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NOi dung trinh bay:

= M& hoa kénh ( Channel coding )
= M3 hda khoi (Block codes)
+ Ma lap (Repetition Code)
+ Hamming codes
+ Cyclic codes
* Reed-Solomon codes
= Ma hoa chap (Convolutional codes)
+ Encode
+ Decode
= Piéu ché ma lwdi (Trellis Coded Modulation)
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So do khoi DCS

Source
encode
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decode
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Digital modulation

Digital demodulation
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Channel coding la gi?

- Tin hiéu truyén qua kénh truyén sé bj anh hwéng bdi
nhiéu, can nhiéu, fading... 1a tin hiéu dau thu bj sai.

* Ma hoa kénh: dung dé bao vé dir liéu kKhong bi sai
bang cach thém vao cac bit dw thira (redundancy).

- Y twdng ma hoa kénh la g&i mét chudi bit cd kha
nang stra 10i

- Ma hoa kénh khéng 1am gidm 16i bit truyén ma chi lam
giam I0i bit di¥ liéu (bang tin)

« Co hai loai ma hoda kénh co ban la: Block codes va
Convolutional codes
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Cac loai ma héa swra sai

= Ma lap (Repetition Code)

= M4 khoi tuyén tinh (Linear Block Code), e.g.
Hamming

= M& vong (Cyclic Code), e.g. CRC

= BCH va RS Code

= Ma chap (Convolutional Code)
= Truyén thong, gidi ma Viterbi
= Ma Turbo
= Ma LDPC

= Coded Modulation
= TCM
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* For the basis |0)and |1) , we do /“)ﬁ'“} 1)[1) H“”} \)
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* Recovery can be done by majority voting

Recovered state

Initial State | 1 = (@ = @) 70 ¢ o=@ =@)0: 0|6 =0 =0)7a : 6 |
—» |000] 000} 000) 1000)
|001) 1001} 001) 000)
|010] 010) 000} 000)

|011) 111) 111} 111)
100) 000) 000 000)
|101) |101) 111) 1111)
110} 110) 110) 111)
—1 > |111) |11} | 111) 111) |
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A==

(Parity Check)

= Thém 1 bit d& xor cac bit co két qua la 0
= D liéu truyén, stra 16i, khdng thé sira 10i

0|1 o1 ][0 o1 (o1 ]]o o111 lo0]1 0
o (o1 ]1 0 oo (1 |1 0 oo |11 0
o1 |00 1 a1 (o |0 1 o1 |2 ]a 1
1 10 (1 (1 1 1 |10 ]0 |1 1| * 1 |nololo 1
1 |0 o1l 0 1 |00 )1 i 1 lol1]0 ()
oo (1o 1 oo ]l (o 1 al|lol1 o 1
oo |00 0 oo D0 0 O la |0 | 0
o (o1 |0 1 oo (1 |10 1 oo 1|0 1

= Kiém tra hang va cét
= ng dung: ASCII, truyén di¥ liéu qua cdng noi
tiép
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M3 khoi tuyén tinh (Linear block codes)

= Chudi bit thdng tin dwoc chia thanh tirng khoi k bit.
= Moi khdi dwoc encode thanh tirng khoi In hon ¢cd

n bit.

= Cac bit dwoc ma héa va gl trén kénh truyén.
= Qua trinh giai ma duwoc thwe hién & phia thu.

