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TRIET NHIEU TRONG HE THONG VI BA SO DUNG WAVELETS

Lé Tién Thudng, Hoang Pinh Chién, Trdn Viét Tan, Nguyén Pidc Thinh
Pai hoc Bich Khoa, Tp. H6 Chi Minh
(Bai nhdn ngay 19 thdng 02 ndm 2001; hoan chinh sita chita ngay 11 thdng 05 ndm 2001)

TOM TAT:

Vi ba s6 12 hé thdng thong tin vd tuyén ding k¥ thudt sd thi€t 1dp mot dudng truyén
din giita hai diém c6 dinh bing séng vo tuyén c6 hudng tinh rdt cao nhd cdc anten dinh
hwéng. Néu dudng truyén xa hoic gip chudng ngai, phdi chia thanh nhiéu tram chuyén tiép
c6 nhiém vu thu nhan x& 1y tin hiéu, khuéch dai va tdi phat di & tn s& séng mang khdc. Chat
lugng hé thong thong tin vi ba s chiu d4nh hudng nhiéu cla fading, suy hao do mua, céc loai
nhiéu nhiét, nhiéu giao thoa, ...

Bai bdo nay d&é cap d&n van d@ triét nhidu dé€ ndng cao chét lugng cda hé théng vi ba
s& diing Wavelets, phat trién ti€p theo tir [1,2,3]. Wavelets 1a phuong phdp phén tich tin hiéu
thanh t6ng cdc tin hiéu & nhigu thanh phin tin s6 va nghién ctu vdi cdc d6 phan gidi khdc
nhau. Phuong phap phan tich tin hiéu trén duge quan tdm dén & nhiing ndm gén ddy vi nhiing
th€ manh ctia n6 so vdi cdc phuong phdp khic va di c6 nhiu tng dung trong thuc tién nhu:
nén anh, xt 1y audio, triét nhiéu...

Phin mdt va hai ciia bai bdo trinh bay nhiing kién thic tém it vé hé thdng vi ba s,
cdc loai nhiGu dnh hudng dén hé thong, phudng phdp ning cao chdt lugng. Cd sd todn hoc
cta phwrong phdp phin tich Wavelets va nhiing @ng dung trong vdn dé triét nhi€u. Phan mé
phong trén mdy tinh duge thuc hién trén méi trudng Matlab 5.3 vé didu ché, gidi diéu ché
QPSK, BPSK trong cdc méi trudng nhiéu AWGN, Rayleigh Fading Channel, Adjacent
Channel. Céc két qua s& dude trinh bay tryc quan dudi dang cédc db thi xdc suit 161 bit (BER —
Bit-Error Rate) tudng tng vdi cdc ludt Wavelets khdc nhau.

Cudi ciing bai bdo s& dua ra mét sé két ludn dua trén cdc k&t qua mé phéng ciing nhu
m@ ra huéng phét trién ti€p theo.

Ti khod : Vi ba s6, Wavelets, triét nhiéu, chat luong hé thong, BER.
I. HE THONG THONG TIN VI BA 56

1.1 TONG QUAN: Xét mot kénh thong tin s6 don gidn nh hinh 1,

DY liéu .| Chép o | Biduché
vio "] kénh 58
Kénh truyédn
Dit ligu Tich Gidi didu |
a kénh ché s&

Hinh 1: Kénh théng tin s6 di€n hinh
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Kénh truyén cé thé 1a hitu tuy&n (cdp quang, diy song hanh...), vé tuyé'n (Vi ba, théng
tin di dong, vé tinh..). Lya chon kénh truyén phy thuge vio yéu cAu vé chat lugng thﬁng
tin, 46 bao mit, hiéu qua kinh té ..

