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Tém tit
Trong bai viét nay, dau tién téc gid khdo séat sw bién thién ctia ham tw tvong quan theo thoi
gian cua céc séng mang bang phwong phap g/al tich dé khang dinh tai thoi diém ldy mau da
dat duwoc dé tirong quan cuc dai. T/ep theo, bang phuwong phap dai sé tuyén tinh, téc gia xac
dinh dé twong quan chéo giira tat cé cac séng mang gé chiing minh do twong quan cuc dai
dé6 chinh la mét trong céac dinh tuong quan. Cudi cung, nham lam ré y nghia quyét dinh cua
cac dinh twong quan, tac gid xay dung cac chuong trinh mé phdng xac dinh dac tinh xac
suét 16i theo ty sé tin trén tap (SNR) dé danh gia hiéu qué cda cac hé théng truyén dan sé
bang géc twong tng véi hai phuong thire stk dung séng mang kiéu diéu ché pha xung va
kiéu séng con goi.
Twr khéa: Ham tw trong quan, dé twong quan cuc dai, tirong quan chéo, dinh twong quan.
Abstract

At this article, firstly the author examines the variation of the autocorrelation function over
time of carrier waves by analytical method to confirm the maximum correlation at the time of
sampling. Next, by linear algebra method, the author determines the cross corelation
between all carrier waves to prove that the maximum correlation is one of the correlative
peaks. Finally, in order to clarify the decisive sense of the correlative peaks, the author built
simulation programs to determine the error probability characteristics following signal to
noise ratio (SNR) to evaluate the effectiveness of the baseband digital transmission systems
according to two methods of using carrier waves as the pulse phase modulation type and
the wavelets packet type.
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1. Dat van de

Van dé xac dinh chinh xac théi diém I4y mau trong may thu tdi wu tinh twong quan ctia mot
hé thdng truyén dan sé bang gbc cé y nghia quyét dinh dbi véi qua trinh tach tin hiéu c6 16i hay
khong nai riéng va dbéi véi chat lwong, hiéu qua clia cé hé thdng d6 néi chung. Thoi diém 1y mau
tin hiéu twong quan thuwdng dwoc chon dé thda man mot sb diéu kién ma quan trong nhéat trong d6
la: 1) Phai dam bado do tw twong quan la cwe dai; 2) Sy chénh Iéch d6 ty twong quan cyc dai so véi
do twong quan chéo cwc dai cling phai la Ion nhét, goi la dinh twong quan. Nhu vay, xac dinh thoi
diém l4y mau sao cho dung dinh twong quan bang cach khado sat sw bién thién cla ham tu twong
quan déng thoi véi viéc danh gia dod twong quan chéo gitra tat ca cac séng mang la coéng viéc kha
phtrc tap.

Ngoai viéc khéo sat xac dinh dinh twong quan cla hé théng truyén dan sé bang gbc st dung
tap cac séng mang kiéu diéu ché pha xung (Pulse Phase Modulation - PPM), trong bai viét ciing
thire hién twong tu ddi voi tap cac séng mang kiéu séng con géi (Wavelets Packet - WP). Trong [1,
2] dé xuat st dung va dwa ra thuat toan tao tap cac séng mang kiéu WP trong hé thdng truyén déan
sO bang gbc. Chuwa co tai liéu nao thue hién cac phan tich, danh gia chi tiét hon qua trinh truyen dan
Vo k|eu séng mang nay. Viéc dong thdi khédo sat xac dinh dinh tu(yng quan cla 2 hé théng truyén
dan sb bang gbc str dung cac séng mang kiéu PPM va kiéu WP c6 y nghia so sanh gitra 2 giai phap
truyén dan.

