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LOI GIGI THIEU

Cudc cdch mang khoa hoc va cong nghé dang dién ra mot cdch soi dong chua
trng thdy nhu hién nay trén toan thé gidi thic ddy loai ngudi nhanh chéng birde
sang MmOt ky nguyén mdi. DS la ky nguyén cliia nén vdn minh dua trén co sd cong
nghiép tri tué. Md& dau cho cude cdch mang khoa hoc va cong nghé 1an nay cé (thé
dugc danh ddu bang su ra doi va phét (rién 6 at clia mdy tinh ciing nhucdc phuong
tién xu 1y thong tin khéc, dac biét la cdc he thong xr Iy song song véi 16¢ do ngay
cing cao. Cung v&i su phat trién nhanh chéng cdc cong cy xi& 1y tin hicu s6 ciing
nhu cde nhu cdu Gng dung cdc cong cu nay vao moi [inh vuc hoat dong clia xi hoi
loai ngudi doi hoi s phdt (rién dong bo cdc phuong phdap xu ly so tin hicu hién dai.
bic bi¢t cdc phuong phédp xir 1y s6 nay phai 4p dung ¢6 hi¢u qua trong cac linh vuce
(hong tin licn lac, phat thanh truyén hinh, tr dong diéu khién va cdc nganh cong
nghd¢ khac.

Dé.gil’l[) tim hiéu mot cach c¢o ban van d¢ nay. Chidng (0i xin (ran trong giGi
thiéu cung ban doc cudn sdch "X 1y tin hiéu va loc s6" clia tac gia TS. Nguyén
Quaoce Trung. Cudn sach da duge trinh bay mot cach hé thong (r nhitng kién thic cu
ban vé tin hi¢u va cdc phuong phéap tong hgp phan tich cdc h¢ thong roi rac dén
nhiing phuwong phéap xtr 1y 6 tin hi¢u dua trén cac cong cu todn hoc va val ly hién
dai. Dac biét cudn sach danh phan [6n cho viée phan tich va tong hgp cac bod 1gc 6

fam co s& cho vicée ng dung trong cdc nganh cong nghé khac nhau.

Chiing (01 hy vong riing cudn sdach "Xur 1y tin hiéu va loc 6" khong nhitng gidp
fch 18t cho sinh vién cdc nganh cong nghé ma ciing 1a tai licu tham khio 160 cho

NCS ciing nhu cac chuyen gia dang hoat dong trong cac linh vire ¢6 lién quan.

GS. TS Nguyén Xuan Quynh

Vién trudng Vién Bién 1 - Tin hoc va Tu dOng hod.



LOI NOI PAU

Ngay sau kKhi xuat bdn cuén "Vi dién tir s6" tap 1, "Trung tam nghién ciru phat
trién Dién (r - Tin hoe - Vién thong™ hop tdc gitra trudng Pai hoc Bach khoa Ha Noi
vi Tong c¢ong ty Dien ur - Tin hoc Viét Nam da nhan duge 101 moi cuing xay dung
chuong (rinh hién dai hod gido trinh va gido cu nganh Pién (¢ - Tin hgc - Vién
thong cta Trung tam Dao tao Buu chinh Vién thong 1 thugc Hoce vién Cong nghe
Buu chinh Vién thong va khoa Thong tin Tin hoc trudong Dai hoc dan lap Dong do.
Chiing toi da to chic hoi thdo khoa hoc vé chuong trinh-sé hod ky thuat Dién tir -
Vién thong. Trude hét trong linh vyc gidng day cua truong bai hoc Bach khoa Ha
Noi, Hoc vién Cong nghé Buu chinh Vién thong ... va khoa Thong tin Tin hoc
truong Pai hoc Dan lap Dong Do.

Dudi su chi dao ciia GS. TS Phan Anh, trong budi Hoi thdo ching 16i da nharn
duge nhiéu y kié€n quy bdu clia cdc gidng vién va cdc nha khoa hoc giau kinh
nghi¢m. Chiing toi da khing dinh viéc hién daihod trong linh vue giang day 1a cin

thict va rat cdp béch.

" Trude hét cho ra mit ban doc bo sach "XU LY SO THONG TIN" nham phuc vu
ngay cho cong tac gidng day va nghién citu khoa hoc tai truong bai hoc Bach khoa
Ha Noi, Tong cong ty Bi¢n 1 - Tin hoc Viét Nam, Hoc vién Cong ngh¢ Buu chinh

Vién thong, trudng bai hoc dan lap bong bo.
bau tién ching t6i cho xudtl ban hai cudn sédch:
1. Vi dién tr s§
2. XU 1y tin hiéu va loc sd.

Khong phéai n6i nhiéu, chiing ta déu biét rang viéc s& hod cac thiét bi bién i -
Vién thong di va dang duge thuc hién rdt manh mé & trén toan th€ gidi cling nhu &
Vict Nam. Chinh vi vay ma xtr 1y tin hiéu va lgc s0 di trd thanh mot nganh khoa
hoc va k¢ thuat. N6 duge phat trién rdt nhanh chéng va duge ddnh gia boi su ra doi
clia cic mach vi dién tr ¢ 16n VLSI (Very - Large - Scale Intergration) 12 nén ting
cho su phét trién dén chéng mat clia cdc phan cing s6 (Digital hardware) chuyén
dung ciing nhu mdy tinh s (Digital Computer) v&i gid thanh r¢ hon, kich thude nho

han, t6¢ doc cao hon.

D¢ ti€p can vai nganh Khoa hoc hién dai nay chiing ta can phai duge trang bi
nhitng kién thitc co ban khong thé thicu duge ctia xtr 1y tin hi¢u va loc s0.



Gigo trinh XU LY TIN HIEU VA LOC SO nay di duge ding dé gidng day
nhiéu nam hoc cho hoc sinh chinh khod, cao hoc, nghién cu sinh cua cac trudong
Pai hoc Bach khoa Ha Noi, Hoc vién Vién thong ORAN (Institute des
Télécommunicatién d'ORAN), Dai hoc Téng hgp thanh phd H6 Chi Minh, bai hoc
Bédch khoa Da Nidng, Trung tam dao tao Buu chinh Vién thong, Cuc téac chién Di¢n
tor BO Qudc phong, Pai hoc Dan 1lap bong Do.

Gido trinh XU LY TIN HIEU VA LOC SO chia thanh ba tap.

Tap 1 dé cap dén nhiing vdn dé khdi niém co ban clia xir ly tin hi¢u bao gém
biéu dién tin hiéu va hé thong rdi rac trong mién bié€n sd 1, trong mién z, trong micn
tdn sO lién tuc w, trong mién (4n sG roi rac @, (hodc mién k), ngoai ra chuong 5 s&
trinh bay khd chi tiét vé tdng hgp bd loc s6 FIR pha tuyén tinh.

Tap 2 gdm nhitng van dé tdng hgp bo loc s6 IIR, c4u tric va do nhay cla céc
h¢ thong s6, biéu dién hé thdng rdi rac trong khong gian trang théi va cdu tric trang
théi, loc s& nhiéu nhip, bi€n d6i Fourier nhanh va cudi cing 1a-bién ddi Hilbert va
he thong pha t6i thiéu.

Tap 3 ¢om nhitng vdn dé vé hiéu dng lugng tir hoa tron;g xtr 1y tin hi¢u va loc
s6, cdc phuong phap danh gid phd, cdc bo loc s6 thich nghi, tién dodn tuyén tinh va
xUr 1y déng cdu (Homomorphic), biéu dién trong mién tiéu ba (wavelet).

Tuy rang gido trinh xr ly tin hi¢u va loc s6 nay da duge gidng day nhiéu nam
nhung ciing khong thé tranh khoi nhitng sai sot, ching t6i rdt mong ban doc g6p
dé¢ 14n tai ban t61 duge hoan thién hon.

Dia chi lién hé;

Co quan: Trung tam nghién ctru va phat trién Dién tir - Tin hoc - Vién thong,
treong Dai hoe Bach khoa Ha Noi.

DHBK Ha Noi, | bai Co Viét, C4/104.
Tel: 86810068, 86094529, 8693828; Fax: 86810068.

‘Nha rieng: Phong 109B, nha A2, Trung Tu - B6ng Da - Ha Noi
Tel: 8528934, Db: 091231914.

Loi cudi tac gia xin chan thanh cdm on nhyfrng 1i chi gido quy gia ctia GS. TS
Nguyén Xuan Quynh (Vién trudng Vién bién tr, Tin hoc va Fu dong hod) va GS.
TS Phan Anh (Giam doc trung tam nghién ¢tu va phét trién DT - TH - VT) d¢ cudn

sach duge hoan thanh véi chdt lugng cao hon.

