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UNG DUNG MA XYCLIC CUC BQO TRONG HE THONG TRUYEN TIN

Phan Thanh Minh', Nguyén Thac Diing'

T ruwong Dai hoc Thong tin Lién lac

Tém tit:

Ma Xyclic cuc bg (XCB) la mot b ma dwoc xdy dung trén hai cau triic dai s6 nén tao ra nhiéu by ma
phong phii. Uu diém néi bét cuia mid XCB & ché do xdy dung moi dau ma la mét phan tir ciia vanh da thikc va
viéc xdy ding ma XCB dua trén da thire sinh hodc trén phan hoach 16p ké nén cé kha nang xdy dung dwoc

nhiéu bo md khdac nhau. Vivdy danh gid kha ning vng dung md Xyclic cuc bj trong hé théng truyén tin ma cu
thé trén kénh AWGN i vdn dé can thiét va quan trong hién nay.

Tir khéa: Gidi ma nguéng, [op ké, kénh AWGN, vanh da thirc, Xyclic cuc bo.

1. MA XYCLIC CUC BQ VA KENH
AWGN

M3 XCB 1a mot ma tuyén tinh c6 cac ddu ma
dugc chon la mot tdp con khong tréng cac 16p ké
trong phén hoach cia vanh da thttc. Cac phuong
phéap xay dung ma Xyclic cuc bo:

- Cach the nhat: M3 xyclic cuc bo dwge mo ta
béng ma tran sinh G (n, k),c6 k hang va n c6t[2], [3].

Gmk)=|1,. 7.

I .. R .z
Trong dé: [k"]la ma trdn don vi cap k,
P R A 1R

|- kn=k 113 ma tran kiém tra.

- Cach thwr l}ai: Ma xyclic cuc bo dugc biéu
thi qua truong 16p ke. Neéu goi gia tri cua trudng 1op
ké 1a a0 thi cac phan ti khac trong 1&p ké dugc tinh:

ai=(a0.2i)modP , i=1+k

) Kénh (AWGN) la kénh co6 nhidu tap 4m
trang chuan, dugc bi€u dién nhu sau:
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B6 diéu ché

Hinh 1. M6 hinh kénh AWGN

Tin hiéu di dugc luong tir truyén trép kér~1h
AWGN bi sai Ich, gia tri thu dugc 1a mot bién ngau
nhién y,(X) c6 phan bé nhu sau:
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Gia st oy dugc chon la trudng 16p k€ nao do.

2. XAAY D,\UNG MA XYCLIC CUC BQ Cac phﬁn t& con lai cua lép ké dugc xé4c dinh theo
(20, 5) TREN KENH AWGN cong thirc:
2.1. Phwong phap xay dwng mi Xyclic cuc a;= (0p.m")modP
bo (20, 5) Lép ké thir nhat gom céc phuong trinh sau:
Dé xdy dyng thuat todn tim phan bd trong sO m’ +m'm’ . Am™=a,
cua md XCB, dau tién ta xay dung géc 16p k& cho m'+m* .. +m"+m' =o',
ma XCB(n,k). Sau d6 chon cac 16p ké tao ma va tim (1)

phan b6 trong sd cho ma tuong img. K&t qua dugc

du trit cho qua trinh danh gia va tinh toan dé tim Tl 0 1 o

Pwtéi Tu. m +m+m-+m-+.m=a g

. . L6p ké thir 2 gom cac hé phwong trinh sau:

2.1.1. Phé trong so cua cac md kénh (;‘p 3 g4 L 2p 8
. m-+m+m-+m+...tm=o’

Ky hiéu C 1a mdt ma tuyén tinh (n, M, q) co )
do dai n, c6 M tir ma mang tin can truyén va C xay

2y 12 il kel L
dung trén truong hitu han GF(q). om0
Ai”, = A,—W (C)|g‘ S C| WH (;): l] Trong do: mk']—|—m0+ m]—|—m2+‘”+mi'2+mi']:a2k_l
AV A7, 4 goila pho trong s6 ciia C _Tim phd phan b6 trong s6 ciia bd ma dya vao
luu d6 thuit toan vét can kha nang tao ma XCB nhu
AV (Z)= ZAZ-WZ " goi la ham phan b trong sau:
i=0
s6 cua C.
2.1.2. Nhom nhan xyclic trong vanh giao
hoan Zp va cac l6p ké cua nhom nhan
v X
Nhép tham so n, k, m | Xay dung trudng 16p ke,
Lap cac plllan t(l)r 0111a nh?ﬁl nhan | Tap tr ma XCB |
xyclicm ,m,...,m ¢
— ¥ - - | Tinh trong ) |
Lay t6 hop tuyén tinh dé tao cac ¢
han hoach 16p ké . ,
b : L | Tinh phén bo trong s6 |
Lap phan hoach cac 16p ké — y ,
[ Lapp ¢ b | | V&do thi phan b trong s6 |
| Chon 16p ké tao mi XCB | 6
t Cét thiie >

