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, MO PAU

1. TINH CAP THIET CUA DE TAI

M3 kénh dugc sir dung dé nang cao do tin cay
chinh xdc cho cdc hé thong truyén tin. Nguoi dat
nén méng cho cdc nghién ctu vé ma kénh, C.E.
Shannon [61], da dua ra cac co s& toan hoc va cac
can 1y thuyét cho viéc xay dung cac bo ma kénh.
Tuy nhién, 1y thuyét khong thé chi ra duoc cdch
tao cdc bo ma t6i uu ¢ thé dat dugce giéi han do.
Thuc t€, cdc b0 ma hod, giai ma don gian, dé ché
tao van dugc tng dung rong rai trong cac hé thong
truyén tin va luu gitt thong tin. Trong thuc t€, ton
tai nhi€u loai ma stra sai khac nhau. M6i bd ma
stra sai ¢6 cau truc va co ché tao va giai ma khac
nhau.

Vao nam 1987 GS -Tién si Nguyén Binh va

GS-Tién si Khoa hoc Nguyén Xuan Quynh da
nghién cttu ra ma Xyclic cuc bo 1a mdt bd ma
dugc xay dung trén hai cdu tric dai s6, do d6 n6
c6 kha nang stra 16 t6t va c¢6 tinh chat cling giong
nhu cdc ma tuyén tinh khdc. Uu diém néi bat cla
ma XCB & ché do xay dung moi dau ma 1a mot
phan tir cua vanh da thdc va viéc xay dung ma
XCB dua trén da thic sinh hodc trén phan hoach

ciac 16p ké, do d6 c6 kha nang xay dung duoc
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nhi€éu bo ma khac nhau. Hién nay viéc nghién ctiu
dua ma XCB vao ung dung 1a mot van dé da va
dang duogc tiép tuc nghién ciu.

Véi dé tai “Nghién ctu danh gid chat luogng
giai ma XCB trén cdc kénh truyén tin”, luan 4n da
nghién cttu ciu tric va cac co sG toan hoc cua cac
mo hinh kénh, cdc ma kénh. T d6 d¢ xuat phuong
phap danh gia chat lugng ctua cac bo ma XCB, xay
dung cac thuat toan tim phan bo trong so va danh
gia xac suat sai sau giai ma XCB trén mot s6 kénh
truyén tin. Dua vao cdc can chat luong cua xac
sudt sai sau giai ma tim cac bo ma cé chat luong
tot va so sanh ching v6i cac bd ma tét cd cung
céu tric da duogc cong bo. Dong thoi luan an cling
di xay dung so d6 mo phong danh gid cac so do
giai ma ngudng cho bd ma XCB(14,6) trén kénh
AWGN.

2. MUC DPICH NGHIEN CUU

Xac dinh tiéu chi st dung dé ddnh gid ma
XCB trén cac kénh truyén tin d6 1a xac suat khong
phat hién sai sau giai ma va xay dung so do ma
hoa va giai ma ciia bo ma cu thé dé ddnh gid chat
luong giai ma cua bo ma hoa dé trén mot s6 kénh
truyén tin .

3. NHIEM VU NGHIEN CUU
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- Xay dung thuat toan tim phan bo trong so
ctia ma XCB, tir d6 1am co s& dé tinh xdc suit
khong phat hién sai sau giai ma.

- Xéac dinh cdc dinh 1y gi6i han dung dé tinh
xac suat khong phat hién sai sau giai ma.

- Xay dung so d6 ma hoa va giai ma cua bo
ma XCB(14,6), xay dung so d6 mo phong danh
gia chat luong cua bo ma XCB nay trén kénh
AWGN thong qua phan mém Matlab.

4. PHUONG PHAP NGHIEN CUU

Dung phuong phap toan hoc két hop su dung
mdy tinh dé khao sat, phan tich, tong hop xir ly
cac két qua thuc nghiém tir d6 tim ra cac bd ma
XCB tot dung trén cdc kénh truyén tin.

5. CAU TRUC CUA LUAN AN
Luan 4n gém 3 chuong chinh. Cu thé:

Mo dau

Chuong 1. Téng quan vé kénh va ma kénh

Chuong 2. Tinh toan phd trong sd va x4c sudt
16i ctia mot s6 ma XCB

Chuong 3. Panh gia chat luong ma XCB trén
cac kénh truyén tin

K&t luan, tai liéu tham khao, phu luc.

NOI DUNG CUA LUAN AN
Chuong 1: TONG QUAN VE KENH VA MA
KENH
1.1 Cdc ddc trung co bdn cua kénh
1.1.1 Phuong trinh duong truyén [65]



YO = x(t)+n(1)
(1.1)
1.1.2 Hé 56 sur dung kénh: 1a tham s6 quan
trong dé danh gid truyén tin qua kénh.

c KNTQ

v Tocdo truyén tin

(1.2)
1.2 Cdc mo hinh kénh dién hinh
1.2.1 M6 hinh kénh AWGN
Phuong trinh dudng truyén cho kénh AWGN
theo nhu (1.1). Dung luong kénh AWGN x4c dinh
theo cong thitc Shannon [60]:

Chyy) :Flog{l+%) [bit/gidy]

(1.18)
1.2.2 Mo hinh kénh nhi phdn doi xiing
(BSC)
Phuong trinh duong truyén:
Y=X®N,
(1.19)
P=p
0 = 0
Cc bit vao =P Cic bitra
s oy —kalp
1 1

Hinh 1.2 Mo hinh kénh BSC

Xéc sudt chuyén dai tin:
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P =1-P NéuY =X,
P Neéu Y, # X,

Pl )= {

1.3. Md kénh
1.3.1 Piéu kién va khd nang siia 10i

1. Diéu kién dé bo ma cé khd ndng siia 16i

Diéu kién dé bo ma c6 kha nang sira 16i 1a
khoang cdch ma t6i thiéu d, ciia b ma phai khong
nho hon 3. Nghia la: d > 3.