Tac gia

Dr. Nguyén Qll6c Trung
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Chuong 6
TONG HOP CAC BO LOC SO CO PAP UNG XUNG
CHIEU DAI VO HAN (BO LOC SO IIR)

6.1. M3 BAU

Trong chuong nay ching ta sé nghién cdu cdc phuong phép tdng hop bo loc s6,
¢ 1a tim ra cac hé s6 ctia bo loc s8 IIR sao cho thoa mén cac chi tiéu ky thuat cta

bo loc 12 8, 8., o, o, trong mién tdn sd lién tuc o doi vdi l H(e'™) |
Cac phuong phéap téng hop bo loc loai ndy c6 thé chia ra lam hai loai chinh:

- Loai thit nhdt 1a chuyén tir viéc thigt k€ cac bo loc tuong tu sang bo loc s3, tic
la chdng ta phai thi€t k& cdc b loc tuong tu trudc sau d6 diung cac phuong phép
chuyén d6i trong duong mot cach gdn ddng gilta mién tuong tu va mién sé dé thu

duoge bd loc s8. Phuong phédp thi nhat nay duge str dung rong rii nhat. '

- Loai thtt hai la cdc phuong phép tim ra cac thu tuc t8i vu hod nho su tham gia
ctia may tinh dién tr. Cdc phuong phdp nay la (im ki€m céc cach t6i thicu hod sai so
clia viéc xdp xi cdce chi tiéu ky thuat cia bd loc cdn thiét k& bing mot bo loc khic
¢6 thé thuc hién duge céc tiéu chudn gan ddng. Loai thit hai ndy it duge dung.

Trong chuong nay ching ta s€ di sdu nghién ctu cdc phuong phap loai tht nhat
vi n6 don gian va do chinh xéc 1a chdp nhan duge.

6.2. CAC TINH CHAT TONG QUAT CUA BO LOC

6.2.1. BO LOC SO IIR THUC HIEN PUGC

O day ching ta s€ nghién citu cdc bo loc sd IR thuc hién duge vé mart vat Iy,
tie 12 cdc bo loc s6 12 6n dinh va nhan qua.

¢

Tinh nhan qua duge dam bao néu ddp ing xung Ai(n) cia bo loc thoa man diéu
ki¢n sau day: i

hn)=0 v6i n<0

Tinh 6n dinh dugc dam b&i dap ting xung /i(n) thod man dilu kién 6n dinh sau:



i‘h(n)[ < (6.2.1.1)

n=—u

6.2.2. HAM TRUYEN PAT

Ham truyén dat cua mot bo loc s IIR ¢6 dang sau day:

Sbz’

H(z)= =%

a, =1

M ‘
bz

H(z) = ——————’i(;v
+Y az*
k=1

Tdng quat H(z) 1a mot ham phitc. Néu céc hé s6 a, va b, 1a cdc s3 thuc, thi ta

*

ibrz” i[b,z”}*

Tk — r=0 - r=0
[H(z)]* = N . Y .
Dagz” Z[akz’ ]
k=0 k=0 .

Nhung «a; va b, 1a thuc, ta c6:

RO D WA S N
r=0

H*(Z) — r;() - — = r
LZUk (z ”‘)* ;dk (z%)™*
=0 (=0

= H(z*)

Vay néu a; va b, la thuc ta c6 quan hé sau:

H*(z) = H(z*) ’ (6.2.2.1)

hodc:

H(z) = H¥(z*)
6.2.3. PAP UNG TAN SO CUA BO LOC SO IIR
Ta biét ring: |

H(é’jm) = H(Z)’__:(,jm

va H(é’jw) — IH(()J(U)I ej‘/’(m)



Néu «a, va b, 1a thuc ta ¢6:

H*((’jm) - H(e-ja))

Vay:
CHE) ™) = ) e
= H(e’?)

Ta co:

H(é’jm ) eﬂp(m)

Hie ™) e

= e/'-'-"l’(ml

Lay logarit co sO e ta c6:

In {—I!—(&} =2jp(w)

H(e ™)

Jjo
p(w) = L';,, E(i—)— = F(e'°) = arctg
. H(()-)m)

6.2.4. THOI GIAN TRUYEN NHOM

Thai gian truyén nhém duge dinh nghia nhu sau:

1qx ¢
W)= - de()
do
Bay gid (a tim o w).
Ta biéterang:

p(w) = F(e°)

Yay:
de(o) _ dF(e’) d(e’)
v do d( e®)  do -

_ .P,-mdF(e‘f“’)

d(é).]m)
dF(e’®

thi W) =-j ()lmff_(_"___).
d(e’)

L,[H(e")]

Re(H(e ™ )]

(6.2.4.1)
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Thay F(e'“) vao ta c6:

. Jo
Hw)=-je® i d, in H(e , )
C2j d(e’) H(e ™)

d

= - %e’”{ d InH(e'®) -

- — InH(e ™)
d(e’) d(e’)

e e
2 H(e’™ ) (') H(e ™)

a day
H,(e.jw) - -‘ [H(ej(o)
d(e’) /
Vay:
’ jo ’ ~jo
2 | H(e™) H(e ™)

Né&u a, va b, 12 c4c hé s6 thuc, theo (6.2.2.1) ta ¢6 thé viét:
H(&) = [H(°)]*
H'(e?®) = [H'(e°)]*
O day d&u * 1a déu lien hop phiec.
Tu day ta c6:
W)= - 1 {—————H’(e:m ) e+ e"j‘"“————[H’(e,jm )]*}
2 | H(e™) [H(e’ )]*

L PR Y ES
LA ooy L (7]
2 | H(e™) [H(e™)]*

', Jo [N )
L[t o e
2 | H(e™) H(e’™)

»

A + A% = Re[A] + /Im[A] + Re[A] - /Im[A] = 2Re[A]

*

Chiing ta biét rdng:

Vay cudi ciing ta thu duge cong thitc tinh 7( @) nhu sau:

(6.2.4.2)

, (@ I®
o) = - Rc{e"".H (e )}

H(e™)



d

— [H('®)
d(efm)[( I

Hl(()j(d) —

Vidu 6.2.4.1

Hay tinh thoi gian truyén nhém ctia mot bd lgc s8 TIR néu ta biét dam (ruyesn
dat H(z) cua né c¢6 dang sau day:

H(z) = il -
f~z7"
Giai
' D(z) 1-z"-
Vay D(z)y=1-z~
H'()—{ l} S
D(z) D (z)
H(z) = dH(z)
74

Thay gid tri cla z trén vong tron don vi trong mat phing z ta ¢6:

(w) = - Re':z H (Z)j[
H(z)

£i®

= - Re':z(— D,'(Z) .D(z)]j}
\ D*z) .

= Re ()jU) .w_
l)Z(ejm)

D) =227 =26

=l

1 1

-j20

=el® l-e

-j3 -j2
z'(a)) = Re ej(o _216_0_ = Re _ge_J_co_
i l_e—jZm l_e—jlm

= Re| — 2 = Re 2 -
e/2¢ ] cos20—1+ jsin2e

D’(f’}m): 2

-z~

Viy:

11



~Re|2 cos20—1—jsin2e
((:0520)—1)2 +sin? o

_ Re 2(0320)—1—]3‘17120) .
2(l—cos2w)

6.3. CAC PHUONG PHAP TONG HOP BO LOC SO IIR TU BO LOC TUGNG TU

6.3.1. MO DAU

T-ong phdn nay ching ta sé nghién cttu cdc phuong phip chuyén ddi ham
truyén dat cia mot he thdng twong tu H,(s) sang ham truyén dat cia hé thong s6
H(z). Nhu vay viéc ddu tién 12 ching ta phai tdng hgp dugc ham truyén dat clia he
thoéng tuong tu H,(s), viec nay da dugc nghién ctru phat trién tir lau va di thu duge
cac két qua tot dep, ching ta s€ trinh bay ky & phan sau.

C6 bdn phuong phép chuyén ddi tir hé théng tuong tu sang hé théng s6 nhu sau:

- phuong phép 1: phuong phdp bat bi¢n xung

. - phuong phdp 2: phuong phap bién déi song tuyén

- phuong phép 3: phuong phédp tuong duong vi phan

- phuong phép 4: phuong phép bi€n d6i z tuong trig.

Pé thdy 156 ban chdt clia cdc phuong phdp nay, ching ta tién hanh so sdnh hé
th6ng tuong tu va hé théng s6. :

-

6.3.2. SO SANH HE THONG TUONG TU VA HE THONG SO
Bang 6.3.2.1 sau day s€ gilp ching ta on lai mot vai dac trung chinh cua bo loc
trong 1r va bo loc s6, tir day ching ta c6 thé rdt ra dugc sy gidng nhau va khéc

nhau giira hai loai b loc nay.