Hinh 2. Luu d6 thuit todn tim pho trong s6 clia ma XCB

2.1.3. Phirong phap xdy dung ma xyclic cuc Dua vao luu dd thudt toan tim phd trong sb

bo (20, 5) cua ma XCB ta ¢d phan bf} trong sércﬁa bé ma XCB
S8 bd ma c6 thé tao dugc tir tat ca cac 16p ké (20,5) xay dung trén 16p ke dugc thong ké theo bang
la: 1.
|
=C{ = & s
41(6—4)!

Bang 1. Phan bé trong s6 ciia bd mi Xyclic cuc b (20, 5) xay dung trén 1op ké
22



Lép ké [1,3,5,7]

Al=[10000000501601000000000]

Lép k& [1,3,5,11

A2=[10000000501601000000000]

Lép k& [1,3,5,15

A3=[10000100051010500000000]

A4=[10000000010105500100000]

]
: ]
Lop ké [1,3,7,11]
Lép ké [1,3,7,15]

A5=[10000000501601000000000]

Lép ké [1,3,11,15]

A6=[10000000501601000000000]

Lép k& [1,5,7,11]

A7=[10000000010105500100000]

Lép ké [1,5,7,15]

A8=[10000000501601000000000]

Lép ké [1,5,11,15]

A9=[10000000501601000000000]

Lép ké [1,7,11,15]

Al0=[10000000010105500100000]

Lép k& [3,5,7,11]

All1=[10000000501601000000000]

Lép k& [3,5,7,15]

Al2=[10000100051010500000000]

Lé6p ké [3,5,11,15]

Al3=[10000100051010500000000]

Lép k& [3,7,11,15]

Al14=[10000000501601000000000]

Lép ké [5,7,11,15]

Al5=[10000000501601000000000]

2.2. Lwa chon ma Xyclic cuc b9 (20, 5)

2.2.1. Cdc gidi han tong qudt

Pé lya chon dugc md XCB (20, 5) tdi wu ta
dua vao cac giéi han sau:

- Gi61 han Griesmer:
k-1
do
n= —
23]

n.2k1

2k 1

- Gidi han Plotkin: d, <

phat hién sai trén kénh truyén

Thuat toan xac dinh phan bo trong $6 va danh
gia xac suat P, cia cac bd ma XCB trén kénh truyén

tin nhu hinh 3.

t
- Gi6i han Hamming: 2" > ZC‘n

2.2.2. Thudt todn ddnh gid xdc sudt khéng

Nhép tham s6 n, k, m

Lap cac phan ti ctia nhém
nhén xyclic m’,m’,...,m""

LAy t6 hop tuyén tinh dé tao
cac phan hoach lop ké

Lap phén hoach cac 16p ké

Xay dung truéng 16p ké, xay

dirne ma trin sinh ciia ma

Lap tir ma XCB

}

Tinh trong s6 W

!

Tinh phan bo trong s6

|

A o V& do thi phin b0 | | Tinh P, trén cic kénh
Chon 16p ke tao ma XCB trong so l
I V& do thj Py,
»|

Hinh 3. Thuét to4n danh gia x4c suit khdng phat hién sai trén kénh truyén
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2.2.3. Lwa chon md Xyclic cuc bg (20, 5)

Xac suat sai sau giai ma xac dinh theo cong
thtrc:

P(C) = Y P®) Y PFR) (3)

%eC  yeCR
Théng thuong cc tir mi & dau phat duoc phat di
v6i xéc sudt nhu nhau P®) = — khi do:
2

Pu©) =37 Y DPGR) 4)

xeC yeCkx

Trén kénh AWGN, ddi voi ma tuyén tinh co
thé gia thiét tir ma toan khong la tir ma phat. P (C)
c6 thé bao bing cén trén theo dudng bién téng
(union bound) [1] va phan bé trong s6 W (C) v&i
diéu ché nhi phan nhu sau:

NCED AWQL/sz%}(s)
w=d,; 0

111111

Trong d6 R =k/n 1a ti 1€ ma hoa, E,/Ny 1a ty 1€
nang lugng bit trén tap am (hodc SNR trén bit) va
ham Q (%) duoc dinh nghia:
L je‘zz/zdz, x=0,.

