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TOM TAT : Pa truy cdp phdn chia ma (CDMA) ving dung ky thudt trdi phé la mét trong
nhitng céng nghé ndi bdt nhdt dugc sit dung trong cdc dich vy théng tin lién lac t€ bao.
Nhiing wu diém cia trdi phé’ trong cdc djch vu nay la khd ndng hoat djng trong cdc mdi
trudmg da ludng, tinh mém déo trong viéc cdp phdt kénh, tinh bdo mdt, va dung lugng lon
trong cdc kénh fading. Uu diém 16n nhdt cia CDMA trdi phé la cdc hé théng trdi phé cd
thé chia sé bdng théng vdi cdc hé théng thong tin bdng hep khdc ma khong lam dnh hudng
ddng ké dén chét lugng ciia chiing. Tuy nhién, cdc nghién citu cho thdy rdng chdt lugng ciia
cdc hé théng trdi phd khi c¢é can nhiéu bdng hep cé thé dugc cdi thién ddng k& khi trigt
nhidu trudc khi nén phé. Viéc nay khéng chi lam gidm xdc sudt 151 bit ma con tdng dung
lugng ciia hé thong t& bao CDMA va khd ning dong by ma [14].

Bai bdo nay dugc t6 chitc thanh ba phdn bao gom nhiing nghién ciu nghiém tic lién quan
dén dé tai nay. Phdn ddu gidi thi¢u hai k§ thudt phd bién nhdt dugc sit dung trong cdc hé
théng trdi phd — trdi phé chudi truc tzep, trdi phd nhdy tdn va cdc vén dé khdc cé lién
quan. Wavelets va ddy mach loc ciing sé dugc dé cép dén. Tiép theo, cdc thudt todn trigt
nhidu ding wavelets sé dugc cdc tdc gid dé nghj dé cdi thién chdt lugng cdc hé thong thong
tin trdi phé. .

Phén hai trinh bay phdn mém mé phong trén mdy tinh dugc thuc hign trén méi truong
Matlab 5.3. Muc dich ciia phdn nay la cung cdp mgt cong cu dé tim hiéu tryc quan hon vé
qud trinh trdi/nén phd va van dé chdt lugng hé thong nhu da dé cdp & phdn trén. Chdt
lugng hé théng trong méi truong nhiéu Gauss va nhidu bang hep véi khdu triét nhiéu ding
wavelets sé dugc tdp trung khdo sdt va cdc két qud mé phdng sé trinh bay dudi dang dé thi
xdc sudt 15i (BER — Bit-Error Rate) tuong ting vdi cdc gid tri ty s& tin hiéu trén nhiéu (SNR
— Signal-to-Noise Ratio) khdc nhau bién thién ti - 4 dB dén 8 dB.

Cudi cing, bai nay sé dua ra mjt sé két kudn dugc diic két tir mo phong ciing nhu ma ra cdc
hudng phdt trién cho dé tai nay.

Tif khéa: Pa truy cip phdn chia md, trdi phd chudi tryc ti€p, trdi phd nhdy tin, wavelets,
day mach loc, can nhi€u bing hep, qué trinh trit nhi€u.

1. GIGI THEU VE CAC HE THONG THONG TIN TRAI PHO

Trong cdc hé thong trdi phd, tin hiéu truyén di c6 bing thong 16n hon bing théng
~ dit liéu thong tin (thudng 1a 16n hon nhiéu 14n) va c6 thé dugc xem nhu 12 khong phu
thuéc vao bing thong dit lidu [1]. Céc k¥ thuat trdi phd c6 rdt nhi€u uu the khi gidi
quyét cdc vdn dé trong thdng tin nhyt can nhidu xung, x4c suat tach song thdp. Trai phd
chudi truc ti€p (DSSS: Direct-Sequence Spread-Spectrum) va trdi phS nhdy tin (FHSS:
Frequency-Hop Spread-Spectrum) 13 hai k§ thudt dugc sit dung phé bi€n nhat [1].
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1.1. Hé théng DSSS

Trong h¢ thng DSSS, dit liéu dugc didu ch& vdi tin hiéu gid nhidu (PN:
¥#seudoNoise) hay con dugc goi 12 ma trdi (spreading code) c6 bing thong gan nhu phing
trude khi truyén; do d6 bing thong truyén rit 16n hon bang thong dit liéu. Qu4 trinh nay
dugc goi la trdi phd. Tai mdy thu, tin hiéu nhan dugc s& dugc nén phd biing cdch tuong
quan n6 vdi tin hiéu PN.