1.2 NHIEU TRONG HE THONG VI BA SO

Nhi&u 12 tin hiéu khéng mong mudn xuit phdt tir nhiéu ngudn khdc nhau xen vio tin
hiéu hitu ich. Nhiéu chéng 1én tin hiéu lam cho mdy thu khé nhdn ding dudc théng tin tir bén
phat 1am gidm t6c d§ truyén thong tin va ting ti 1& 161 (BER), gidm chét lugng hé thong
[4,5,6,7,10,12]. Bing thong ké ta c6 thé tim ducc quy ludt cda mot vai loai nhiéu dién hinh,
qua d6 tim cdch khic phuc hodc gidm 4nh hudng ciia nhi€u nhim ning cao chét lugng cla
hé théng. C4c loai nhiéu chinh trong hé théng vi ba sd:

1.2.1 Nhiu Gauss: Nhiéu Gauss 13 loai nhiéu t6n tai trong moi hé thong thong tin. Day 1a
loai nhi&u nhiét ¢ phin bd theo ham Gauss nén thudng dugc goi 1 nhiéu Gauss

1.2.2 Kénh truyén cé Fading Rayleigh (Rayleigh Fading channel): Fading 1 sy bién déi
cudng d¢ (mitc) tin hiéu séng mang v tuyén siéu cao tén thu dugc do sy thay doi khi
quyén, cdc phin xa ciia d4t, chudng ngai vat trén dudng truyén séng... Trong hé thong
thong tin, khi thiét k€, ngudi ta quan tdm dén 2 loai fading chinh sau: Fading lya chon
tan s& va Fading khong lua chon tan s& (fading phing).

1.2.3 Giao thoa kénh ké cén: Nguyén nhén giao thoa kénh k& c4n la do qud trinh dieu ché,
bd loc, mach thiét k& khéng hoan hio.

II. WAVELETS VA PHUONG PHAP TRIET NHIEU DUNG WAVELETS.

Bién ddi Wavelets dudc dua ra dua trén ¥ tudng clia phép bién déi Fourier. Nhdf vao si
co ddn clia ham clta s& ciia phép bién dbi wavelets, né cé dic tinh uyén chuyén hon bién doi
Fourier trong xt 1y tin hiéu ngiu nhién khéng 6n dinh.

2.1 PHAN TICH FOURIER: Phén tich Fourier 1a qud trinh bi€n ddi tin hiéu ban diu thanh
téng ciia cdc tin hidu tuin hodn § cdc tan s8 khéc nhau. Bién déi Fourier 12 mot phép bién
ddi tuyén tinh, n6 bi€n mot tin hiéu f(t) kha tich tuyét d6i trong mién thdi gian thanh mot
tin hiéu trong mién tin s8 F(w) [8,9,11],

Flo)= j f(t)e "dt (2.1.1)
e’ goi 1a ham co ban. Bién ddi Fourier ngudc:

fl)= % g]F(w)e“"dw (2.1.2)

2.2 BIEN POI FOURIER THOI GIAN NGAN STFT (SHORT TIME FOURIER): di
v6i nhitng tin hiéu khong &n dinh, phén tich Fourier co ban khong thé dinh vi theo thdi gian
céc tan s8 hién dién trong tin hiéu. Mot phuong phdp cdi tién hiéu qua 1a ding ham cita s6
g(t), nhan ham nay véi tin hiéu cin khdo sit va 14y bién déi Fourier ciia n6, [an ludt trugt clta
s6 ndy trén toan chiéu dai cda tin hiéu:
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Flo,7)= ]f(r)g'(z—r)e'f“d: (2.2.1)

vdi " 1a lién hiép phitc. Do dic diém ham cita s phan tich g(t) c6 kich thude c6 dinh trong
sudt qué trinh xt 1y tin hidu din dén nhugc diém ciia phép bi€n ddi STFT.

2.3 PHAN TiCH WAVELETS: Phin tich Wavelets 1a phuong phdp trong d6 kich thudc
cita s8 phan tich c6 thé thay déi, né cho phép phn tich thdi gian dai tan 6 thap va thdi gian
ngin & in s6 cao nhd vio sy co ddn mot ham cd ban goi 1a wavelets me. Phuong phdp nay
dude xem 1a mot k§ thudt hidu qué trong viéc khdc phuc nhuge di€m cla phép bién d6i STFT
néu trén.