Q(X):\/ﬁx

Qua mo phong, d6 thi x4c suat sai sau giai mi trén
kénh AWGN cua mi XCB(20,5) nhu hinh 4.

. Trén d6 thi ta thiy trén kénh AWGN cac 16p
ke ([1], [3], [71, [11D); ({11, 5], [7], [11D); ([11, [7],
[11], [15]) cho P, nhd nhat (x&c xuat sai sau giai
mi), do d6 s& tao ra ma XCB (20,5) 6t tir cac 16p
ké. Mat khéc, khoang cach Hamming nho nhét cua
mi XCB (20, 5) xdy dung trén cic 16p k& trén déu
13: dpip = 9. Do d6, md XCB (20,5) trén cac 16p ke
sita duoc t=4 va 1a mi t&i yu thoa min gidi han
Griesmer:

9 9 9 9

k-1
;1:20223 ZHT 4o+ —=9+5+3+2+1=20
17 BT

Nhu vay, bé ma XCB (20,5)xay dung trén 16p
ké {(1, 3,7,11)}, {(1,5,7,11)}, {(1 7,11 15)} dat duoc
x4c suat sai sau giai ma tir 10 dén 10 khi ty s6 tin
trén tap Ey/Np tir 1 dén 10 va théa mén tiéu chuan tdi
uu Griesmer. Do d6 bo md XCB (20, 5) xdy dung
duoc lya chon 1a bo ma ti uu tao ra tir cac 16p ké.
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Hinh 4: D6 thi xc xuit sai sau giai mi trén kénh AWGNcia ma XCB (20, 5) tao ra tir 16p ké



3. PANH GIA UNG DUNG MA XYCLIC
CUC BO (20, 5) TREN KENH AWGN

3.1. Phwong phap xiy dung gidi ma
ngudng cho maXyclic cuc b (20, 5)

3.1.1. Phdn hoach vanh da thikc
X¢ét vanh da thie Z,[x]/x, + 1 v&in 1€ ta co:

Pinh nghia 1: Cap sb nhan xyclic trén vanh da
thire 1a mét tap hop con ¢6 dang sau:

Afag) = Halx), a(x).q(). a®).q’®), ...
a(x).q"" (x)}(6)
~ Trong do: m 1a s6 céc s6 hang cia cép
$0 nhan,

o q(x) 1a cong bdi; a(x) 1a sb hang dau
cua cap so nhan

a(x).q"(x) = a(x) mod(x" + 1)

Dinh nghia 2: Cong boi q(x) cia phan hoach
duogc goi la hat nhan ctia phan hoach.

Dinh nghia 3: Phan hoach vanh da thtc
dugc goi 1a khong suy bién néu phan hoach bao gdbm
tat ca cac phan tr khdc 0 trong vanh da thie. Nguoc
lai, phan hoach 1a phan hoach suy bién.

S6 16p k& trong phan hoach khong suy bién tiry
y dugc xéc dinh:

2t -2
N(a(x),n) 2 {m} +1 (7)

3.1.2. Phdn hoach hén hop trén mot vanh da
thirc

Phan hoach hon hgp vanh Z[x]/x" + 1 dugc
khai quat nhu sau:

Budc 1: Xac dinh max ord a(x) cua phan tur
trong vanh, tinh s6 ude clia max ord a(x), s6 udc sb
nay chinh 1a s6 kiéu phan hoach khong suy bién cila
vanh.

Buoc 2: Phan hoach vanh theo hai hat nhan
trong dé phai co it nhAt mot hat nhéan ¢ trong sb 1é.
Chon mét hat nhan phan hoach q;(x) sao cho ord
q1(x) = n, mot hat nhan phéan hoach thir hai qx(x) véi
ord g»(x) l1a boi ciia n. Mot hat nhan cé trong sd 1é
dugc dung dé phan hoach cic phan tir ¢ trong sd 1é
cuia vanh, hat nhan con lai dugc dung dé phén hoach
c4c phan tir co trong sb chin cua vanh.