2. Khd ndng sua 16i ciia bo md sita sai: Duoc
danh gia qua so sai  ma ma c6 kha nang sua duoc.
So sai stta duoc va khoang cach mai t6i thiéu d,
quan hé v6i nhau:

tgﬁ
2

Ki hiéu [x]: 18y phan nguyén cta x.

1.3.2 Xdc sudt khong phdt hién sai cua md
sua sai

Ki hiéu C(n,M) 1a ma stra 16i tuyén tinh (n: do
dai tir ma, M: sO tir ma truyén trén kénh).
Phuong trinh duong truyén: y=x @ e
trong do e: vecto sai ( e=(@,e,...¢,..2,))

Kihi¢w: P, =P, (C,K): xac sudt khong
phat hién duoc sai. Ta co:

PACK)=Y PR) Y P (1.37)
Céc tir ma gfri di'¢d xdc suat xudt hién nhu nhau
P(%) = % Khi nay P,, x4c dinh theo cong thic:
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PACKI=-Y Y PG

¥eC yeClx}
(1.38)
PUCKI-ZY X Y PG

¥eC X'eC{x|yeM (x)
(1.41)

Nhu vay tiéu chi chinh ma ta sé tinh dén khi
st dung ma phat hién sai trén kénh: tinh
p.(c,k)hoac p“(c,k) nhu thé€ nao d6i v6i ma da
cho? vé6i kénh BSC tinh: P (c, p)hoac pP(c,p)?

Tim dugc phan bo trong so, P, (C,p) c6 thé
tinh theo dinh 1y 1[62]. Tim dugc phan bo trong
s0 clia ma ta ¢ thé tinh duoc xdc suat khong phat
hién sai va tir d6 c6 thé danh gia duoc chat luong
cua bo ma. Phuong phdp nay ta s€ dp dung dé
danh gia chat lugng cua ma XCB s€ xét dén trong
cac chuong sau.

1.5. Két ludn chuong mot
1. Cac ma xyclic truyén thong xay dung trén

cdc Ideal ctia vanh c6 cau tric dé dang thuc hién
vé mat k§ thuat va da dugc ung dung rong rai
trong cdc tha tuc truyén tin co ban. Tuy nhién céc
ma xyclic chi duoc xem xét véGi cac do dai Ié va bi
han ché bdi s6 lugng cac Ideal.

2. Cac ma xyclic truyén thong duoc xem la

mot 16p con trong cac ma xyclic cuc bo, bdi vay
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kha nang lya chon cta cic ma XCB la da dang
hon cdc ma truyén thong. Tuy nhién chua cé cong
trinh nao dé cap dén kha ning va chat luong giai
ma XCB trén cic kénh truyén tin. Do vay, van dé
nghién cttu danh gid hiéu qua giai ma cua ma
XCB trén mot s6 kénh truyén va danh gia kha
nang giai ma XCB, xac dinh bo ma XCB tot dung
trén cac kénh truyén tin 1a yéu ciu cép thiét.
Chuong 2: TINH TOAN PHO TRONG SO VA
XAC SUAT LOI CUA MOT SO MA XCB

2.1. Phé trong sé ctia cdc md kénh

2.1.2. Phdn bo trong sé va phdn bo khodng
cdch md cia md tuyén tinh [62]

Ky hiéu C 1a mot ma tuyén tinh (n, M, g) c6
do dai n, ¢c6 M tr ma mang tin can truyén va C
xay dung trén truong hitu han GF(g). Ky hiéu:

A =4(0)=frkyec va ()=
(2.1)
@)=Y az

(2.2)

duogc goi 1a ham phan bd khoang cach cua C
Ky hiéu: AV = 4" (c).|{§ e, x)= i]
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A¥(z)= z":A,WZ’
i=0

(2.3)
dugc goi 1a ham phan bd trong s6 ctia C.
2.1.3. Bién doi Mac William[62]
Ky hiéu C 1a ma (n, M, ¢). Bién d6i William
cua A-(Z) dugc dinh nghia [62]:
MW 1 n 1-Z
A (Z)—E(H(q—l)z) Ac {m}

(2.4)

AC(Z)=qﬂn(1+(q—1)Z)"A£4W[ =7 j

1—(q-1)Z
(2.6)

2.2. Thudt todn tim phdn bé trong so cua md
xyclic cuc bo

2.2.1 Mo dau

Dé xay dung thuat todn tim phan bo trong so
cia ma XCB, viéc dau tién ta xay dung céc 16p ké
cho ma XCB(n,k). Sau d6 chon cédc 16p ké tao ma
va tim phan bo trong s6 cho ma tuong ung. Két
qua dugc du trit cho qua trinh danh gia va tinh
todn dé tim P, t6i wu..