2.3.1 Cd sd bién ddi Wavelets: Thay cho ham cita s6 ¢d dinh, 12 mdt ham Wavelets c6 do
rong va chu k¥ thay ddi dugc:
1 (t-b -
P . 2.3.1
va)=(=0) 23.1)
Trong d6: a 1a hé s& ty 1& (tin s8), b 1a hé s6 dich (thdi gian). Nhu vdy, mot tin hiéu f(t) c6
bién d8i Wavelets 12 [8,9,11],

wla,b)= ij (k2 s ()t (2.3.2)

véi " 1a lién hiép phic, yap(t) véia = 1, b=0 goi 13 Mother Wavelets, cdc ban dich va ty 1&
cia Wavelets me tao thanh mdt ho cdc wavelets con (daugher Wavelets ) .

2.3.2.Uu diém ctia phén tich Wavelets: Uu diém quan trong ctia Wavelets 1a kha ndng
‘lam viéc® tai nhitng diém cuc bd c6 nghia 12 phén tich b6 phan nho trong khu vyc rat 16n ctia
tin hiéu, phin tich Wavelets c6 thé phat hién ra nhiing diém dic biét trén bé mit dit liéu ma
nhitng phudng phap phan tich khdc ¢6 thé bd qua, vi du diém gdy, di€ém khong lién tuc d dao
hiam bic cao... Hon nita, bdi vi ¢6 cdch nhdn dang tin hiéu khédc so vdi cdc k¥ thudt truyén
thong hién tai, phin tich Wavelets c6 kha ning nén (compress) va triét nhiéu (de-noise) ma
khéng lam mdt di ban chat cda tin hiéu.So do phan tich tdi tao tin hi¢u sif dung Wavelets don
gian.

5] ;
o b
Ot
3 i
Phén tich Téi tao owr K gL oW
Hinh 2: So d6 phan tich va tdi tao Wavelets Hinh 3: Phan tich tdng hgp da phén giai

Khi phan tich sit dung qué trinh 16y miu xu6ng( downsampling) do d6 khi tdi tao dé co thé
x4y dung lai tin hiéu can c6 su két hdp b6 loc vai bo 1Ay miu 1én (upsampling) dudc minh
hoa trong hinh 2. Qu4 trinh phén tich téng hop da phan gidi gdm ba budc (hinh 3): Phén tich
tin hiéu thanh cdc hé s§ Wavelets, sita ddi cdc hé s6 Wavelets va tdi tao lai tin higu tir cdc hé
s6 da dugc hiéu chinh
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2.4 XU LY NHIEU DUNG WAVELETS
Qua trinh triét nhi€u tin hiéu S dudc chia lam ba budc (hinh 3)

~® Phin tich: Chon mét loai Wavelets, chon mc phén tich N. Tinh todn phin tich
Wavelets ¢ mic N tin hiéu S.
¢ LAy ngudng cdc hé s6 chi ti€t: T4t cd cdc mic tir 1 d&€n N chon mét c4ch 14y ngudng
va ng dung 14y ngudng cho tat c cdc hé s8 chi tiét.
e Xay dung lai tin hiéu: Thuc hién viéc bi€n d6i ngugc Wavelets dva trén hé s x4p xi
nguyén ban  mic N va cdc hé s8 chi ti€t d3 dugc hiéu chinh tir mic 1 dén mic N.

Hai dém cin dugc néi dén 1a: 1am sao chon dudc ngudng va 14y ngudng nhit thé nao?

LAy ngudng ciing: g _rhreshold(x,thr)={ 4 :"i . :Z”
' x |x|>thr

Lay ngudng mém: Soft _threshold(x,thr) = 0. . x| < thr
szgn(x)ﬂx| = thr) |x| > thr

C6 4 luat chon ngudng duge sit dung phd bién trong triét nhiéu: rigrsure, sqtwolog, heursuere,
minimaxi. Céc phuong phdp tdc dong dén ti 1€ nhiéu cho cdc bic phan tich: one, sin, min [1 et
al].