Qud trinh trdi pho/nén phd cda hé théng DSSS BPSK duge minh hoa trong hinh

l.1a val.lb
(V& co 56 todn hoc, c6 thé hodn vi khéi trai phd va khdi diéu ché).

V2P cos[a),t +0, (t)]
\
‘\“ \[Z_Pc(r)cos[m_t +6, (t‘)]
DIt liéu nhj Diéu ché pha 4 ‘*
phin =¥  modulator >
JF cos @, ! c(t)

Hinh 1.1a: Mdy phdt BPSK DSSS

\Va Vare( - T,)cos[w, +6,(t - 7,) + ¢]+ nhiéu

Mach loc Giai diéu Dit liéu
. 0 L, ) ey
théng dai ché pha wdc lugng

“\B& trén nén phé T
c(t . T ) Ji?cosw,l

Hinh 1.1b: Mdy thu DSSS BPSK

1.2. Hé thong FHSS

Phuong phép thi hai d€ md rong phd cia tin hiéu 1a thay ddi tin s& séng mang mot
cach tudn hoan. Nhu dugc chi ra trong hinh 1.2, ma trdi trong trudng hgp nay khong truc
ti€p di€u ch€ s6ng mang nhung dugc sit dung dé 14i bd tdng hop tin 6, diéu khién chudi
cdc tin s6 séng mang.
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Dif liéu s41)

NRZ—>| B6 diéuché | Mach loc =
d(t) théng cao £

T hi(1)

P
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tdn s6
55 .o
B

Xung nhip FH — T

NRZ: None Returned to Zero

Hinh 1.2a: Mdy phdt FHSS

Mach
loc loai Mach loc

tdn s6 théng ddi >

{

dnh )
B4 téng tldp B? gia'.i“
tin s diéu ché
Tl TZ ses kT l

Xung nhip FH —» By Dit liéu

tao mi udc lugng

Hinh 1.2b; Mdy thu FHSS

1.3. Phén tich tin sé

Trong hé théng DSSS, qu4 trinh trdi niing lugng tin hiéu di liéu trén mot bing dd
rong cho phép né cé thé ciing ton tai vdi cdc tin hiéu biing hep khédc vdi can nhi€u nhd
nhat. RS rang, mit d6 phd cong sudt thip cda tin hiéu trdi phd bdo ddm riing né s& gay
anh hudng khong ddng k& dé&n tin hiéu bing hep trong kénh truyén. Néi cdch khéc, mic
di tin hiéu biang hep c6 mit dé phd cong sudt rat 1dn nhung ning lugng nay chi tip trung
xung quanh mot tin s§ va c6 bing thong rat hep. Qu4 trinh nén phd tai mdy thu trdi phd
c6 téc dung trdi ning lugng bing hep nay trén mot bing thong rong, dong thdi dua ning
lugng cda tin hiéu trdi phd vé bing thong dit liéu gdc. Do d6, sau qud trinh nén phd,
phin b8 ning lugng clia can nhiéu bing hep (gid 1a bing rong) va dir liéu gdc (gid 1a
bing hep) di hodn ddi nhau. M4y thu c6 thé ding mdt mach loc thong dai dé sao cho
chi ning lugng ciia can nhidu trong bing théng cia tin hiéu trdi phd giy nhi€u [14]. Qud
trinh ndy dugc minh hoa trong hinh 1.3.
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S¢) 5¢)
A ‘ A
Can nhi&u bing hep Thi hiéu trdi phd
-~ Tin hiéu trdi phd " Cannhi&u bing hep
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N Tinss » Tinsd
Trude khi nén phd Sau khi nén phé

Hinh 1.3: Phé tin hiéu trong hé théng DSSS

D&i vai hé FHSS, do tin s6 séng mang lién tuc nhdy tif tin s& nay sang tin s& khéc
nén chi trong khodng thdi gian hé théng nhdy vao bing tin s6 clia can nhiéu thi chat
Iwgng mdi bi suy gidm. Piéu nay cling c6 nghia 12 qué trinh nhay tin lam gidm déng ké
x4c sudt 16i khi chiu 4nh hudng ciia can nhidu bing hep.

Nhu vy, cdc hé thdng thong tin trdi phd c6 khad ning khdng can nhi€u bing hep
(NBI: NarrowBand Interference) giy ra do cdc hé thong thong tin thdng thutng trén
kénh truyén. Trong thuc t&, bing thong truyén sin cé va do phic tap clia hé théng di
gidi han chiéu dai cia chudi PN va do dé kh3 ning mién nhiéu ciia hé thdng thong tin
trdi phd ciling bi gidi han. D€ ning cao chat lugng ciia hé thdng trdi phd ciling nhu ting
dung lugng clia hé thdng trong cing mot bing tin, cdn thi€t phdi 4p dung k¥ thuat triét
nhiéu bing hep trudc khi nén phd.

