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LOI GIGI THIEU

Gdn clige idm (ro lai day. cde ks Huwdt xar v sé& da tie dg va dan loc
(Multirate Digital Signal Processing and Filier Banks) dioc ting dung rong
rai trong phicu Inde vire va dd e thanh nhiting bo phdor then chot trong cde

hé thong thong tin hién dui. Ung dung ticu bidu nhdat ciia ky thuct nay la
dung de nén hinh, nén ticng, nén div licw hode dé md hod am thanh va hinh
anh phue vu cho cong nghé truyén hindy nhicu kénh, da plittang tien, cho xir
Iy tin fiéu thang ké va thich nght trong cde he thaong vien thong. Nhe dan loc
va cde hé thong s Iy so da toc do, nendi 1 dd tao neén cde hé thong thi,
phat va truyen div licu don kénhe phdan chia theo thoi gian TOM (Time
Division Mudiiplexing), don kénl phan chia theo tin s6" FDM (Frequenc S
Division Multiplexing) sit dung 161 da d¢ rong kénh 1 nven va tang nhanh toe
de truvén div ficu; Ching la nhitng bo phdn khong thé thién diroc .fmm; cong
ngh¢ da sing mang hién dai nhat dang dioe thiie thi rat co hiéu qitd trony
theé" h¢ thony tin di dong 3G ninr OFDM (Orthogonal Fregueney D;H.\mn
Muliiplexing) va MC-DS-CDMA (Multicarier - Direet Sequence - Code
Division Multiple Aceess), va irong nrong lai khong xa hai cang mehié nay sé
HOE tvai nhau dé tae nen thé e thong tin di dong 4G.

Xer N sortin hicu da 160 do va dan loc ciing 1 linh hon cia cde modem
thong tin toc do cao: cde modem nay khong nhitng chuyen 1di thong tin
ahianht. nhicu chicu ma con ¢ khd ndang dap ting va thich nghi véi moi
trieong triven dan, alur cde modem cia manyg dicn e PLC (Pover Line
Compunication). Trong cde moden nay, cae k¥ thudar dién ché da song
mang QFDM. OQAM (Orthogonal Multiplexed Quadrature  Amplitisde
Maodidation) dua tren dan loc FFU dong nhat da pha did khei thdac daoe 161
it dai phd ctia diiomy truvén, do vay, néu tang tdn o phdr thi fin hiong dir
Hew, i fiigng thong tin ¢6 thé tang Ién edp bol, ¢6 nghia dung nang cua
cac modem ndy cling ting (én gap boi. Cae modem PLC hién cé trén thi
trerong dd dat divge toc do bit 14 Mbitsis v trong tiiong lai c6 thé' lén i 60
Msirsts,

Niur vy, dé nam bat cde cong nghd thong tin tién tién va cé khd ming
thict ké. thuge thi cde modem hién dai, cluing ta cdn ndan vimg cde kien thic
ve cde loai dan loc, cde ¢ thong nén, gidn div licu. cae k5 thudt don kénh,
e frod dit icu hang conv. v, Cuon sdeli nay di san phan tiel thiét ké' edc
¢ thong thay dol toc de mai, cde loai dan loc ti dan loe dong nhat da pha,
OME (Quadrature Mirror Filter), diew ché” cosine dén cde logi dan loe cay
phdn nhdnli o6 bang thong khong dong déw. Moi dan loc dén o so do thict
ke va co ket qud mo phong béng phdn mém MATLAB dé nguoi doc dé 1iép
thu, nant bar cdc k¥ thuat dé dige trinhi bay béng Iy thuvet.

Toan b cudn sdch duge chia thanh 3 phdan, 8 chicong va phan pha e
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gom cae chuong trinh mdy tinh. DG la nhitng clhueong trinh goc, doc gid o6

thé me rone va ricn Fhai ey theo muc dich va dof tong cria minh. Trong

niol chutong, msc, cliing 168 dac bice dira vao nhicu vi du rdar cu thé va thiee

t6 mindi hog va kiém chimg cde nenvén tic Iy thuyet, lam cho néi dung cia
cuan sacl gain bé mdt thiét voi cong nghé thie 16°

Cluing (6 danh phan 1 dé phan tich, thict ké cde hé thong thong tin du
tic do va dan loc. Trong dé cdc K¥ thudt maw tin hiéu analog va kv thudr
thay dor toc deo div liéu duoc trinh bay mrong clurong 1. Chiong 2 phan tich
va thiét k&' dan loe phan tich va ong hop khoi phue hoan hdo ding thudt
todn nhanf FET . bot vi dan loc loai nay la trdi tim ctia cong nghé OFDM va
DMT- ADSL (Discrete Multitone - Asvmmetric Subseriber Line). Toan b
chutong 3 la dé phan tich, thiét k¢ cde dan loc OMF (Quadrarire Mivror
Filtery va chirong 4 ditng dé pldn tich thiét ké"cde dan loe gid QMF diéu ché
cosine. Cac dan loc nav o6 img dung rar hive hicu trong md hod hinh dnh va
1ieng ndi va truyen dan dii lidw don kénh (Fransmudtiplexer ),

Phan 2 ¢4 2 chitong danit ridng cho viée phan tich va thiét k6 cdce dan
foc va mach loc thich nghi 3 finh viee win so. Dav 1a 1op cde loai mach loc
ma cde P e sa ctia ndG o6 thé thay doi nher ede thudt todn nhant LMS, RLS
cho phép tao nén cde hé théng i IV thang minh thich nehi véi moi trong
truvéin dan. Trong phan nay cliing 168 dit véo rdt nhiéu cdc img dung nine
de loc nhicu thich ngli, nhan dang hé thong suy dodn va nhedn dang tin hiéu
ciing a4 can bang kénh. nang cao chat hiong kénh truvéen. ...

Chiting 108 danh tron phdn 3 dé mo 1d 3 iimg dung tiéy bicw nhdt ctia s
IV sd tin T da 16 do va dan loe, D6 la hé théne md hod bang con nhic
kénh. he thong truven dan div licu don kénh, ding déan loc OME M-Lénh va
hé thong triyen dan div ligw sit dung k3 thudt diéu ché du séng mane OFDM
diing dan loc FFT dong nhat nhiéu kénh. Trong cde hé thong nay, chiing t6i
déu dua ra so do thiét ké. edc két qud mo phang vé dap g tdn 6 ctia ¢de
mach loc phan tich va tong hop, cde sai 6 thict ké" ciing niue phé tin hiéu
fricce va sau ki mid hod. Dav da ba hé thang thong tin hién dai nhdr dung
ditoe tricn khed dp dune vae thie 167

Curain sach nay la i licu tham khdo 101 cho sindt viéen cdac khoa cong
nehé cd nganh Picn ni & Vien thong ldan Cong nghé Thong tin va cho cd cde
sinfe vién dang hoc hay e tingn van 1ot nghiép hode cdace hoe vién cao hoe
va cho tat cd nhuing af guan tam dén nganh cény nghé phdt trién het sire rie
rava day Infee hen nay.

Mcie div o6 nhicu o6 odng. song do thoi eian han ché, nén cuon sdch ¢
thé con ¢o nhitng khicin Khnver. Chiing 108 xin chan thand cdn on va mong
diroe qui dice gid dong gop dé lan 1di bdn saw cudn sdeh diroe ddy dii va tron
ven hon. Moi ¥ kien xin gui ve theo dia chi: Nhda xudt ban Khoa hoc va Ky
thugt, 70T ran Himg Pao, Ha N,

Tac gia



PHAN MO PAU

Trong nhiing nam gin day Ky thuat iz /v tin hicu 86 du 1oc do phiit
trién hét stiic manh mé vi duge dp dung rong rdi trong nhicu linh vuc nhu
nén tiéng ndi va nén hinh anh. trong cong nghi¢p video viy audio s, trong xir
ly tin hicu thich nghi va thong ke, K¥ thuat xir 1y da toc do nay win chat voi

ban chit tu nhién cua tin hi¢u vit duge bicu dién qua cic phép bicn doi dic
bict nhu phép hién doi Fourier i riac (DFT) va Fourier ngan han (STDET)
hay cdc phdp bién doi séng con i rac (DWT). Céc phép bicn doi nay duoc
su dung rat hiéu qua trong vice xay dung cic loai dan loe d¢ phan tich, 1ong

hop tin hiéu, nghién ctru bin chit thay déi theo thdi gian cia phd cta cic tin
hié¢u nay,

Ngoal ra. trong nhicu tng dung thye 1€, tin hicu véi 10¢ do mau da cho
cin duge chuyén doi thimh mot tin hicu tuong duong vat 16¢ do mdau khdc.
Ching han trong audio s3. ¢d ba e do truyén so licu khdc nhau thudng
xuyen duge sudung: 32 kHz cho sdng phat thanh, 44,1 kHz cho dia compact
va 48 kHz cho quay biang audio (DAT): hodc nhu trong cdc ting dung video,
to¢ do mau ctia tin hi¢u video tong hop cta hé théng NTSC va cia PAL
wong tng fa 1431818 18MH7 vit 17.734475 MHz, trong khi to¢ do s6 lieu
cua tin hic¢u video thanh phan s6 lai 14 13.5 MH7 v 6.75 MHz cho cic tin
hi¢u do ¢hor v sur Khie nhau vé mae. Con ¢6 nhidu tng dung ma tin hicu &
fo1 vio vi 101 ra hay tai cde ndt trung gian khdc nhau cug hé thong ¢6 we do
mau khdc nhau s& thudn loi hon nhiéu. bdi vi so luong cdc phép iinh wdn s&
giam di ding k¢ néu chon duge toe do sé lieu hop 1¥.

D¢ dat t6¢ do miu khic nhau tai cde tdng khide nhau thi cic hé thong
xu 1y 80 da 16¢ do phai st dung bo fdang t6c do mdn va bo gidm (6¢ dé md.
Hai b phdn ndy ket hop mot cich hop 1V v6i cde phin ur co ban ctia he
thong 1a bo cong, bo nhan vit bo 1ré don vi tao thinh he thang vir v 56 de ioc
ddo. Khi thay dei toc do miu ¢6 thé & Tam thay doi dang phd coa tin hicu
goc; Vi vay can nghién ctu loai bo cie dnh huong khong mong muén nay.
Dé tao nén cic he thang xir 1y 6 167 uu vé phuong dién tinh todn, cling nhu
vé phuong dién tin thL] can phii chon ¢du tric sao cho sé lugng cdc phép
tinh tai 16¢ do mau dd cho phai [ it nhdt vd hi¢u nang xir 1y [a cao nhat.
Muon vy cin ghép nai (i¢p cide bo tang va gidm  miu véi cie mach loe s
maot ciach hop 1y, Ngodd ra, sy phoi hop gida cic bo chuyen doi (6e o mau
VoL cde bo loe can duge xem xét vi phan tich dé (r xay dung cic cau tric da
ting ¢6 hiéu qua tinh todn cao, trong s d6 phép khai tricn da pha dong vai
tro then chot.



Cdce loi dan loc khic nhau Gng dung trong thong tin da séng mang di
duge nghicn ctu, thiet k¢ va thue thi trong cdc hé thong truycn din da tan va
don kenh phan chia theo tan so. trong cdc h¢ thong mi hod bang con dé ma
hoi ticng n6t vae hinh snh. Céc loai din loc dac biét nhu QMF hay diéu ché
costne duge phan tich k¥ ciing trong cic chuong 3 va 4. Cdc dang dung (iéu
bicu cua x( {y 1in hicu s& da to¢ do cling da nghién cu vi thict k¢ cho ma
hod titng néi dung dan loc QMF cay 5 kénh. Két qui md phong va tinh win
cling duge thyce hién tién phin mém MATLAB.
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PHAN I
CAC HE THONG XU LY SO PA TOC DO VA DAN LOC

Chuong 1
TANG. GIAM VA THAY BOI TOC DO MAU

1.1. PAC TRUNG PHO CUA CAC BO TANG VA GIAM TOC O MAU
1.1.1 Bo giam tac dé mau

Nhu dii bict. quan he gilta tin hi¢u vio viv ra cua bo giam te dlo ma

hay con goi I bo nén duge bicu thy bt he thue:
yplnl = x[Mn] (1.1)
trong dé M la s¢& nguyeén,

Theo dinh nghia nay thi chi nhiing miu cua tin hicu 181 vao x[nl o
nhimg thai diém hanU boi s cua M thi duge he giam toc do nmau @il o con
M-1 mau trude dé da bi loat b, do do <o luong mau trén mot don vi thor gian
¢ 161 ra da bi gidm di M lan, Vi the mdi ¢o ©©n [ bo gidm toc dd mau hay ia

bo giét man (Ueng Anh la decinator). Hinh 1.1 mo ta tin higu 161 vao vi 10
ra cla bo giam tée dd mau voi M =2,

x[nj » Yolni
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Hinh 1.1. Tin Ricu vho vi i hicu ra ctia bO giam 10¢ do .



Biy glo ncu [ay bicn doi -z hé thice (1.1). thi quan hé vaofra trén
phuong dien bien d6i -2 duge bicu thi bing:
¥
. . il b
Yyz)= >xIMnjz

n-- =

(1.2)

Vé phai cia (1.2) khong thé biéu thi truc t]Lp qua X(z), vi vy chiing ta
phii dinh nghia mot diy trung gian x n] ¢é cic gid tri cta mau ;__long nhur

cia x[n| tat cic thoi diém bing boi s cia M va bing khong tai cde gid i
khic:

fx[n], n=0,+M+2M,..
lelllzw L L ) (]3}
L 0. ocidcgidtrikhic
Khi do (1.2) ¢6 dang:
Y (z)= Y x[Mnlz" = lean]z_“ =
n= n=-u
- Z.X![k]é kiM — X|(Z”M) (]‘_]_)

Bay gitr x [n] ¢o the lign he véi x[n] qua he thie x,[n] = ¢|n|x[n]. ¢
day c[n] dugic dinh nghfa nhu sau:

[Ln=0+tM+£2M. .

c¢in] = {(

o (1.5)
.n=edcgatn khac
clut von duge bicu thi dudi dang khice nhu sau:
I M -kn
cln]=— W (1.6)
M D

. .
trong do W, = ¢’ e

Thay x,[n] = ¢[n|x|n] viXo bicu thie bidn doi -z clia néd., ta thu duoc:

P4 # ]
X0 = Teniinl™ = ¥ (Mz W“‘}x[nlx‘"

no—or n——2 1 k=0

f

I 1

M * M -1
L[ S x[nJWalz ™ 1: S XEWS (LD
M T M J My M



Do vay. sau khi (}my {1.7y vao (| 4) ching ta s¢ thu duoge bicn déi -z
cai o hicu 161 ra clia bo gram tée do maw lién hé véi bién doi -z cha tin hiéu
101 vao theo hé thic:

Yl2) = M z X(z”“w ) (1.8
k-0

Tir diy cling ¢6 (hé tim duge quan hé giita tin hiéu vao vi ra cla b
giiam 1oc do mau 1a;

l)( _‘|(l e Z X Jf{:l—}'ﬂk}g‘rNI } ( l())
k=0

Nhu viy. pho ctia tin hitu 181 ra cta bd gidm t6c do mdu bao gém M
phien ban cua tin hicu I6i vao b dich chuyén dong déu mot luong bing
271/M v6i thita 86 chia thang 1/M. 11¢ thic (1.8) ciing cho thiy, su gidm toc
dd mau luon luon gy nén sy chdong phd cha tin higu 181 ra. D& thdy 15 diéu
iy, ching ta xét trudng hop bo giam tde do mau he s6 M =2 véi tin hiéu i
viio Ja x[n]. Doi vai trirdng hop nay thi he thic (1.8) cé dang:

] ) b
mﬂn=;ﬁu”wwh+mﬁhwﬂ

:%@u”%+X&ﬂ”ﬂ (1.10)

vi vi thé:

|) L‘IH) _ [X((,Jmfh)-i-X( ,J”"'r‘-)] (L1

Neu v& do thi phuong trinh (1.11) ching ta s& thay su chéng phd xiy
ra gitta hai thanh phan X" va X(-e*"%). That vay, dé thi ca 172X
trén hinh 1.2b duge v bang duting dam nét, con dé thi cua phin 1/2X(-e")
thu duge bang cich dich do thi ctia 1/2X(e"?) sang phii mot luong biing 2
nhwr duong nét dit trén hinh 1.2b, bdi vi 1a ¢6: -

X (-2 = X(eh™ ) (.12)

9



‘|(:

/\/N/\

a)
X{e"?) X(-e"?)
] 1 /.@&L /
27 -7r ) T 2n
b)

1 r 1 1 1 i

2n - ] T 2

Hinh 1.2. Sy chéng phé (mién gach soc) gay ra do giam 16¢ do mau.

RG rang la do thi cda hai $¢ hang trong biéu thite (1.11) ¢6 vimg chéng
chéo 1eén nhau, do d6 dang gée coa phé cha tin hicu 161 vao X(¢™) bi mat miit
khi giam t6¢ do mau. Hién tuong d6 duge goi B sir chdng pho. Dé trinh su
chéng pho nay thi tin higu I8 vao phat duoc gidi han ddi suo cho pho clia nod
X(c¢"™) bing khong khi lol = n/2. Doi véi trudng hop 10ng quit véi hé so
gidm 10¢ d¢ mdu bang M thi tin hiéu t6i vio phai dugce ¢idi han dii sao cho
phé cla nd nam trong vung lwl < /M nhu mo ta trén hinh 1.3 vét M = 2.

X(e")
4} I /l\ , 1 /I\ i >
-21 -n-nf20 7/2 1 27 W

2Y (e™)

X(@?)  X(-e?)

4 >
2n -t 0 I 2n W

Hinh 1.3, Pho tin hicu 161 vao va 16 ra cda bo giam 16¢ do mau khone ¢6 chéne phé,
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Chiing ta s¢ thiy hien tuong chong pho xdy ra do su giam toe do miu
nhés MATLAB. D¢ nghi¢n cu hi¢u g ndy. ching ta str dung ham fir2 dé

phit ra tin hi¢u 161 vio gidi han dai v6i ddp dng bien do dang tam gidc.

Chuang trinh sau day minh hoa su méu giam véi hé s6 M = 2.

% Chuong trinh PI1-1

Y Hicu ltng giam t6c do miu

% Su dung hivm FIR2 d¢ 1o ra diy 167 vio gidi han dai.
freq =10 .42 48 1)

mag = [0 ]} ];

x=fr2(101 . freq.mag):
[Xz.w]=freqa(x,1.512);
subplo1(1,2.1;
plot(w/plL.abs({Xz)h.erid:
xlabel(homegaApi)vlabel('Bien do'y;
title¢'Pho tin hicu loi vao'y;

pause

% Phat mau 16i ra,

M=2;

y=x({ I:M:length(x)]):

Y 7owl=lreqav.]1.512)
subplot(1.2,2:
plot{w/piabs( Yz grid;
xlabel(homegaApi'): ylabel{'Bien do");
title('Pho tin hicu ra").

Pho tin hicu vao va ra cho trén hinh 1.4

Vi tin hicu [61 vao bi gidi han dai dén tan s0 o =r/2. nén pho 16i ra gan
giong nhu pho 161 viw chi khdc 1a bi kéo dii gip 2 1dn trén tryc tdn 56, con
bicn do thi giam di mot nira. PG véi trudng hgp M = 3 (hinh 1.d¢), pho tin
hi¢u 167 ra bt bicn dang rat nhi¢u so véi pho 107 vao; diéu niy 12 do su chong
pho giy ra.
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Hinh 1.4. 4} Pho cda tin hi¢u vao.; Phd cda tin hiu ra cia bo giim
toc dé miu: by vdi M=2, ¢) vii M=3,

1.1.2. B tang toc do mau

BO tdng 1d¢ do mdn béi he s6 L ocon ¢6 tén goi 1 bo noi siy hay bé
gidn no 1ay tin hiéu 161 vao 1 x[n] v 1681 ra 1i:

=0+l 421
y[n] = {M0/LL n=0.L22L, (1.13)

0, cdcgiatrikhac

Lay bién déi -z cla y,[n], ta duoc:

Y (2) = fylln}z_“ =  Yx[n/L)}"

n=— n=hdicoa L

=

H

x(mlz7"™ = X(z4 (1.14)

m

Tl bicu thite cia bién déi -z, chiing 1a ¢6 thé thu duge quan hé giita tin
hi¢u vao va ra clia bo tang t6¢ do méu trén linh vuc tin s6 bang cich thay

z=e" vio (1.14): _
Y (e = X" (L.15)
12



Tir d6 ta thay rang. pho clia tin higu 16i ra clia bd tang t6¢ dd mau 13
cdc phién ban cua phé cua tin hiéu 161 vao bi nén lai L ldn, do vay b tang
toc do mau khong gay ra hién tugng chéng phé va vi vay khéng Jam mat
thong tin. Ciic phién ban bi nén duge goi 1a ¢nft vt nhu vay, bo ting e do
mau tao nén L-1 dnh va gay nén hi¢u dng «nh. D€ khoi phuc lai tin hiéu goc.
cdc anh nay can phai dugce loai bo, cic mach loc thong dai s& dam nhan chirc
nang nay. Do viay mot bo tang téc do mau ludn ludn ¢6 hai thanh phin; bo
phan tang mau va mach loc mac phia sau. Mach loc nay duge goi 1a mach
loc tang 16¢ d¢ mdu. Hinh 1.5 mo ta pho tin hiéu 16i vio va 16} ra cta bo
tang 16¢ d6 mau véi hé s¢ L =2,

Chiing ta ¢6 thé minh hoa svr tiing 16¢ do mau nhd MATLAB. Tin hiéu
161 vao la mot day nhan qui c¢é chiéu dai hitu han bing 100 va ddp ng 14n
sG gidi han dai duge phit ra nho ham fir2. Chuong trinh P1-2 sau day viét
cho bo tang td¢ do mau véi L = 5. Do d6, phd 161 ra ¢& 5 thanh phin bao
gom phién ban cia tin hi¢u 160 vdo va L-1 = 4 dnh, nhu teén hinh 1.6,

VAN /T\ [N,
)
a}
dnh c'”
/\ % A\ % /\ ,
2n o o-n-nf2 0n/2 n )
b}

Hinh 1.5, Bidu dién bo tang téc dé miu rén [inh vuc tdn 6.
Phé ciia tin higl 161 vao a) v cia tin hiéu ra b vai L=2.

Y% Chuong trinh P1-2

e Higu dng tang (6¢ d6 mau trong linh vuc tan so
% Dung FIR2 dé tao ra day 16} vio gidi han dai
freq=[00.450.5 1§;

mag =[0 1 00]:

x=f1r2(99 freq.mag);

[Xzw] = freqgz(x,1,512);

subplot{1.2,1):

plot{w/piabs{Xz});grid



xlabel(homegaApL): ylabel('Bien do’):
title{'Pho cua tn hieu vao'y:

% Phat ra day mau tang toc do.

L=5:

Y=zeros( 1. L*length(x));
Y{([]:L:dength(Y)]))=x:

[Yz.w] = freqz(Y,[,512):
subplot(1.2,2);
plot{w/pi.abs{ Y z)):grid:
xlabel(NomegaApi'): ylabel('Bien do'):
titte('Pho tin hicu ra")

Fi cuas tin hieu vao Fho tin baae ra
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Hinh 1.6. Pho tin hi¢w vio v ra cua b tang 16¢ dé miu vai hé ~o L=5.

1.2, MACH LOC TRONG CAC HE THONG THAY PO TOC PO MAU

-1.2.1. Mach loc giam téc do man

Trong nhi¢u dng dung. bo giam 16¢ do miu thudmg duge dat trude
mot mach loe sa thong thap, Mach toc niy dam bao cho tin hiéu giam e do
mau duge gidi han ddi & trong viing n/M vh duge goi 1a mach loc gidm toc
dé man (hinh 1.7a).

Hiz) .
x[n] vln_‘[iM ™ y[n] L Ly
0 oMo, 1 o
a) b)

Hinh 1.7. a) Much giam td¢ do miu hoin chinh vi b) dip tng tin s6 [§ wong
cta maeh loe pidm tée do mau.




X(C'im)

1 -

2 02 0 02 12 1

a)

Y(e™)

T -y 0 W, T ®
b)
l L l jiH2
—2—X(-e’ =) — X&)

- -, 0 W, T ©

Hinh L.8. 4} Pho ca tin hiéu 16i vao x[n], b) ca tin hiéu I3i ra cia bo gidm
(6¢ 46 maw vai xtn| dd duoc loc trude, ¢) Phé cla tin hidu ra cha bo gidm 6 do miu
he 6 M=2 chua duoe loc trude. bidu thi vilng chong pho.

Dap ting bién do cua mach loc giam td¢ do mau Iy tudng duoce cho bai
hicu thire sau:
Lololko, /M

(1.16)
0, n/M<loign

(H{c")| = {

trong d& @, 14 tAn 6 cao nhit can duoce giif lai trong tin hiéu dige gidm 16c
dé mau,
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Hinh 1.8 mo ta anh hudng cha mach loc gidm tde do mau len dac
trung tin s6 cua tin hicu 167 ra y[n] ctia bo giam toc do mau véi M = 2. [linh
I.8a v& phd cla tin hicu 16 vao x[nj vit phé cua mach loc gmm toc dé mau.
Céc mép dai thong va dii chian cta mach foc giam toc do méu taong ung 1a

W2 v /2, O day @, clng |4 (an $6 cao nhit cha tin hiéu 16i vao can dugc
bao toan ¢ 161 ra cua bo giam toc do miu.

Tir (1.11) didp tng tdn so Y(c'™) cha tin hicu 161 ra cla bo giam toc do
mau ¢4 dang:

( p))__ —{V( |(H" +V{ I“.-"..)}

o day V(e™) la ddp img tdn 8¢ cla 161 ra cta mach loe gidm t6¢ do mau. Vi
duge loe tride, nén khong ¢6 surchdng phu gilta hai phé ¢ 161 ra cua bo glam
t6c d6 méu (hinh 1.8b).

Tuy nhién, khéng thé khoi phuc lai duoe hoan chinh tin hi¢u 161 vao
goe x{n] tir phién bdn da duge gidm 8¢ 46 mau y[n]. Mach loc H(z) duge
st dung dé bao toan X(c™) trong ving ol < m,/2, né ¢6 thé xay dung lai
phin nay mot cdch chinh xdc tir yin]. Néi cdch khic, néu x[n] khong dugc
loc truede khi giam t6c do mdau, thi 2 thanh phin 1/2X(e"") v 1/2X(-0™) s&
chong pho. két qua & 161 ra cua bo gidam 16¢ 46 miu ¢é su chong pho rit
manh (hinh 18c). Cin luu ¥ ring tin hi¢u 161 vio x[n] tuong Gng véi dip tng
tan 88 X(e-"”) ¢6 thé dugc khoi phuc lai tir phién ban gidm t6¢ A6 miu clia nd
néu thira s giam téc do mau bing 4/3. Bo giam toc dé miu vt thira & gidm
toc d9 mau phan s6 nhu vay s€ duge khdo sdi trong phin sau.

1.2.2. Mach loc tang toc do maun

Do la mach loc thong thip; né ¢é nhiém vu loai bo toan ho cée anh do
s ing toc do mau sinh ra; vi thé mach loc niy bao gitr eling duoc mic sau
bo tang to¢ dé mau. Ddp tng tin sd cha mach loc tang 8¢ ¢6 miu nay ciing
¢6 dang gidng nhu mach loc giam tée do mau (hinh [.7b). Do vay, mot bo
tang toc d6 mau hoan chinh ¢é so do khéi cho trén hinh 1.9,

yi[n]

Lt w Hz) —

x[n] yin}

Hinh 1.9. So dé khai cia bé tang (0¢ do mdu hoan chinh,

Trén linh vue thdon gian, y[n] 4 nhan chdp cua y,[n] vol dip ttng xung
h[n] cua mach loc tang t6c do mau H(z), két qua la cdc mau gid tri khong do
bo tang 16¢ 4o mau cheén vao bi loai bd bdi mach loc H(z). Hinh 1.10 mo ta
anh huong cua mach loc tang t6¢ do mau trén linh vue thdi gian.
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Hinh 1.10. Anh hudng cia mach loc tang 16¢ do miu

X(ejm)

a)

- -tf2 O /2 T :n

-1t 2 0 n2 T 0]
Y(e')
c)
- -n/2 0 w2 T tw

Hinh 1.11. Phé clia: a) tin hicu 160 vio, b} cla tin hi¢u (6] ra cha bo tang toc dé mau,
: ¢ cua tin hiéu 161 ra cia mach loc tang (8¢ do miu.



1.2.3. Thay déi téc do mau bang hé sé phan so hiru ti

Trong thue €, céc bg tang tdc do mau vi giam t6c dd mau ndi trén
dugc ghép xen k& vai cde thanh phan clia mot mach loc s§ LTI He thong
phic tap nhu vay thuong duge ciu tao dudi dang ndi tiép, bai vi dang nay
tiet kiém dugc rét nhiéu phép tinh todn ciing cdc thanh phan phan ctng.
Trong phan nay, chiing ta s& nghién ctu mot 6 dang néi tiép dac bict via mot
56 dang tuong duong ma khong lam thay d6i quan hé vao-ra. Nhos su ghép
noi ticp bo tang tde d6 mAu va giam 16c do miu ma cé thé thay d6i dugce toc
dd mau véi he 56 bit kv (hinh 1.12). Didu cAn quan tam 13 xdc dinh mot diéu
kién d¢ mach ghép néi tiép giita mot bo giam toc do mau voi hé s6 M vai
mot bo ting toc do mau hé s6 L ¢6 (hé trao déi vi trf cho nhau ma khong lam
thay doi quan hé vao-ra. C6 thé thay ngay ring didu dé ¢6 thé 1am duoe khi
vit chi khi M va L 1a nguyén 16 véi nhau. '

Xln_l T]—' Y][nLiM YILHJ- X[“I ¢M M TL y_‘[nJ

a) b)

Hinh 1.12. Hai cdch sip x&p khic nhau cia bg tang va gidgm 1o¢ do mau
trong mach ndi t&p.

Hai mach trén hinh 1.12 1 tuong duong nhau khi M va L nguyén 16
cung nhau,

Nh vay. khi mac ndi tiép mot b gidm (8¢ d6 miu hé s6 M véi bo
tang t6c do méiu hé $6 L thi s& tao duge bo giam tdc do miu hé s6 M/L, hoac
néu mac ndi tiép mot bo tang t6e dd miu he & L véi mot bo giam toc do
mau heé s6 M thi s& thu duge mot bo 1ang toc do miu hé s6 L/M. C6 hai kha
ning d¢ thuc hién cdch ghép néi tiép nhu mé ta trén hinh .13, Trong s6 cdc
kha nang nay. thi so d6 cho trong hinh 1.13b 13 hiéu qua han ci. vi chi mét
trong hai mach loc Hy(2) hodc H(z) thich hop cho mach loc lang toc do
mau v mach loe gidm t6c do mau phy thude vio cdc tdn 6 cOa dai chan n/l.
hoac /M c¢di nao 12 cyc tiéu. Cdn luu ¥ ring trong cdc hé théng c6 16¢ do
mau thay d6i cda hinh 1,13, thi hé thong (a) bio todn cdc thanh phin tin s6
cua tin hiéu it hon la h¢ théng (b). Do vay, ciu hinh mong mudn dé thay déi
to¢ do miu duoc chi ra trén hinh 1.13¢. Trong hinh niy thi mach loc H{z) ¢o
tin sG cat ¢la dai chian di duoc chuédn hod 1A:

T

. i .
U = Min [Eﬁj (1.17;

Mach loc nay vira logi bo cic dnli do bo tang téc dé miu heé s6 L
2dy ra lai vira leai bo hién tugng chong pné do bg gidm tdc 6 miu he s6 M

(8



giy ra;

L |- H(z) —»

—* Hy(2)

L 3
-—
=
¥

a)

_J,.TL , H,(z)_,HD(z)H_lM L, L _..H(z)_,iM .

b) <)

Hinh 1.13. So dé tdng quit dé 1ang (6c do miu hé s6 LM,

Ngodi ra, vi tri cua cdc bd tang t6¢ dd mau va giam toc dé mau trong
mot nhianh ndi tiép ciing ¢6 thé trao déi cho cdc mach loc. Hinh 1.14 cho
thay mdt s6 mach tuong dudng trong mét nhdanh ndi tiép, Cac mach tuong
duong nay suy ra dugc it céc biéu thic (1.8) va (1.14): So d6 (a) tuong
duang sa d6 (b) va (¢) tuong duong vdi (d).

x|n] iM vl{nl H) _j_,ln] xm H(ZM)' 'LM y[n_'
a) b)

——DX[nJTL —»| H(z"). ﬁ[»n] xﬂ H(z) :TL —ryz[n]
C) d}

Hinh 1.14. Hai mach ghép ndi tiép trong duong nhau(a)=(h); (c)= (d).

Ching ta ching minh su tuong duong giita cdc hé thic trén.

O hinh a), bién d6i z clia tin hiéu v,[n] cé gia tri bang:
M-

S xEMwE)

1
V|(Z): -
M =0

Do vay bién doi z cla tin hiéu 18i ra y,[n] 1a:

Y (z) = V (z).H(z)
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1 M-I
= — ¥ HzXE " Mwl).
M k=0
Con ¢ 50 dé b):

Vy(z) = H(Z"YX(2)

1 M -1 1 M-1
Vi = — 3 HeWhXE MWl = — 3 Hoxe'/Mwk)
Mo Mo '

Do vay Y (z) = Y(z).

Tuong ty ta cing chimg minh dugc sa dé ¢) tuong duong so dé d).

1.2.4. Cac yéu cau vé tinh toan

Nhu d@ néi, cdc mach loc trong céc bo tang, gidm t6c dé miu ¢ thé
duge thi€t k& hoac bing cic mach loc 56 FIR hogc 1R, D6i véi cde hé théng
xr 1y don tdc do thi ngudn ta hay sit dung cdc mach loc 1IR, vi céc mach loc
nay hi¢u qua hon FIR vé phuong dién tinh todn: do dé mach loc IIR duoc wa
dung cho nhitng tng dung ma & ddy can duge giam thidu su tinh todn. Trong
cdc h¢ thong xir ly da t6e do, thi diéu nay lai khong hoan todn nhu vay.
Chéng han, chiing ta hdy xét cau tric coa mot bo giam t6c 4O mau hé s6 M.
Néu mach loc gidam t6¢ do mau H(z) 13 mot mach loc FIR chiéu dai N duoc
thuc thi dudt dang truc 1iép, thi khi dé:

N-1
yin]= > hlk]x[n-k] (1.18)
k=0

Bay gio, cif M mau tin higu 167 vao thi bo giam toc d6 miu cho miu
thd M di ra 161 ra. Do viy trong biéu thirc (1.18) chi ¢in tinh cic gid tri cda n
la nhimg 50 nguyén lan cia M cho 161 ra y[n] va thuc hién cic tinh todn
trong M-1 miu. Nha d6, di ti€t ki¢m duge M lin cdc phép tinh todn. Mat
khac, néu H(z) 1a mét mach loc 1IR bac K véi ham truyén dang:

Hey = 22 P@) (1.19)
X(z) " D{z)
trong do:
K S
P(z)= Yp,z™", Diz)=1- N (1.20)
n={

Y



Néu mach loc ¢4 cau trdc dang true ti€p thi;

wln] = -d,wln-1] -d,w|n-2}- ... - d,w[n-K} + x[n} (1.21a)
ylal = pw[n] + p,win-1]+ ... + pw[n-K) (1.21b)
V1 y[n] duge giam t16c 4o mau, nén khi tinh y[n} sir dung (1.21b) chi
cin tinh cdc gid tri clia n bing mot s6 nguyén lan cia M ma thoi. Tuy nhién,
tin hi¢u trung giam w(n] trong (1.21a) phai dugc tinh véi (at ca cac gid tri
cla n. Chang han, khi tinh gid tzj 16i ra
y[M] = p,w[M] + p,w{M-1]+ ... + pwIM-K]

thi K+1 gid tri lién ti€p cua win] van duge yéu cdu. Vi thé, trong trudng hop
nay, viéc tiét ki¢m tinh todn it hon hé s6 M. Do vay, hiéu qua tinh todn khi
str dung mach foc FIR cao hon 1a diing mach loc IIR. Vi du sau day cho thay
SU so sanh ré rét hon.

~ Vidul.1. So sénh muic do phitc tap trong tinh todn ciia bo giam (6¢ do
mau hé s6 M dugc thue thi khi sir dung mach toc giam tdc d6 mau FIR va
IR néu téc do mau tin hi¢u 18i vao x[n] 12 F va s6 lugng phép nhan trén mot
gidy ky hieu la R,
Gidi. .
boi véi mach loc FIR ¢6 chiéu dai N thi :
R =NXF
Néu mach loc nay méc ndi tiép sau bo giam t6c do mau, thi:
Ry pe = N x F/M
a1 véi mach loc 1R bac K thi:
Ryp = 2K+1) x F;
Néu mach lgc nay mic néi ti€p sau bo giam t6¢c do mau thi:
Ry = K x F + (K+1) x F/M.

Vi the trong trudng hop mach loc FIR chiing ta da giam bét duoc cic
phép tinh todn mdt thira s6 M: Trong khi véi mach loc [IR chiing ta chi tiét
kiem duoc thita s6 MQ2K+1y/[(M+1)K+1), véi M=10, K=9 chi it kiem
dugc thita $6 1,9. Tuy nhién, trong mot s truong hop cdc mach loc 1IR ciing
cd hi¢u qua tinh todn cao hon.

Baéi véi trudng hop cdc bo tang téc do mau, tinh hinh cling tuong fu,
¢6 nghia la néu mach loc ting t6¢ do mau H(z) 13 mot mach loc FIR thi tiét
kiem duqc tinh todn véi thira s6 L. ngugc lai, néu mach loc ting (8¢ dd mau
Ja TIR thi s& tiét kiém duge it hon.
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1.2.5. Thay doéi téc dé mau nho MATLAB

Trong hop cong cu XU 1y tin hiéu ciia MATLAB ¢6 ba ham s6 dac biét
dé 1ang toc do miu, giam t6c do miu va thay d6i miu. D6 [ cdc ham s6:
decimate, interp va resample.

Ham decimate duge sir dung dé giam t6c do mau cha véc 10 (in hi¢u
161 vio hé $6 M va phét tin hiéu ra y theo lénh :

y = decimate(x,M,N,'fir")
¢ day s€ thiét k& mach loc fir thong thap véi tdn & cat /M va chiéu dai N,
Vi du sau day minh hoa su giam t6¢ do miu ding MATLAB.
Vidu 1.2, Xét bo giam t6c do miu hé s6 M bat ky khi tin hiéu 16i vio
1a 16ng ciia hai tin hiéu hinh sin c6 tan s6 chudn f, va f; vi ¢6 chiéu dai N
dung mach loc thong thip FIR 30-tap ¢6 tdn s6 cat cha dai chan (2 /M. Ap
dung cho trudng hop N =100, M=2, £=0,043 va f, = 0,001.

Chuong trinh P1-3 minh hoa qua trinh nay.

% Chuong trinh P1-3

9% Minh hoa qua trinh giam t6¢ do mau.
clf; :

N=100;

M=2;

{1=0.043;

2=0.031:

n=0:N-1:

% Phat diy 161 vao:

x= sin(2*pi*f 1 *n)+sin(2*pi*t2#¥n);
%Phit day o1 ra di duge gidm t6¢ d6 miu .
y=decimate(x,M,'fir');

subplot(2,1,1);

stem(n,x({ 1:N);

title('Day loi vao');

; ylabel{'Bien do');

subplot(2,1,2)

m=0:N/M-1;

stem(m,y(1:N/M));

title('day loi ra"); xlabel('n"); ylabel('Bien do');
D6 thi cho trén hinh 1.15.
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Hinh 1.15. B giam t6c d6 mau s6 liéu 161 vao hé s6 M=2 dung mach loc Fir,

Ham interp c6 thé dugc sir dung dé tang téc do6 mau cla tin hiéu 16i
vao x[n] mot hé s6 L va phat tin hiéu 16i ra y[n] theo 1énh sau:

y = interp(x,L,N,alpha)
hodc:

[y,h]= interp(x,L,N,alpha),

trong d6 h la hé s6 ctia mach loc.

Mach loc théng thdp dugc thi€t k€ dé chen thém cdc mau gid tri
khong 1a mach loc thong thdp FIR d6i xtng c6 chiéu dai 2LN + 1, § day N <
10. Tin hi¢u 161 vao dugc gia thiét la giéi han dai trong ving 0 < o < alpha, &
day alpha < 0,5. D€ 4p dung ham interp, ching ta xét vi du sau.

Vi du 1.3. Gia sur x[n] la tin hi¢u 16 vao cla bo tang toc do mau hé s6
L gom hai day hinh sin tan s6 1a f, = 0,043 va f, = 0,031 va c¢6 chiéu dai
N = 50. Chtrcmg trinh P1-4 sau day cho lhay do thi cua day vao va ra cua bo
tang toc d6 mau :

9%Chuong trinh P1-4

% Minh hoa qua trinh tang t6¢ do méu .
clf;

N=100;
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L=3;

f1=0.043;

2=0.031;

JPhat day 161 vao.

n=0:N-1;

x=sin(2*pi*f1*n) + sin(2*pi*f2*n);

% Phét day 16i ra da dugc tang téc d6 miu
y=interp(x,L);

% V& day 16i vao va 16i ra

subplot(2,1,1);

stem(n,x(1:N));

title('Tin hieu loi vao');

ylabel('Bien do");

subplot(2,1,2);

m=0:N*L-1;

stem(m,y(1:N*L));

title('Day loi ra'); xlabel('n'); ylabel('Bien do'):

D6 thi cho trén hinh 1.16

Tin hieu loi vao
.

Bien do

Bien do

Hinh 1.16. Tin hi¢u vao va ra cta bo tang t6¢ do miu hé s6 L=3

Cudi cung, ham resample trong MATLAB c6 thé duoc sir' dung dé
tang toc do méu cla tin hiéu 16i vao v6i hé s6 khong nguyén, dang L/M va
phat ra tin hiéu 16i ra y theo Iénh sau:

y=resample(x,L,M,R beta)
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y = resaple(x,L,M.h)
hay  [y,h] = resaple(x,L.M).

Chuong trinh sir dung mach loc thong thap FIR dugc thiét k& bing
cich st dung ham firl vé6i cira s6 Kaiser d€ tranh hién twong chdng phé do
su giam t6c do méu gay ra va dé loai bo cic anh do SU tang toc do mau gay
ra. S6 lugng mdu duge sit dung trén ca hai phia clia méu i61 vao hién tai x{n]
c6 thé duge qui dinh bdi $6 lidu 16i vao R. Gii tri ngam dinh cia R 1a 10.
Thong s6 B dé lua chon cira s6 Kaiser. D€ minh hoa cho phép tang t6¢ do
méu h¢ s6 khong nguyen, chiing ta xét vi du sau;

Vi du 1.4, Viét chuong trinh thue hi¢n su tang t6¢ d6 miu cla tin hiéu
16i vao x[n] Ja tdng cta hai tin hiéu hinh sin c6 tan s6 f, =043 vaf, =031,
boi hé 56 5/3:

Y%Chuong trinh P1-5

% Minh hoa chuyén déi t6¢ d6 miu
clf; ‘
N=100;

L=5;

M=3;

f1=0.043;

2=0.031;

% Phat tin hiéu 161 vao
n=0:N-1;

X=sin(2¥pi*f1*n) + sin(2*pi*f2#n);
y=resample(x,L,M);
subptot(2,1,1):
stem(n,x(1:N));

title('Day loi vao');
ylabel('Bien do');
subplot(2,1,2);
m=0:N*L/M-1;
stem{m.y(1:N*L/M));
title('Day loi ra’);

xlabel('n"); ylabel('Bien do");

Do thi ddy 167 vio va diy 16i ra cla bo tang toc 46 miu hé¢ s6 5/3 cho
trén hinh 1.17.

25



Day loi vao

Bien do

Bien do

Hinh 1.17. Tin hiéu vio vi ra ctia bd ting téc d6 mau hé s6 5/3.

1.3. THIET KE CAC BO TANG TOC PO MAU VA GIAM TOC O MAU
PA TANG

Nhu da biét, s6 luong cdc phép tinh s6 hoc phu thudc vao toc do cua
mau dir liéu; do vay, hiéu qua tinh toan phu thudc rit nhi€u vao ciu tric ma
& ddy toc do miu dit licu c6 gid tri hop 1y. Diéu d6 duoc thuc hién nhd thuc
hién viéc ghép néi ti€p cédc bo tang téc do méiu va giam t6c do mau véi cdc ti
s6 hop 1y, nho d6 thu duge cdu tric da tang. Hinh 1.18a va b minh hoa bo
tang t6¢ do miu va bo giam t6¢c d6 miu véi cdu tric hai tang. Trong hai so
dé do, thi bo tang téc dd mau ¢6 hé s6 L = L,xL, dugc phan tich thanh hai
ting v6i hai hé s6 tang t6c do mau thanh phian la L, va L, con bo giam téc do
‘mau c6 hé s6 M =M,xM, ciing dugc phan tich thanh hai bo giam téc d6 mau
thanh phan; méi cdi c6 hé so giam t6c do mau lan luot [a M, va M,. Di lién
véi cdce bo tang hodc giam téc do mau thanh phan la cac mach loc H,(z) va
H,(z) déng vai trd loai bod anh va su chdng phd do cdc bo tang téc do méiu va-
giam toc do mau gay nén. '

Vi du 1.5. Thiét k€ mot bo giam téc do méu tr 12 kHz xuéng 400 Hz
(hinh 1.19a). Céc qui dinh d6i v6i mach loc giam t6c do6 mau H(z) 1a : Mép
cua dai thong f, = 180Hz, mép dai chan fg = 200Hz, d6 mip mo6 cua dai
thong 8, = 0,002, d0 map mo6 cua dai chan 8= 0,001. Cac qui dinh nay duogc
chi trén hinh 1.19b. Néu chon mach loc FIR pha tuyén tinh dong mip mo
thi bac ctia n6 dugc xdc dinh tir cong thic:

N —-20log,, /0,8, =13

14,6 Af

(1.22)

trong d6 Af = (fs - f,)/F 1a do rong clia dai chuyén tiép da dugc chudn hod.
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Hinh 1.18. Cau tric clia bo tang téc do mau 2-ting 1) v bo gidm t6¢ 46 miu 2-tang b).

r

le -

h 4

H,(z)

Vi cdc qui dinh da cho thi bac duge xdc dinh tir cong thie (1.22) cho
két qua la N = 1808. Do d6, s6 phép nhan trong mot gidy ma bo giam t6c do
mau phai thyc hién néu chi sir dung mét bo giam t6c d6 mau duy nhat véi he
86 30 la:

Ry = 1809.%]602 = 723600

Bay gid, néu ching ta thue hién H{z) dusi dang ndi tiép clia G(z')E(z),
thi mach toc me G(z) bay gi& phéi ¢6 cic qui dinh nhu trén hinh 1.20. tuong
duong v6i vE lai hinh 1.19b nhung véi cdc qui dinh tang f&n 15. Hinh 1.20b
Ve ddp Ung bién do cia mach loc G(z"). Dip tng mong mudn ciia F(z) ciing
duge v€ trén hinh 1.20b d6, bing duong chim chdm. Luu ¥ ring dép (g
mong mudn ciia F(z} ¢6 dai chuyén ti€p rong hon, nén né trai ra viing giita
hai dai thong cva G(z'"). So dé khéi dé thuc thi G(z'*)F(z) cho trén hinh
1.21a. :

——— H(z) v 30 |—s
12kHz [2kHz 400Hz
a)
IH(e"")
8,=0,002, 8.=0,001
I\ | / >
0 ¥ 730 T 2n cu
180Hz 200Hz 6kHz 12kHz,
t, f Fn 3
b)

Hinh 1.19. Minh hoa thiét ké mach loc gidm 6c d6 miu ciia vi du .5,
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IG(e™)

N /]

k4

/30 = )
2,'?kHz - 3kHz 6kHz 12kHz
(15 fp) (15f;) ER2 F

a)

H(e™)

| / } \ >
0 * ’ \ 2n o
180Hz 200Hz 600Hz 12kHz

f, f,  (B-15f)/15 F
_ .

Hinh 1.20. Thigt k€ mach loc dya trén phuong phdp mach loc giam téc do méu FIR.

Vi F(z) va G(z"") mic n6i tiép, nén d6 map mo téng thé dB bang tdng
d6 méap mo dB cia dai thong cia F(z) va G(z'). Do vay, ching ta c¢6 thé can
bang bang cdch thiét k& F(z) va G(z) ¢6 cing d6 mip mo cha ddi thong 12
8, = 0,001 (chit khong phai bang 0,002). Ngoai ra dé hé théng tdng thé cé do
mép ¢ cia dai chan ciing 6t nhu cha céc hé théng thanh phin thi cic qui
dinh dai v6i 84 cho ca F(z) 1an G(z) c6 thé duge gilt nguyén 1 8 = 0,001. Do
dé, céc qui dinh d6i v&i mach loc giam téc d6 méu FIR 1a:

G(z): 8,=0,001, 8,=0001, Af=300/12000 (1.23a)
F(z) : 6, = 0,001, O =0,001, Af= 420/12000 (1.23b)

Béc cua cdc mach loc F(z) va G(z) van duge xdc dinh tir cong thitc
(1 22) la:

Bac c&a G(z): 129.
© Bac ciia F(z) : 92
Nhu vay, H(z) trong hinh 1.19a dd dugc thay bing F(z)G(z") trong
hinh 1.21a. Chiéu dai clia H(z) v cdu tric thyc thi truc tiép 13 1809 trong
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khi chi¢u dai cha F(z)G(z') Ia 92+15x129+1=2028. Cé nghia ia chiéu dai
cda mach loc téng thé da tang len. Tuy nhien, do phitc tap vé tinh toan (s¢
luong cic phép nhan trén mét giay) ciia cdu trie mgi F(2)G(z") lai giam di
ding ké khi str dung cdc cau tric néi ti€p tyong duong nhu da duge mo i
frén hinh 1,14,

Bay gid, néu ta khai #ién he s6 M cia b6 giam t6c do mau trong hinh
[.21a thanh dang M, M,, vdi M, =15, M, = 2, nhv trén hinh 1.21b sau d6
nht cdu tric néi tiép tuong duong, chuyén thanh dang nhu trén hinh 1.2]c.
Tu day thdy ring dé thue thi G(z) véi téc d6 mau 800Hz noi ti€p bing bo
giam t6c do mau hé s¢ 2 cin:

Ry = 130x(800/2) = 52000
phép tinh nhan trén mot giay.
Dé thyc thi F(z) néi tiép boi b0 gidm t6¢ do méu hé s6 15 yeu cdu
_ Ry = 93x(12000/15) = 744000
phép tinh nhan trén mot giay.

Nhu vay, F(z) cdn nhiéu phép tinh nhan trén moét gidy hon G(z). Toan
b6 hé théng can

52000 + 74400 = 126400

phép nhan trén mot gidy, tic 1 khoang 5,72 1dn nhé hon khi thuc thi H(z)
truc ti€p nhir trén hinh 1.19a, :

——— F(z) o Gz »>30 |—
12kHz, 12kHz " 12kHz . 400Hz
a)
—{ F(2) » G(z') —=l15 —=i 2 —
12kHz 12kHz 12kHz 800Hz 400Hz
. b)
——| F(2) |—» l 15 »l G(z') > l 2 —
12kHz 12kHz 800kHz 800Hz 400Hz

¢)
Hinh L.21. Ciu tric tuong dutong clia bd gidm ¢ d6 miu tir 12kHz xu6ng 400Hz.
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Bay gid ching ta lai phan tich bo giam téc do6 miau hé s6 13 thanh hai
bo giam t6c 40 mau véi hé 8§ 5 va 3, sau d6 thiét k&€ bo loc giam t6c 4o mau
F(z) dusi dang R(z)G(z’) va ti€n hanh phuong phép tuong ty nhu dd mo té &
1rén, chung ta s€ thu duge cau trdc cua hinh 1.22. Trong s¢ d6 nay, cdc mach
~oc gidm t6¢ do mau R(z) va S(z) ¢d cic qui dinh sau day:

S(z) : 8, = 0,0005, 3,=0,001, Af =5x(420/12000) =0,175.
R(z): 8, = 0,0005, ;= 0,001, Af=1620/12000 = 0,135.
Béc cua cdc mach loc S(z) va R(z) 1a:
Bac cua S(z) : 20.
Bac cua R{z) : 26.
V§i cdu tric nay thi cin
R, s = 21x(2400/3) = 16800
phép nhan trén mot gidy dé thue thi S(z) va
Rk = 27x(12000/5) = 64800
phép nhan trén mot giay dé thue thi R(z) khi tin s6 mau [a 12kHz.
Két qua 1a 1oan bd hé théng cho trén hinh 1.24 ¢in
Ry + Ry + Ry = 133600
phép nhan trén mot giay.

Két qua trén cho thay sir thue thi 16n hon hai tang khong phai bao gic
clung dua dén két qua tinh todn don gian hon.

— R@ {5 B s@

¥

{3 Gz |2 —s

12kHz 12kHz  2,4kHz  2,4kHz B00kHz 800Hz 400Hz

Hinh 1.22. Thuc hién bo gidm 16c d6 miu ba tang tir 12kHz xudng 400Hz

Trong trudong hop ong quét, néu bo giam 6c d0 miu hé s¢ M dugc
thuc thi k ting nhu chi ra trén hinh 1.23a, & day M = M M,.. M,. V& mot M,
da cho thi ¢6 k-1 Tuong M,, M,, ..., M, cdc lya chon trong d6 ¢6 m¢t cach
lua chon t6i vu ma véi cach lya chon nay thi sy thuc thi da tang ¢6 muc do
phitc tap vé tinh todn la {t nhdt. Viéc xdc dinh cdu tric t6i tu d6 phu thuge
viio su lra chon k va sy 16 hop "t6t nhat" va vao tha wr cia M, M,, ..., M,
s40 cho gidm thicu s§ luong cdc phép tinh nhan trén mot giay. Bo tang toc
d6 miu da ting clng cd cau trac twong ty (hinh 1.23b).
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~———{G(2) ’_.lMI ’._,le. ...................... le

a} .
_____,, . TLQ L_,‘ G(2z) | TLk G,(2)
b)

Hinh 1.23. Thuc hi¢n b0 gidam ¢ d6 miy da tdng a)
Vi b0 tang 16c do miu da tang h).