Bang 6.3.2.1

Mién tuong tir . Mién s&

Hé théng

Tuong tu K S6

X(n) y(n)

— e} ba(f) ———— h(ﬂ) b —————

x,(4) Yo (t)

12



Tiép bdng 6.3.2.1
Ham truyén dat

M .
Z b,z

M
Z(/,.A\"
()= r=0 r=0
Hy(s)= A H(z) = *
ZCAS Z(ILZ
k=0 k=0
M M
r[(‘_‘voi') H(Z—ZO,)
H,(s)= AL H(z) = B!
TTes=s.) l—[(Z_ZpL)
k=l k=1
M 4 M
H(I—SD,.S ) H(I—ZD,Z_I)
H.(s)= AL H(z) = B!
[T1=s,s7) [Ttz ,2 Y
k=l k=1
sot cdc diém khong cla H,(s) z,.: cdc diém khong cta [1(z)
syt Clc diém cuc cla H (s) .0 cdc diém cuc cha H (z)
A: hé so B: hé s6
Tich chap
y(n) = Z N(m)h(n~ n)

Yolt) =[x, (Vh, (1= 0d

x(n)* h(u)

il

() F h(t)

> h(m)x(n—m)

m=-w *

Il

J'hd(r).\'”(t ~1)dt

F——

h(n)* x(n)

= h,(1) * x,(1)

Phuong trinh bi¢u dién hé thong

Vi phan Sai phan
N ko, M .. N M
S dov, (1) - Y4, d" x, (1) Sagyin-k)= b x(n-i)
fur dr* =0 dr” k=0 =0
Bién ddi
Laplace V4
ZT: 7Z - Transform

LT: Laplace Transform



Tiép baugt.3 2.1
LT/ h(0)] = H(s) = [h,()e™dr
S = 0O + j(u{l
Fouricr
FT: Fouricer transform

FT/h(0)] = Hfw) = [h,(1)e” " di

—oC

NI

V4T h(n)] = H(z) = 2/1(11)2_"

Hn=—o
z = re”
Fourier

FT: Fourier transform

CET/h(m)] = H(e') = Y h(n)e™ "

N==—C

Mait phing

Mat phiéng s

0

Q
A
(]

Mait phing z
it phing (2]

-
N

T RelZ]

Yong Tron ddn vi

Su 6n dinh

NGu (at ca cac diém cuc clua H,(s)
nam bén trai mat phang s thi hé thong 6n
dinh.

Néu tdt ca cac diém cuc cua /i(z)
nam bén trong vong (ron don vi thi h¢
thdng 6n dinh.

6.3.3. PHUONG PHAP 1: PHUONG PHAP BAT BIEN XUNG

Giong nhu tén cta né da chi rd, phuong phép nay ¢6 ban chat nhu sau: dédp dng
\

xung cua bo loc s8 /fi(n) nhan duge bang cdch ldy mau dap tng xung clia bo loc

twong r fi,(1), nhu vay dang cta /(1) va ifn) 1a nhu nhau, chi khdc & chd /hi,(1) la

licn tuc, ¢on fAifn) 1a roi rac.

On lai qu4 trinh 14y miu a thay ring:

a) Trong mién thoi gian

hnl) = /l(l(l)llzn'l‘

= h(t).e(t)

(6.3.3.1)

& day e(r) 1a day tuan hoan cdc xung Dirac ¢6 chu ky 1a 17, nhu sau:



e(t) = S8¢1-nT,) (6.3.3.2)

H=—0oC

Hinh 6.3.3.1 s¢ cho ta dé thi ctia §(¢) va e(t):

SIRNK

0 1 =2lg -Ts 0 Ty 27 37
Hinh 6.3.2.1.

Nh& lai chuong 1, sau khi chudn hod ii(nT',) bi T, ta s€ thu duoc hi(n):

W', chudn hod hn)
I h ——»i(n
bdi I,

b) Trong mién tin sé
FT/h(0)] = H(w,)
FTle(t)] = F(w,) = L Z S o)d——zﬂ
T, . T,
FT{h(n)] = H(e?)
& day FT 1a todn tir bién déi Fourier.
Vay ta cé:
H(¢') = Hlw,)*E(w,) = H(w,)* [1 Z 6(0) QYTUIH
1 el 27n
= —|H, (0,)* o, -
7—} { H( ¢ ”;h ( { ,[; ]J
= i Z H, (0,)*%5| o, 27tn
]j n= T(
=L s ule 2™ (6.3.3.3)
'[tS‘ H=—0C ]'\ ) :

g day:

H, o)(,,—zml =H/(w,)*5 | o, _2m
. T T

5 R



T,: chu ky 14y mau.

Né&u dinh 1y 14y mau duge thoa min, tic 1a:

<

Hi(w,) =0 v&i l(gn fl

dic¢u nay cho phép tranh dugce hi¢n tugng chong pho khi 1dy mau, e la:

. 1 o
H{e'?) = Y—_H(,(a)(,) v |(u[,' < ]L

Hinh 6.3.3.2 cho ta mot vi du vé vi¢e 18y méu Kkhi dinh 1y 1ay mau duge thoa min.

Ha (W, )
7
/s 0 s, Wa
4
%
By 7t 0 n 2n w

Hinh 6.3.3.2.

¢) Mdt phdng s va mat phdng z

2 - s b} > ~ a o
Trong mat phang s ta thdy rang (ruc tung (tyuc tan sd tuong tuw w,), do han ché
cua dinh 1y 14y miu nén (in hi¢u c¢6 bé rong phd hitu han chi t6n tai trong khoang

n.n
’I:Yy']—t\'

Tir day ching ta efing c6 sy tuong (ng gita mat phang s va mat phing z, hinh
6.3.32.3 s& minh hoa diéu nay.
Chiing ta biét raing ham truyén dat H,(s) cua bo loc tuong tu ¢é thé duge bicu

dién dudi dang khai trién thanh cdc phan théc 161 gian nhu sau:

N
)= 3 A,

k=1 ¥~ Sk

(6.3.3.4)

G day: s, 1a cédc diém cuc don cta H (s)

16



A= (s - ‘ypk)]]‘_,(.\')“_:v ) (6.3.3.5)
S=8 i

,
. Im(lz]
Y1
" _k ! Relz]
-
/ Ts Vong fron ddn vy
Mat phang s Mat phang z

ITinh 6.3.3.3.

Theo 1y thuyél clia bién doi Laplace ta ¢6:

LT /e ur)] =
‘\‘_‘\‘l)/\,
5 Spid A/\'
hoic LT[A e u(t)] =
N—y e
!
Vay:
A/\ R VL/ -
ILT = Ape ™ () (6.3.2.6)
SN e
!
G day: ¢

LT: bi¢n déi Laplace (Laplace Transform)

ILT: bi€n d6i Laplace ngugce (Inverse Laplace Transform)

1(r): ham nhay don vi tuong tu

Il v611r 20
uir) =
0 t <0

Tu day ta c6:

N A, N \
ILTIII,,(‘\‘)I=/'u(f)=1LT{Z : } {‘LT{“ F

k=15 =5k

17



N
= (1) = Y Age ™M () (6.3.3.7)
k=1

Lay mau /1,(1) s¢ cho ta:

A ) (6.3.3.8)

i
=

N )
hintl) = /1(,(1)|’=”T = Z/\,\w"”"'u(t)
¢ k=1

t=nl k=1

Bay gid ching ta hdy tim bién doi z cta i(nT ,):

[\7
ZTih(nl,)| = ZT{ZA o ks Su(nT )} =[I(z)
k=1

| M8

N T,
Z P i ) |27

H=—=0C

8 0T , —
e phits ”(”[v )Z n

||| M8

0O véin<0

nhung 1(nl’;) = { , vay ta co:

| n=

/V o .. "
1{(2) — z ZA [)AII/ —, — ZZAA (()x,)kn[qu)

k=ln=—x k=1nu=0

S shn)

k=1 n=0

-

Ap dung cong thire tinh chudi, ta c6:

H(z)= ) ———— (6.3.3.9)
spily -1
k=1l-e P70 7
& day:
S, - cdc cuc don cua I (s);
T, - chu ky 1dy mau;
A, - h¢ s3 tinh theo cong thire (6.3.3.5).

Cong thirc (6.3.3.9) chinh la ndi dung cla phuong phdp batl bi¢n xung. Duéi day
chdng ta xét su on dinh tuong ng gitta H () va H(z).

d) Po on dinh

N N , P 2 " s > ST R . -

“Tir cong thite (6.3.3.9) ta ¢6 thé thdy ring néu z = ¢ " thi H(z) - o, viay 1
N N STy . e . < g R ,
rang la z, = e’’" ¢hinh 1a diém cyc cta H(z), ma spe 1a dieém cuc cua I ,(s). Nhu
th& ¢6 thé noi rang cdce diém cuc s, = 0, + jw,, cla H,(s) duge bién doi mot cdch

.« ar ~ ” g s o1 T B N - 2 .
tryc 1i€p thanh cac diém cuc z,, = e P ctia Hoz), thay s, vao z, ta ¢6 the vict:

18



emk +joy 4 )

Zp =
= ¢%hs ploals = p /0%
= r, = %
@ = 0,1

So sanh diéu kién On dinh ctia H,(s) va H(z) ta thdy ring néu o, < 0 tdc 1A cdc
e < |
titc 1a cac diém cuc z,; tuong ng s&€ nam trong vong tron don vi. Nhu vay dicu kién
on dinh vin dugc dam bao khi ta chuyén H,(s) thanh H(z) theo phuong phéap bat
bién xung.

diém cyc s, tuong tng s& ndm & bén trdi miat phing s, dan dén |z, =5, = €°

Hinh 6.3.3.4 s&€ minh hoa su tuong Gng gitra hai mién 6n dinh trong mat phéng s
vd mail phing z. '

Mat phang s Mit phing z -
),

a Iml(z]

g

7% Y/
///////// - ,%/ " Reter

-7 N
| /% Vong trén

y//d mién én dinh
H‘lllﬁ 6.3.3.4.

Vidu 6.3.3.1
Cho ham truyén dat cla bd loc tirong tu H,(s) nhu sau:

4

H(s)= —/———
(s+3)(s+5)

- Hay tim ham truyén dat H(z) ctia bo lgc s tuong Gng bing phuong phdp bit
bién xung.