2. CACKY THUAT TRIET NHIEU

Trong bai nay, mot s6 k§ thuit triét NBI s& dugc xem xét, va sau dé k§j thuit dua
trén wavelets s& dugc tip trung phin tich d€ cho thdy déy 12 k§ thuit c6 nhiéu wu diém.

2.1. Phuong phdp udc lugng/triv

Phuong phdp nay thuc hién qué trinh loc chin ddi trong mién thdi gian: triY tin hiéu
nhin dugc vdi udc lugng cla NBI d€ ting cudng céc thinh phin bing rong.

2! Mach loc
udc lugng

Tin hiéu é + M4y thu ; Dit liéu

nhin dugc trdi phd dudc uéc lugng

Hinh 2.1: Phuong phdp udc lugng/trit

Qu4 trinh ndy, vé mit tdc dung, thuc hién qué trinh tring héa (whitening) tin hiéu
nhén dugc (xem hinh 2.1). Tuy nhién, phudng phdp nay 1am méo dang séng [14].

2.2. Phuong phdp mién bi€n déi

"Nguyén 1§ chung ciia phudng phdp nay 13 4nh xa tin hiéu thu vao mién bi&n ddi.
Céc can nhi€u bing hep c6 df tap trung phd cao trong khodng tin s& hep, trong khi tin
hiéu trdi phd va nhi€u Gauss c6 bing thong rit rong. Do d6 ta c6 thé nhin dang can
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nhi€u bing hep va loai bd ching, sau d6 bi€n ddi nguge sang mién thdi gian d€ giai
di€u ch€ dit liéu. C4c k§ thuat kinh dién cho phuong phép nay thuting st dung 1a bi€n
ddi Fourier rdi rac (DFT — Discrete Fourier Transform), va bi€n ddi cosin rdi rac (DCT -
Discrete Cosine Transform). Tuy nhién, phuong phdp nay c6 mét s6 nhu’dc diém do do
phin gidi tdn s6 va thdi gian c¢d dinh. -

P T Mach loc
Tin hiéu SRt & Méy thu » Ditligu
nhén dudc F is tror;g méén sl F MK phé dudc udc -lu'dng
tin s ’ e re

Hinh 2.2: Phuong phdp mién bién déi (bién d6i F ohrier)

2.3. Phuong phéap dua trén bi€n d6i wavelets

Cich ti€p cdn wavelets dé dang nhalt 12 so sdnh bi€n ddi wavelets vdl cdc phép
bi€n ddi quen thudc trong xit 1§ tin hiéu — bi€n ddi Fourier va bién ddi Fourier Lhdl gian
ngin (STFT — Short-Time Fourier Transform)

2.3.1.Bi&n ddi Fourier

Bi€n ddi Fourier dudc vi€t nhu sau
=[ re™ar )

T4p ham cd s ciia phép bi€n ddi Fourier dugc dinh nghia biing tdp ham e’™ khi
thay d6i Q. bat Q=1/a, khi d6

v, =y(t)=e ="' 3

Phép bién d8i Fourier c6 cdc tinh chi't sau

* Tap ham cd 53 khong cuc bd thdi gian (time-localized).

* Tép ham cd sd dugc tao ra bling cich thay ddi a, hé s6 ty 1é.

Vi cdc ham co s§ trdi rOng trén toan tryc thdi gian nén cach bi€u dién cdc tin hiéu
cuc b thdoi gxan béng bi€n ddi Fourier 1a khong hiéu qui. Mt trong nhitng cich dé€ gidi
quyét han ch& nay cda phép bién d6i Fourier 1a xét tin hiéu cin phan tich trong tifng
khodng thoi gian ngdn, dén dén bién ddi Fourier thdi gian ngin (STTF — Short-Time
Fourier Transform) hay bi€n d8i Gabor.