1.4. KHAI TRIEN DA PHA

Bi€u dién da pha la budc tign bo quan trong trong xir 1y tin hieu da téc
do. Bi€u dién nay cho phép don gidn hod cic ket qui 1y thuyét va cho phép
don gidn hod rit nhiéu cic phép tinh todn khi thuc thi cic bo tang giam tac
d6 mau. Bé gidi thich quan diém co ban cta phuong phép nay, chiing ta xét
mot day bat ky x[n] ¢6 bien déi - 7 1a: '-

X(2)= Sx[n]z™" a2

n=- =

Bay gid, néu chiing ta tich cic h¢ s6 danh s6 chin va s6 1é véi nhau thi
thu duoc: :

X(z) = wa[2n]z_2“ +7! OZC:X[2H+”Z_2H' (1.25)

N=-mo n=-a.

Néu dar;

E(»= Ix2012™ AE (@)= Sx(2n+ " (1.26)

n=—az . Nn=—us0

thi khi d6 X(z) duoc vist dudi dang:

X{(z) = E(z’) +z' E, () (1.27)

Céch bicu dién vira trinh bay c6 thé duoc dp dung cho ca mach loc FIR
lan HR, nhan qui hoic khong nhan qua. Chang han X(@)=1+2z"+ 37"+
427, thi véi cdch Khai trién tren, ta tim duge:

Efz)=1+3z', E(2)=2 +4z"
Con dsi vdi mach loc IR ¢é ham truyén H(z) = 1/(1-az™") ching ta ¢é
the viét: '
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] 1 =1
H(z) = = + 2z
l—qz™

- _a " 3
-0z 1-a%z?

Do dé Ez) = 1/(1-a'z") vt E(2) = a/(1-a’2 ).
Bay git md rong cho truong hop s6 nguyén M, ching ta ciing ¢6 thé
khai trién X(z) nhu sau:

X2) = ¥ x[nM]z~M"

n=-:%

+7" Z x[Mn + 1]z~™M"

n=—aa

(1.28)

+z™ S x[Mn+M-1]z7™

n=—-w

hodc ¢6 thé viet dudi dang thudn tién hon:
Mot M o
X(@zy= 2 z "E (z") (khai trién da pha loai 1) {1.29)
k=0
trong do
E(2)= zek[n]z_" =" Zx{Mn +k1z"0<k «M-1 (1.30)

n=—ot n=-m

Phuong trinh (1.29) duge goi 1a khai trién da pha loai 1; con E (z) 1A
cédc thanh phédn da pha cia X(z); né ciing chinh 12 bién déi - z cla day con
e, [n]. Cic diy con e, [n] lién hé vdi ddy géc x[n] bang hé thifc

e n] = x[Mn+k] O<k<M-1 (1.31)

Bi€u thiic khai trién da pha loai 1 (1.29) c6 thé viét lai dudi dang ma
tran:

_ E ) .
- | E,(z,,)
X@y=[1z"..z2"" . (1.32)

L Ewo (2™)]



Phueng trinh nis duoe thire thi trén sodo inb 1,24

xn| ’_L_ _Mm_—' ¢ [nt = x|Mn]|

N | PV ) S PN VN
/

’—"‘, M |[——— ¢.[n} = x[Mn+2]

L

L._, M

—— o n] = [Mn+M-1|
Hinh E.24 Klui wicn dacpha doad tdiy sto] tanh M-day con.

E4.1. Khai trien da pha mot mach loc FIR

B¢ minh hoa cho pluong phip niy. xét mach loc FIR nhan qua o
chicu dat bimg 9 vai ham (ruyén:

Mzy=b,+bz +bys +bz '+ . + by +by” (1.33)

Bay o, chung ta chia hiom truyén nivy theo cie chi sa chin viveie chi
A I

ey =+ b+ + bz "+ bz )+ (b7 +bz + by + bz

(1.34)
= (bt bz + bz + b2+ bz 47 b + b+ b b
Do do;
Edoy=b,+bs'+bz  + bz + by _
: Ny L L (1.35)
Laz)=b +bxz' +bhys 4+ b.s
Khi do Hizy duoe vict dudi dang:
Hiz) = E2) + 2 Ejz’) (1.36)

Hoac bang ¢dch nhom cdce s6 hang cua (1.33) theo cie khic. ching ta
¢o the hicu thr ham truyén Hiz) dudi dang:

Hizy=E+ 2 B + 2 Buiz) (1.37)
trong do:

Folzy=b,+ bz +bz-

- XLTH
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Efz)=b, +bs"' +b,z" {1.38)
E.(zY=h, + bz + b,z”

Tong qudt, néu mudn ham truyén H(z) ¢6 bac N duoc khai trién thianh
thanh M nhénh thi khai trién da pha ny ¢6 dang nhu trong biéu thic (1.29),
ture la:

M1

Hiz)= 3 27 *E, ™) (1.39)
k—=10)

trong do:
(N4 /M |
ER{ZM)= Z b!\-1n+k2’_n ,OSkSM’l (140]
n=4

Trong d6 ky hieu Lx | chi 1dy phdn nguyén ciia x. b, =0khin>N,

x[n] ‘1- Et,(ZM) _>®—> y[n]

Sl

+—» E@") ——(1)

F

E,(z™) 4»®
A

EM.|(ZM) ——-——P-

Hinh 1.25. Khai tricn da pha M nhdnh cua mét mach loc FIR bac N.

Sa d6 thuc thi khai trién da pha M nhinh cia me_lch loc FIR bac N cho
trén hinh 1.25. Can luu § rang cdc mach loc con E (z™) trong khat trién da
pha cta mach loc FIR H(z) cling 12 mot mach loe FIR va cé thé duge thuc
thi biang bat ky phuong phap nao nhu dd mo td trude day. Tuy nhién, d¢ thu
ducc dang chinh tac trong ciu tric 16ng thé thi cic bo tré trong tat ca céc
mach loc con phai duge gdép chung nhau lai. Dang chuyén vi ciia khai trién
da pha loai 1 clia mach loe FIR duoc cho boi :

M--1
Hz) = Y E M ™* (1.40)
k=0

Ham truyén ndy duge thue thi bdi sa dé ciu tric cho teén hinh [.26.



S
Bay gid, néu dat:
R.z™ =Ey ("), 0<k < M-I (1.41)
khi d6 ham truyén H(z) dugce khai trién dudi dang:
Mol Motk M |
H(z)= % z Ry(z™) {1.42}
k=0

So do6 cdu tric thye thi ham truyén theo khai trién (1.42) duge vé trén
hinh 1.27. Khat trién (1.42) duoc goi 13 khai trién da pha loai 11,

x[n] I Ey(z") —'@_‘ yln}
E|(ZM) ;—P@
E,(z") —-@

v : A
L Ey. (™)

Hinh 1.26. Dang chuyén vi cba khai trién du pha M nhadnh-loai f cia mach loc FIR bac N.
*

RU(ZM) ¢

¥

X[]’]] Y Z'i
» y

» R, (") —»@

Z-I
— 5 Rz(zM) —u@

¥ Z-l

¥

Ry (@ ——()—»

Hinh 1.27. So d6 thuc thi khai trién da pha M nhanh loai IT ciia mach loc FIR bac N.
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I\cu Hzy 1a ham truyen cia mot mach loe FIR nhan qui bac N-1 v

N=2"thi Hiz) ¢é the kKhai teién thanh dang;
H (M) ]
HJZM}
H(/):HK'I- M]]Ham
H,,. " ) |

trong dé H,y 1a ma tran Hadamard bic MxM, con H(z) duge hidu thi theo
cic thanh phan da pha E(2) coa H{z).

Chang han ta ¢6 thé thye hicn bo giam tde do miu h¢ 50 4 ¢é hicu qua

tinh todn cao nhd st dung mach loe FIR pha tuyén tinh ¢6 chicu dii biang
16, VI ciu trie nay, ta s¢ thu duoe:

;_H-::(Z.l } —ru(f }‘
L4 C
B =12 20 2 H, 0 |2 B
H. () E.(z")
1‘(2_")_| F,_;(z'l)J
Tu do tim duoc:
T PAS r.i_i[,(x") l | 1 1 E”(z:

Hi |y B | L S )
HoYy | JE e T -1 =T R (Y
M) [E.(+5) R P
Fl(z) 1a mach Toe FIR pha tuyén tinh ¢6 chidu dai 16, nén né ¢é dang:
H(zZY = b, + b7+ bz '+ bz '+ by '+ bz ™+ bz '+ b’
+ b7+ b+ bz M bA2 M b P+ by b M 2
Tir day tim duoce:
L2y =b+bz'+ b+ bz E(2) = b+ b+ b+ by
L7y =bt b2+ by v b2 By = bt b+ b+ by
Do viy. tir phuong trink ma tran trén. ta tim duge cdc ma tran 11.(2):
Hiny =g+ er'v g+ e Himy =g+ o7~ g’ 0.7
Hizy=g, +gz'-gre- oo Hi) =g+ gz'+ o2+ g2

O day:
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BT h.‘\+ h'l + h_.‘ + h_u "I'g| =h.+ h_; + h(s + b

A

dg,=h,+D. - b.-by de.=h,+b,- b, - b,

i [

do.=h,- l‘)l +h,- b, 4g. =h,- h5 +b, - b,

dg,=by-b -b,+byvide,=b,-b,- h, + h,

S0 do thue thi bo giam 16¢ do he 0 4 nay cho trén hinh 128

x[n] ¥{n]
» ¢ 4 — > [[”(;/‘} e~
o 4x4
PR i
. Hadamard
| 4 - H, 7}
l’ ' matrix 3
I F
7y H,, o
! o L)
7! ! Iy
iyt | 1)

Hinh 128, Sordo thue thi bo gidm e do miu he so .

pe thue thi bo giam lm. dd mau nay chi cin 8 bo nhan h¢ $a. con 5o

50
lwong tong cony cde bo tré ndi chung bang 15, nhung ¢6 thd rit gon chi
con 3.

1.4.2. Khai tri¢n da pha mach loc IIR

D¢ khai trién mach loc [IR ¢6 ham truycn H(z) = N{z)/D(7) thanh dang
da pha M nhinh, thi trude het ngudt ta nhan cit da thie & 0 s6 vl mau s6 véi
mot da thite duge Tya chon mot cich thich hop réi sau do dp dung phuong

phap khai trién da pha M nhinh cho N'(z). B¢ minh hoa cho cdach lam nay,
tot nhat L lay mot vi du,

Ching han, xét mach Ioc IR ¢6 ham truyén
gl
=2z

Hiz) = - -
1+377
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& day:
N(2)=1-22" conD(z) = 1+ 327

Bay gid, mudn khai trién ham truyén H(z) ndy thinh dang da pha véi
M =2, chiing ta nhan ca t{r 1an mau vdi da thie 1 - 32", Khi d6 thu duge:

| - gl L2 -2 _
Hiy= 22200327 1-527" + 62 _[l+6z JH__,[ 5 }

(+32(-32")y  1-922 -9z 1-927°
Do dé:
H(z) = E((2") + 2"E ()
a day:
E (1) - 1+6:»,_11 . Ew- _5-|
1-9z7 1-9z

So d6 thuc thi cdu tric da pha 2 nhanh ciia H(z) cho trén hinh 1.29.

x[n] Efz) [ *(F— y[n]

Z-I

—I" E|(Zz) '

Hinh 1.29. Ciu tric da pha 2 nhinh cia mach loe TIR bic nhat.

D61 véi mach loc TR bac cao hon va ham truyén cé dang phitc tap hon
thi phuong phdp ndy van duge dp dung. Tuy nhién, khi sir dung trong céc
cdu tric da tdc d9 nhat dinh (hi c6 thé tim dugc nhitng cdu trdc t6i wu hon,
chiing han nhu trong vi du sau:

Ham truyén ctia mach loc Butterworth thong thip ¢6 dang:
0,0527864045(1+2 )"
1 +0,63343685427> + 0,055728092*
Ham truyén nay ¢6 thé khai trién dudi dang:
1{ 010557281+ 2 4 0527864045 + 27>
H{z)= — = |+z 5
211 1+0,10557281z 1+0,527864045z

H{z) =

Do dé H(z) = E(z)) + 2'E ()

vai;
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2

1{ 010557281+ 2" 1{ 0527864045+ 7~
EU(Z) = — —1 L] E : ) = 1
201+0,105572812 1+0,5278640452

Trong khai trién gidng nhir da pha ny, cdc ham truyén nhanh [a nhimg
mach loc truyén qua 6n dinh. Khai trién nay khong 1am tang bac cla toan hé
thong.

1.4.3. Cau triic cia cac bo tang va giam toc dé mau c6 hiéu sudt tinh
toan cao

Né&u khai trién mach loc giam t6¢ dd mau H(z) trong bo giam t6c do
mau néu trong hinh 1.7a thanh dang da pha M nhdnh, thi s& thu duge mot
cau tric nhu trén hinh 1.30 v sau d6 4p dung mach twong duong thi sé thu
duoc moét ciu triic mdi nhu trén hinh 1,31,

Hai dang cu tric nay cé hicu sudt tinh todn cao hon nhiéu cdu tric
thue thi dang truc ti€p. D€ minh hoa cho quan diém nay, chiing ta gid thiél
rang mach loc giam t6c do mAu H(z) 14 mach loc FIR thong thip cé chidu
dai N véi chu ky mau cua tin hiéu 161 viio [ T = s, Boi vi tin hiéu 161 ra
y(n] clia bo giam t6c do mau thu duge bing cdch giam toc dd mau coa tin
hi¢u 161 ra v[n] cia mach loc giam té¢ dd mau mat thira s& M, nén chi ¢én
tinh v[n] tai n = ..., -2M, -M, 0, M, 2M,...Do d6 cic yéu cau tinh todn 1a N
phép nhan va N-1 phép cong trén mot mau 161 ra. Nhung khi n ting lén, cdc
tin hiéu dd duoc luu trit trong cdc bo ghi (ré s& thay d6i. Két qua la, 14t ca
cdc phép tinh chi ¢dn dugc thire hién hoan toan trong mdt chu Ky mau, con
(M-1) chu k¥ mau sau d6 thi khai tinh toan s& nghi ngoi khong lam gi ca.

F F F/M
E (2™ > s|M |
x{n] yln]
k Z_t &
! E;(LM} L
Zl »
¥—’ Ez") b
i
vz
\'—' E,. (@M —»

Hinh 1.30. Ciu'tric cua bd giam de dd mau dya trén khai trién da pha.
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Hinh 1.32 Mot dang cau e Khie coa b gram wwe Ao mian dose wren khai vien dy pha

-

Dot val cau tric cua hinh 1,31 thi tinh hinh fai Khde. Chang han, néu
mach loc con E () ¢d chicu dai u N, thi N = SN L Gie yeu cau tinh
todn coa mach loc con thir k nity BN, phép nhan va N,-1 phép cong (rén
mau 160 ra, nhe vy 10in bo mang da pha & 13 SMUN, =N phép nhan vi
li!_'{','(Nk =1+ (M-1) = N-1 phép cong trén miw 167 ra cta bo giam 160 do
maw. Tuy nhidn. rong ¢ trde niy, cic Khai tinh oian so hoc hoat dong tai
tat ca cie thai diém cla chu k¥ mau 161 1 bang M lin chiu ki miua 180 vio,
co nghia s6 fuong tinh todn trén mot don vi thét gian da giam duoc M lan,
Ly noi cich ke can N/M MPUs (multiplications per untt time: phép nhan
trén mot don vi than gian) viv (N-1/M APUs (additions per unit time: phép

cong trénmat don vi thai gian),

Bor vai cac bo tang e do miu hé so L nhue trén hinh 1,32, chiing ta
ctng thu duge ket qua twong e, nghia [ néu thue thi b ting 1oe do mau

dudn dang khai tien da pha thi chi yéu ciu N MPUs va (N-L} APUs.
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x[nj —
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R,(z)
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! E.(7) =TL > >
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O

b)

k J

Hinh1.32, Hai ¢ inde ¢d hicu qui tinh toin cao cua bé ting 16e dd miu thue thi rén co so
() Khai tridn da phat loai 1. (b Khai trién da pha loai [

Cilu trde cua cic bo ting toc do mau va giam 16e do mau ¢6 the duge

thie thi hi¢u qua hon nia néu st dung cac mach loc FIR pha tuyén tinh; ¢é
nghia 14 cdc he so cla ching ¢6 tinh chat doi xting. DE ching to diéu nay.
ching ta hay [dy mot vi du thue thi mét bd giam tée do mau heé s6 M = 3 khi
st dung mach loc FIR thong thap ¢d chicu dai 12 véi didp dng xung ¢6 tinh
chat doi xing chan:

Hez) = h[O] + bl 1]z + a[2)2" + h(3)z + W4z + h[51z7 + h|5]7" +

+ W47+ hi31z7% + h(217” + h[ 12" + h|0)z"

Khi d6 khai trién da pha hop [y nhit 1

E(z)=h[0] +h[3)z' +h|5]z" + hi2]z"
Lyzy=hit] +h[3z" +h[d)z= + h[ ]|z
E z) =h[2] + h{5]z' +h[3]z" + h[0)z"

(1.43)

(1.44)
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Tir (1.44) cho thdy E,(z) la mach loc FIR pha tuyén tinh vi cic hé 5o
cta né 6 tinh chit d6i xtmg chin, con Ey(z) Ia inh guong cba E(z). Cic
tinh chal ndy ¢6 thé duge khai thdc d€ thuc thi bo giam t6c do miu chi s
dung 6 bo nhan va 1 bo cang hat 16i vao.

1.5. BO CHUYEN DOI TOC PO MAU THEO Ti S6 BAT KV

Co rit nhiéu ttng dung ddi hoi phai xdc dinh gid tri cda tin hiéu thai
gian risi rac tai mot thoi diém bat ky gitta mot cap lién ti€p nhau ciia céc miu
da bi€t. Su chuyén doi téc do mau duge st dung trong viée diéu chinh thoi
gian trong cdc bg thu thong tin s6, xdc dinh do tré thdi gian, dé khir tiéng
vong trong cdc modem hay d€ 1ai chiim tia v xac dinh hudng trong cic
mang anten. Bai todn xdc dinh néi trén ¢6 thé duge giai quyst bang cdch noi
suy dua trén tin hiéu thdi gian lién tue duoc tao thanh tir cac mau lién nép
nhau da bi€t cua mot tin hiéu thoi gian rdi rac di cho va sau dé xic dinh gi4d
tri ciia tin hi¢u thdi gian lién tuc tai mot thai diém mong mudn, Qud trinh
noi suy nay c6 the duge thue thi tryc ti€p bing cich thist k& mot mach loc
tang toc dd mau dit li¢u. Viée thiét k& bo chuyén déi toc dé mau toan s6 v
h¢ s6 chuyén déi bat ky 12 diéu khong don gian. Nhat 14 khi thita s6 chuyén
d6i 12 ti 56 cua hai s6 nguyén ¢6 gia tri lon hoac I nhitng s6 vo ti thi lai cang
khé khan va t6n kém.

1.5.1 B6 chuyén déi téc do mau Iy tugng

Vé nguyén tic, sy chuyén déi tsc do6 miu véi thira s6 bat ky ¢6 thé
dugc thye hién bing cach chuyén tin higu 56 16i vio qua mot mach loc thong
thap Iy twdng dé khoi phuc lai tin hi¢u twong ty, sau d6 cho tin hieu tuong tu
nay qua bé mdu lai v6i t6c do méu mong mudn. Phuong phép nay duge mo
ta trén hinh 1.33. Néu ddp tng xung clia mach loc thoéng thap tuong tu ta
g.(t}, thi tin hiéu 161 ra cta mach loc nay s 1a:

o
x (= Yx[klg, (t—KkT) (1.45)
k=—x

Néu mach loc twong tu dugce chon sao cho bi gidi han dai dé tin hiéu
I6i ra cla nd ¢6 tan s¢ ndm trong ving F, <F/2, v6i F' 1a tan s6 1dy mau
mong muén, khi d6 16i ra x (1) ¢6 thé duoce 1dy mau lai v6i t6c do F' va do d6
161 ra y[n] cUa bo 1dy mau lai tai mot thoi diém mdi t = nT' duge xdc dinh
bai:

y{n] =xnTY = 3 x[klg,(nT'-kT) (1.46)
k=—w
Vi ddp (ng xung g,(t) clia mach loc thong thdp twong tr ly tudng cé
chiéu dai v han va vi cic miu g (nT' - KT) phai duoc tinh fai méi thoi diém
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mau 16i ra. néo su thue thi thuat todn ndi suy gidi han dai ly tuong cta
phuong trinh (1.40) dudi dang chinh xdc 1a khong thuce t&€. Do d6, trong thuc
{&, chi ap dung phwrong phdp gan ddng dé thuc thi phuong trinh nay.

o— G,(%) —J———>

X () x[n] y[n]
F=1/T F=1/T

Hinh 1.34. Chuyén déi (de 46 miu nhd sy 1y miu lai tin hiéu tromg w, duge khoi phuc lai.

Vin dé noi suy dua trén téng trong 0 cia cdc miu tin hicu 181 vao ¢6
thé duoc phét biéu nhu sau: Néu cho N, + N, + 1 méu tin hicu 161 vao x[k], K
= N,...., N,, di thu dugc bing cich ldy miu tin hicu tuong ty x,(U) tai thoi
diém t = (= t, + kT,,, hily xdc dinh gid tri cua mau x,(t, + oT,) = yla] tal
thoi didm ' = ¢, + oT,, trong d6 -N; <a <N,. Hinh 1.34 minh hoa qua trinh
ndi suy bdi thita s6 bat ky. Ca so 1y thuyét cho qud trinh noi suy vdi thira 50
bat ky dugc trinh bay trong thuat todn noi suy Lagrange sau day.

yin]
PR x,(1) x[n+N;-1]
X[n'Nl] liX[ﬂJ R A T
¢-.x[n-1]¢" X{n+N,]
Thl
LENY L, | t t RPN NG t

Hinh 1.34. Minh Loa qué trinh noi suy béi thira s0 bt k.

1.5.2. Thuat toan nodi suy Lagrange

Pay 12 thuat todn chuyén ddi tin hi¢u thdi gian lién e x,(t) bat ky
thinh mot da thitc gdn diing £, (1) theo cong thiic sau day:

£ (= SP(OxIn+k] (1.47)

k=—Ml

trong d6 P,(1) 1a cdc da thirc Lagrange duoc x4c dinh boi:

N2 _
P()=[1 (L] N, <k<N, (1.48)
2Rt -t
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I k=r
P.(t,_):[ . -N, <k<N, (1.49)
) 10. k=r ! ’
nen tw (1.47) suy ra;
X AU =x,(). N <k<N, (1.50)
Gid trt clia tin hicu x (1) 1ai thoi diém bit Ky 1" = t, + aT tinh duge tir
(1.47) la:
A
XA =X (1, +aT) = y[n| = Y P (a)x[n+k] (1.51)
(S
a day:
AT
Py =P(+aT) = J] o N €Kk <N, {1.52)
1= N1 =1
£k

Sau day. ching ta s& xét maot \’I du minh hoa ap dung cta thuit todn
0oL suy Lagrange dé thiét ké bo chuyén déi t6e do miu véi h¢ 50 hitu 1.

Vi du 1.6. Thi¢t ke bo tang toc do mau véi hé s hitu ti 3/2.

Giai: Dé don gidn, ching ta s dung da thic bac ba vdi N, = 2. N, = |,
khi do phuong trinh (1.51) ¢6 dang:

yInl=P.(a)x[n-2] + P (w)x[n-1] + Pa)xn] + Pyadxin+1]  (1.53)

trong dé

P.la)

P ()=

Pya) =

P](( 1) =

{a+Dafa—-1 1

Jlerbao - 1 (1.54)
-6 ()( )
2¥ o — a
(ov+g)(:t(ot l):%(&=+a__2&) (1.55)

(a+2)(u—2l),{~]) —%({1"+2u3—&"2} (1.56)

o+ 2o+ l}(x ]
6

— (o + 3a + 200 (1.57}

la cde da thie Lagrange lién quan.

Hinh 1.35 minh hoa ¢dc vitrf el mau cia tin hi¢u 161 vao va 1a1 ra doi
Va1 bo ting toc do mau vai hé so6 3/2.

Bay gi¢ tinh ba gig trj cta tin hi¢u 161 ta y[n]. y[n+1], y[n+2] str dung
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bon mau cua tin hidu 161 vao tir x(n-2] dén x[n+1]. B¢ tinh y[n}, tir hinh 1.35

suy ra rang gid trj cla o trong phuong trinh {1.52) bay gid ky hi¢u 1 ¢, ¢6
gidt tri bang khong, Khi dé ta ¢é:

P} =0.P {a, =
Pula,y = 1va P (u,) =0

(1.58)

Dé tinh y{n+1]. thi tir Kinh 1.35 suy ra o bay 2itr ky hi¢u I ¢, bang
2/3. Khi dé:

PLla) =0.0617. P, (u,) =-0.2963,
Pla)y=07407.P (a,) = 04938,

(1.59)
Doi véi y[n+2] thi a bay gid goi 14 u, bing 4/3. Khi dé:
P.(u,) =-0.1728, P (o) =0,7407,
Pa,) =-1.2963, P(a,) = 1,7284, (1.60)
fg | J ) | | £ 1 4 O + | e H | ol l ! L |
n-2 n-1 n n+1 n+2 n+3 -+ el S0 ma 167 vine
| o | o | - | | Fou | o o I O0—i o~ |
n-3 n-2 n-1 n n+1 n+2  n+3  n+d n+s

n+6 chi <& miu 16i ra
Hinh 1.35. Vi tri cuiocde méo coa tin hicu §81 vio viv 16
cua bo g toc dO miu vadi he s6 372,

Két hop cide két qua thu duge o trén, ta ¢6 the bi¢u dién hén he gira
cde mau caa tin hiéu 161 ra tai thdi diém n, n+1 va n+2 véi cic miu tin hiéu
101 vao tir xfn-2} dén x[n+1] dudi dang thuan tién nhu sau

.
|

X|n~ 2]
Y[II] p-i({lu) P-l(of-r]) P[,{OL“) P {(In |V [ ”
- X[n—
.Ey[n+li = P,(a) P—I(_U“I.) P, (o, [n]
i >[n+2] P__'!((I‘W) P '(U'\) p“(a_a) P ((}. [
- . . xin+
xin-2|
=H xn =1l (1.6
x[n] ! .
x[n+ I]J!-.
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trong do H la ma tran hé 56 khoi. Do6i v6i bai todn dang xét thi :

0 0 1 0
H=| 00617 -0.2963 07407 0,4938 (1.62)
—0,1728 0,7407 ~1,2963 11,7284

T hinh v& 1.35 cling suy ra duge cdc hé s6 clia mach loc dé tinh
yln+3], y[n+4] va y[n+5] ciing chinh 14 cdc gid tri thu duoc tir ma tran hé s6
(1.62). Diéu d6 ¢6 nghia la mach loc tang t6c do mau mong mudn la mach
loc thay ddi v6i thoi gian véi chu ky bing 3 méu.

So do thuc thi bo chuyén déi 16¢ do mau v6i h¢ s6 3/2 dya trén phuong
trinh ma tran (1.61) cho trén hinh 1.36. & day cin luu ¥ ring do é cha he

thng 16ng thé tuan hodn véi chu ky bing ba mau, do vay miu 16i ra y[n]
thye t€ chi xudt hién tai chi sd thoi gian n+3.

-x[3l OuUT
— iy R BLJEEREE .Q_..
z'! ,

e X[31+1] z
H y3k1] 3 :
Z-l
| 2 X321 2!
Z.! y3L2I['y
IN 5 x[31+3)
N Tl Tin s& 3/2F
Tans6 F '

l=..,-2,-1,0,1,2,..

Hinh 1.37. So dd thyc thi bo chuyén ddi tc dé mau véi he 6 3/2 theo phuong trinh 1.61.

Hinh 1.37 1a mét dang so d6 thuc thi khéc, & day. sir dung mach loc
FIR thay doi theo thoi gian. Cic h¢ s6 cia mach loc FIR bac ba thay déi
theo thoi gian v&i chu ky ba mau va chi ra cdc gid tri nhu cho trong bang
1.1.
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hyin] h,[n] ihz[n] h,[n] h,[n] hyfn]

Diéu khién su thay doi he s6 ctia mach loc FIR bac 5

Hinh 1.37. So d6 thuc thi bé chuyén d6i t8c d6 mau véi hé s& 3/2 theo phuang trinh (1.61).

Bdng I.1. Cic h¢ 56 ciia mach loc FIR thay déi theo cdc chi s& théi gian

Chi s6 hyln} h,[n] h,[n] hy[n] h,[n] hq[n]
thdn gian

3l P\ (o) Py(ay) P (ay) P, (a,) 0 . 0

31+1 0 P,(a)) Py(o,) P.(a) P,(w)) 0
3142 0 0 P (a;) Py(aty) P.l(%) P {a,)

Bo chuyén doi téc do mau néi trén ciing ¢6 thé duoc thuc thi dudi dang
khdc nita néu thay cdc da thic Lagrange tinh duorc tr (1.54) dén (1.57) vao
phucng (rinh (1.53)

1 1 1 !
y{n]:a;[—gx[n—2]-+5x[n—l]—gx{_n]+gx[n+1}}
' 1 | 1 |
. Ex[n— ]vx[n]+5x[n+ 1) 4

| | I, |
+ a[ix[n—ﬂ— xIn —l]+—x[nJ+—l~x[n+ 1]J+x[n] (1.63)
6 2 3
Mach loc s6 thyc thi phuong trinh (1.63) cho trén hinh 1.37. Trong so
dé nay, ba mach loc FIR ¢6 ham truyén dang:

I
Hiz)=-=z2"+—-2" ——+—2
2) 6 2 2 6
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1 I
111(2):—2}.{' - -
1.
Hiz) = —z -z Ll
6

Cin huu v rang, trong so do hinh 1.38 cdc h¢ s6 cua cdac mach loc
H(z), H(z)} vd Hy(z) khong thay d6i ma chi ¢é ¢cdc bo nhan u I thay doi
tudn hoan theo ¢hi so thoi gian véi chu ki biang 3 nhu di thiay ¢ trea.

x[n]

.®~?aé%q -

Hinh 1.38. So dé thite thi bo chuyén doi toc do miu vai hé so 372
s dung phuong trinh (1.63),



Chuong 2
DAN LOC SO

Dan loc 50 Ia mot tap hop cic mach loc s6 ¢6 mat 167 vio chung hoac
c6 mot 16i ra chung. Hinh 2.1 v& hai trudng hop dé. Hé théng & trong hinh
2.1a duge goi lalan loc phan tich, cic mach loc B(z) dudc goi 1a cic mach
foc phdn tich. Hé théng nay chia tin hiéu x[n] thanh M tin hi¢u v, {n] dugc
goi 12 tin hiéu ddi con. M&i tin hiéu dai con chi chiém mot phan nho cua
bang tan clia tin hi¢u géc x[n]. Hay n6i khic di. bang tan cua tin hiéu géc di
bi chia ra thanh M dai con.

He thong trong hinh 2.1b duge goi 1 dan loc 16ng hop: cde mach loc
F (2) duge goi la cdc miach loc 1ong hop. Cde mach loc téng hop két hop L
tin hiéu dai con v,[n] thinh mot tin hiéw duy nhat yin].

2.1. DAN LOC DFT DPONG NHAT

L]

O day ma tran MxM bién doi Fourier i rac Wy, duoc st dung nhu
dan loc vdi do rong dai thong cla cic mach loc ddi con ddng nhat va cdch

déu nhau.
B”(Z]  E— Vn["] {/e:[n_]_’ I':[](;{,) [ —y[.l'l]
Bi(z) — V]I“l 1[”1 F|(Z)
k 4 T
I
: i
Vi ] vl 4]

—*| Bu. {2} — — F(2)

x{n]

2 d

Ll

s A

a) | b)

Hinh 2.1. (a) clan loc phan tich, (b) din loc tong hop.
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Deé thict k€ dan loc DFT déng nhit, ta xuat phat tir mach loc s6 thong
thap nhan qua ¢é dip tng xung hy[n], vi vay him truyén cta no la:

Hyzy= > h,Inlz™ ' (2.1)

n—f1

Mach foc nay duoge goi 14 mach loc prototype ¢6 thé 1a FIR hoic TIR,
do dé dé khong 1am mat tinh chat tong quét, & day ta gia thiét id mach loc
[IR, vi vay can tich phan ldy bing vo cling. Gia thiét mach loc prototype ¢é
tan 88 ¢ mép dai thong 1a w, va tan 6 0 mép cla dai chan la w,, xung quanh
diém /M, vdi M la s6 nguyén bat k¥, nhu mé 14 trén hinh 2.2a.

Bay gid bi€n doi mach loc prototype ¢6 dip iing xung hy[n] niy thinh
cdc mach loc voi ddp tng xung h,fn] theo cong thic:

hn}=h[n]W ™, k=0.1,.,M-1 (2.2)
trong dé W, = ¢ viay W™ chinh [& cdc thita 56 DFT. Cdc mach loc véi
ddp tng xung h,[n] ¢é cidc hiim truyén la:

B.(z) = ihk[n]z " = ih[,[n](zwt1 " k=0 M-E (23)

Tong ¢ phia phai ctia (2.3) chinh 1A bién d6i z clia ddp Gng xung h [n],
nhung vai bién 5o z duge thay bing bién s6 mdéi zW, . Hay ndi khéc di, sau
khi anh xa z thinh zW,* thi H_(z) bi¢n thanh H (zW,"). Do vay:

B, () = H.(zW"), k =0.1....M-1 (2.4)

Né&u thay z = ¢ vito (2.4), chiing 1a sé thu dugc ddp dng 1dn s6 cla
ciac mach loc mdi vdi ham truyén B, (z):

Bs\(e_inyr) - HU(C'WU znk,fM:). k=0, 1...M-1 (2.5)
ay: :

B”(e_irn-[') = H“(e_im)

B.(e") = H (" ™)

B1(c_if'\'|') — H (C_if.!!‘--h'r'l'_-".'\r'fl)

Wy LAY B R
BM_|{L’J ) - H‘}{L’; )

(Ir day thdy riing, cdc ddp ting tan sé B (") thu duge bang cdch dich
chuyén didp ng tan s6 clia mach loc thong thap H, (¢) vé phia phdicla
truc tin s¢ mot s6 nguyén lan 2n/M, nhu mo ta tsén hinh 2.2. Nhur vay, nr
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mich loc thong thip nhan qua H (7). nh& phép doi bidn z thinh zW. . vdéi
k=01 ... M-1, ta da thu duge M mach loc con. Cic mach loc nay li
nhing phicn ban dich chuyén coa mach loc thong thdp H,(#). M mach loc
nay tao thanh moét dan loc ¢6 cung dai thong, va cling bien do: C6 nghia I
dip ng tan s6 clia cdc mach [oc con thanh phdn nay ¢é dang gicng hét
nhaw. Vi vy dan loc ¢6 tén goi la dan loc dong niit.

M mach loc con dong nhdt ¢6 cic ham truyén cho tong (2.4) tao
thanh dan Tgc phan tich: Chang tich tin hi¢u s x[n] thanh M thinh phan
v [nl, méi tin hi¢u thanh phin chi chidm mat dai tan bang 27/M ddi tin cla
tin hicu goe x[n]. Do viy:

V. (2)
B (z)= &
L (2) X

k=0.1,... M- (2.6)

O day X(z) Ii bién déi z cua tin hico so 161 vao cla dan loc,

Cic mach loc By (2), k =0.1...., M-] duge tao thanh tie mach loc thong
thap H (z), ¢4 the lia FIR hoidc [IR hoac mdt mach toc 6 mang nio dé véi
diéu ki¢n dé la mach loc nhan qua. Dan loc phén tich ndly ¢6 so dé cho trén
hinh 2.{a.

Vi du 2.1. Thi¢t k¢ dan loc DET déng nhit véi mach loc prototype la
mot mach loc thong thip ¢4 tin s6¢ & mép dai thong o, = 0,057 va tan 6
mép dal chian w_= 0,125x.

Gidi: D¢ thiét K&, 1a sit dung phan mém MATLAB, chuong trinh P2- |
sau ddy thict k¢ cho dan loc &-kénh.,

Y Chiong trinh P2-1
% Thiet k¢ dan loc DFT dong nhit
clf:
% Thict k& mach loc prototype FIR thong thap :
b=remez(23, [0 0.15025 1,1 100], [10 L]:
w = (h:2%pif255:2%pi; n = :23;
fork = 1:4:

¢ =exp(2Fpitk-1y*n*i/dy,

FB = b.%c;

HB(k.:) = freqz(FB,1,w);
end
subplot{2,2.1)
pltot(w/pi, abs(HB(1.:)));
xlabel(“omegaApi'y;ylabel('Bicn do'y;
title("Mach foc No, 1) axis([0 2 -30 5]);



B (™)

A

03[,/'I T\m\ s on 0]

M

B[(e_i(“}-fﬁfl\dl)

g ™M T 27 w

B (C_i[“J 47{4"’»‘1])
R

AT

0 M n 2r )

B (C_i(f'l am |\1-|in\’1)
Wi-1

ATA

‘ OBM(C lﬂ[N'I-l?;EI\-I} T 2ﬂ: ®

Hinh 2.2. Mo i ddp dng tdn s& cha motdin M mach loc Bi(z) déng nhat,

subplot(2,2,2)

plot(w/pi,abs(HB(2,: )));
xlabel(“omegaApi");ylabel('Bien do');
title("Mach loc No. 2'%axis([0 2 -30 5]);
subplot{2,2,3)

plot{w/pi,abs{ HB(3.:}));
xlabel(™omegaApi');ylabel('Bien do”)

9 V& dap (mg bién d6 cia méi mach loc con;
title("Mach foc No. 3 axis(f0 2 -30 5])
subplot(2,2.4)

plot(w/pi, abs(HB(4,:));
xlabel(Comegafpi') ylabel('Bien do');
title("Mach loc No. 4% axis([0 2 -30 51):



Filter No. 1 Filter Mo, 2
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Hinh 2.3. Ddp tng tin a 4 mach loc diu tién cua dan loc DFT déng nhat 8-kénh.
Talalaraval \ [ a\ (

T
30] t {’i I‘H il Nl NI l.”l% \[N “[2; Wt iwl!“'|,| : 'i

Hinh 2.3a. Ddp ting tin s6 cla dan loc DFT déng nhiét 8-kénh.

\.'.

4

;3

Hinh 2.3b. Ddp tmg tan s6 cua mach loc prototype.
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2.2. DAN LOC BONG NHAT PA PHA

Nhu dd ndi. chiing ta ¢6 thé chon mych loc thong thdp khoi diém nhue
thé nio d¢ viec tinh toan ¢6 higu qud nhat. B¢ thye hién muc dich nay,
chiing ta khai trién ham wruyén clia mach loc thong thap dudi dang khai trién
da pha. Theo dang khai trién néay, thi moéi mach loc phan tich duge coi nhu
Mot mach loc riéng hiét, dan loc ¢6 tén 13 dan loc déng nhdt du pha.

Thyc viy tir bicu thiic dinh nghta cua F (2) :

= > hy (ol

=
Néu dung phép déi bien n thinh nM + i thi H.(2) ¢6 the bicu dién dusi
dang sau day:

A

h- :
H (7)) =3 > h [nM+ijz7 M+ = Zl;?.'i Dh M rilz™  (2.7)

[ I | =01 n.--x

Nhung:

EzMy= ShynM + )M (2.8)

n=-w

la thanh phan da pha thi i cta H.(7); N6 13 bi¢n déi - 7 cia didp tng xung
cua mach loc thong thip h [i+nM]. Do viy H (2) duoc khai trien thanh dang:

M-l
H,(z) = Zz_'Ei (zM) (2.9}
i=0 )

1& dang da pha cta mach loc thong thap prototype H (7).
Cing nhu trude day, néu sir dung pheép dnh xa z ~ zW,*, thi ham
truyén H, (2) s¢ trg thanh B, (z). Do vay:
M-l _ _
B ()= D 27'WGE, MW, k=01 M. (2.10)
i—0
Nhume vi W™ = 1 nén ham truyén thi k ctia dan loc da pha c6 dang:

M-l _
B, (z)= Yz 'WME M) (2.11)
=0

k=0.1.....M-1

Phuong trinh (2.11) ¢6 the viét duéi dang ma tran:
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_ B () ) | 1 | EU(ZM) 7

Biz) | |1 wy  wy W 2 B ™)

B,(z) {= Wi M w2t E, (M) (2.12)
l_BM—I (Z)_ _] f;; L% B J_'_ﬂzt A W r\-;m-lr JLZ_.[ M. IJEM__l (?_'\1 )_

Ma tran hé s6 cua phuong trinh chinh & ma tran nghich dao cia ma
trin hé s6 cua bién doi Fourter roi rac (DFT) nhan véi M. Tic 1 ta cb:

[

| 1 bl P
boowy wy e Loowy Wy wiy' !
Wi wd e owdM ML W e
1 wiVh e W;:!\-q—ul g (:1-11 AN D ,r.:\.:*l-]FJ
= M[W]' (2.13)

trong do [W) ky hiéu ma tran DFT.

Néu M 14 1u§ thita ctia 2, thi ma trin ndy cé thé duoc thue hién nhd
thuat todan Fouricr nhanh FFT, nhr dé ¢6 thé 1iétl kiem dugce ral nhi¢u tinh
todn. Vdi cdc ky hiéu ndy thi M hiim truyén cha cdc mach loc thanh phin s&
dugc xac dinh tu phuong trinh sau day:

B,(z) | OB |

B, () z 'E, (")

B,(z) |=M[W]'| 27 E,(z*) (2.14)
| B, ,(2)z] 2™ PE, (21

Phuong trinh ¢ta dan loe dong nhat da pha ndy duge thuc thi trén so
dé hinh (2.4). D6 phic tap trong tinh todn cua dan loc dong nhat da pha 1ot
hon rat nhiéu khi thue thi true ti€p. Ching han véi dian loc phan tich da pha
két hop v6i DFT dong nhdt M-dai nhu mé ta trén hinh 2.4 véi mach loc
prototype H,(z) [a mach loc FIR N-tap thi chi cén thye hi¢n tong cong
(M/2)log,M + N bo nhan, trong khi néu thuc thi truc ti€p nhu trong hinh
2.1a thi phai cAn dén NM bo nhan.

Dian loc phan tich néi trén ¢on cé thé duge thue thi hi¢u qua hon nit
néu sit dung cdac bo giam tdc dd mau véi heé s6 giam téc d6 mau M. Thuc
vily. néu si dung cdc ddng nhat thitc ciia khai tri€n tuong duong nhu trén
hinh 2.5, ching ta ¢6 thé v& lai hinh 2.4 dudi dang cho trén hinh 2.5, Ciu
tric cho trén hinh 2.5 cin thuc hién céc bod nhan va s6 lugng cic bd cong
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ren mot don vi thei gian ithon M lan so véi ciu (riic ctia hinh 2.4, do vay
cdu tric nay con hicu qua hon nira veé phuong dién tinh todn. Ching han véi
M =32 va N = 50, néu thire hién dan loc phin tich da pha ket hop véi FET,
thi cau (ric cia hinh 2.4 can {M/2) og,M + N = 136 +50=186 phép nhan,
con néu thue thi theo cdu tric hinh 2.5 chi cin khodng 6 phép nhan tren mot
mau cha tin hicu 167 vio,

x[nj M R
B o ) E R H

IDFT v,[n]
— v
M-diém

s (2M) — ——* Vy,[n]

Hinh 2.4, So d6 thuc thi dan loc dong nhat da pha.

VGi céch lam tuong ty, 1 cling ¢ the tim dwoe cdu tric cba dan loc
tong hop da pha ket bop DFT goi 1 dan loc 1ong hop DFT dong nhat da
pha. Cdc cilu triie dua trén khai trién da pha hi¢u dung loai I va loai II cua
mach loc prototype thong thap H,(z) cho trén hinh 2.6.

B ppr [ vl
*M —-» viln]

M-diém

85
()]

____’ T Vuain]

——

Hinh 2.5. Dan loc phan tich DFT déng nhat da pha higy qua cuo.
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Vpln] ——

¥

E(z") yin]

vi[n] —»

El(ZL)

L4

v,[n] — DFT

N-diém

EZ(ZL)

¥

viainl — E, () \

Hinh 2.6. Din loc 1dng hgp DFT déng nhét da pha.

Vi du. Dan loc phan tich DFT 4-kénh duge dac trung bing bén ham
truyén : H(z) = V.(z)/X(z). i = 0,1,2,3. Giad sir cdc ham truyén cia 4 mach
loc con cho-trudce:

Ez)=1+0,82"-082% E{2) =2-1,52" + 3,127
Efz)=4-092"+2372 Ey(z)= 1+ 3,72 + 1,72°

Tir d6 ta co theé tim dugce cdc ham truyén t phuong trinh ma tran sau:

H,(z) I 1 & ) Ej Y

Hzy| |1 -1 -1 J|Z"Ez"

Ho | |1 -1 1 -1|2z%E,@%

Hoz)| |1 ] -1 =1]|Z7E,z"

trong do: .
E(zY=1+082*-08%E(z"=2-15z"+3,1z"
EfzYy=4-0,97"+232% Ez"y=1+3,7z" + 1,72*
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ml
LI Eyz | IDFT —* v,(n]
4-diém

—

E(z) [— > Valn]

_ >
WLE
[ e

2.3. CAC DAN LOC VA MACH LOC PAC BIET

C6 nhiéu ing dung trong dé sir dung céc loai he thong 6 dac biét
chang han nhu mach loc bin dai, mach loc M dai va dan ioc b trir cong
sudt,

2.3.1. Cac mach loc L - dai

Xét mot bo tang toc do mau véi thira s6 L c6 sg d :

x[nj

v, [n] | y [n]
e —— TL ———» H(z) |—

Bién d6i —z gifia tin hiéu 16t ra y[n] vi 16i vio lién quan vé6i nhau bing
hé thifc: :
Y(z) = H(z)X(z") (2.15)

trong dé H(z) 1a ham truyén cia mach loc tang toc do miu. Néu mach loc
tang toc do mau duoc thuc hién du6i dang da pha, tirc 1a dang :

H(z) = E(z") + 2'E (%) + -tz VE (29 (2.16)

Gia sir thanh phin da pha tha khong bing hing s6, ¢6 nghia [a
E,(z") =, khi d6: '
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H(z}=c+ 2'E, (@) + .4z E__ (") (2.17)
Do vay:

Y@ = cX(2) + > 7B, (24 )X(zY) (2.18)
11

Ldy bién d6i — z nguge bicu thie (2.18) thu duge y{Ln] = cx[n]. Trong
thue t€ ¢6 the chon thira s6 dinh mic ¢ = 1. Nhu vay, mic dit mach loc ting
tdc do mau ¢ chén thém cic miu méi, nhung cdc miu cha tin hiéu 161 vao
van duogc truyén ra 107 ra nguyén ven, khong bi bién dang. Mach loc ¢é tinh
chat nay dugc goi 1a mach loc L-dai hay cdn goi 1a mach loc Nyquist. Dap
ing xung cua mach loc nay cé nhiéu gid tri khong, vi vay nd rat hap dan vé
phuong dién tinh todn duge biéu dién bing cong thdc:

{ c, n=0
h[Ln] = o (2.19)
0, cic gia tri khdc

Tir day ta thay h[n] <6 gid tri khong ¢it sau L mau (ngoai trir tai n=0,
h|0] = ¢}. Hinh 2.7 m6 ta ddp ing xung va tin hiéu 161 vao véi L = 3.

h[n]
a)
REUEE DU B0 BN F IS
‘- 30 0o |3 el n
v,[n]
" S DU DU SN B
6 3 0 3 6 l n

Hinh 2.7. (a) Pip ing xung ctia ma_ich loc ba-dii va
(b) tin higu 18§ vio tiéu bidu che mot mach loc ba-dai.

Biy gitr gid thi€t n€u thanh phin da pha tht k bang hang s6, tic 1A
E.{(z) = u, khi do:
H(z) = Ey(z") + 2'E,(2") + .4z*"E, (") + az* +

+ Z'[k“]Ekn(Zl') + .. +Z-{L_“EL-1(ZL) (220)
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Tir day tim duge dap ing xung:

l'1=1'1k

h[La+k] = {a’ (2.21)

0, cédc gid tri khdc
Hinh 2.8 cho thdy ddp ting xung cua mach loc ba-dai (L =3), k =2 va

0 =1 (néu k =n, =0, thi s& tr& vé trudng hop (2.19). Bién déi — z cia tin
hi¢u 16i ra ciia bé loc tang t6c do mau L-dai la:

L-I
Y(2) = az*X(z") + 3 z7'E, (") X(z") (2.22)
=0

£33

Biéu nay cé nghia 1a cic miu 16i vio x(n] duoc truyén thang téi 16i ra
khong bi bién dang, theo qui tic:

y[Ln+Ln,+k] = ax[n] (2.23)

h[n]

TT”T. RAS

0
‘12 5 8411 141 4

Hinh 2.8. Bdp dng xung ctia mach loc 3-ddi, k=2, n=1.

Néu H(z) thoa min (2.16), thi ¢6 thé thay ring’

-1
D H@EW! ) =La=1 (gid sit chon a=1/L,) (2.24)
k=0 -

trong d6 W, = 2%

Vi ddp img tan 56 cta H(zW" ) Ia nhing phién bdn dich chuyén ciia
H(c’") nhitg khoang bing nhau 27t/L, nén ta ¢6 thé ket luan ring tong cua
tt c& cdc phién ban bi tré ciia H(e'®) gén véi hang 6 nhir biu thi trén hinh
2.9. Cén luu y ring cic mach loc L-dai ¢6 thé [a FIR hoac IIR.
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H(z) H@Ew,) HEWD HEzW " HEzW.")
P N
0 2n o

Hinh 2.9, Cic ddp ing tdn s6 cla cdc mych loc L-dai.

2.3.2. Thiét ké cac mach loc FIR L-dai pha tuyén tinh

Gid sir thiét k& mach loc thong thdp L-dai pha tuyén tinh véi tan s cit
o, = n/L va ddp Gmg tin 56 gan 1y twdng. Dé thue hién mach doc ndy, ta sir
dung phuong phdp chubi Fourier bing cdch cho ddp {ing xung ctia mach loc
théng thip 1y twdng qua mot cira s6 hop 1y, khi dé ddp Gng xung thu dugc la:

h[n] = h,[n].w(n] (2.25)

& day, h,4[n] 1a ddp Gng xung cta mach loc thong thip 1y tuéng véi tan so
cét /L, con wln] 14 ham clra s0 thich hop. Néu

h;[n] =0 khi n=+L, £2L, .., (2.26)

thi phuong trinh (2.14) thod man, ta s& thu duge mach loc L-dai mong muén.

Piép dng xung cha mach loc thong thip L-dai 1y tudng thoa min dicu
kién (2.26) véi tan $6 cit o = 7/l duoc chon dudi dang:

h, [n] = 3‘“(:;% —oo<n <o 2.27)

Bay gid dé tim mach loc thong thdp mong mudn chi can cho dap tng
xung 1y tuéng niry qua mot cira 3 thich hop. Hay néi khic di, ding mot cua
s6 thich hop dé cit got ddp dng xung 1y tudng ndi trén thanh ddp Gng xung
c6 chiéu da: mong mudn.
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Mach loc thong thap L-daj ly teng ¢6 dip fing xung ¢ dang nbhur sau
cing thuiing dugc sir dung dé thiét ke mach loc thong thap L-dii mong
muén véi tan s6 cit /L

1 .

—. n=>4(

L

2sin{Awn/2) sin(n/L)
Aon qn

h [n] = (2.28)

‘n‘ >0

Ngoai ra, ngui ta con sir dung mach loc cosine tang dé tam mach loc
[y twong. Sau day ta xét vi du minh hoa cho thiét k& mach loc L-dai mong
mudn ding chuong trinh MATLAB.

Vi du 2.2. Thiét k& mach loc théng thip ban-dai (L=2) c6 chidu daj
23 bang cach sir dung phuong phap chudi Fourier voi cira 56 Hamming.

Gidi. Dé thiét k€, ta viéet chuong trinh MATLAB sau -

% Chuong trinh 2-2

%Thiét ké mach loc thong thap FIR [-dai
N=23;

L=2;

k=(N-1)/2;

n=-k:k;

b=sinc(n/L)/L:

win=hamming(N});

c=b.*win';

[h,wl=freqz(c,1,256);
g=20%log10(abs(h)};

plot{w/pi,g);grid

xlabel(“omegaApi’); ylabel('Bien do, dB'):
disp(c);

figure(2);

plot(n,c);

Hinh 2,10 cho (hay ddp g tan so trong thang dB cia mach loc bin
dai (L=2) thiét k& theo phuong phap nay. Hinh 2,11 13 ddp (ng xung ciia
mach loc thu duge va bang ghi cdc heé s6 clia ddp tng xung cla mach loc dé
la cde phin tir cha véc to cor c.
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-0.0023  0.0000 0.0054 -0.0000
Columns 5 through 8

-0.0159  0.0000 0.0385 -0.0000
Columns 9 through 12

-0.0893  0.0000 0.3124 0.5000
Columns 13 through 16

0.3124 0.0000 -0.0893 -0.0000
Columns 17 through 20

0.0385 0.0000 -0.0159 -0.0000
Columns 21 through 23

0.0054 0.0000 -0.0023.

i ! : :

Bien do, dB

iias i i i i i i i i ;
0 0.1 0.2 8 [ 0.4 L7 1 TP i 0.7 o8 0.9 1

Hinh 2.10. Ddp tng tdn s6 cia mach loc ban dai véi tin s& cat O=T/2.

Béng trén cho thay :

h[0] =0.5;

h[1]=h[-1] =0,3124; h[2] = h[-2] = 0
h[3] = h[-3] = -0,0893; h[4] = h[-4] = 0:
h(5] = h{-5] = 0,03854; h[6] = h{-6] = 0;
h[7] = h[-7] =-0,0159; h[8] = h[-8] = 0:
h[9] = h[-9] = 0,0054; h[10] = h[-10] = O:

h[11]=h[-11]=0,0023

bap ing xung niy ¢6 cdc hé s6 v6i n = +2, +4,..., +10 déu bing khoéng.
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Hinh 2.11.Ddp ting xung ctia mach loc bdn dai ¢6 chiéu dai 23 duoc thiét ké bang
phuong phap chubi Fourier két hop véi ham citra sé Hamming,

2.4. CAC MACH LOC BU

2.4.1. Cac mach loc bu tré

-

Cdc mach loc ma tong cic ham truyén clia né bing mot do tré nao dé
thi dugc goi la cac mach loc bix tré. Véi cdc mach loc nay thi

L=
Y H, (z)=cz ™3¢0 (2.29)
k=0

N€u phan tich tin hi¢u x[n] thanh L tin hiéu con diing cic mach loc

phan tich H,(z), r6i sau d6 cong cdc tin hiéu con d6 lai v6i nhau thi s& tro vé
tin hiéu goc ma khong cé su bién dang ma chi bi tré mot luong n,,.