- Hay vé& so do thuc hién bd loc sa.
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Giai
- H,(s) ¢6 hai diém cuyec: S, =~ 358, =-5, vay:
A A
Hs)= —— + -2

.\‘_.\'P‘ .\'—sz

Tim A, thco cong thic (6.2.3.5):

A =(s+3)— 2 | =5
(s+3)(s+5)

s=~3

4
(s+3)(s+5)

Il
)
N

A_u:(‘\‘+5)

s==5

2 -2
+
s+3 s+5

= H,(x) =

Ap dung cong thitc (6.3.3.9) ta ¢6 H(z) nhu sau:

H(z) = 2 + -2

37T - —S8T —
|-tz -7

- Dé vé duge so dd thue hién bo loc s6, chiing ta chuyén //(z) vé dang sau day:

M _
> bz

H(z) = —=—
1+ Y az™*
k=
hodc vict phuong trinh sai phan dudi dang sau:
M N
vn)= Y box(n—r) + Y (—ag )v(n—k)
r=0 k=1

Sau khi bién déi ta ¢6 H(z) nhu sau:

5 ((,-37; o7, ) o

1(z) = S .
1_((,—11_‘. ok )Z—l o8l 72
So d6 thuc hién bo loc cho trén hinh 6.3.3.5,
— H—— ,
z! ,
I N
| 2
by
..az
p ]
—<}
/7[ — 2(()—51_.\ _()']'[.'\ )’ a, = - (,)_'”vs +(,_5'[f\-); ds = ()'X’I_\

Hinh 6.3.3.5.



6.3.4. PHUONG PHAP 2: PHUGNG PHAP BIEN POI S()NC TUYEN

a) Dinh nghia bién doi
Gii str v,(1) 12 mot tin hiéu trong v, vay dao ham bac nhat clia v, (r) la:

dv, (1)

\",u l) =
Yol dt

va ta co thé viét v (1) dudi dang tich phan cua v’ (1)

{
v (1) = J.A\/"” (t)dr + No(ly)

o

Né&u ¢t = ul vat, = (n - 1)T,thita thu dugc:

uly . .
v nl) = ¥, (dt +y.[(n- 1)T,]
(u—l‘)Tj
Vay:
nly
J‘,\",, (Tidt =~ (nl,)-~v,[(n-1)T,]
(n—1)T; .

Bay gits chdng ta ti¢n hanh tinh tich phan trén nhd quy tic hinh thang.

Quy tic nay duge sir dung rong rai trong trudng hgp tich phan khong thé tinh
duge bing giai tich. Noi dung cia quy tdc nay nhu sau: tinh (8ng tich di¢n tich clia
cdc hinh thang nhan duge bang phép ndi suy tuyén tinh gifta cdc mdu cia tin hi¢u
roi rac. Hinh 6.3.4.1 s¢ minh hoa cach tinh nay.

Ya (T)

Ys (n )
Y, [(n-71) T ]

o -1
A7 Ts T

K

.\\\\\ dién tich gitta hai mau (n - 1)1, va ul’,.

Hinh 6.3.4.1.
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Theo hinh 6.3.4.1, dién tich gifta hai mau duge tinh nhu sau:

Vo (nl )+, [(n— l)TS]

T..
2
Di¢n tich nay chinh 1a gia tri gan ding cta tich phan: .
nT, , n ’ 7
g ! T )+ ~1/71.
j_v’“‘ (Udt =T, Mol )+ [(n=1T, ]
(n=1j1 2
Vay ta ¢o:
7 T )+ v T
,\'u(”TA-) - '\'(,[(” - I)TA] — T;- \ a (” _s) -V([ [(” ) S/ (6.34 l)

2

Gia sir ta ¢6 vi du bo loc twong tu duge xdc dinh biang phuong trinh vi phan sau
day:

Noll) + ey (1) = x,(1) (6.3.4.2)

Trong trudong hgp tong quat mot hé thong twong tu duge xac dmh bdi phuong
trinh vi phan sau day:

dr‘ r=0 dt

% \‘,(t) ' %d. d"x (1)
thi ham truyén dat H (s) c6 dang:

M )
Z d ,.‘,\"

s = 2

Z(‘k‘,\'k
k=0

Vay trong trudng hop nay:

o=, 700, =1, c=ci=...=cy=10
dy=1l;d,=d-=...=d, =0
Ta cé:
H,s)= : -
Co+Cis  s+cg
N&u dat r = uT', thi phuong trinh (6.3.4.2) trd thanh:
vial) + ey nl'y) = xnly) (6.3.4.3)

thi:
.\'Iu(”'[‘s) = - (‘0.\"(1(”Tx) + 'Ta(”Ts)
va tai diém (n - 1)1, ta ¢6:

_\"a[(” - 1)[;/ =: ('Il.va[(” B l)TJ] + .\",[(” - l)YA/

22



dan dén:
.V’u(”Tx) + yla/(” - I)Tr] = - “”{.\Y(I(IITA') + .v(l/(” N 1)7"\‘/} +
. + {-‘.rl( ”TJ) + "40/(” - l )'['\.//(

Thay vao phuong trinh (6.3.4.1):
o T, -
.vu(”Tx) - .\Yn/( n- 1)7 x] = ?[‘ (‘(7{.\'a(”Ts) + .vu[(” - l)l A\‘//l +

+ {x,(unT;) + x,[(n- )]}
Sau khi chudn hod bdi T, ta ¢6 thé viét:
: T, |
yn)-yn-1)= -—2—.{— Cof¥(n) + xn- )]+ [x(n)+ x(n- 1)} (6.2.4.4)
L4y bién d6i z hai vé€ cua phuong trinh (6.3.4.4) & (rén ta ¢o:

-

Yzl -77%) = —Z—{ co¥(z)1 + 27 + Xz + 1)}

T v
Yiz)1-z2") + —QL(‘(}Y(Z)(I +z70) = —;—X(z)(] +z7)

Y(z) 3 1
X(Z) 2 1-z7!

H(z) =

So sanh vdi bidu thitc ciua H(s):

1

N+ (‘0

H/(s)=

Ta c6 thé viét quan h¢ gilta H(z) va H (s) nhu sau:

H(z)= H,(s) _21-="

Ts 14z bl

Tt 1a ching ta ¢6 th¢ nhan duge ham truyén dat ciia b loc s& tir bo loc tuong
tr néu ta ¢é bién ddi sau day:

2 1-z7!

_ (6.3.4.5)
T, 1+z7}

Bién doi nay duge goi 1a bién ddi song tuyén.
b) Anh ciia truc do

Tu quah h¢ gilta z va s trong biéu théc (6.3.4.5) ta rit ra:
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2

S

s (6.3.4.6)
Z = D.5.4.0

2

<y

T,

Truc 40 cla mat phing s Gng véi o = 0 (e la:
s =jw,

vay:

: T
o TIO, I+j-o,
1 M IR

7= -3 =

2 10} 1 s
—— = jo, -j2o,
T JO, /2 1

s

Biéu thirc trén chinh la thuong sd clia hai so 1ién hgp phic, vay:

1+ 1.
/ O)H
2

- L
=|l-j=o,
2

1+ L ¢ { 7 )
ar Jj—0,| =arclg| —o,
8 2 g 2
| P 1 1 ) !
arg — | — QO 7 = arc —-—"0)” = - arctg ——())(I
2 J 5 @ g > g >

. e
Jargl l+/—2— @,
e

Dan d¢én:

l+'T‘" 10)
/L0y,
T2

z= -
T /"lrﬂ[l—/‘l‘ &) ]
X Jeis E a
ll—j ~2—“~o)” ¢ 2
. 1,
_ ‘/Zurrlg( 2 (-)(1)
z=¢ (6.3.4.7)

Bicu thitc (6.3.4.7) & trén chinh [a anh z cda truc do.
¢) Sw on dinh

Theo biéu thite (6.3.4.7) ta thdy ring lzl = 1. Vay quan hé nay ching té ring
khi cdc gid (ri ctia & nam (rén truc o s& (wong dng v4Gi gid (ri cta z (1én vong tron

don vi.

The thi néu phan thue cla s (o) 1a am s& dan dén modul cia z nho hon don vi.
Nhu th¢, nira mat phang bén (rdi clia mat phing s duge 4nh xa vio (rong vong tron
don vi trong mal phing z qua phép bién ddi song tuyén.

24



Tir day ta ¢ thé néi rang phép bién ddi song tuyén thoa man didu kién chuyén
mot bo loc tuong tu 6n dinh sang mot bo loc s 6n dinh.

Hinh 6.3.4.2 s& minh hoa phép 4nh xa néi trén.

Mat phéng s Mait phang z

Wy Im(]

5%

|
!

Relz]

Hinh 6.3.4.2.

d) Su tuong ing tdn so

Phép bién doi song tuyén da dan dén mot quan hé phi tuy€n ddi véi su trong
(ng tan s gilra mat phing s va mat phang z.

Tu biéu thic (6.3.4.7) ta thdy ring:

1,
J2arctgl oy,
2 _ ‘Jm

zZ=¢
Vay:
w = 2arctg —2—0)“,‘ (6.3.4.8)
hodc:
w, = 3’39 o (6.3.4.9)
T, 2

3y
C4c quan hé trén gitra cdc tdn s6 @ va tan s8 w, 12 cdc quan hé phi tuyén.

Hinh 6.3.4.3 s&€ minh hoa quan hé phi tuyén (6.3.4.8).
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_________ b ————————

Hinh 6.3.4.3.