Data block

—

kBits

—_—

Channel
encoder

ﬁ

N-KReduimi

R—= C odete

S
N
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Codeword

—

n bits
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Linear block codes — cont’d

= Khoang cach Hamming gilra hai vector U va V, la
sO cac phan t khac nhau.
AL A I
= Khodng céc toi thiéu ciia ma héa khoi 1a
q—ﬁ'ﬁm

= Vidu: Tinh khoang cach Hamming cua C,. 101101
va C, :001100

Giai: Vi 1011019001100 =100001 =>d;,=W(1000001)=2
= =>Ta co thé gidi ma dé slra sai bang cach chon
codewords c6 dmin




Linear block codes — cont’d

= Kha nang phat hién 106i dwoc cho bdi:
e=d,;—1
= Khé néng slra I§i t cia mé hoa dwoce dinh
nghia la so 16i t6i da cé thé stra dwoc trén 1 tw
ma (codeword)

10



Linear block codes — cont’d

/ \\ \\AV2

(u,u,,...,u )=_m;,m,,...,m)-

(u,u,,....,.u)=m-V,+m,-V, +...4m, -V,

= Cac hang cla G thi doc 1ap tuyén tinh.

S
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Linear block cod

es — cont’d

= Example: Block code (6,3)

Message vector Codeword
000 000000
100 110100
010 011010
110 101110
001 101001
101 011101
011 110011
111 000111
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Linear block codes — cont’d

= M3 hda khdi (n,k)
= k phan t& dau tién (hoadc cudi cung) trong tr ma Ia cac
bit thong tin.

= L W

1 —=Hcid emtia
P=o( ) mat
G m agSEE >k, 3 N NEN

~— ————— —
o ~—

I—l= r GmjSEpsroa
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Linear block codes — cont’d

= POi voi bat ky ma hoa khoi tuyén tinh, ching
tacoémoétmatran H ., .Cachangcua
ma tran nay truc giao v&i ma tran G

=

GH =0

= H dwoc goi la ma tran kiém,tra parity va cac
hang cua chung déc lap tuyén tinh.

= POi v&i ma hda khdi truyén tinh:

HL, P
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Linear block codes — cont’d

M | Channel | U .
Data source—— Format +——» encoding » Modulation —|_7\
channel
i £\
Data sink ~— Format ~—— Chanr)el emodullat|0r||
M decoding r Detection
r=U-4ite
L= T el e gl =— o8 < > b
= = —J==J] &' "= )1 § a

= Kiém tra dac trung:
= S la dac trwng cua r, twng ng v&i error pattern e.
St el
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Linear block codes — cont’d

= Mang tiéu chuan

=  Hang 1=23. .2 duoc tao thanh bang cach cong U
V@i pattern €;

Z€ro

codeword | L‘_L" Lé - - - L%

coset

cosetlea{ %k %k@é S %k@%
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Linear block codes — cont’d

= Mang tiéu chuan va dac trwng bang gidi ma
1. Tinh S=rH’
2. Tim coset chinh €=¢€; | twng trng v&i S
3. Tinh U=r-+& vatwng &’ng vei M
= —=_ |- =8 o

=  Chuay:

e Néu€e=¢€ , error dwoc stra.

« Néu €#e ,bd gidi ma khdng thé phat hién 16i.
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Linear block codes — cont’d

= \/i du: Mang chuan cho ma (6,3)

000000

110100

011010

codewords

101110

‘\\\\\\

101001

011101

110011

000111

000001
000010
000100
001000
010000
100000
010001

~

e

110101
110110
110000
111100
100100
010100
100101

011011
011000
011100

Coset leaders

101111
101100
101010

101000

101011
101101
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011100
011111
011010

110010
110001
110111

000110
000101
000011

N

coset
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Linear block codes — cont’d

Error pattern Syndrome

000000 000 U=(1011160nnstadt

oo w  1(00ili@yeceived,

I~ " = Thesyndrooflascomputed

001000 0L S=rH=(0011H0)(100)

010000 010 = Errgmattecorresprgobthisy ndrons
100000 100 &—(100000)

010001 111 _ _
= [ heorrecteectestimated

U=r-+&=(001110) 000069101110
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Hamming codes

= Hamming codes
= La trwdng hop riéng cua linear block codes
= Dién ta theo ham clia mét s nguyén m>2 .