Trong mét sé tai liéu nghién ctu vé truyén dan sé bang gbc, vi du [3, 4, 5], con cd mét s han
ché: Khong thay sw khac biét gitra 2 gidi phap truyén dan st dung cac séng mang kiéu PPM va kiéu
WP; Chuwong trinh mé phdng khong thé hién qua trinh ma héa dang séng; Tac dong cua nhiéu 1én
cac song mang trén kénh truyén dan khéng dwoc rd rang. Trong pham vi bai viét nay sé trinh bay 2
chwong trinh mé phéng khac phuc nhirng han ché néu trén vé 2 hé théng truyén dan s bang gbc
st dung cac séng mang kiéu PPM va kiéu WP cho tin hiéu sé dang symbol 2 bit. Bdng cach twong
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tw ap dung thuat toan mé phong doc gia quan tam cé thé phat trién chwong trinh truyén dan déi voi
céc tin hiéu sé dang symbol nhiéu bit hon.

2. Khao sat ham tw twong quan

Xét tap séng mang cho cac symbol k bit gdm M = 2k s6ng mang, trong d6 1 séng mang bét ky
th& n (V&i n = 0+(M-1)) ky hiéu la sn(t).

Theo [4] ham twong quan cla 2 song mang sn(t), sm(t) (V&i n,m = 0+(M-1)) dwoc dinh nghia:
t t

Yom (t)zjsn(r).sm (z‘)dz':J- Pom (7)d7 (1)
0 0

Trong d6: pam(t) = sn(t).sm(t) — Ham tich chéo (Cross Product) la tin hiéu dau ra bd nhan.
Va ham tv twong quan cla séng mang sn(t) ky hiéu yn(t) dwoc t|'nh bang:

Yo (t) = Yo (1 Is r)dr = _[s dr—.fpn )

Trong d6: pn(t) = sn(t) - Goi la ham binh phuong.
a) Séng mang kiéu diéu ché pha xung (PPM)

Séng mang sn(t) kiéu diéu ché pha xung (PPM) con goi 1a kiéu trwc giao ddng nang lwong
(Hinh 1a). Trén hinh: A - Bién d0 xung, T - Th&i gian symbol = k.Tp (V&i Tb - Thoi gian 1 bit), i -
Khodng xung nhip i. Khi @6 ham binh phwong pn(t) cé dang hinh 1b.

Apn(t)
Asy(t)
AZ
A
0 T or T (DT (MeOT T 0 T 2T T (T (MegT T
M ™M M M M MM M M M
a) b)
Hinh 1. S6ng mang sn(t) kiéu PPM (a) va ham binh phwong pn(t) twong irng (b)
Khao sat tich phan (2) trén 3 khoang thdi gian va di dén két qua la:
+ Khodng 1: 0 < t < iT/M: yn(t) = 0;
+ Khoang 2: iT/M < t < (i+1) T/M: yn(t) = A2(t - iT/M);
+ Khoéng 3: (i+1)T/M < t < T: yn(t) = A2T/M = E/M;
Trong d6 ta c6: Yn (T) —AzT g 3)
rong dé ta co: = =—
9 n M M
Do thi biéu dién sy bién thién ctia ham tw twong quan ya(t) nhw Hinh 2.
Ayn(t)
AT_E -
M M
0 T o T ()T (Mo T
M M M M M

Hinh 2. D6 thj ham tw twong quan ya(t) twong trng séng mang sn(t) kiéu PPM
b) Séng mang kiéu séng con goéi (WP)
Séng mang sn(t) kiéu séng con goi (WP) la truong hop déc biét cta kiéu diéu ché tan sb xung
(PFM - Pulse Frequency Modulation) [1, 2, 6, 7]. WP khéc biét han so v&éi PFM la né chi can tan so
nhip cao nhat la M/T (Bang v&i gidi phap PPM trén) con PFM yéu cau lén dén 2M-D/T,
Trén Hinh 3a la vi du 1 séng mang bét ky sa(t) clia tAp séng mang kiéu WP va Hinh 3b 1a ham
binh phwong pn(t) = A? twong rng cla né.