2.2.3. Luu do thudt todn tim phdn bo trong so
ctua md XCB

Luu do6 thuat todn tim pho trong s6 va danh
gia P,, cia ma XCB hinh 2.8.
Vi du: V6i k=6, n=14 tic 1la ma XCB(14, 6) cb
phan hoach céc 16p keé:

1 |2 | 4 B (16 [32 |




3 6 12 24 48 33
5 10 20 40 17 34
9 18 36

7 14 28 56 49 35
13 |26 52 41 19 38
25 50 37 11 22 44
21 |42
15 130 60 57 51 39
23 146 29 58 53 43
27 |54 45
31 62 61 59 55 47
0
Phan bd trong so cua cic b0 ma XCB hé

thong(14,6) xay dung trén cac 16p ké dugc liét ké
theo bang 2.2.

Bdng 2.2 Phdn bo trong s6 ciia cdc md
XCB(14.6)

Lép Phan b6 trong s6 Khoang
ké cach ma
1,LI3,/1 0 0 0 0 12 15 8|d=5

21* 115 120 0 0 0 1 d=5
1,25,/1 0 0 0 0 12 15 8
21* 11512 0 0 0 0 1

Phan bo trong s6 ciia ma XCB(14,6) xay dung trén
16p ké ([11,[7],[21]) hinh 2.2. Phan bé trong so

cia ma nay nhu sau:

A=[10003612201263 000 1]
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Ké&t ludn: Dua trén thuat toan tim phan bo trong
s6 cho ma XCB, ta c6 thé tim dugc phan bo trong
s0 ctia ma XCB, tir d6 c6 thé tinh duoc xdc suit
khong phat hién sai va danh gia dugc chat luong
cua ma XCB trén cic kénh truyén, do dé c6 thé
tim dugc ma XCB tot cho cac tng dung trong thuc
t€. Phan nay s€ cung cép dit liéu cho cac phan 2.3
va chuong 3 dé ddnh gid va tim ma XCB tot trén

cac kénh truyen.

Y
Lap tr ma XCB

174

Nhap tham s6 n, k, m N4
Tinh trong s6 W

\4
Lap cdc phan tir clia nhém 4
nhan xycli%/ m’,m',...,m"! Tinh phan bé trong s6

L4y t6 hop tuyén tinh dé

tao cdc phan hoach 16p ké ., >
—p_%?—dp_ V& phan bo V& phan b6 trong so

Lap phan hoach cic 16p trong so ‘W(O) hay tinh P,
ke,
\4

Chon 16p ké tao ma XCB e
V& do thi 02 Egtr}f“
Xay du tuc’rvn 16p ke, xa phan v
4y dung truong 0p ke, Xdy bo trong s6 FRTRTE
dung ma tran sinh ctia ma XCB ong 8O V& do thi P,
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Hinh 2.8: Luu do thudt todn tim pho trong s6'va ddnh gid
Xdc sudt P, cia ma XCB
2.3 Xdc sudt khong phdt hién sai cia md stia loi
trén cdc kénh
2.3.1P,, cua kénh BSC
X4c suat sai khong phat hién dugc ctia ma C
trén kénh nhi phan doi xing ki hiéu la P, (C,BSC).
Ta c6:
M MW n
Pue(CsBSCp):yAc‘ 1-2p)-(1-p)

(2.44)
Vi du: Phan bo trong s6 ciia ma XCB (15,5):

n 15
A(Z)=) A4Z"=) 42" =1+1527 +152° + Z"

i=0 i=0
Suy ra xac suit sai sau giai ma cia ma XCB(15,5)
trén kénh BSCla:  p (p)=2""4_,0-2p)-0-p)"

Hinh 2.2: Phdn bo'trong so cua mda XCB(14,6) tao tir
lop ké ([1],(71,121])
Be(p)=15p"(1=p)" +15p" (1= p)" + p"
2k -1 2°-1
YRR

Pue(P)<F,(1/2)=
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Cac két qua tinh toan cho thay P, (C,p) tang don
diéu trong khoang p=[0, 1/2].
Nhdn xét:

*) C6 thé chon ma (n,m) hoic (n,k) t6i uu theo
p dé sir dung (vdi p cho trudc).

*) Khong c6 phuong phép téng quat tim ma
toi uu theo p da biét (ngoai trit phuong phap vét
can).

*) Néu moOt ma la tot theo dinh nghia thi n6
cling du to6t cho hau hét cic ung dung clia ma
trong thuc té.

*) Mot sO 16p ma 1a tot, nhung ciing rat nhiéu
16p ma khong t6t. Chua c6 phuong phap nao chi ra
diéu nay.

*) Gi6i han (2*-1)/2" va 2"* duoc sit dung 1am
dinh nghia cho ma tét.