2.3.2.Bi€n déi Fourier thdi gian ngén

Bi€n ddi Fourier thdi gian ng&n dudc viét nh sau
FQ,7)=[ ft)g (t-r)e"™dr (3

trong d6 g() 1a clta s3 thdi gian dinh vi tai thdi diém 7. Vi d6 rong cia g(t) &
dinh nén STFT cho ta do phén gii thdi gian-tin s& ¢& dinh.
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2.3.3.Bién ddi wavelets

Né&u nhu phép bi€n ddi Fourier 4nh xa mot tin hiéu mot chiéu thanh mot tin hiéu
mét chiéu khdc thi bi€n ddi wavelets 4nh xa mot tin hiéu mot chiéu thanh mdt tin hidu
hai chiéu [5-12]

wla,b)= [ 7y, (He 4

trong d6 * ky hiéu cho todn t lién hgp phic.

v, (t)= e W(tﬂ] (5)
Ja' a
véi a 12 hé s6 ty 1€ (tdn s0), va b 12 hé s& dich (thdi gian)
Phép bi€n ddi wavelets c6 cic tinh chit sau
e Tip ham cd sd cuc bd thdi gian.

e Tip ham cd sd dugc tao ra bing cich thay déi a, b; dudgc goi tudng dng 1a phép
dinh ty 1€ (scaling hay dilation) va phép dich (translation).
Khi cho a=1, b=0 thi ta dugc wavelet me (mother wavelet). Cdc ban dich va dinh ty

1€ ctia wavelet me hdp thanh ho cdc wavelet con (daughter wavelets). Phép b.ié'n déi
wavelets din dén da phan gidi thdi gian-tan so.

0 o
30, —
20,
240, e =
7 o e Ik
2 G == 2 |... e Yo ]
it 2
7y T, 7 ~ 7,
() STFT (b) Bi€n d8i wavelet

Hinh 2.3: Cell dj phan gidi thoi gian-tdn s6 ciia STFT va bién ddi wavelets
Nhu viy, theo dinh nghia, phép bién ddi wavelets 12 tuong quan ciia tin hiéu va tap
cdc wavelets: wavelet me va wavelet con.

2.4. Bi&n ddi wavelets va diy mach loc

N&u wavelet me 12 mdt mach loc théng dai cé tin s8 trung tdm fy va bing thong
4f, thi wavelet con y,,(r) cling 12 m6t mach loc thong ddi vdi cdc thong s6 tudng dng la
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afy va adf,. Bing thong tuong ddi £,/ 47, do d6 1a hiing s6, khdng phu thudc vao hé sd
ty 1& a. Tir d6 phép bi€n ddi wavelets c6 thé dugc xem nhu 12 mdt ddy mach loc duge
xdy dung tit cdc bdn gidn/nén clia wavelet me w(¢), tuong ting vdi viéc phén tich thdng
tAn s6 thap/cao cla tin hiéu f{z) [13]. Dy loc dugc minh hoa trong hinh 2.4.

B xit 1y tin hiéu diing wavelets

- yler4) | w,(4,b)

. W(—I/Z) e W (Z,b)

Tin Tin
higu —% ¥ ™ hiéu
%3 - W("f) - W, (],b) €
vao ra

- ;u(~21) - Wy (0.5,5)

Hinh 2.4: Thuc hién bién déi wavelets bdng ddy mach loc

Bi€n ddi wavelets rdi rac thuc hién trén mdi doan (record) ciia tin hiéu thu nén c6
khd niing thich @ng nhanh vdi sy thay d&i cda tin hiéu. Mit khdc khd ning dinh vi phd
tin hiéu clia bi€n ddi wavelets rdi rac cho phép dinh vi chinh x4c thanh phan can nhiéu
trong doan bién déi.

Bién ddi wavelets phén tich tin hiéu thanh hai thanh phdn xdp xi (approximation)
va chi ti€t (detail). Nhiéu thuding tic dong vao thanh phin chi ti€t cla tin hiéu thu do d6
k§y- thudt triét nhiéu thudng 4p dung trén thanh phin chi tiét.

Phuong phédp nay lién quan chit ché d&€n qud trinh 14y ngudng dudgc thyc hién trong
mién bi€n ddi. N&€u bién d6 phd vugt qud mifc ngudng thi cdc thanh phin tuong ng c6
thé 12 can nhiéu-bing hep. Ngugc lai, n€u bién d6 phd nhd hon mifc ngudng thi cic
thanh phan tuong @ng c6 thé 12 nhidu Gauss. T4t cd cdc thanh phan phd nim ngoai mitc
ngudng cho phép s& dugc loai.bd va sau dé thyc hién bi€n ddi wavelets nguge d€ cho ra
tin hiéu

Qua trinh triét nhi&u gém ba budc

1. Khai trién wavelets

Chon mdt wavelets, chon mifc khai trién N. Khai trién wavelets tin hiéu thu & mic

2. LAy ngudng cdc hé sd chi tiét
Vi mdi midc tir 1 d&€n N, chon mét mitc ngudng rdi 4p dung phuong phip 14y
ngudng mém cho cic hé sd chi tiét.