Khi L=2, ta s& dugc mot cap mach loc c6 ham truyén [a Hy(z) va H,(z).
Vi chiing b nhau nén hé thic (2.29) bay gid trd thanh:
Hy(z) + H,(z) = z? (2.30)

Néu chon H,(z) la mach loc FIR pha tuyén tinh loai I, ¢6 nghia 1a n6
ddp tng tan s6 dang:

Hy(e") = eMHy(w) - (2.31)

trong d6 Hy(w) la ham s6 thuc tuan hoan va N/2 la s6 nguyén vi mach loc 1a
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FIR loai I ¢6 N chin, thi mach loc H,(z) bl v6i né s& cé dép tng tdn s6 la;
H (") = e™2(1 — Hy(w)) (2.32)

Hinh 2.12 cho thdy ddp ing bién do cha hai mach loc bl nhau thu
dugc khi sir dung thuat todn McClellan-Parks.

&
1+6, —
l '8| ] f
I-Hy(®)
02 In A VANWANA /\\ >
AV S AAVAVAr ”
Hinh 2.12. Bip iing bién do ciu cip mach loc bil nhau,
Dai véi L bt k¥, ta ¢6 the chon cdc mach loc bl nhau dang
H,(z) = H(zW"), 0 <k < M-1 (2.33)

v6i H(z) 12 mach Joc L-dai cé dédp dng xung thod man phuong trinh (2.14).

Néu mach loc H(z) Ia mach toc thong thap cé do rong dai thong thich
hop thi cdc mach loc L-dii s& cé ddp ing tdn s6 gin giong nhu dang ly
trdng mo ta trén hinh 2.9,

Vi du 2.3. Hai mach loc ¢6 ham truyén :

Hy(z) = 0,015625(1+2%)*(1-4224- 52 +52%-47 "+ ')
va .

H,(z) = -0,013625(1+22)* (1 +4z2+52*+52 +4z""+7'%)

Ia hai mach loc bt tré, vi:

H,2z)+ H(z)=z"
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2.4.2. Cac mach lgc bir cong suit
Cdc mach doc ¢6 tong cong sudt bing hing s6

M-l

H, (") =c véimoi o (2.34)

k=)

thi duge got 1a cdc mach loc bt cong sudr. O day ¢ 1a hang s6 duong,

Tinh chit trén tyong duong vdi:

M-l
D H, (2", (z)=c, véi moi z (2.35)
k=0

Trong thue t&, cdc ham truyén H,(z) thudng ¢6 cdc hé s6 thuc, nén tinh
¢hiit bu cong suét duoc xdc dinh khic = 1.

Trucng hgp mot cap mach loc bit cong suat Hy(z) va H,(z) c6 tan s6 w,
thoa man hé thitc

IHy(e"™")* = {H, ("W = 1,2 (2.36)

thi tdn s0 géc w, dugc goi 1 1dn 6 giao nhau. Tai tin s6 nay, dap dng tdn so
clia cd hai mach loc ¢é hé¢ $6 khuyé&ch dai déu bang 3dB nim dudi gia tri cuc
dai. Chinh vi the tan s8 géc w, con duge goi 12 tdn 56 gde cdr 3dB clia ca hai
mach loc,

Néu hai ham truyén H,(z) va H (2) dugc biéu th bang:

Hy(2) = %[A[,(z) +A(2) ] (2.37a)
H,(z) = %[An(z)—A,(z)] - (2.37b)

Trong d6 A.(z) vi A (z) 14 nhig ham truyén qua én dinh, thi cdc haim
truyén H(2) va H{z) 12 mot cgp bt truyén qua. C6 nghia 13 t6ng hai him
truyén dé la mot ham truyén qua:

Ho(z) + Hi(z) = A(») : (2.38)

0 day A(z) 1a ham truyén clia mét mach loc truyén qua.

RG rang hai mach loc Hy(z) va H,(z) thoa min cdc phuong trinh .
(3.37a} va (3.37b) ciing van tao thianh mot cap bir cong suat.
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2.4.3. Quan h¢ giita mach loc L-dii va cdc mach loc bis cong suat
~ Xét mach loc L-dai ¢6 ham truyén H{z) duoc bidu thi dudi dang khai
trién da pha:

' [.-]
H(z)= > 27'E;(z") (2.39)

=0
Bay gid ta dinh nghia mot ham truyén méi G(z) = H (2)H(z), & day
H (z) = H(1/2*). Khi d6 tap hop cac him truyén:
[E{](Z)s E’](Z)! E’E(Z)-» LAEE] EI.-I(Z)]
1a bu cong suat khi va chi khi G(z) 1a mach loc L-dai.
Dé chitng minh tinh chat trén, ta dinh nghia

L-1
H(z) =HEW.")= > 2"W/E (z"), 0<r<L-l (2.40)

=1}
v W = gl@mt

L ham truyén (2.40) nay 6 thé dugc viét dusi dang ma tran

- . I
H:}((Z; I 0 0 E{](£1 )
. )
! 0z .. 0 (27
=W . (2.41)
' 0 o0 .. z"v L
(He . (2)] LE -i{(z7)
H(z) AMz) E(z)

Trong d6 W 1a ma tran vuéng LxL DFT thoa min W'W = LI, véi W*
la ma tran chuyén vi lién hop ctia W. Néu tip hgp cdc ham truyén [E,(z),
E\(2), Ex(2), ..., E| (2)] 12 bl cong sudt, thi khi d6 E(z)E(z)=c¢ . do Vay:

H(z)H(z) = E(2)Mz2)W* WA(z)E(z) = Lc (2.42)

Nhu vay tap hop cdc ham truyén Hy(z), 0 < k < L-1 [a bii cong sudt.
Hay néi khic di, G(z) = H (z)H(z) thoa min:
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l.-]
D GEW =L (2.43)
k=0

la mét mach loc L-dai.

Ngurge lai, néu gia thist G(z) 1a mach loc L-dai thi ¢6 thé ching minh
duoce tap hop cdc mach loc | Eu(z), E\(2), EX2), .... E__(2)] 12 ba cong sudt
bing cdch 14y nghich dao phuong trinh (2.41) va thuc hién céch lam tuong
g trén,

2.5. CAC MACH LOC PA MUC CO THE BIEU CHINH PUGC

Mach loc da miic 12 nhimg mach loc cé ddp ing bién do ¢6 cic gia tri
khong ddi trong méi mién tan 6 khéc nhau. Dang tiéu bicu clia dip ting tdn
80 ca cdc mach loc loai ndy cho trén hinh 2.15. Céc muc ¢, ¢6 thé 13 nhimg
s0 thuc hoic phiic, giita chiing ¢6 cdc mién chuyén ti€p. Néi chung, cdc dap
ling da mifc thudng 12 nhitng ddp ing thong thap hoic thong dai.

Hinh 2.13. Didp (ng tiéu bidu cia mot mach loc da miic,

Trong phan nay, ta xét mach loc da mic G(z) ¢c6 M mién ¢6é dd rong
bang nhau va bing 27/M nhw trén hink 2.14a. Mach loc da mitc ndy ¢6 thé
tim duoc dudi dang:

M-1

G(z) = D ¢, H(zW*) (2.44)
k=0

¢ day H(z) 12 mach loc M-dii cé pha bang khong va c6 dép ing tan s¢ nhu
- trén hinh 2.14b.
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Hinh 2.14. (a) Su phan viing tin sd ciia mach loc da miic ¢6 do rong 2n/M.
(b) Bip ing tin s6 cia mach loc M-ddi H{z) pha bing khéng.

Ham truyén G(z) cho trong (2.44) c6 thé duoge thuc thi dudi dang khai
trién da pha nhu trén hinh 2.15. Didu d6 c6 nghia la mach loc du muc chinh
la mét dan loc ma cdc tin hiéu thanh phan & 16i ra ¢6 cdc mic bién do ¢,
khdc nhau. Cic mic nay biéu thi bing cac bo nhan dgc 1ap trén 16i ra cia
mot nhanh con va gi4 tri clia né ¢6 thé diéu chinh duge m6i khi thay déi cac
gid tri.cha cdc bo nhan c,.

Trong thuc thi thyc &, ddp ung tin s6 ciia mach loc ¢6 thé xuat hién
nhiing ché 16t, 16m trong cdc dai chuyén ti€p giita cdc mic bien do khong
doi. Hién tugng nay xudt hién nhiéu hay it phy thudc vao sy chéng phé giira
hat ddp \ng lién ti€p nhau H(zW*) va HZW*"') vi vio ham truyén ctia mach
loc goc H(z). Thyc té cho thay hién tuong trén cé thé bi loai bé néu mach loc
H(z) la mach loc L-dai. That vay, néu trong mién chong phé chi do hai thanh
phan H(zW*) va H(zW**"), thi

H(zW*"} + H(zW**") = 1.
Diéu nay d6ng nghia véi

¢ HEZWY + ¢, HZW ) = ¢, + (¢, — c)HZW*") (2.45)

He thic ndy dugc biéu thi trén hinh 2.16. R& rang la viing chuyén tiép
tir ¢, sang ¢, thay d6i don di¢u theo ham béc nhét, khong c6 ché 161, 15m do
hién trong chéng phé gay ra.
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Hinh 2.16, Vung chuyén ti€p thay déi don digu khong bi 161, 16m
do chdng phu, khi sir dung mach loc L-dai.



Chuong 3

DAN LOC ANH GUONG VUONG GOC
(QMF: Quadrature-Mirror Filter Bank)

3.1. MG DAU

Trong cdc hé thong thong tin hién dai, dé tang t6c do truyén dan dir
licu, tin hi¢u thai gian-rdi rac thudng ducce phan chia thanh nhing tin higu
con {v,[n]} nho dan loc phan tich va sau d6 duge xir 1Y réi cudi cung ké&t hop
lai v6i nhau nhe dan loc tdng hop dé thu duoc tin hicu 16i ra y[n]. Néu cic
tin hi¢u con bi gdi han dai dén mot mién tin s6 hep hon mién tan 6 cia tin
hiéu 161 vao géc, thi ching c6 thé bi giam t6c 4o miu trude khi xir 1§, Vi céc
mau ctia tin hiéu [6i vio ¢6 tdc d6 nhd hon, nén viéc xur Iy cdc tin hiéu c6 16¢
do méu nhd hon ndy duge tién hanh thuan loi va ¢ hiéu qua hon. Sau khi xu
ly, cde tin hi¢u con ndy lai dugce tang téc d6 mau va sau do dugce két hop lai
v61 nhau nha dan loc tong hop dé tro thanh tin hiéu ¢é toc dé mau cao hon.
Dan loc danft guong vuong géc (QMF) i dan loc thue hién chic nang nay rat
6 hi¢u qud. Néu hé s6 tang va giam téc d6 miun bing hoac Ién hon s6 fuong
kénh cia dan loc, thi tin hiéu 16i ra y[n] gitf lai mot $0 hodc todn bo céc tinh
chat coa tin hi¢u I6i vao x[n] néu cdu tric cha cdc mach loc duge chon lra
mot cach hop 1y. Trong truding hop dé dan loc duge goi 14 dan loc di dugce
l&y mau mot cich t6i han. Ap dung téng quét nhat clia so dé nay 1a dé ma
hod tin hi¢u x[n]. Con dp dung khéc 12 dé thiét k& hé théng xdc dinh tinh c4
bi¢t clia ti€ng ndi twong tu dé cung cdp cho dam thoai telephone. Trong
chuong nay, chiing ta s€ nghién citu cdc din loc YMF 2-kénh va nhiéu kénh.

3.2. CAU TRUC CUA DAN LOC QMF 2-KENH

S0 do khoi cha mot dan loc QMF dua trén mi hod vi gidi ma cho trén
hinh 3.1. Trong so d6 nay, tin hiéu 161 vio x[n] dugc phan tich thanh hai tin
hi¢u dai con nhd din loc phan tich gdm hai mach loc H(z) va H,(z), mét cdi
la thong thap con cai kia 1 thong cao véi tin s cit /2 nhu cho trén hinh
3.2. Sau do6, céc tin hiéu dai con v,[n] duge di qua bo gidm toc dé mau véi he
$0 2. M6i tin hiéu dai con duoc mi hod nhd khai théc cdc tinh chat phé rigng
bi¢t cua tin hi¢u. Cdc tin hi¢u dii con sau khi ma hod dudc két hop lai thinh
mat day nho bo don kénh (MUX) luu trit dé sau nay khoi phuc lai hoic duge
truyén di. O dau thu, cde tin hieu md hod trude tien duge khoi phuc lai nha
bo phan kenh va bo giai md dugce st dung dé tao ra tin hiéu gan ding nhu tin
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hieu di duge giam toc do mau géc. Sau khi dugc gidi ma, tin hiéu lai di qua
bo tang t6¢ do mau v6i he 56 2 réi sau d6 di qua dan loc téng hop g6m hai
mach loc Gy(z) va G,(z). Tin hiéu & 16i ra chia hai mach loc nay duge cong lai
v&i nhau dé thu duge tin hiéu y[n]. So dé cho thdy, tin hiéu 6] vio x[n] va
tin hiéu [6i ra y[n) c6 t6c d6 miu 1a nhu nhau. Dan loc phan tich va tong hop
QMF phai dugc thiét k€ sao cho tin higu 16i ra y|n] ¢6 dang gan ding nhat
v@i tin hiéu 16i vao x[n]. Diéu ndy duoc thuc hién khi cdc sai s6 do Sur tang
va giam t6c d¢ mlu do dan loc QMF gay ra dugc gidm thidu tdi mic thap
nhdt. D€ xét dnh hudng cla riéng dan loc QMF gay ra ma khong dé y dén
sai 0 do bo ma hod va gidi ma, ta xét so dé céu tric cho trén hinh 3,3,

" oy Ma Giai
x(n] | Hu(i) _’" l 2 ™ héa [ v § ] rrll:‘lil G[](Z) _¢ y{n]
e o |20 8 @D
a 44 1al
—»| H,z) "‘l 2™ hoa ™ o mi ﬂ'- G, (z) —T

Hinh 3.1. Dan loc QMF 2-kénh dya trén bo ma hod/giai ma.

& ’ _
IH,(e™) IH, (")l

0 /2 T )

Hinh 3.2. Ddp \ing tin 56 cia dan loc QMF phan tich.

hJ

H{)(Z)_ X“[n]u lz vo(n] T2 -‘Q{—l[nb! Gy(2) *1 (n]
gl oy,

\[n] .
H(z) [ 2 | win) £ S1) e 4

v
r

Hinh 3.3. Dan loc QMF 2-kénh tiéu biéu.
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3.3. QUAN HE GIFA CAC TIN HIEU TRONG DAN LOC QMF
D¢ phan tich va nghién citu céc dic trung ciia dan loc QMF 2-kénh,
trudie hét ta xét moi quan hé gita cdc tin hiéu trén phuong dién bien déi - z.

Céc bi€u thitc bién ddi — z cla cée tin hiéu trung gian trong mach loc
QMEF va quan hé giita chiing véi nhau va véi tin hiéu 161 vio x{n] va tin hiéu
161 ra y[n] cha dan loc la:

X\ (z) = H(2)X(z) (3.1a)
V,(z) = %[xk(z"2)+xk(~z'*’2)] G.1b)
X, (2) =V, (z°) (3.1¢)
k=0, 1.

Tir ba phuong trinh trén, ta thu duoc:

l

- !
X (z) = E[X“(z )+Xk(-Z)]=5{Hk(z)X(z) +H(-2)X(-2)] (3.2)

Bién d6i —z clia tin hiéu 16i ra y[n] cta dan loc duge xéc dinh bing:
Y(@) = Gy2) Xo(2) +G (@) X,(z) (3.3)

Thay cdc gia tri )A(k(z)thu dugc tir phuong trinh (3.2) vao (3.3) ta
duoc:

Y(z) = %[ H,(2)G,(2) + H{2)G, (2)] X(z) +

+ % [ Hn('Z)Gn(Z) + HI('Z)GI(Z)] X(-z) (3.4)

Phuong trinh (3.4) ¢6 thé duoc viét dudi dang ma tran

_ H,(z) H(z) [Gy(2)
2Y(2) = [X(Z) X(-z}] [HO(—Z) H](—ZJ{G](ZJ (3.5)
H_/
H(z)

Ma tran H(z) dugc goi 12 ma tran thanh phin chéng phd (AC: alias
component). Chinh s6 hang thit hai trong phuong trinh (3.4) 1a nguyén nhan
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gay ra sur chong pho, vi trong s6 hang dé c6 chia thanh phan X(-2) 13 nguon
g6c gay ra su chdng phé & trong bo gidm méu va su tao anh & trong bho ting
mau .

Phuong trinh (3.4) ciing ¢6 thé dugc biéu dién dudi dang thuan toi hon

Y(2) = T@)X(2) + A)X(-z) (3.6)
rrong do:

| .
T(z) = E[ Hy(2)Gy(7) + H,(2)G ()] (3.7a)
dugc goi 1a hdant truyén méo dang, con
i
A@z) = > [ Hy(-2)Gy(2) + H (-2)G,(2)] (3.7b)

duge goi la ham truyén chong pho.

3.4. DAN LOC QMF KHONG CHONG PHO

Nhu d@ néi, trong dan loc QMF luén ludn ¢é bo giam t6c do miu véi
he s6 2. Bo gidm t6c do miu ndy chinh la nguyén nhan gay ra su chéng pha.
Tuy nhién. n€u chon cdc mach loc trong din loc phan tich va téng hop tuan
theco mot dieu kién nao dé thi c6 thé tao duge cdc dan foc QMF hoan hao:
Nghia la mach loc khong gay ra si chong phé. Do dé tin hiéu 16i ra khong bi
méo ci vé bién do 1an vé pha. Diéu kién dé mach loc khoi phuc lai tin hiéu
mot cdch hoan hdo duge thuce hién khi thanh phan chéng phd A(z) = 0. Diéu
ki¢n nay trong duong véi

[Hy(-2)G(2) + H,(-2)G,(2)] = 0 (3.8)
hay:

G(J(Z) —_ H] (_Z)

G] (Z) ,H:}("Z)

(3.9)

V1 vay, n€u cdc mach loc cha dan loc phan tich H,(z) va H,(z} da cho,
thi ta ¢6 thé chon
Gz} = CH,(-2) va G(z) = - C(z)H,(-2) (3.10)
trong'd6 C(z) 1a ham truyén phan thifc nio d6, khi d6 thanh phan chéng pho

cia dan loc QMF & bing khéng, trong truong hop dé thi quan hé giita céc
bi¢n doi -z cira tin hiéu vao vi ra rit gon vé dang don gian: '
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Y(z) = T(2)X(2) ' (3.1hH

véi T(z) = %le}(z)Hl(-zy H,(@)H,(-2)] (3.12)

e

Néu thay z= ¢!, ta tim dugc dép 1ing tin s6 clia tin hiéu ra la:
Y(e") = T(e")X(e) = | T(e')| e |X(e-i‘”)|' (3.13)
Néu T(z) la ham truyén qua, e 12 | T(e™)l = d véi moi o, thi:
Y (") = db X(e) (3.14)
Diéu niy cho thdy ddp ing bién do ciia tin hidu 16i ra giéng hét ddp
ing bién do cla tin higu 16i vao (véi h¢ s§ dinh miic d), cé nghia 1a khéng bi

méo khi di qua dan loc. Dan loc nhu vay duge goi 1 dan loc bdo toan bién
dé.

Néu T(z) duoc chon sao cho ¢ pha tuyén tinh dang
D(w)=am+ B (3.1%
khi dé:
arg{ Y('")} = arg| X(e”)} + aw + B (3.16)
thi dan loc dvoc goi Ia bdo todn pha nhung bién do thi bi bién dang.

Néu dan loc vira khong b chong phd, vira khéng bi méo pha va méo
bién do thi dan loc duoc goi [a hoan hao. Dan loc nay ¢6 ham truyén T(z) =
dz™, c6 nghia la dan loc chi lam dich pha cla tin higu 161 vio mot lugng
bing m nao d6 ma thoi,

V&i mach loc nay thi

Y{(z) = dz"X(z) 3.1
Lay bien ddi-z nguoc hé thic (3.17), ta thu duoc:
y[n] = dx{n-m] (3.18)

RO rang, tin hi¢u 161 ra 1a mot phién ban bi dich chuyén vé phia phai
truc thdi gian m don vi clia tin hiéu I16i vao véi hé s§ dinh mic d.

Vidu3.l.NéuH(z) =1, H(z)=z", thi G(z) = z", G,(z) = 1, khi
do:

T(z) = %(z'] +z)=2"

Alz) = %(Z" A
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Dan foc nay c6 so d6 cho trén hinh 3.4.
v,[n] viin]

12 2

x[n]

¥

v,[n]

2 T2 Pty 0

Hinh 3.4. Dan loc khoi phuc fai hoan hio ciia vi du 3.1,
T so d6 trén ta thdy tin hiéu ra 1a mot phién ban cua tin hiéu 161 vao
bi tré | don vi.
That vay, trén phuong dién bién déi z, quan he giita céc tin hiéu duge
viét duéi dang:
. 142 1 12
V. (z2)= EX(Z )+ EX(—Z )

=142 -2

X(z”z)-—ETX(—zm)

z
Vi (z) =
V() = LX) + - X(=2)
o{2) = — —X(-
2 2
, ! 7"
VIz)y=—X(z2)-—X(-z
(z) 5 (z) > (-2)
Y(2)=2"'V,(2)+ V. (z) = 2 X(2)
Chuyén sang linh vic thai gian ta thu duoc: y[n] = x[n-1].
3.5. THUC HIEN DAN LOC QMF KHONG CHONG PHO PON GIAN
Dan loc QMF don gian nhat thu duge khi
H(z) = Hy(-2) (3.19)
Néu cde mach loc ¢6 cdc hé s6 thuc thi didu kién trén tuong duong véi:

IH, (&)l = IH (e )| (3.20)
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Diéu d6 ¢6 nghia 1a néu Hy(z) 12 mot mach loc thong thap thi H,(z) 1a
mot mach loc théng cao va nguoce lai. Tir (3.20) cling cho thdy IH, (&)l 1a
- mot anh guong cta IH,(e") d6i v6t truc di qua vi tri n/2, goi 1a tdn s6 vuong

géc ; Vi thé dan loc méi ¢6 tén la dan loc dnh guong vuong géc (OMF:
Quadrature Mirror Filter Bank).

Néu cic mach loc cua dan loc phén tich duge chon nhur trong bidu thitc
(3.19), thi tir (3.10), v6i C(z) = 1, cidc mach loc trong dan loc t6ng hop s€ cé
dang:

Gy(z) =Hyz), G,(2)=-H,(2) = -Hy-2) (3.21)

Cac he¢ thiic (3.19) va (3.20) cho thdy hai dan loc phan tich va hai dan
loc tong hop ciia dan loc QMF loai nay duoc xac dinh chil y&u chi bang mot
minh ham truyén Hy(z). Ngoai ra, hé thiic (3.21) cdn chi ra rang néu Hy(z) 1a
mach loc thong thap thi G(z) ciing 14 mach loc thong thdp gidng hét nhu
vdy, trong khi mach loc G(z) lai 1a mach loc théng cao. Vi céch lua chon
nhu trén thi ham truyén méo dang T(z) s€ ¢4 dang:

T(z) = é- [ H*(z) + H ()] = % [ H(z) - H*(-2)] (3.22)

Dan loc QMF néi trén sé duge thuc thi véi hiéu qua tinh todan cao néu
cdc mach loc phan tich va tdng hgp duge thuc thi dudi dang khai trién da
pha:

Hy(z) = E(Z) + 2'E\(z%) (3.23)
va do vay:

H(z) = E()(Zz) - Z_IE1(ZZ) (3.24)

hai phuong trinh (3.23) va (3.24) dugc két hop lai dudi dang ma tran:

Hﬂ(z)}z{] 1} E,(z") (3.25)
Hi@] [1 -1]z7"E () '

Tuong tu, hai dan loc tong hop tim dugc:

1
[Gy(z) G(D)] = [2'E\(Z") Eo(zz)]i} _J (3.26)
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S0 do thue thi dan loc QMF 2-kénh ding khai trién da pha theo cic
phuong trinh (3.25) vi (3.26) dugc vé trén hinh 3.5a. Hinh 3.5b 1a 50 d6 ciu
tric ¢6 hiéu qua tinh todn cao hon nh sit dung cdc cdu tric néi tiep tuong
duong. Néu mach foc H{z) ¢4 bac 1 N, tie 1a dép ting xung h [n] cta no cé
N+1 h¢ 56. Do vay méi mach loc E(2) va E (2) ¢ (N+1)/2 hé $6. Vi the, so
dé hinhk 3.5b cho thay dan loc phan tich cén téng cong N+1 phép nhan va
phép cong, tac la:

NHMPU v N+1

APU

Dan loc tong hop ciing cén timg 4y phép tinh.
Trong truong !l(_)'p khai trién da pha, ham truyén bién dang cha dan loc
QMF néi trén cé biéu thite don gtan fa:
T(z) = 22'E(Z)E () (3.27)
Vidu 3.2. Xét dan loc QMF véi mach loc phan tich;
H(z)=1+2"
Khi d6 thanh phén da pha s& 1a:
E(z)=1, E() =1
Tir (3.24) tim durorc:

H(z)=1-2"

Céc mach loc ctia dan loc tong hop cla dan loc QMF khéng ¢6 chéng
phd suy ra tir (3.26) Ia:

Go(2) =72 E(D) +E (D) =1+ 7",
G(2)=2'E(2) - Bz = -1 + ¢,
Ham truyén méo dang:

T(z) = 27"
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3.6. DAN LOC FIR QMF

3.6.1. Dan loc FIR QM ¥ khong chéng phé

Muc tiéu cta phan nay ta thiét k€ mot dan loc QMF véi cde mach loc
trong dan loc phan tich va tdng hop 1a nhitng mach loc FIR. Gia sit mach loc
phan tich prototype 12 mach loc FIR pha tuyén tinh bac N ¢6 ham truyén :

M
Hy(z) = D hynlz™ (3.28)
n=0 .

trong d6 hy[n] 1a dap Gng xung cha mach loc FIR thong thdp pha tuyén tinh
loai I hoic loai II. C6 nghia 1a ddp (tng xung thoi man diéu kién d6i xing
hy[n] = hy[N-n]. Do d6 dip tng tdn s6 cha mach loc prototype ¢6 thé viét
duéi dang:

Hy(e") = | Hy(e")le N2 (3.29)

& day ham bién do | Hy(e!)l 1a ham s6 thyc ciia .

x[n]

T 1LE® -2 Pt2] E ()

-1

Z
L) E(z) -} 2 {42 —| E(2) 1
’ y[n]
a)
x{n] L2+ Bz : E(z) 12
Zl 1rz'1
2 » E, ] E, L T2 >
l (2) > @ [t o
b) -1

Hinh 3.5. Thye thi dan loc QMF da pha: a) Cdu tric QMF du pha dang trigc tiép.
b) Cdu tric ¢0 hiéd qué tinh todn cao.

Thay (3.29) vao (3.22), ta s&€ thu dudce ddp ing tdn s6 clia ham truyén
méo dang déi véi dan loc QMF -
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= iNey
2

Tt day ta thay ring néu N chan thi T(e") = 0 tai » = n/2, 6 nghia (3
tin hiéu 16i ra chia dan loc bi méo dang nghiém trong. Vi vay dé tranh nhugc
diém nay phai chon N I¢, Trong tredng hop d6 thi biu thite (2.30) c6 dang:

[~

™) = S H(e )P - (-1 Hy(e'* )] (3.30)

. e N . - .
T(e") = ——— [ By}’ - (C1)M Hyel® oy
= jNiy ) _ '
= = I HE)P + 1 H, ) (3.31)

Biéu thic nay cho thdy din loc QMF 2-kénh sir dung cdc mach loc
phan tich va téng hop 13 nhitng mach loc FIR pha tuyén tinh s& khoi phuc lai
tin hiéu mot cdch hoan hao néy:

[ H(&™)F + [ H,(e*)P] = | (3.32)

C6 nghia 1 haj mach loc cha dan loc phan tich [a nhitng mach loc bi
cong suit. Can luu y ring hai dan loc trong vi du 3.1 va 3.2 1a nhimg trudng
hop ngoai I¢, ching khong thé khoi phuc 1ai tin hiéu mot cach hoin hio néu
su dung cdc mach loc phan tich Ia nhitng mach loc FIR pha tuyén tinh by
coOng suat.

Tir (3.30) ¢6 thé thay rang din loc QMF loai nay khong bi méo pha,
nhung $€ uén ludn cé méo bisn do, trlr khi IT(e™) 1a hdng s6 véi moi w,
Néu Hy(z) 12 mot mach loc thong thap 1y wong ¢ IH, (e =~ | trong daj
thong va [H, (") ~ 0 trong dai chan, thi khi dé H,(z) s& 1a mach loc thong
cao gén véi Iy wdng o6 dii thong gén tring véi dai chan clia Hy(z) va nguoc
lar. K&t qua 12 IT(e) » 112 & trong cdc dai thong cla ca H(z) lin H (z). Do
d6 su méo dang bién do chi xay ra trong ving chuyén tiép cla cic mach loc
nay. Mitc d6 méo dang duoc x4c dinh bdi mitc do chéng phé gilta cdc ddp
tmg binh phuong bién do -ciia ching. Sy méo dang nay c6 thé duoc gidm
thi€u néu sy chéng phé duge ki€m sodt nhdy viee lya chon gid tri & mép dai
thong cia H(2).

Phuong phdp gidm thiéu su méo dang bién d6 13 t6i ru hoj cic he s6
cla ddp dng xung cha mach loc prototype nhé SU {rg gidp cla mdy tinh dé
di€u chinh lap di lap lai sao cho diéu kién:

[ Ho(e")? + I H (e")] = |

duge thoa min véi tat ca cac g14 tri ctia e,
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Sir dung phuong php ndy, Johnston di thiét k& mot 16p cic cdc mach
loc thong thdp FIR pha tuyén tinh Hy(z) ma cdc hé s6 clia ddp dng xung cé
thé diéu chinh duoc.

Vi du 3.3. Thiét k&€ dan loc QMF FIR véi machloc thong hap
prototype ¢6 tdn $6 & mép dai chan 13 0,7 1n tuong duwong véi do rong ciia dai
chuyén ti€p bing (o, 0,51)/2n = 0,105. D6 suy giam trong dai chin cuc
tiéu, gan béng 34 dB.

Gidi: Mach loc prototype thong thap H,(z) ¢6 cic qui dinh nhir bai ra
yéu cdu c6 cdc hé s6 cho trong chuong trinh 3-3, Tir hinh 3.6b ciing nhéin
thay ham méo dang bién d¢ ¢é gid tri gdn bing 0 dB trong cé dai théng lan
dai chan cua ca hai dan loc véi gid tri dinh bang + 0,02 dB.

% Chuong trinh 3-3;

% Dip ing tan 6 caa dan loc QMF Johnston;

Bl= [-0.006443977, 0.02745539, -0.00758164, -0.0913825,
0.09808522, 0.4807962];

B1=[BI1 fliplr(B1)];

% Phat mach loc thong cao bu;

L=length(B1);

fork = 1:L
B2(k) = ((-1Y*k)*B1(k);
end

9% Tinh ddp Gng bién dd cua hai mach loc;
[Hlz,w] = freqz(BI1,1,256);
hl=abs(Hl1z); gl =20*log10¢hl);
[H2z,w] = freqz(B2,1,256),
h2 = abs(H2z); g2 = 20*log10(h2);
% V& dap ting bién dd caa hai mach loc;
figure(l}
plot(w/pi.gl,'-' ,w/pi,g2,'--");grid
xlabel(“omega/\pi'); ylabel('Bien do, dB")
% Tinh téng cita cac ddp img binh phuong bién dé;

fori= 1:256,
sum(i) = (h1{)*h 1Y) + (h2()*h2());
end

d = 10*log0{(sum);

%VE su méo dang bién do;

figure(2)

plot(w/pi.d); grid;

xlabel("omegaApi"); ylabel{'Su méo dang bién do, dB');
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Hinh 3.6. Ddp tmg tin s6 ctia dan loc QMF Johnston:
Bién d6. (b) Sai s6 khoi phuc dB.

3.6.2. Dan loc FIR QMF khoi phuc tin hiéu hoan hao

Dan loc FIR 2-kénh ¢6 thé khoi phuc lai tin hiéu mot cich hoan hao,
nghia la khong c¢6 su méo dang bién do, pha thi tuyén tinh, dugc thuc hién
néu hai mach loc ctia dan loc phan tich H,(z) va H,(z) thoa man diéu kién b
cong sudt (3.32). DE thiét lap phuong trinh thiét k& tong qudt cho moi dan
loc FIR QMF, xudt phat tir bién déi -z cta tin hi¢u 16i ra ctia toan bo dan loc
theo phuong trinh (2.4) du6i dang ma tran '

Y(z) = l[G (z) G,(2)] Hoz)) HoGrad | Kf2) (3.33)
2 Y H () H (o) || X(2) '
Tir d6 thu duoc:
0t l v B Hy(z) H,(-2) X(z) e
Y{-z) = 5 [G(:( Z) G;( Z)]]iHl(Z) HI(-—Z)} ':X(—-Z):l (3.34)
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Két hop hai phurong trinh trén ta duge:

Y(z) I} Go(z) G(@ ||Hy(2) Hy(-2)|| X(z)
Y(-2) 2|Gy-z) G, (-2)||H(z) H,(-2)||X(-2)

"

l ~{m) (i} T X(Z)
=3 G'™(z) H™(2)1 X(—Z) (3.35)
trong do:
G ; H '
G - { G @ ] H[m](z){ o(2) Hl(a)} (3.36)
Gy(-z) G(-2) H,(-z) H(-2)

12 cdc ma tran diéu ché.

Tir (3.35) suy ra ring dé khoi phuc lai tin hiéu mot ciach hoan chinh
khong ¢6 méo dang thi bién d6i z clia tin hiéu 161 ra phai lien hé vé6i bién déi
z cua tin hiéu I6i vao theo hé thitc:

Y(z) = z'X(2) (3.37a)
va fuong ang
Y{(-z) = (-2} X(-2) (3.37b)

Thay cdc hé thire (3.37a) va (3.37b) vio (3.35). ta s& thu duoc diéu
kién dé khoi phuc tin hiéu hoan hdo 1a:

I z' 0
_ (;im] ; H:rm T - .
> ()[H™(2)] { 0 (—z)"} (3.38)

Tir di€u kién cho thily, nu cic mach loc phan tich H,(z) va H,(z) cho
biét thi c6 thé xdc dinh duge cdc dan loc tong hop dé diéu kién khéi phuc lai
hoan chinh duoc thuc hién:

(}{m}(z) =2 Z ! 0 { [H[ml(z)]T}-l (339)
Hay:
2z :

Gu(z) = ———H, (- 3.40

@)= ameg (349
2z |

G =-——H,(— 3.41

(Z) det[H““’ (2) o(—2) ( )

trong dé:
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det[H"™(z)] = Hyz)H,(-z) - H(-2)H,(z) (3.42)

vdi 112 s6 1¢ nguyén duong.

Néu cdc dan loc phan tich Hy(z) va H,(z) 12 FIR thi cdc mach loc tong
hop Gy(z) va G(z) cling 1A FIR khi

det[H™(z)] = ¢z* (3.43)
v6i ¢ 1a hang s6 thue con k la s6 nguyén duong, Trong truong hop nay thi hai
mach loc tng hop s& tim duge dudi dang:

2 .
Gy(7) = ~z""H,(-2) (3.44)
c
2 !
Gl(Z) =-— Z_(i_L]HO(‘Z) (3.45)
c

3.6.3. Dan loc QMF FIR truc giao

Gia sir Hy(z) 1a mach loc FIR bac N 1é thoi man diéu kién d6i xing
mii nhu trong phuong trinh sau

Hy@H(z™") + Hy(-2)Hy(-z) = 1 (3.46)
va néu ta chon
H,(2) = z™H -z (3.47)
thi khi d6 dinh thitc det[H™(2)] theo (2.42) s& thu duac
det(H™(z)] = -2"(H(o)Hy(2 ") + Hy(-)H(-2") = -z (3.48)

Néu so sdnh phuong trinh nay véi phuong trinh (3.43), ta thay ¢ = -1
vak=N.

Neéu chon cdc mach loc phan tich nhu trong (3.47), thi cac mach loc
tong hop thod mén diéu kién khoi phuc lai hoan hao theo cic hé thic (3.44)
va (3.45) s& thu duge dudi dang sau:

Gy(z) = 2z2"Hy(z"), G{z)=2z"H,(z") (3.49)

Can luu ¥ rdng néu H(z) 12 mot mach loc FIR nhan qua thi ba mach
loc con lai ciing ta nhiing mach loc FIR nhan qua. Trong truong hgp nay-thi

IG¢e"™)l = IH (&™), i=1,2. (3.50)
vl
AH(- ) = 1H, () (3.51)
Vi viy, néu Hi(z) 1a hiam truyén ctia mach loc théng thap v&i cdc he

80 thue, thi Hy(z) s& 1a ham truyén clta mach loc théng cao cing vdi cdc hé
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s0 thyc. Trong trudng hop nay, dan loc déi xitng mii thod mén diéu kién khoi
phuc lai hoan hio dugc goi la dan loc truc giao.

Vay van dé thi€t k&€ dan loc tryc giao qui vé viéc thiét k&€ mét minh
mach loc thong thip déi xitng ma H{,(z) Bé thuc hién muc tiéu nay, ta cé thé
thiét k& mach loc F(z) = U(Z)HU(7 ") ¢6 bac chén, sau dé dung phuong phip
phan tich thanh thira s6 phé cila né dé xdc dinh H(2). Liic niy, di€u kién doi
xung mi (3.46) cho thay F(z) 14 mét mach loc thong thap bdn dai véi ddp
ng tan s& F(e'”) khong am. Mach loc nhu vay ¢6 thé thu duge bing cich
cong mot 56 hang khong déi v6i mot mach loc théng thap bén dai bac chin
¢6 pha bang khong Q(z). Khi d6 s& thu dugc:

F(e) = Q™) + K = 0 v&i moi ® (3.52)

Mach loc ban dai Q(z) cé thé duoc thict k&€ bing bat ky phuong phap
nao nhu di mo ta trong chirong 6, tap 2 gido trinh xir 1y $6 tin hiéu.

Nhu vay, dé thiét ke mac'h loc H(z), ta tién hanh cdc budc nhu sau:

1. Thiét k& mach loc thong th&p bian dai FIR véi cdc hé s6 thue biac 2N
vOi N 12 56 1€ nguyén duong Q(z) = Zq[n]z "

2. Gia st § 1a do map moé cha dai chin cia Q(c¢™), hily xdc dinh

F(z) = Q(7) + & sao cho F(e') > 0 v&i moi @. Chil ¥ ring néu g[n] 1a dap ting
xung cua Q(z) thi dip itng xung cba F(z) s ¢6 dang:

f{n] = {q[n] +3, voin=0

3.53
q(n], voin=z0 ( :

3. Xé4c dinh thira s6 phé Hy(z) cha F(z).
Vi du 3.4. Xét mach loc F(z) da duge thiét k€ ¢6 ham truyén 1a:
F(z) = ]lg(-z” +97+16+92' -72%
Hay xdc dinh H,(z).
Gidi: Ta thdy F(z) Ia mach loc FIR c¢6 4 diém khong nim tai z = -1, |

diém khong tai z=2 - /3 vh mot diém khong tai z =2 ++/3 . Do d6 thira s6
phé H(z) ctia F(z) tim duoc 1a:

Hy(z) =-0,3415(1 + 2"Y(1- (2-/3)z")
=-0,3415(1+1,77320508z" + 0,464101677 - 0,2679492z")
Tir do, theo (3.57) ta tim duge mach toc phan tich thong cao H (z)
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H\((z)=2z'H,(-z") = -0,3415(0,2679492 + 0,46410162" - 1,7320508z7% + 7%y .
Hai mach loc téng hop ciing tim duoc:

Gy(2) =-0,683025(0,2679491 + 046410167 - 1,73205082* + z°%)
G,(z) = -0,683025(1 - 1,77320508z" + 0,4641016z7 + 0.2679491z7"

Ddp tng bién do cla hai mach loc phan tich cho trén hinh 3.7. Hinh
3.8 cho gid tri bién dang bién do cua hai mach loc trong dan loc phan tich.

Gitra Hy(z) va F(z) ta c6 mot s6 nhan xét nhu sau:

Thi nhat, bac cua mach loc ban dai F(z) dugc bieu dién duéi dang 4K
+2, v6i K la s6 nguyén duong, nén bac clia mach loc Hy(z) s [aN =2K + 1.
RG rang N 1a mot s6 nguyén duong 1¢. Hai 13 cdc diém khong cua F(z) biéu
hién du6i dang cic nhém d6i Xang guong qua vong tron don vi va cdc diém
khong nam trén vong tron don vi. Do vay ¢6 thé nhém mét nira s6 luong cic
diém khong nay dé tao thanh cdc diém khong cho Hy(z). Ching han, dé
Hy(z) ¢6 pha cuc tiéu, c6 thé nhém tit ca cdc diém khong nim bén trong
vong tron don vi véi mot nira diém khéng nam trén vong tron don vi lam cac
diém khong cho mach loc Hy(2). Tuong tu, néu muén H,(z) Ia mach loc
thong thap c6 pha cuc dai thi lay cic diém khong nim ngoai vong tron don
Vi va mét nira cdc diém khong nam trén vong tron don vi. Thit ba la tin s6 &
mép cla dai chan cta F(z) va clia Hy(2) 1a nhu nhau. Néu do suy giam cuc
ti€u trong dai chan cia H,(z) 1 a, dB, thi d6 suy giam cuc tiéu trong dai
chan cua F(z) s& 1a 20, + 6,02 dB.

Bien do, dB.

Hinh 3.7. Bip tng bién do cta dan loc phan tich ctia vi du 3.4,
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-1.615

-1.6152

-1.6154

-1.6156

-1.6158

-1.816

Su meo dang bien do, dB

| Tl SR SR S

-1.6164

Hinh 3.9. Méo dang bién do cua dan loc phén tich ctia vi du 3.4.

Vi du 3.5. Thiét k& mach loc thong thap d6i xiing mii hé 6 I’hl_rc H,(z)
vGi cdc qui dinh sau : mép dai chan o, = 0,637, do suy gidm cuc tiéu cta dai
chén la o, = 12dB. Khi d6 cdc qui dinh d6i véi F(z) sé la:

Mép dai chan o, = 0,63n, do suy gidm cuc tiéu cta dai chan o, = 40
dB. Vi th¢, d6 map mo cua dai chan 3, = 0,01. D6 ciing 1a do map mo cla
dai thong. Mép ctia dai thong o, = 1 - 0,637 = 0,377.

Trong MATLAB dung ham remezord dé tim bac cta F(z) va st dung
ham remez. Chuong trinh 3-4 cho thiét k&€ mach loc nay.

% Chuong trinh 3-4

% Thiét ké mach loc phan tich.

[N,fpts,mag,wt] = remezord([0.37 0.63], [1 0],[0.01 0.01]);
[g.err] = remez(N,fpts,mag,wt);

fprintf(‘filter order is %d\n',N);

Bac cia mach loc F(z) 1a 14. Vi vAy bac cta mach loc Hy(z) 1a 7.
Thong s6 err cho bi€t do mip mo cuc dai. D€ xdc dinh cdc hé s6 clia mach
loc ban dai F(z), ta cong err (bang 0,0102) véi véi hé s6 trung tam q[7], réi
sau d6 dung ham roots dé xdc dinh cdc diém khong ctia F(z) va chon céc
diém khong & trong va & trén vong tron don vi lam céc diém khong cta
H(z). Két qua tim dugc cac hé s6 cta dép tng xung ctia mach loc Hy(z) va
tir (2.47) tim dugc céc hé s6 cua mach loc phan tich thit hai ctia dan loc
QMF FIR truc giao 2-kénh. Cac hé s6 dé cho trong chuong trinh 3-5 sau
day.
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Bien do, dB

% Chuong trinh 3-5

% Thiét k&€ mach loc phan tich.

[N,fpts,mag,wt] = remezord([0.37 0.63], [1 01,[0.01 0.01]);

[q.err] = remez(N,fpts,mag,wt);

fprintf(‘filter order is %d\n',N):

hO=[0.32308145852633, 0.51953003909222. 0.30133845772088,

-0.07814458219037, -0.13767160620111, 0.03209964123472,
0.07900476042178,

-0.04899606569875];

[h1,w]=freqz(h0,1,256)

h3=1[0.04899606569875, 0.07900476042178,-0.03209964 123472,
-0.13767160620111, 0.07814458219037, 0.30133845772088.
-0.51953003909222,0.32308145852633];

[h2,w]=freqz(h3,1,256);

plol(w/pi,20*!0g10(abs(hI)_),'-', w/pi, 20*log10(abs(h2)),--); grid;

- Title('ddp (g tan s6 cta dan loc phan tich').

xlabel("omega/Api');
ylabel('Bien do, dB").

D6 thi cho trén hinh 2.9.

Dan loc phan tich truc giao cuavid 2.5
1

10

0.1 0.2 0.3 0.4 0os 0.6 a.7 08 0.9 1
p ) iR f

Hinh 3.9. Dip tmg bién do cta dan loc phan tich QMEF 2-kénh tryc giao cua vi du 3.5.



3.6.4. Dan loc ludng true giao

~ Khi thi€t k€ dan lgc trye giao 2-kénh, mach loc ban ddi bac chan pha
biang khong F(z) duge biéu thi duéi dang:

F(z) = H(!(Z)Ho(z_t)

Vi hai mach loc Hy(z) va Hy(z") c6 ciing ddp dng bién do, do vay
khong th_f"f thi€t k& duge dan loc khoi phuc hoan hao vdi cdc mach loc phan
tich va téng hop cd pha tuyén tinh. Tuy nhién, ¢6 thé van giit duge diéu kién
khoi phuc hoan hao véi cac mach loc pha tuyén tinh bang cach lua chon

phuong phdp khai tri€n thanh thira s6, ching han khai trién F(z) thanh thira
sO theo dang nhu sau:

F(z) = 2'Hy(2)H (-2) (3.54)

Hay dé dam bao tinh nhan qua clia mach loc, cong thikc trén duge viét
lai dudi dang:
' z"F(z) = H ()H,(-z) (3.55)

trong d6 z™F(z) la mach loc nhan qua bic 2N, cdn Hy(z) va H,(-z) 14 nhiing
mach loc pha tuyén tinh.

Vi ciach khai trién nay, thi ma tran diéu ché H*™(z) sé& c6 dang:
det H"™(z) = H(2)H (-2) - H,(-2)H,(2) = Z"[F(2) + F(-2)] = z" (3.56)
thod méan diéu kién khoi phuc hodn hao (3.43). Dan loc duge thiét k€ bing

céich sir dung phuong phdp khai trién nhu trong (3.54) dugc goi la dan loc
ludng truce givo.

Hai dan loc téng hgp duoc cho bdi:
G“(Z) = HL(_Z)-: G](Z) =- H[]('Z) (35?)
Vi du 3.6. Dan loc F(z) trong vi du 3.4 ¢6 thé duoc phan tich theo
nhiéu cich khdc nhau dé thu duge cécl dan loc phan tich Hy(z) va H(z) Ia
nhimg mach toc FIR pha tuyén tinh. Ching han néu chon:
Hyz) = %(-l +2z2' + 627+ 227 -7Y, H(-2) = %(l +27' + 7%

nhu 12 cdc thira s6 khai trién ciia F(z). Vi vay:

H,(z) = %(l -2zt + 72D

89



Hoab néu chon:
Hy(z) = %(1 +32'+ 322+ 7Y, H(-2) = %(-1 +32' +32% - 2%)
nhur cdc khai trién cta F(z) thi cdc mach loc phan tich
H,(z) = —(1 +32'+ 327+ 2%, vaH(z) = %(-1 -3z 4377 + 29

la nhitng mach loc phan tich ¢6 pha tuyén tinh.

3.7. DAN LOC QMF 1IR KHONG CHONG PHO

Bay gid néu cdc mach loc trong dan loc téng hop v phan tich la céc
mach loc IIR, thi vdi cdac diéu kién kh(‘)ng cd su chong phé (3.10) va khong
co suméo dang bién g0 (3.19), hoic c¢é thé loal bo hoan toan hai hi¢n turong
trén néu ham lruyen méo dang T(z) dugc dua vé dang ham truyén qua, titc 12
dap ing bién d6 clta né bang hang s trong toin bo dai tan.

Véi quan diém dé, ta c6 thé chon
[
E(z) = —A (2Z) va Ef(z) = EA'(Z) (3.58)
trong d6 Ay(z) va A(z) la nhilng ham truyén cla hé théng truyén qua

duge lya chon sao cho dép tng bién do clia ching bang don vi, tic 1a
|Ae”) =IA (") = 1.

Do vy, cac mach loc phén tich chia dan loc QMF 2-kénh s& ¢ dang:

Hy(z) = [A“(Z )+Z A (5 )1 (3.59a)

H/(z) = %[A“(z:)—z“'m(z?)] (3.59b)

Hai phuong trinh trén o6 thé viét duéi dang ma tran:

H,(z) :l . Aﬂ(zg) (3.60)
Hiizy| 201 -1 z"'Al@zY) ' '

Cic mach loc trong dan loc 16ng hop ciing tim duge dudi dang ma
tran:
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' 1 11
[Go(z) Gi(2)] = ETZ_iAl(Z) AU{ZE)JL —1] (3.61)
Hay:

Gy(2) = ';_[A{)(Z2 )+ Z_1A|(z: )] = Hy(z) (3.62a)

G,(z)= —;—[—AU(Z:)+ z"'A (z)] =-H,(2) (3.62b)

So dé thuc thi dan loc QMF 2-kénh véi cdc mach loc phan tich va téng
hop thoa min cic phuong trinh (3.62a) va (3.62b) duge mo td trén hinh 3.10.

Ham truyén méo dang bién do bay gid ciing 1A truyén qua va dugc biéu
dién dudi dang:

1

T(z) = %—A”(ZE)A](ZZ) (3.63)
1/4
*2 i A[](Z) A|(Z) ?2
N v z"
12 A2) A(2) 2 >
y[n]

Hinh 3.10, Din loc QMT 2-kénh bio toéln bign do nhd khai trién
da pha céc mach loc truyén gua.

Vi du 3.7. Thiét k& dan loc QMF IIR v&i mach loc prototype thong
thap c6 (an s6 cua ddi thong o, = 0,4n, tan s6 dai chan w, = 0,6m, do suy
gtam cha dai chan &= 0,0155.

Gidi: Mach loc thich hop véi cdc qui dinh trén 12 mach loc elliptic cé
dé map moé trong dai thong tuong tng 1a &, = 0,00012013. Hay treng thang
dB, d6 mip mo cia dai chan va dai thong la R, = 00010435178 va R, =
36,193366. Bac thip nhit cha mach loc duge xdc dinh nhd ham cliipord
trong MATLAB 1a 5. Tir d6 xdc dinh duge ham truyén cia mach loc elliptic
ban dai bac 5 nay nhd ham ellip. Tir ham truyén ta ¢ thé vé duge ddp 1ing
bién d6 clia mach loc va diing ham tf2zp x4c dinh dugc vi tri cua cac diém
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khong va diém cuc sau d6 diing ham zplane dé v& gidn d6 di€m cuc/diém
khong.

Sau khi gin ket cdc diém cuc v6i nhau ta thu duge ham truyén cia

mach loc truyén qua A (z) va A (z) cla din loc IIR :

27 +0,2368041466 Alz) = 27 +0,7149039978
1+0,236804 14466272 " 1+0,7149039978z°

Ay(z) =

3.8. DAN LOC QMF M-KENH

Dai vai dan loc QMF 2-kénh, chiing ta di khio sat trudmg hop dac biét
khi cac mach loc phan tich cda dan loc thoa man diéu kién H,(-z) = H (z).
Trong phan nay, chiing ta xét truimg hop téng qudt hom, trong do diéu kién
H(-z) = H (z) khong dugc 4p dat mot cdch tién quyét, cd nghia 1 ching ta
nghién citu 1y thuyet khir chong phé, diéu kién dé khoi phuc hoan hdo dua ra
duge nhimg mé hinh hiéu qud gén véi dan loc giam téc do miu cuc dai
M-kénh nhu chi ra trén hinh 3.11. Tir Iy thuyét tdng quat ndy sé suy ra
truong hop riéng khi cho M = 2.

Trong dan loc M-kénh, tin hiéu 16i vao x[n] duge tich thanh M tin
hiéu con x,[n] nhx M mach loc phan tich H,(z). Sau d6, méi tin hi¢u con
Xc[n] duge giam t6c do mau véi he s6 M d€ thanh tin hiéw v,[n]. Céc tin hiéu
da dugc giam méu v, [n] lai tiép tuc cho qua bo tang t6¢ do miu vdi hé s6 M
va sau d6 ket hop lai v6i nhau nhor dan loc téng hop G,(z) d€ tao ra tin hiéu &
161 ra y[n] .

x[n] x[n] voln] ol0]
 Hyz) — | M = HtM [ Gy2) >
g.nl___
Ho PoTv L By G |-
» - ln] [ ] ) -
L. : " : VM-I[n] X n [n]
' H,, (2} > l M > T M » Gy (Z) | ——rb—
y[n]

Hinh 3.11. Ciu triic cta din loc QMF M-kenh.
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3.8.1. Quan h¢ giira cac tin hiéu trong dan loc QMF M-kénh

Pé thuén tien cho viéc thiét lap cdc quan hé giita cic tin hiéu trong dan
loc, ta sir dung bién doi - z. Khi d6, bién doi - z cOa tin hiéu con thit k durge
cho bai:

X(z) = H(2)X(z) (3.64)

va bi€n déi - z clia céc tin hiéu con di duge giam 16c do miu la:

M—1
V.(2z)= %Z‘Hk(z”“w‘)){(z”“w') (3.65)

=0
voi W =W, =M
Do d6, bién déi -z ciia tin hiéu 16i ra cta cdc bo ting 16¢ dd miu véi hé
sO M la:
n | M-
X, @)=V (M= R-A-ZHR(Z whX((z W (3.66)
1=0

va bién ddi -z clia tin hiéu di duge khoi phuc, tin hiéu 16i ra clia dan loc téng
hop la:

M-1 M- " M-l
- 1
Y@= 2. G (DX (@) = ﬁZX(z\J\«“)ZHk(z\w\f')ck(z) (3.67)
k=0 1=0 k=0
Phuong trinh trén dude viét lai dudi dang tien 1oi hon
M-I .
Y()= D A, (@DX(zW') (3.68)
=0 .
¢ day:
] M-I
Az = HZHk(zv\f')Gk(z), 0<I<M-1 (3.69)
k=0 :

Dan loc phan tich va téng hop gay ra sy chdng phd va sy tao dnh cling
nhu su méo bién do va pha.