Tap chi Khoa hoc Céng nghé Hang hai S6 60 - 11/2019 59



CHAO MUNG KY NIEM NGAY NHA GIAO VIET NAM 20/11

Apa()
Asa(t)

A |_.-
Bl (M-y7
M

0 T i ()T (M-DT T t 0 T ris i (i+)T (M-T T t
M M M M M M M M
A L1 .. | I
a) b)

Hinh 3. S6ng mang sn(t) cda tip séng mang kiéu WP (a) va ham binh phwong pn(t) twong tng (b)
T Hinh 3b, ham tw twong quan yn(t) clia cac séng mang kiéu WP theo (2) ¢6 dang:

Ya (t)=j P, (r)dr=iA2dr= A?(t-0)= At

vay, (T) =AT=E (4)

D& thj biéu dién sy bién thién ctia ham tw twong quan yn(t) nhw Hinh 4.

yn(t)
A’T=E

of 1 = ORI

M M M
Hinh 4. Dé thj ham tw trrong quan ya(t) twong trng séng mang s(t) kiéu WP
c) Nhan xét
T (3), (4) va cac Hinh 2, 4 ta c6 mot s6 nhan xét: 1) Thong nhat viéc thwe hién 1ay mau tai
thoi diém t=T sé nhan dwoc gia tri cuc dai cla ham ty twong quan doi véi gét ca cac trwdng hop
PPM hoac WP; 2) E)inf) twong quan kieu PPM phu thudc va ty Ié nghjch v&i s lvgng s6ng mang M;
3) Binh twong quan kiéu PPM nhd hon M lan so v&i kieu WP.

3. Xac dinh twong quan chéo va dinh twong quan
~ Xac dinh gia tri trong quan chéo la tinh toan M?/2 gia trj tich phan (1) v&i t=T (Thoi diém

thdng nhat 14y mau trén) ma khéng mét tinh téng quat co thé gia thiét T=1 - Ia tich phan xac
di,nh, cho ra ynm(T) = ynm. D& thwc hién dwgce don gian, ta co thé xay dwng mot s6 khai niém dai
sO nhu sau.

Biéu dién mbi séng mang sn(t) dwédi dang mét vecto sn = A.[ani], trong dé phan tl ani la bién
dd xung c6 th_é co6 1trong cacgiatri1, 0, -1 tai khoang xung nhip i. Khi dé: 1) Tap M = 2k s6ng mang
dwoc t?iéu dién bang ma trdn S: S = [So; S1; ...; Sn; ...; S(m-y)]; 2) Tich phan xac dinh dang (1) dwoc
thay bang tich vecto: ynm = sn*sm' (T - Ky hiéu chuyén vi) va twong tw (2) tro thanh: yn= ynn = sn*sn’;
3) Ma trén twong quan Y =[ynm] dwgc xac dinh: Y = S.ST/M chra tat ca cac gia tri tw twong quan
(cwc dai) la cac phan tlr nam trén dwdng chéo chinh va twong quan chéo (tai t = T) la cac phan tt
con lai.
a) Séng mang kiéu PPM

Tap M séng mang kiéu PPM biéu dién bang ma tran Seem nhu sau:

1 0 .. O
o 1 .. O
Seem = A = Al
0 0 .. 1,
Trong d9, | 1a ma tran don vi. Khi d6 ma tran twong quan Yeew cé két qua la:
SPPM 'S;PM (A'I )'(A'I )T A2 E 5
Yoo = = = 1=—1 (5)
M M M M
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Nghfa 13, tat ca cac twong quan chéo ynm (n # m) tai t = T déu bang 0 con cyc dai tw tvong
quan yn bang E/M nén né chinh la cac dinh twong quan dbi véi séng mang kiéu PPM.
b) Séng mang kiéu WP

Tap 4 vecto s6ng mang kiéu WP (Truyén dan symbol 2 bit): so=[1111];s1=[11-1-1];s2=
[1-11-1];s3=[1-1-11] hop thanh ma tran Sa-we.

Tap 8 vecto séng mang kiéu WP (Truy&n dan symbol 3 bit):
So=[11111111]; $=[1111-1-1-1-1 $=[11-1-111-1-1; ss=[11-1-1-1-111];
$4=[1-11-11-11-1; s=[1-11-1-11-11]; s6=[1-1-111-1-11]; s7=[1-1-11-111-1];

Hop thanh ma tran Sg.we.