C dasaegth =1
N uaoifbbiEETiy T taPi a1t

N uaPpiapritgz N =k
Eraoorreagyoedsad ity
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O111000
1010100
1100010
1110001




Ma hoa Hamming

= Ma hda: H(7,4)
Nhiéu phép kiém tra téng

Message=[a b c d] Message=[10 1 0]
r= (a+b+d) mod 2 r=(1+0+0) mod 2 =1
s= (a+b+c) mod 2 s=(1+0+1) mod 2 =0
t= (b+c+d) mod 2 t=(0+1+0) mod 2 =1
Code=[rsatbcd] Code=[1011010]

= Toc dO ma: 4/7
= Cang nhd, nhiéu redundance bit, dwoc bao vé tot hon.
= Khac biét giira phat hién va slra 16i
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O111000
1010100
1100010
1110001




H(7,4)
= Ma tran sinh G; dau tién la ma tran don vi 4x4

= D liéu truyén 1a vector p
= Vector truyén x (G=[I/P])

/1
0

0

Gp=|0

0

1

\ 1

= \ector nha

e

0 0 0) (1)
10 ol 0
nln(ﬂ 1
o0 1|{;]=12
111, 0
011 1
10 1) \0/

1

|0

P= 14
1 Q=

n r va vector 10i e

r =X 4+ e;
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= Néu khong co 10i, vector dic trung (syndr%ne) 7Z=7€r0s

0
00111100\ 0
H=(1 011 010})]1|=1]10]==
110100 1/]0 0
1
= Néu co 1101 & vi tri thi 2 \0/
Hr = H(x + ;) = Hx + He; [\ [0\ (1)
0 1 1
= Vector dac trung z la = 0 + He; = He, 1 0 1
(1\ r=x4+e=|11+]0]| =11
! 0 0 0
0011110 0)\]|1 1 . ) .
Hr=(1011010)|1|=[0]=2¢
(1 10100 1) 0 (1) \o/ \o/ \o/
1
\0/

trong voi cdt thir 2 cia H. Vay, 16i dugc phat hién & vi tri
thir 2 va co thé sua lai cho dung.
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Do loi ma hoéa Coding Gain)

= Toc d0 ma R=k/n, k: s6 symbol di¥ liéu, n tong
symbol

= SNR tr va SNR cua bit
E

kE, = nE, — Ey = —=.

L
where E}, is the energy per information bit and E the energy per
received symbol.

= V&i mot so dd6 ma hoa, do loi ma hoa tai mét
sac xuat 16i bit dwoc dinh nghia 1a sy khac biét
gitra nang lwong can thiét cho 1 bit thdng tin da
ma hoa dé dat dwoc sac xuat 16i cho trwdc va
truyén dan khéng ma hoéa

e 26
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M, '\ coded transmissiom
X . without decoding
coded transmission '\ |
with decoding \ 5
4—;' \\
coding gain J




= yncoded
| ===+ Hamming(7,4)




Cycllccode .

= Cyclic codes dwoc quan tam va quan trong vi
= Dua trén cau truc dai sb va co thé (rng dung rong
rai.
= Dé dang thwc hién bang thanh ghi dich (shift register)
= Puwoc wng dung rong rai trong thwc nghiém
= Trong thwc nghiém, cyclic codes duoc st dung
dé phat hién 16i (Cyclic redundancy check, CRC)
= Pwoc st dung trong mang chuyén mach goi
= Khico 1 16i giwo’c Qhét hién & b6 nhan, chung sé
dwoc yéu cau truyén lai.
= ARQ (Automatic Repeat-reQuest)
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Cyclic block codes

= Mot ma tuyén tinh (n,k) dworc goi la Cyclic
code néu khi dich vong 1codeword thi dé ciing
la codeword.

