101101 | 2 0 0 0000
3| 000011 | 00101110 | 3 0 0 0000
41000100 | 00110110 | 4 0 0 0000
5| 000101 | 00011110 | 5 0 0 0000
6 | 000110 | 01011100 | 6 0 0 0000
71000111 | 01011010 | 7 0 0 0000
8 | 001000 | 00111010 | 8 0 0 0000
9| 001001 | 00011011 | 9 0 0 0000
10| 001010 | 01011001 | 10 0 0 0000
111001011 | 01010011 | 11 0 0 0000
121001100 | 01010110 | 12 0 0 0000
13001101 | 11010100 | 13 0 0 0000
141 001110 | 10010101 | 14 0 0 0000
151001111 | 10010011 | 15 0 0 0000
16 ] 010000 | 10110010 | 16 0 0 0000
17 | 010001 | 00110011 | 17 0 0 0000
18| 010010 | 00010111 | 18 0 0 0000
191010011 | 00110101 | 19 0 0 0000
20010100 | 10110100 | 20 0 0 0000
211010101 | 10111000 | 21 0 0 0000
221010110 | 10011010 | 22 0 0 0000
231010111 ] 10011100 | 23 0 0 0000
241011000 | 10001110 | 24 0 0 0000
25| 011001 | 10010110 | 25 0 0 0000
26 |1 011010 | 11010010 | 26 0 0 0000
271011011 | 11100010 | 27 0 0 0000
281011100 | 11100100 | 28 0 0 0000
29011101 | 11001100 | 29 0 0 0000
301011110 | 11101000 | 30 0 0 0000

Fig. 13
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data nr  data | symbol symbol nr sym.pol
0 | 0000000 | 00010101 | 30 -2 1 0010
1 | 0000001 | eee11101 | 31 0 0 0000
2 | eoe00l0 | e1e01101 | 32 0 0 0000
3 | 0000011 | 01101101 | 33 2 0 0010
4 | 0000100 | 01011101 | 34 2 0 0010
5 | 0000101 | 01011001 | 35 0 0 0000
6 | 0000110 | 11011001 | 36 2 0 0010
7 | eeee111 | 10011001 | 37 0 0 0000
8 | 0001000 | 10010011 | 38 0 0 0000
9 | 0001001 | 10010010 | 39 -2 1 0010
10 | ooo1010 | 10010110 | 40 0 0 0000
11 | eee1e11 | 11010110 | 41 2 0 0010
12 | eeel1100 | 10010111 | 42 2 0 0010
13 | ee01101 | e0110111 | 43 2 0 0010
14 | eeel11e | eelee1ll | 44 0 0 0000
15 | 0001111 | @@100011 | 45 -2 1 0010
16 | 0010000 | 01110011 | 46 2 0 0010
17 | 0010001 | 01110010 | 47 0 0 0000
18 | 0010010 | 01010011 | 48 0 0 0000
19 | ee10011 | e1100111 | 49 2 0 0010
20 | 0010100 | 01100101 | 50 0 0 0000
21 | @e10101 | 01101011 | 51 2 0 0010
22 | ee10110 | eele1e1l | 52 0 0 0000
23 | 9010111 | 10001001 | 53 -2 1 0010
24 | 0011000 | 11001001 | 54 0 0 0000
25 | 9011001 | 11010001 | 55 ) 0 0000
26 | 0011010 | 01010001 | 56 -2 1 0010
27 | 9011011 | 10010001 | 57 -2 1 0010
28 | 0011100 | 00011001 | 58 -2 1 0010
29 | 0011101 | 09011010 | 59 -2 1 0010
30 | 0011110 | 10111010 | 60 2 0 0010

Fig. 14
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data nr  data | symbol symbol nr sym.pol

0 | 00000000000 | 001111110001 | 11 2 0 0010

1 | 00000000001 | 001111110100 | 12 2 0 0010

2 | 00000000010 | 100111110100 | 13 2 0 0010

3 | 00000000011 | 100110110110 | 14 2 0 0010
)