Vidu 6.3.4.1

Chiing ta cdn tong hgp mot bo loc sd IIR ¢6 ddp tng tdn s6 cho (rén hinh
6.32.4.4 sau day nho phuong phap bi€n doi song tuyén.

Hay tim dédp tng tan s6 cta bo loc tuong tu tuong Gng.

[H(e?®)]

7+,
1~

7 |
7-8 |

52

Hinh 6.3.4.4.

Giai

Xét quan he gita o va o, trong bicu thac (6.3.4.8), cdach tim dédp Gng tin so clia
bo loc tuong tu twong Gng duge giai thich trén hinh 6.3.4.5.
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AN
ICTINRAAN 8, 0
-6,
14, 7 [ HoCwn))

/+é;\\.

1 1
f—é;/

2

Hinh 6.3.4.5.

Vidu 6.3.4.2
Cho ham truyén dat cua bo loc tvong (u H (s) nhu sau:

4

f[ll(‘g) =
" (s—3)(s-5)

- Hiay tim ham truyén dat H(z) cia bo loc sG tuong Gng bang phuong phép bién
doi song tuyén
t .
- Hay vé so do thuc hién bg loc
Giai

Ap dung biéu thic (6.3.4.5) ta ¢6 H(z) nhu sau:

27



4

-1 -1
2 1-z -3 2 -z -5
I, 1+27! I, 1427

_ 4Tt (1+z7")?
[2(1=27" )3T, (1+z7" )] [2(1=27" )= 5T (1+27"))

H(z) =

4T +8T2 77 + 412772

-

(2=3T, (2=51, )= [(2+3T, Y2 =51, )+(2~3T, X2+5T, )]z~ —(2+37T, 2 +51, )z >

bat: A=(2-3I)2-51,)
41} 8Tr _, 4T} _,
A I
Hiz) = A A A
| (2+3T, (25T, )+(2-3T, X2 +5T,) _, (2+3T,X2+5T,) _,
_7_7‘_,,/____,____/,__;,.'————___«_2 —_————— P ,Z
A A
) 412 87?2 472
bat: b= ——31b,= —— b= ——a,=1
A A

(2437, Y2=5T, )+(2 3T, (2 +5T, )
A

a, =

(2+31, )2+5T,)
iy, = -
) A
So d6 cta bo loc duge cho trén hinh 6.3.4.6.
b

(4

xm) 4 iy

Hinh 6.3.4.6.

Vidu 6.3.4.8

Cho mach dién tuong tu nhu trén hinh 6.3.4.7 sau day:

R

Hinh 6.3.4.7. O——C:)———]_'—'—‘Q
Uy5o‘ \:D TC l Ura

o - ~




Mach dien trén hinh 6.3.4.8 1a mach diéu khién béng dién 4p. -

Hay chuyén mach dién nay thanh mach s§ bing phuorg phdp bién déi song
tuyén. '

Giai

Trudc tién phai tinh ham truyén dat dién 4p H(s):

U
H/(s)=—"- = !
U, RCs+1
Ap dung biéu thitc 6.3.4.5 ta c6: i
. ~ -1
H(z) = l 1 - 2RC(1 ng+zT : 1
—z" —z7 Y+ T, (1427
ra 2 127 |4 (=2 )+ L (1+27)
T, 1477
T, +T,z7"

" (2RC+T,)+(T, - 2RC)z""

T, T,

s + s -1
_ 2RC+T; 2RC+T;
- T, -2RC _,
+—e— 7
2RC+T,
T
bat: 0= : =0
2RC+T;
T, -2RC
a, =1; a4
2RC+T;
Ta cé6
by +bz”"
H(z)= _L_li___
1+a;z”"

y(n )= box(n) + byx(n-1) + (- a)y(n-1)
Tir day ta c6 so d6 mach s6 cho trén hinh 6.3.4.8 ‘

x(é i y(n)

Hinh 6.3.48.
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6.3.5. PHUONG PHAP 3: PHUONG PHAP TUONG PUONG VI PHAN

a) Xdc dinh su twong diwcong

Ching ta bié€t rang mat bo loc tuong tu (hodc mdt hé thong tuyén tinh bat bi¢n

néi chung) duge didc trung bdi mdt phuong trinh vi phan tuyén tinh h¢ s hiing, con
mot bo loc s¢ IR duge dac trung bdi mot phuong trinh sai phan tuyén tinh hé¢ so
hing. Chinh vi vay ching ta cé thé thi€t lap mot su twong Gng giita vi phan vi sai
phan.

Sau day ching ta ti€n hanh xét chi ti€t tir dinh nghia ctia vi phan va sai phan.

D61 véi dao ham bac nhit ta ¢o:

1y Av, (1
4Vt = lim Avafl) (6.3.5.1)
AtV M0 AL
Nhung ta ciing cé:
c (! ; T.)-y B
i Aalt) _ Ya(ile )= yo l(n = VT ] (6.3.5.2)
AT, At T,

R

Hinh 6.3.5.1 s& minh hoa badn chat ciia biéu thic (6.3.5.1) va (6.3.5.2).
Y (t) : {4 (%)

y,(n7s)

ayct) I Yo l(n-1) %]

4 : (n_vzs' ‘/l-——-l nT,

Hinh 6.3.5.1.

- D& phan biét 18 trudng hgp tuong ty va so ta ky hiéu hi¢n tai nhu sau:

.\/‘ll(,I]‘_y) —> _V( ”)
ol - 1T — y(n-1)

Vay chiing ta c6 thé thi€t 1ap su twong dng trong hai trudong hgp so va twong ty

c
nhu trén bang 6.3.5.1.

- Phat tri¢n d6i v4i dao ham bac & ching ta cling thiél lap duge su tuong (ng cho

trén bang 6.3.5.2.
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Bang 6.3.5.1.

Tuong tu

" S6

d™Vy (1)

Y (il )=y, [(n=1)]

dt T
.._____‘.(I(“"f‘l(t) = Dgl)[\‘u(l)] M - D(l)['\‘(”)/
dt < T
20 (n)—y(n—
Y L) P VPN 77| 202XV g )
dt ‘o TS
= .
s.Y(s)=LT[ DV ].Y,(s) 122 yoy=71(D0) ¥ (2)
1-z7!

s=LT/DV ] = DM(s)

DV todn tir dao ham

:ZT[DMJI :D(l)(z)

5

D': todn 1 s vi sai

Bang 6.3.5.2

Tuong tu

S6

i

D[y 1)) = DY {Df,“’“ [y, (0]

s (s) = LT {Dg“/,va(r)]

D{k)[.v(” )/ - D‘(I){Dk-ll-v(”)l}

1-z71 ¢
( T, J'Y(Z):ZT{Dk[.\‘(n)/}

gk . N M
iu a7y _ %f‘/, dx, (1) S ey DHv(m)] = S, D))
=0 dr* r=0 dr” k=0 =0 .
N r M _
Z(.k Du [.Vu (,)] = Zdr D(’l ['\'(l(z )/
k=0 r=0
N ) M . N k [E— M 7
Zrkl)f,/y(,(r)]}:LT{Zd,.D(’,' [x(,(:)]} 2T AZ%D [¥(m)]p = ZT<3.d.D" [x(n)]
k=0 r=0 =0 r=0
N M . i .
Y et Yo s) = Y ds" X (5)] v U (1—z" '
= « = ! Dy Y(z)= >d, ' X(z)
k=0 Ts r=0 K s

Mo
>d,s'

Yu (s) _ r=0
X, (s) ¥

Z L‘kSk
k=0

Hy(s)=
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Tur bang 6.3.5.1 va 6.3.5.2 ta c6 thé rit ra két luan mot cdch rd rang ring ham
truyén dat clia bo loc s IIR ¢6 thé nhan dugc tryc ti€p tit ham truyén dat ctia bo loc
twong tu bing cich ddi bién s6 theo cong thic sau day:

(6.3.5.3)
Chiing ta ciing nhan thdy ring quan hé (6.3.5.3) & trén chinh 12 4nh xa cGa mat
phing s vio mat phing z.
b) Anh ciia truc do

Bay gid ching ta tim z theo ham cua s:

(6.3.5.4)

ma s =0 + jw, vy s = jw, (o = 0) s€ twong (ng vGi truc ao, thay vao (6.3.5.4) ta
co:

1 _ 1+ jo T
1-jo T l-f—co'(Z,Ts2

1 : ('OLITS

= + j—=
1+02T} 1+02T?

a”s

= Re[z] + jlm[z]

= ld = J;ez[z]+lr)12[z] = —lz—z
‘ 1+o,T;

arg[z] = arctg Imfz]
' Re[z

= arctg(w,T,)

Viy ta c6:

1 )
Re[z] = _—7——2— = lZI~
I+olT;

ma Izl 2 = Re*[z] + Inm[z]
Thé thi:
Re’[z] + ImP[z] - Re[z] = 0
Chd y yang:
033 luon luon duong,
77 ludn luon duong,

N

dan dén Re[z] Iudn luon duong.
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Bién doi tiép ta c6:

RY 2
Re[z] - Re[z] + (%j - (%j + (Im)[z] =0

1Y 1Y
[Re[z]——z—j + (Im)[z] = (E] (6.3.5.5)

RS rang la phuong trinh (6.3.5.5) la phuong trinh cia mot dudng tron ¢ bdn

s 1 s ae 1 ? | N . N

kinh bang > tam nam & diém thuc ) trong mit phang z. Pudng tron nay chinh 1a
anh cta truc 4o (s = jw,) trong mat phing z. Nhu vay anh cla truc 4o (s = jw,)

khong phai 12 vong tron don vi |zl = 1 nhu trong trudng hgp chia phuong phap bién
déi song tuyén.