2.3.4. Cdc gidi han tong quadt

2.34.1 Mot vai gioi han ddanh gid chdt luong
cua md khoi tuyén tinh

o . k-1
Gi61 han Griesmer: nz Z{%}
i=0
.« . . k-1
Gi6i han Plotkin: dy < Zkz 1
Gi61 han Hamming: 2F>3ci

2.3.4.2 Cdc gioi han duoi
Sir dung két qua cua tir dinh 1y 2.9 dén dinh 1y
2.14 [62].
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2.3.4.3 Cac gioi han trén

St dung két qua tir dinh 1y 2.16 dén dinh 1y
2.21[62]
Vidu 6: Xét ma (8,4,3). Theo dinh 1y 2.16 ta co:

P (Cp)(2*-1)p(1-p)*=15p°(1-p)’

2.5. Xdc sudt khong phdt hién sai cua mda XCB
trén mot so kénh truyén.

Ky hi¢u C 1a bo ma XCB(n,k). Xéac suat sai sau
giai ma xac dinh theo cong thiic:

R (C)= P(x) D P(¥/%)

¥eC yeClx
(2.60)
Xac sudt sai sau giai ma cua ma C dugc xac
dinh theo phan bo trong s6 A,(C) cuia ma C nhu
sau:

P (O)=(1-p)"] Ai(C){ﬁ}
i=0

(2.64)

2.5.3 Xac suat khong phat hién sai cia ma
XCB(14,6)

Phan bo trong s6 ciia ma XCB(14,6) xay dung
trén 16p ké ([1],[13],[21])
Phéan b6 trong s6 ciia ma nay nhu sau (Xem muc
2.2):

A=[1000 012 158 15 120

000 1]
So sanh xéc suat P,, cuia ma XCB(14,6) nay trén
kénh BSC nhu hinh 2.10.
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Phan bo trong s6 ciia ma XCB(14,6) xay dung trén
16p ké ([11,[25],[21]) nhu sau (xem muc 2.2):

A=[1000012 158 15120 0 00

1]
So sanh xac suat P,, cia ma XCB(14,6) nay trén
kénh BSC nhu hinh 2.11.

2.5.4 Cdc cdn chdt luong qua mé hinh kénh
BSC, AWGN, va kénh Pha dinh

2.5.4.1 M6 hinh kénh BSC

Theo [60] xac sudt giai ma sai, ky hiéu la
P (C), hay con goi 1a xdc sudt 16i giai ma, bang
xdc suat ctia phan bu cta su kién giai ma ding, c6
nghia la P, (C)=1- P,(C). Tu phuong trinh (1.28)
[60], c6 thé chi ra ring:

Hinh 2.11:So sdnh xdc sudt P, cua md XCB(14,6)
tao ti Iop ké ([1].[13].[21]) trén kénh BSC

T

Hinh 2.12: So sdnh xdc sudt P,, ciia md XCB(14,6)
tao tw lop ké ([1],/25],/21]) trén kénh BSC

P (C)=1-> Lp'(l-p)""
i=0

(2.65)
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Dua vao cédc thao luan vé P (C) [60], ta nhan
dugc can trén bi€u dién duéi dang:
P(0)< Z[f]p’a—p)""
1

(2.66)
dau bang xay ra khi va chi khi ma C 1a mot bo ma
hoan hao (théa man can Hamming véi ddu bang).
Hinh 2.18 chi ra d6 thi theo (2.66) cuia ma
XCB(20,5) trén kénh BSC.

g
-

o

R et

o

)

Hinh 2.18. Do thi xdc sudt P, (p) cdn trén va
Pue(p) ciia mda XCB(20,5) trén kénh BSC.

Tu d6 thi ta thdy rang ma XCB(20,5) luoén cho
xac sudt khong phat hién sai trén kénh thoa man
nho hon can trén cua P, (Chat lugng ma trén kénh
s€ tot hon). Nhu vay ma XCB(20,5) dam bao chat
luong tot khi truyén trén kénh BSC.

2.5.4.2 M6 hinh kénh AWGN
Doi voi ma tuyén tinh, ¢ thé gia thiét tr ma
toan khong 12 tir ma phat. P, (C) c6 thé bao bing
can trén theo dudng bién téng (union bound) [40]
va phan bd trong s6 W(C) véi diéu ché nhi phan

nhu sau:
P, (C)< Z 4,0 /szﬂ
w=din NO

(2.67) Trong d6 R=k/n 1a ti 1¢ ma hoa, E,/N, 1a ty
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1¢ nang lugng bit trén tap am (hoac SNR trén bit)
va ham Q(x) duwgc dinh  nghia

! j.e’zz/zdz, x=>0,.

x)= Nrd)
Hinh 2.19 so sanh cac tinh todn x4c suat giai ma
16i giai ma quyét dinh cing (1.30)[60] va quyét
dinh mém (2.67) do6i v6i ma XCB(20,5). Giai ma
quyét dinh cu’ng c6 thé hi€u nhu’ la mot

Hinh2.19: Két qud mo ﬁhong Ma XCB(ZO ) doi
VoI gidi md quyét dinh ciing HDD va giai md
quyét dinh mém SDD.

bo giai ma trén kénh BSC vé6i dau vao duoc 1ay tir
b0 giai di€u ché€ nhi phan. Khi phiat qua kénh
AWGN ta c6 kénh BSC tuong duong véGi xac suat

16i chéo 1a [22], [34]:
p= Q‘/ZRf,—O

Hinh 2.19 ciing chi ra rang giai ma quyét dinh
mém cho chét lugng t6t hon gidi ma quyét dinh
cting theo nghia 1a n6 cin cong suét phat nho hon
tai cing mot gid tri P, (C). Sai s6 (tinh bang dB)
gitta SNR trén bit tuong tng dugc goi la tang ich
ma hoa.