3.8.1.1. Sw chdng phd va tao dnh

Su ¢6 mat cta thanh phin X(zW') 1a do céc bd tang v gidm t6c do
mau gay ra. Vi vay thanh phén ndy duge goi 1a s6 hang chéng phd thi 1, con
A(2) dugc goi 1a hé s6 khuéch dai cia s6 hang chéng phé thir | d6. Vi vay,
su chéng phé cé thé dugc loai bd d6i véi moi 161 vao kha di x[n] khi va chi

 khi :
A@=0vé 1<I<M-1 . (3.70)
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3.8.1. Quan hé¢ giira cac tin hiéu trong dan loc QMF M-kénh

Dé thuan tién cho viéc thiét lap cdc quan hé giita cac tin hiéu trong dan
loc, ta sir dung bién doi - z. Khi d6, bién déi - z clia tin hiéu con thi k duoc
cho boi:

Xy(2) = H(2)X(z) (3.64)
va bién doi - z clia cdc tin hiéu con di duoc giam to¢ d6 mau 1a:

V(@) = %‘Z‘HR(ZHMW')X(Z”MWU (3.65)

1=0
véi W =W, =™
Do d6, bién ddi -z cua tin hidu 16i ra cla cdc bod ting 16¢ d6 miu vé6i hé
s0 M la:
. M-I :
X (z) =V (M) = —ﬁZHk(z whX(z whH (3.66)
1=0

va bién déi -z cha tin hiéu di duoge khoi phuc, tin hiéu 161 ra clia dan loc téng
hop La:

M-1 - M-l M
Y(2)= ) G ()X (2) = %Z:X(ZW])ZHR(ZW‘)G,‘(Z) (3.67)
k=0 =0 k=0

Phuong trinh trén duge viét lai dudi dang tién lgi hon
M-I .
Y@= 3 A (DX(EW") (3.68)
=0 .
& day:
. ] M-1
A(2) = MZHk(zw')Gk(z), 0<I<M-1  (3.69)
k=0 ’
Dan loc phan tich va téng hgp gay ra sy chdng phé va sy tao dnh ciing
nhu si méo bién 46 va pha.

3.8.1.1. Sw chéng phé va tao dnh

Su ¢6 mit cha thanh phin X(zW') 12 do cdc bo ting va giam tdc do
miu gay ra. Vi vay thanh phdn nay dugc goi l1a s6 hang chdng phé thit 1, con
A(z) duoc goi 12 hé s6 khuéch dai cha s& hang chéng phé thir | d6. Vi vay,
sur chéng pho ¢6 thé duge loai bo doi v6i moi 16i vao kha di x[n] khi va chi
_ khi - '

Afz)=0vdi 1<1<M-1 (3.70)

93



3.8.1. Quan hé giira cic tin hiéu trong dan loc QMF M-kénh

Dé thuan tién cho viéc thiét 1ap cdc quan he giita cdc tin hiéu trong dan
loc, ta sir dung bién doi - z. Khi d6, bién doi - z cha tin hidu con thit k durge
cho bai:

X (z) = H{2)X(z) (3.64)

va bién doi - z clia cdc tin hiéu con di dugc giam tac do mau 1
1 M-]
V(2) = EZHk(z““W‘)X(z”MW‘) (3.65)
1=0

vii W =W, =M
Do d6, bién ddi -z cua tin hiéu [6i ra clia cic bo tang tdc dd mau véi he
sO M la:
n 1 M1 :
X (2)= V(2" = _M_Zﬁk(z wWHX(z WhH (3.66)
1=0

va bién d6i -z cha tin hiéu di duge khoi phuc, tin hiéu 16i ra ciia dan loc téng
hop la:

M-1 M- Mol
~ 1
Y2 = 2.6, (@)X, (2) = — ) X(zW"D H, (zW"G, (z) (3.67)
k=0 M3 k=0
Phuong trinh trén dugce viét tai dudi dang tién 1oi hon
M= .
Y(z)= > A (2X(zW'") (3.68)
1= .
g day:
. 1 M1
A,(z)=§ZHk(zW])Gk(z), 0<1<M-1 (3.69)
k=0 :
Dan loc phan tich va tdng hop gay ra su chong phd va su tao nh ciing
nhur sy méo bién dd va pha.
3.8.1.1. Su chong phé va tao dnh

St ¢6 mit cha thanh phin X(zW') 12 do cdc bd ting v giam t6¢ do
méu gay ra. Vi vay thanh phan nay dugc goi 12 s& hang chong phd tha |, con
A(z) dugc goi 1a he s6 khuéeh dai cla s6 hang chdng pho thi 1 d6. Vi vay,
st chdng pho ¢6 thé duge loai bd d6i voi moi 161 vao kha di x[n] khi va chi
. khi : '

A(z)=0v6 1<I<M-1 - (3.70)
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Bay gio, dé trinh by quan diém loai bd chéng phd, ta xét trudng hop
vii M = 3. Trong trudng hop nay, diéu kién loai bo chéng pho duoc thé hign
trong hai hé thitc sau day:
H,(zW)G,(2) + H,(zW)G (2) + H,(zW)G,(2) = 0 (3.70)

va
Hy(zWGy(2) + H (zW)G,(z) + Hy(zZW)G,(z) = 0 (3.72)
Hinh 3,13 (a) - (¢) chi ra cic ddp ting bién d6 cha ba mach loc phin
tich Hy(z), H,(zW) va H,(zW) clng véi ba phién ban di dugc dich chuyén
cua ching.
Tin hiéu di vao mach loc Gt}(z) chita cic thanh phan
Hy(2)X(z), Hy(zW)X(zW) va H(zW)X(zW?) (3.73)
D¢ loai bo duge sy chéng phd va sur tao dnh, thi mach loc G,(z) phai ¢6
nhiém vy loai bd duge cdc thanh phdn chita céc s6 hang X(zW) va X(zW?).
Dicu d6 duge thuce hien néu G(z) suy giam hét cdc thanh phin H(zW) vi
H,(zW?) chi gii lai thanh phin Hy(z). Diéu d6 c6 nghia 13 ddp dng bién do
cla IGy(e’)l c6 dang gin giong nhu tHy(e™) nhu chi ra trén hinh 3.13(d).
Cac ddp Ung tan s6 cha G(z) va G,(z) véi cing mot 1y do nhu vay ciing duge
vé trén cing hinh ve,

Nhu vay tin hi¢u 161 ra clia G(z) 12 mét phién bin di duge loc thong
thap clta x[n] cong véi mot s6 thanh phidn chong pho. Tuong ty, 16i ra cha
G,(z) 12 mot phién bdn di duge loc théng dai clia x[n] ¢cong v4i mot s6 thianh
phan chéng phé. Gia sir cic mach loc 1a 1y tudng véi ddp ing:

m, (daithong)

H(e"™) = Ge™) = {
0, (daichan)

(3.74)
thi tin hi¢u 16i ra y[n] = x[n], nghia [ tin hiéu duge khoi phuc hodn hio.

Tuy nhién, trong thyc t€ cic mach loc khong phai 1a 1y wdng, vi vay
ching khong loai bo duge hoan toan cic phién ban di duogce dich chuyén
H,(zW) va H,(zW?), vi vay ba s6 hang trong (3.71) khong c6 s6 hang nio
bang khong. Cdc thanh phin chéng phd con du ndy dugc biéu thi trong hinh
3.12e-g. Cac ddp ing cba Hy(zW)G(z) va H,(2W)G,(z) c6 su chong phé vdi
nhau va cdc ddp ing cia H (zW)G,(z) vA H,(zW)G,(z) ciing nhu vay. Tir
phan tich trén cho thdy dé sy chéng phé duge loai bd hoan toan thi phai chon
cdc mach loc téng hgp sao cho chiing c6 kha nang loai bd ducc cic thanh
phan chéng phé dé.
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&

HU(ZWE) H(z) Hy(zW)

‘/ | X X ! \ !

T 213 -n/3 0 /3 2n/3 T ®

v

H,zW) H,(2) H,zW?| H,zW) H(z) H,W?)

A XX K A XN

-t 23 -mj3 0 /3 21/3 i W

b)

 J

H,(z) H,(zW) H,(zW) | H,(zW* H,zW") Hy2) )
A XX XX\

- -2n/3 -m/3 0 3 2w/3 T

L J

)
Fy

G,z G G2 Gy Gy "
A A A AN\ ,
o 23 w3 0 w3 23 m o
t '

H,zW)G,(2) €)
y/ ,
2n/3 /3 w
I H(zW)Gi(2) f
& X
/3 A

- ;

Hz(zW)Gz(z) g)

2wf3 /3 ' o

Hinh 3.12. a).b). ¢) Dép tng bién d6 clia cdc mach loc phan tich va clia cic phién ban
dich chuyén; d) Pdp img bién do cla cdc mach loc tdng hop:
e), ), g) Céc 56 hang chdng phé vai l =1,



3.8.1.2. Su méo dang bién do va pha

Nhir di biét, dan loc QMF M-kénh 13 mot hé théng thay déi dai vai
thi gian véi chu ky M. Gii sif cdc $6 hang chéng phé d ducc loai bd biing
cédch chon A, (z) = 0 véi k > 0, thi bign déj -z cla tin hiéu ra lién hé véi bién
d6i - z cha tin higu 16 vao bing hé thic don gian sau:

Y(z) = T(z)X(z) (3.75)
trong d6 T(z} 12 ham truyén méo dang:

M-1
T(z) = Ayz) = —I—ZHk(z)Gk(z) (3.76)
M b0
Vi the khi sy chong pho duge loai bo thi dan loc QMF M-kénh 1 mot
h¢ théng LTI véi ham truyén T(z). Nhu di phan tich trén, néu IT(e")l khong
phai 1a hang 58, c6 nghia 1a T(z) khong phai 12 hé thong truyén qua, thi s& cd
st méo dang bién do, néu T(z) c6 pha phi tuyén thi dan loc s€ gay ra su méo
dang vé pha. '

Tom lai, néu-H(z) va G,(2) loai bd duge hodn toan su chéng phéd vi
T(z) thuan tuy 13 mot bo tré T(z) = c2™, ¢ # 0, thi din loc khong c6 su chdng
pho va ciing khong gay ra su méo dang bién do va pha. Dan loc QMF M-
kénh nhu vay dugc goi 1a dan loc khoi phuc hoan hdo. Khi do, tin hiéu 16t ra
ctia dan loc ¢6 dang y[n} = cx{n-n,].

3.8.2. Ma tran truyén

Phuong trinh (2.69) ¢6 thé duoc viét dudi dang ma tran nhur sau:

A2 ]
A (2)
M
_AM—-I(Z‘)_
A(z)
H,(2) H@ . . Hu» ][ G2 ]
HyW)  H,zW) . . H,@W) || G @
= : . .o . . (3.7
Ho@WY) HG@EW™) L H, W) G (0]
S N e r
e G(2)
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Dé loai bo chong phd, ta phai budc tit cd cic phin tir & v& phai cla
phuong trinh (3.77) bang khong (trir phdn tir trén ciing). Do d6 diéu kién dé
khéng ¢6 chéng phé cé thé duge viét dudi dang:

H"™ (2)G(z) = (z) (3.78)
trong do :
'MA  (z)] [MT(2)]
0 0
t(z) = ‘ = . (3.79)
Lo J L o]

Ma tran MxM H"™(z) dugc goi 1a ma trdn diéu ché dan loc phdn tich.
V@i cach viet dudi dang ma tran nay, thi bién déi -z clia tin hiéu 16i ra y[n]
¢6 thé duge bicu thi bing:

Y(2) = ATD)X(2) = ﬁ COH" D X@  (.80)
trong do:
X(7)
X{(zW)
X(z) = : (3.81)
| X(zWM) |

Nhu vay, khi cdc mach lgc phan tich H,(z) da cho, thi hién tuong
chéng phé cé thé duoc loai bo néu chon cdc mach loc t6ng hop theo dang
sau:

G(z) = [H"(@)]" T(z) (3.82)

Ngoai ra, dé dan loc khai phuc hoan chinh, chi cdn yéu cdu t(z) ¢6
dang:

-
—hg

t{z) =| . (3.83)
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3.8.3. Biéu dién da pha

Trong cdc phan (rén ta dd phan tich biéu dién da pha va cho thiy bieu
dién nay rat hiw ich khéng chi vé mat 1y thuyét ma ca trong thuc t& k¥ thuat,
Dé thaly duge cée tng dung cha 1y thuyét dan foc nhd bidu dién da pha, trudc
tién ta xét biCu dién da pha loai I cta ham truyén ciia mach loc phan tich
thir k

X1
H(z)= > z*E,(z") (3.84)
|=1}
hodc dudi dang ma tran; _
h(z) = E(z)e(z) (3.844a)
voi :
[ Hy(z) ] C1 ]
H,(2) 7"
h{z) = . , o eZ)=
LH . (2) £
[ Epo(2™) E,(z") . . E{}..\-I-I(ZM) |
va E(z) = ) . . . (3.8%)
__EM—'I.U(ZM) By ., Evioima (2 ]

Ma tran E(z) duoc goi 1a ma trdn thanh phdn da pha feai 1. Hinh
3.13a v& 5o d6 thuc thi biéu dién da pha loai I ctia dan loc phan tich. Véi
cich lam twong ty, ta c6 thé bidu dién dan loc téng hop duéi dang da pha
foai I nhu sau:

G (7) = %z"”'""R]k(z“). 0<k=M-1 (3.86)
1-0
hodc dudi dang ma tran _
o'(z) = 2™ eA(2)R(z) (3.87)
vai:
2(z) = [Gy(z) G(2) ... Gy ()] (3.88a)
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er2y=[1 z .. M =¢€"(z" (3.88b)

va; .
I Rcm(?’M ) RO'I(ZM) . . RU‘M_](ZM') ]
R |o(ZM) RH(ZM) - R],M—I(ZM )
R(z) = ) : . .o . {3.88¢)
_RM-LU(ZM) RM—I,](ZM) - RM-],M-;(ZM )_

Ma rdn R(z) dugc goi |a ma tran thanh phdn da pha loui H. So do
thae thi cdu triic clia dan loc tong hgp theo biéu dién da pha loai II cho trén
hinh 3.13b.

Sir dung khai trién da pha loai I va loai Il ctia din loc phan tich vi dan
loc t6ng hop vao trong hinh 3.11, ta s& thu duge so d6 thuc thi tuong duong
clia dan loc QMF M-keénh nhu trén hinh 3.14.

Néu phoi hop cde ma tran E(z) via R(z) thanh ma tran P(z) theo dang:

P(z) = R(z)E(z) (3.89)

thi s& thu dugc mét cau tric méi ¢d dang hét sic don gian nhu moé ta trén
hinh 3.13.

x[n] r . v,[n] u,[n] 3
S z'
Z'I V][n] u1[n}
7' | E(z™) R ' :
— : *
l l"
7] Vi in] Is[0] -
Ll
a) b !

Hinh 3.13. a) Bicu dién da pha loai I ctia dan loc phan tich:
b) Biéu dién da pha loai II ciia dan loc tdng hop.
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Quan h¢ gita ma trin diéu ché H™(z) vA ma tran thanh phan da pha
E(z) c6 thé 1im duge dé dang tir cdc phuong trinh (3.77) vA (3.85). Trudc hét
ta thay:
(H™@)]" = [h(z) h(zW) ... h(zWM")]

= E(ZMe(z) e(zW) ... e(zW"y] _ (3.90)

Ngoai ra, tir (3.85) ta ciing thdy

]
W k
W—k‘{M—I)
a day:
D(z) = diag[l z' ... 7] (3.92)

Sur dung (3.92) vao trong (3.90), ta s& thu dugc phuong trinh ma tran
mo ta quan hé gitta ma tran diéu ché H(z) va ma tran thanh phan did pha loai
I E(z)

H(z) = W'D()E"(z") (3.93)
trong d6 W 13 ma tran DFT MxM .

3.8.4. Picu kién khoi phuc hoan hio

Tir hinh 3.14 va 3.15 cho thiy, néu ma tran P(z) dugce chon sao cho
thod man di¢u kién:

P(z) = R(2)E(z) = ¢I (3.94)
trong d6 ¢ [a hang s6 con I 1a ma tran don vi MxM.

Khi d6 so d6 ciu triic cua dan loc ¢6 dang nhu wén hinh 3.16. So sénh
0 do hinh 3.16 v6i 3.11 ta thdy so d6 hinh 3.16 chi [a mot trudng hap dic
biét cua so do hinh 3.11. D6 la dan loc QMF M-kénh véi cdc mach loc phan
tich va tdng hop cd dang:

H@ =72 G2 =z 0<k<M-I - (3.95)

Khi dé bign doi -z cua tin hiéu I6i ra lien hé véi bien déi - 7 cia tin
hi¢u 16t vao thu duge bang cdch thay he thitc nay vao (3.67).
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Y(z) = z™M"¥(2),

(3.95h)

tre 1a y[n] = x[n-M+11], hé thong khoi phuc hoan hio tin hicu 161 vao.

-+—
=
h 4

E(z)

M

k3

Y

tm

Hinh 3.14. S d6 cdlu triie ciia dan loc QMF M-kénh dua trén bidu dién
da pha cua dan loc phan tich va téng hap.

x[n] , lM ,
L
» lM
v

M L

P(z)

tm

tm

t™m

Hinh 3.15. Sur dé cdu tric don gidn hod cuua dian loc QMF M-kénh

da trén biéu dién da pha cia dan loc phan tich va (dng hop.
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Bay gig. néu thay (3.95) viio (3.69) ta thu duoc:

1 M- ) Mot . ] M1 B ‘
A(Z) - 7 W 7 (M-1-ky =y (M-1 . W Ik (3,96)
Rvp2 Mi{Z

Tir cdc phan trén, ta da biét rang néu Ay(z) = [ vd Af(z) = 0 vdi moi | #
0 thi ham truyén méo dang T(z) = z'™", Hay néi khic di, c4u tric cda hinh
3.16 1a mot dan loc QMF M-kénh khoi phuc hoin hio. Trong trudng hop
nay, cdc mach loc phan tich va téng hop c6 thé duge xdc dinh tir vi du sau
day.

x[n]
—:iM - TM
z' /!
M o{IM |
7' z'

h 4

Z-I 1’ M tm —-j:» ylnl

Hinh 3.16. So d6 cau tric ciia dan loc QMF M-kénh khoi phuc hodn hio.

Vi du 3.8. Tim céc mach loc phan tich va téng hop clia dan loc 2-kénh
Khoi phuc hoin hio ¢6 so d6 cho trén hinh 3.17.

Gidi: So sanh vdi hinh 3.14 ta thiy Ez) = T va R(z) = ¢T"'. Néu
diéu kién khéi phuc hoan hio duge thye hién thi tin hiéu 16i ra s& ¢é dang
y{n] = c.x[n-1]. Bay gi& tim cdc mach loc phan tich va tdng hop d€ diéu kien
khoi phuc hoan hdo dugce thoa min. Tir (3.84) vi (3.88) ta ¢6:

P%&1=mf{t}’ [Gi2) Gi(@)] = (2" 1] R(Z)
H, () z

Néulayc=2va
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Két qua nay cho trong hinh 2.17b va ¢6 thé dugc vé lai nhu trong hinh
3;]70. V6i cdc ma tran da cho c6 thé tinh dugc cdc mach loc phan tich va
tong hop

H(2)=1+72", H(@z)=1-z72"
Gyz2)=1+7", G(z)=-1+z7'
Daép tng bién do cua hai mach loc phan tich cho trén hinh 3.18.

X[n]_!_ > > lz > T2 > —i
z' Y T cT”! 17
> —»( [ 2 » T2 - - o
l T y[n]
a)
> Tz .
7!
- Tz = — 3 *—> e ®
y[n]
x[n] ®)
> > 1+z! =l2 =T2 142" >
> -7 =l2 —-—vT2 o -147" > >
y[n]

c)
Hinh 3.17. Dan loc QMF 2-kénh phéi phuc hoan hio cta vi du 3.8.

Dap ung bien do cua dan loc phan tich
2 T v

18} ™ o
16} ~ i
1.4 N -
1.2 N i
E=1 . r
gy X
" / Y
o8y y \\
y

06} / b
o4t // \

0.2 e ; v y

o =T N " \ L " e o0

B g e b, B, 07 e o8 -

Hinh 3.18. Dép tmg bién do ctia cic mach loc phan tich QMF khoi phuc
hoan hao 2-kénh cua vi du 3.8.
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Bai véi dan loc 4-kénh, néu chon ma tran T = E(z*) ¢6 dang nhu sau:

1
1
]
1

Khi do6 dan loc phén tich thu duge tir;

3
]
—1
-3

3
-1
-1

3

[

-1
1

-1

‘Hoz)] [1 3 3 1 1
Hi@ | |11 -1 ~1f]
Hoz)] |1 -1 =1 1 ||272
Hy(| |1 -3 3 -1f[73

D¢ thiét k& dan loc khoi phuc hoan hdo thi cdc mach loc cia dan loc

t6ng hop phdi thod min diéu kien R(z)E(z) = z™I Trong d6 1 1a ma tran don
vicon m la do tré.

V6i diéu kién nay, ta fim dwgc ma trin da pha loai Il R(z) = z"E'(z)
va tir dd tim duge cdc mach loc cia dan loc téng hop:

0125 0,375 0,375 0,125
5 0,125 0125 -~0125-0,125 0125
1Gul(7) G(2) Gy(2) @)=z 22 7' 1]
-0,125 —0,125 ~-0,125 0,125
0,125 -0375 0,375 -0,125

Nhu viy cdc mach loc con trong dan loc phan tich vi téng hop tim
dugc:

Hyz)=1+3z"+322 + 2/,
H@=1+z'"-722-7%,
Hiz)=1-z2"-727 + /7,
Hyz)=1-3z"43z%-7*

va
Gy(2) =0, 125(1+ 2" + 22 + 2°
G\(z) =0, 125(:3 - 7' + 2% + 377,
Gy(z) =0, 1253 -2 - 2% + 327,
G(2) =0, 125(-1+ ' - 22+ 7?

So d6 thyce thi dan loc khoi phuc hoan hio nity cho trén hinh sau:
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i
!

1 ’T‘4
S t4
]i—*-“ 1. B | R |
| I

-l4 L » T4 T, y[n]

Hinh 3.19. So d6 thue thi dan loc khéi phue hoan hiao 4-kénh.

-—
e
r

¥

Al

}

) A

bap img tan s6 cta cdc mach loc phan tich va téng hop clia dan loc
nay cho trén hinh 3.20a va b.

Dap wng tan sa cua dan loc phan tich

a‘—\

5_
3 - S
N
- e
: o g AN

0.2 0.3 0.4 05 0.6 07 oa 09 1
tan so wipi

a)

Dap wng lan 5o cus dan lot tong hop-

rS

09,

Sian do

_ 65 T 67 08 08 1
tan 2o wﬁﬂ .

b) o
Hinh 3.20. Ddp ing tdn 56 clia mach loc trén hinh 3.19.

o
\ -~
0.4 0.5

a - "o1 - 02 -.03°
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Vidu 3.9. Tim cdc mach loc phan tich vi téng hop ciia dan loc 3-kénh
khoi phuc hoan hdo ¢é so d6 cho trén hinh 3.21. Tin hi¢u 16 ra ciia dan loc
la  y[n]=dx{n-2}.

Giai:  Trong trudng hgp nay thi
E(z) =P, vid R(z)=dP’

XEL v
bl 1
P={1 -1 1
|

Vay, tir (3.84) va (3.85) ta ¢cé:

H@1 11 171
H(z) =1 51 1{z"
H,(z)| |1 0 -1]z>

Tu do tim duge:

Hy(z)=1+z"'+ 2%, H(z)=1-z'+2z", H.(z)=1,5- 1527
Gia strlay d = 4, khi dé:

[ 2
dP'=|2 -2 0
1 -2
Do vay:
G, (2) 1 2
G @|=[z7 z" 12 -2 0
G,(z) I

Tir d6 tim duge: '
Gz)=1+22"+27°, G@)=1-22'+2% G,(z)=-2 + 222,
Ddp Gng bién d cha dan loc phén tich cho trén hinh 3.22.
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Hinh 3.21. S dé din loc khoi phue hoan hao cia vi du 3.9.

o Dap ung bien do cua dan loc phan tich
1 —_——— ——— —_——— a——
G [
-~ — o B
0 g ~ I
o - R
-~ N - T
X Vet
10 N g .
i Y, /
= ! 4 /
& -0 ' Vy
m ]I J |,
" !
a0t I ly :
!| kﬂ
-40 ) |
1
SUL L L

] a1 az 03 o4 g5 =y o7 no [nR:] 1
R

Hinh 3.22. Ddp dng bién d6 cla dan loc phan tich cia vidy 3.9.

Tir céc vi du trén cho thdy, néu cho biét cde mach loc clia dan loc phan
tich M-kénh, thi ma tran da pha E(z) ciing duge xac dinh. Do d6 dieu ki¢n
khoi phuc hon hio cia dan loc QMF M-kénh ¢6 thé dugc thi€t ké mot cich
dé dang bang cach xay dung mot dan loc tong hop véi ma tran da pha R(z2) =
[E(z)]'. Tuy nhién, trong thuc &, viéc thiét k&€ ma tran E(z) M x M ¢0
nghich ddo 1a diéu khong dé dang. Phuong phdp ddm bao E(z) luon cé
nghich dao 1a chon dudi dang ma tran unita nhy sau:

E@E(z) =cl, vdimoiz (3.-97)

&day, E(z)1a ma tran lién hop cia E(z) 1 chuyén vi cla E(z") v6i mbi he
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sG dugc thay bang lién hop cla né. Nhu vay néu chon R(z) = E(z), thi dan
loc s€ thda man diéu kién khoi phuc hoin hao.

Vi du thiét k& dan loc QMF M-kénh khoi phuc hoan hio dung cic
mach loc FIR, ta ¢6 thé chon ma tran E(z) dudi dang sau: ‘

E(z)=E; (2) Ex, (2).. E, () E, (2) {3.98)
trong d6 E, 1a mot ma tran unita hing s6 va
E@=1-vv T +zv[vT (3.99)

G day, v, 1a mot ma trdn cot bac M c6 chudn bing don vi, tic 1a [v,"y, = 1.

Vi cdch lam ndy, ta ¢6 thé tao duge mét ham d6i tuong phit hop 16
sau do t61 uu héa né dé€ thu duge ham truyén cha cdc mach loc théa man cic
qui dirih v& dai théng va déi chan mong muén. DE dat duoc muc tieu nay,
ham ddi tuong thich hop dugc cho bai:

L—t

o= _ﬂHk(eJ‘”)

k=0 dai chun thu k

“do (3.100)

Céc thong s6 t6i wu 1a cdc phan it ciia v,viE,.

Vidu 3.10. Thiét k& dan loc QMF 3-kénh khoi phuc hoan hao FIR véi
d6 rong dai thong 1a n/3. Nhu vay, dai thong ctia mach loc phan tich thong
thap Hy(z) 1a tir 0 dén n/3, cia mach loc phén tich H,(z) 1a tix 7/3 dén 27/3 va
dai thong ctia mach loc phan tich H,(z) 1 tir 2r/3 dén 7. Theo phuong phap
trén thi ham d6i tugng cdn duge t6i ru héa c6 dang:

| S 2n
2 ——t

2dco+3_[ H, ) deo+ ]]H,(eiw)[zdm 3] [H, (™)
0 QH u

T 3

®= fH, ") *do

Cdc he s6 clia ddp ing xung cia cic mach loc phan tich {h,[n]}, k =0,
I, 2 cho trong bing sau véi bc cia mach loc N = 14.
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n heln] h,[n] h,[n)

0 _0,0429753 -0,09927704 0,0429888
1 0,0000139 0,0000008 -0.000139
2 0.1489104 0,0087654 -0,1489217
3 0,2971954 0,0000226 0,2972354
4 0,3537539 0, 1864025 -0,3537496
5 0,2672266 -0,0000020 0,2672007
6 0,0870758 10,3543303 -0.0870508
7 -0,0521155 -0,0000363 -0,0520909
8 -0.0875973 0,3564594 0,0875756
9 -0,0427096 -0,0000049 -0,0427067
10 0,0474530 -0,1931082 10,0474452
( 0,0429618 0,0000230 0.0429677
12 0.0 0.0 0,0

13 ~0,0232765 -0,0000026 -0,0232749
14 0,0000022 0.0 0,0000022

Cic hé s6 cua mach loc tong hgp dugec xdc dinh nhd cong thic
g, [n] = h[14-n] v6i k = 0,1,2. Ddp Gng bién dd cua dan loc phan tich trong
thang dB cho trén hinh 3.23. Cdc mach loc nay cd do suy giam trong dai
chan khoang 20 dB.

Dap ung bien do cua dan lo¢ phan tich

N N
\ VAN |
N /{ \ / \\
2“ ) ! ey ff Vo
) k- \" '|| E , II_,r' ‘-.\ i
@ I“-. If’ ".I jlf S \ !< [ »\ /ﬁﬁ ll!‘l / \,\11 Ix
sal A0 T S N AR
5 || w - \ ¥
g VU RN BVETEN
= vy A N
a0k \ { h lq' )l y | \ l{ |
! ! { }
= L* i
7 03 63 04 05 06 07 08 08 1

Hinh 3.22. BYip (ing bién 49 cha din lge phan tich cua vi du 3.10.

109



3.8.5. Dan loc QMF M-kénh khoj phuc hoan hao bac cao

Nhu cdc vi du trén cho thay, diéu kién khai phuc hoan hio ¢6 thé duge
thue hién ngay khi 1&y E(z) la ma tran hang s& khong k¥ di. Tuy nhien trong
thuc t&, ngudi ta thuong sir dung cdc ma tran E(z) ¢6 bac cao hon vi chiing
S€ 120 ra cdc mach loc phan tich H,(2) cting ¢6 biac cao hon, khi do, dip (ng
bien do IH,(¢")l s& ¢ do suy giam cta dai chan cao hon va do doc cling cao
hon.

Mot cdch dé thu duge dan loc bic cao hon, ta chon ma tran E(z) FIR
¢6 dang

E(z) = Rll-(z)A(z)Rj_]... JA(Z)R, (3.101)
frong dé:

: I
Az) = [ M- ﬂ (3.102)
0 z

R, 1a cdc ma tran hing s6 MxM khong ky di va 1, ta ma tran don vi.
Khai trién nay cho thay dan loc duge tao thanh nhd méc nei ti€p cdc ma trin
hing s6 khong k¥ dj R,

binh thic cta ma tr;fm E(z) 1a [detE(z)] = 0z, a # 0, thod man diéu
kién khoi phuc hoan hio,

So d6 ciu tric cha dan loc phan tich QMF M-kénh bac cao cho trén
hinh 3.24, '

V6i E(z) duge chon nhu trong (3.101), thi R(z) bing:

R(z) = 77'E(2) = R,'T(z)R,"... rzR;" (3.103)
¢ day:
') = [7 Lu- UJ (3.104)
| 0

S0 dé cdu triic cta dan loc tong hop QMF M-kénh bic cao cho trén
hinh 3.25.
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Hinh 3.24. Dan loc phan tich QMF M-kénh bic cao khoi phuc hoin héo.

Vi du 3.11. Thiét k& dan loc QMF 3-kénh khoi phuc hoan hio véi cic
mach loc phan tich vi téng hop bac 5.

Trong truong hop nay chon j = 1, cdc ma trdn R, v R duoc chon nhu

Sau
1 0 0O
R,=|2 | .0|,R =R,
1 2 1,
Do dé:
1 ¢ 0
Ri=1-2 1 0
3 -2 1
—hTM > —bz'M.—b Ll 7 M [ — M | —
vZ_ll
—n-TM = —{ zM > M > |
Y7z
R tJ I R_lj-i . '. Rhlu
L M L 7™M | —w M —e
‘FZ
—IvTM - » > >
y[n]

Hinh 3.25. Din loc 16ng hop QMF M-kénh bac cao khéi phuc hoan hio.



Nhu da chon thi ma tran R, 1a chuyén vi cha R,". Tur d6 tim duoc:

S+z7' 24277 7z
E@)=RA@DR,=[2+27" 1+4z" 23,7
Z—I Z_l Z—l

Sir dung (3.84), céc mach I(_)c. phéa tich thu dir(_)fc la:

Hz)=5+2z'+ 77 + 22 4+ 7°
H@=2+2'+227 + 474 2 5

Hyo)=z"+2z* + /*

Céc mach loc téng hop thu duge 1a:

- 7 -2z 327!
R(z) =R, T(x)R,"'=|-22"7 57° — 8z
3z -8z7" 1413z

Str dung (3.88) sé& thu duogc cdc mach loc téng hop

Gyz)=3z"-22"+7"
Gzy=-8z2"+52%-25"
Gy(2) = 1+13 27 - 8% + 32°

Cdc vi du vira xét trén day c6 cac mach loc phan tich vi téng hop déu
la FIR. Vi du sau day cho trudng hop mach loc phan tich 14 FIR trong khi.
cdc mach loc tong hop lai 12 1R,

Vidu 3.12. Xét dan loc 2-kénh ma haj mach loc phén tich lién he véi
nhau bang hé thic H,(z) = H,(-z), vi thé dan loc phan tich ¢6 dang (3.25) va

E(Z)z[l 1]{50@) OJ
I -1 0 E(2)

Tir dé tim duge:
l

E(](Z) O ] l
R(z) = I

E\(z)
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Dan loc ¢ so dé cdu tric nhu trén hinh 3.26. Trong trudng hop nay,
dan loc khoi phuc hoan hio ¢6 ¢dc mach loc tong hop 1a nghich ddo clia cic
thanh phén da pha cha H(z). Cdc mach loc tdng hgp c6 dang
] Lo a1
z

—, G(z)= - T-tZ T
Eglz7) E (z7) Ey(z7)

Gy(z) = —+
Eif(z7)

Céic mach loc téng hgp nay 6n dinh néu tat ca ciac diém khong cha
E.(z) nim bén trong vdng tron don vi. Trong trudng hop nay, tic a vdi H (z)
= H,(-z), khong cé cdch ndo c6 thé thu duge dan loc khoi phuc hoan hio néu
cé hai dan loc déu la FIR. Gid st Ey(z) =2 + z' thi khi dé

H2)=2+2r'+2°+2°, H@ =H{(-2)=2-2z'+z* - 2"

0,5(1+z7") 0,5(-1+z7")

G )= 3 5
o2) 140,52 140,52 °

Piép ing bién do cua hai mach loc phan tich cho trén binh 3.27.

x[n]

¥

h

——>—{ 2 E,(2) [res—»r—ar—s—» 1/E(z) [1F2
‘LZ" ‘FZ-|

r

¥

+2 Efz) P » 1/E,(z) 42 1~

v

y[n]

Hinh 3.26. Dan loc QMF khoi phuc hoan hdo ¢6 dan loc phin tich FIR
trong khi din loc 10ng hgp la [IR.

Drap ung bien da cua dan loc phan bhieh

.\_\ e
= . / .
4 /
= 3 .
[*=] .
- kN //
L —
o -~ - - e
1 D -
[ P L P M . i . T -
(5] 0.1 oz 0.3 0.4 u.s a.s [= a8 [A*] 1

wrn

Hinh 3.27. Bip ing bién d6 cla hai mach lgc phan tich cta vi du 3.11.
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Chuong 4
DAN LOC GIA QMF PIEU CHE COSINE (PSEUDO-QMF)

Dan loc diéu ché ¢o-sin M-kénh dugc thiét ké dua trén mét mach loc
prototype. Trong hé théng nay, tat ca M mach loc ciia dan loc phan tich va
tong hop déu bit ngudn tr mach loc prototype Py(z) nhdy didu ché co-sin.
Phwong phép thi¢t k& nay ¢6 nhidu uu diém. Trude hét 1a vé mat gid thanh,
Chéng han gia thanh ctia toan bo dan loc phan tich bing gis thanh cia maot
mach loc cong v&i gid thanh diéu ché ban dau, Ngoai ra qua trinh didu ché
lat ¢4 thé thue hién nhe thuat toan nhanh DCT. Dan loc tong hop 6 cing gid
thanh nhur dan loc phan tich. Trong qud trinh thigt k€ chi cdn 167 wu hoa cic
fi¢ s0 cua mach loc ma so feong cdc hé s6 cdn phii 167 wu lai 41 it boi vi chi
phai 161 uu hda cic he s6 clia mach loc prototype.

Dan loc diéu ché co-sin ¢6 tinh chat gén giong nhu dan loc khéi phuc
hoin hao. Bai vi do suy giam trong dai chan cta cde mach loc phan tich cé
the thiét k€ vé ciing 16n, nén gitra cdc kénh gan ké nhau hdu nhu khong ¢6 sir
chéng phé. Tuy nhién. trong thuc t& khong the thict k& dan loc khoi phuc
hoan hio 1y tudng ciing nhu khong thé thiet k& duoe cic mach loc ¢6 do suy
gram cua dai chan vo ciing 16n dugc ma chi ¢6 the xay dung dan foc hoan
hao gan nhu QMF, vi thé méi cé ten gia QMF. Céc mach loc giad QMF thoa
man cic yéu cdu thiét k& néu do suy gidm cha dai chan dil cao.

4.1. PHUONG PHAP THIET KE DAN LOC GIA QMF M-KENH

Dan Joc gia- QMF biit nguon tir dian loc DFT dong nhat. Gia sir ta ¢o
mach loc théng thip prototype:

N
Pz} = Zpu[nlz_“ 4.1

trong do ddp tmg xung don vi p,[n] li cdc hé 56 thure vét tdn 56 cit tai n/2M
va N 1a bac clia mach loc FIR.

Bay gid ta tao ra mot loat mach loc v6i cic hé s& thue nhd phép diéu
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ché cosin chit khong phai bing diéu ché e-mil phitc nhur trong dan loc DFT.
Piéu nay ¢6 thé thyc hién duge bang cich: DPiu tién tao ra 2M mach loc
phife ding diéu che e-mi phic, sau d6 két hop thanh cap cic mach loc thich
- hop Yai v6i nhau dé duge cac mach loc voi he 56 thuc. Thit vay, nho sy diéu
ché phife tai cdc tan 6 (2k+1 y/2M = (k+0.5)7/M, ta thu dugc Q,(z) mach
loc tir mach loc prototype Py(z) nhu sau:

Q7)) = PyzW "), 0 <k <2M -1 (4.2)
& day W,y =™
Cic mach loc vira thu duge c6 dap dng xung la:
quinl = pyln]Way ™
RG rang, nhd su di¢u ché phitc, cic mach loc Q,(z) c6 ddp uing xung
q.[n] cé cdc gid try phic. Pap tng xung clia Q{z) 1a mot phién ban dich

_ chuyén sang phai cua dép ing cia Py(z) mot lugng bang n/2M. 50 d6 dong
tin hi¢u thue thi dan loc nay cho trén hinh 4.1.

Tir (4.2) ta thu dugc:

IQ{e™) = 1Qu iale ]

Diéu nay cho thdy ddp ting xung clia Qupyp,(2) 12 lién hop phic cua
ddp Gng xung cua Qu(2). véi 0 < k < M-1. Do vay sy tao cap gitta Q,(z) vdi
Quy4(2) 88 120 thanh mach loc cé dép lng xung ¢6 cdc hé s6 la nhimg s0
thuc.

Mach loc prototype P(z) thong thap cé ddp (ng xung pyln] ta thuc, vi
vy IP(e")l doi xing doi voi o = 0. Day 14 mach loc thong thip tiéu biéu véi
(dn s& cit bing 7/2M nhu mo 1a trén hinh 4.2a.

Tir (4.2). ta tim dugc ddp Ung (An s6 ctia cdc thanh phdn da pha cua
P,(7) 1a:

Qk(e'im) = Pn(eiw_knm’) (43)

Hé thic nay cho thay dip (ing tAn & cla cdc thinh phin da pha Q, (")
la nhitng phién ban cta ddp ing P,(e*) dich chuyén sang phai mot luong
bing km/M nhu mo ta trén hinh 4.2b. Tir hinh vé ta nhan thay rang cdc ddp
tmg 1Q,(e va | Quuis (¢*")l I4 anh cba nhau d6i véi tan $6 © = 0. Vi vay,
cdc thanh phin nay 1a nhiing tng cit vién thich hop cho viéc két hop ching
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lat v6i nhau d¢ 130 thanh mach loc ¢6 cdc hé s6 thuc. Do rong dai théng clia
mach loc két hop bang 2n/M, gip doi do rong ddi thong cha much loc
prototype P (2). '

4.2. XAC PINH CAC MACH LOC PHAN TiCH HE SO THUC

bé xdc dinh cdc mach loc phan tich, ta dinh nghia céc tin hiéu trung
glan:

Ui () = ¢ P,(zW* "y = ¢, Q (2) (4.4)
vl
Viz) = ¢ PzWH) = ¢, Qunirid2) (4.5}

Bay git xay dung M mach loc phan tich tir cic bich s6 trung gian ndi
trén theo cong thirc:

Hi2) = U2} + o,V (z), 0O<k<M-I (4.6)
0 day, ¢, va g, |a nhitng hing 56 ¢6 gid trj tuyét doi bing don vi.
Vimach loc prototype P,(z) [ mach loc FIR bac N va cdc hé s¢ clia nd
la thuc, nén tat ca cdc mach loc phan tich:
N
Hi(2)= > h,[nlz”™", 0<k<M-I 4.7y
n==0)

cling 1a FIR ¢6 bac < N vi cdc hé s6 h [n] cla né cing la thue, trong khi cic
h¢ 0 cia U(z) va V () lién hop phidc véi nhau.

P[;(‘ZJM) > __-_"*Qn(z)
v 2w
R W
' o Ptz IMx2M *Qi(@)
L 4 z-iW-I;’E
z-iw-lf’l
-Pz_\1-|(‘7-m) b Qo (7

Hinh 4.1. Dan loc phan tich gii-QMF duoc tao thanh tir mach loc prot stvpe
P.z). e} diy P(z). 0 < m < 2M-1. I cédc thinh phin da pha cha Pyrv) .
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-n/2M | ®/2M w
{\ F 3
Qauy Q. Q Q, Q. Q.ma |Qu b)
/DO /KON
‘. ; / -
-2ZM n/2M 2n ®
Hinh 4.2.4) Pdp ang bién d¢ coa mach loe prototype Pzl
b) Pidp tng hién do cia cdc phién ban cua Pyz) bi dich chuyén-sang phai .
Pidp tng bién do cla dan loc phin tich thr k cho trén hinh 4.3.
A
/M /M
N > -+ .
T Vi=¢, sz-y—\ /_\TU U=c,Q,
| | »
-kt/M 0 kn/M o

Hinh 4.3. DBap img bién do clia mach loc phan tich thit k H,(z).

4.3. LOAI BO CHONG PHO

Nhe dd bigt & 16i ra clia H(z) ¢6 cdc thanh phdn chong pho
H (zW ) X(zW ", ngoi ra cdc mach loc tong hop G(z) ¢6 dii thong trung
khit vdi dai thang ctia cac mach loc phan tich, nén cée mach loc tong hop ¢é
thé chon dudi dang:

]
Gyz) = g,[n]z " =bUy(@) + B V(), 0<k<M-1 (4.8

n={
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o day b, ¢6 gid tri bing don vi. Cdc hang s6 a,, by, ¢, duge hya chon nhu the
nao de tranh dugce sy chong phd va sy bign dang vé pha.

Trong trudng hop téng qudt, 161 ra coa Gi(z) ¢6 cdc thanh phan
H (ZW)X(ZW ) d6i véi mot gid trj cia |, v6i 0 <1< M-1. Tuy nhién, néu
d suy gidm cla dai chin cia G, (2) dii cao, thi chi ¢é mot 86 thanh phan 13
¢6 anh hudng ding ké dén su chéng phé, con cdc thanh phan khic hau nhu
khong gay ra sy chong phé vi vay ¢6 thé bo qua. '

Ching han xé( 16i ra cha kénh thd hai Gy(z) ¢6 cdc thanh phdn
Hy(zW,)X(zW ). Hinh 4.4 cho thiy cic phi¢n ban dich chuyén U,(zW,,)
va V,(zW,). Tir hinh v& nhan thay cdc ddp tng cta Uy,(zW ) va Uy(zW,, )
khong chong pht véi ddp ting cta Uyz). The nhing cde ddp itng cia
Uy(zWy®) va Uy(zW,, Ylai chong pha véi ddp tng cla V,(z). Ciing nhu vay,
cde dap tng cua Vy(zWy*) va cta V,(zW,,") chéng phit véi U,(2). Diéu dé ¢
nghia rang chi cdc thanh phin X(zW,) vmg véi cic chi s6 :

I=-(k+1), -k, k. k+|  &16ira clia G, (2) {4.9)
va cdc thanh phdn X(zW,,) tng véi cdc chi s6
I=-k, -(k-1), (k-1), k & 18 ra clia G, ,(2) 4.1

la gay ra su chéng phs.

V,(7) | V,(zW,) V,(zW ) V.(zW,, )
U, (zW, ™) \ U.(zW,,7) UI{ZWM'I)\ U,(2)

3n/M -t/M 0

Hinh 4.4. Minh hoa cic thanh phén chéng phé vai ddp fng ctia mach loc
tong hop chinh IG, (™).

Chon a, va b, dé tranh chéng phé

Nhu dé phan tich, & 16 ra cla cdc mach loc téng hop G, (z) v G,(z)
ludn luon ¢6 cidc thinh phdn chéng phd X(zW,,*), vi vay ta c& gang chon
G, ((z) va G(z) nhu thé nao dé cic thanh phan niy bi loai bd khi ching
dugc cong lai vdi nhau. Didu ndy s¢ duoe thue hién néu cdc hé ¢ a, va b,
thoa man mot s6 diéu kién riang budc nao ds.

Thuc vay, phan b,V ,(z) ctia G(z) 6 cdc thanh phin chéng phd:
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(ab, U W IV 2)IX (W () +
+ (b, Uy (ZWy MV (2D X (W, 1) @.11)

Tuong tu, thinh phin tan $6 am b, 'V, (z) cta G, (z) ¢6 céc thinh
phan chong pha:

(a b U EW Y @0X W) +
+ (b, Uy (ZW IV (2)XEW ™ (4.12)

Do dé thianh phin chdng phd X(zW,, ) cé thé bi loai bd néu:
(b U (ZW )V (2) + (i b, Up (ZW IV, () =0 )

Thay c¢dc biéu thitc dinh nghia cta U (2) v3 V (2) tir (4.4) vd (4.5) vit
st dung diéu kién lc,l = lc, || = 1 ; khi d6 (4.13) s ¢6 dang:

(ab, +a by WV (V) =0 (4.14)
Tir day suy ra diéu kién dé sy chong phi bi loai bo Ia:
(a.b,” +a,_b_)=0
hay
ab ' =-a.b., k=1<k<M-I {4.15)

4.4. LOAI BO SU MEQO PHA

Sau khi su chong phé da ducc loai bo, ta trd lai van dé loai bo su méo
pha. Nhu di néi, dé tranh sy méo pha thi ham méo dang T(z) phai duge lua
chon sao cho nd cd pha tuyén tinh. Diéu nay duge thie hién khi ¢dc mach
loc phan tich va tong hgp dugce lua chon theo diéu kién anh guong:

g.n] = h,[N-n] (4.16)

hoic tuong duong véi bién doi - z:

Gy(2) = 2 H (z") = 2" H(z) (4.17)
Khi d6 ham T(z) c6 dang:

| V-l '
T(z)z—ﬁZGk{z)Hk(z)

k=01

N (4.18)
S H, (zHH, (2)

K=t}

Z
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Nhur vay:

_ o Ml 2
MT(C.I‘ﬂ) — e-_le Z ’Hk (eJ(u )
k=0

(4.19)

R& ring T(z) ¢6 pha tuyén tinh, Bay gitvta phii chon cdc heé 6 . h, va
¢, nhur thé nao d€ cdc thanh phan U,(z) vA V (z) cling ¢6 pha tuyén tinh,
4.4.1. Chon ¢, dé dam bao U,(2) va V,(z) c6 pha tuyén tinh

Cho dén nay, ta chua néi dén pha cta mach loe prototype P(z). Dé
don gian, ta chon mach loc prototype ¢6 pha tuyén tinh, nghia 12 dap tng
Xung cua-nd thdoa min diéu kién:

Poln] = p,[N-n} (4.20)
hay:
Py(2) = VP, (2) (4.21)

Khi d6 ta thu duge dip tng tén s6:

Py(c"™) = e™2 P (e)] (4.22)

Bay gid ta chon ¢, sao cho cic mach loc heé s6 phitc U,(2) vii V,(2) 6
cung pha tuyén tinh nhu Py(z). Tir (4.4) ta co:

Uk(e_i{'l) - CkW-tk+(!,S]Nfle-_iNl!Jf2 ]P[](e_i|(n-ﬂ(k+[1.5),-’h1II (423)
Néu chon:
¢, = Wkt ANz (4.24)
thi:
U, (e) = eV |p, (gl mtosmy (4.25)

¢6 nghta 12 U, (7) ¢6 pha ®(w) = -Nw/?2 tuy€n tinh gidng nhir P(z).

Ket qua twong ty ciing tim duge d6i véi V,(2).

4.4.2. Chon b, dé dam bao chic chin hé thite G,(z) = z™H, (2" )

Vi Ui(2) va V (2z) ¢6 pha tuyén tinh, nén ta ¢6 thé viet:

Gk(z):zNUk(z), ‘T/k(z):z'”\/k(z) - (420)
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Khi dé hé thae (4.6) cho ta:

2 NH (2)=a,U, (2)+a,V,(z) @27
Néu chon : '

b, = a, (4.28)
thi phia phdi cha phuong trinh (4.28) s€ tré thanh G,(z) ¢ nghia la diéu kién
anh guong ctia céc mach loc phan tich va téng hop duge théa min.

4.4.3. Chon a,

Hé s6 cubi cung can chon 1a a,. Nhu da thdy & trén, diéu kién chéng
chéng phd dugc thyc hién khi al =—a}_

co nghia la:
a, =tja,, : (4.29)
Cic hé s6 a, duge tua chon sao cho cdc thanh phan chéo dang

Ud2)V(z) va U, (7)V,, (2) bang khong, cé nghia la:

] M-I 5 5 .
T(z) =~-— Z(U - (7)+ V¢ (z)) (4.30)
M k=0

Diéu ndy duge thue hién néu:

a=(1¥ja,, v6i 0<k<M-l (4.31)

4.5. PAP UNG XUNG CUA DAN LOC

Pép ing xung chia cdc mach loc phéan tich h,[n] tir hé thic:

a,U,(2) = ™ o P (zW**)

- ijkwck+t:,ﬁ}:\l.-’2 ip“[n]w iki[l‘."\}nz—n (432)

=}
Nhu vay cdc hé s6 ctia ddp ing xung la:
e_it[!k Wik+{]..’1l|\'.-"2 pn[n] W-{k-t{),ﬁm ) (4.3'3)
Con cdc hé s0 cha s hang thit hai trong (4.4) thu duge bling céch 14y

fién hop phite hé thitc (4.33). Sau khi cong hai h¢ thirc ndy véi nhau ta thu
duge h [n] bing hai 14n phin thyc clla (4.33) tic la:
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h,[n] = 2p(,[njcos[£[-(k +0,5)(n—-§)+(pk] (4.3

Céc mach loc téng hap cling thu duge bang cch thay a, bing b, vii @,
bing -@,. nghia l;

g.n] = 2p.[n] cos[ﬁ—(k "‘0»5)(“‘%)_%] (4.35)

N6i chung, cdc mach loc phan tich va téng hop khong cd pha tuyén
tinh mac di mach loc prototype py[n] va T(z) ¢6 pha tuyén tinh. TAL ca céc
- mach loc phan tich vi téng hop lién hé véi p,[n) nhe didu ché cosine, do dé
chi can thiet ké 157 ru mot minh mach loc prototype p,[n].

4.6, THIET KE MACH LOC THONG THAP PROTOTYPE

Thiet k€ dan loc diéu che cosine qui vé viéc thiét k& mach loc
prototype - dai M py[n]. D¢ dép ting bién do clia ham truyén méo dang T(z)
bing phang d6i vai tdl ca cdc tri cua o thi mach loc prototype phai thoa man
hai diéu kién sau:

Py} + P ("™ )P = | OcweyM (4.36)

va
Pie™ =0 khi o> /M (4.37)

Dan loc QMF khong ¢6 méo dang khi (4.36) duoc thda man mot cich
chinh xdc vi s& khong ¢6 chéng phé gitra cic kénh lien ti€p nhau néu hé
thic (4.37) duoe duy tri. Viéc thigt ké mach toc FIR d&i-M thda min ci hai
di€u kién trén mot cdch dong thoi 12 khong thé duoc. § day ta sir dung
phuong phdp thiét k& mach loc prototype thong thip cha Parks-McClellan.
Hai diéu ki¢n trén duge thda min mot cach gin ddng nhd viee diéu chinh lap
di lap lai mép cua dai thong dé 16i thidu héa him da; tuong

®= max iP“{c-"")r +[R,(c-“‘”'“-’“'”)f —1} (4.38)

(e /M
Bac clia mach loc, mép clia dai chan tai n/M va sai s6 duoc gtif c& dinh
trong qua trinh tSi vu héa.

Vi du: Thiét ké dan loc gia QMF didu ché cosine 16-kénh ding mach
loc prototype ¢6 bac 128. Trong MATLAB ta sir dung ham opt_filter dé thiét
k& mach loc thong thap. :
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'2 mach loc prototype thong thap
0 T T T T T

20

a0}

N s L s . L \ f L
u} o1 0.2 0.3 0.4 os 0B a.7 o8 as 1
@i

Hinh 4.5. Ddp tng bié¢n do cua mach loc prototype thong thép.