[ ‘E@&“@\y" eV




Cyclic block codes

= CAau truc dai s6 cla Cyclic codes, suy ra
codewords duwoc sinh ra tw

== = T ]

= Moi quan hé gitra codeword va thanh ghi
dich: B Pp<a3Z 11 373 115
= PP T )
— T

2SO
[Whé‘@

[ o e |

= Vay: By extension

31
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Cyclic block codes

= Thuat toan ma hoa Cyclic code (n,k):
1. Nhan théng tin véi chudi m(X) bang X"
2. Chia két qua budc 1 v6i da thire sinh 9(X) |
Lay p(X)la phan dw
3. Them p(X) vao X" (X) 4 tao thanh
codeword U(X)
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= Example: For the systematic (7,4) Cyclic
code with generator polynomial d>3—1=><>X

1. Find the codeword for the message M= 01}

-—

M=L0 D= Y=L+
) X" =) =>C A+ +) =>C X+ X
=) DividkE 9 byg(X)

XXX+ —(1—|—X—|—X2 —|—X3)(1+X+X3) + 1

quotle@K) genera;(tX‘) remalrn(é@
=) Fornieodewpodynomial

LX) =000+ XY =108+ + X
U=(100 1011)

pantytsmessatgﬁs
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=  Find the generator and parity check matrices, G and H,

respectively.
AP A ><KIO A —Gggag9P-—_E._ 1
(1101000 (L .

: Not in systematic form.
01:!—0100- | We do the following:
OO O ° I OKK>OEED I
OOoOO1 101 o O s

M1 101000
0110100

1110010
1010001
P |4><4

1001011
= HO0101110
coi1o0111

I 3x3 PT
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Cyclic block codes

= Giai ma Cyclic code:
= Ty ma & bd thu dwoc cho boi

Received __— MO P33, Eror

codewor pattern

= P&ctrwng & phan dw c6 duoc béng cach chia chudi nhan
cho da thurc sinh:

ICECPAPF D] 5 nione

= V@i dac trwng va mang tiéu chuan, 16i sé dwoc wédc
lwong.
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Vi du CRC

r=23, G=1001]
M=110101 == M2r=110101000

110011
1001 |1101D1GDD
1001
01000
1001044
Q001100
1001
01010
1001

011 = R (3 bits)

Modulo 2
Drvision

36
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Checking for errors

Let T" be the received sequence
Divide T by G
— [f remainder = 0 assume no 2mors
— If remainder is non Zero errors must have occumed

Example: |
1001 | 110101011
Send T=110101011 1{;.[]11
Becerve T'=110101011
(no errors) | i gg?r I
_ 0001101
No way of knowing how many 1001
errors occurred or which bits are i
01001
In error 1001

000 == No errors

e




Kha nang cE?CRC AA

= Mot 16i E(X) khdng thé phat hién khi ching chia
hét cho G(x). Ngwore lai, thi co thé phat hién 16i.
= C6 kha ndng manh mé trong phat hién IOi
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= Bose, Ray-Chaudhuri, Hocquenghem
= C6 kha nang stra dwoc nhiéu I6i
= Dé dang thuwc hién mé hoa va giai ma

= Cac chuan trong cdng nghiép
- (511, 493) ma héa BCH trong ITU-T. Chuan
H.261- mdt chuan ma hoa video dwoc st dung
cho video conferencing va video phone.

= (40, 32) ma hda BCH trong ATM (Asynchronous
Transfer Mode)

e .
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BCH PerformanCeA

(63,36) BCH with bounded distance decoding

'||:|l‘-:I T T T T T T T
i
10 5 oy i
: ..;E.-\-H'-\..
10'“? . H"‘m;:_; :
.,
x\
107k H 7
@ i AN
@
107 i
107 X
10} BPSK 4
Input o decoder "-1_
- After decoder Y
O Simulation
1':|-;r | 1 i I 1 1 i 1
0 i 2 3 4 5 (1] Fi 8 9 10




Reed-Solomon Codes

= Mt tredng hop riéng cua non-binary BCH
= Pwoc wrng dung rong rai

Storage devices (tape, CD, DVD...)

Wireless or mobile communication

Satellite communication

Digital television/Digital Video Broadcast(DVB)
High-speed modems (ADSL, xDSL...)
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