Trong [46], cdc tic gia da chi ra rang, d6i v6i ma
khoi nhi phan hé thong khi truyén qua kénh
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AWGN, x4c suét 16i bit, ky hiéu 1a P,(C), ¢6 can

can trén la:
T owA E,
pC)= Y v /2 Rt
% (C) w;d,.:m \ Q[ W, Noj

(2.68) Hinh 2.19 chi ra két qua tinh can ma
XCB(20,5) doi véi giai ma quyét dinh cing HDD
va giai ma quyét dinh mém SDD trén kénh
AWGN.

254.3. Mo hinh kénh Pha ding Rayleigh
phdng

Mot phuong phdp tinh ham Q(x) theo
ham mil (xem [61]) va sau do tinh tich phan hoac
tim theo can Chernoff. Két qua cua phuong phap
ndy ta duoc can trén khong chit nhung c6 thé biéu
dién dudi dang cong thitc don gian( [34], [68]):

(T ———
w=dmin |: REb:|
14 25
N()
(2.69)

Tir céc trinh bay trong phin nay ta thiy rang
ma XCB(20,5) thoa man cic yéu ciu vé can chat
luong trén cac kénh. Do d6 ma XCB(20,5) ciing la
mot ma t6t c6 thé duoc ting dung cho hé thong
truyén tin nhu cdc ma xyclic tot da biét.

2.6. Két ludn chuong hai
1. Pho trong s6 12 mot tham s6 quan trong cin

biét khi danh gia xdc sudt sai sau giai ma cua cac

ma. Trong chuong tdc gia da tim duoc pho trong s6
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cua cac ma XCB(14, 6), XCB(15, 5), XCB(20, 5) va
XCB(36, 9). Cu thé tim duoc phé trong s clia cac
bd ma v6i n=12, 14, 15, 20, 36; k=4, 5, 6, 9. Tim
dugce xac sudt sai sau giai ma va tinh dugc can trén
X4c sudt sai sau giai ma cho cac bo ma: XCB(14,
6), XCB(15,5), XCB(20, 5) va XCB(36, 9).

2. Trong chuong nay tac gia da xay dung mot
chuong trinh x4c dinh ph6 trong s6 clia cac ma XCB
dua trén thuat toan vét can va cht yéu xét véi cac bo
ma c6 do dai tir ma chin khong thé tao dugc tir cac
ma xyclic truyén thong. Trén thuc t€ chuong trinh
nay chi kha thi véi cac gia tri k nho. Vi cac gia tri k
16n, dé giam nhe khoi luong tinh todn tac gia da dua
ra moOt sO nguyén tac lua chon céc 16p ké tao ma
trong phan hoach cua vanh da thic theo nhom nhan
xyclic don vi.

C6 thé thay riang day chi la cic két qua ban
diu, dé giam thiéu hon nita s6 cdc trudng hop cin
lua chon, can phai ti€p tuc nghién citu dé xay dung

cac tiéu chi chat ché hon. Chuong nay cling xem xét
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cac can chat luong cua cic ma trén mo hinh kénh
khac nhau. Cac két qua trong chuong nay con dugc
str dung trong chuong 3.

Chuong 3: PANH GIA CHAT LUGNG MA
XCB TREN CAC KENH TRUYEN TIN
3.1. Phuong phdp dé chon mda XCB 6t trén
kénh truyén

Tir 1y thuyét da dua ra trong chuong 2 vé xac
sudt khong phat hién sai, ta ap dung trong phan
nay dé udc luong (tinh) x4c suat sai sau gidi ma
qua mot s6 vi du cho cac bd ma sta sai XCB cu
thé. Tir d6 tim ra cdc bo ma XCB tot trén cidc kénh
truyén tin.

3.1.1. Phuong phdp chon ma XCB tot

3.1.1.1. Ho mda XCB(20,5)

Do thi xdc suét sai sau giai ma trén kénh pha
dinh phang clia cic ma XCB(20,5) xay dung trén
céc 16p ke trén (hinh 3.1) nhu sau:

Hinh 3.1 Do thi xdc sudt sai sau_gidi md trén
kénh phadinh phang cua mq XCB(20,5) xay dung
trén cdc lop ké tao ma.

Nhu vay trén d6 thi ta thdy riang cidc ma
XCB(20,5) xay dung trén cac 16p ke tuong tng véi
duong C s€ cho chat luong tin tic tot trén kénh
pha dinh phing va cdc ma xay dung trén cic 16p
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ké nay duoc coi 1a ma t6t trén kénh pha dinh
phang.

Do thi xdc suét sai sau giai ma trén kénh BSC
cia ma XCB(20,5) xay dung trén cdc 16p ké trén
nhu sau(hinh 3.2).

Nhu vay cac 16p ké tuong tng vé6i duong C sé
tao ra ma XCB(20,5) tot trén kénh BSC.

D6 thi x4c suat sai sau giai ma trén kénh
AWGN cua ma XCB(20,5) xay dung trén cac 16p
ké trén nhu hinh 3.3.

Nhu vay trén kénh AWGN cac 16p ké tuong
tng v6i duong C s€ tao ra ma XCB(20,5) tot trén
kénh AWGN.

Hinh 3.2: Po thi xdc g i

1 sai say gidi md trén
57

t
kénh BSC cua ma XCB(20,5) tao tw cac lop ké tao
md.

o

EJ/N,

Hinh 3.3: Do thi xdc sudt sai sau gidi md trén
kénh AWGN cua mda XCB(20,5 tao tir cdc lop ké
tao md.