Hinh 6.3.5.2 s& minh hoa truc 4o trong mat phéng s (s = jw,) va anh clia né
trong mat phing z.

Wy

ImcCz]

0 ¢ -1 0 /2 1 Relz]

.l/o'ny fron a';dn vi

Hinh 6.3.5.2.

¢) Do on dinh

Bay gi® chdng ta tién hanh tim di€u kién 6n dinh d6i véi phuong phép tuong
duong vi phan nay. '

Theo biéu thic 6.3.5.4 ta cé:

thay s = o + jw,, vao ta co:

7= ————
1-oT - jo T
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=z =Refz] + jIm[z]

I-ol,
Refz] = T 5
(l-oT; )" +(o 1)
0,1,
Imfz] = 2‘ ‘ P
(1-o1,)" +(o ,1,)
1
2l =

(l=ol,)* +(o,T,)*

Né&u bo loc trong tu la on dinh thi o < 0 (cdc diém cuc H (s) nim bén trdi mat

phang ¥), din dén o7, < 0 va (1 - o7,)" > | vay thi véi bat ky gid tri nao cua (0,1',)°
la tudn ludn ¢o:

(1-6T) + (0,7) > 1

dan dén:

4 = Z' <
(1-cly )" +(o, 1)

Tir day ta c6 thé néi rang néu cac diém cuc cla H,(s) nam bén trai mat phing v
thi 4nh xa ctia n6 vao mil phang z s& nam bén trong vong tron don vi. Nhu vay tir
mot bo loc tuong tr dn dinh s& bién doi thanh mot bo loc s8 6n dinh twong (ng bing
phuong phéap tuong dugng vi phan.

Bay gid chiing ta xét chi 1i€l hon ntra bén trdi mat phang s s& dnh xa vio dau
trén vong tron don vi trong mat phang z.

Ta ¢6 thé viét:

1

(l_O-T\' )Z +((')‘,Ts‘ )Z ; ' |Z‘“<0

\Z‘c«o -

<1

f— l .
|th‘x:O - 7’ |Z|o=0 <l
\/1+(0)‘,f,)
nhung o7, < 0 néu bo loc tuong ty 1a 6n dinh.

Vay: ‘z[ > ‘Z{MO bdi vi (1 -oT.) > 1.

o=0
Vay ta ¢6 thé néi ring nira bén trdi mat phang s duge dnh xa viao bén trong

. e v b I oz a .

vong tron ban kinh > tam nam ¢ diém thuyce z = 5 trong mit phiang z. Sy tuong ng

nay duge minh hoa trén hinh 6.3.5.3.
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Irn[Z]

Vong tron ddn vi

O
_

67<0 a0

Hinh 6.3.5.3.

Vi du 6.3.5.1

Gia sir ¢cé mot bo loc tuong tu, ham truyén dat cua né cé dang sau day:

H(s)=
s+1

- Hay tim ham truyén dat H(z) clia bd loc s8 tuong Gng biang phuong phép
tuong duong vi sai.

- Hiy vé& su d6 thuc hién bo loc.
Giai
Ap dung biéu thic (6.3.5.3) ta ¢6 H(z) nhu sau:

H(z)= H (s )lF,l::, ]

I T, T,z

S

-z (aT)-z (T

Vay:

H(z) c6 mot diém cuc tai —.
1+7

R

. So d6 cua bo loc IR nay ¢6 dang nhu trén hinh vé 6.3.5.4.
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Yin)

z-1

Hinh 6.3.5.4.

6.3.6. PHUONG PHAP 4: PHUONG PHAP BIEN POI Z THiCH UNG

Phuong phap nay duge sao chup lai ndi dung cia phuong phéap | (phuong phap
bdt bién xung), tic 1a chuyén déi tryc tiép cdc diém cuc va diém khong ciia ham
truyén dat ctia bd loc tuong tu H,(s) trong mat phang s thanh cdc diém cuc va diém
khong clia ham truyén dat ctia b loc s8 H(z) trong mat phéng z.

Gia st ring ham truyén dat ciia bo loc twong tu ¢é dang sau day:

M
H (S=5,)

Hs)=C 2— (6.3.6.1)

H(S Sk )
k=1

g day:
5., 12 cdc diém khong clia bo loc tuong tu,
s, 12 cdc diém cyc ciia bo loc tuong tu.
Thi ching ta thu dugc ham truyén dat H(z) ciia b loc s6 dudi dang sau day:
M
[T1-e*"z")

H(z) = C. ’;‘ (6.3.6.2)
H(l_espkrsz-] ) .
k=1

G day T, l1a chu ky 1dy méu. _

Theo (6.3.6.1) va (6.3.6.2) ta thdy raing mdi phan (r (s - «) trong I (s) dugi¢ dnh
xa thanh phan tu (1—g‘kaJ z™'). D6 1a noi dung clia phvong phdp bién doi z thich
ing. '

Qua phuong phap nay ta thdy rang viéc 4nh xa cédc diém cuc giong nhu (rong
phuong phdp bat bién xung. Con su khdc nhau giita phuong phdp bi¢n doi z thich
ttng va phuong phép bdt bi€n xung la viéc 4nh xa cdc diém khong.
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bé dam bdo ddp tng tin so cha bo loc tuong ty khong bi bién dang thi chu ky
ldy mau T, phai dugc chon sao cho ¢6 thé nhan duge vi tri cdc diém cue va diém
khong tuong duong trong mat phang z. Su sai léch nay c6 thé duge giam di khi ta
chon chu ky ldy méu 7', di nho.

Vidu 6.3.6.1
Cho ham truyén dat cia mot hé thdng twong tu nhu sau:

s(s+1)

H/(s)= ——m—
o) (s+2)(s+3)

- Hay tim ham truyén dat clia h¢ théng sd trong (ing biang phuong phdp bién doi
z thich tng.

- Hay v& so d0 thuc hién hé thdng s6 nay.

Giai

Ap dung biéu thirc (6.3.6.2) ta ¢é biéu thidc clia ham truyén dat H(z) nhu sau:

"

(l=z 7V yl=elE 571

H(z) = (1=e2T 77V y1=e3Ts ;71
l_e—'l's.z—l _2_1 +€_T“Z_2
) |—o g™ o2l y1 4 o502
- I—(e™ s +1)z7 el 272
(e h e ) o g2
bat
b, =1 a, = - e 4 o2
by =- el 41 a, = - e s
b, = e"]:\
Vay ta ¢o:
Hiz) = by +blz—l +bzz_2

l+alz_1 +uzz_2
y(n) = byx(n) + bx(n- 1)+ byx(n ; 2)+ (-a)vin - 1) + (-ay)v(n - 2)

Tur day ¢6 the vé duge so do hé thong s6 IIR nhu trén hinh 6.3.6.1.
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Z(n):

ycn)

Hinh 6.3.6.1.

6.4. TONG HOP CAC BO LOC TUONG TU

6.4.1. TONG QUAN VE CAC BO LOC TUONG TU
Ching ta bi¢t rang mdt bo Ioc tuong tu duge xdc dinh bdi ham truyén dat cia
. ¢hing nhu sau:

Y (s
[[”(S) = _L(\_)_
X(l(‘\v)

6.4.2. BO LOC TUONG TU BUTTERWORTH

a) Dinh nghia
Bo loc twong ty Bulterworth ¢6 dac diém 1a & goc toa do (w, = 0) do bing

phiang dat cuc dai, (dc la:

L(o2)=By+ B0l +B,0" + .. +B,02" (6.4.2.1)

H

. 2 _
lim L(o;) =1
50

Bay gi¢y ching ta xdc dinh bidu thic cha L((')(ZI) theco nghia do bang phfmg cue
dail tai w, = 0.
Co sO odn hoce nhu sau:
Chdng ta bict ring chudi Taylor clia ham L(x + x,) nhu sau:
2 k "

) . _ . _L 1y .L_ rr, . _‘__ k.. _',\'__ "yl
Liv+x,)=Lix,) + l;’L (v,) + Y LX) + .0+ 7 LYv,) + ...+ " 17(x,)
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G day:

(//‘L(.\')
k

i) va Lf(x,) =
~ 1My

L'(x,) =
(o dv |-, dx

N&u v, = 0 chiing ta ¢6 chudi Maclaurin:

2 \,A

Lix)=L(0) + lL'(O) + LI,”(()) + ..+ —LNO) + ...
1/ 2! k!