Dap ung cua dan loc phan tich

20
o e
=20
13_ -40
50 BYHHM '-_‘i_'}'a':-".l:.l' i
i [] 1
-80
e R 02 0.3 0.4 05 0.6 0.7 o8 )
W
Hinh 4.6. Ddp (ing bién do cua 16 mach loc phén tich.
1.2 x10° ' \
1 TR i | ”‘
0 08 “ '\ \ \ I
a
o
'C
S 0.6
[&]
3 04
0.2 1
L 1 1 1 _J
0

0.2 0.4 i 0.6 0.8
Tan s& chuan héa o/n

Hinh 4.7a. Dép tng bién do cua 16i chéng phé trong thang dB.
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Méo bién dé
1.002 . r

1.0015 N

1.001

1.0005
1Hh

M| Ttei®) |

0.9995 ||

0.999 |

0.9985 5 0.2 0.4 0.6 0.8 K

Tan s§ chudn hda wit
Hinh 4.7b. Ddp ung bién dé cia ham méo dang bién do trong thang dB.

Ddp tng bién d6 cia cdc mach loc lién ti€p nhau cét nhau tai cif sau

moi 3 dB, phit hop véi ddp tng bién do ciia haim méo dang bién do duge xdc
dinh tir biéy thic

_ ] M i [2
IT J:‘:)|: H (1)
= — éf k(e®)

Sai s6 chéng phé duge xac dinh tir ddp tng bién do cua thianh phin
chong ph6 X(zW'0,1> 0 bidu thi duéi dang:

M—1 . 2
1/ Z'Al(ejm )|
|=1

M- .
A2) = ﬁZHk(zWI)Gk(Z), 0<1<M-1 (4.39)
: : k=0

voL
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4.7. DAN LOC PA MUC

4.7.1. Dan loc QMF cau tric ki¢u phan nhanh

Xét dan Yoc ¢6 cdu trie nhur trén hinh 4.8, O day tin hiéu duge phan
thanh hai nhanh con va sau khi giam t8c d6 mau thi méi nhanh con lai duoc
tach thanh hai va lai dugc gidm mau. Cic nhdnh con sau dé lai duge t6 hop
lai v&i nhau ¢t mbi 14n hai bang cdch sir dung dan loc QMF hai kénh. Dan
loc nay ¢ tén goi la dan loc ¢du tric cay nhi phin bi giam t6¢ dé mau cuc
dai. Toan bo dan loc ciy 4 kénh ndi trén ¢6 thé duge veE lai dudi dang khdc

nhir trén hinh 4.8 v M =4.

= H,y(2) '*iz +t2 G, @ }&)‘
Hz) P2 |- t2 G2
x[n] » H,(2) > l2 *"T2 G, (2) —T

i Hyo(z) —bl2 {12 Gy, (2)

H.z) pH2 ‘ 2 b Gy
H,(2) |++2 (412 WG, (@)

< >+ » - » —— »
Mic 1 Miic 2 Mirc 2 Mirc 1

Hinh 4.8, Ciu tric cha dan loc cay QMF - 4 kénh, 2 muie giam toc do mdu cuc dai.

Cdc mach loc phan tich va tong hop trong biéu dién tuong duong lién
hé véi cic mach loc phan tich va tong hop cia dan loc cay hai mac nhu sau:

Hy(z) = H (2)H,,(2),
H,(z) = H (@)H,,(z*)
H,(2) = H(2)H (2,
H, (z) = H(@)H, (")
Gy(2) = GUDG (7)),
G, () = G, ()G, (Z)
G,(2) = Gy(2)G (7).
G, (2) = G (2)G(Z")

(4.40a)

(4.40b)

(4.40c)

(4.40d)
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Tir cac phuong trinh trén cho thily méi mach loc phan tich 13 noi 1iép
cta hai mach loc trong d6 mot mach loc ¢6 mot dai thong va mot dai chan
duy nhat con mach loc thit hai ¢d hai daj thong va hai dai chin. Dij thong
cla mach loc ndi tiép 1A vilng tan s¢ & diy cdc dai thong cita hai mach loc
thanh phan chéng phir 1én nhau. N6 khéc di dai chan clia mach loc néi tiép
dugc tao thanh tir ba mién tin s6 khdc nhaw. Trong ba viing tin s niy thi c6
hai viing tin s6 dai thong ciia mach loc nay tring khit véi dii chan cia mach
loc kia, trong khi viing tdn s6 thit ba thi ca hai dai chédn chong phi lén nhau,
Ket qua, dap dang bicn do cia mach loc néi 1i€p frong ba mién clua dai chan
la khong bang nhau, dac trung cho sy suy giam cta dai chin khong dong

déu.
ta ’_. G, (z)
y —| H, (z) plla ta bl G @
x[n] 4‘_’ _\ yin)

—— W@ plls -t WG o LS

F

i H[] (z) l4

1 He Py b—lts G g

Hinh 4.9. Cau tric tyong duong cua dan loe ciy 4-kénh cua hinh 4.8,

© 4.7.2. Dan loc ¢6 do rong dai thong khéng déu nhau
Thuat todn phan tich da phan giai

Bay gid ta dp dung thuat todn da phin gidi cho mach loc phan tich
QMF 2-kénh nhu trén hinh 4.10. Trén hinh ve€ ta thiy thdy nhanh trén cung
cua dan loc duge tich thanh doi theo cdp thong thap/thong cao H,(z) va
H,{2) nhu vay thu dugc dan loc phin tich ba mic. Néu trong dan loc tong
hop ta cling dp dung thuat todn phan tich tuong ty thi thu duoe dan loc QMF
ba mitc 4- kénh nhu (rén hinh 4.10b. Biéu dién tuong duong cua dan loc ny
cho trén hinh 4.10c.
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Yﬁ[n]
H () | 2 F—»

h d

v,[n]
o Hiz) —{| 2 o Hy@) (4 2 —
y.[n]
o Hiiz) 14 2 H— Hy@ [ 2 >
Yoln]
Hy@) | 2 .
M | Miic 2 | Miic 3
a)
sin]
U o
[n] ' _}
R P IR P w2 = G@
y,[n] "T .
vt bl Gy sl 2 |+ Gu@)
Yoln] , .
vt 2 | Gu@)
Miic 3 Mikc 2 Mike |
b)
v;in]
—| Ha{2) > l 8 » 18 — G,(2) >
. v,[n]
» H,(z) > l8 » TS —| G,(2) >
v,[n]
| Hi(z) [— |4 {14 LG @
x[n] vyln} | X[n]
> »— Hy(2) l2 - T2 v G (2) > >

c)

Hinh 4.10. a) Dan loc phan tich cay QMF 3-mmic 4-kénh; b} Dan loc tdng hap ciy
QMF 3-mitc 4-kénh; c) Céu tric tuong duong cia dan loc cay QMF 4-kénh.
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Céc mach loc trong dan loc twong duong lién hé véi céc mach loc cla
dan loc phan tich va téng hop theo cdc hé thirc sau:

H(z) = H, (2)H, (z"H, (z),
H,(2) = H,(z)H, (z")H,,(z").
Ho(z) = H(2)H,(2),

H,(z) = Hy(2)

Go(2) = G (2)G(2)G, (2"},
G,(z) = G (2)G ()G, (2,
G.(2) = G (2)G,(Z)),
G4(z) = Gy (2).
(4.41)

Bép ing bien do tiéu biéu ctia cdc mach foc phan tich va tong hop ciia
dan loc cau QMF 3 mic 4-kénh cho trén hinh 4.1 1.

H, va G,
/ H,va G, HvaG, H,va G,
J | | ! >
0 n/8 /4 /2 T ®

Hinh 4.11. Ddp dng bién do ticu bidu cila cic mach loc phan tich va
tong hop trong dan loc cay QMF 3-mic 4-keénh.

Céc (in hiéu I6i ra cua cdc mach loc téng hop v,[n] duge goi 1 cic
thanh phin da phan giai. Chiang han, tin hiéu v,[n] bidu thi thanh phén tan s6
thdp cua tin hiéu 16i vao x[n]. Can luu ¥ ring cdc (thanh phan da phan gidi c6
cung toc dd méu nhu x[n]. Tin hiéu v,[n] 1 thanh phan thong dai clia x[n].
C6 nghia 12 néu dan loc 12 hodn héo thi tin hi¢u 16i ra khoi dan loc X[n]
dting bing tin hiéu i6i vao ciia dan loc x[n].

Vi d6 rong dai thong cia cdc mach loc phan tich va tong hop khong
bing nhau, nén cau (ric nay thuoc loai dan loc khéng ddng déu c6 thé dugc
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phit sinh tir dan loc me QMF 2-kénh dong nhat. Cic dan loc QMF khong,
dong nhit ndy thuong dugc sir dung trong xu 1y ti€ng ndi va trong nén va mi
hda hinh anh,

Hinh 4.12 1a ddp tmg bién 4o va 161 thiét k& clia dan loc cay 4 mic

Lai
T o

0.03

0.06

0.04

0.0zt

Bien do, dB

-0.02 |-

-0.04

-0.06

-0.08

Hinh 4.12. Bip dng bign d& cia 4 mach loc phin tich vi 18i thi¢t k&
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PHAN HAI

MACH LOQC THICH NGHI

Chuong 5
MACH LOC TUYEN TiNH TOI UU

5.1. DPAT VAN pE

Thuat ngir loc dung dé chi (at ca cic heé thong ¢6 khi ning khoi phuc
lai dang caa cdc thanh phdn tdn s6 cia tin hiéu 161 vio dé tao ra tin hiéu 16i
ra thoa man cdc yéu ciu mong muén. Vi vay mach loc (hay néi chung la cic
he thong) c6 thé tuyén tinh hoic phi tuyén. O day ta chi xét cic mach loc
tuy€n tinh; te 14 nhitng mach loc ma cdc tinh chat ci ching tuan theo
nguyén ly chong chat. Gidn dé khdi cira mach loc nhu vay cho trén hinh 1.2,
Trong so do nay, tin hiéu 16i vio [3 mot day thdi gian- roi rac wn], mach loc
duge ddc trung boi ddp dng xung h{n] con tin hicu 16i ra o thisi didm 1 (&
mot day y[n]. Loi ra nay duge st dung dé xdc dinh mot ddp Ung mong mudn
dfn]. Trong trudng hgp mach loc thich nghi, cdc hé¢ s6 cua mach loc phii
duge chon lua sao cho day tin hiéu mong mudn cé dang phit hop nhat véi tin
hieu [6i vito, Dicu nay c6 thé duoe thuc hién néu diy tin hiéu sai s6 e[n) hoi
tu vé khong nhanh nhit. D& lam duge diéu nay ta phdi t6i vu hda mot ham
sui 56" duge xdc dinh theo phuong phidp théng ké hoiac theo phuong phap
quyét dinh. D6i v6i phuong phap thong ke, thi ham sai s6 duge sir dung [a
g1d tri toan phuong trung binh cia tin higu sai s6 c[n]. Néu tin hiéu vio v
tin hi¢u mong muén 1a nhitng tin hiéu dimg, thi vi¢c cuc tiéu hda sai s6 toan
phuong trung binh dua dén mot mach loc rit ndi ting d6 1a mach loc
Wiener, duge goi 14 (8i uu theo nghia toin phuong trung binh. Hau hét cac
thuat todn thich nghi 1a ip dung cho céc loai mach loc Wiener, Trong
phuong phdp quyét dinh, cich chon ham sai 6 1a MmOt 16ng trong 6 ciiu tin
hidu sai s6 toan phuong. Viec cue tiéu héa ham nay dan dén moét mach loc
to1 wu déi véi day dir licu di cho.

Nhu vay mach loe dudc thiét ké hoac bing cic cong thic thong ké
hodc bang cdc cong thite xdc dinh. Trong cdc thiét k& xédc dinh, can phai tinh
todn mot s6 dai lugng trung binh khi sir dung day dit liéu di cho ma mach
loc can x&r 1y, N6i cich khic., de thict ke duge mach loc Wiener cén phai bict
trude cde tinh chat thong ké cla céc tin hiéu co so. Trong trutrag hop ndy
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cdc day tin hidu cu s thuong duge gid thiét 14 ergodic, ¢6 nghia l1a tin hi¢u
dimg va trung binh thco thoi gian bang trung binh théng ké.

Tin hiéu mong muén

dln}
Tin hiéu vao Mach loc 5
x[n} thol gian-roi rac
- tuyén tinh — L
Wnj=w,w, w,,... Tin hiéu sai s0
‘ eln]

Hinh 5.1. Gian d6 khoi cha bai todn loc thong ke.

Mic du phép do truc 1iép cic gia tri trung binh cla tin hiéu c6 thé dugc
thuc hién dé thu dwoc nhitg thong tin can thiét cho viée thict k& mach loc
Wiener hoic cdc mach loc t8i wu, nhung trong nhiéu ting dung thuc t€, cic
gid tri trung binh cuaa tin hiéu lai duge sir dung theo cach dan tiép, trong do
sai 86 161 ra clia mach loc twong quan v8i cdc mau cua tin hiéu vao clia mach
loc theo mot s6 cich via st dung két quil clia phuong trinh dé quy dé diéu
chinh cdc hé s cla mach loc theo kicu lap. Gidi bai todn mach loc thich
nghi theo kiéu lap cé rit nhiéu vu didm:

Khi tinh todn trirc ti€p cdc gid tri trung binh va img dung chiing d¢€ tinh
cdc hé sO clia mach loc yéu cdu phai tich lily mot lugng 16n cac méau tin hiéu.
Thé nhung, néu tinh todn bang phuong phép lap lai khong ddi hoi phai tich
10y cdc mau tin hiéu; Do d6 #iét kiém diroe lugng lon cde b nhé.

Nghiém lap khong dua thém vao do tré cho tin hiéu 16i ra cua mach
loc.

St dung phuong phdp lap ¢6 thé dua dén cdc 161 giai thich nghi ¢6 kha
nang tu hiéu chinh. C6 nghid [a néu cdc tinh chat thong ké cua tin hiéu thay
ddi dai véi thdi gian, thi nhd nghiém lap, cdc hé s6 cha mach loc ¢6 thé ty
diéu chinh dé thich nghi v6i cac tinh chit thdng ké mdi.

Nghiém lap, ndi chung rit dugc va chudng vi né dé mi hda trong phin
mém va dé thyc thi trong phan ciing hon cdc nghiém khéng-1ap.

5.2. CAU TRUC CUA CAC MACH LOC THICH NGHI

Ciu tric thuong duge sir dung trong mach loc thich nghi la ciu tric
ngang mo 1a trén hinh 5.2. & day, mach loc thich nghi c6 mot 161 vio x[n} va
mot 161 ra 1 y|n]. Day d[n] 12 tin hi¢u mong mudn cua day 16i vao, x[n].
Phuong trinh sai phin mo ta quan hé giita [61 vao va 61 ra cua mach loc cho
hai:
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MN-t
ylnl = > w,[nlx{n-k] ' (5.1)

k=01
trong do: w,[n] 12 tip trong s6 (cic hé $6) va N 1a chiéu dai cla mach loc.

Tin hiéu 16i vao x[n—k} véi k=0,1,2, .., N-1, 13 tdp tin hiéu 16t vao.
Tép trong 6 w,[n] c6 thé thay ddi d6i véi thai gian va duoc didu khién bing
thudt toan thich nghi.

Trong mot s6 dp dung, cdc méu 16i vio khong chita ciac méu tré, Khi
d6 cau tric clia mach loc thich nghi ¢6 dang nhu trén hinh 5.3. So dé nay
duge goi 14 o hop tuyén tinh bdi vi 16 ra cia né 1 mot 16 hop tuyén tinh ciia
cde tin hiéu thu dugc khac nhau tai cic tap 161 vio ciia né:

N
yln]= Zwk['njxk[n] (5.2)
k=t
x[n] X — x[n-1] — -
zZ . Z — z X[n-N+1]
Wn[“] WJ[I]] ]
4(n]
N Wi w[n]
L
o+ e
yln]j
» Thuat todn thich nghi — 1 e
e[n] + d[n]

Hinh 5.2. Cau triic ciia mot mach loc ngang thich nghi.

Diéu d6 cho thdy ¢ tric 5 hop tuyén tinh tong quat hon cdu tric
ngang.

Cau tric cua cdc hinh 5.2, va 5.3 a cdu tric khong d¢ qui, ¢é nghia 12
viCe tinh 10dn cdc mau 161 ra.¢ thdi diém hién tai khong lien quan dén cdc
mau [6i ra trude dé. Do dé trong so d6 dong tin hicu «& khong ¢é mach phan
hoi. Vi vay cdc mach loc thich nghi cho trén hinh 5.2 va 5.3 (3 nhitng mach
loc FIR, c6 dap tng xung chiéu dai hiru han gém N miu. Mach loc thich
nghi ¢4 50 dd cdu trdc cho trén hinh 5.4 lai ¢6 dép ing xung 6 chiéu dai vo
han (1IR). Mach loc nay dugc bicu dién bang phuong trinh sai phin dé qui
nhu sau:



N N I.
yln}= > b, [nlxin—k]-> a, [nly[n k] (5.3)
k=0 k=t

Xy[n] x,[n]

w,[n] w[n]

—~() X

L
—’.

Thuat toan thich nghi

(D)
ela]”  + din]
Hinh 5.3. Céu tric cila mot t3 hop tuyén tinh thich nghi.
by[n]
x[n} l y[n
DD

b,[n]

)

¥

Z'l b_\u[n] aN_l[n] Z‘l

Hinh 5.4. Ciu tric cGa mach loc thich nghi [IR.
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O day bn] va aln] la cdc tdp trong s6 cla mach nuédi trude
(feedforward) va ciia mach phan héi. Vi viec diéu chinh céc h¢ 0 cta mach
loc TIR thich nghi khd hon rat nhiéu mach loc FIR nén cdc mach loc thich
nghi IIR it gap trong thyc 1&. Ngoai ra, cdc mach loc thich nghi [IR rit khé
6n dinh, Tuy nhién ham sai 56 ciia sai s6 toan phuong trung binh ciia mach
loc nay lai thudng c6 rdt nhiéu diém cyc tidu dia phuong. Bicéu nay dan dén
tinh hoi w cda clia mach loc tai cdc diém cue tiéu dia phuong chir khong
phai & cuc tiéu t6ng quét ciia him sai s6. Chinh vi cic ly do trén mi trong
thue t€, cdc mach loc thich nghi duge sir dung trong nhiéu trudmg hop thuc
t€, trong khi cic mach loc IR thich nghi chi dugc st dung trong cédc trudng
hop dic biét. Ngoai hai cdu triic trén, trong mot s6 truong hop, ngudi ta con
sit dung cde cdu tric mét cdo. Néi chung cau tric mit cdo phic tap hon ciu
triic FIR hay IIR, tuy nhién, trong mot s¢ ing dung ching lai thé hién nhiéu
uu diém so véi cdc cdu tric tryc tiép ching han nhu trong tién dodn tuyén
tirth xir Iy tiéng néi.

Céc loai mach loc mé ta trén 14 cde mach loc tuy€n tinh vi cdc méiu 16i
ra cua chiing 12 16 hop tuyén tinh cita cic mau 167 vio va cdc miu 181 ra trude
d6. Trong mét s6 dng dung, ngudi ta con sir dung cdc mach foc thich nghi
phi tuyén. Doi véi cdc loai mach loc thich nghi phi tuyén can cdc théng ké
bac cao hon bai vi tin hitu mong mudn can tach ra lai bi lan trong céc qua
trinh thong ke khong phai dang gausien. C6 hai loai mach loc thich nghi phi
tuy€n co ban. D6 1A cde mach loc thich nghi phi tuyén dua trén chudi
Volterra vi mang neural. Gido trinh nay khong dé cap dén mach loc thich
nghi phi tuyén. Ban doc nio quan tam dén vin dé ndy xin tham khéo sich
cua S. Haykin™!,

5.3, MACH LOQC WIENER FIR

3.3.L. Truiong hop cac hé s gia tri thue

Xét mach loc ¢6 5o d6 cho trén hinh 5.2. trong dé x[n] 3 16i vio cia
mach loc, d[n] 14 16i ra mong muén duge gia thiét 1a mot qua trinh dimg gid
tri thye. tap trong s6 clia mach loc la Wy, Wy, ..., Wy cling 1A gid tri thue. Ta
bicu dién diy 16i viio va tdp trong s6 clia mach loc 13 nhitg véc to:

W= [w, w,..owy, ] (5.4)
vi
x[n] = {x[n] x[n-1]. .. x[n-N+1]}" ' (5.5)

Ky hiéu T 12 ma tran chuyén vj.
Khi d6 16i ra ctia mach loc s 1a:
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N-I]
y(n]= D w,x[n-k]=wX[n] (5.6)
k=0

Hodc ciing c6 thé viét:
y[n]=x'[nlw (5.7)

Vi w'x[n] 12 mot vo hudng nén bing chuyén vi clla nd, tic 1a w'x[n} =
(w'x[nDT = x"[nlw. Do dé ta cé thé viét:

e[n] =d[n] - y[n] =d[n] - w'x[n] =d[n] - x"[n]w (5.8)

Péi vdi mach loc Wiener, ham hi¢u namg duge lua chon 14 sai s6 toan
phuong trung binh:

£ = E[le[n]?] (5.9)

Trong dé ky hiéu E[.] 1a k¥ vong théng ké. Trong trudng hap nay, ham
phi 16n & cung dugc gol la tieu chuin sai 6 toan phuong trung binh. Thay
{5.8) vao (5.9) ta thu dugc:

£ = E[(din] - w'x[n])(d[n]}- x'[n]w)] - (5.10)

Khai trién (5.10) vd chi ¥ w c6 thé dua ra ngoai toan tir E[.] vi né
khong phai 1a bién sd thong ke, ta thu duge:

£ = E{d*[n] - w'E[x[n]d[n]]- E[d[n]x"(n]jw + w'Elx[n]x"[n}]w (5.{1)
Bay gi néu ta dinh nghia vée to tuong quan chéo bac Nx1:

p = Elx[n]d[n]] = [po py Ps - Pes 1" (5.12)

va ma (ran fy trong quan:

Ton Ty Too R X ) N
Iig T Ii» LI N
Iy Iy ;- - < TDang
R = E[x[n]x'[n]} = . . . . . (5.13)
a0 TNag Iz e e o TN

~ va chii ¥ rang E[d[n]x"[n]] = p', v2 w'p = p'w, ta s& thu dugc:
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& =E[d*[n]] - 2 wp + w'Rw (5.14)

Dé thu duge day tap trong s6 tng v6i ham phi t6n & ¢6 gid tri cyc tidu,
ta cin phdi gidi hé¢ phirong trinh duoc tao thanh rir dao him bac nhat ciia &
doi v6i moi tdp trong s6 w, bing khong, tic la:

g
ow;

=0, voii=0,1,2, .. N-1 (5.15)

Cdc phuong trinh trén c6 thé viét dusi dang ma tran;
VE=0 | (5.16)

o day V 1a todn tir vi phan duge xdc dinh nhu mot véc to cot

1
v=( 2 9 3 (5.17)
owy owl dwy

D€ tim cdc dao ham ricng cua & d6i véi cdc tip trong s6 w, cua mach
loc, trude het phai Khai trién he thitc (5.14) thanh dang tudng minh:

' N-1 N-IN—i
2
E=Ed-23 pyw, + 3 Y w,ow, . (518)
k=0 k=0m=0)
Téng kép trong (5.18) c6 thé khai trién dudi dang:
N-IN-I N-IN-| N-I : N-i R
Z ZWkaI‘km :Z Zwkwmr}(m + Wi Zwkrki + Wi Zwmrkm + Wiurki
kK=0m=0 k=0m=0 k=0 m={(
kK£1 m=i k£ m=k

(5.19)

Thay (5.19) vao (5.18), sau d6 1dy dao ham ri€ng phan cha & theo w, v
thay thé m cho k ta duge:

aé N-I _
__—:"'zpl + ZWk(I‘kl +r]k), V(ffi I=O, 1,2,. ey N‘l. (5.20)
L:}"Mi k=0

Trong trudng hop nay, ta thay:
r; = E[x[n-k]x[n-i1} = ®, [i-k] (5.21)

aday @ li-k] 1a ham ty tuong quan caa x[n].
Tuong r:
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r, = @, [k-1] : (5.22)

Do tinh chat déi xing clda ham tr tuong quan @, [k] = &, [k], ta thu
duoc:

Mg = T (5.23)

Thay (5.23) vao phuong trinh (5.20) ta duoc:
CF’j N-1
==2p; +2) rew), v6i i=0,1,2,. ., N-1. (524
ow )

Phuong trinh trén ¢6 thé biéu dién dudi dang ma tran:
VE=2Rw-2p (5.25)

bat V& =0 ta s€ thu dugc phuong trinh t6i un hda tap trong s6 cla
mach loc Wiener :

Rw,= p (5.26)
Day la phuong trinh Wiener- Hopf d6i véi véc to trong sé 161 uu w,;:
=R'p (5.27)

Thay gia tri w, vlta tim duge tir phuong trinh Wiener - Hopf va
Rw, = p vao phuong trinh (5.14) ta sé tim duge gia tri cuc tiéu clia ham phi
ton &:

E‘Jmin = E[dl[n] ] - on P
= E[d’[n]] - w,'Rw, (5.28)

D6 1a sai s6 cue tiéu ma mach loc Wiener FIR W(z) ¢6 thé dat dugc
khi tdp trong s& clia né 12 nghiém cla phuong trinh Wiener - Hopt; C6 nghia
I nghiem i wu (5.27).

5.3.2, Trudmg hop hé s6 gia tri phirc

Trong thuc t€ thong tin s0, ta thudng gap cdc qud trinh nglu nhién cé
gia tri phic. Chang han nhu trong truyén din sé liéu ngudi thudng diing k¥
thuét diéu ché PSK hoac QAM, & diy céc tin hiéu dai co s6 duge tich thanh
hai thanh phan thuc va do clia mét tin hiéu phae. Khi thuc thi céc mach loc
thich nghi trén linh vuc tan s6 hay cdc dan loc thich nghi biang con thi lai
lam viée vdi cdc tin hiéu phitc mic du tin hiéu goc ¢6 thé la thue. Dai vai
cdc tin hiéu phte, phuong trinh Wiener gilt nguyén dang nhu ¢oi véi tin hiéu
thuc nghia la:
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Rw,=p (5.29)

" 3dayR = E[x[n]x"{n]] va p = E[x[n]d"[n]] véi ky hieu H 1a chuyén vi lién
hop phitc hoac Hermitic va * 12 lien hop phire.

Gid trt cyc ti€u cia ham phi tén giong nhu d6i véi trutng hop hé so
thuec: ‘

Euwin = E[d°[n] 1-w M p
= E[d*{n]] - w 'Rw, (5.30)

Vi du 5.1. Xét bai todn mo hinh héa hay con goi Ia nhan dang hé
théng nhur trén hinh 5.5.

v[n]
2+3Z_[ —+{
plant d[n]
+
x[n] W) y[n] , R
e[n]
Mo hinh

(Mach loc Wiener)

Hinh 5.5. Mo hinh h6a h¢ théng bing mach loc Wiener,

Trong bai todn trén, plant 12 mot hé théng hai tap c6 nhiém tap am v{n)
¢ 16i ra. Mach loc Wiener ciing 1 mach loc 2 tdp w,, va w, dugc sir dung dé
nhén dang cdc thong s6 ciia plant. Ca mach loc Wiener Hn plant déu chung
51 vao x[n]. D6 12 qué trinh ngu nhién tring, dimg c6 phuong sai bang don
vi. Tap 4am cong thém v{n] ¢6 gi4 tri trung binh bang khong vi phuong sai
o’y = 0,1 va khong tuong quan véi x[n]. Bay git ta phai tinh cdc gid tri cla
w, va w, dé E{e’[n}} c6 gid tri cye tidu.

Trude hét phii tinh cdc ma tran R va p dé thu dugc céc gid tri t6i vu
cha w,, va w, 161 vu héa E{e*[n] }. Trong trudng hop nay thi:

ro| ERMm Exmin- 2{1 0} 531
E{x[n—]]x[n]} E_{xz[n—l]} 0 1
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\Vi x[n] 1a trang nén E{x[n}x[n-1]} = E{x[n-1]x[n]} = 0, con phuong
sai bang 1 ¢é nghia 1a E{x’[n] } = E[x*[n-11} = 1.

Ngoai ra ¢in luu ¥ ring:
d(n) = 2x[n] + 3x[n-1] + v[n]
Do vay:

oo { E{x[n]d[n}} }

E {x[n - 1]d[n]}

_ {EE{x[n](ZX[n]Jr?’X[n_ 1]+ vinD)} } (5.32)

{x[n —t12x(n]+ 3x[n 1]+ v[a])}
Sau khi khai trién biéu thitc dudi ddu k¥ vong todn v luu y ring :
E{x’[n]} = E{x’[0-1]} = 1
va

E{x[n]x[n-1]} = E{x[n]v[n]} = E{x[n-1]v{n]} =0,

= X : (5.33)
P = 3

Tuong tu ta thu duge:

ta thu dugc:

E{d'[nl} = E{(2x[n]+3x[n-1]+v[n])}*}
=4E{x*[n]} + 9E{x*[n-1]}+ c%, = 13,1 (5.34)
Thay céc gid tri vira tinh dugc vao (1.14) ta tim dwge ham phi t6n &:
£=13,1 - dw, - 6w, + Wi + w2 (5.35)
Day A mot parz.ibol tron xoay trong khong gian ba chiéu &, w, va w,.

Hinh 5.6 v& parabol nay. Ta cé thé kiém tra thiy ring tdp trong s6 t0i uu cla
mach loc Wiener duge cho bai (5.27) d6i véi vi du nay tim duge:

woo | [1 0][2] [2
wo, | [0 1] [3] {3
Tir d6 tim duge gid tri cuc tiéu clia ham phi tén &;
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2
' E':tmin = 1311 - [2 3]':3J =Oal

R& rang cdc gid tri nay tring véi diém cie tidu caa parabol tron xoay -

E=0.1+(w,- 2y + (w, - 3§

nhir vé trén hinh 5.6,

 Truc &

F

Hinh 5.6. Mat phi t6n cha bai todn nhdn dang hé théng.

5.4.NGUYEN LY TRUC GIAO

Trong phan ndy chiing ta s& trinh bay mot phuong phap khac dé thist
k€ cic mach loc Wiener. Phuong phéap nay ciing 12 hé qud cla nhimg phén
trude va 1a mot phien ban duge don gian héa, nhung lai tam sdng 16 hon khai
niém vé mach loc Wiener,

Nhu da biét, bai todn mach loc Wiener bit nguén tir ham phi tén hay
cOn goi la ham phi tén (cost function):
€ =E{e’[n]}

Lay dao ham theo w, ; i = 0, 1,2, ..., N-1, va sau khi trao ddi thit tur
toan tir ky vong todn E{.} cho tosn tir dao ham ta dugc:

% g 2e[n L i i=0,1, .. NI (5.36)
ow ow.

i i
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o day: efn] =d[n] - y[n].
Vid[n] ddc lap v&i 1dp trong sd, nén ta thu dugc:

56[“] E)y[n]
ow, ow

—x[n—i] - (5.37)

i

& day ta da st dung y[n] = w'x{n] tir (5.6). Thay (5.37) vao (5.36) ta thu
duoc:

% = 2E{e[n]x[n—i]}, véi i=0,1,2,.., N-I (5.38)

Ta da bhiét, néu tap trong s6 cia mach loc Wiener ¢ gia tri t6i wu thi
ham gid (11 sai $6 xdc dinh e[n] s& khong tuong quan véi day tin hiéu 16i vao
cua mach loc. Lic dé dao ham cla him phi t6n d6i vdi tdp trong s6 cla
mach loc s& bing khong. Do vay, ta thu dugc:

E{e,[nix[n-il} =0v6ii=0,1,2, .., N-I (5.39)

trong dé: e,[n] la sai s& xdc dinh khi tdp trong sé cia mach loc dat gid tri t6i
ru. Py 1a ndi dung cia nguyén Iy true giao.

Nguyén 1y truc giao 1a két qua hét sirc tinh iy ciia 1y thuyét mach loc
Wiener thudng xuyén duoc sir dung dé dua ra mot cach don gian nhimg két
qua ma khong mot phuong phap nio ¢é thé 1am duge nhu vay.

Do két qua tat y&u chia nguyén [§ truc giao, ta suy-ra ring day 16i ra
clia mach loc ciing khong twong quan véi ddy sai s8 xdc dinh khi tdp trong
s0 cua mach loc dat gid tri t6i vu. Nghia la:

M=
Efey[nfy,[nj} = E{ci,[n]zwmx[n - 1]}

i=0

ri Wi {:} [n]x[n 1]} ' (5.40)

o day y,[n] la ddy 61 ra cha mach loc Wiener khi tdp trong s6 dat téi gid tri
o1 wu,

Thay (5.39) vao (5.40), ta thu dugc:
Ef{e nly,[n]} =0 ' (5.41)

Nhut vay diy 10i ra cia mach loc Wicner t6i uu va day sai s6 xdc dinh
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tryc giao véi nhau.

Danh tir truc giao thuong duge sir dung dé chi mot cap bién s0 ngiu
nhién khong tuong quan véi nhau. N6 bi nguon tir thuc 1€ 1a: cde bién s6
ngdu nhién véi moment thit hai hitu han tao nén mét khong gian tuyén tinh
cdc tich noi. Tich noi trong khong gian nay dugc dinh nghia 1a su tuong
quan gilfa cdc phan tu cba né. Pac biét, néu x vi y la hai phan tir cua khong
gian tuyén tfnh cila cdc bien s¢ ngdu nhién, thi tich noi coa x va y dugc dinh
nghia 12 E{xy}, khi x va y gid tri thue hoic tong qudt hon E{xy"} khi x va
y gid tri phite. Hoan toan gidng nhu trong khong gian Euclid véi cdc phan
la nhimg véc-to, cde khdi niém tuc giao, phép chi€u khong gian con cung c6
thé dugc dinh nghia cho khong gian cdc bién s6 ngiu nhien.

Nho tinh chét truc giao trong khong glan cdc bi€n s6 ngiu nhién, ta
tim duge mét dang bidu din khac clia phuong trinh Wiener-Hopf xuat phit
tir cue tiéu héa sai s6 todn phuong trung binh:

ey[n]=d[n]- Ewﬂ‘ix[n ~i] (5.42)

=i}

Trong do w,; 12 cdc gid tri cha tap trong s6 t61 wu cla mach loc

Wiener. Thay (5.42) vao hé thige tryc giao (5.39) va sau khi sdp x&p lai ta thu
duac:

NIE{ x[n—k]}w [,k=E{d[an[n—i]},v6ii=0,1,2,...,N—l (5.43)

k=l

Nhung E{x[n-i]x[n-k}} = r, vd E{d[n]x[n-i]} = P, nén (1.43) duge
viét lai dudi dang:

N-I

D fWox =P, V6ii=0,1,2,., N-1 (5.44)
k=0

Day chinh la dang khai trién ctia phirong trinh (5.26).

Vi cich biéu dién nay ‘thi gid tri cla ham phi t6n cuc tidu tim duoe
dudi dang:

Emin = E{ey’[n])

= E{e,[n] (d[n] - y[n])}

= Efe)[n]d[n]} - E{e,[n] yy[n]} _
Efe,[n]d[n] ) (5.45)
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¢ day ta da sir dung h¢ thic truc giao giita e,[n] va y,[n].
Thay gia tri eg[n] tir (5.42) vio (5.46) thu duoc:

<cmn'm = E{(d[nj - EW{}JX[“ - J]Jd[n]} =

i=0

= E[d’[n}} - Zme{d[n] [n—i}} =

i=(

E{d’[n]} - ZWOlpl (5.46)

Day chinh 12 biéu thitc khai trién ctia (5.28).

5.5. CAC MACH LOC WIENER KHONG G101 HAN

Trong phan nay ta s& xét trudng hgp tép trong s6 clia mach loc Wicner
kéo dai 161 vo cung, nghia la chiéu dai cha dédp img xung cia né khong bi
gi6i han. Trong trudng hop d6 thi ham phi tén & vi ham truyén 16i uu ctia he
thong s& ¢6 dang nhu thé nao.

Xét mach loc Wiener nhu trén hinh 5.7. Trong dé ham truyén W(z)
clia mach loc ¢6 thé khong nhan qua va 12 1IR. Dé don gian tinh todn ta ciing
x€t truong hop tin hiéu va cdc thong s6 cia hé théng ¢6 gid tri thuc sau d6
chuyén sang gid tri phic. Néu 14y bién s§ phiic z trén vong tron don vi, tic 12
lz} = T thi ¢6 nghia la z = z"' va néu cdc hé s6 cha ham truyén W(z) la thuc
thi W'(1/2") = W(z") d6i v6i moi gid tri 2 va W(z') = W'(z) khi Izl = 1.

d[n}
+
x{n] ' e[n]
L wy=N2 ylol )
D(z) _

Hinh 5.7. Gian d6 khéi cila mach loc Wiener khang han ché.
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3.5.1. Ham phi tén tong quat

Po1 véi mach loc Wiener thi ham phi tén 12 saj s6 toan phuong trung
binh:

& = E{e’[n]}
Nhung e[n] =d[n] - y[n] nen
& = E{d’[n]} + E{y’[n]} - 2E{y[n]d[n]}
Hay:
5= Dy + D (0) - 20, (0) (5.47)
trong dé @,,(0) va @, (o) 1a cac ham tu (Uong quan va tuong quan chéo.
Thay hai s6 hang sau cla (5.47) bing bién ddi -z nguae cua ching, ta
thu duoe:
. | dz 2 dz
&= D0 + z—mi‘%(z’?“z—m‘i“’w(”? (5.48)
Theo so d6 trén thi x[n] va y[n] lién hé v6i nhau, nén doi véi d[n] bat
k¥ ta ludn cé:
,(2) = WD, (2)
Do vay khi z duge lua chon ndm trén vong tron don vi thi:
D (2) = IW(2)’ D, (z)
Nhu di néi W(z) 1a ham truyén véi cic hé so thuc nén W)l =
W(Z)W'(z) va W'(2) = W(z"). Khi d6 (5.48) dugc viét lai dudi dang:
] = dz
E=d,0) + —CL W ()0, (2)-20 (2)W(2)—=  (5.49)
27j z

Vong ldy tich phan C 1a vdng trdn don vi,

Ham sai s0'(549) la dang 1dng qudt dé tink ham phi 16n ciia mot
mach loc Wiener voi ham truyén W(zj bat k3. N6 ¢6 thé FIR hay HR, nhdn
qua hodc khong nhan qud. Néu mach lgc [a FIR thi ta ham phi tén £ (5.49)
$€ €O dang diing nhu (5.18). Bay gid ta xét trudng hop khi W(z) 12 ham
truyén I1Rx

Vidu 5.2, Nhan dang hé théng bang mach loc Wiener IIR.
Gia s ta cdn nhan dang mot plant ¢6 ham truyén G(z) bing h¢ thong
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IIR bac nhat nhu trén hinh 5.8.

v[n]
plant
o G(7)
x[n] w2 yin]
» W(Z}: = >
l-w,z

Mach loc Wiener

Hinh 5.8. Nhin dang hé théng nhérmach loc Wiener (IR,

Gia st day 161 vao x|n] la qud trinh ngdu nhién tring ¢6 trung binh
bang khong va phuong sai bing don vi va khong tuong quan véi tap am cong
thém v(n]. Dié¢u d6 c6 nghla la:

O (=1 va O (2)=0 (5.50)
& day can luu y rang d[n] 12 6 ra cia plant ¢6 1an tap 4m v[n] khi duogc kich
thich tin hiéu x|n] & 16i vao.

Nhu vay diap tng coa plant G(z) déi véi qua trinh ngdu nhién x[n] & 16i
vao s¢ la:

D (2)=Gz") D (2) (5.51)

Thay cdc gid tri vira tim dugc vao (5.49) ta thu duge ham phi ton &;

I
iG(z")E
z

é—(D (0)+ l ({I—W”Zm] E*—W“Zd_z_ 2 il"‘WUZ_
- Jd

2nj Y l-w,iz' 1-wiz 2z 2mfl-w,z

Sir dung dinh 1y s6 du tinh cdc tich phan vong & trén va gia thiét G(z'")
khong ¢6 diém cuc & bén trong vong trdn don vi, ta thu duoge:

0

E=d,0) + 1

W, ]—W|2 W w w

W l —w. w W W
0 0y _2|:
1 !

JL‘_G(W;').{_ﬁG(m{l

Day 1a ham phi ién cla mach loc Wiener IIR. Két qua cho thdy, mic
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du ta chon vi du rat don gidn nhung ham phi t6n cling rat phirc tap. Trudng
hop mach loc ¢6 ham truyén W(z) bac cao thi con phirc tap hon, do do ciing
rdt kho dé van dung dugc né. Ngoii ra doi véi truing hop nay cé thé xuat
hi¢n nhic¢u cye tiéu dia phrong do vay viéc fim cuc tidu chinh tong thé cia
ham phi 16n & [a nhiém vu hét sitc phic tap. Vi ly do d6 nén trong thuc t&
thuong gap mach loc ngang FIR hon 12 céc mach loc IIR.

5.5.2. Ham truyén t6i uu

Bay gid ta tim ham truyén t6i vu cho mach loc Wiener khong gidi han,
tic 1a khi ddp (ng xung trai dii dén vé cling.

Theo nguyén 1y truc giao, ta cé:
Efejnix[n-il} =0vsii=....-2,-1,0,1. 2. ..., (5.52)
trong d6 e,fn] 1i sai 56 xdc dinh 6i vu duge xdc dinh tir bidu thite:
e,[n] =d[n] - Zw‘,_kx[n—k] (5.53)
k= =«

o day w,, 1a cdc mau cla ddp tng xung mach loc Wiener da duoc 101 wu héa.
‘Thay (5.53) vao {5.52) ta duge:

iwn,k E{X{n—k}x[n—i]}:E{d[n]x[n—i]} (5.54)

k=-x

Nhung E{x[n-k]x[n-i]) = ®,(i-k) va E{d[n]x{n-i]} = d, (i), nén (5.54)
c6 thé duoc viét lai dudi dang:

> WP (- K) =@ (i), viii= . 2,10, 1.2 ... (559)
k=-=%

Phuong trinh (5.55) thoa man d6i v6i moi gid tri cla i, nén [dy bién doi
-7.ca hai v& ctia n6 ta duoce:

D (D)W,(2) = Oy (2) (5.56)

Phuong trinh nay chinh 18 phrong rink Wiener- Hopf dudgi dang bién
doi- = ciia mach loc Wiener khong han ché Tt dé fim &ioc bién doi - z clia
mach loc Wiener t61 vu W (z):

(Ddx(z)

W“(Z) = (I)XX(Z)

{5.57)
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vit dap Ung tan s6 ciua mach loc Wiener t6i wu ciing tim duoc:

D, (")

W{](c_im ) — :
D ()

(5.58)

Nhu vay, ddp img tan s6 ciia mach loc Wiener tai tin s6" w nao ddy
hang 47 s6 cua mat do phd cong sudt chéo giiva tin higu mong muén dinj va
tin hiéu [0i vao x[n] véi mdt dé phd cong sudt ctia tin hiéu 167 vao xfn] tai
tin s @ do.

Ta ¢6 thé bicu dién sai s¢ todn phuong trung binh cuc ticu cho bii todn
loc Wiener tong qudt bang cdch thay (5.57) vio (5.49). ta dugce:
| dz
ijin = (Dd(o) - ‘—“‘:iw[](Z)(D xid (Z)_ (5‘59)
2my z

G day, d6i vi trudng hop Izl = 1, ching ta di sir dung:
IWo(2) P = Wy(2)W,'(z)
bg, (2)

*

O, (2)

= W (2)

=W (?}M ' (5.60)
P ®_(2)

Vi trén vong tron don vi thi @, '(z) = @ (z) va @, (z) = P, (2).

Thay z =¢" vio (5.59) ta thu dugce

l i 10} Jo '
Eémin = (Ddd(o) - 5‘; IW{](CJ )(Dxd(ej )d(!.) (361)

5.6. CAC UNG DUNG CUA MACH LOC WIENER

Trong muc nay ta s&€ khao sdt ba ung dung dac biét cua mach loc
Wiener. D6 1a nhan dang hé thong, mo hinh héa nguge va dé khir nhiéu.

5.6.1. Nhan dang hé théng

So d6 khai cla hé théng nhan dang cho trén hinh 5.9. Hé (héng plant
¢ ham truyén G(z) cdn duge nhian dang bdi mach loc Wiener W(z). Tin hiéu
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161 vao cta plant 12 vfn] nhi&m tap am cong thém vi[n] duge sir dung nhu day
I6i vao cta mach loc Wiener. Diy tap am viln] ¢é thé do bign tir duoc sir
dung d¢ tac cdc miu cha I6i vao cha plant gay nén. Day I6i ra cua 161 ra ciia
plant d'[n] nhiém tap 4m bé sung v [n] d€ thanh d[n] dugc so sanh vai day
161 ra cia mach loc Wiener y[n). Hi¢u s6 gilia ching d[n] - y[n] la day sai 6
¢[n], con duge goi 12 sai 56 xdc dinh moé hink, Day sai s6 xdc dinh mo hinh
e[n] tdc dong vao thuat odn diéu khién thich nghi dé diéu chinh céc hé s6
clia mach loc thich nghi sao cho né dat dén gid (r1 td1 uu nhanh nhat; khi dé
sdl 8O & ¢6 gia tei cye tidu. Mach loc cung véi thuat todn diéu khién thich
nghi tao thanh hé théng loc thich nehi.

Thong thudng cdc day u[n], vi[n] va v,[n] la dimg, cé gid tri trung binh
bing khong va khong tirong quan véi nhau,

Theo so do (hi tin hi¢u 161 vio ctia mach loc Wiener li:
Xx[n] =ufn] + v{n) (5.62)
va tin hi¢u 16i ra mong muén Ia:
din] = g[n]*u[n] + v,[n] (5.63)

trong do g[n| la dédp tng xung don vi ciia hé thong cin nhan dang G(z), ky
hiéu * la nhan chap.

vul0]
ufn] Plant dong d'[n] l
ng <+)
G(z)
d[n]

Mach loc Wicner 'yln] + *

Wi(z)
Thuat todn diéu khién
thich nghi

¢[n]

I
1
1
1
1
1
1
b
3
I
I
I
I
i
1
1
1
1
1
1
1

Hinh 5.9. So 46 khai cua thiét bj nhan dang he thény.
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Dé thu duge ham truyén (67 wu cha mach loc Wiener, trude tién phai
tfim cdc ham mat d6 xdc sudt @, (z) va D, (2).

Ta thay:
&, (z) = E{x[n)x[n-k]}
= E{(u[n] + v[n])(u[n-k] + v,[n-k]}}
= E{uln]u[n-k]} + E{u[n]v,[n-k]}
+ E{vi[nu(n-k]} = E{v,[n]v.[n-k]} (5.64)

Viuln] va v[n] khong tuong quan vdi nhau, nén s6 hang thit hai va tha
ba trong bi€u thiic phia phai clia (5.64) bing khong, vi vay ta thu duoc:

(I)‘(\(k) uu(k) + ®\J\;(k) (5.65}
L4y bién doi- z ca hai phia (5.65) ta dugc:
D, () =D, (7} + D, ,(2) (5.66)

DE tim ®,(2) ta cin lru ¥ ring chi ¢6 uln] B chung cho x[n] va d[n]
va cac tin hiéu uln], vi[n| va v [n] khong twong quan véi nhau, nén

D (z) = D (2) (5.67)

trong do d'[n] la day I6i ra cta plant khi khong ¢ tap am cong them vy[n]. O
day

(Dd'u(z) G(Z)(Duu(7) (5.68)
Do dé:
(Ddx(z) = G(Z)(Duu(z) (569)

Thay cic ®,(z) va @y (z) vira tim duge tir (5.66) va (5.69) vio (5.57)
ta s& tim duoc ham truyén 161 wu:

q)uu(z)
(Duu( ) ®

W(2) = G(z) (5.70)

vivi )

Tir (5.70) ta thdy W(z) bang G(z) chi khi @, .(z) bing khong. Cé
nghia la v[n] bdng khong v6i moi gid tri n.

Thay 7.= € vio (5.70) ta tim dugc:
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(Duu (cj(!l)
(D uul (ejm ) + CD vivi (ejm )

W, () = G(e!) (5.71)

K&t qua nay cho thiy ddp img tdn 56" cia mach loc Wiener sé treng
hop vai ddp itng tdn 6 ciia plant tai tdn s6" w ndo déy phu thuée vao t 56
gifta mar do pho cong sudt ciia tin hidu trén tap dm @ () P, {e'). Sir

tilt v

rring hop tuyér doi s xdy ra khi 1 s6 ndy bdng vé (m:g ( m;h.ra la @, (e

'IJ'H

= 0). S sat khdc gifta hai dép iing 1dn s6'sé lon khi tf 56 nay gidm xuong.
Ta ¢6 thé dinh nghia:
o
D, (")

K(e") = - (5.72)
uu (eJ“ ) + (D vivi (eJm )

Vi cdc ham mat do pho cong sudt @, (") va @, (") 1a nhifng ham s6
thuc va khong am. nén K(c™) ciing 13 ham s6 thuc va khéng am va thdy dai
trong viing tir 0 dén 1. D€ trdnh gid (ri tim thudmg cho ti s6 (rén, ta gia thiét
rang vdi tat ca cdc gid tri clia o, cdc ham mat do phé cong sudt @, () va

®,..(e") khéng dong thoi bing khong, V6i dinh nghm méi, (5.71) duoc viét
duéi dang don gian hon:

W, (") = K(e™) G(e!™) (5.73)

Sai s6 toin phucng trung binh cha bai todn nhan dang hé théng thu
dugce khi thay (5.69) va (5.73) vao (5.61)

Gy’

ifJmin = (‘I)dd(o) T A IK(CJU )CD uL (e‘!(‘J ) dﬁ) (5?4)
2n -

Vid'[n] va vy{n] khong trong quan véi nhau nén :

(T)thl(o) = (D\-u\-u(o) + (Ddd(o) (5'75)

GeY’

S
O (0) = — [D,, (") do (5.76)
2
Thay (5.75) va (5.76) vio (5.74) ta dugc:

" do (5.77)

uu

G = Do)+ - [1-K(e# ), (0 fGle)
2n
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Nhu vay sai s toan phuong trung binh trong bai toan nhin dang hé
thong ding mach loc Wiener gom hai thanh phan riéng biét nhau: Phan do
tap &m cong thém & 167 ra ctia plant vy[n] va phan do do tap am (67 vio v[n]
do su sar khdc nhin dang gitta W (z) va G(z). Mach loc Wiener khéng cd
kha nang loai bo thanh phan dau vi vy[n] khong tuong quan vdi 161 vaoe x[n]
cha né, Do vay hiéu niang tSt nhit ¢6 the hy vong dat dugc tir mach loc
Wiener khong gidi han la khong ¢é tap am 161 vao v,[n]; Khi dé thi

E... = D (0). Trong trudng hop nay thi ca plant 1&n mach loc Wicner co
chung day 16i vao u[n].

5.6.2. Mo hinh héa ngiroc

Trong vién thong cling nhu trong diéu khién thich nghi, mé hinh héa
nguge duge sir dung nhu nhitng b can bang kénh. Hinh 5.10 mo6 ta so do
khé&i coa mot bo can bang kénh. Trong so d6 ndy, cdc mau dit liéu s[n] dugc
truyén qua kénh thong tin ¢6 ham truyén H(z). Tin hiéu thu duge o 161 ra cua
kénh thong tin bi nhiém tap &m cOng thém v[n]. Tap am cong thém nady dugc
gia thiét Ia khong trong quan vdi cdc miuduuxliéu s[n]. Bo can bang kenh
c6 ham truyén W(z) duoc st dung dé xir 1y cdc miu tin hiéu ¢é nhiém tap
am thu dugc x[n] dé khoi phuc lai cic mau ca tin hiéu géc s[n].

NEU & 161 ra clia kénh Khong bi nhiém tap am thi bd can bang kénh cd
ham truyén t&i vu W (z) thoa man:

W, (z) = (5.78)

H{(z)

Nhu vay néu kénh khong bi nhiém tap am thi cdc mau dit liéu goc sé
duge khoi phuc mot cich hoan hdo '; Lic dé thi (5.78) théa min hay
W (z)H(z) = L.

Diéu d6 ¢6 nghia 14 y[n] = s[n] va sai s6 e|n] = 0 vi moi n. R& rang
day 12 nghiém t&i wu, wong Ung véi sai s6 toan phuong trung binh bang

khong va 12 gid tri cuc ti€u vi sai 8 toan phuong trung binh 13 dai luong
khong am.

v[n]

sin] x[n} yin]

H(z) — W(z) | —

Hinh 5.10. Sodé khéi ctia mot b can bang kénb,

151



e tim ham truyén 8i vu cua mach loc Wiener W (2) khi tap am ciia
kénh la khdc khong, ta thay:

x[n] = hln]*s[n] + v[n] (5.79)
¢ day h[n] la dap ing xung don vi cia kénh truyén H(z).

V1 s[n] va v[n] khong tuong quan véi nhau, nén cung nhu trude day ta
¢

P, (7) = D_(IH(@) + D, (2) (5.80)
T (5.79) va (5.80) ta ¢6 thé coi x[n] la day 16i ra clia mot hé théng cé
dip (ng xung don vi h[n] vdi day 10i vao la s[n] cong véi tap am khong

tuong quan vin]. Gia thiét ciéc qud trinh vi cdc thong s6 ciia hé théng 1a
nhimg gid tri thyc, nén ta thu duoc:

©y(2) = @ _(z) = H(z YD (2) (5.81)
Keét qud trén doc 1p véi v[n}. Cling véi Izl = 1 ta ¢6 the viet:
@, (z) = H'z)D_(2) (5.82)
Thay cdc két qua tim duoc tir 5.8 vi (5..82) vao (35.57), ta thu duoc:

HY()® _(z)

Wt}(z) = _j
q)“(Z)IH(Z)“ +®D_(z)

(5.83)

bay [a nghiém tong qudt cha bai todn can bing kénh khi khong cé
diéu kién rang buoc vé chiéu dai coa b¢ can bang ciing nhu tinh chat nhan
qui. Phuong trinh (5.83) chita dung anh huong cila ham tu twong quan ciia
s6 liéu s[n] va cda rap am v|n].