Nhdn xét: Qua xét cac 16p ké tao ma
XCB(20,5) trén céc kénh, ta thdy rang cdc 16p ké
{((1LI3L.[7],[11]), ([1LISLI71.[11D),
([11,[7],[11],[15])}sé tao ra ma XCB(20,5) tot nhat
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trén cac kénh pha dinh phang, kénh BSC va kénh.
Cac bo ma nay c6 d,;=9, ki€ém tra theo tiéu chuédn
toi vu Griesmer:

Hld, < I 9] [9] [9 9
=202 3|3 2o+ 3] R
Vay cac bdo ma nay la cac bo ma téi uu dat tiéu
chuén Griesmer.

Xét tuong tu doi v6i ma XCB(15, 5), ta cling
thdy rang, ma XCB(15, 5) tao tir 16p ké
{[11,[7]1,[11])} trén ca 3 kénh déu cho xéc suit sai
sau giai ma 1a nho nhat, bo ma nay c6 d,=7. Kiém
tra theo tiéu chuin Griesmer:

sl -2l R
Do d6 bo ma nay 1a bdo ma toi uwu.

Ta xét ma BCH(15,5) xay dung trén truong

Galois (2% dugc sinh boi p(x)=I1+x+x* da thic
sinh cia ma nay la:
2(x)=(1+x+x" )1 + x4+ 4+ )(1 +x42°)=
T +x+22 +x7+20 +x5 +x7°
Ma BCH(15,5) stta dugc 3 16i vé6i d,, =7. Trong
luong cua da thic sinh 1a 7 do vay khoang cach
nho nhit cua ma nay 1a 7.
Cac tir ma ctia ma nay duogc liét ké trong phan phu
luc. So sanh xdac sudt sai sau giai ma gitta ma
BCH(15,5,7) va ma XCB(15,5,7) qua Matlab nhu
hinh 3.7.
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Hinh 3.7: So sdnh xdc sudt sai sau gidi md giita
md BCH(15,5,7) va mda XCB(15,5,7) xét o trén.
D6 thi so sanh xac sudt khong phat hién sai trén
kénh BSC gilta ma BCH(15,5,7) va ma
XCB(15,5,7) v6i can trén va can dudi danh gia qua
Matlab nhu hinh 3.8. Ta thdy rang hai ma
BCH(15,5,7) va ma XCB(15,5,7) c6 cung phan bo
trong sO cung khoang cich Hamming nho nhat, do
d6 xac suat khong phat hién sai cua hai ma nay
nhu nhau. Hay n6i mét cach khac ma XCB(15,5,7)
xay dung trén 16p ké ([11,[7],[11]) c6 chat luong
tot twong duong véi ma BCH(15,5,7) da biét. Tu
cdc d6 thi trén cdc kénh ta thdy rang mai
XCB(15,5) xay dung trén céc 16p ké la ma XCB
tot cho cac kénh BSC, AWGN va kénh pha dinh
phiang va ciing t6t so véi ma BCH c6 cung ciu

truc.

zzzzz e

Hinh 3.8: Do thi so sdanh xdc sudt P, trén kénh
BSC giita ma BCH(15,5,7) va ma XCB(15,5,7) véi
cdn trén va cdn duoi.

3.1.1.4 Ho ma XCB(14, 6)
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Phan hoach céc 16p ké cta ma XCB(14, 6)
duoc dua ra & phan 2.2.3 muc 2.2. D6 thi xac suat
sai sau giai ma trén kénh BSC cua ma XCB(14, 6)
tao tir cdc 16p ké chay trén Matlab nhu hinh 3.10.
Trén d6 thi duong B tuong tng vé6i cic 16p ké
(L3121, ([11,[251,[21])}. Dya trén dé thi
ta thay rang cdc 16p ké tao ma XCB(14, 6) theo
duong B cho xac suat sai sau giai ma la nho nhat.
Nhu vay ma XCB(14, 6) tao tu cac 16p ké
{([11,[131,[121]), ([11,[25],[21])} 1la ma tot trén
kénh BSC. Hai bo ma nay c6 d,=53, theo tiéu chuén
Griesmer:

S LG R
ST 2] e8] e 132
Do vay hai b6 ma nay gan dat t6i uu theo tiéu
chuéin Griesmer.

3.1.2 Nhan xét
Qua xét cac vi du vé6i cac ho ma XCB trén ta thay
ring khi biét phan bo trong s6 clia ma ta c6 thé

Hinh 3.10: D6 thi xdc sudt sai sau gidi md trén
kénh BSC cua md XCB(14,6) tao tir cdc 16p ké.
luong ctia ma bang tham s6 xdc suit sai sau giai
ma. Tir d6 c6 thé ddnh gid theo xdc suat sai sau
giai ma cta cac 16p ké tao ma XCB ta c6 thé chon
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dugc 16p ké tao ma XCB t6t nhu cdc ma tuyén tinh
da biét va tot trén cac kénh truyén tin.