3. Khodi phuc wavelets
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Tinh todn khoi phuc wavelets dua irén cdc hé s8 x4p xi clia midfc N va tdt cd cdc hé
s0 chi ti€t d3 hiéu chinh ciia cdc mifc tit 1 d€n N.

U

Chon wavelets, cip N
Bié&n ddi wavelets rdi rac

S

M=1

Chon mifc ngudng cho cdp M

L4y ngudng hé s chi tiét cip M
M=M+1

Bi&n d6i wavelets
rdi rac ngugc

K&t thiic

Hinh 2.5: Thudt todn triét nhiéu diang wavelets

3. CAC KET QUA MO PHONG

Phin nay trinh bay va phan tich c4c k&t qud mo phdng dugc thyc hién trén PC. PJi
véi nhidu Gauss, viing SNR dudc khio s4t 1a doan tit -4 dB d€n 8 dB. Nhiu bing hep
s& cécdc gid tri SIR (Signal-to-Interference Ratio) lan lugt 1a —-10 dB, 15 dB, va -
20dB, Phén mé&m md phdng thuc hién 7 vong lap tuong dng vdi cdc trudng hgp ¢ SNR
bi€n thién tif —4 dB d&n 8 dB vdi budc thay ddi 2 dB. Do m4t khd nhiéu thdi gian d€ thuc
hién mdt m6 phong vdi s6 bit dif liéu 16n nén sd bit duge chon trong cdc trudng hop 1a 2
000. Tuy nhién, bai nay ciing trinh bay hai k&t qua dugc thyc hién vdi sO bit 1dn (100
000 bit) va SNR tit -4 dB dén 14 dB tuong @ng v6i hai do thi & hinh 3.2 va 3.10. Hai loai
wavelets dugc dung 12 Haar va Daubechies (Haar va Daubechies 1a tén clia hai nha todn
hoc l4p ra loai wavelets tudng tng)

-
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3.1. Triét nhiéu Gauss

Céc théng s6 md phdng cho hé thdng DSSS

Thong s0 Gid tri Pon vi
Téc do bit 3000 | bps
Tén s6 séng mang | 1 MHz
Téc dd chip 0,3 Mchip/s
Chidu dai ma 1023 | chip
Nhiéu Gauss -4dén8 |dB

Tin s 14y miu 3,072 MHz

DS $S with Gaussian noise
we——— =
E=sa2=¢ ) BPSK
______ r . Spread-spectrum
B STEShER R s < Denolsed{Daubechies)
_ L - Denoised{Haar)
i !
A
“’E'::‘-“'::"z o - PO W e
R T SE= s AE gemc
ESisss S22 il g Gl b R0
______ - T e eniieadind ve
______ r ST ATYCA G R
______ - e i e ]
I
ﬁ“’.:::::::t
E-z---kE-zzzcE:=:
—————— =
TS| EO R Y D
]
______ F-----
'0"==::::IE —————
L oS D REss=2 E
i =] e S
—————— [
______ L st Sl mmmdy i s sas.a s
[ | ' 1 |
10" L 1 1 L 1
-4 -2 0 2 4 L] 8
SNR (dB)

Hinh 3.1: Chét lugng cita hé théng DSSS khi trigt nhiéu Gauss

Dya vao k&t qua mé phdng, ta thdy hai hé thdng trdi phd va khong trdi phé trong
mo6i trudng nhidu Gauss déu c6 cha't lugng x&p xi nhau. Chat lugng hé thdng trai phd c6
st dung k¥ thudt triét nhiéu ting lén tr 0,1 dén 1 dB. Céc loai wavelets st dung la
Daubechies va Haar déu cho két qua twdng dudng nhau.

Cic thong s& md phdng cho hé thdng FH SS

Thong 56 Gistri | DPdnvi
Téc dd bit 9600 bps
Tén s6 séng mang | 0,2 MHz
T8¢ d nhdy tan 0,2 hop/bit
Chiéu dai ma 15 chip
Nhi€u Gauss -4dén8 |dB
Tan s8 14y miu 9,6 MHz
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e

=
__________________________ £3- BPSK
__________________________ .. Spread-spectrum

+ Denoised(Daubechies)

H
l
+hEl— -

l

Lrin
[ ERT
o
e
P
o

Ht —rrth

Tr

Hinh 3.2: Chét lugng ciia he théng FHSS khi trigt nkifu Gauss
(56 bit mé phdng: 100 000, va SNR: -4 dB dén 14 dB)

Tudng ty trudng hdp trdi phd chudi truc ti€p, hé trdi phd nhdy tin ciing khdng c6
kh3 ning ch&ng nhidu Gauss. Chédt lugng hé thdng trdi phd nhdy tin khi triét nhi€u gia
ting tir 0,1 d&€n 0,3 dB.