Dé€ hiéu 18 hon ¥ nghia cia hé thitc (5.83), ching ta viét né dusi dang:

] ]
W{J(z) - l+ _(D\LZ) -_ H(Z) (584)
@ (2)|H(z)

Sau khi thay z = & va dinh nghia hé thitc:

2

G (c)|H(e™)
(D“’ (ejm)

p(e™) = (5.85)

Thong s6 p(e™) chinh 12 (i 6 cla mat d phé cong sudt cha tin hi¢u
trén (ap am ¢ 161 ra ctia kénh. Khi d6 dép tng tén s6 cia bo can bing kénh
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161 wu thu duoe la:

p(c™) I

W () = — .
v 1+p(e™) H(e™)

{5.86)

Nhu vay ddp ftng tdn s6 ciia bd cin bang kénh ti 1& v4i nghich dao cha
ddp img tdn $& cha kenh vai he 6 ti 1é phu thudc vao tin s&. Ngoai ra p(e™)
fa mot dai luong thuc khong 4m, do vay:

Jis
0= P oy (5.87)
1+ p(e™™)

biéu d6 cho thiy ddp g tdn s6 cua bo cdn bdang kénh 161 wu 1f 16 véi
nghich ddo ciia ddp vimg tdn s6 ctia kénh truyén véi thira s6 thie ndm trong
viing 1y O dén 1. Thita 6 ndy phu thude tdn sé' va phu thuée vao 1 s6 tin
hiéu trén tap am cd 167 ra ciia kénh. Thita s& ¢6 gid tri bdng don vi khi
e’y ¢6 gid tri lom va nhd hon mot khi p(e') gidm.

Vi du. Mot kénh truyén ¢6 ham truyén;

H(z)=-04+7"'-04z° (3.88)
Tim dédp dng xung ciia bo can bang kénh déi véi cdc trudng hop:
a) Kénh khong ¢é nhiéu v{n] = 0 véi moi n.

b} v[n] la tap am trang cé phuong sai bang 0,04 va day 16i vio s[n]
ciing 12 qda trinh ngiu nhién trang, nhi phan ( 18y cdc gid tri +1 va

1.

Néu tap 4m ciia kénh truyén v[n] bang khong v6i moi n thi tin hiéu 161
ra clia kénh truyén sé tim dugc bing cdch thuc hién nhan chap gilra diy
s0 liéu 161 vao s[n] véi ddp tng xung don vi h[n] cla kénh gém 3 méu 1a
h[0]=-04,h{1]=1vah[2]=-04

x[n] = - 0.4s[n] + s[n-1] - 0,4s[n-2] (3.89)

Chiing ta thiy ring méi miu cta x[n] duoc tao thanh tir t6 hop cia ba
mau lién ti€p nhau cha tin hi¢u sd liéu 16i vao s[n]. Diéu ndy gay ra sy giao
thoa giita cic biéu tugng (ISI) va phai duoc can bang hoac loai bd néu mudn
thu duge mot cich chinh xdc s6 liéu di truyén din. VGi muc dich d6, ta phdi
str dung bo can bang kénh ¢é ham truyén :

1 ' ]

W.(z2)= =
R W S

(5.90)
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Lay bién ddi-z nguge cha bidu thirc (5.90), ta s& thu dugc dip ing
xung don vi cua mach loc Wiener

19—.2i, 1<0
Wiy = 2% | . (5.9
—.0,5", 120
0 2
a)

;ge??TIT‘h.,
0
b)

U P

0
c)

Hinh 5.11. Ddp (ing xung ctia:
#) Kénh; b) B can bang; ¢) N6i ti€p kénh véi bo can bang.

Hinh 5.11 v& cdc méu cla ddp tmg xung don vi cha kénh, cia bo cén
biing kénh va clia phép nhan chip gitta ching. Su tén tai cia ISI & 161 ra clia
kenh 12 do su giao thoa gifta cic mau khac khong (& day 1a 3 méu) trong ddp
Ung xung cla kénh truyén gay ra. Hién tugng nay dugc quan sdt trong hinh
5.11a. Hinh 5.11c cho thay ISI bi loai bo hoan toan sau khi cho tin hiéu thu
dugc di qua bo cén kénh.

Biy git néu s[n] 1a trdng va nhi phan va v[n] ciing I3 tap am tréng cé
phuong sai bing 0,04 thi:

D (z)=1 va O_(z)=0,04 (5.92)
Khi d6 ham truyén (5.83) & c6 dang:



~0,4+7—0,47°

W“(Z) = ] . 3
(-0,4+7 —04z2" ") -04+z+04z")+ 0,04

(593

Hinh 5.12 vé ddp tng tdn s& cia 1/HE") va TW(e/)l. Tir hinh v& cho
thay cdc tin s6 ma 1//H(E™) ¢6 gid tri nhd 13 nhing tin s6 ma 1/HE)
trung hop nhat véi IW, (e, cé nghia 14 kénh duoc can bang hodn hio. Khi
dé:

. 1
W) = : (5.94)
H(ejm )
14
1/ IH(e™)

8 L

4 -

04
4

1 |

| |
0 0,1 0,2 0.3 0,4 0,5

Tan s6 chudn hoa
Hinh 5.12. Cic ddp éng tdn s6 cita bo can bing kénh.

5.6.3. Bo khir nhiéu

Hinh 5.13 12 so dé khéi clia mot bo khir nhiéu. C6 hai 18i vio 13 nguén
tin hiéu s[n] vd mot 161 vao cia tin hiéu nhiéu vin]. Hai tin hiéu 161 vao nay
duge gia thiét 12 khong tuong quan voi nhau va duge trén voi nhau qua céc
hé¢ thong ¢é cdc ham truyén H(z) va G(z) d€ tao ra hai 16i vao so cip d[n] va
bé trg x[n] nhu chi ra trén hinh v&. Tin hiéu bd trg x{n] di qua mach loc
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Wiener dugce thigt k& sao cho higu gita tin higu 161 vao so cap va tin hiéu I6t
‘1a cia mach loc Wiener dugc cuc tiéu héa theo nghia toan phwong trung
binh. Tin hi¢u 16i ra cha b khir nhiéu 13 diy sai s6 e[n]. Muc tiéu cla bo
khir nhiéu 1a tich tin hiéu s[n] i tin hi¢u 161 vao so cap d[n]

Theo nhu so dé ta cé:

x[n] = v[n] + h[n]*s{n] (5.95)

va
d[n] = sfn] + g[n]*v[n] (5.96)

Trong d6 hin] va g[n] 1a cdc ddp ng xung ctia cdc mach loc véi ham
truyén H(z) va G(z). Vi s[n] va v[n] khong tuong quan véi nhau, nén giéng
nhu céch Jam trude day, ta thu duoc:

D, (z) = D, (2) + D_(2)/H(z)P (5.97)
s[n] | din)  + O e[n]
./_\ > +
X Tin hiéu N
H() | )
v G(z2)
x[n].
> @*—p W(Z) —
v[n]
Tin hiéu
bd trg

Hinh 5.13. So d6 khéi ciia bo khit nhidu

Dé fim @, (2) ta lwu ¥ ring d[n] vi x|n] lién h¢ v6i nhau qua céc day
tin hiéu s[n} va v[n] va qua céc mach loc H(z) va G(z). Vi s[n] va v[n] khéng
tuong quan véi nhau nén déng gdp cla chiing vio D, (z) c6 thé coi I doc
lap véi nhau, : ' :

Pai v6i trudmg hop riéng, ta 6 thé viet:
D7) = Dy (D) +D,'(2) (5.98)
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G day ky hieu d,,(z) 1a B, (z) khi v{n] = 0 véi moi n va @," 12 ®, (2)
khi s[n] = 0 v&i moi n. Do d4 ta thu duoc:

®,,(z) = H(2)®,(2) (5.99)
v '
Dy, (2) = G(z)D,(2) (5.100)
Thay (5.99) va (5.100) vio (5.98) vi chii ¥ 1z} =1, ta thu dugc:
D, (7) = H' (2)D (z) + G2)® (2) (5.101)

Thdy céc gid tri cua D, (z) va D, (2) tim duge tir (5.97) va (5. 101) vao
biéu thitc clia W (z) tir (5.57), ta thu duaoc:

W, () = H (z)CD“(z)+G(z)CD\.V2(z) (5.102)

hhd

Két qua nay cho thily bo khir nhiéu (4 sy két hgp cua hai bd nhan dang
hé théng va bo mo hinh héa ngugc. So dé trén cho thdy su khir nhidu xay ra
khi ham truyén cia mach loc Wiener duge lva chon gin gidng véi G(z), con
khi W(z) gan giong v&i 1/H(z) thi tin hi¢u s[n] s& bi khir & 161 ra. Cé nghia la
bo khir nhiéu khir ca tin hi¢u s[n] va khi sai s6 toan phuong trung binh dat
gid tri cyc tiéu thi ca nhiéu v[n] 14n tin hig¢u s[n] déu bi khir chir khong wu
tién cdi nao. Dicu nay ¢6 vé nhu mau thudn véi muc dich ctia mot bo khir
nhi¢u 1a chi khir tin hi¢u nhiéu ma thoi. Sau day s& chi ra mot s6 dac trung
dic biet cta b khir nhiéu nay va cdc diéu kien ma bo khir nhiéu ¢6 thé chap
nhan duoc.

Trude hét ta goi p,(e"); p,(c") va pum(e‘“) I3 ti s6 mat do phd cong
sudt cua tin hi¢u trén tap am & 161 vao so cip, 16i vao b trg va & 18i ra ciia b

khit nhiéu. Ap dung cic biéu thic dinh nghia doi véi cdce i 6 nay, ching ta
thu duge:

D Jo
p.(e") = _ hz(e | ) - (5.103)
\G(e-"” )| D ()
va
. 2 .
. |H(e"“’ )l D (e!) .
Pl = — (5.104)

D (e")

Jo

bé tim p,,(e"), ta thdy tin hiéu s[n] di ra 16i ra cha bo khit nhidu theo
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hai dudng: di thang ra 16i ra vh dudng khic qua mach ndi ti€p H(z) va W(z).
Két qua thu duge:

O, (") =11 - He")W (), () (5.105)

O day ta di thay d,_ (™) 11 phan ca s[n] & 16} ra. Tuong tu, vin] di ra
[6i ra theo hai dudng: qua G(z) va W(z). Vi vay ta ciing thu duoc:

@, (") =1 G(e") - W(e)PD, (&) (5.106)

Thay W(e™) biang W (e/”) va sir dung (5.102) trong (5.105) va (5.106)
ta dugce:

. 1 -Gle™me™) @2 )

NG MG (5.107)

ch &) HER Y D o)

va

_ =G HE” ) [HE [ 2 )

P, (")

: —@_ (c"”) (5.107)
[®‘.v(ej"’)+|H(e-*“’ ) @, e )]

-

Tl d6 thu duoc:

. d)!\' j{:) (D y _i(.-.)
ey = ecle ) e (5.108)
(I);';c (eJ(D) IH(eJ’U)) (D..(ej"))
So sdnh (5.108) v6i (5.104) tha thu duge:
jin ]
Pou(C™) = ———r (5.109)
pht(eJ )

He thitc ndy duoe bi€t nhu tinh chat nghjch dio cong sudt; N6 cho
thiy 1f s6" mdr dp phd céng sudt tin higu trén tap dm ¢ 160 ra cia bo kit
nhiéu bdng nghich ddo ctia 1 SO mdt A6 phd cong sudt ciia rin hiéu trén tap
dm o l4i vao b6 tro. Diéu dé ¢6 nghia 13 néu ti 56 tin hiéu trén tap am tai 16
vi1o b6 trg nhd thi su khit nhidu & rit t6t & 16i ra. Nguoc lai, bo khir nhiéu s&
c6 chat lugng rat kém néu ti s6 mat do phé cong sudt cla tin hiéu trén tap
am & 16i vao bS trg ¢é gid tri lon. Két qua ngac nhién nay goi ¥ cho thay bo
khir nhiéu thich nghi ¢6 (hé lam viée 6t hon trong cdc tinh hudng khi mire
fap am cao va muc tin hiéu nhe.
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D¢ 1am 13 hon tinh chat nghich dao cong sudt clia bo khir nhiu va né
dugc Gng dung nhu thé nao & trong thuc t&, tot nhat [a hay xét mot vi du.

Vi du. Gid sir ta c6 mot an-ten dang huéng gém hai chidn tir A vd B
cich nhau mét khoang I mét. Tin hiéu mong muén s[n] = a[n]cos(nm,)
hudng vuong géc véi dudng thing ndi A va B. Tin hiéu giao thoa (tin hiéu
nhiéu) v[n} = B[n]cos(nwe) di dén dudi mot géc 8, d6i véi hudng cla s[n]
nhu trén hinh vé. Cic bién d6 a[n] va BIn] 1a nhimg tin hiéu dai co s va |2
dai hep khong tuong quan v6i nhau nén s[n] va v[n] ciing la dai hep tap
trung xung quanh ® = ®, Cic tin hi¢u d6 la nhiing tin hiéu don 4m nén &
day ta chon mach loc Wiener v6i hai tdp trong s6 w, vi w, 12 di dé loc cic
tin hiéu d6, nhu trén hinh 5.14, Cic hé s6 clia mach loc Wiener duge diéu
chinh phu the nao d€ sai s6 toan phuong trung binh & 16i ra e[n] dat gid tri
cuc tiéu,

<
ey

=
—

A4

Wy

Hinh 5.14. B6 thu véi anten hai phan i,

Tin hi¢éu mong mudn dat dén A va B mot cdch dong thai, trong khi tin
hiéu nhiéu v[n] dat dén B trude sau d6 méi dén A vi vay ¢ do tré 1

_ Isin®,

F) (5.110)

c
& day c la van téc truyén din.

D¢ cong vdi chi s6 thdi gian n, ta phai chuin héa theo bude thii gian T
luong tng véi d6 dich cua n, khi d6 ta thu dugc:
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- 1sin@,

84 = (5.111)
Tir hinh v& ta tim duge ;

d[n] = aln]cos(nw,) + Blnjcos[(n - 0,) oy ] (5.112)

x[n] = a[n]cos(nw,) + Br)cos(nw, ) (5.113)

X [n] = a[n]sin(nw,) + Bln]sin(ne,) (5.114)

Luu ¥ rang 1a di ding B[n] thay cho Pln-8,] v6i gid thi€t giira chiing
khong ¢6 sy thay ddi nhiéu vi §, ¢6 gid tri nhé.

bé tim cdc he s0 16i wu cla mach loc Wiener, chdng ta phai giai
phuong trinh Wien- Hopf. Truée hét phii xdc dinh ma tran tu tuong quan R:

R < E{X [:1}} E{X[:l]i[n]} (5.115)
E{x[n]x[n]} E{Xz[ﬂ]}
trong do:
E{ XE[HJ } = E{ [A[IH]COS(I](D[]) + B[I‘I]COS(I](}J{,)F} (5.1 16)

Do a[n] va B[n] khong tupng quan v&i nhau nén khai trién (5.116) ta
duoc:

2 2
G, +G,

E{x’[n]} = +l(GiE{cos(2nm“)}+ GEE{cosQnmu)}) (5.117)

2
trong d6 o4* va o’ la cde phuong sai clta a[n] va Bln].

Thay E{cos(2ne,)] bang trung binh theo thai gian vi nhur vay bang ¢
nén (5.117) bay gidr thu lai thanh:

. +0oj
E{x’[n]} = — (5.118)

Tuong tu chiing ta ciing ¢6 thé thu dugc:

0'2 'i-C)'2
E{ X?[n]} = —“—2—£ (5.119)

Thay the cdc gid tri vira fim duge vio (5.115) ta thu duoe:
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2 + 2 l 0
R= 2« "% (5.120)
2 o 1

Véc to tuong quan chéo p thu duge true tiép tir:

~ {E{d[n]x[n]}}_ 1] 6% +opcos(8,0,)
E{d[n)X[n]}

2.
2 G, sind,w,

} (5.121)

Do dé sl dung phuong trinh Wien-Hopf ta tim dugc ma trin trong s6
t6i wu cua mach loc Wiener nhu sau:

2 2
o, + 0y cos(d,w,)

2 + 2
w,=R'p= Ja T (5.122)
Gﬁ Sln&(lw(l
G, +0}
L1 ra téi vu clta mdy thu la:
eq[n} = d[n} - w,'x[n] (5.123)

& day x[n] = [x[n] X [n]]".

Thay d[n] tir (5.112), x[n] tr (5.113), X [n] tir (5.114) va w, tir (5.122)
vao (5.123) ta thu duoc:

cos{nw,, ) — COS{(H —0,)w,]

eln] = [62ain]-o2Bmy]  (5.124)

2 2
G, +0p

Bay gid kiém tra (5.114) va (5.124) ta tim dugc i s& tin hiéu trén tap
Am O Givaobdtrg la:

2
a (5.125)
5.
con ti $6 tin hiéu trén tap am ¢ 161 ra la:
2.2 2
(cé) O, Op
2

(3.126)

2.2 27 2
(Gu) O-B GO‘.

R rang 1a phit hop véi dinh Iy nghich dao cong suit.
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Chuong 6
CAC THUAT TOAN THICH NGHI VA UNG DUNG

Chuong nay ching ta nghién ctu chi yéu thuat todn toan phuong trung
binh 6i thi€u LMS. Thuat todn nay duge dp dung rong rdi trong xu 1y s0
thich nghi v théng ké do tinh chat bén vimg va don gian cua né. Nho thuat
todn nay ma day sai 58 & hoi tu vé khong véi t6c do nhanh. tuy theo bude
gidm cap. Vi vay, dia trén thuat toan ndy, ngudi ta da phdt tri€n nhiéu thuat
todn nhanh. Cic thuat todn dé lan luot duge khio sat va ing dung trong
chuong nay va cic chuong sau.

6.1. PHUGNG PHAP GIAM BUGC NHANH NHAT

Bay [a mot phuong phdp lap d€ tim tép rong s6 tuong dng vai diém
cuc fi€u cla mit sai s6 cha mot mach loc Wiener FIR. Trong phuong phap
nay, ham phi ton cdn cuc tiéu héa duge gia thiet 1a phan ky va xuat phat tr
mot diém bét ky trén mat sai s6 ta ldy mot bude nhd theo huéng ma trong dé
ham phi ton gidm nhanh nhat. C6 nghia 1a tai diém d6 trén mat sai s6 ham
phi t6n c6 d dSc doc nhat trén mot khoang dai nhit. Tai diém d6 ham phi
t6n ciia mach loc Wiener s& ¢6 gid tri t8i uu. _

Dai v6i mach loc Wiener ngang nhu trén hinh 6.1. Day tin hi¢u 15 vao
mach loc x[n] va diy tin hiéu mong muén d[n] va tap trong sO w, w,, w,.....
Wy, duge gra 1hiét 1a nhitng day s6 thue. Khi d6 ddy 16i ra cta mach loc

y[n| = w'x[n] (6.1)

rong dé w 14 véc to trong s6, x[n] véc to tin hiéu 161 vao. Ching déu la cic
véC to cot: '

w=lw, woowy T (6.2)
va
x[n] = [x[n] x[n-17... x[-N+1]]" (6.3)

Nhac lai ring kht ham phi tén dat gia trj cuc tiéu thi tap véc to trong s6
dat dén gid tri t6i wu, thda min phuong trinh Wiener-Hopf

Rw,=p (6.4

& day thay ¢ho vige giai phuong trinh mot cdch truc ti€p, ta tim mot phitong
phdp ldp.
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Theo phuong phdp nay, xudt phat tir gid tri du dodn trude d6i v wy,
goi fa w(0), nho tinh todn dé qui thuc hién nhiéu phép lap dé hoi tu 161 w,,.
Thuat todan lap nay thuong xuyén duge sir dung trong cdc mach loc thich
nghi.

Phuong phap giam bude nhanh nhit duge thue hién theo cic bude sau
day:

1. Xuat phit tlr cdc thong s& dir dodn ban ddu ma cédc gia tri t6i vu cla
né tim duge dé cue tiéu hda ham phi ton.

2. Tim gradient ciia ham phi tOn Gng véi cdc thong s6 tai diém xuét
phat. '

3. Cap nhat cdc thong s& bang cdch ldy mot bude theo huéng nguoc
vdi véc to gradient thu duge trong muc 2. Piéu dé tuong tng véi bugc gidam
nhanh nhit trong ham phi t6n. Ngoai ra, kich thugc ctia bude duge chon ti [é
vl kich thude cua vée tg gradient. -

4. Lap la1 cac muc 2 va 3 cho dé€n khi kﬁ()ﬂg thé thay déi dugce nira

trong cdc thong sa.
Wi l

x[n]
. 7] -l -

Wi l W,

Hinh 6.1. Mach loc ngang cho phuong phép gitm budce nhanh nhat.

¥
N
1

I

1

F
™~

e[n] *—®‘— din]
+

Theo cdc thu tuc trén, néu w(k) la véc to tdp trong sé tar phép lap thit
k. thi thi phuong truy héi sau day co thé dugc sir dung dé cap nhat w(k):

wik+1)=w(k) - pv,.& (.6.5)
trong do:

V.E = 2Rw(K) - 2p (6.6)
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la vée 1o gradient VE tinh tai diém w = w(k) con

& =E{e’(n}) (6.7)
[a hiim phi ton cdn V 1a todn tir vi phan duge viét dudi dang véc to cot:
T
0 %) %
V=|— {6.8)
oW, 0w, oW\ _|

Thong s6 p trong (6.5) la dai luong vo huéng duong dugc goi la kich
tinde ciia burge. Day 13 thong s6 rdt quan trong vi téc do hoi tu cha w(k) 16i
gia tri t6i uu w,, phu thude vilo théng s6 niy. tifc 13 vao kich thude cta bude
di lya chon. Néu kich thudc budc 16n ¢ thé su héi tu & nhanh hon nhung
b lai tinh 6n dinh s& kém hon. Chiing ta s& phan tich diéu nay sau,

Thay (6.6) vao (6.5) ta duoc:
wik+1) = w(k) - 2u{Rw(k) - p) (6.9)
D& thiy 1am the ndo 6 thé cap nhat cac gid tri cia wk) cho hoi tu i
Wy, ta VIET lai (6.9) dudi dang:
wik+1)-w, = (I- 2uR)(w(k) - w,) (6.10)
Ta dinh nghia véc to:
v (k) =w(k) - w, (6.11)
khi dé (6.10) duoc viét theo v 1
vik+1)=(I - 2uR)v(k) (6.12)

Phuong trinh (6.12) s& ¢6 dang don gidn hon nita néu ta dua ma tran
tuong quan R vé dang chéo. Nghia la ta dat:

R=QrQ" (6.13)
va thay ma trdn don vi I = QQ", khi d6 (6.12) tr¢ thinh:
vik+1) = (QQ" - 21 QAQTV(k) = Q- uMQ™V(K)  (6.14)
Trong d6 A 12 ma tran chéo duoc tao thanh tir cdc gla tri riéng clla ma
tran (uong quan R ¢on Q 2 ma tran duoc tao thanh tr cic vée to riéng truc
£1a0 (wong ng. '

Néu coi QT nhur mot phép bién déi thi ¢6 thé dit;
v'(K) = Q'v(k) (6.15)
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Nhu vay ta thu duge phuong trinh truy hdi d6i véi véce 1o v'(K) nhu sau:

vi(k+1) = (I- 2pd) vi(k) (6.16)
Phuong trinh véc to (6.16) ¢6 thé tich thanh cic phuong trinh vo
hudng:
vik+1y = (1 - 2uav'(k), vaii=0, 1
o day v\ (k) 12 phdn tr thir i clia vée to vi(k).

..... N-1 {6.17}

Néu bat diu t day gia tri ban dau v{,([)) v, (0),.... Vi (0 va sau k
phép lap chiing ta s& thu dugc

Vi(K) = (1 - 20V (0),  véii=0, 1, N-| (6.18)

Tu (6.11) va (6.15) ta thily ring w(k) hoi tu t3i w, khi vi chi khi v'(k)
hoi tu Gt vée to khong. Nhung (6.18) lai cho thiy rang v'(k) ¢d thé hoi tu téi
khong khi va chi khi théng s6 budce 1 duge lwa chon sao cho

[1-2pal< ], véii=0, I.ooe N-1 (6.19)

Khi (6.19) thoa min thi thanh phian thi i cla véc 1o v,'(k) s& hoi
nhanh vé khong theo ham e-mil khi s6 luong cdc phép lap tang l¢n. Ngoai ra
(6.19) cling la diéu ki¢n dé€ chon kich thudc cla bude 1 sao cho thuit todn
giam cép nhanh nhit on dinh. Diéu kién d6 6 thé khai trién dudi dang

-l <1 -2ph < ]
hay:
1
0 <p<—, véi i=0,1...N-1 (6.20)
A

Can luu y rang kich thude bude p duge dp dung cho it ca cde gid tri
cua i. Tinh chat hoi tu v 6n dinh cha thuat todn gidm budc nhanh nhét duoc
dam bao chi khi thong s6 budc pnhan gid tri sau:

]
0 <u<

(6.21)

¥y,
g day A, 1a gid tri riéng cuc dai cla cc gid tri riéng Ay, M.y Ay
Hinh (6.2) v& su thay déi ciia v'(k) theo chi s6 lap k véi cdc gid tri
khdc nhau cta thong s6 bude . Cic truting hop khao sat & day tuong timg
vGi cdc gid tri tiGu biéu cla p trong céc viing dirge goi 13 vimg suy giam gud
(0 < p < 1/2R), gidm dudi mure (123, < |1 < l/k) va khong on dinh (k>0
hoac p > l/? ).
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[ ]
0,8 a) 0,5 b)
v ° vik) 0
0,4
-0,5
0,2
' -1
0
0 10 20 0 10 20
k k
40 40
30 c) 20 d)
v'(k
20 0
- 20
10
00 -40
0 10 20 0 10 20
k k

Hinh 6.2. Sy héi tu cia v'i(k) nhu mot him s6 cla chi s6 lap k d6i vai cdc gid tri khic nhau
cia thong s& bude p: a) Truding hop gidm qui: 0 < p< 1/24,: b) Trudng hap gidam dudi
mue: 1/22< p< 1/ ¢) Khong 6n dioh: 0> 0; d) Khong 6n dinh: > 1/,

Bay gio ta viet thuat todn gidm budc nhanh nhat cho véc to tép trong
s0 cua mach loc ngang w(k). Ta thay:
w(k) =w, + v(k)= w,+ Qv'(k)

vy(k) |
vi (k)
=w,+[q, q, ... qu,]

_VIN—i(k)_
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N-1

=Wy + > q;v,(K) (6.22)
=

& day g, q,-... Qy., 12 cdc véc to riéng gin v6i cac gia i riéng Ay, Ay Ay
cua ma tran tuong quan R.

Thay (6.18) vao (6.22) ta dugc:
N-1
wik) = wy + D vi (Ol -2k, ) q; (6.23)
1=0
Ké&t qua nay cho thay tinh chdt qud do cua thudt todn gidm bude nhanh
nhit d6i véi mot mach loc ngang N-tdp dugc xic dinh bang tdng cla N s
hang e-mid ma mdi $0 hang duge diéu chinh béi mot gid tri riéng cua ma
tran tuong quan R. M&i gid tri rieng A, xdc dinh mot kiéu hoi tu riéng theo
mot hudng dirgc xdc dinh boi véc 1o riéng twong iing q; clia né. Céc kiéu hoi
tu khdc nhau hoat dong doc 1ap déi v&i nhauv. Vi mét gid tri chon lua cla
thong & budc p, thi thita s¢ 1 - 2pi, xdc dinh gid tri &, d& kiéu hoi tu thit i
hoi tu nhanh nhat.

Vi du 6.1. Xét bai todn nhan dang hé¢ thong nhy trén hinh (6.3). Tin
hi¢u 161 vio 12 mot qua trinh ngdu nhién dimg {x{n]} dugc phat ra bang cich
cho tap am tring {v[n]} phuong sai bing 1, trung binh bang khong di qua
mot hé théng ¢é ham truyén :

N

H(z) = 1

(6.24)
l—az

& day o la hang s6 thuc ndm gitta -1 va 1. Plant la mét hé théng FIR 2 tép ¢6
ham truyén:

P(z)=1+4z"

Mach loc thich nghi cd ham truyén: W(z) = w, + w,z"'

d[n]
o 1 -4z
_ plant
_ +
x[n] yin] e[n]
— ] wyt+wz! =® >
Mo hinh

Hinh 6.3. S d6 mé hinh hod cho vidy 6.1.
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dugc sit dung dé nhan dang ham truyén caa plant. & day chiing ta sir dung
thuat toin giam bude nhanh nhat dé fim cdc gid tri (8t wu cla tip trong s6 w,
va w,. Trong bii todn nay ta muén biét cic tdp trong s6 w, vd w, hoi t téi
cdc hé 5 cia hé thang duge nhan dang (plant) 1 vi - 4 nhu the nao. Ching
_taki€m tra véi cdc gia trj khic nhau ciia thong sé «.
Bay gid ta phai tim ma tran tuong quan R.
Ta biét:
1-a’

D, (2) = H@H(-2).0,(2) = - O.(2)  (6.25)
(I-az7 ) - az)

vol1 @, (2) = 1, nén

) _
[-a (6.26)

D,.(2) = HOH(2).0, (z) =
o2 = H@H(2) @ (2) (I-oz )1 - az)

Lay bi€n ddi-z nguge (6.26) ta dugc:
O (k)y=a"  vdi k=..-2,-1,0,1,2... (6.27)

Khi dé ma tran tuong quan cua mach loc ngang N- tap trong s6 véi 16i
vao x[nj 1a

! o a’ R
a I a .. ogN?
R=E{x[n)x"[n]} =] | : . : (6.28)
oV g N2 [
L J
béi vai bai todn nay thi:
R= E{x[n]x"[n]}= ‘:(11 (II:I (6.29)

& day x{n] = {x[n] x[n-1]}".
Cdc phén tr ela ma tran twong quan chéo p =E{x[n] d[n]} thu duuc:
Po = E{x(n]d[n]} = E{x[n](x[n] - 4x[n-1])
= E{x’[n]} - 4E{x[n}x[n-1]} = I - 4¢
Vi pi = Elx[n-1}d[n]} = E{x[n](x[n] - 4xIn-1])
=E{x[{n-1]x[n]} - 4E{x}n-1)} = @ - 4

Do vay véc to twong quan chéo p tim duoc la;
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_ -4 (6.30)
b= o—4 '

Thay cdc gid try vira tim duoc cia R va p vao (1, 1’34) ta tim duoc
phuong trinh d¢ qui dé xdc dinh w(k+1):

{wu(k + 1)] _ [1 —2p —2ua]{w“(k)}+ 2“{1 —4(1} 6.31)
w (k+1 —2po 1-2p ) w (k) a—4

Bat dau bing gid tri ban dau w(0) = {w,0) w,(0)}T vd cho phép
phuong trinh dé qui (6.31) chay, chiing ta s& thu dugc hai diy cha cic bién
$O tdp - trong sG w(k) v w,(K). Sau d6 ta c6 thé v& w,(k) theo w,(k) dé thu
dugc cde dudng ma thuat todn giam bude nhanh nhat thuc hién. Két qua cho
thay p =0, 05 va sau 30 phép lap thi hoi tu xay ra cho t4t ca cdc trudmg hop
vdi @ =0, a = 0,5, o« = 0,75 vi 0,9 nhu thay trén hinh 6.4.

W W,
| ] h l
0 0
-1 -1
2 -2
-3 -3
4 -4
s 5
T4 -2 0 W 2 -4 -2 0 W, 2
a) f b)
W | w, [
0 0 \
-1 |
2 )
-3 3
-4 Q -4 \
5 _5 N
-4 -2 0 2 - - )
W, 4. 2 _ 0 W, 2
C) d)

Hinh 6.4. M0 ta cidc qui dao cda tap trong s4 cha mach loc thay déi khi sir dung
thudt todn giam budce nhanh nhat:
ay u=0; by a=0.5; ¢) : u=0,75. Mai db thi thuc hien 30 phép lap v p = 0,05.

169



6.2. PUONG CONG HOC TAP

Maic du cdc phuong trinh dé qui (6.17) va (6.23) cung cdp céc thong
tin chi tiét vé tinh chat chuyén tiép clia thuat todn giam bu6c nhanh nhat,
Tuy nhién, bin chat cia nhiéu thong s6 tao nén cic phuong trinh dé lai khé
nhin thay dugc mot cdch tric tiép tir d6 thi. Thay vao dé, viéc khio sat su
thay d6i clia sai s& toan phuong trung binh (MSE), uitc 13 xét ham phi 6n g
theo s lugng céc phép lidp lai thuan tién hon nhiéu.

N ta goi E(k) 12 gid tri cita ham phi t6n khi w = w(k), khi d6 ta c6:

N-1
EK) =&+ D A viE(K) (6.32)
i=0

& day £, 1a MSE cue tidu.
Thay (6.18) vao (6.32) ta thu duge:
N-|

E) =By + D A (1= 2u0 )% v (0) (6.33)
i=0

Khi chon 1t théa man diéu kién (6.21) thi s6 hang trong déu tong hoi tu

t61 khong khi k tang len. Két qua Ia MSE dat t6i gid tri cuc tiéu sau mot s6
- phép lap.

Pudng cong thu duge khi vé (k) theo chi 56 lap k duge goi la dudng
cong hoc tap. Mot dudng cong hoc tap cia thuat todn giam budc nhanh nhat
12 téng cha N s6 hang giam theo ham e-mi méi 6 hang tuong img v&i mot
mot hoi tu cua thuat todn. M&i s6 hang e-mii duoc dic trung bang mot hing
s6 thdi gian thu duge theo cdch nhy sau

Gid sur
(1-2un ) =t (6.34)
trong d6 t; la hiang s6 thdi gian lién ddi vé6i s6 hang e-mi (1 - 2pA)™.

Giai (6.34) theo T, ta tim duoc:

-1
= (6.35)
2In(1-2pA,)
Vi kich thirge budce 11 ¢6 gid tri nho, nén 2pA, << 1, do vay:
In(1- 2ZpA) = -2ud, (6.36)

.Thay {6.36) vao (6.35) 1a duoc:
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]
e

T, =

(6.37)

Két qua nay ding vai tat ca cdc gid trj cia i =0, 1,..., N-1 va cho thdy
rang s& lugng hing s6 thot gian dic trung cho mdi dudng cong hoc tap, ndi
chung, bidng s6 lugng cdc tap hé s6 cta mach loc, hang s6 thoi gian lién
quan vdi cic gla tri rleng nho hon thi 16n hon so véi nhl.rng hing s6 thdti gian
lién quan vdi cdac gid tri riéng 16n hon.

Chang han vé6i bai todn nhan dang hé thong nhu trong vi du trén ma
tran tudng quan R ciia 15i vao mach loc ¢6 hai gid tri riéng la:

Ao=1+ava h,=1-«
tuong titng vai hai hang s6 thoi gian la:

1

Ty ®———— (6.38)
du(l+a)

T, ® —; : (6.39)
4u(l —a) :

véi w(O)=[2 2] va ¢ = 0,75 va u = 0,05 thi T, = 2,85 va 1, = 20.

45
MSE

30

0 60 120 K

Hinh 6.5. Dudng cong hoc 1ap cla bai todn nhan dang hé thong,
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x[n] . x[n-1]

, 2! 7 |I . 7 x[n-N+1]
wy(n] w,[n] wy [ ,
N-1 \
w[n]

( _ | ¥in]
> Thuat toan thich nghi ]
efn] + d[n]

Hinh 6.6. Ciu tric ciu mét mach loc ngang thich nghi N-tdp.

6.3. THUAT TOAN TOAN PHUOGNG TRUNG BINH TOI THIFU (LMS)

Thudt todn toan phuong trung binh t6i thiéu (LMS: Least - Mean -
Square) 1a thuat todn dugc ap dung rong rdi trong xir Iy $6 tin hiéu thich
nghi. N6 thudc ho cdc thuat todn gradient thong ké lan diu duge Widrow va
Hoff 4p dung nam 1960 va sau d6 phdt trién thanh nhiéu thuat todn méij nhe
tinh chdt don gidn va bén vitng ctia thuat todn niy. N6 la thuat todn loc thich
nghi tuyén tinh bao gém hai qua trinh: D6 1a qud trinh loc va quad trinh thich
nghi. Trong qué trinh loc, thuat todn nay st dung mach loc ngang tuyén tinh
€0 16i vao x[n] va 16i ra y[n]. Qua trinh thich nghi dugc thuc hién nhoy str
diéu khién tu dong cdc tdp trong s6 clia cdc hé s6 cia mach loc sao cho né
fuong dong véi tin hidu sai s [a hiéu ctia tin hiéu 16i ra véi tin hiéu mong
mudn dfn]. So dé ctia thuat todn cho trén hinh 6.6.

Gia sir mach loc ngang ¢6 N-tdp trong s6 va la dily s6 thue, khi d6 tin
hiéu 161 ra duoc viet: '

N-|
y[n]= Y w,[nlx{n—k] (6.40)
k=0
trong d6 tdp trong s6 wy[n], w,[n],..., Wy [n] dugc chon lua nhir the nao dé
sat so: \
e[n] =d[n] - y[n] - (641)
€O gid tri cye tiéu. Né6i éhung trong mach loc thich nghi, t4p trong s6 12 him
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ctia chi s6 thdi gian n, vi ching dugc thich nghi lién tuc véi sur thay déi
thong ke ctia tin hiéu. Thuat toin LMS diéu chinh tdp trong s6 clia mach loc
sao cho sai s6 e[n] duge cyc ti¢u héa theo nghia todn phuong trung binh, vi
th€ méi ¢6 tén goi la thudt todn todn phuang trung binh t6i thifu. Khi cic
qua trinh x[n] va d[n] |a cdc qua trinh ngdu nhién dimg, thi thust toin nay
hoi t 16i nghiém cla phuong trinh Wiener-Hoff. Néi cich khdc, thuat todn
LMS 1a mét so d6 thue 1€ d€ thuc hién cdc mach loc Wiener, nhung khong
gidi mot cich tudng minh phuong trinh Wiener-Hoff, N6 13 mot thuét todn
tuan ty duoe sir dung dé€ thich nghi tdp trong s clia mach loc nhd su guan
sat hién tuc tin hiéu 18i vio x[n] va tin hiéu 16i ra mong muén d[n].

Nhu vay, thuat toin LMS chinh Ia sy thyuc thi théng ké cha thuit todn
giam budc nhanh nhat, trong d6 ham phi t6n £ = E{e’[n]} dugc thay bing
gid tri gid tri x4c dinh tirc thoi ﬁ {n] = ¢’[n). Khi d6 phuong trinh truy héi dé
tinh tﬁp trong 6 ciia mach loc dugc xdc dinh béing phuong trinh:

wln+1] =w[n] - uve’[n] (6.42)

trong dé wln] = [wy[n] w,[n] ... wy,[n]}", i 12 théng s6 budc cla thuat todn
con V 12 todn tit vi phan duge xdc dinh bang véc to cdt nhir sau;

:
V= 0 ¢ 0 (6.43)
ow, owl ow ,

Nhu vay thanh phén tha k cla véc to Ve[n] la:

oe’ cde”[n]
ow,

= 2¢fn ]a"[ ] | (6.44)

Thay e[n} = d[n] - y[n] vao phuong trinh riz‘iy vio biéu thic dao ham va
luu y rang d[n] doc lap véi w,, ta duoc:

i G IO /L) (6.45)
ow, ow

‘Bay git thay y[n] bang biéu thic (6.40) vao (6.45) ta duoc:

de’[n]
ow .

= —2¢e[n]x[n —i] (6.46)

* Hoac dudi dang tong quat la:
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Ve'ln) = - 2e[n]x[n] (6.47)
trong d6 x[n] = {x[n} x[n-1]... x[n-N+1]}".

Thay két qud nay vio (6.42), ta s& thu dugc:

win+1] = wln] + 2uelnix[n] (6.48)
Day la phuong trinh truy héi dé xdc dinh tip trong $6 clia mach loc ddi
véi cic diy I6i vao va diy sai s6. N6 dugc goi [a thuat todn LMS dé qui,
thich nghi mot cach dé qui cdc hé s6 cla mach loc ctf sau m6i miu méi cla
tin hiéu 161 vao x[n} v miu 161 ra tuong tng d(n]. Cic phuong trinh (6.40),
(6.41) va (6.48), theo thy tu [2 ba bude dé hoan chinh méi mét phép lap cia
thuét todn LMS. Phuong trinh (6.40) 13 qud trinh loc; N6 duge tao thanh dé
thu dugc tin hi¢u 161 ra ciia mach loc. Phuong trinh (6.41) duoc sir dung dé
tinh sai s6. Con phuong trinh (6.48) diing dé thich nghi mot cach dé qui tdp
trong s6 clla mach loc sao cho sai 6 xdc dinh dat gid tri cuc (iéu. Trong
phuong trinh nay u 14 théng sé bude, né didu khién tac d6 héi tu cha thuat
todn tdi nghi¢m t6i wu. Néu chon p gid tri 16n, thi budc diéu chinh va do vay
su hoi tu s& nhanh ; con néu chon gia tri bé thi su hoi tu s& cham hon. Tuy
nhién, néu 1 qud I6n thi thuat todn s& khong én dinh va do vay dé ddm bio

tinh chat 6n dinh ciia thuat 104n LMS, 1 phdi duge chon nim trong viing

O<u<

6.49
3R] ( )

trong d6 R 1a ma tran wong quan.

Gidi han trén clia thong s bude duoe xdc dinh dé dang bdi vi tr[R]
bang cong suat clia tip trong s6 ca tin hi¢u 16i vio. Cdn nhdn manh ring
diéu kién trén méi chi [a diéu ki¢n di. BE cho mot gidi han trén chinh x4c,
thi con phu thude tinh chét théng ké cia day 16i vao,

. S6 di thuat todn LMS duge sit dung rgng rdi va phat trién thanh nhiéu

thudt todn méi trong cong nghe 1a do tinh don gian cta né. BE thyc thi thuat
todn nay chi yéu céu 2N + I phép nhan, trong d6 : N phép nhan diing dé tinh
161 ra y[n], mot dé thu duoc (2p) x (e[n]) va N phép nhan dung dé tinh ve
hudng (2peln]) véi véc to x{n] ; vi 2N phép cong. Ngodi ra thuat toidn LMS
rat 6n dinh va bén viing déi véi nhidu loai tin hiéu v6i nhimg diéu ki¢n khdc
nhau.

Thi tyc ti€n hanh thuat todn LMS duoc téng qudt héa trong béng [.
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Bdng 1. Tha tuc thuc hién thuat toan LMS

L6i vao: Vecto tap trong s6 w[n],
Vecto 161 vio x[n],
va tin hiéu 18i ra mong muén din]

L6i ra: L6i ra cia mach loc y[n],
Cép nhat vecto tdp trong s6 win+1]

Loc:
yin] = w'{n)x[n]
Xdac dinh sai s6:
) ., e[n]=d[n] - y[n]
Thich nghi vecto tap trong $6:
w[n+1] = w[n] + 2ue(n]x{n]

Néu |a s6 phiic thi ky hi¢u chia ma tran chuyén vi T dugc thay bing ma
tran chuyén vi lién hop phirc Hermitian H.

- D€ hi€u sau hon cdc uu diém cha thut toin LMS nhu tinh én dinh vi
bén vimng, t6t nhat 12 xét cdc ing dung cla thuat todn nay trong cong nghe.
Sau day ta s€ 1in lugt xét 4 (ng dung tieu biéu cha thuat todn thich nghi
trong:

¢ MO0 hinh héa hé théng,

e Can bing kénh.

e Nang cao chit luong dudng truyén (day ciing 13 mot vi
du ctra bai todn tién dodn tin hiéu).

s Tao ch'ixm (beamforming).

6.3.1. Mé hinh héa hé théng

So d6 tdrtg quat clia bd mé hinh héa chi trén hink 6.7. Muc dich ciia
bai todn nay 1 x4c dinh cdc théng s& clia mé hinh W(z), chia mot he thong
chua biet W(z) thudng goi 1a plant. Trén co s& bigt trude mot s6 tinh chat
cla plant W(z), chang han né 1a hé thdng FIR cé dép img xung dai N mau.
Mach loc thich nghi N-tdp ¢6 ham truyén W(z) véi cic thong s6 ¢6 thé diéu
chinh duoc duge sir dung dé xéc dinh cdc thong s6 clia plant. Tin hiéu 16i
vao x[n] la day tap dm tring dang Gaussian v[n} cho qua mot mach loc ¢é
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ham truyén H(z). Loi ra cha plant bi nhiém theém tap am tring e, [n] véi
phuong sai ¢,°.

Pé mo phong chiing ta chon N = 15, o =0.001 va

W,(z) = iﬂz ‘lifn (6.50)
eoln]
] H() . \l;!ir:)
P d[n)
s we yin]

yant

Hinh 6.7. M6 hinh hod hé théng FIR thich nghi.

Ham truyén H(z) 1a mach loc FIR dugc tua chon sao cho ma tran
tuong quan c6 gid tri rieng 1dn, ching han bing 1,45, gisng nhu tap am
trang. Khi dé:

H((z)=03+02z"+22-0,22"-03z"% (6.51)

Nguoc lat, néu mudn 16i vao giong nhu mot tap &m mdu 6 tri riéng
I6n, ching han 28,7, thi H(z) dugc chon : '

Hy2)=0,3+02z"'+ 22+ 022" + 0,32 {6.52)

Tir d6 tinh duge mat do phé cong sudt dsi véi hai 16 vio tuong (mg véi

hai ham truyén H (z) vi Hy(z) 1
D, (e") = D, (")H()P (6.53)
trong d6 @,,(¢") = 1 vi v[n] la qua trinh tap am tring c6 phuong sai bang 1.

Mat do phd cong sust ciia hai qué trinh trén duoc mo ta trén hinh (6.8).
Dutng cong (a) tuong ving v6i H,(2), con (b) tuong Ung v6i Hy(z). RS rang
16i ra cha mach loc H,(z) khi 16i vao I3 mot qud trinh tap am tring phuong
sai don vi s& 1a mot qua trinh bi nhuom mau rat manh, trong khi 18i ra cia
mach loc H,(z) gan nhu mot tap 4m tréing.
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Mat d6 phd cong sudt
>
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s

Tan s6 da duoc chuan hod

Hinh 6.8. Mat d6 phé cong sudt cta hai tin hiéu ngiu nhién 16i viio sir dung trong
mo phong bai todn mo hinh hod hé théng tuong ing véi H,(z) va Hy(z).

Hinh 6.9 mo6 ta duong cong hoc tap cua thudt toin LMS daéi véi bai
todn mo6 hinh hod hé théng d6i v6i hai qud trinh Ung v6i hai ham truyén
H,(z) v6i gid tri riéng clia ma tran twong quan bang 1,7138 va thong s6 budc
u=0,1; 0,2 va 0,3. Plant la mach loc FIR ¢6 bac N =15 va ¢6 ham truyén
dugc mo ta nhu trong (6.50). Tap 4m bé sung thém & 16i ra clia plant e [n] c6
phuong sai 6,° = 0.001. Tap trong s6 ctia mach loc duoc khéi tao tai khong.
Mbi d6 thi thu dugc sau khi 1ay trung binh tap hgp 100 14n chay mo6 phong.
Khi ciac hé s6 cia plant va cia mé hinh da phu hgp nhau thi
Ewin = 0.0011; 0,0012 va 0,0013. Hang s6 thoi gian ctia dudng cong hoc tap
cuc dai la 23,2544 va cuc tiéu 1a 13,5689.

2

10% — . :
— wp=0.1

) —. u=o2 |1

10" L =03 4

10° .

uJ -1 1

‘:é’ 10 -

T 8 4

o - W jh:ff":‘ Fil i o ke i e e e i i Tt
102} ARV A R A g BT P P oiney
‘“:,'4 1 s ' 1 1 L i i i

u] 100 200 300 400, 500 @ 600 700 B00 900 1000

RO, OF ITERATIONS

Hinh 6.9. Butng cong hoc tap cua thuit toin LMS véi gid tri riéng 1,7138 va véi H,(z).
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Dai v6i tin hiéu ngdu nhién & 16i ra cia H,(z) c6 gia tri riéng 16n,
chang han bing 23,0789 thi dudng cong hoc tap cho trén hinh 6.10. Trong
truong hop nay thi hang s6 thoi gian cla dudng cong hoc tap cuc dai Ia
142,93 va cyc tiéu 12 6,1931.

Tir két qua thuc nghiém cho thay do chinh xdc cta phuong trinh diéu
chinh cta thuat toan LMS phu thuéc khong nhiing vao qua trinh thong ké &
16i vao ma con phu thuoe vao budce didu chinh nita. Bude I6n thi hoi tu nhanh
nhung d6 sai léch lai 16n.

10 '
— 'w=0.1
P — u=0.2
10 LY p=03

B o
10° | ::?:N“MH

B Mo
107 N%M*W \

| %w
: M’W"ﬂ‘fﬁ'*{fﬂ"‘"ﬁ“:lﬂf\"v"‘\ﬂﬁﬂh

0 100 200 300 400 500 <'600° 700 800 900 1000
NO. OF ITERATIONS

MSE
=]

Hinh 6.10. Duding cong hoc tap cita thuat todn LMS véi
gid tri riéng mo rong 23,0789 di véi Hy(2).

6.3.2. Su can bang kénh

Van t6¢ truyén di liéu trén cic kénh truyén thudng bi han ché boi su
bi¢n dang cua keénh do su giao thoa gilia cdc bi€u tugng ké nhau (ISI). Véi
t6c do bit dugi 2400 bit/s thi su bi€n dang bién do va pha do ISI gay ra
khong I6n do vay trong cdc modem dién thoai thi nhiéu loai nay khong gay
ra vin dé gi nghiém trong. Tuy nhién, & nhiing t6¢c d6 truyén dir lieu trén
2400 bit/s thi cdc modem nay cin phéi str dung cdc bo can bang kénh dé can
bang nhiing bién dang do tap am va can nhidu ctia chinh kénh truyén gay ra
va nhu vay méi giai quyét duge bai todn tang t6c do truyén dan thong tin s6
licu trén kénh truyén. Trong cdc kénh thoai, cdc mach loc duoc sir dung dé
tach cdc tin hiéu trong cdc dai tin khac nhau. Cic mach loc nay ciing gay ra
su méo dang bién dé va pha cta tin hiéu truyén. Do vay phai sir dung bo can
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bang kcnh thich nghi ¢6 cdc hé s6 c6é thé duge diéu chinh nhey thudt toan
LMS d¢ hi¢u chinh su méo dang cila kénh truyén ciing nhir ca cdc mach loc
cia hé théng xir by gay ra.

.. Néu kénh c¢é ham truyén H(z), thi mot bo céan bing kénh c6é him
truyén W(z) [/H(z) s& can bang mot cdch hoin hao; nghid la day dit liéu
da truyén s[n] thu duge khong bi méo dang vi ham truyén coa he thong l(‘)ng
thé gém keénh va bo can bing ¢6 gid tri H(Z2)W(z) = | trong toan bd giai tan.
Tuy nhién, trong thyc & thi trudng hop 1y tudng nay rat it khi duoce thue hién
vi néu ham truyén H(z) cila kénh c6 cdc diém khong nidm ngoii vong tron
don vi, thi h¢ thong nghich dao ciia né 1/H(z) s& khong 6n dinh. Cho nén dé
thuc hi¢n duge van dé nay thi phai chon bo can bang sao cho H(z)W(z) = z*
trong dé A la d6 tré phit hop. Diéu d6 ¢6 nghia ring toan bo hé théng truyén
dan chi lam tré day dit liéu 161 vao mot luong bing A chir khong 1am méo
dang nd, hay ndi khac di tin hi¢u 161 ra cita modem 12 mot phién bin di bi
tré cia tin hiéu 16i vao tong thé. Liic ndy, bo can bing véi him truyén W(z)
= z*/H(z) & can biing rdt 6t céc tap am cong thém trén kénh truyén v{n], vi
trong cdc dai tan d6 thi ham truyén H(z) cla kénh ¢6 bién dé nhod (cd nghia
ta 1/H(z) ¢d bién do I6n). Do vay, nhd viec [ra chon bd cén bing c6 ham
truyén nhu trén s& ning cao chat lugng cha day tin hiéu 16i ra clia toan bo hé
thong truyen dan. Trong thuc t€, mach loc Wiener thich nghi la mot giai
phip 16t d€ can bang cdc can nhidu cha kénh.

So d6 khdi clia mot modem truyén din 56 liéu trén kénh duoc trang bi
mot bo ¢an bang kénh thich nghi cho trén hinh 6.11.

Diéu tién cdc h¢ s6 cla bo can bang kénh duge diéu chinh bing cich
truyen mot ddy hudn luyén ngén, kéo dai dudi 1 giay. Sau thdi gian hudn
luyén ngan, phan phdt bit ddu truyén day dit lieu s(n]. D€ ¢ thé phat hién
dugc nhitng thay doi cham & trong kénh, thi cdc hé s ctia b can bing kénh
phai ti€p tuc duge diéu chinh mot céch thich nghi trong qua trinh thu nhan
dit ligu. Diéu nay duge thuc hién nhu minh hoa trén hinh 6.11 bing céch xir
ly that chinh xdc cdc quyét dinh & I6i ra cha bo quyét dinh va sit dung céc
quyét dinh trong vi tri ctta tin hiéu b tro d[n] dé phat ra tin hiéu 16i. Phuong
phédp nay hoat dong hoan toan tét khi cdc sai s6 quyét dinh khong I6n, chiang
han it hon mét 16i trén 100 biéu twong dit liéu. Tin hiéu 16i xudt hién I do he
s6 clia bd can bang kénh chua diéu chinh ding véi gid tri thuc t&.

Dé nghién citu hiéu nang clia bd can bing kénh thich nghi trong viée
loat bo nernE m¢o dang do nhiéu da ducng, dac biét la nhiéu do su giao thoa
gilta céc biéu tugng (ISI) v6i nhau khi truyén dén dir li€u trén kénh, chiing ta
thi€t lap so d6 mo6 phong nhu trén hinh 6.12. Day dif liéu phdt ra tir mdy
phat dir liéu duge gia thi€t 1a nhi phan s(n} (1ay cdc gid tri +1 va -1 ) va tring
duge dua vao kénh ¢6 ham truyén H(z). Kénh bi nhiém thém tap am vin),
mo phong cho tap am cd mat trong bét k¥ mdt he théng théng tin s6 nio,

179



dugc gid thi¢t [a mot tap am trang dang Gauss ¢6 phuong sai la c.°. Bé can
bang kénh ¢6 ham truyén W(z) la mach loc Wiener ngang ¢6 N-tdp trong s6
duoc diéu chinh nhd thuat todn LMS, Tin hi¢u 161 ra mong muon gia thiét 1a
mot phién ban tré cla tin day dir licu di duoc truyén din & trong kénh. DEé
hudn luyén bo can bing, cdn gia thist ring cic biéu twong dit licu da duoc
truyén din phai ¢6 mat sdn sang & bo thu. N6 dugc goi 1a mét huan luyén,
Thiet bi quyet dinh x4c dinh miu dit ligu 16i ra sau khi bo can biang dugc
hudn luyén va chuyén mach sang mét dir liu dé cho cic bidu turong dir [i¢u
da duge truyén dan.