3.2. Ddnh gid ma XCB(14,6) theo hai so do gidi
mda nguong

3.2.1. Md xyclic cuc bo (14,6)

Ma XCB(14,6) xay dung trén vanh da thtc
x°+1, cic 16p ké cua vanh Z,; xay dung thanh céc
16p ké clia nhém nhan xyclic cdp 6. Dua vao céc
tong kiém tra c6 kha nang truc giao cila ma ny ta
xay dung duoc cac so d6 giai ma dam bao khoang
cach ma d,=5 (stta duoc hai sai ngau nhién). D6 la
cic so d6 hai cdp ngudng va so do6 mot cap
nguong.

3.2.2. Hai so do gidi md cho md XCB (14,6)

3.2.2.1 So do hai cdp ngudong: So do6 nay can
(n+k+k/2)=23 nhip dé giai ma cho 6 dau thong
tin. So v6i so d6 giai ma nhanh, so d6 nay can
thém £/2 nhip, nhung so do giai ma don gian hon
rdt nhiéu.

3.2.2.2 So do mot cdp nguong

Dua trén hé thong kiém tra 2 lién hé ta c6 thé
xay dung duogc so d6 giai ma ngudng dung mot
cap ngudng. Ta biét ring s6 tong kiém tra A lién
hé 16n nhat c6 thé thiét 1ap dugc bing:

Jmax = |:(n — l)l}
A

Trong d6: A : s6 bac lien hé; [x]1a phan nguyén cia
X.
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A: s6 ddu mi ndm trong mot tong kiém
tra (khong ké dau can giai ma).
Trong truong hop ma XCB(14,6) ta c6:
g {(14;2)2} _g

Trong khi d6 s6 tong kiém tra phai thiét 1ap duoc
dé dam bao d=51a:  J=a(d,-2)+1=2(5-2)+1=7
3.2.3 M6 phong md XCB(14,6)

3.2.3.1 So do mé phong cho ma XCB(14,6) voi mot
cdp nguong

Hinh 3.16: So do m Iphon g GMDS mot ¢
nguong cho ma XCB( 4,6) trén kénh AWGZ(?

D6 thi mo phong giai ma mot cap ngudng cho ma
XCB(14,6) trén kénh AWGN nhu sau:

o Y

BitErnor Rt
¢

Hinh 3.17: Do thi chdt luong GMDS mot ¢
§Lf0’ng cho ma XCB( 14,6) tren kénh AWGNP
2.3.2. So do mo ghong cho ma XCB(14,6)
voi gidi md hai cdp nguong.
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Hinh 3.18: So do mo phong GMDS hai cd}’e
nguong cho md XCB(14,6) trén kénh AWGN.
Do thi giai ma 2 cip ngudng trén kénh AWGN
nhu sau:

BRErmor 3ate

Hinh 3.19: Do thi chdt luong GMPS hai clcz;)
nguong cho md XCB(14,6) trén kénh AWGN.

i

Hinh 3.20: D9 thi so sdnh giiia so do GMPS 1 ¢cdp
nguong, giai md trén da so 1 biéu quyét 1 cdp
nguong va so do GMDPS 2 cdp nguong, giai ma

tren da so 1 biéu quyét 2 cdap nguong.

Tt d6 thi chit lugng cua hai bd giai ma mot
cip ngudng va hai cdp ngudng ta thdy ring so do
giai ma hai cap nguong cho chit luong giai ma tot
hon so véi so do giai ma mot cap ngudng. Nhung
vGi so do giai ma mot cap ngudng khi giai ra 6
dau thong tin chi can 14 nhip dé nap ddu ma va 6
nhip dé giai 6 dau thong tin, nhu vay can 20 nhip
dé giai ra 6 dau thong tin. Con véi so d6 gidi ma
hai cap ngudng thi can 14 nhip dé nap 14 dau ma3,
6 nhip dé giai ra 3 cap dau 1.8, 2.16, 4.32 va 6
nhip dé giai ra 6 dau thong tin. Nhu vay can 24
nhip dé giai ra 6 dau thong tin. Do d6 bo giai ma
hai cép ngudng cho chat lugng giai ma tot hon bo
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giai ma mot cdp ngudng, nhung toc do giai ma s€
cham hon bo giai ma mot cap ngudng. Trén do thi
chat luong ta con thdy rang giai ma ngudng theo
da so trén 1 bi€u quyét cho chat luong giai ma tot
hon gidi ma ngudng da so 1 biéu quyét. Do vay
khi chon giai ma ngudng cho ma XCB(14,6) n6i
riéng va ma XCB néi chung, ta nén chon giai ma
ngudng da so trén 1 bi€u quyét.

3.3. Két ludn chuong 3

1. Qua két qua khao sat mot s6 bd ma trén cac
vanh Zy(x)/(x’+1) va Z,(x)/(x*+1), im dugc cidc mi
XCB c6 do dai chan (20,5,9) va (14,6,5) 1a cac ma
tOi rru va gan toi vu.

2. Ching t6 rdng ma XCB (15,5,7) trén vanh
Z,(x)/(xX’+1) tuong duong v6i ma xyclic truyén
thong trén vanh Z,(x)/(x’+1) va co chit luong tot
tuong duong nhu ma BCH(15,5,7) da biét.

3. Chat lugng giai ma con phu thudc vao viéc
lva chon so do giai ma cu thé. Van dé nay duogc
xem xét thong qua vi du giai ma ngudong cho ma
(14,6,5) v6i 4 so d6 giai ma cu thé 1a gidi ma véi

mot cap ngudng theo hai mic ngudng khic nhau



28
(gidi ma da sO va gidi ma trén da s6 mot biéu
quyét) va giai ma véi 2 cdp ngudng theo 2 mic

ngudng khac nhau.