K&t qua md phdng cho thdy triét nhiéu Gauss trong hé tryc ti€p cho k&t qua t5t han
trong nhdy tin. Nhu di phan tich, qud trinh triét nhidu Gauss dva trén nguyén tic triét
cdc hé s6 chi ti€t nhé hon mitc ngudng. Piéu d6 c6 nghia 1a ngay ci nhitng thanh phan
tin hiéu nhé hon mic ngudng cling c6 thé bi xem nhu 1a nhiéu. P&i vdi trdi phd chudi
truc ti€p, cdc hé s6 chi ti€t rat nhd va c6 thé bd di ma khong 1am dnh hudng dén tin hiéu
ban ddu. P&i v4i trdi phd nhiy tin, do tdn s tin hidu thay d&i tir tin s8 nay sang tin s8
khac, cac hé s6 chi ti€t dong vai trd quan trong hon so véi trai phd chudi truc ti€p. Vi
vAy khi triét nhidu, cdc hé s& chi ti€t bi triét, c6 thé 1am ma't m4t mdt phan tin hiéu.

3.2. Triét can nhiéu don tone

Can nhi&u don tone chi c6 tdc dong ddng ké trong hé thong trdi phd chudi tryc ti€p.
D3&i véi hé nhdy tin, tdn s6 séng mang thay ddi lién tuc, can nhiéu don tone chi tdc dong
vao mot thanh phan tin s§ nén khong ding ké. Do dé chuong trinh chi m6 phdng can
nhi€u don tone trong hé thdng trdi phd chudi truc tiép.

Tin hiéu trdi phd dl!dc truyén qua méi trudng nhi€u Gauss vdi SNR = -4 dén 8 dB,
can nhi€u don tone s& dugc thay d&i tudn tu vdi céc gid tri SIR=-10, -15, -20 dB. Tén s8
can nhi€u tring vdi tn s8 tin hiéu truyén.
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Céc thong s6 md phdng cho hé thdng DSSS

Thong s& i Gid tri Pon vi
Téc do bit 3000 bps
Tan s§ s6ng mang 1 MHz
T6c dd chip 0,3 Mchip/s
Chiéu dai ma 1023 chip
Can nhiéu don tone | 1 MHz
SIR -10,-15,-20 |dB
Nhiéu Gauss -4 dén 8 dB

Tan s 14y miu 3,072 MHz

DS 88 with Gaussian noise & Single-lone jamming (SIR=-10 dB)
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Hinh 3.3: Chat lugng ciia hé théng DSSS khi tri¢t nhiéu Gauss va can nhiéu don
tone (-10 dB)

DS SS with Gausslan noise & Single-tone jamming (SIR=-15 dB)
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Hinh 3.4: Chdt lugng ciia hé thong DSSS khi triét nhiéu Gauss va can nhiéu don
tone (-15 dB)
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DS §S with Gausslan noise & Single-tona Jamming (SIR=-20 d8)
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Hinh 3.5: Chdt lugng cila hé théng DSSS khi triét nhiéu Gauss va can nhiéu don
tone (-20 dB)

Cdc k&t qud trén cho thdy chat lugng hé thong gia ting tr 0,1 d&n 0,3 dB. Triét
nhiéu biing hep biing wavelet Daubechies cho két qud t6t hon wavelet Haar do wavelet
Daubechies ¢6 d§ phin gidi thdi gian va tdn s6 t6t hon. Chénh 1éch chat lugng khi sk
dung bai loai wavelets nay 1a khodng 0,1 dB.

Chat lugng hé théng trdi phé da t6t hon nhung vdn chua cao. Tuy nhién, khi st
dung chung bing thong truyén, chiu tic dong cla can nhifu bing hep, thi chat lugng hé
trdi phd nhu vdy 12 chip nhin dudc.

3.3. Triét can nhiéu da tone

Xét tdc dong ciia nhiu da tone va hiéu qua triét nhi€u dng vdi ca hai hé trdi phd:
trai phd chudi truc ti€p va trdi phd nhdy tan.