Bude 3: Két hop cac cdp sd nhén xyclic
(CGP) ctia hai phan hoach véi nhau dé duoc mot
phén hoach mai.
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3.1.3. Xay dung mda XCB (20,5) trén phan
hoach hon hop cua mot vanh da thirc

Dinh 1y: Néu a(x) 1a phin tir ctia nhém nhan
nao do thi cap cuc dai cua a(x) dugc xac dinh nhu
sau:

-Néun ¢ va x"" +1:Hfi(x); trong do6
fi(x) 14 céc da thiic bat kha quy.

Khi d6 max ord(a(x))
max deg fi(x)

- Né&u n

=T/

Khi d6 max ord(a(x)) = 2°(2" —1) trong d6
max deg fi(x)

Ta c6 thé xay dung dugc ma XCB (20, 5) theo
cac budc sau:

=2"—1; trong 46 m =

chin n=2"2k+1) va

2A +1

m=

Bucoc 1: Dya vao dinh ly trén, xac dinh cép
cuc dai cia cac phan tir trong vanh x™+1:

max ord(a(x))=2*-1=15, trong d6 m,=deg
fo(x)=4.

S6 ude ciia max ord(a(x)) 1a 3, bao gdm 3, 5
va 15 va s& ¢ twong umg 3 kiéu phan hoach khong
suy bién cua vanh nay 1a kiéu phan hoach theo cac
nhém nhan xyclic cdp 3, 5 va 15.

Bude 2: Phan hoach vanh thanh cac CGP theo
2 hat nhan khac nhau:

- CGP thtt nhit A: chon cong boi
Q=1+ voi W(qu(x)=3 va ord(q;(x)=15 1a
boi so cua n = 5; s6 hang dau a(x)=1, CGP nay s&
bao gdm tat ca cac phan tir 1é cua vanh.

- CGP thu hai B: chon cong boi q.(x)=x
vol ord(qa(x))=5; sb hang dau b(x)= 1+x, CGP
ndy s& bao gom céac phan tir c¢6 trong sb chin.

CAu trtc cua 2 CGP nhu sau:

CGP=A=
), a(9q,(9, 3092 (M), a0 X)) =
a,i=115}

A= {(024), (034), (1), (013), (014), (2),
(124),

(012), (3), (023), (123), (4), (134), (234), (0)}

CGP,=B=

(), b2, (), bR (9, bR} =
b,i=15}

1

B={(01), (12), (23), (34), (04)} = {by i = L,



Buée 3: Két hop hai CGP A va B ta c6 thé tao

dugc ma XCB (20, 5):

Ay5:@14 113 Ag2 dp : Ay Ag

ag

as

ay as b1 bz b3 b4

[

A

~| 'CGP B (5 bit)

Hinh 5. C4u triic tir ma ciia ma XCB (20,5)

CGP A (15 bit)

Ma tran sinh cia ma nay nhu sau:
110110010100
060011101 100T1F0
G= 100001110110
0101 000O0OT1T1T1O0
1100101000 O0°1

Trong ma trén G thi 15 ¢4t déu tién twong ung
vdi CGP A va 5 cdt cudi cung tuong ting véi CGP
B.

3.1.4. Xay dung so d6 gidai m ngudong ma
XCB (20, 5)

Xét ma tuyén tinh (n, k) trén truong GF(2),
goi H 1a ma trén kiém tra cia nd, khi dé voi moi tr
ma a = (dg, 0, ...., Oy.1), ta co:

a.lH" = 0; trong d6: H' 1a ma tran chuyén vi
cua H

Khi d6 mdi hang h; cia H 1a:

—_—_= O = O

—_—— OO

1 10001
01 1000
001100
000110
000011
h,=(hg, by, ) Vo1 j=Lr;r=n—k
S& cho mdt tong kiém tra (TKT) cua cac ddu
ma:
hooo+hyon +.o+hy, o, =0;j =1,r

Dua vao hé téng kiém tra truc giao thiét lap
duoc hé¢ TKT cia ma XCB (20, 5, 9) xay dung trén
mot vanh da thic va so @6 danh gid ing dung ma
XCB(20, 5) nhu hinh 6.