KET LUAN VA KIEN NGHI
1. Cac két qua cua luan an

Luan an da dat duoc nhiing két qua sau:

1. - Phé trong s6 la mot tham s6 quan trong
can biét khi danh gia xac sudt sai sau giai ma cua
cac ma. Trong luan 4n tic giad da tim dugc phd
trong s60 cua ciac ma XCB(14,6), XCB(15,5),
XCB(20,5) va XCB(36,9), tuong tng vé6i cac bdo ma
c6 n=12, 14, 15, 20, 36; k=4, 5, 6, 9. Tim duogc
Xac sudt sai sau giai ma va tinh duoc can trén xac
sudt sai sau giai ma cho cac bd ma: XCB(14,6),
XCB(15,5), XCB(20,5) va XCB(36,9). K&t qua véi
b0 ma XCB(14,6) xay dung trén I6p ké
{([11,[131,121D}, {([1L,[25],[21])} c6 xac suat sai
tr 10® dén 10 khi xdc sudt sai trén kénh 0 < p <

0,2 va gan dat tiéu chudn t6i vu Griesmer; BO ma
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XCB(15,5) xay dung trén 16p ké {([1], [7], [11])}
dat duoc xdc suat sai sau gidi ma tir 10* dén 10°®
khi ty s0 tin trén tap trén kénh 10 < % < 35, thoa

0
man tiéu chuén t6i vu Griesmer va dat chat luong
tuong duong v6i ma BCH (15,5) da biét; BO ma
XCB (20,5) xay dung tréen 16p ké
{(T1LIBLI7LITLD},

{(TILISLITLITID LACLLI71[TL],[15])} dat duoce

x4c sudt sai sau giai ma tir 10 dén 10® khi ty s6

s A E N A A A
tin trén tap 1,2 < Fb < 10 va gan dat tiéu chuan
0

toi uu Griesmer; BO ma XCB(36,9) xay dung trén
cac 16p ké
{([11,[191,[211,[508]) },{ ([1],[21],[25],[508]) },{([1
1,[482],[468],[502])},{([1],[466],[460],[508])} dat
x4dc suat sai nho hon 10° khi x4c sudt sai trén
kénh 0,15 < p < 0,5 va gan thoa man tiéu chuin
toi uu Griesmer.

- D€ giam nhe khoi lugng tinh todn khi tham

sO k 16n, trong luan an tac gia ciing dua ra mot s6
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nguyén tic lua chon céc 16p ké tao ma trong phan
hoach cua vanh da thic theo nhém nhan xyclic
don vi:

*) Khong chon 2 16p doi xing (vi hai 16p déi
xung s€ tao ra 1 ma dao Bauer c6 d,=4).

#) Chon cdc 16p ¢6 d, <3, +1d6i v6i ma he

p)
thong (chon theo 16p ké don vi) trong d6 s la so
16p ké, W, 1a trong s6 cua da thiic trudng 16p ké.

*) Khong chon tat ca céac 16p ké ¢6 W, 1a chan (vi
néu chon W, chan thi khi d6 d,<k).

2 - Luan an da tim dugc cac ma tot nhat trong
cac ho ma XCB trén mot s6 vanh cu thé cho cic
kénh BSC va AWGN, xay dung dugc so d6 mo
phong dinh gid hiéu qua cla cic so d6 giai ma
ngudng mot cap va giai ma ngudng hai cip véi cac
muc ngudng khac nhau: giai ma da s va giai ma
trén da so 1 biéu quyét trén kénh AWGN thong
qua vi du khao sat cho ma XCB(14,6,5). Qua két

qua mo phong ciing chiing to rang: chat luong giai
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ma khong nhitng phu thudc vao cach chon ma ma
con phu thudc vao so do giai ma.
2. Kién nghi.

1. Tiép tuc tng dung cong nghé méi dé dua
cac bo ma cé kha nang sua sai tot vao trong cac
mang thong tin chuyén dung.

2. Pua ra céc giai phdp k¥ thuat dé€ nang cao
kha nang stra sai cia ma XCB bing cdc bo di€u
ché nhiéu muc. Phat trién két qua nghién citu tim
ra cdc tiéu chi méi khdc dé€ danh gid va tao ra cac
bd ma XCB mdi c6 kha nang stra sai tot.

3. Ti€p tuc hoan thién cac két qua con chua
hoan chinh trong luan 4n bao gom:

- Xay dung céc thuat todn chon céc 16p ké tao
mi cu thé va chit ché hon nhim gidm bét khoi
lwgng tinh toan khi tim ma trong cac phan hoach
khac nhau.

- M6 phong trén cic so d6 giai ma khac nhau
cho cdc bo ma khac nhau bao gom ca cac bo ma
c6 so tong kiém tra 1é nham di t6i nhitng két luan
chinh x4c tong quat hon khi 4p dung vao trong
thuc t€ cho hiéu qua cao. Nghién ctu cac so do
giai ma cing co lap.
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- Nghién cttu tim cong thdc téng qudt tinh
phan b6 trong s6 cho ma XCB hoac cho mot vai
ho ma XCB dic biét.
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