Tin hiéu trdi phd chudi truc ti€p dudc truyén qua kénh chiu nhiu Gauss véi SNR
thay ddi tit -4 d&n 8 dB. Can nhidu l4n Iugt thay déi SIR= -10, -15, -20 dB. N&u vdi ciing
mot cong sudt nhidu ma s tone nhiu thi cong suit cla ting tone (cong sudt tdng chia
50 tone) khong di 16n d€ gay nhidu, Trong md phéng nay, sd tone nhidu dugc chon 1a 3.

Tudng tu, tin hiéu trdi phd nhay tin dudc truyén qua kénh chiu nhiéu Gauss vdi
SNR thay d8i tir -4 d€n 8 dB va can nhidu c6 SIR = -10, -15, -20 dB, tin s& c4t nhiéu
nay roi diing vao cédc tin s6 nhdy clia hé nhdy tin. S& tone nhiu dugc chon la 4. Cic
phudng phép triét nhiu va ddnh gi chat lugng tudng ty nhu & hé trdi chudi truc tiép.

56




Tap chi Phét trién Khoa hoc & Cdng nghé. Tdp 3. 84 5&6-2000

Céc thong s6 md phdng cho hé thong DSSS

Thong s0 Gid tri Pdn vi

Toc do bit 3000 bps

Tan s& séng mang | 1 MHz

Téc dd chip 0,3 Mchip/s

Chiéu dai ma 1023 chip

Can nhidu da tone | 0,999; 1; 1,001 | MHz

SIR -10, -15, -20 dB

Nhiéu Gauss -4 dén 8 dB

Tén s6 1dy miu 3,072 MHz

DS SS with Goussian noise & Multiple-tone jamming (SIR=-10 d&)
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Hinh 3.6: Chdlt lugng cia hé thong DSSS khi triét nhiéu Gauss va can nhiéu da tone
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Hinh 3.7: Chd't lugng ciia hé thong DSSS khi triét nhiéu Gauss va can nhi¢u da tone
(- 15dB)
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DS SS with Gaussian nolsa & Multiple-tone jamming (SIR=-20 dB)
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Hinh 3.8: Chét lugng ciia h¢ théng DSSS khi triét nhiéu Gauss va can nhiéu da tone
(-20 dB)

Hiéu qué triét nhiéu da tone trong DSSS ciing tuong tu nhu triét nhiu don tone.
Chat lugng c6 thé gia ting d&n 0,3 dB.

Cic thong s6 m6 phéng cho hé théng FHSS

Thongs6 Gi trj Pon vi
Téc db bit 9600 bps
Téan s6 s6ng mang | 0,2 MHz
T&c do nhdy tan 0,2 hop/bit
Chiéu dai ma 15 Chip
Can nhiu da tone | -10,-15,-20 |dB
Nhiéu Gauss -4 dén 8 dB
Tan s6 14y mau 9,6 MHz

FH SS with Gaussian noise & Multiple-tone jamming (SIR=-10 dB)

T
; Spread-spectrum
+.. Denolsed{Daubechies)

Hinh 3.9: Chdt lugng ciia hé thong FSSS khi triét nhiéu Gauss va can nhiéu da tone
(-10 dB)
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ssian nolse & Multiple-lone jamming (SIR=-15 dB)
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Hinh 3.10: Chdt lugng ciia hé thong FSSS khi tri¢t nhiéu Gauss va can nhiéu da
tone (-15 dB) (s6 bit mé phdng: 100 000, va SNR: -4 dB dén 14 dB)

FH SS with Gaussian noise & Multiple-tone jamming (SIR=-20 dB)

Hinh 3.11: Chdt lugng ciia hé théng FSSS khi tri¢t nhiéu Gauss va can nhiéu da
tone (- 20 dB)

Céc dd thi thu dudc chitng minh can nhiéu da tone c6 tdc dong 16n dbi v4i hé trdi
phd nhdy tdn. K&t qua triét nhi€u cho thdy khi f s6 tin hiéu trén nhiu cang 16n, viéc
nhin dang nhidu cang d& va do d6 hiéu qué triét nhi€u cang cao. D3i vdi truding hgp
SIR = -20, hiéu qua triét nhi€u c6 khi dat dén 1,3 dB, trong khi vdi SIR = -10 dB, hiéu
qua t&i da chi c6 thé 12 0,5 dB.
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4. KET LUAN

K&t quia md phéng cho thdy khé ning triét can nhidu trong hé nhay tin cho k&t qua
tot hon hé tryc ti€p. P6 1a do trong hé nhdy tin, khi phin tich wavelets vdi titng doan
ctia tin hi¢u thu, khd ning nh&n dang can nhiéu 5t. Do tdn s& tin hiéu nhay vao, ra khdi
cdc dn s6 cda can nhiéu, trong titng doan c6 thé chi c6 thanh phin tin hiéu va can nhidu

khéng cling tdn s, khi d6 kha ning nhin dang nhidu s& 5t hon va hiéu qda triét nhidu
cao hon.