1"
Day s[n]] Mach loc ciia Kénh truyén | ( )_’ Mach loc ctia |—
dif licu | phadn phat Hiz) phén thu
Bo quyet Il "B can béng L&y méu va

s[n-A] dinh | thich nghi duym [
: W(z)
&
Tin hicu ﬁ LGN P

botrg  |d[n}

(day efn] Thuat todn
hudn = 7| thichnghi
luyén) Tin hicu 16
Hinh 6.11. Ung dung mach ioc thich nghi dé can bing kénh.
x[n] TR ——
My phit | St Kenh truyén Bo can bang [y[nll Thicibi | sin-Af
s6 lieu » H(z) — thich nghi quyétdinh [TT*
W(z) i
1 mot dit liéu | |
v[n] 'l
P - . o .
Miy Phal e[n] dinl 3 :
tap am - = H
Tin higu 16i = :
A £ i
> Z | :
= 1
¥ ¥
Bé dém 161

Hinh 6.12. So' do thi nghi¢m nghién cifu hiéu nang cia bo can bing
thich nghi cin bang kénh.
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Mat do phé cong sudt cua tin hiéu 16i vio clia bd can bing duoc xic
dinh tir hé thic:

D, () = D () IHE) + D, () = IH(Ee™) + 5, (6.53)

Nghién cttu hiéu nang ctia bo can bing duoc thuc hién nhd su thay doi
dap tng cta kénh truyén H(e ') va m6 hinh hod ctia tap am ¢ong thém v[n].
Dé mo phong, ta st dung hai kénh truyén tuong @ng véi hai ham truyén
H,(2) va H,(z) nhu trong (6.50) va (6.51) twong tng véi hai gid tri riéng khéc
nhau ca ma trdn tuong quan R ; H,(z) tng véi gid tri riéng bang 1, 4537,
con H,(z) ang véi tri riéng 28, 665. Da6i véi gid tri ddu, ta thdly MSE giam tir
10 dén 0,1 trong khoang 100 phép lap ddu tién cla thuat toin LMS (hinh
6.13), trong khi doi véi gia tri rieng 16n hon thi su hoi tu tuong d6i cham
(hinh 6.14). Trong ca hai truong hgp ti $6 tin hiéu trén 6n tap ¢ 16i ra cla
kénh truyén can chon gia tri cao (tiic 1a 6, ¢6 gi4 tri bé).

10° ¢ . : : ; .
H — =01
— u=02
A =03
107 ¢
0%} ]
w
(73]
=
107 3
iy ! M e o e Y T T O N
107 A NI A 1 s W
10'6 : L 1 1 1 |
0 500 1000 1500 2000 2500 3000

soluong phep lap

Hinh 6.13. Dudng cong hoc tip cia thuét toin LMS do6i véi bo can bing kénh
khi ma tran tuong quan c6 tri riéng 1,4537 vi thong s6 budce p khie nhau.
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Hinh 6.14. Dudng cong hoc tap ciia thuat todn LMS déi véi bo can bang kénh
khi ma tran twong quan c6 tri riéng 28,665 va thong s6 bude p khéc nhau.

Néu so sanh mat do phd cong sudt ctia cic méu 16i vio ctia mach loc
thich nghi trong trudng hop mé hinh ho4 hé théng thi thdy cdc dudng cong
hoc tap cho truong hop gia tri rieng nho (bang 1,4537) hau nhu nhau. Piéu
d6 c6 nghia la tinh chat hoi tu clia ca hai mach loc duge diéu khién bdi cling
mot day cdc gid tri riéng. Nhu vay dudng cong hoc tap chia ca hai truong hop
s€ ¢6 dang tuong tu nhu nhau. Puodng cong hoc tap trén hinh 6.3 tuong ung
V@i thong s6 bude p =0,1, 0,2 va 0,3 ; do tré A = 9 chiéu dai ciia bo can bing
N = 15.

Tir hinh vé ta thdy cdc dudng cong hoc tdp doi véi bai todn mo hinh
hod va cin bing kénh khédc nhau rit nhiéu khi gid tri riéng clia ma tran tuong
quan co gia tri l6n.

6.3.3. Tao chiim thich nghi

Trong cdc ting dung da dwoc khao sit trén day, tin hiéu can xir ly la
mot day dir liéu xudt phdt tir mot bién tir va do vay qud trinh loc dugc thuc
hién theo phuong phép loc thoi gian dé tao ra tin hiéu 16i ra mong muén.
Tuy nhién, trong thong tin nhiéu kénh, ching ta lai gap nhiéu nguén dit lieu
do mot mang céc bién tir phan bo trong khong gian cung cap. Su 6 hop déng
bo céc tin hiéu ¢ 16i ra clia cdc bién tir dé dugc goi la su tao chum (tiéng
Anh goi la beamforming). Bo tao chim cho phép ta thdy huéng uu tién doi
v6i mit séng truyén tir huéng nay t6i hudng khéc. Néu sau méi bién tir ta dat
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cic bo loc trude khi dua vao bo téng thi bg tao chim c6 tén la la b tao
chim thong thudng (hinh 6.15). Nhir vay bo tao chim thong thudng vira loc
khéng gian lai vira loc phd trén céc tin hiéu dén tir cdc vi tri khdc nhau trong
khong gian va véi cdc thanh phdn phd khac nhau. Céc bo tao chiim dugc ing
dung rong rdi trong radar, sonar, vién théng ciing nhur tao nh trong radar va
trong y hoe,

Trong Radar va trong vién thong, cic tin hiéu thuong la nhifng séng
dién twr, vi vay cdc bién tir ta nhimng phdn tr anten. Do vay anten mang
thutmg dugc sir dung trong cic b tao chitm. Trong céc tng dung am bién,
thi céc bi€n tu la nhimg hydro-phon ¢6 kha nang nhan duge nhimg séng am.,

Trong mot bo tao chitm, cac miu cla cdc tin hiéu duge thu nhan boi
cic bién tr tai mot thoi diem riéng biét tao nén mot diém chép nhdy
(snapsphot). Cdc mau cta diém chdp nhdy (cdc mau khong gian) déng vai
trd nhu cdc mdu thdi gian lién tiép nhau & céc 161 vio cia cic mach loc
ngang. Cdc mach loc ngang clia bo tao chim t6 hop tuyén tinh céc tin higu
dén tir cdc huéng khéc nhau do cdc bién tir dat tai céc vi tri khdc nhau trong
khong gian cung cdp. Do vay, cdc tin hiéu dén tir mot hudng ndo dé ¢6 cling
pha s€ duoc tang cuong trong khi & cdc hudng khic thi bj suy gidm. Diéu dé
c6 nghia la cdc mach loc khong gian ¢6 ddp tng tin s6 thay déi theo huéng
cta cde tin hiéu téi bign tlr. Néu biéu dién sy thay déi nay trong toa do cic
thi s€ thu duge d6 thi hinh dang cta chium tia.

Trong nhiéu (ng dung cia b tao chiim tia, cic tin hiéu tac dong lén
cic bién tlr trén nhing thdi gian khac nhau va 13 nhimg tin hieu dai hep co
cung s6ng mang. Diéu d6 c6 nghia 1a bo tao chim 18 hgp cdc tin hiéu ¢
cling tan s6 nhung c6 pha khic nhau; Sur khdc nhau vé pha 12 do suf (ré cuia
tin hiéu khi dat dén cédc bién tir so véi vi tri bién tir dat & hudng chinh.

Bién tir

L
s 4

| Mach loc
D > ngans Loi ru clia
cha bd - N
R bd 120 chiim
I tao chiim '

>
i o

Hinh 6.15. So d6 khai cha mot bo tao chim tia.
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~ Dé& hiéu rd hon nguyeén tic cia bo tao chim, ta xét mot mang anten
thang gém n phdn tir cdch déu nhau mot doan d nhu trén hinh 6.16.

n chisdcia

phin tlr
(N-Ndsin6_ |
N-{ C
S(t) N-2
i i S ) S
| : : 3 Loira
| cla
_ bd tao
) o Fd chiim tia
L 4 =®—p 0 b,.(t)
dsin®, />/ Ciic he 56 ciia Thoi gian tré
mach loc

Hinh 6.16. B 1a0 chiim tit méng anten thing.

Gia sir cdc phén tir cha anten dinh x déu dan doc theo truc y. Tin hiéu
thu dugc cua phén tir thi | dat tai g6c toa d6 do ngudn tin hi¢u thar 1 13 (1) 12
song phang. Do vay tin hiéu I6i ra ctia cdc phdn tir anten thu duoc s€ 1a:

e,(t) = s(t + 1950 (6.54)

C .

Trong d6 n 1 chi s cdc phdn tr cia mang anten, d 1a khoang cdch

gilta céc phan tir, 8, 1a géc 16i clia tin hiéu tir nguén the [ con ¢ 1a van tdc

truyén. Nhu da néi sy tao chiim duge thye hién nhd cich loc khong gian ;

tirc 2 thue hién sy diéu chinh tdp trong s clia cdc bo loc sau céc bién tir v

lam tré thoi gian cdc tin hiéu dat dén cdc phén tir cia mang anten. Vi cdc

phdn tlf sap x&p thing hang nén thdi gian tré clia céc tin hiéu ciing cdch déu

nhau v6i géc 6, 1a boi cha thdi gian truyén giita céc phan tir lién i€p nhau.
V1 vay tin hi¢u 16i ra clia bo tao chiim thu duge la:

N--1 :
b () = ancn[t—m)

n=0 C

N-1 1 —
. ZWhS(t+ ns(sin @, —sin@,_ )] (6.55)

n-ik C
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Dic tinh dinh huéng cla bo tao chiim s& duge thé hién 16 néu bidu
dién céc song phang phitc di qua cdc bo toc khong gian. Khi d6 b_(1) ¢6 thé
viet dudi dang:

N-i : . . )
bm(t) — ZWneJU)|teJ(o]nd(smBl—sme}fc

n=0}

N-I1
- I Z W ne—jm]nkld(s‘ine' -sinB ) fc

n=0
=e ™" W(B) (6.56)
trong dé k, = 2n/X, = w/c la s6 song hay cdn goi 12 tin s6 khong gian, A, 1a
budc séng cua séng t8i va:

N-I . . . )
W(E‘!]).z zwne-Jmtn}(,d(slnGl—:\me)f(, (65?)
n={)

1a dic trung hudng clia dan loc khong gian dugce tao thanh tlr sy tré thoi gian
cla cdc tin hiéu tic dong vao cdc phdn ti anten.
6.3.3.1. Ham truyén khong gian

Nhu thdy ¢ trén tin hi¢u 16i ra clha bo tao chum |a mot tin hiéu mat
séng phing e-mit phitc duge tao thanh it tich cua tin hiéu géc véi ham dic
trung W(8,) cho trong (6.57):

"N—~1
-ja sinB;-sin@ >
W(Bl): ane jonkdisinB,-sinB /¢

n=0
N-1
=>w,z" (6.58)
- n=0
trong dé ta da dat:
r=¢e ikldisindm - sinl1y (659)
1]
=T (6.60)
Ay C

Nhu vay, ham dic trung cho bo loc khong gian W(8)) c6 thé duge vigt
nhir bi€n doi - z cla cde trong s6 clia cdc phan tir clla mang dude dinh gid
rén vong tron don vi. Do d6 W(9,) ¢6 thé quan niém nhu mét ham truyén
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khong gian cta méing anten. Nhu di thay z [a bign s6 bién déi tuin hoan,
nén nguoi ta thuong bicu dién ham truyén khong gian theo bién s& Xoay
chiéu: :

N-1
W)= > w,z™" (6.61)
n=0 .
¢ day:
Z=e Teledum - uby (662)
k= %T-[ =@ (6.63)
A ¢
u, = sing, (6.64)
u; = sin6, (6.65)

Nhu vay khi 6, quay tir -90° dén +90° thi v, chay tir -1 dén =1, Su dnh
Xa phi tuy€n giifa chiing cho thay tin hiéu tng vdi géc tdi 6, duge cic mang
cdc phén tir thu nhan nhu thé nao khi di tir phan tir nay sang phén tir khéc
(n tang). )

Ching han, xét b tao chim cé N = §, hé s6 cha mach loc w, = |
(n =0, 1., 7), gid sl séng t6i 1a chiim séng rong véi B, =0"; Cic phén tir
anten ¢6 d6 dai nira budc séng d = A,/2. Khi dé ham truyén khong gian cé
dang: -

N-1
W)= > w,z"
n=0

=>z" (6.66)

trong do:

7 = C_ikh'[k‘inam - »inHp

—c -jmsin0l _ @ il

(6.67)

Tu ham truyén (6.66) ta tim duoc dép tng tan s6 cua dan loc khong
gian :
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ﬂn[zi(nshleﬁJ
W(9|) = 2 eth-tfz:nsinOI

l {6.68)
-sin[a(nsinﬁl)}

“hay

)
s (mu,)

W) = _?__ G NI (6.69)
ﬂn{i(nuJ} |

Ddp dng bién d6 va pha cda bo tao chim chia vi du nay cho trén hinh

6.17.
IW(u, )l
NN 1 NS
i 0 1
el =0(1
IW(0)l u, =sind,
6, = -90" | 8, =90°

Hinh 6.17. Bién do cta bd tao chim ctia mang anten déng nhat.
6.3.3.2. Vidu bo tao chivm dai hep

Xét truong hop mang anten gém hai phdn t&r nhu trén hinh 6.18.
Trong d6 tin hiéu mong mudn 1 s[n] = a[n]cos(nmwe) hudng vudng géc véi
dudng anten. Tin hiéu giao thoa v[n] = B[n]cos(nw,) huéng tao véi s[n] mot
goc B, Cdc day tin hiéu s[n] va v[n] gia thiét Ia cdc qud trinh dai hep c6 bién
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d6 va pha déu la nhimg qud trinh ngdu nhién c6 trung binh bang khéng
va khong twong quan vSi nhau. Khoing cich gitta hai phdn tir anten bing
d = %/2, & day A, 1a budc séng clia s6ng mang thoi gian-lién tuc lién quan
vGi tan s8 géc o, bing hé thic:

Wy

@, = _'T_ =mf, (6.70)

&day Tlachuky vaf, = 1/T la tin 6 14y mau.

Céc he¢ s6 w, va w, clia bd tao chim duge diéu chinh sao cho sai s& 16
ra e[n] dugc cyc ti€u hod theo nghia toan phuong trung binh,

Cdc tin hi¢u trong bo tao chiim thich nghi hai phan tir nay c6 dang;
d[n] = ¢[n]cos(ne,) + Blnlcos(nw, - ¢,) (6.7H)
& day ¢, la géc lech pha do tin hi¢u giao thoa v[n] t6i A va B & nhimg thdi
diém khdc nhau.
D¢ iech pha dé tinh duoe:
_ dsin@,

[

0, = nsing, (6.72)
@ chi phu thudc géc t6i clia tin hiéu nhiéu v[n] va doc lap vdi tin so
18y mau f..
Véc 1o 161 vio gém hai tap trong s6:
- [x[n]} {a[n]cos(nmo) + B[n]cos(nu)n):l
x[n] = =

X[n] a[n]sin(nw, ) + B[n]sin(nw,)

(6.73)

s{n]

i)

[
v[n] Bi xin)

X

X [n]

Hinh 6.18. BS tao chim v6i mang anten hai phdn tir.
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Cac hé s6 ctia bo tao chum w,, va w, dugc lua chon sao cho gid tri toan
phuong trung binh ctia hi¢u hai tin hiéu d[n] va y[n] :

e[n] =d[n] - w'x[n] (6.74)
o day w' = [w, w,]", c6 gid tri cuc tiéu. _

Tin hi€u sai s6 e[n] chinh la 16i ra cua bd tao chiim thich nghi b[n].

H¢ s6 khuéch dai cong sudt ciia bd tao chum dugc dinh nghia bang ti
s6 clia cong sudt tin hiéu 16i ra e[n] trén cong sudt tin hiéu tai mot trong
nhing hudng. Gia st mot tin hiéu dai hép dén tir huéng cé6 goc 0 la
Y[n]cos(nw,), thi tin hi¢u 16i ra cta bd tao chum hai phan tlr néi trén c6 dang:

e[n] = y[n] {cos(nw, - wsinB) - wcos(nw,) - w,cos(nw,) }
= y[n] {(cos(nsinB) - w, ) cos(nw,) + (sin(nsinb) - w, )sin(nw,) }
= a(0)y[n]sin(no,+¢p(0)) (6.75)
trong do:
a(0) = {(cos(msind) - w,)* + (sin(ntsind) - w, )? }'? (6.76)

_ cos(msin0) —w,

@(0) = tan (6.77)

sin(msin0) — w,
Tir d6 tinh duogc ti s6 cong sudt cha tin hiéu 16i ra trén cong sudt cla
tin hiéu dén tir hudng 0 la:
G(0) = a*(0) = cos(nsind) - w,)* + (sin(nsind) - w, )? (6.78)

D6 thi cua G(0) theo hudng duoc goi l1a gian do chi phiong clia bo tao
chum. ' :

Hinh 6.19. Gidn do chi phicong cia mang anten hai phén tir véi cdc séng giao thoa dén tir
hudng 45° so véi tin hiéu mong muén nhu trén hinh 6.18.
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Hinh 6.20 la gidn d6 chi phwong ciia bg tao cham ding ham cia 6
Hamming.

r s i il
§3-25-2 15 1 05 0 05 1 15 2 25 3

Imaginary
[wn]

) i BN | U TR e
1325 2 15 -1 05 0 05 1 15 2 25 3

Hinh 6.20. Gién d6 chi phuong ciia bo tao chim ding ham cira s6 Hamming.

6.3.3.3. B tao chum FFT

FET hai chiéu c6 thé dugc sir dung dé tao chiim tia cho méng anten
théng cdch déu nhau. Trén co s tin s6 duy nhat, cdc phép tré thoi gian trong
SU tao chum tia twong duong véi sy dich pha va thay ddi tuyén tinh theo chi
s6 n cha cac phin tr. FFT trong bo tao chim tia nay déng vai trd mot bo
dich pha. So' dé thyc thi bo tao chim ding FFT cho trén hinh 6.21.

n chisé cla
phén tr

7 |0f1]..|i]... M_l._,b_. o RS

Y X(i,k
E.:
J 'y

01..i.. M-1' —-—b@—-’ o 2M0KE

FFT-M diém Céc hé s6 clia Dich pha
mach loc

Hinh 6.21. Bo tao chiim tir mang anten thing diing FFT.
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Gia st mang anten c6é 8 phén t¢ N = 8 vdi chi s6 ciac phin th n =
0,1...., 7. Céc tin hiéu tir mdi phdn tir ctia mang dugc 1dy mau déng thoi véi
toc do Iay méau f, tao ra ddy thoi gian da kénh x,,, va dua vao bo FFT
M-di€m va dua qua ham cira s6 t6t w,. FFT clia mot kénh thit i ndo dé ky
hiéu la X (i), trong d6 n 1a chi s6 mang (chi s6 ctia kénh) cdn i 12 chi s& tdn
50,0 <i<M-1.

M1 . . .
X ()= Y wox, e i Mmi (6.79)
m=0

Trong hlnh 6.21, X, (i} dugc biéu thi nhu N hang ngang ctia tia FFT
M-diém.

Day céc gid tri phiic 8-diém biéu dién chi s6 bin FFT nhu nhau d6i véi
tat ca cdc kénh duoc 13y trong s6 va xir ly v6i FFT clia c4c kénh chéo dé tao
thanh chuim tia 161 ra X(i,k) dugc tinh nhu sau:

N-|
X(iky= > w X (i)e ermn : (6.80)
n=0
Thay X, (i) tit (6.79) vao biéu thic nay ta s& thu duoge N bin 0 < k <
N-1 dugc tac thanh do cic t8 hop véi cdc FFT cha céc kénh khic gay ra su
dich pha Nhu vay, chiim tia duge tao thanh & tn s6 duge biéu thi bing chi
$0 i clia bin FFT ctia kénh chinh trong cic hu'(mg duge biéu thi bing cdc chi
s6 k cha bin FFT cia kénh chéo. RG rang, dé vé bién do clia bd tao chim
dung FFT, ta c4n c6 goc phuong vi O_ nhu trén hinh 1.33. Bién do cla X(l k)

nam trén truc vuéng gbc voi mit phang trang gidy. Truc tung [a tdn s& phu
thudc thai gian biéu thi chi s8 i cha bin FFT cia kénh chinh.

i bin tan s6
4 thoi gian
—{(M/2)-1
8,=-90° | 8,=90"
1 | *
-N/2 0 N/2-1 k
bin tan s6
khong gian

Hinh 6.22. D6 thi v& bién do chim tia ding FFT,
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o= [%Jf. (6.81)

Truc hoanh la s6 séng k hay 12 tdn s6 khong gian biéu thi cho cic FFT
chéo v&i chi 50 k:

Esinﬁln =(EJ(le (6.82)
A N Ad

g day 2n/) 12 56 séng hay la tan s6 khong gian, A = c/(w/2m) 1 budc séng ¢
la van toc truyén song.

Tir (6.82) ta tim duge m6i quan hé giira chi s6 bin FFT chéo k va g6c
phuong vi 6, :

A il
0, = sin'| Ng (6.83)
¢ 2n
=sin"| Ng @ © (6.84)
c Mk
= sin’! _IGTT (6.85)

Nhu vay doc theo dudng ban kinh xuyén tam, g6c phuong vi ¢6 gid tri
khong doi. Mién nam giita - 90° va 90° wrong ting véi cdc g6c téi doi véi
céc mat séng truyén véi van toc c.

6.3.3.4.Vi du su tao chiom FFT

Chang han xét hai mat séng phéng, tin hiéu hinh sin di dén mang
anten thing ¢6 32 phan tir. Tan s6 ldy mau hai tin hiéu d6 14n luot 13 f =
0,0625 va f, = 0,1250, ti 56 bien d¢ 1a 2 (tvong tng véi 6 dB vé cong suf),
Chicu dai FFT clia kénh chinh 1a M = 1024, Nhu vay, thanh phén tin s6
duong cia f, biéu hién trong bin 577 va thanh phén tin s6 duong cua f, bidu
hi¢n trong bin 641 cia FFT bi quay bdt M/2 bin (& day cdc bin chinh 1a cdc
50 bat ddu véi 1 chit khéng phai 0). Chiéu dai clia cdc FET chéo laN=1024
(dién thém khong). Géc t6i ctia hai mat séng 1 hinh sin tai f, bi tré vé thoi
gian va hinh sin tai f, sém vé thdi gian mét khoang 18y mau tir phdn tir nay
sang phan tr khdc. Néu bicu thi FFT chéo 1ay bin 577 va bin 641 thi tin s6
dinh I6n nhét 1a tai - 0,0625 d6i véi f, va tai 0,0125 d6i vdi tan so f,, nhu
trén hinh 6.23.
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Hinh 6.23. B¢ tao chinm tir hai song phing ding FFT 1024 diém véi tdn 86 1y miu
f, = 00625 va [, =0,125,
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Chuong 7
MACH LOC THICH NGHI TRONG LINH VUC TAN $O

Trong cdc khdo sat trén day, tinh chat hoi tu cta thuat toin LMS dic
tring cho sy hoi tu clia tap trong s6 clia mach loc ¢6 ddp dng xung hitu han
t6i cdc gid tri mong mudn. Su thich nghi cia tip trong s6 niy duge tién hinh
trén linh vuce thoi gian. Nhy d3 thdy, trong linh vuc thdi gian, su hoi tu cla
thuat todn LMS phu thuéc khong nhitng vio gid tri riéng cha ma tran twong
quan R ma con vao tin hiéu 161 vao nita. Trong thyc t& xir 1y, chéng han trong
Xr 1y tigng néi, hinh anh hay trong céc tin hiéu vién thong. tin hiéu I6i vao
thudng cé day gid tri rat I6n, khi d6, néu diing thuat todn LMS trong linh vue
thoi gian nhu trén thi cdn phai cho dgi dé nap hét cic 6 liéu 16i vao va cic
yéu céu vé cdc bo nhd rat dai do mic do phitc tap trong tinh todn cta thuat
todn rat cao. Do vay thoi gian hoi tu cla thuat todn s€ rat cham.

D¢ khic phuc tinh trang trén, cin bien ddi mach loc thich nghi sang
mét linh vie méi ma trong d6 thuat toan LMS hoi tu nhanh hon do s6 lugng
tinh todn va cdc yéu cdu vé nhé ciing it hon; nhu vdy mai hy vong ting
nhanh t6c d6 xur 1y cling nhu khoi lugng thong tin can xir ty. Vi vi vay,
ngudi ta da bién doi mach loc thich nghi sang linh vuc tin $6 nh¢ cdc thuat
todn nhanh nhu FFT hay DCT, DST dé thuc hién cdc phép nhan chap nhanh
k&t hop véi xir Iy song song béng cich chia mach loc FIR theo khéi tic 1a
thue hién cdc phép nhan chap phan tang nhir di duge mo ta trong tip 2.

Phuong phdp loc thich nghi trén finh vuc tan s6 dua tén thuat todn
LMS khoi trong dé thut todn LMS chudn nhur mot trudng hop rigng. Uy
diém chinh cla phuong phdp nay  ¢6 thé dp dung mach loc thich nghi FIR
cho cic ddy dir ligu vao 16n nhung hiéu qua tinh todn lat rdt cao do cdi thién
duoc hi¢u nang héi tu ctia thuat todn LMS va t6¢ do hoi tu déng déu do tinh
chit tryc giao clia cic phép bién déi nhir FFT v DCT. Trude tién ta khéo
sdt loc thich nght khéi vi né [a co s3 d€ thure hién loc thich nghi trén finh vuc
tdn $6 dua vao bin d8i FFT vi DCT. Dé don gian tinh todn, ta xét truong
hop thuc hién mach loc thich nghi khai d6i véi day dir ligu 161 vao x[n] va
day di liéu mong mu6n 16i ra [a nhimg day s6 thue.

7.1. THUC HIEN CAC MACH LOC THICH NGHI KHOI
Mach loc thich nghi khéi ¢6 so d6 cho trén hinh 9.1, trong do xn] la

day dit li¢u vao ducc phan thanh L- khdi nhdy bo chuyén doi ndi tiep - song
song. Cdc khéi cia day dir licu 161 vao sau khi duce tao thanh, tng khoi
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mot, duge dua vao mot mach loc FIR ¢6 chiéu dai M. Tidp trong s& cla mach
loc duge giff ¢o dinh trén mdi khéi cha day dit liéu dé sao cho sy thich nghi
cua mach loc thuc hién theo khdi niy ti€p khdi kia chd khéng phai tit miu
nay t6i miu khic nhu trong thuat todn LMS thong thuding. Néu ky hiéu k i
chi s6 cua khoi vd Wlk]1a véc 1o tdp trong s6 clia mach loc ddi véi khai tha
k d6, khi dé ¢6 thé viét:

WIK] = (Wy[k] W,[K]... Wy [k]1Tk=0,1,. (7.1

Chi 56 36 thoi gian ctia mau géc n lién hé véi chi s6 khai bang hé thic:
n=kL+1 (=0, 1,. ., M-1:k=0,1,... (7.2)

Tai thoi diém n quan hé giita cdc y[n] d{n] va e[n] dudc biéu thi bing
phucng trinh:

e[n] =d[n] - y[n] (7.3)
Chuyén da6i Chuyén déi
ndi tiép - song song - Coché | yln|
SOTE SOng noi ti€p | phan >
khai
S/P P/S
_ ylni
Ls| Thuat todn |« ChUyénl doi :
o LMSkhai | néi tép - -
: SONg sONg | =
FBLMS | etn + din]
- S/P

Hinh 7.1, So dé coa .mi:_lCh loc thich nghi khdi.

trong d6 d[n] & tin hiéu mong mudn con y[n] la tin hiéu 16i ra cia mach loc
thich nghi khai, lién hé véi day dit liéu 181 vdo x{n] bing hé thitc:
yln] = w[k]" x{n] (7.4)
trong dé x [n] 14 véc to tin hiéu 161 vio tai thidi diém n, duge viét nhy sau:
x[n] = {x[n] x[n-11,.... Xx[n-M+1]}"

Khi dé hé thire (7.4) ¢6 the viét dudi dang tuong duong:

(7.5)

y[kL+i] = w[k] "x|kL+i]



N

= X W kXKL +i~1], i=0, 1. M.] (7.6)

=0
Nhu vay déi véi mach loc thich nghi khai, phuong trinh (7.3) ¢6 dang:
e[kL + i] = d{kL + i] - y{kL +i] (7.7)

voi 1=0, 1., M-1va k=0,
Tir phuong trinh cho thay ddy sai s¢ c[n] ciing di duge phan thanh
khoi M diém mot cich dong bo véi ddu vio cia mach loc thich nghi khéi vi
sau d6 duge st dung dé tinh si hieu chinh cho cdc tdp trong s6 cla mach loc
nhu mé ta trén hinh 9.1,

D€ minh hoa mach loc thich nghi khéi ta iy vi dy mach loc FIR ¢6
chiéu dai M =3 chiéu dai cta khai cling bang 3 nghia 13 L =3. Khi dé quan
hé vao ra cha khéi thi k theo (7.6} viét dudi dang ma trin & c6 dang:

y[3k] X[3k]  x[3k—1] x[3k-2] w, k]
yI3k +1) [ =] x[3k +1] x[3k] X[3k—1] || w, k] (7.8)
y[3k + 2] X(3k+2] x[3k+1]  x{3k] w,[k]

Luu ¥ ring cdc ma tran di litu & day 1a mot ma tran Toeplitz. D6 13
ma tran ¢6 cde thanh phén trén dudng chéo chinh déu nhu nhau,

7.2. THUAT TOAN LMS KHOI

Trong mach loc thich nghi khéi, d6i véi méi khai dit lieu thi ¢é cde tin
hiéu 161 khac nhau; Tin hieu sai s6 nay duge phép thay d6i tai moi t6c do dir
lieu va duoe sir dung trong qud trinh thich nghi. Do valy, doi véi khéi thi k,
ta c6 the ldy téng cdc tich X{kLAile[kL+i] trén 14t ca cde gia tri kha di clia
i =0 1., M-l vi nhu viy xdc dinh duge phurong trinh cdp nhat vée (g tap
trong s6 cita thuat todn LMS khéi hoat dong trong ché' do gis tri thuc nhu
Sdl:

L] .
wlk+1]= WlK]+ 1D x[kM +i]e[kM + i] (7.9)

¢ day p la thong s6 burde.

D¢ tien trinh bay, phuong trinh trén cé thé vist dudit dang don gian
hon:

Wk +1] = Wk | + p D[K] (7.10)

trong do véc to dlk] la mot tuone ¢ uan chéo gitru vie 1 167 vao khéi vi v
g , £q g
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to sai s6 khoi duge xdc dinh tir

L-1
®lk] = D x[kM +ile[kM + i] (7.1hH
=t
Trong mach loc thich nghi khéi, véc to gradient dugc sit dung dé cap
nhat 1dp trong s6 cta mach loc 12 trung binh cla céc véc to gradient. Do vay:

. Lt
V[k]:—%Zx[kL+i]e[kL+i] (7.12)

=)
Hé 6 1/M 1a do 1ay trung binh theo thdi gian.
Khi d6 thuat toan LMS khéi ¢é dang:

Wik +1]= WK] - pgV[K] (7.13)
trong do :
Hy =Ly (7.1
Hay :
Wik +1] = W[k]+2uTBxT[k] e[k] (7.15)

trong do ta da thay:
L-} '
> XIKL + ile[kL +i] = x"[k] e[K] (7.16)
1=}
Phuong trinh (7.15) tuong tng véi su cap nhat tip trong s6 clia mach
loc theo cdc mau cua tin hiéu 16i vao x(n] va theo cdc miu cha tin hiéu sai s&
e[n}. N6 xac dinh phép lap cua thuit toin BLMS, _
Do vay tinh chat hoi tu clia thuat todn BLMS phu thudc vao tri riéng
clla ma tran tuong quan R = E{x{n]x"[n]} ¢6 nghia Ia thuat toin BLMS ciing
la su thuc thi thong ké cua phuong phdp gidm budc nhanh nhét.

Thuat todn BLMS ¢é M mét hoi tu duge dac trung bing hiing sé thoi
gian:

To, , V6ii=0,1,.., M-l (7.17)

duph;
d day A, la cdc gid tri riéng clia ma tran tuong quan R.

Théng s6 bude cha thudt todn BLMS, i, ¢ thé duoc lua chon sao cho
doi véi sy dieu chinh sai $6 nho vis d6i véi cic khéi dai ¢6 kich thude gan
bang kich thude cla mach loc thi nidm trong viing 10% hoic nhd hon. Khi
do, heé s6 dicu chinh sai s¢ cha thuat todn khoi duoc chon gén ding bing:
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K-,__
1
‘ m,;*ﬁmk} (7.18)

Thay Ihc‘)ﬁg. s6 budc cua thuat toin BLMS vio trong (7.17), ta thu
duoc:

Ty, = —— khoang thoi gian gitra cic khéi (7.19)
B, 4Mp 2., g glan g
l | - '
o = ,  khodang thdi gian gitta cic méu (7.20)
4,

Tir d6 ta thay tinh chat hoi tu cha thuat todn BLMS vi LMS khong
khac nhau.

D6 thi trén hinh (7.2) cho thdy diéu dé. Trén hinh vé, chiéu dai cua
khoi dugc chon véi cédc gid tri khdc nhau va thong s6 bude pn duge chon sao
cho h¢ s6 diéu chinh sai s6 a1, = 0.1 theo cong thic (7.18). Qua trinh ngiu
nhién 16i vao x[n] 1a day I6i ra cia mach loc ¢6 ddp ang xung h[n] =
[0,35 1 -0,35]. Khi d6, gid trj riéng clia ma tran tuong quan R bang 1,4537.

: xanh lo:LMS; do : BLMS L=M:xanh |a {BLMS L=2M; vang:BLMS [=3M

10 . re— , y ,

E : —— LMS thuong

i — BLMS =M
", \ BLMS L=2M

E BLMS L=3M |3

0 500 1000 1500 2000 2500 3000
So luong phep lap

Hinh 7.2. So sinh tinh chat hoi tu cha thudt todn LMS va BLMS
Chicu dai cua khoi L=M, 2M,va 3M v6i M = 15.
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7.3. THUAT TOAN LMS NHANH (BLMSF)

Nhu trong cdc tiét trén di mo ta, thuat toin BLMS cho phép thue hién
st xir 1y tin hiéu thich nghi theo khéi mot cich song song va do vay di rit
bt dugc thoi gian xu 1y do khong phai cher dgi. Tuy nhién van dé miu chot
14 lam thé ndo d¢ giam bdt duge thai gian ciling nhu do phic tap trong tinh
todn dé nang cao hiéu sudt tinh todn va khéi lugng thong tin cin xir Iy. DS 1a
muc tiéu ma cac chuyén gia xu 1y quan tdm hang dau. Nhu da thdy, trong
thuat todn BLMS stic nang tinh todn la thuc hién phép nidn chdp thdng giita
tap trong sO cla mach loc va day 16i vao duge xac dinh ti phuang trinh (7.6)
va xdc dinh su tuong quan tuyén tinh gilta cic tdp 161 vio c,ud mach loc va tin
hiéu sai s6 duirgec mo ta trong phuong trinh (7.11).

Nhu da biét Huidrt todn Fourier nhanh (FFT') va DCT nhanh cung cip
cong cu hét sic hiéu qua dé thuc hién nhanh cdc phép nhan chip vi sy
twong quan. Do d6 ngudi ta dd dp dung cdc thudt todn nhanh dé thuc hién
nhanh cdc phép nhan chap cling nhu sur tuong quan. Thuat todn BLMS duoc
dp dung FFT dé thuc hién nhanh phép nhan chap vi su twong quan dugc goi
la thudt todn LMS nhanh (FBLMS).

Phép nhdn chap nhanh ¢6 thé dugce thue hién theo phupung phép cong-
chéng pht hay loai bo-chéng phu. Ngudi ta nhan thdly phuong phép loai bo
chéng phi hiéu qua hon néu sir dung chdng phi 50% ; c6 nghia {a ta phai
dién thém 50% s8 0. Do 6, M tap trong s6 clia mach loc duoe dién thém M

s6 0 nita dé bang Ndi€m tinh FFT:
N =2M (7.21)

Nhu vay néu goi W (k] 1A véc to cdt cic hé s6 FFT cla tép trong s6
clia mach loc dd dién s6 khong, thi né duge tinh tir:

- w(k]
WIk] = FF'T{ 0 } (7.22)

trong dé 0 1a véc tg khong M gid tri con FFT{.} k¥ hiéu bi€n doi Fourier
nhanh.

biéu d6 cé nghia la w [k] 12 bién d8i Fourier nhanh clia véc 1o tdp
trong s di dién thém M s6 khong.,
Néu goi X[k] 12 ma tran chéo NxN suy ra tir day dir hiéu 16i vao nhu

sdu:

X[k] = diag {FFT{x[kM-M]...., x[kM-1] x[kM],..., x[kM+M-1}} (?.23)
L. /o _/

khoi thi (k-1) khéi thir (k)
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Bly gi0 ta dp dung phuong phip loai bo chéng phi (overlap-save) dé
thue hién phép nhan chip thing (7.6). Bé [ maot véc 10 ¢t ¢ M phan tu.

y'IK] = {y[kM], y(kM+1]...., yIkM+M-1]}

= M phén tir cusi ciing cta IFFT(X[k] W [k]] (7.24)
trong d6 IFFTY. } 12 bi€n d6i Fourier nhanh nghich déo.

Doi véi su tuong quan tuyén tinh cia khéi thi k, ta thu duge véc to dip
ng mong mudn : -

dik] = {d[kM], d[kM+1]...., d[kM+M-1])7 (7.25)
va véc to tin hiéu saj s6 : '
e(k] = {e[kM], e[kM+1],..., e[kM+M-1]}}" (7.26)
= d[k] - y[k]

Luu ¥ rang véc to tin hieu sai s§ e[k} 1a bién d6i Fourier nhanh nghich
dao cia E[K]. :

Hay:

0
Elk] = FFT 27
[k] {{e[kJ} (7.27)

Nhu da bi€t phép tinh twong quan 1a nguoc vai phép nhin chip. Do vay
phuang phdp loai bo chéng phi dp dung cho phép tinh twong quan lai ldy M
phan tlr ddu tien va loai b4 M phan tir cudi cing. C6 nghia I véc to tuong
. quan ®[k] dugc tinh nhu sau:

®[k] =M phan tir dau tién coa IFFT{X"[K]E[k]} (7.28)

Cudi cung phuong trinh cap nhat véc to tap trong s6 d6t v&i phuong
phap loai bo chéng phu thu duoc:

. . O[K]
W[k+l]:W[k]+uFF‘T{ 0 } (7.29)

Cdc phuong trinh tir (7.22) dén (7.29) xac dinh thuat toan BLMS
nhanh. Hinh 7.3 mo td dé thi thuat todn FBLMS nay. Hay néi khac di, dé thi
hinh 7.3 Ia sy thuc thi thuat Todan LMS trén linh vuc tan s8. Do vay, tinh chat
hoi tu cua né déng nhat véi tinh chat héi tu cha thuat todn BLMS nhu da
khao sdt trén day.,
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Hinh 7.3. Sa d6 thue thi thudt todn FBLMS trén finh vire tdn s6.

So d6 nay thuc hién tinh tein mot cdch hiéu qua nhd dp dung thuat
todan FFT, Trong so d6 nay bd dém 16i vao ¢é nhiém vu chon lua cidc miu 16i
vao dé sao cho 16i ra clia né x[n] 1a mot diy gém M mau cla khéi méi va M
mau cta Khéi trude dé. Véc to miu dir liu 16 vio nay duge FFT chuyén
sang lnh vuce tan s6 X[k| va duge nhan véi vée to tdp trong s6 cta mach loc
trén linh vuc tan s& W [k] d€ thu duge véc to cha tin hiéu 16 ra trén linh vuc
tdn s6 Y{k]. Cic mau 16i ra trén linh vue tan s6 nay duge chuyén vé linh vuc
thoi gian nhd bo bién Fourier nhanh nghich dao IFFT. Chi git lai M s& hang
sau cling cva két qua tinh todn IFFT lam dir liéu cho day 161 ra y[n]. Sau d6,
cdc mau tin hiéu 160 ra ndy ciia mach loc duge gii t6i bo dém 161 ra va 16
tang xdc dinh sai s6 e[n]. Véc to sat s6 bay git dugce dién thém M s6 khong
vio ddu dé chuyén sang linh vye tan s6 E[k] nhd FFT. Phép nhan E[k] v6i
lien hop phite cia véce to tin hiéu 16i vio X"[k] cho ta thiuc hi¢n phép tinh
trrong quan giira hai tin hiéu trén linh vue tan s @[k]. K&t qua nay dugc si
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dung d¢ cap nhat véc to tdp trong s¢ W [k] nhu thdy trén so d6. Bo gradient
c6 nhiém vy lam sao cho tdp trong 6 clia mach loc ¢6 M s¢ hang sau cling
bing khong. Vi thé méi 6 t&n ta gradient ¢é diéu kién.

Tuy nhién, n€u phuong trinh cap nhat véc to tdp trong s6 dugc xdc
dinh dudi dang:

W k+1]= W [k] + p X"(K]E[K] (7.30)

thi khong can phai thue hién khéi gradient ¢é didu kién nira. Trong trudng
hap nay do thi dong tin hiéu thyc thi thuat toin FBLMS s& khong ¢6 phan &
trong khung chdm chdm nita. Khi 46 ta thuc hién loc thich nghi trén Iinh Vife
tdn s6'ma khong cdn didu kién rang buéc. Rd rang viéc thyc thi thuat todn
FBLMS khong c6 diéu kién rang budc don gian hon vi khong phai thtre hién
hai trong nam phép tinh FFT va IFFT. Tuy nhién sy don gian nay phai tra
gia cho hé s6 diéu chinh sai cao hon.

Thuét todn FBLMS ti¢t kiém duoc rat nhiéu tinh todn so véi thuit todn
LMS thong thudng. Chang han néu M tdp trong s hoat dong trong ché do
thuc, thi thuat todn LMS cdn 2M* phép nhan thuc trong khi thuat todn
FBLMS chi cén 10Mlog,M + 26 M. Do vay ti s& chia do phic tap tinh todn
giilta hai thuat toén 1a;

i0Mlog, M +26M _5log, M+13
2M? h M

Chéng han véi M = 2048 thi ti s6 trén bang 1/30. Nghia 1a thuft todn
FBLMS nhanh hon thugt todn LMS théng thudng 30 lan. Ti s& nay con tang
manh khi s6 diém tinh FFT tang lén.

(7.31)

7.4. CAC PHEP BIEN POI TRUC GIAO

Ngoai phép bién ddi FFT ta con cé thé sir dung céc phép bién ddi true
giao d¢ chuyén mach loc thich nghi sang linh vuc tdn s6. Trén finh VUC nay,
hi¢u qua tinh todn s& t6t hon nhd sir dung céc thut todn nhanh nhu FFT. Céc
phép bi€n ddi tryc giao hay dugc sit dung nhat trong cdc ttng dung cha xir 1y
tin hiéu labién d8i Fourier rdi rac (DFT), bi¢n déi cosine (DCT) va sine roi
rac (DST), bién d6i Hartley r&i rac (DHT) hay bién ddi Walsh-Hadamard
{(WHT). Chiing ta s& xét nam phép bi¢n déi dé.

L. Bién d6i DFT 12 mot vi dy dién hinh nhdt cla bign déi truc giao.
Phin tir thit k cia ma tran bién déi DFT Ia:
] —jz—n-km

= —_pg N ,
\WN |

f v6i 0 <k,m < N-1 (7.32)
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trong d6 he 56 1/vN 14 thira s6 chudn hod.

Bdp ting bien do cia bién déi DFT phan chia khoang tdn s6 cha tin
hiéu 163 vao thanh N dai con cidch nhan mot lugng 2n/N, giong nhu mot dan
loc dong nhat. Dan loc d6 ¢6 haim truyén:

Hyyi(2) = kamz_m {733

m=0

Thay hé s6 f,, tir (7.32) vao (7.33), ta thu duoc:

—j——km

Hpypilz) = Ze z’"

l—-e N z7
_ 1= (7.34)
VN M i
l—e N z°

Nhu vay ham truyén chudn hod cia mach loc DFT thit k ¢6 (thé dugce
xac dinh dudi dang:

[—z N N
Hyp(2) = Vi k=0, 1, N-1 (7.35)
=k
l-¢ N z7

R& rang la ddp éng 1a4n s6 cha cdc mach loc tuong ing vdi k chay tir 0
dén N-1 sé cdch déu nhab bang 2n/N va chia bang tdn coa tin hiéu 16i vao
thanh N dai con. Mach loc nhu vay cdn ¢6 tén 1a mach loc Idv mdu idn $6.

2. Bién doi cosine (DCT) ciing 1a mét vi du dién hinh ctia bién déi
trire giao. Nhu da biét, DCT ciua mot ddy { x[n], x[n-1],..., x[n-N+1]} duogc
dinh nghia nhu sau:

Xperx[n] = Zcmx[n , véik=0,1,..,N-1 : (7.36)

m=i}

0 day c,,, 1a hé s8 khai trién DCT dugc xéc dinh tir:
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\ k=0vim=0]1,.,N—1

_2-_ é(_)k} T[(zm + l)k k = 1123"-3 N _l (?.3?)
‘ 2N ' vaim=0],.. N-]

-

Bién doi DCT duge dinh nghia nhu (7.36) tao nén mdt dan loc clia cdc
mach loc FIR ¢6 cdc ddp ing xung la nhiing h¢ s6 c, .. Dan loc d6 duoc goi
la dan toc DCT. Ham truyén ctia mach loc DCT tht k ¢6 dang:

N-i
Hyel) = Y cynz™ k=0, 1,..., N-1 (7.38)

m=0

Thay cac hé 56 ¢, , tir (7.37) vao (7.38), ta thu dige ham truyén cua cdc
mach loc DCT compact nhu sau:

(-2 -(=D*z™)

Hper(z) = , k=0, 1...,N-1 (7.39)

nk _ -
1-2cos—-z ' +27°

Bién do

Tan s6 chuin hoj

Hinh 7.4. Su phén chia dai tin ciia mach loc DCT véi N=§.
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3. Bién doi sine roi rac (DST) twong ¢ nhu bién déi DCT nhing hé sg
bien d6i duge biéu dién dudi dang:

2 . kmn
Sy = sin s km=1,2_. N ' 7.40
YN+ N+ (790

Ciing giong nhu bién d6i DCT, bién déi DST ciing tao thianh N mach
loc phan chia dai tin ¢6 cde ddp ting xung 13 cic hé s6 khai trién DST va ¢6
ham truyén:

N
Hog(@ = Y 5,2 (7.41)

m=1
Hay duéi dang compact:

1 +(_l)k Z—!NH))

Hpgr(z) = . k=1,...,N-1 (7.42)

nk .,
1—2cos-— .z 4772
N

4. Bién doi Hartley roi rac (DHTY): cic hé s6 ciia DHT duge xidc dinh
(ir he¢ thic sau: : '

h,, = : (COS 2mkm +5sin 2nNkm]! v6i 0 <k,m < N-1 (7.43)

JN N

Bién d61 Hartley roi rac ciing tao nén céc mach loc bang hep chia dai
tan s6 cua tin hiéu I16i vao thanh cdc dai con. Mach loc DHT thic k ¢6 ham
truyén dang compact {a:

(1= (cos2TE _gin 27Ky - Yi—zM)
Hpy(2) = N N

k=0, 1,...,N-1 (7.44)

i— ZCOSﬁZ_l +z7°
N
5. Bién déi Walsh- Hadamard (WHT): duoc xde dinh khi chidu dai
N =2" Cdc hé s6 cua phép bién déi nay duoe xéc dinh tir:

m--1

[Tt et i 0 <kt <o (7.45)
=0 )

1
W = —
Kl IN :

g déy m= log,N, b,[k] la bit thit p (v6i p = 0 tuong Gng véi bit cé nghia it
nhit) cda biéu dién nhi phan cla k.

Uu di€m chinh cia WHT 1a su don gidn, bdi vi tit ¢4 cdc hé s6 chia né
chi nhan gid tri +1 hodc -1; do vay trong so d6 thyc thi phép bign déi nay
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khong cé bat ky phép nhan nao. Tuy nhién, cdi gid phdi tra cho su dom gian
do 1a cdnh bicn clia bién d6i WHT réng hon cdnh bién ciia cic phép bicn doi
khéc va hi¢u nang tinh todn ctia né ciling thap hon.

7.5. THUC HIEN BIEN BOI DCT TRUGQT (SLIDING)

Dai véi trudng hop mach loc ngang FIR, diy 16i vao x[n] ¢é tinh chit
quan trong c6 thé duoc sir dung dé gidm bét mie do phiic tap trong tinh todn
cdc thudt todn bién déi. Tinh chit dé duoc goi la tink chdr trieon (sliding).
Noi dung cta né {4 nhu sau: D61 véi mach loc ngang FIR ¢6 ehidu dai N,
khi x[n} = {x[n] x[n-1},..., x[n-N+1]}", thi x[n] va x[n+1] c6 N-1 phin tlr
chung nhau va x{n+1} thu duge bang cich trugt (dich) cic phan tr coa day
X[n] di mot phén tir xudng dudi, sau khi bé di phén r cusi cung cla x(n] vi
cong thém mot mau méi cua 16i vao x[n+1] la phin tir ddu tien cha x[n+1].
Trong phin nay, chung ta s& khai théc tinh chat ciia hai diy dit lidu x[n] va
x[n+1] cia day 161 vao dé thuc thi hi¢u qua bién d6i DCT. Phép bién ddi nhur
vay dugc goi 1a phép bien ddi DCT truot (sliding DCT).

7.5.1. So do thuc hién dé quy bi¢n déi DCT truet

Nhur dd thay & trén, cdc hé 56 chia bién déi DCT tao thinh mot dan loc
DCT ¢6 cdc ham truyén nhu trong (7.39). Bay gid ching ta s& thuc thi dé
quy cdc ham truyén nay:

_ ~1 s k. —N
Hper(z) = L2 X072 7) (7.46)

]—20052152" +27°
N

Day Ia ham truyén ciia mach loc DCT thit k. Ham truyén ndy c6 ba
phan riéng bi¢t nhau: phan nuoi trude gém hai thiva s6 (1-z”') va (1-(-1}*z™)
va phin phin hoi cé 1a 1-cos(nk/N)z' + 22 Hinh 7.5 1a so dé thuc thi truc
tiép dang néi tiép mach loc DCT thit k ndy.

)
» z'l '\f\—‘ ZhN

+ khi k 1¢
~ khi k chdn

x[n] Xper[n]




De thyc thi toan bo cdc mach loc DCT dudi dang song song (din loc)
ng véik =0, I, 2,...,N-1, tatinh cho timg trudng hop cu the:

1. Véi k =0, thi hé thic:
] I

= —T42
1—200:%&2'%2'3 (I-27)
N

nén ham truyén clia mach foc DCT thit O nay bing:

[—zN
Hr(z) = -~ (7.47)
-z
2.Dai véi cdc gid trik = 1, 2,..., N-1, thi hé thite:
—z7N  khi 1
|- (-1)zN= l-z . hll.(chan (7.48)
I+z7, khiklIé
khi dé ham truyén ¢6 dang:
—2 91 +z " + khik lé

, _ } (7.49)
nk > —khik chin .
1-2cos—z" +z -
N

Do vay cdc tdng (g v6i k chdn va 1€ ciing dugc tdch thanh hai phén
rieng ré nhu mo ta trén so dé cdu triic hinh 7.6.

Nhu thdy trén hinh 7.6, cdc thanh phén 1-2™ vi 1+z™ c6 ciing chung
161 vao x[n], do vay c¢6 thé sir dung chung dudng tré dé giit cac miu di qua
cla day 16i vao, nhd vay giam bét duge cde yéu chu vé bo nhé cho toan hé
thong.

Vin dé chung dit ra cho sy thuc hién dé quy 1a chd ¥ dén tinh chdt én
dinh cta h¢ théng. Nhu da thdy cdc mach loc ndy cé cic diém cuc niim trén
vong tron don vi nén chi cAn mot sai 8 1am tron nao ddy ciing ¢6 thé tich tu
va gay ra sy tran mifc, khi d6 cdc di€ém cuc ¢6 thé nim ngoai vong tron don
vi va lam cho he théng bat 6n dinh. D€ udnh diém bat 1oi ndy, ta cé thé thay
z' bang Bz ' trong d6 B hé s6 rit gin véi 1. Khi d6 tinh chat én dinh clia he
thong ludn tuon duge ddm bao. Tuy nhién do phdc tap tinh todn tang lén it
nhi¢u do phai thire hién cdc bo nhan hé so f.
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1+z

~1
XI)(‘TIn]

14z

1+

¥

-z
I ~2
2m *perln]
1-2cos- -z 4772 —>
N
1 Kher(n]
47 N >
1-2cos—-2" +z2
2N
I
I
I
! -’E]Dc.'r[“]
1 2(:08—jrr z' 4277
1 ’f%c_'r["]
._.__’

I-2cos —lz'] +272
2N

Hinh 7.6. Dan loc phan tich DCT d¢ quy.

7.3.2. Thyc hi¢n khong d¢ quy cac phép bién déi truot

Cédc phép bién ddi truc giao di duge khio st trén diy la nhitng co sa
dé tao ra nhitng mach Igc 18y mau tan s6. Trong phén trén ching ta da xét su
thue hién d¢ quy cic phép bién ddi DCT trugt. Tuy nhién phuong phdp nay
¢ thé dp dung cho tit ¢a céc phép bign d6i khic. Trong phin nay, ching ta
xét mot phuong phép thuc hién khic cdc phép bién ddi trugt dé. Trude hét
bat ddu v6i phép bicn ddi Fourier rdi rac. Ham truyén cla mach loc DFT

thi k nay ¢ dang:
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1—z7N
— vgik=0,1,..., N-1 (7.50)
JN"Z_]

Hkl)ﬂ'(?‘) =
l-e

Tir day ta thay tat ca cdc mach loc DFT déu c6 N diém khong phin bs
déu dan trén vong tron don vi cach nhau mot khodng 2r/N ; tic 14 bang
e véi k = 0, L,..., N-1. Mdi mach loc cé mot diém cue ciing nim trén
vong tron don vi cung vi tri nhu diém khong, Do d6, xdy ra su can bang
diém cuc v6i diém khong, vi vay mbi mach loc chi con N-1 diém khong ma
khong ¢6 diém cuc nao.