4 | 00000000100 | 100110010110 | 15 0 0000
5 | 00009000101 | 100100010110 | 16 -2 1 0010
6 | 00000000110 | 100110010010 | 17 -2 1 0010
7 | 00000000111 | 110011010010 | 18 ) 0 0000
8 | 00000001000 | 010111010010 | 19 0 0 0000
9 | 00000001001 | 010101010001 | 20 -2 1 0010
10 | 0ooegeel01e | 10101010101 | 21 ) 0 0000
11 | 00000001011 | 111000000111 | 22 ) 0 0000
12 | 00000001100 | 111000100110 | 23 ) 0 0000
13 | 00000001101 | 011010100110 | 24 ) 0 0000
14 | 00000001110 | 011110100110 | 25 2 0 0010
15 | 00000001111 | 011110100100 | 26 ) 0 0000
16 | 00000010000 | 011110101000 | 27 ) 0 0000
17 | 00000010001 | 111010111000 | 28 2 0 0010
18 | 00000010010 | 111010011000 | 29 ) 0 0000
19 | 00000010011 | 101100011000 | 30 -2 1 0010
20 | 00000010100 | 101100101110 | 31 2 0 0010
21 | 00000010101 | 100100101110 | 32 ) 0 0000
22 | 00000010110 | 100000101110 | 33 -2 1 0010
23 | 00000010111 | 100010101110 | 34 ) 0 0000
24 | 00000011000 | 100011100100 | 35 -2 1 0010
25 | 00000011001 | 110010100101 | 36 ) 0 0000
26 | 00000011010 | 910010100101 | 37 -2 1 0010
27 | 00000011011 | 010001100111 | 38 ) 0 0000
28 | 00000011100 | 011000000111 | 39 -2 1 0010
29 | 00000011101 | 911001000101 | 40 -2 1 0010
30 | 00000011110 | 011011000101 | 41 ) 0 0000

Fig. 15
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data nr  data | symbol symbol nr sym.pol
0 | 00000000000 | 1101110100101 | 19 3 0 0011
1 | 00000000001 | 1011110100101 | 20 3 0 0011
2 | e0ooooeeel0 | 1110111100101 | 21 5 0 0101
3 | 0000000011 | 1110111100111 | 22 7 0 0111
4 | 00000000100 | 0110110101111 | 23 5 0 0101
5 | 00000000101 | 0011110101111 | 24 5 0 0101
6 | 00000000110 | 0111110000111 | 25 3 0 0011
7 | 00000000111 | 0111110010111 | 26 5 0 0101
8 | 00000001000 | 0111100010111 | 27 3 0 0011
9 | 00000001001 | 0111000011111 | 28 3 0 0011
10 | 00000001010 | 0110001011111 | 29 3 0 0011
11 | 00000001011 | 0110111001011 | 30 3 0 0011
12 | 00000001100 | 1110111000011 | 31 3 0 0011
13 | 00000001101 | 0100111010111 | 32 3 0 0011
14 | 00000001110 | 0101110010111 | 33 3 0 0011
15 | 00000001111 | 1011110010111 | 34 5 0 0101
16 | 00000010000 | 1011101010111 | 35 5 0 0101
17 | 00000010001 | 1011101010011 | 36 3 0 0011
18 | 00000010010 | 1011111010011 | 37 5 0 0101
19 | 00000010011 | 1110110000111 | 38 3 0 0011
20 | 00000010100 | 1110110100011 | 39 3 0 0011
21 | 00000010101 | 1010111110011 | 40 5 0 0101
22 | 00000010110 | 1000111110011 | 41 3 0 0011
23 | 00000010111 | 1001111100011 | 42 3 0 0011
24 | 00000011000 | 1001110100111 | 43 3 0 9011
25 | 00000011001 | 1011100100111 | 44 3 0 0011
26 | 00000011010 | 1011100110110 | 45 3 0 0011
27 | 00000011011 | 1000101111110 | 46 3 0 0011
28 | 00000011100 | 1100100111110 | 47 3 0 0011
29 | 00000011101 | 1100101110110 | 48 3 0 0011
30 | 00000011110 | 1100011010111 | 49 3 0 0011

Fig. 16