Tbng quat hoa, tap M song mang kiéu WP (Truyén dén symbol k bit) biéu dién bang ma tran

Smwe dugc trinh bay trong [2]. Néu dé Y la, ngoai dong dau tién twong tng so, cac dong con lai déu

c6 sd lvong phan tt& 1 va sé lwong phan t& -1 déu bang nhau va bang M/2 thi ma tran twong quan
Ywe c6 két qua la:

S Sy A?
Y =2mweIMwe _ 2 (€M)= A2l = EL (6)
)
Nghfa 13, tat ca cac twong quan chéo ynm (n # m) tai t = T déu bang 0 con cyc dai tw twong
qguan yn bang E nén no chinh la cac dinh twong quan doi véi séng mang kiéu WP.
4. M6 phong danh gia hé théng truyén dan sé bing goéc kiéu PPM va kiéu WP
M6 hinh Monte-Carlo hé thong truyén dan s6 bang gdc trinh bay trén Hinh 5 vai sb lwong
symbol mé phdéng trong chuwong trinh [a N = 10% va kénh truyén dan la nhiéu Gaussian trang cong.
Két qua déac tinh xac suét I16i theo SNR cho ca 2 hé thdng truyén dan symbol 2 bit kiéu PPM
va kiéu WP dwoc trinh bay chung trén Hinh 6.

= Tinh twong quan J» Tach tin higu il So sanh

& dém I6i

Tao symbol Ma héa gjang
ngAu nhién s6ng truyén dan

KENH TRUYEN DAN
Diéu chinh SNR

Hinh 5. Mé hinh hé théng truyén dan sé bdng géc

0 Dac tinh BER(SNR) cua HT truyen dan symbol 2 bit

L4y mau
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Hinh 6. Béc tinh xdc suét 1i bit theo ty sé tin trén tap
Déc tinh BER ly thuyét ctia hé thdng truyén dan kiéu PPM symbol 2 bit dwoc noi suy ra la:
P,=Q —— —

8.9
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Trong do6 [3]:
_ X

-l 2

T cac dac tinh xac suét 16i ly thuyét va mé phdng dbi véi 2 hé théng truyén dan symbol 2 bit
kiéu PPM va WP trén Hinh 6 cho thay: Do dinh twong quan ctia kiéu WP bang E trong khi dinh twong
quan cta kiéu PPM bang E/M = E/4 - gidm di 4 I4n, nén v&i cing mic SNR, xac suét 16i bit clia hé
thdng truyén dan kiéu PPM 16n hon kiéu WP. Diéu nay dwoc thé hién 1a cac dac tinh 16i moé phang
va ly thuyét cGa cach truyén dan kiéu PPM nam phia trén dbi véi cach truyén dan kidu WP.

5. Két luan

Tbng quat hoa, dbi véi hé théng truyén dan kiéu PPM khi sé lwong bit trong symbol k ting lén
(>2), M = 2k tang theo, dan t&i gia tri ctia dinh twong quan bang E/M giam va két qua 1a dac tinh xac
suat 16i dan nang cao lén trén. Nguoc lai, d6i véi hé thdng truyén dan kiéu WP khi k tang (> 2), M
téng, gia tri dinh twong quan khong thay déi nhung sd Iwong xung nhip ting 1&n kéo theo dé tin cay
truyén thong tang [4, 5] va xac suét 16i giam lam cho cac dac tinh xac suat dan ha thép xudng dudi.

Nhw vay, véi cung gia tri SNR: Hé thdng truyén dan bang gbc kiéu PPM c6 xac suét I6i bit nhd
nhét khi k =2 (Con xac suét 16i cang tang lén khi k tdng > 2), nhwng xac suét 16i bit nay van Ién hon
so déi voi hé thdng truyén dan bang gbc kiéu WP ciing khi k = 2 va d&c biét hon 1a khi k cang tang
> 2 thi xac suét 16i bit cang gidm nhd di hon niva.

Trén thue t&, ngwdi ta thue hién truyén dan theo symbol 1a dé& co xac suét 16i bit cang nhé khi
k tang lén. Vay hé thdng truyén dan bang gbc kiéu WP 1a thda man diéu kién nay.
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