Tin higu vao ¢é
ohién

U

Chon Wavelets
my'c phin tich N.

!

Bi&n d8i cdi rac
Wavelet cdp N.
(DWT)

Chon ngu@ng va 1y
agu@ag hé sd chi ti€t
dé&n cAp N.

1

Bi€n 461 nguge Wavelets
WT)

Hinh 4: So d6 nguyén ly triét nhi€u ding Wavelets

L. - MO PHONG

Luu db qud trinh triét nhi€u va mé phéng minh hoa trong hinh 5 va hinh 6 nhu sau:
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[s&bn N Iﬁ—f— Chudi Bit

i o Tia hign vao 6
| f5:Tdn 5 18y mdu. ohifu
fe:Tdn 55 song mang,
Phuvng phd p: BFSX/QPSK.

BPF phdt
Hp Wavelel
o Pyl e
Gauss e
Fading SORH
Giao thoa SCAL
BFF thu
Ho Wavelzt 3
Bdc phin 1ich
c;:;rr:ar Thp| XY LAY opuiog he s&
SORH e chiti€t cip N
SCAL ‘
| Giidiéuché !
+ + Tin higu 83 xit
I BER1 I BER2 ; 1.
Hinh 5: Luu do qud trinh md phong Hinh 6: Luu db triét nhiéu ding wavelets

32 KET QUA MO PHONG

Do gidi han ciia sG trang bai viét, tdc gid chi xin dudc trinh by mét s& két qud md phong
dic trung cho mdt loat cdc ho Wavelets sl dung trong qud trinh phdn tich tin hiéu cho cdc
loai nhidu khéc nhau. Phin nhan xét vé cdc két qua dudc tém gon trong phin két ludn trong
viéc ddnh gi4 toan bd két qua thu hoach.

3.2.1 K&t Qua M6 Phong Nhiu Gauss (AWGN)

BPSK MODULATION WATH AWGN 10"

5oopek |
—#- QPSK(Theory)
< diney level{!)

rorrrrrETEr=s
-3~ BPSK
-#— BPSK(Theory)

« dmey level(1) , 4 ;

1w dm;lmlm 10 e dmey It}
== dmey level(5) deaey level(S)

i dmay leval(f)

dmay level(7)

0 1 2 3 4 5 B 7 g i § 9 2 o pregs poEc 8 M
Bit Rate=270kbps Camer kequence=2 TMhz Eb/MNo{dB) Bil t3te=2 D4BMbps Carier frequence=35hhz Eb/He(dB)
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3.2.2 K&t Qua Mé Phéng Nhiu Gauss va Giao Thoa Kénh Ké Céan

QPSK MODULATION WATH TWO ADJACENT CHANNELS & AWGH
TR IR O
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. BPSK MODULATION WATH TWO ADJACENT CHANNELS AND AWEN
i)
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3.2.3 K&t Qua M6 Phéng Kénh Truyén Fading Rayleigh va Nhiéu Gauss

o GPSK MODULATION ON A RAYLEIGH FADING CHANNEL WITH AWGN

3 GPSK
- QPSK(Theary)
&, <2+ db7 levellt)
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g 5 10 15 2 %
Bit rale=2,0484bps Camer Fequence=70Mhz EbMNo(dB)

" BPSIK MODULATION ON A RAYLEIGH FADING CHANNEL WITH AWGN
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“. coiff Tevel(1)
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IvV. KET LUAN VA NHAN XET KET QUA MO PHONG:

M6t trong nhitng wu diém cia Wavelets chinh 13 sy da dang trong cdc ham phin tich.
Dua vio k&t qui md phdng cia hon 40 ho Wavelets trong cdc méi trudng nhi€u khdc nhau
Gaussian, fading, giao thoa vdi gan 500 d6 thi khdo sdt cho ta rit ra két ludn:

e Khong phai tit ca cdc ho Wavelets déu dem lai hiéu qua, trong céc ho khdo sdt ho dmey
12 mdt trong nhitng ho triét nhiéu khd tt, bén canh d6 con c6 cdc ho khdc nhu db7, dbs,
coif5, sym8 ... Ho haar (db1) kha niing triét nhiéu kém, s& di c6 syt khdc biét d6 1a do do
phén giai trong phén tich ctia cdc ho khdc nhau Ia khdc nhau. P6 phin gidi phu thube vao
ddp dng cta bd loc (Low_pass, High_pass trinh bay & phin Wavelets).

e Giao thoa kénh k& can gy ra sy 18i bit khd 16n ddc biét la phuong phdp diéu ché QPSK,
st dung phép bién ddi Wavelets c6 thé han ch€ phan ndo nhuge di€ém trén, tuy nhién n6
dem lai hiéu qua khéng cao. Vige triét nhiu Gauss ding Wavelets dem lai két qua
rit kha quan, cing mot s BER thi mdc chénh 1éch Eb/No ding phép bién doi Wavelets
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6 thé chénh léch tir 2 dén 4 dB. Do d6, c6 thé 4p dung Wavelets triét nhiéu trong x ly
tin hiéu vao cdc hé thong tin khdc nhu di ddng, vé tinh...

M&i ho Wavelets c6 mot do phén gidi riéng ddi viéc phan tich, d6 phan gidi cang 16n tinh
chinh xdc trong tinh todn x4p xi, chi ti€t cang cao. Trong cdc ho Wavelets da dudc khdo sit,
ho DMEY 1 mét trong nhitng ho dem lai k&t qua khd tt, diéu nay dudc thdy r3 thong qua do
thi xdc sudt 161 BER. X 1§ dnh (tin hiéu hai chiéu) ciing 12 mot trong nhitng diém manh ciia
Wavelets, né c6 thé dudc ing dung nhiéu trong tudng lai. '

Wavelets 13 v&n d& con rit méi duge nghién cifu manh trong nhitng ndm gén day.
Tit cdc két qui cia qud trinh mé phdng, rit ra cédc luit dat két qud xui 1y nhiéu tot
nhét, di xa hon nifa cé thé xay dyng mot phdn mém x Iy tin hi¢u nhiim néng cao chat
lugng ctia tin hiéu & cdc hé théng mdy thu, ti¥ d6 cé th€ vi mach hod @€ \ing dung trong
cdng nghé.

DE-NOISING DIGITAL MICROWAVE SYSTEMS USING WAVELETS

Le Tien Thuong, Hoang Dinh Chien, Tran Viet Tan, Nguyen Duc Thinh

ABSTRACT:

Digital microwave systems are radio communication systems using digital techniques and
operated frequency ranges in the microwave region. An advantage of microwave is that
transmission path is not completely interrupted by disasters or accidents (such as earthquakes,
landslide, etc. Moreover, digital microwaves are robust in noise or interference on the
transmission path and the signals can be easily processed using the memory, small and low-cost
terminals. Beside these advantages, digital microwave systems have backwards addressed to
fading, rain, radio interference, and systems required the synchronization as well.

Wavelets is a method of analyzing signals into different frequency domains and studies each
domain with a different discrimination. Although this method started in the early years of the
century, it has only attracted our interest in recent years due to its advantages over other
methods. Therefore, it has so many applications in image and audio signal processing, noise
suppression, etc.

This research will mention the approach of de-noising to improve the performance of digital
microwave systems. The simulation programmed in Matlab 5.3 performs the QPSK, BPSK
modulation and demodulation in the noise environment AWGN, Rayleigh fading channels,
adjacent channels. The results are presented visually the BER cures corresponding to various
mother Wavelets used for the processing.

Keyword: Digital microwave, Wavelets, Noise Suppression, System Performance.
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