Boi vdi hé triyc ti€p, trudng hgp md phdng & trén ing véi tAn s6 can nhidu tring
v6i tin s tin hi€u, nhiu chi dugc triét & nhitng hé s6 16n hon ngudng. Nhu vay ddi véi
hé trdi phd nhdy tin viéc triét nhi&u s& cang c6 hiu qua khi triét trén cdc doan ngin.

Triét nhi€u bang hep ddi hdi loai phai chon loai wavelets ¢6 kha ning dinh vi thai
gian vatan sO cao. Trong hai loai wavelets dugc st dung, Daubechies c6 do phan gidi
tot hon nén cho k&t qua t6t hon Haar, thudng 1a tir 0,1 dB dén 0,2 dB.

Céc k&t qud m6 phdng nay da khdng dinh hiéu qui dat dudc khi ng dung k§ thuat
triét nhi€u diing wavelets trong cdc hé thdng thong tin trdi phd. Pay s& 1a mot dénh gid
dédng tin cdy trude khi thi€t k€ céc chip triét nhiéu chuyén dung trong thuc t&.

Tuy nhién, d& tai con mét vai han ché. Trude hét, do tc do xit 1y ciia mdy tinh
(PC) bi gidi han, cdc thong s§ m6 phdng hé théng (tin s séng mang, tc do tin hiéu PN,
s8 bit truyén, ...) chua cao nhu cic thong s& thuc t&. Nhitng k&t qud md phdng vdi s& bit
16n hon dang dugc khdo sit. Cdc ky thuit triét nhiéu khdc tuy di dudc gidi thiéu nhung
chura dugec md phdng dé€ c6 thé so sanh, 1am ndi bat k§ thuit ding wavelets. Bén canh
dé, khau triét nhi€u ding wavelets mic dit di cho k&t qua dat yéu cAu nhung cin phat
tri€n thém d€ hoat dong linh hoat hon nhu ¢6 kha ning nhan dang dugce loai nhidu trong
cdc mdi trudng khdc nhau.
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SPREAD-SPECTRUM COMMUNICATION SYSTEMS CORRELATED WITH THE PROPOSED
WAVELET-BASED SIGNAL PROCESSING FOR NOISE SUPPRESSION

Le Tien Thuong - Hoang Dinh Chien - Ho Quang Dung
Pham Thi Thuy Ngoc — Ha Hoang Kha

ABSTRACT : Code-Division Multiple-Access (CDMA) implemented with spread-spectrum
signaling is one of the most promising multiplexing technologies for integrated and cellular
communication services.The advantages of Spread Spectrum (SS) for these services include
superior in multipath environments, flexibility in the location of channels, privacy, and
increased capacity in fading channel. Also a significantly attractive feature of spread
spectrum CDMA is the ability of SS systems to share the bandwidth with narrowband
communication systems without undue degradation of either system’s performance.
However, it has been demonstrated that the performance of spread spectrum in the presence
of narrowband interference can be enhanced significantly through the use of noise
suppression prior to despreading. Not only does suppression improve error-rate
performance, but it also leads to increase CDMA cellular system capacity and improves
acquisition capability of communication systems [14].

The paper is organized into three parts including most of our thoughtful works related to the
topic.

The first part of this paper introduces the two most common techniques used in SS
communications systems - direct-sequence SS, frequency-hoping SS, and other related
topics. The wavelets and filter bank are discussed. Then noise suppression algorithms using
wavelets are proposed to improve SS systems’ performance.

The second part is concerned about computer simulation programmed in the Matlab package
with version 5.3. The purpose of this part is to give an aid in understanding the SS system
performance in noisy environment. The system performance in Gaussian noise and
narrowband interference environment with noise suppression algorithms using wavelets will
be concentrated and simulation results will be presented by plotting  BER curves
corresponding to different values of SNR between —4 dB and 8 dB. Consequently, the
paper ends with conclusions drawn from simulation and directs to some further studies for
developing this work.

Keywords : Code-Division-Multiple-Access, Direct-Sequence  Spread-Spectrum,
Frequency-Hop Spread-Spectrum, Celiular Communication Systems, Wavelets, Filter
Bank, Narrowband Interference, Noise Suppression.