Ngudi ta da sir dung tinh chat tén dé khai trién [-z™ vi slr dung cdc
két qua d6 dé€ tao ra cdu tric cay dé thuc thi cic mach loc DFT nhu cho trén
hinh 7.7 (véi N = 16). G day di sir dung dong nhat thitc sau dé khat trién 1 -
z" thanh thira s6

1-zM=(1-z™M{1+z™ (7.50)

Va

l+az™M+ zM=(1 + V2-az M+ 27" -V2-az ™ +27M)y (7.5])

Pé thay 1am thé nio dé thuc hién duoc cau triic cay nhu trén hinh 7.7,
ta thdy tdng ddu tién 1 khai trién 1- z'* = (I- Z%(1+ z*). Céc nhdnh
ti€p theo sau nhénh 1 + z* dugc 1am tir c4c thira s6 cla nhanh | - z* =
(1-zH(1 + z*) va tuong tu, cic nhanh tiép sau nhdnh 1 - z* duge lam tir cic
thita 6 ctia 1 + 2% = (1442272 + 21 - ¥227% + 2%). Véi cliing mot cach
[am nhu vay ta s& thu duoc cdu triic cay nhu trén hinh 7.7. G téng thi 4 ta
con hai diém khong lién hop phitc, ngoai trit nhdnh trén cling iing véi hai
diém khong nim tai + 1.

Déi voi cic mach loc bign déi DCT, 1am tuong tr ta thu duoc cau triic
cdy khong dé quy nhu trén hinh 7.8. Trong hinh v& nay ta thdy khong cé
thanh phan phic, vi bién d6i DCT 1a bién déi thuc, khi tin hiéu vio l1a thL_ré
thi 88 lugng tinh todn rdt gon dugc chimg 50 %.
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—» 1+ 2" L e k=0
1+z7 |
-1 _
1+z° L {-z k=8
— —
] ")z - k=4
1-z7 | _
1 +jz k=12
— l'i'Z_H —]
l-exp(jn/d)z' > k=2
l+az'+2? .4’
-2 l-exp(j7n/d)z" |— k=14
-z
— l-exp(j3n/d)z"' —» k=0
l-az'+2°
t-exp(jSn/5)z' | k=10
]-exp(jn/S)z'] - k=1
1+bz 47 {
l4az’+z* I-exp(j15n/8)z " —» k=I5
— A
l-exp(j7n/8)z" > k=7
1-bz'+z7 '
1-exp(jOn/8)z! > k=9
Ll 1-z* |
— 1-exp(j3n/8)z' t— k=3
l+cz'+2 7% [
l-az*+z* — l'CXp(jl3T[/8)Z'l_,k___]3
— 1- ,
'cl:ﬁ — l*CXpUSTE/S)z,'l k=5
b=m l-cz'+z? | _|
2-2 —*{ 1-exp(jl1n/8)z ' k=11
c=+2-+/2

Hinh 7.7. Cdu triic cdy cta céc mach loe DFT trugt véi N = 16,



l+2z

h 4
—
1
[

a=~/2

b=v2+2
c=~/2-+2
d-\2iv2e 2

>

i+azi+z®

1-az2+z*

g:\/2+\/;:/__£
hz\/:\jz—ﬁ

Hinh 7.8. Cau tric ciy cha cdc mach loc DCT truot véi N = |6,

1+ 27! —> 1+72¢ | k=0 -
1-z' —» 1-z22 —» k=8
| +az'+z? > K4
]. - 2—4 |
| -az'+z? > k=12
| +bz'+z? = k=2
faz?+z4 |
k=14
| -bzi+z? >
4 5 > k=0
l_aZ.g+Z.4 I +cz'+z
-cz'+z? [ K10
l+dz'+z* [ k=1
t+bz'+z2
Y 1-dz'+z? | k=15
+fz' 4z [ k=T
| 0,2
| 1-bz '+7° |- -
Lol 1-fz'4+z? L k=9
* l+gz'+z? [ k=3
l+cz'+72 1
=+ l-gz'vz? k=13
1+hZ_I+Z_2 —> k=5
1-cz'+7* }
I-hz'+z? > k=11
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Chuong 8

CAC UNG DUNG TIEU BIKU
CUA XU LY DA TOC PO VA DAN LOC

8.1. MA HOA TIENG NOI VA TiN HIEU AM THANH

Trong céc hé théng thong tin thyc t€, tin hiéu s6 thu duge phan nhiéu

la nhd sy chuyén doi cdc tin hi¢u analog thanh céc tin hiéu s6 va duoc truyén
~trén kénh véi do rong bang thong han ché hodc duge luu gift véi dung lugng
han ch& dé sir dung cho cdc muc dich tiep sau. DE tang cudng dung lugng
thong tin'truyén dan va cdc theng tin uu giir cin phai 4p dung cic phuong
phdp nén dif figu. Chéng han tin hiéu tiéng ndi trong hé théng théng tin dien
thoai c¢ d6 rong bang tAn khoing 3.4 kHz. Vi vy, dé truyén s6 can 1y méu
tin higu ti€ng néi vdi t6c do 14y mau 8 kHz va sau dé chuyén déi thanh ma
ithi phan nho b chuyén d6i A/D 8-bit va thu dugc tin higu s véi 8¢ d6 mau
la 64.000 bit/giay, hay 64 kbit/s. Nhu viy, vOi kénh mang T-1 thi cé thé
truyen duoc 24 kénh. Nhung néu nén tin hiéu tiéng néi dén toc do 32 kbit/s
thi cling van kénh d6 ta cé thé truyén 48 kénh. Cing nhu vdy, néu nén am
thanh am nhac thi dung lugng théng tin chia trong mét dra compuct ciing c6
thé tang lén rat nhiéu.

Mot trong nhitng phuong phdp nén tin hi¢u phd thong nhat 13 ma hos
bang con (subband coding) st dung dan loc QMF va su ma hod dugc thue
hién rdt c6 higu qua nhd khai thdc tinh chét phan bo nang lugng cua tin hiéu
mot cach khong dong déu trong dai tin. Trong phdn nay, ching ta sé trinh
bdy nguyén tac mi hod bing con cdc tin hiéu tiéng néi va am thanh vi mé
ta mot hé théng mi hod dic biét.

Hinh 8.1 132 mot so d6 don gidn hod chia mot bo mi hod bang con,
Trong s0 d6 nay, tin hi¢u I6i vao x[n] dugc khai trién thanh met loat cic tin
hi¢u dai hep nhd cidc mach loc clia din loc phan tich. Cic dai tan ciia céc tin
hi¢u dai hep nay sdp x&p lién ti€p nhau trén truc tin s6. Sau dé cde tin higu
duge gidm t6e do maw dé tao nén cdc tin hiéu bang con. Tiép d6, méi tin
hi¢u bang con duoc nén boi bd mi hod. Sau dé tat ca cdc tin hiéu bang con
da nén duoc don kénh va truyén trén kénh truyén dén may thu.

O dau thu, cdc tin hiéu hén hop dugc phan kénh thanh mot loat cdc tin
hi¢u bang con. Sau d6, méi tin hiéu bang con duoc giai nén nho bo gidi ma,
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tang t6¢ do mau va sau d6 cho qua cdc mach loc ctia dan loc tong hop. Cic
I6i ra ctia cac mach loc cia dan loc téng hop dugc két hop lai v6i nhau tao
thanh tin hi¢u y[n]. Néu qua trinh xtr Iy hoan hao thi tin hiéu 16i ra y[n] ding
bang tin hiéu 16i vao x[n]. Su mi hod bang con c¢6 ti s6 nén ot hon la
phuong phdp nén truc ti€p tin hiéu géc x[n] bdi vi né ¢6 thé cap cho mbi
bdng con mot s6 !uong bit khac nhau, tuy theo tinh uu viét vé dic trung pho
clia cdc bang con. Chang han nhiing bang con nam trong vung phé ¢6 nang
lugng lon thi (.,dp nhiéu bit trén mau hon nhitng bang con khdc.

— H@) - lM »| Coder "
b & =
H,(z) > l Mg | Coder N E
= »
I 1 1 18 o
I 1 1 Q[n]
Ly| Hii(2) > l M, || Coder .

Kénh truyen C(z)

— |Decoder T M, G(2) T
"|Decoder T M, G(z) |

q[n]

y[n]

Phan kénh

— Decoder » T\al.-l G, ,(z)

Hinh 8.1. So d6 ma hod va giai ma bang con.

Vi du trong khi ma hod bang con tin hiéu audio dai rong 7 kHz véi t6¢
do bit 56 kbit/s, ta ¢6 thé sir dung dan loc QMF 5 dai con. Cic dai con nay
chi€ém cdc vung tin s6 : 0 - 875 Hz, 875-1750 Hz, 1750-3500 Hz, 3500 -
5250 Hz va 5250- 7000 Hz. Dép tng bién do cua 5 mach loc nay cho trén
hinh 8.3b cling v&i tong binh phuong céc dép ting bién do cua ching.
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Dan loc phan tich QMF trén duoge thuc hién dudi dang néi ti€p ha tdng
nhu trén hinh 8.2. Trén ciu tric nay cho thiy tdc do Ay mau cda I6i vio va
cua cdc tin hiéu bing con cling véi bac ca céc mach loc da sir dung, Do ré
cia bo ma hod nay do cdc bo loc gay ra vio khodang 10 ms. Céc tin higu
biang con dd duoc mi hod ding so d6 diéu ché xung ma vi phan thich nghi
(ADPCM). Céc bit duge phan phéi nhu sau: 5 bit/ miu cho hai kénh tin s6
thap, 3 bit/ mdu cho kénh ¢6 tan s6 cao nhit va 4 bit/mAu cho hai kénh tin
$6 & gitta. Tong <6 bit ciia bo mad hoda ADPCM bing con thich nghi la 56
kbit/s, trong duong véi (6c d¢ bit trung binh 4bit/mau cha tin hiéu 161 ra vai
toc do 1ay mau 14 kHz. '

16-tap l 1.75
r FIR "% 2 [xur

. 32-1ap l 16-tap - i L .75
MR 2 FIR 2 kHz
x(n| 32-1a
Ryl }\ i
- 2 *— 32—[(Ip - -
14 K1z FIR l FIR l 2 >
324ap | l . 171
FIR 2 ey | 2 >
32-1ap l . >
R [ 2
a}
——*| H,(2) > i 8 L 1.75klz
» H(z) . l g L\ 175kHz
x[n} _
—| H/(2). > i 4 b— 35kKHz
id kHz
H(z) > l 4 y 35 kHz
| H@® . l 4 b 35kHz

b)

Hinh 8.2, Cau tric ba ting cia dan loc QMF phan tich 5-kénh
vit 5o 46 Wwong duong cla né,

Nim mach loc ctia dan loc phan tich va téng hop di duoge thiet ké va
mé phong bang MATLAB. Hinh 8.3a 13 ddp ‘mg tan s6 cha hai mach loc
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phan tich ctia dan loc QMF 2-kénh va 16i thiét k&, Hinh 8.3b cho két qua
thiét ké cac mach loc cua dan loc QMF 5-kénh ¢6 do rong dai thong khong
déu nhau nhu ly thuyét da mo ta. Hinh 8.3c va d la tin hiéu am thanh ma hoa
va thu dugc sau khi giai ma boi chinh dan loc da thiét k€. Hinh 8.3e va f la
mat do ph6é cong sudt cta tin hiéu am thanh 16i vao va I6i ra ciing nhu
spectogram cuia hai tin hiéu nay. Két qua mo phong cho thay hiéu suiat ma
hod bang con dung dan loc QMF kha cao sai s6 gap phal khong dang ké, chi
khong 107,

Dap ung bien do mach loc GMF co.so  Meo bien do cua rt:uac_:h'-idc_ QMF 2-kenh
20 » 5 S R . ;

T |.
K L}
0 £s 2. pos e
0.006
-20
0.004
-40 : '
— — D.002
=2 2
2 -60 = u}
5 5
o { = & i
80 0.002
¥ -0.004
-100 |
D006 f--- - s B
e | i R R LR
- ; 801 :
s 0.5 1 0 0s 1
Tan so: w/pi . Tan so: w/pi

Hinh 8.3a. Pip ting bién do cua dan loc QMF 2-kénh va 16i thict ke,

Dap ung bien do cua dan loc phan tich QMF Meo bien do cua mach loc QMF 5-kenh

10 : 0.02 ,

D $ QO1S|-&----4- 3 o -8 -- -
10} % & |
20l 11 L ey - 4
30 0005} -+ 14

2 o} go e '

s = oF '

| 8 ;

v ot OB - - - - - - - = 8-y - i
il | ot ----------dooideaaoos .
80} :

L SEEEERE BC i asenins N
-90 - :
-100! _ 002 TR 1
Tan so: w/pi : Tan so: w/pi

Hinh 8.3b. Ddp ting bién do ctia dan loc QMF khong déng nhét 5-kénh va 16i thiét ke,
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Tieng noi loi vao

T T T T

Hinh 8.3¢. M6t doan tiéng noi 16i vao.

Tieng noi loi ra

1 - " T T T T

Hinh 8.3d. Poan tiéng néi 16i ra sau khi da dugce md hod va giai ma.
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i 10-8 Mat do pho cong suat cua tin hieu tieng noi loi vao
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Hinh 8.3e. Phé ctia tin hiéu trude va sau khi ma hoa/ giai ma.

spectogram dai rong cua tin hieu tieng noei loi vao
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Hinh 8.3f. Spectogram cua ti€ng néi 161 vao va ra.
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8.2. HE THONG TRUYEN DAN DU LIEU DON KENH
(TRANSMULTIPLEXERS)

- Trong cdc hé thong dién thoai hién dai, d€ tang t6c do va dung lugng
thong tin trén kénh truyén dé cé thé truyén déng théi nhidu tin hiéu am
thanh tan s6 thap trén mot kénh bang rong. HE dat duoc muc dich Ay, ngudi
ta phai tin dung t6i da dé rong dai thong ciia kenh truyén bing cach ap dung
phuong phap don kénh. C6 hai loai don kénh: ddn kénh phan chia theo tin
56 (FDM : Frequency-Division Multiplex) va dén kénk phan chia theo thoi
gian (TDM: Time-Division Multiplex).

Trong cdc h¢ thong dién thoai phan chia theo tin s, cic tin hi¢u tiéng
néi analog trude hét duge diéu ch€ bdi cdc bo didu che dii bien don (SSB:
Single Sideband) thanh céc séng mang con. Cic séng mang con nay duge t6
hop lai vdi nhau va truyén déng thei trén kénh truyén dai rong chung. Nhu
vay k¥ thuat truyén din dén kénh theo tén 56 1a k§ thuat truyén dan thuan
analog. Trong k¥ thuat nay, dé trdnh su xuyén dm (cross-talk), cic song
mang con phai duoc chon nhu the nao dé ddm béo chic chin rang phd cia
cdc tin hiéu da diéu ché khong bi chéng phi l4n nhau.

G dau thy, cic séng mang con da diéu ch€ dugc tdch ra nhd cic mach
loc thong dai, gidi diéu ch€ dé khoi phuc lai tin hieu tiéng ndi gdc cita timg
cd thé.

Trong cdc hé thong dién thoai dén kénh theo thoi gian TDM, cdc tin
hiéu ti€ng néi trude hét duge chuyén déi thanh cdc tin hiéu s6 nho sy lay
mau va chuyén d8i A/D. Cdc mu chia tin hieu s6 dugc phan kénh theo thai
gian nhd mot bo dén kénh s6, sau d6 chiing duge t6 hop lai va truyén trén
kenh. G ddu thu, céc tin hi¢u tiéng néi s6 duge tich ra nha bo phankénh s6
va sau dé cho qua mot bd chuyén déi D/A va mach loc khéi phuc lai tin hiéu
analog dé khoi phuc lai tin hiéu ti€ng néi goc cha mdi céc thé,

Véi co ch€ truyén din nhu trén thi cdc hé thong truyén din TDM chi
duoc dp dung cho cdc khoang cdch thong tin ngén, trong khi cdc hé thong
FDM dugc sir dung cho cdc thong tin dudng dai. Trong cdc hé thong thong
tin toan s6, ca hai co ché truyén din trén duge két hop lai véi nhau, nhu vy
di hinh thanh co ché truyén dan méi goi la cdc hé thong truyén dan dén
kénh toan s6 (Transmultiplexers) nhir mé ta duéi day.

8.2.1. Quan he giira céc tin hiéu trong transmultiplexer

He théng truyén din don kénh toan s& 1a mot h¢ théng s& da t6c do,
nhicu 16i vao, nhiéu 16i ra. Cau tric da 6c do clia hé théng don kénh toan s6
tiéu biéu cho trén hinh 8.4. Trong h¢ théng nay, sy dén kénh theo thoi gian
dugc thuc hién nhu trén hinh 8.4a. Hinh 8.4b 1a so d6 phan kénh phan chia
theo thoi gian.
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Hinh 8.4. So dé khéi cua bo dén kénh vi phan kénh phan chia theo thdi gian (TDM).

R& rang yin] la phién ban chén thoi gian ctia cée tin hi¢u 16i vao x[n]:

- Xl 01X, [0 Xy LOIX 13%, [A ] X [ 1)

Bien d8i Z cua cic tin hiéu 161 vao X(2), X (2) vh X (z) la cac
thanh phén da pha cia bién d6i z cta tin higu 161 ra Y (2).

Bay gidr. d¢ hiéu su dén kénh phan chia theo thoi gian trong h¢ thong
truyén din dén kénh toan s6 dugc thuc hién nhur thé nao, ta xét so d6 nhu
trén hinh (8.5).

x[}[n] —’T M G U(Z)

L 4

x][n]——~+-TM W G@ |

k J

Xy [0] [M | Gu@ | SR

Hinh 8.5. So dé dén kénh phan chia theo tin 56 FDM.
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Trong so d6 ndy ta thdy, méi tin hiéu con x[nl,i=0,1,., M-1 déu
duge di qua bo tang toc d6 mau véi hé s6 M sau d6 duge loc bdi cde mach
loc Gi(z) d€ loai bd cdc anh do qué trinh tdng toc d9 méu gay ra. Gia sir cdc
mach foc ting mau 12 Iy tudng thi cic dép img bién do cha cdc mach loc bi
dich chuyén d6i v6i nhau va nhu vay cdc anh di dugc gitt lai tir X, (™)
khong bi chdng phii véi céc anh da dugc gitt lai tir X (™), m # k. Khi d6,
néu ta ¢ong céc 16i ra cha cdc nhinh con véi nhau, ta s& thu dudc phé ciia tin
hi¢u FDM cua 16i ra Y(e™). Phé cla tin hiéu 16i ra ciid méi nhanh con khong
doi xdng d6i v6i tan s6 © =0, nén cdc mach loc ¢6 cdc hé s6 phite, c¢6 nghia
la y[n] cting I day phitc ngay khi cic tin hi¢u thanh phan x,[n] 1a thue. Néu
xi[n] 1a thue, dé trank diéu nay ta o6 thé chon cdc dép irng bién do cha cac
mach loc | G,(e’”) | mot céch khon ngoan sao cho né déi xitng d6i véi o = 0.
Muén vdy méi mach loc ¢6 dai thong trong mién 0 < & < 1t vd mot & trong
viing lién hop phic & < o < 27

So d6 ctia bo truyén dan don kenh toan s6 ¢6 chu tric nguoc véi ciu
tric cha dan loc QMF: 16i vio 1a dan loc téng hop M- kénh con 16i ra 1a dan
loc phan tich ciing ¢6 M-kénh. '

Bay gi0 ta xét quan hé vio ra d6i véi cdc b truyén ddn don kénh gitta
161 ra thit k d6i vdi 161 vao thit m : ¢ nghia 1a gita x,[n] va y,[n] nhu trén
hinh 8.6. Trong so dé nay chiing ta coi méi truong truyén din ¢6 ham truyén
C@)=1.

N ] G |, - Ho(@) | m [oyoln]
D :

I tm - 6 [ M Ko bl P B (| M >3iln]

X U _

X

XM-J[r_ll’TM Gy, (2) |+ _"HM-I(Z)_’lM __)’M-l[n]

FDM
M Dan loc 18ng hop Dan loc phan tich

TDM

Hinh 8.6. So d6 truyén din dén kénh toin 6.
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Hinh 8.7. Quan hé giita 16i vio tha k va 161 1a thd m,

Trong hinh 8.7, hai mach loc G,(z) v H(z) mic n6i 1i&p nhau, nén
theo déng nhat thitc cla cic hé thdng da 16¢ d6 ndi tiép, ching ta cé thé
ghép chung thanh mdt mach loc va lay tén la F(z) = H,(z) G, (z). Do d6
quan hé bién déi z cla tin hiéu 16i ra tai nhdnh k lién quan véi bién déi z cla
tin hi¢u 16i vao tai nhanh m duoc biéu thi dudi dang:

M=1
Y@= Y F, (2)X,(2) ,0<m< M-I (8.1)

m
m=tr

Quan hé nay duge biéu thi trén hinh 8.7. Phuong trinh nay cé thé viét
dudi dang ma tran:
Y(z) = F(2)X(z) _ (8.2)

Trong dé Y(z) 1a ma trin cot

Y(@) =[Y2) Y(@). Yy.(2)])" (8.3a)

va X(z) cling 1a ma tran cot:

X(2) = X2 X,@)... Xy, D] (8.3b)

Con F(z) 1a ma tran vuong MxM véi phan i tha (k;m) 1a F (z). Tk
phuong trinh (8.2) ta thiy bd truyén dan don kénh ciing 13 mot hé théng LTI
v6i ma tran truyén F(z). & day ching ta thiy bai todn thiét ké mot hé théng
truyén dan don kénh khong cé xuyén am la hoan toan gidng véi su thit k&
mach loc QMF khoi phuc tin hiéu hoan hao, mudn vay ma tran truyén F(z)
phéi 13 mot ma tran chéo. Poi hdi nay gidng véi doi hoi thanh phan da pha
thit 0 ctia H{(z) G, (z) bang khong trir khi m = k. V&i diéu kién niy thi tin
hieu TDM duge khoi phuc lai y [n] chi lién quan véi tin hiéu vao x,[n] con
cic quan hé khac bang khong. Khi dé thu dugc:

Y, (z) = F(2) X(2), 0 <k < M-1 (8.4)
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Hinh 8.8. S dé mo 4 quan hé giita cdc {61 vao vdi 161 ra thit k nhu
trong hé thic (8.1},

Cling giong nhu trong trudng hop dan loc QMF, ngay khi su xuyén am
dd dugc loai bo hoan toin thi hién trong méo dang van c6 thé xay ra. C6 b:
kha nang:

I. Néu F,(z) 12 ham truyén c¢6 pha tuyén tinh vdi moi gid tri cia k th
b6 truyén dan dén kénh s& 13 mot he théng hdo toan pha, c6 nghia 1a ne
khéng 1am méo pha.

2. Néu F(z) la ham truyén truyén qua (all-pass) v6i moi k thi he
théng khong lam méo dang bién do.

3. Néu ham truyén F,(z) =c,z™ véi n, 1a mot s& nguyén va ¢, 1 hiing
s0 khdc khong thi hé thong truyén din dén kénh khoi phuc tin hiéu hoir
hao, khong c6 sai s6: khong ¢6 bién dang ca bién do lin pha. Toan bd h
théng tuong duong nhu mot bo (ré thudn tuy lam dich pha cla tin hieu 16
vio, ¢6 nghia li;

yx[n} = ¢ x[n-n,] (8.5)

8.2.2. Cau tric ciia bo truyén dan dén kénh theo khai trién da pha

Duéi dang khai trién da pha thi cdc dan loc phan tich va téng hop duo
mo ta bang ma tran da pha R(z") va dan loc phan tich duoe biéu thj bang m:
tran da pha E(z"). Khi d6, so d6 cua bd truyén din dén kénh cé dang nht
trong hinh 8.9,
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Hinh 8.9. Ciu tric cta bo truyén din dén kénh dudi dang khai trién da pha.

So dd nay con cé thé don gian duge nita néu 4p dung cdc so dd tuong
duong nhu trong hinh 8.10.

x,[n] Yr:lnll
0 —¥ > TM » lM > —_—
7!
Y ¥ -L .
x[n] _| M L ‘ yilnl
R() ! L » M | B —
¥ Z !
} | L J
: | o g
|
x.\-|-|[n1_’ T ] z! *Z'l viilnl
> t M .1 lM . M-
> » 4 —»

Hinh 8.10. Cau tric ¢é hiéu qua tinh todn cao cta b truyén dan don kénh.

Tir hinh 8.10 ta thdy ma tran truyén M(z) cta bo truyén dan dén kénh
gbm ba phin ndi ti€p nhau : Ma tran cua dan loc téng hop, ma tran cua phin
& gilta va ma tran cia dan loc phan tich. Phan & giita clia hinh v& nay la mot
trudng hop dic biét cla hé théng truyén dan doén kénh néu chon:

Gm(z‘) =L e (8‘6)
vt
H,(z)=z* véim, k=0, I,..., M-1. (8.7
O day thanh da pha thi 0 cia H,,,(2)G,(2) 12 2" v6im = 0, 1,..., M-2,
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thanh phan da pha thi 0 ctta H(z)G,, (2) 12 1, con thanh phan da pha thir O
cua H,(z)G, (2) bing khong d6i véi tit ci cdc trudng hop khéc. Két qua 13 so
dé hinh 8.10 ¢6 thé dugc don gian hod mot [4n nita nhw moé 4 trén hinh 8.11.

Nhu viy ma tran truyén cé thé viét:

M(z) = E(z)Q(z)R(z) (8.8)
v{i

0 1
= .9
Q(Z) {Z—]IM‘I 0} . (8 )

g day I, 1a ma tran don vi (M-1)x(M-1).

Xg[n] yoln]

X.[ﬂ] —— _’)’1[n]

R(Z.) E(L)

Xpog 0] ——a Y1 [M]

Hinh 8.10. Mach twang duong don gian gian hod ciia hinh 8.10.

D¢ hé théng truyén din khoi phuc hoin hio tin hi¢u 181 vio thi ma tran
truyén ctia né phai c6 dang:

M(z) = dz™1,, (8.10)
trong d6 n, 1a mot s6 nguyén duong.
Khi dé tir (8.8) va (8.9) ta thu duoc diéu kien dé khoi phuc hoan hae
dudi dang khai trién da pha:

0 I,
R@E@ =dz™| 1 (8.11)

trong d6 my, 1a mot s6 nguyén duong thich hop.
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8.2.3. Quan hé vdi diéu kién khoi phuc hoan haoe cua dan loc QMF

Ta ¢6 thé phét trién mot hé théng truyén din dén kénh khoi phuc hoin
hido tir mot dan loc QMF khdi phuc hoan hao véi cdc mach loc phan tich
H,.(z) va cac dan loc t0ng hop G, (z). Néu ham truyén T(z) clia dan loc QMF
khoi phuc hoan hao €6 dang T(z) = c.z %, trong d6 ¢ 12 hing s6 khic khong
cdn K 1a mot hing s6 duong thi ¢6 thé chi ra ring bo truyén dén don kénh cé
thé duge thiét k€ biang cich diing cic dan loc phan tich H_(z) va cdc dan loc
tong hop z *G_(z) & day R 1a mot s& nguyén duong nhéd hon L va dugce chon
sao cho R + K 14 béi cda L. Ching ta minh hoa phuong phédp nay trong vi du
sau,

Vi du 8.1. Quan h¢ vaofra cua mot dan loc QMF 3-kénh khoi phuc
hoan hao 1a
yln] = 2x[n-2]
Trong trudng hgp nay cdc mach loc phan tich va tdng hop tim dugc |2
Hiz) =1 +z'+ 7% Hiz)=1-z"+2° Hyzy=1-z4%
Glzy=1+2"+7% Gy=1-22'+27, Glz)=-2+2z7
dday c=2K=2.

Vithé tachon R = 1 vd R + K = 3. Do d6, mach loc téng hop ciia hé
théng truyén dén don kénh dugc chon 1 z 'G,(2).

Bay gid chiing ta kiém tra c4c tich 2'G,_(2)H,(z), véi m, k =0, 1, 2, va
xdc dinh cdc thanh phan da pha th 0 cla ching.

2'G@HW2) =7" + 327 + 4727 + 32 + 27,
Thanh phin da pha tht O cta chiing }a 4z ', do d6 y,[n] = 4x,[n-1]
Ciing nhut vay :
z'G@H(z)=2z" -3 +4z7 - 32" + 2°,
¢6 thanh phan da pha thir 0 12 4z "' nén suy ra y,[n} = 4x,[n-1];
Tuong tu: .
2'Gy(DHy(2) = 22" + 427 - 229,
c6 thanh phin da pha tha O ciing 14 427 nén suy ra y,[n] = 4x,[n-1];

Céic thanh phin da pha cia tat ca cic tich z 'G(z)H(z), v6i m = k
biang khong. Diéu d6 cho thay su xuyén am dd duge loai bd hoan toan.
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Hinh 8.12. Pho ciu cdc tin higu FDM va TDM.

Kénh 3
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Tin hiéu TDM

Trong cdc he thong dign thoai s6, su chuyén ddi tir dinh dang TDM
sang FDM cua cde tin hi¢u ti€ng néi s6 héa 12 chir s6 duoc nor suy boi thira
80 12, duge diéu ché bing bo diéu ché dai bien don, duge 18 hop s vi sau
d6 chuyén doi thanh tin hiéu analog FDM nhéf su chuyén déi D/A. Tai diu
thu, tin hi¢u analog dugc chuyén déi thanh tin hiéu s6 nhir bo chuyén déi
A/D sau d6 cho qua dan diéu ché gém 12 bo giai diéu chée dai bién don ; Céc
161 ra cia cde bo gidi didu ché niy sau d6 dugc giam t6c do mau, két qua thu
duge cdc tin hiéu 1i€ng ndi tin s6. Céc tin hiéu ti€ng néi cé do rong dai
thong 1a 4 kHz va duge Iy mau vdi t6c do 8 kHz. Tin hiéu analog FDM
chiém mot dai tir 60 kHz dén 108 kHz, nhu minh hoa trén hinh 8.12. Su noi
suy va su di¢u che dai bién don ¢6 thé dugc thuc hién bang cic bo tang mau
va cdc bo loc thich hop. Con viée gidm miu va gidi didu ché dai bien don
duge thue hién nht cdc bo giam miu va cic bo loc chéng chong phil.

Vi du 8.2. B truyén dip dén kénh 2-kénh don gian ¢é sd dé cho trén
hinh 8.13. Trong hinh v& nay, quan hé giita céc tin hiéu trén linh vuc z tim
duge dudi dang;

Cz)=2'X(z) + X(2*).
Y (z) = C(z"") + C(-z')

= [27X,(2) + Xo(2)] + [-2'7X,(2) + X,{2) = 2X,(2).



Yz(z) — ZAIHC(ZU’E) _ Z-|,"2 C("‘ZLQ)

= [2'X(2) + 2" X(D)] + 27X, (2) - 77X (2) = 22" X (2).
¢ day gia thiét kenh 13 Iy tuong. |
Do vay trén linh vare thoi gian quan hé vao ra la:

yiin] = 2x,[n]

y,[n] =2x,[n-1].

C6 nghia 1a y [n] 14 phién ban lap lai cia tin hiéu x,{n] ; ¢on y,[n] &
mét phién ban tré mot don vi clia tin hiéu 16i vao x,[n]. Day la 1a vi du dién
hinh clia mdt hé théng truyén din dén kénh hoin hio khéng ¢6 su xuyén
Am giifa cdc 161 viio va cdc 16 ra.

C(z) |
x,[n] t2 — 7 J42 >y
. 4" § Z.j
=3
x,[n] T 2 . ! o] L 12 — y,[n]

Hinh 8.13. So dd ciu trdc cia bé truyén din dén kénh DMT 2-kénh.

8.3, TRUYEN DAN THONG TIN PIEU CHE DA SONG MANG- OFDM

Nghién ctiu truyén dan tin hiéu s§ da séng mang dang duogc cic nha
khoa hoc va cong nghé quan tam dic biét. Cac hé théng truyén dan nay sir
dung cdc ky thuat diéu ché da sdng mang dé truyén din cdc tin hiéu s6 véi
toc do truyén dan cao. Loai diéu ch€ ndy ciing dugc goi 12 OFDM
{orthogonal Frequency Division Multiplexing) 1a bo diéu ché x-QAM
{x dugc lua chon sao cho vira thoa man do bén vitng cao déi vdi cdc loai
nhi€u tén tai trén kénh truyén vira dat duge luu fugng cao nhu mong mudn
ma cdu tric cua nd lai khong qud phic tap.

Trong cdc k¥ thuat diéu ché ndy dan loc phdn tich va dan loc loc tong
hop dua trén khai trién da pha déng vai trd then chét. G day, mot s6 luong
16n, séng mang (N) boi cdc bi€u tugng 6 do dai T, khoang cdch gilta hai
song mang lién tiép nhau 1a /T, Tin hiéu nhi phan cin truyén dan x[n] luu
luong cao D = §/T s&€ duge phan thanh N séng mang duge diéu ché bdi cac
tin hiéu x[i] c¢é lru luong M lan nhd hon, hodc boi cdc bit ¢6 do dai T, =
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M.T 1 ¢6 nghia la M lan dai hon. Phé cta tin hiéu diéu ché ¢6 nhimg dac
tinh:

* Pho cha mot séng mang ¢é dang sinx/x.
* Pho clia céc séng mang chay tir 0t6i 1/T,, 2/T,, 3/T,,..(M-1)/T..
* Cidc s6ng mang cach déu nhau mot khoang 1/T..

Phé cla tin hiéu thu dugc c6 dang hdu nhu vuong géc, vi vay né chiém
kénh truyén mot cach 161 wu.

Dicu ch¢ da séng mang s& dugc phat trién manh mé trong nhimg nam
tGi, vi nd da dugc Iva chon dé phét séng radio va cho TV 6 cho cdc tram
mit dat. Ngodi rta k¥ thudt didu ché da song mang 12 co s& cho mot thé he
MODEM méi ra doi ; trong d6 ¢6 cic MODEM-PLC dung cho théng tin
trén mang dién luc. Cac loai modem nay sir dung toan bo dai thong (c& hang
chuc MHz ) cua céc lien két hai day gifra cdc thué bao véi trung tam. Céc
tinh chat tuyét voi va nhitng vu diém cia cdc loai diéu ché nay rét thich hop
véi cdc bo thu da dudng nhu céc tram mar dat va thong tin di dong. Trong
truong hop nay, do tré do da dudng dua vao nho so véi do dai cha mot bit T,
nén bg thu s& khong bi nhiéu joan. Va vi chiéu dii T, = N.T 12 tuong d6i 16n
do sir dung mot s6 lugng I6n s6ng mang, nén bo diéu ché loai nay khong bi
tdc dong boi cdc ti€ng vong do su khdc nhau cia da dudng gay ra va vdi cac
ti€ng vong lau. Diéu do6 cho phép cic mdy phit khdc nhau phdt cling mot
chuong trinh trén cling mot tan 6,

Ngoai ky thujt diéu ché OFDM., trong théng tin trén mang dien luc
(PLC) con st dung k¥ thuat diéu ché OQAM (Orthogonally Multipexed
QAM). D6 1a k¥ thuat diéu ché bién do vudng géc phén chia kénh mot cdch
truc giao, vi the loai bo dugc su giao thoa giita cdc tin hiéu truc giao.

Ky thuat diéu ch¢ OQAM duge thue hién va duge caj thién ding ké
nho su ph6i hap giita FFT vk mach loc da pha. Hé théng truyén dan da séng
mang vdi ky thuat diéu ch€ OQAM trén mang dién lic ¢6 so d6 téng thé cho
trén hinh 8.14.

Trude khi thuc hién diéu ché, cde bit duge mi hod thanh cic QAM?2,
QAM 4 hoac QAMS phu thudc vao ti s6 tin hiéu / tap am (SNR) trong méi
kénh. Sau d6 tin hiéu duge xir 1y trong dan loc téng hop (SFB) duoe thiét ke
tir mot mach loc prototype tdn s6 thap loai Nyquist.

Do chong phu giita cac kénh khong 16n hon mot nira dé rong clia kénh
lién ké nén di tiet kiém duge kénh truyén va ting luu luong truyén dan.
Trong k¥ thuat diéu ché nay, dan loc sé tao ra M kénh cdch déu nhau mot
lugng F/2M (véi F, 1a tén s6 1ay mau vd M 1a.s6 kénh). Do rong dii cha
kénh phai dugc lya chon dii 16n so véi tén s6 14p lai cha cédc loai nhidu xung.
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S§6 lugng kénh (M) va tan s& 14y méu F, phai thod min cac diéu kién:

I. La luy thira cia 2 d€ thuc thi duge FFT.

2. F/2 160 hon giGi han cua mat dai cdn thigt ké.
3. D% rong cia kénh it nhdt phai bing 400Hz.

Cdc két qua m6 phong trén phidn mém MATLAB véi hé théng truyén

dén nay dugc biéu thi trén cdc hinh v& 8,15 dén 8.18.

Data =5 IFFT ML
SFB e S
L J
BER
F 3
by E A S
Data e L
out 5 Bl Qe G FFT | ML
nife; § L C giam
AFB toc

DAC

ADC

il
-

(Z)3 quey

»

Hinh 8.14. So dé cau 130 ciia mot MODEM thong tin dya trén
k¥ thuat didu ch€ da séng mang OFDM.

transrnit data
[ e

3, <‘> T L Eres ¥ LY <
2.5

2+ ] oz 2 L4+ B4 1 > Les) Lerd < (3 ] o
1.5 |

1+ L s > La+] <> 3 [ e
0.5

Og =2 =% gy 10 12 12

Hinh 8.15, Diy dit liéu phis
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rmat do pho cong suat tin hieu thu
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Hinh 8.18. Mat do phd cong sudt ctia tin hiéu thu duge,

Két qua mo6 phong cho thdy néu ti s6 tin hiéu trén tap bang 2 thi
BER = 0,013172, s6 luong bit 16i 1a 14; Con néu ti & tin hi¢u trén tap bing
1 thi BER= 0,024414 va s6 bit 16i 1a 25. Vi tin hiéu phdt la mot diy ngau
nhién nén pho cong suat cua tin hi¢ thu duoc 1a hiang s6 va gin bang khong.
Diéu dé6 cho thay cong nghé truyén din da séng mang OFDM la cong nghé
s0 tuyét voi cho phép tang luu luong thué bao va tée do truyén dan thong tin.
Cong nghé nay da duoc trién khai trong cdc tram truyén hinh mat dat trong
dai séng 0,76 - 8,37 MHz va véi toc do 1ay mau F = 18,28 MHz. Trong céc
tram thu vé tinh nay, dan loc FFT véi s6 diém tinh N = 8192 diém. Tin hiéu
truyén chita 6817 séng mang trong s6 d6 cé 177 tin hiéu hoa tiéu cho phép
dong bo chinh xdc & noi thu va dé danh gid ddp ng tén s6 cta kénh dé can
bang va xac dinh do méo trong mdi kénh con. H¢ thong nay cho phép truyén
vGi t6c do trén 32 Mbit/s trong mdi kénh vé6i khoang cich 8 MHz, hoac 4
bits/s/Hz.

Cong nghé OFDM ciing dugc dp dung trong hé théng ADSL
(Asymmetric Digital Subscriber Line). Hé thong nay cho phép truyén téi cac
thué bao vai téc do 14Mbit/s trén dudng day dién thoai, trong d6 256 song
mang chi chiém dai tin | MHz.

Nho dp dung dan loc khoi phuc hoan hao nén cong nghé OFDM da
tranh duoc hién tugng chéng phd gilta cdc kénh con do vay da tang dugc so6
lugng kénh truyén va sir dung t6i da nang luc cua kénh truyén dan. Trong so
dé trén, mbi kénh con déu dugc trang bi mot bo can bing kénh thich nghi va
hé thong diéu chinh tu dong hé s6 khuéch dai, nho vay giam thiéu dugc 16i
bit, gitip cho cong nghé c6 do khdng nhiéu rét cao.
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PHU LUC

PHAN CHUONG TRINH
1. Chuong trinh xit ly tiéng néi ding dan loc QMF cay 5-kénh

% Chuong trinh 1
lear;

clf;

9edoc tep am thanh
[filename,path]=uigetfile('.WAV','hay chon tep am thanh', 100, 100);
cd(path);

fid=fopen(filename,'r');

archive=fread(fid);

archwr=archive:

siz = wavread(filename, 'size");

if siz(1) > 150000

[Y.Fs}=wavread(filename, 1 50000);

else

[Y,Fs]=wavread(filename):

end

disp('frecuency of the music (Hz)'):

disp(Fs) | |
length_original=length(Y);

disp(’length (bytes) =");disp(length(Y));
Yesound(Y,Fs) % Chay file am thanh chua qua bo loc

% Loc tin hieu vao o tan so 7kHz
[b.a]=ellip(5,.01,100,[100 7000]*2/Fs);
Y=filtfilt(b,a,Y):

% Xay dung bo loc Prototype Ho
N = 30; % Do dai cua bo loc prototye HO
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div=0.1; % Buoc bat dau do tim tan so cat
eval = exp()*pi*(0:N-1)/2.); % Luy thua ao duoc danh gia tai w=n*pi/2

freq = 0.5; % Tan so cat ban dau
target = 1/sqri(2); - % Bien do can dat duoc tai pif2
diff = 1; % (a tri sai khac ban dau

while diff > 0.00001, % Lap lai chung nao diff > 0.00001

hO = firl{N-1,freq,blackman(N)); % Tim cac he so cua bo loc su dung
Blackman window

%h0 = firl(N-1,freq,blackmanharris (N));
measure = abs(eval*hQ'), % Tinh toan bien do thuc su taij pi/2
diff = abs(target - measure); % tinh toan do sai khac
if measure < target,l
freq = freq + div; % Neu thuc te nho hon can thiet thi tang tan so
else
freq = freq - div; % Neu thuc te nho hon can thiet thi giam tan so
end

div=div/2; % Giam do lon cua buoc xuong 2 lan
end

% Xay dung bo loc H1

L =length(h0);

fork=1:L

hi(k) = ((-1)*k)*h0(k),

end

Fetinh toan he so cua 5 bo loc phan tich tuong duong
a0 = zeros(1, 2*length(hQ));
a0([1:2:1ength(a0}]) = hO;

al = zeros(1, 2*length(hl));
al([1:2:length(al)]) = hl;

b0 = zeros(1, 4*length(h0));
bO([ }:4:length(b0)}) = h(;

bl = zeros(1, 4*length(hl));
bl([1:4:iength(bl)]} = hl;

c0 = conv(h(,a0);

dl = conv(c0,b); %%boloc 1
d2=conv(cO,bt); %bo loc 2
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d3 = conv(h(0,al); %bo toc 3

d4 = conv(hl,a0); %bo loc 4

d5= conv(hl, al); %bo loc 5

%eXay dung bo loc tong hop

g(} = hO,

gl =-hl

% Dap ung bien do tan so cua cac bo loc phan tich ho va h!
[hOz,w]} = freqz(h0,1,256):

h00 = abs(h0z):

h00d= 20*log 1 0(h00);

[hlz,w] = freqz(hi,1,256):

hll = abs(hlz);

h11d=20*l0gi10¢h11);

subplot(1,2,1);

plot(w/pi,h00d,’-', w/pi,h11d,'m-";

grid;

xlabel("Tan so: w/pi');

ylabel('Bien do (dB)"):

Thtle('Dap ung bien do mach loc QMF coso '),

9oLoi khoi phuc cua danfoc QMEF 2 kenh co so
fori=1:256
sum (1) = (h00(i) * h00(i)) + (h11(1)*h11(i));
end
k = 10*logO(sum);
% Ve do thi loi khoi phuc
subplot(1,2,2);
plot(w/pi k);
grid;
axis([0 1 -0.1 0.1);
xlabel('Tan so: w/pi'),
ylabel('Bien do (dB)');
Title('Meo bien do cua mach loc OMF coso '),
pause; clf:
%Dap ung bien do tan so cua cac bo loc phan tich tuong duong
[elz,w] = freqz(dl,1,256);
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el = abs(elz);

el=20%logl0el);

fe2z,w] = freqz(d2,1,256);

e2 = abs(e2z);

¢2=20%log10(e2);

[e3z,w] = freqz(d3,1,256);

¢3 = abs(e3z);

e3=20%log10(e3);

([edz,w] = freqz(d4,1,256);

¢4 = abs(edz);

cd= 20%log10(ed);

[eSz,w] = freqz(d5,1,256);

e5 = abs(eSz):

ed5= 20%log10(e5);

plot(w/piel,-", w/pl,e2,'-- w/pLe3, - ,w/pi,ed,'-- ", w/pi,e5,-);
axis([0 1 -100 10]);

%grid;

xlabel('Tan so: w/pi');

ylabel('Bien do (dB)'):

Title("Dap ung bien do cua dan loc phan tich QMF)

06 Xay dung bo giam mau va lang mau

%UPSAMPLE(X,2);

%GDOWNSAMPLE(X,2);

pause(3);

Ysound = filtergmf(hO,h1,g0.g1,N,input); %Loc file am thanh bang dan loc
sound(Ysound,Fs) 9%Chay file am thanh da qua dan loc

2. Chuong trinh ham loc QMF 5 kénh bang thong khong déu

% Chuong trinh 2
function yout = fitterqmf(hO,h1,g0,g1,N,Yin)
%Loc tin hieu qua dan loc QMF 5chanel bang thong khong deu
x0 = filter(h0,1,Yin);
DOWNSAMPLE(x0,2);
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x00 = filter(h0, 1,x0);
DOWNSAMPLE(x00,2);
x000 = filter(h0,1,x00);
DOWNSAMPLE(x000,2);%loi ra cua kenh 1
x001 = filter(h1,1,x00):
DOWNSAMPLE(x001,2);%]loi ra cua kenh 2
x01 = filter(h1,1,x0);
DOWNSAMPLE(x01,2);%loi ra cua kenh 3
x1 = filter(h1,1,Yin);
DOWNSAMPLE(x1,2);
x10 = filter(h0,1,x1);
DOWNSAMPLE(x10,2);%loi ra cua kenh 4
x11 = filter(h1,1,x1);
DOWNSAMPLE(x11,2);%!oi ra cua kenh 5

% Bo ma hoa ADPCM

% Bo ghep kenh MUX

% Duong truyen

% Bo tach kenh DEMUX
%Bo giai ma ADPCM

%Tin hieu bat dau vao dan loc tong hop

UPSAMPLE(x000,2);
y000 = filter{g0,1,x000);
UPSAMPLE(x001,2); -
y001 = filter(g1,1,x001);

y00s = (yO0O0+y001);

UPSAMPLE(y00s,2),

y00 = filter(g0,1,y00s},

UPSAMPLE(x01,2);
yO! = filter(g1,1,x01),
L=length(y00),

%Doan ma nay can bang do tre giua tin hieu tong hop kenh 1 va 2
9%voi cac nhanh con lai cua dan loc
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D=N-1; 9N la bac cua bo loc

fori=1:(L-D)
y00(i) = y0O(i+D);
end

yOs = (y00+y0l);
UPSAMPLE(y0s,2);
y0 = filter(g0,1,y0s);

UPSAMPLE(x10,2);
y10 = filter(g0,1,x10);

UPSAMPLE(x11.2);
yl1 =filter(gl,],x11);
yls = (y10+yl1);
UPSAMPLE(y1s.2);
yl = filter(gl,1,yls);
yout = y0 + yI; %Tin hieu tong hop dau ra
%Ket thuc

% Chuong trinh 3
% Hiéu tng giam td¢ 46 méu

% Str dung ham FIR2 d¢é tao ra day 16i vio gidi han dai.

freq = [0.42.48 1];

mag =[0100};
x=fir2(101,freq,mag);
[Xz,wl]=freqz(x,1,512);
subplot(1,2,1);
plot(w/pi,abs(Xz));grid;
xlabel(Nomega/\pi');ylabel('Bien do'),
title('Pho tin hieu loi vao";
pause

%Phat miu 16i ra.

M=2;
y=x([1:M:length(x}]);
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[Yz,w]=freqz(y,1,512);
subplot(1,2,2);

plot(w/pi,abs(Y 2)):grid;
xlabelNomegaApi'); ylabel('Bien de':
title('Pho tin hieu ra"),

% Chuong trinh 4

% Hicu ttng tang t6c do miu trong linh vuc tan s6
% Dung FIR2 d¢ tao ra ddy 16i vio gidi han ddj
freq=[00.450.5 1];

mag ={0 1 00];

x=fir2(99,freq,mag);

[Xz,w] = freqz(x,1,512):

subplot(1,2,1);

plot{(w/pi.abs(Xz));grid

xlabel(“omegaNpi'); ylabel('Bien do";
title('Pho cua tin hieu vao');

%Phat ra day mau tang toc do.

L=5; '
Y=zeros(1,L*length(x));

Y ([1:L:length(Y)])=x;

[Yz,w] = freqz(Y,1,512);

subplot(1,2,2);

plot(w/pi,abs(Yz));grid;

xlabel(“omega/Npi"); ylabel('Bien do');
title("Pho tin hieu ra’)

% Chuong trinh 5

% Minh hoa qua trinh gidm t6¢ do mAu.
clf;

N=100;

M=2;

f1=0.043;

£2=0.031;
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n=0:N-1;

% Phat day 16§ vao;

X= sin(2*pi*f 1 *n)+sin(2*pi*f2*n);

JePhat ddy 161 ra da duoc gidm téc do maiu.
y=decimate(x,M, fir");

subplot(2,1,1);

stem(n,x{1:N));

title('Day loi vao’;

; ylabel('Bien do');

subplot(2,1,2)

m=0:N/M-1,

stem(m,y( 1:N/M)); _
title('day loi ra'); xlabel('n'); ylabel('Bien do');

% Chuong trinh 6

% Minh hoa qud trinh ting t6c d6 mau.
clf;

N=100;

L=3;

f1=0.043;

f2=0.031;

9oPhit day 161 vao.

n=0:N-1;

x=sin(2*pi*f1*n} + sin(2*pi*f2*n);

% Phdt ddy 61 ra da dugc tang téc d6 miu
y=interp(x,L};

% V& day 161 vao va 16i ra
subplot(2,1,1);

stem(n,x{1:N»:

title("Tin hieu loi vao');

ylabel('Bien do’);

subplot(2,1,2);

m=0:N*L-1;

stem{m,y([:N*L));

title("Day Ioi ra'); xlabel('n"); ylabel('Bien do');
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% Churong trinh 7
% Thi€t k€ dan loc DFT déng nhat
clf;
%0 Thi€t k&€ mach loc prototype FIR thong thap ;
b = remez(23, [0 0.15 0.25 1], [ 1 0 0], [10 1]);
w = 0:2%pi/255:2%pi; n = 0:23;
fork = 1:4;

¢ = exp(2*pr*(k-1)y*n*i/4);

FB = b.*¢c;

HB(k,:) = freqz(FB,1,w);
end
% V& dap ing bién d§ clia m6i mach loc con;
subplot(2,2,1)
plot(w/pi, abs(HB(1,:)));
xlabel(MNomega/pi');ylabel{'Bien do");
title('Mach loc No. 1'y; axis([02 0 1.1]);
subplot(2,2,2)
plot(w/pi,abs(HB(2,:)));
xlabel(“omega/pi');ylabel('Bien do');
title("Mach loc No. 2%;axis([02 0 1.1));
subplot(2,2,3)
plot{(w/pi,abs{HB(3,:)));
xIabcl(\omega/pi');ylabei('Bien do';
titte("Mach loc No. 3'); axis([02 0 1.1])
subplot(2,2,4)
plot(w/pi,abs(HB(4,:)));
xlabel(“omega/pi');ylabel('Bien do');
title("Mach loc No. 4); axis([0 2 0 1.1]);

% Chuong trinh 8

%Thiét k€ mach loc thong thap FIR L-dai
N=23;

L=2;

k=(N-1)/2;

n=-k:k;
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b=smci{n/L)Y/L;

win=hamming(IN);

c=h.*win';

[h,w]=freqz(c,1,256});
g=20*log10(abs{h)):

plot(w/pi,g);grid

xlabel(NomegaMpi'); ylabel('Bien do, dB');
disp(c);

figure(2);

plot(n,c);

% Chwong trinh 9
% Ddp img tan s6 cta dan loc QMF Johnston;

Bi= [-0.006443977, 0.02745539, -0.00758164, ;0.0913825, 0.09808522,
0.4807962];

Bl=[B1 fliplr(B1)];
% Phat mach loc thong cao bu;
L=length(B1);
fork =1L
B2(k) = ((-1)*k)*BI(k);
end
% Tinh ddp 1tng bién doé caa hai mach loc;
[H1z,w] = freqz(B1,1,256);
hi=abs(H1z); gl = 20*%log10¢hl);
[H2z,w] = freqz(B2,1,256);
h2 = abs(H2z); g2 = 20*log 1(0{h2);
% Ve ddp tmg bién do cua hai mach loc;
figure(1)
plot{w/pi,gl,'-",w/pi,g2,'--");grid
xlabel(Nomega/\p1"); ylabel('Bien do, dB')
% Tinh téng cla cac ddp ing binh phuong bién do;

fori= 1:256,
sum(i) = (h1)*h1G) + (h2(1)*h2(1));
end

d = 10*log10(sum),
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% V€ suméo dang bién do;

figure(2)

plot(w/pi,d); grid;

xlabel(“omegaApi'); ylabel('Sy méo dang bién do, dB');

% Chuong trinh 10

% Thi€t k€ mach loc phan tich.

[N.fpts,mag,wi] = remezord([0.37 0.63], [1 0],{0.01 0.01]);
[q.err] = remez(N,fpts,mag,wt);

fprintf(‘filter order is Sed\n',N);

% Chuong trinh 11

% Thiét k& mach loc phan tich.

[N,fpts,mag,wt] = remezord([0.37 0.63], [1 01,[0.01 0.01]);

[g.err] = remez(N,fpts,mag, wt);

fprintf('filter order is %d\n’,N):

hO=[0,32308145852633, 0.51953003909222. 0.30133845772088,

-0.07814458219037, -0.137671606201 11, 0.03209964123472
(.07900476042178,

-0.04899606569875];

[h1,w]=freqz(h0,1,256)

h3=[ 0.04899606569873, 0.07900476042 178,-0.03209964123472,
-0.13767160620111, 0.07814458219037. 0.30133845772088,
-0.51953003909222,0.32308145852633];

[h2,w]=freqz(h3,1,256);

plot(w/pi,20%log 10(abs(h1)), -, w/pi, 20¥log 10(abs(h2)),--"); grid;
Title('d4p 1tng tan s6 cta dan loc phan tich').

xlabel(“omegaApi');

ylabcl{'Bicn do, dB').

L
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