Bang 2. H¢ tong ki¢m tra ciia ma Xyclic cuc bd (20, 5, 9) xdy dwng trén mot vanh da thirc

Hé TKT cho cip dau Hé TKT cho dau
T x oo T meo
) | at+a,=(01) 1) a>+(34)=(0)
2) ayta;; = (01) 2) az+ (01)=(0)
3) | asta;s = (01) 3) as + (01) + (12) = (0)
4) | astay=(01) 4) as+ (12)=(0)
5) | asta;; =(01) 5) ag+(04) +(34) = (0)
6) astas = (01) 6) azt (23) = (0)
7) apta;; =(01) 7) a;;+(01)+(23)=(0)
8) | by =(01) 8) ap+(04)=(0)
9) by+bs + by + bs =(01) 9) azs +(04) +(23) = (0)

Thanh ghi B tuong tng vdi CGP,, thanh ghi A
twong tng CGP,. Do hai CGP c6 cong bdi (nhip)
khac nhau nén khi giai mi nhip gidi ma cho mdi
thanh ghi 1a khac nhau. Cu thé toc do nhip cua thanh
ghi A s& nhanh gép 3 1an tdc d¢ nhip cua thanh ghi
B.

Sau cdp ngudng thir nhét giai ma thanh cong
cac cap dau thong tin (01), (12), (23), (34), (04) va
dugc chira vao thanh ghi C. Nhip gidi ma & cip
ngudng th 2 ciing twong tu, toc d6 nhip thanh ghi A
nhanh gip 3 1an toc d9 thanh ghi C. Sau cdp ngudng
thir 2 ta dugc cic ddu thong tin can giai ma: (0), (1),

(2), (3) va (4).
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Hinh 6. So d6 giai ma nguwdng cho ma XCB (20, 5) trén vanh da thirc x>+1

3.2. Panh gia &ng dung mi xyclic cuc bo thuyét vd mé phong giai ma da sb ngudng cho ma
(20, 5) trén kénh AWGN XCB (20,5) trén kénh AWGN nhu sau:

Xy dung so d6 mo phong so sanh giita ly

Hinh 7: So' d6 mé phéng giai ma ngudng cho ma XCB (20, 5, 9)trén kénh AWGN
Két qua md phong bang phan mém Matlab nhu sau:

BER cua XCB(20,5) qua kenh AWGN

107
it +-- XCB(20,5) £
Sk,
T e T Ly thuyet |1
107 b i
-3 "*"2,
% 10 )
m ‘ov
o ?
10™
_ ) .Se
10° \
107
0 1 2 3 4 Eb/Ncb(dB) 6 7 8 9 10

Hinh 8. Ty 1¢ 16i bit ciia ma XCB (20, 5, 9) trén kénh AWGN
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Tém lai, cac gi4 tri BER duoc tinh tai cac gia gial ma t6t va thoa man tiéu chuan t6i wu Griesmer. Tir
trj khac nhau ctia SNR, tir 0, 1, 2,..., 10dB, bidu thj Xt qua mo phong ta thay lya chon ma XCB (20.5)

trén hinh 8 bang nhimg diém nat. Trén cjé thi con truyén tot trén kénh AAWA,GN va C‘Aé thé u‘nig dung mﬁ
biéu didn ham xdc sudt 13i bit theo 1y thuyét Py[4]va ~ XCB (20.5) trong hé thong truyén tin; dong thoi la
ta the”iy chét lwong md XCB(20,5) truyén qua kénh CO SO Qe tiép tuc nghién ctru tim ra céc tiéu chi méi
AWGN khi ty s6 tin trén tap B b/I\’IO tir 107 dén 10° sit khéc d€ danh gid va tao ra cdc bd ma Xyclic cuc by
dung gidi md ngudng trén vanh da thirc cho chat luong moi ¢6 kha nang stra sai tot hon.
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House.
APPLYING LOCAL CYCLICAL CODES IN
COMMUNICATION SYSTEMS
Phan Thanh Minh', Nguyen Thac Dung !
"Telecommunication University
Abstract:

Local cyclic code (LCC) is the block code based on two algebraic structures, so it can create many sets of
codes. The major advantage of this code is that the code can build different codes due to each codeword is a
base polynomial ring of the circular shifts and the construction of polynomial code based on adjacent layers.
Therefore, evaluating the applicability of the local cyclic code in communication systems is very necessary and
important in the current.

Key words: Local cyclic codes; AWGN channel; polynomial ring; threshold decoding; adjacent layers.
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