C6 kha nang 1a tai diém v, = 0, chiing ta ¢6 thé ¢é:
L(O) =1
va LY0)=0 v6i k<n-1

So sanh L((J)f,) va L(x) ta ¢cé:

L0 "0
B()Zl_,(()), Bl = —l(/(—); vee ;Bn: (()

n!
Né&u L(0)=1
va LKO)=0 véi k<n-1

thi: B,=tvaB =B,=...=B,,=0.

n-1
Tu day ta ¢6:

2n

a

L(o?)=1+B,0

Thudng ching ta chudn hod theo tin s6 cét w,,, lic dé ching ta cd:

L(1)=21ai tin sd cit chuin hoa (@, = 1)
nhu vay thi:
B,=1
N 2 2n 1
va Lin,)=1+ o0, = —
‘Hﬂ(md )‘

¢ thap

T day ching ta ¢é duge dép tng tan sO cua bd loc thon
chuan hod nhu sau:

1

2n
yi+o;

1 ,(0,) =

& day n goi la bac cua bo loc.

D5 thi cta |H (@, )| cho trén hinh 6.4.2.1.

+ 1.7(0)
n!

Buttcrworth

(6.4.2.2)



Hinh 6.4.2.1.

Nhdn xét

- Bac ciia b loc n7 cang tang thi bo loc cang gan véi bo loc 1y tudng.

- D4p tng bién dd ludn bing — & 1dn sd cdt véi moi gid tri cla n.

f

b) Vi tri cia cdc diém cuc
. . S P . N R) o > N . 2 e
Ching ta biét rang vdi s = jw, thi @, = —; nhu thé O)ﬁ = - 57, vay ta c6 the viél:
J

1

L(-s)=14+(s5)= ——mM8M
. H,(s).H,(~s)
Tac la:

L( o)f,) = [(-s?)

§=j0),
Tur day ta co:

Ho(s)H (-s) = —— (6.4.2.4)

1+(—SZ )n
Biéu dién H,(s).H . (-s) dudi dang cdc diém cuc la co:

H,(s).H,/(-s) = A (6.4.2.5)

2
1_[ pk )

Bay gid chiing ta ti€n hanh tim cdc diém cuc s, cla ham 1 (s).01(-5):
Tir biéu thic (6.4.2.4) ta ¢6:”

1+ (- ) =0

[)/\

L+ (- 1)'sif =0
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mchdntaco: 1+ 52 =0 = 52 = .| = 2
pk pk
nlé tacéd l- sf,;\' =0= sf,,'(' = | = /UAm
Cudi cung ta ¢6 cac nghiém véi 1 chin va 1€ nhu sau:
j2Rlm
1 chin su=e 2 k=1,2,..,2n
(6.4.2.6)
i
nlé: sp=e " . k=1,2,..,2n J

Vidu 6.4.2.1

Hiy x4c dinh vi tri cdc diém cuc trén mat phang s tng véi bac cia bo loc n = 3

van = 4.
Giai
Theo c4c biéu thic (6.4.2.6) ta thdy ring:

!SI,‘.l = l

Vay céc diém cuc clia H,(s).H,(- s) s& ndm trén mdt vOng tron trong mat phing

5. Vong tron nay duge goi la vong tron Butterworth.

Phan bé vi t1f cdc diém cuc trén vong tron Butterworth duge cho trén hinh

6.4.2.2.
W, wq
53
53,
52
%
5
A 6§
55 53
S5 ) ) s 51
Sp2s Spis Sps 12 clc di€m cyc Spts Spis Spey S, 12 CAC diém

cua H (s)

Spar Sp1 5,2 12 cdc diém cuc
cua H (- x)

Hinh 6.4.2.2

cuc cua H (x)

Sp7s Spsa Spis S, 12 cdc diém

cuc cua H (- s)



bé dam bdo h¢ thdng 12 on dinh thi cac diém cuc cta 77,(s) phdi nim ben i

truc do. Vay trong cic diém cuc cua I1,(s).11,(- s) chiing ta chon ra cdic dicm cue

nim bén (rdi truc 4o (xem hinh 6.4.2.2) dé¢ lam céc diém cuc cua /1,(s) doi vai ho

loc on dinh. Tic la cdc diém cye cha ham truyén dat cta bo loc on dinh phai nam

bén trdi truc do tron

Vi thé& ching 1a

& day:

+ Theo tan s& chuin hoa

1, =

Sp =

1, =

!

P

Nhdn xér:

g mit phang s.
c6 thé vict:

H
]4](’("“) = , 0

)
o

= N
hong chuin hod
2
YO
1 2k-1
AT
W, e nsok=1,2,.

(6.4.2.7)

N
(6.4.2.8a)
\
y
3
(6.4.2.8b)
\
, 11/

- & tan s6 chudn hod, cdc diém cyc s, s€ ndm trén vong tron ¢6 bdn kinh r =

I (1t 12 Is,

2

- O

c¢) Tinh
bdac cua bo loc

todn

Chiing ta '¢o

thé tinh todn bac
cla bd loc sao cho
bo loc thoa man cac

chi ticu ky thuat da

cho.

Dua vao hinh
6.4.2.3 ching ta
thi¢t lap trinh (v

tinh todn bac n cla
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=1).

[Ha(wa)/

A
1-61 —

N

g

S

Hinh 6.4.2.3.



bo Loc.
Theo hinh 6.4.2.3 (a thdy rang & dai thong thi:

H ) >1-85,
Vay:

o 2 (- 8.)°

[ 3
—
+
SN
o]
< | @
R
N——
Y
IA
-
|
O [ =
~—
o

[OJN 1
2nlg| —2 | < | ————
0)(“, (1’6|)2

Vay & dai thong ta ¢é quan hé sau day:

|
lg| —-—vom — 1
I:(l -8,)° }
10)
2 lg[ _ar )
O)m'

Tuong tu theo hinh 6.4.2.3 & dai chén ta ¢6:

nz

111“((0,,)1 <é,
Vay:

1
2n
1{@,«&' j
O)m‘

2n I

o .
: l + [ ll,\) Z
[OT 62

IN
<
it

|

(6.4.2.9)
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2nlg (wi > g i,— 1
O)HL‘ 5%
Vay & dai chén ta c6 quan hé sau day:
1
lg| —-—1
83
nz ———=
zlg(fm_uj
('0(7(‘

K&t hgp hai quan hé (6.4.2.9) va (6.4.2.10) ta rit ra dugc biéu thirc tinh bac »
clia bo loc Butterwort nhu sau:

(6.4.2.10)

1
g
8,425,
n> —_2N77L (6.4.2.11)
lgo as -lgo ap

Chd y riang n chi 1dy gid tri nguyén.
Vidu 6.4.2.2

Hay tim ham truyén dat H,(s) va vi tri cac diém cuc cua H,(s) d6i vGi bo loc
twong tu Butterworth chudn hod (@,. = 1), biét ring bo loc tuong trr niy ¢ bac
n=72.

Giai
O day n = 2; n 1a so chin..
Theo biéu thic (6.4.2.8) ta c6 thé viét nhu sau:

(1 2k-1 (17 2k-1
i =+ Jn| —+—
222) _ ,\2 4

slwk =e€

Sp=e 4, k=2

Theo biéu thic (6.4.2.7) ta c6:

HO
Hs)= ——
H(S—Spk )
k=1

oday H,=1; n=2 vaytacé:
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l I
[‘Iu(‘\v) = = -
(“'_-‘,;1 )(s—,\'pz) ,_37! /m
s—e * y—e 7

1
- .\‘Z+\/§.\'+l .

Xét vi tri cdc diém cuc: & day

ching ta ¢6 hai diém cyc s, va s,,, hai Sp1
\
di¢m cuc nay nam bén (rdi truc ao coa N

mat phang s dé dam bao cho hé thong

la on dinh. Hinh 6.4.2.4 s&€ minh hoa
vitri clia s, va s,

A
/

* Nhdan xét vé cde diém cue

Dol vGi 7 chian:

ES Ed
‘\;ll = A\‘["', ‘,\[,3 = “\[)(Il—l)’ ceey

Hinh 6.4.2.4.

hoac la:

sk b ES
'\I'I = '\I’.”" "\I’Z = ‘\VI’-‘"-"’ weey N n = RY "
/"2 pl -+
bat vai o 1e:
1+l
2 _
ot )
moo+
2 2n
ljn

s [HHJ =e¢ = ¢
p|
2

= ’Y,(11+l] =-1
! 2

Vi tdn sd khong chuén hod ta ¢6:
! — T
N (”.}-[) = W, ¢ = - Wy,
pl -
2

va la ¢o:

ES E ES

‘\pl = -\pu » "\172 - ‘\/)(u—l}’ e N n+l =9 n+l
p -1 P +1

hoac la:



B B ES

'\.I:I = ‘Y/”” s,nz = S/un-ln ceey N | I‘\ =N (ol
, -
! L 3 J P s +l]
= Nhdn xér vé gid tri cra Il
badi v3i i chan:
" H H
o= T, =D s = [1s
. k= k=1 k=1
H
2 2
= r[ "\.p/\
k=1
O tan $6 chudn hod ta ¢6 |s) =1 vay ta ¢6 gid trr cua I, uhu sau:
1
202
1. =111 =1 (6.4.2.12)
A=
O tin s6 khong chuin hod ta ¢6 ls| = w,., vay ta ¢6 gid tri ctia 11, nhu sau:
"
Z 2 n
.= [lto, )7 = ol (0.4.2.12)
k=

V&i i lé ta ¢o:

" H H
— - _— an . —_ g
II“' - l_l(_‘\[’/\ ) - (_ l) l_l(‘\l)/\ ) - - l_l‘\l’/‘
k=l k=1 k=1
n+l
2 2
= Sl l_l "\'/rk*
P =
5 k=l
() tin s6 chudn hod ta ¢ s =1 va s aer = - LLvay ta co gid tri cta /7. nhu
P
Sdul
n+l | n+l |
2 ) 2 2
II\\ =N e l_l “\-p/\ =- ( - l) l_l “| =1 - (()42]4)
P, = =
, k=l k=1
O tdn s6 khong chuan hod ta ¢6 |x,,A| =W,, S .4 =- 0, Viy la ¢d gid tri cua
. .
2
[{, nhu sau:
n+ | i+l |
£ 1 2 "
Hy=-5 -1 }“./’A =-(-w,)- [} ‘0)‘,(.‘ o, (6.4.2.15)
A= k=
2
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d) Tinh tan sé cdt w

ac

Phan trén ta da co:

Ta st dung dau bing d¢ tinh w,,:

o 2n
\ D ac

1

0, :
- [(1_51)"2 _1]2,,
O)LIA'
O)tll)
= W, = (6.4.2.16)

[(1 -8,)72 —l]in
* Nhin xét vé ham truvén dat 11 (s)
V&i i chén:
& tan s6 chuan hod:

H, =1

= Hs) = (6.4.2.17)

{\‘Z +2 .\'i/{ 21 njx + l}
| 2n

& tan s0 khong chudn hoa:

:N\

k

H,=o"

o

o) n

= fs)= = ' (6.4.2.1%)

2 _
[ {\‘z +20, .\*/'n( 2k n)x ol }
L= 2n

Vai n lé:
& an sO chuan hoa:

Ho=1is 0 =-1

.
2
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1
= H(s) = ( . ! (6.4.2.19)

2 7 -
[1 | 52 +2.\'in(2/\ ! n:j.,H— |
Ei L 211

& tan s0 khong chuén hod:

HU = (’)f:c; S o4l T 7 Wy
Py
| oh.
= Hys)= . a (6.4.2.20)
(s+o,) "I
2 2% |
[T+ +20, .s'in( - njs+0)‘2“,
k=1 2n
Vidu 6.4.2.3.

Cho céc chi ticu k§ thuat cta bd 1oc s6 thong thap nhu sau:

1 -
H(e*) > J—— & dai thong
10%

. 1 . .
lHe'?) < o & dai chan

w, = 0,It; 0, =0,27n

Hay tong hgp bd foc sd thong thdp tir bo 1oe twrong tu thong thdp Butterworth
biing phuong phdp bién doi song tuyén.

Giai
Chiing ta ¢6 bon bude chinh dé t6ng hop bo loc s 1 bd Ioc tuong .

Buge 1. Nhu dau bai da cho ta ¢6 4 chi tiéu ky thuat cia bo loc s0:

@)l = & dii thong
10! N
|
= (1-8)= o0
| o rae
IH(e'”) < m & dai chan
|
= 3, = —
) 10

w, =01t = 0,3141593

w, = 0,21 = 0,6283185
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Minh hoa dédp ing bién do cua bd loc s6 trén hinh 6.4.2.5.

N
| |
| |
!/t | |
{
—— = (1-6, el l
ZZ AL
l I
| |
1 |
A |00
0@ " - T T T T~ T°"
} | .
Wp W T w
Ifinh 6.4.2.5.
Buoe 2.
Xdc dinh lai cdc chi ticu k¥ thuat cia bd 19c tuong tu cde chi tiéu k¥ thuat cia
bo loc s trong ting theo phuong phdp bién doi song tuyén. -
| g
(w,) = 5 ¢ dai thong
10°!
) l 7 Y. <
i (w,) < 0 ¢ dai chan

2 ; (0)3.
W, = —I18
o2

Né&u ching ta chuin hod @,, va @,, bang tdn sd &y miu /7, thi cdc gid tri cla

w,, va @,, s¢ duge tinh nhu sau:

0 5
W,, = QIg(%j = 0,3167689

. )
W, = 21g[%) ~0,3167689

Minh hoa ddp Gng bién dQ ctia bg loc tuong tu trén hinh 6.4.2.6.
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|
74 |

7001 ////////////;

!
I
l
|
I
!
!
!

|
|
!
|
SLAY R — :////J/////////////
I .

Uap  Wns _ Wq
Hinh 6.4.2.6.
Buoe 3

Toéng hop bo loc twong tu Butterworth.

Trude hét tim bac cua b loc 11, ap dung cong thitc sau:

S
B (O] - (&)
20g Ig -
C)(/[’ 0)(11)
0% -1
s ll(’)oj‘l i
= ~ 4,1377164
, 0,6498294
2/gl - -
0,2167689

Vay tachon n = 5.

=L inh todn tdn s6

Pé tinh todn tin s cdt véi n = 5, ching ta ¢6 thé chon sao cho ton trong mot
cdch chinh xdc céc chi tieu k¥ thuat dat ra trong dai thong & 14n s6 cit w,,, cu thé

nhu sau:

2n
. O ol
v n=585 = |+ | — = 0"
1)

oy



)1
ma w,, = 2154[( “j ~ 0,3167689
L2
I
Viy @, = ————.0,3167689 ~ 0,3626207

(10‘“ - 1)‘10

*Tinh todn cdce cie cria Hy(s)va H,(s)
1, = (w,)" = (0,3626207) = 0,0062699

(U 2k-1
g ot
2 2n

.\’[,‘ = W, C

[[,l, _2/\'—1)
= (0,3626207. ¢ 2
‘ (I | )
i 1L
2 10

=0,36206207. ¢ °

~

k=1 = s, = 0,36206207.

o)
k=2 = . s,,=0,3626207. ¢ ‘2 '°
=0,32626207. ¢ 3

[
1)
k=3 = 5,,=03626207. ¢ ‘%2

=-0,2626207

%
k=4 = \p4 = va
k=5 = Sps =80

. O day 7 =512 s8 1¢, & tdn s6 khong chudn hod (bdi w,.) ta dp dung cong thic
(6.4.2.19):

:
. | o).
()= .

SHO ) 2 2k-1Y
(s+0,.) H[“'Z +20,. sin( 0 n).s+o)(2,“:}

k=1

I 0,0062699
s +03626207 (52 +0,22411195 +0,1314938) (s> +0.58673265 +0,131493%)

Birée 4

Chuyén H (~) thanh H(z) bing phuong phédp bién doi song tuyén. '
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Can chi ¥ rdng cac tan sO tuong tu. cia bo 1gc tuong tu da dugc chuin hod bai
tdn sO ldy mau F,, vy trong phuong phédp bién doi song tuyén ta ciing chuin hod
bién s bdi tan s6 18y mau F| nhu sau:

-
- khong chuan hod boi 17;: s = —2— t
o 1+z7
A ~ 2,2 ; I_Z_l
- chuian hod bdi F o =2,
1427
Vay ta ¢6 H(z) nhu sau:
s = 1 | 0,0062699
-z~ 13626 . -z : -z
21*"*'":; TO36262071 119 S8 +0,224119)2° 0 |+0.1314938
tz 1+2~ 1+

1

a2 -1
[2- -2 l} +0,586326{2 g ]+(),l3|4938
I+2z

l+z*'7

Sau khi tinh toan ta c6-H(z) nhu sau:

1

H(z) = —
(1-0,6930352z"")

0,0001092.(1+2z7)?
C(1-1,6894082z77" +0,8042417272 )(1 - 1,45844917™" +0,5575692 %)

6.4.3. BO LOC TUONG TU CHEBYSHEV

a) Mo ddu

Ching ta da biét ring, d&i v4i bo loc tuong tu Butterworth, ddp tng bicn do
giam don di¢u cd & dai thong va ddi chdn. Chinh vi vay gdn ding Butterworth khong
cho ta k&t qua (41, ke la voi cing mot chi tiéu k§ thuat da cho thi bac cia bo loc
trong ty Butterworth sé 16n.

D¢ giam bac clia bo loc tuong tu, ching ta s€ sir dung mot gdn ding Khac, do 1a
gdn ddng Chebyshev, gin ding nay sé cho ta két qua 16t hon. Gan ding Chebyshev
¢6 hai loai: loai 1 va loai 2.

Gin dding Chebshev loai 1: Ddp tng bién do gon séng & déi thong va dii chin
(tlwong Gng ta goi la b loc trong ty Chebyshev loai 1).

Gan ding Chebshev loai 2: Ddp Gng bién do giam don diéu & dai thong va gon
séng & ddi chén (tuvong @ng ta goi 1a bo loc tuong tu Chebyshev loai 2.
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bé dat ¢o s toan hoc cho gan dung Chebyshev, ching ta phai nghién ciu da
thitc Chebyshev.

b) Da thitc Chebyshev

Céc da thic Chebyshev duge dinh nghia nhu sau:

T,(x)=cosnd ,
{\’ =cos0 -1<x <l Q.x|§1) (6.4.3.1)
Xudt phat ur cong thic lugng gide sau day: |
(0\[(11 + 1)9] + (ov[(n - 1)8] =2cosB cosnb
~~ ~—— e
T,(x) T, .(x) x  T(x)
Ta ¢6 quan hé:
T,oo(x)+ T, (x)= 2.\7",,('.\')
hodc quan hé:
T,o(x)=2xT (x)-T, (x) _ (6.4.3.2)

Quan hé (6.4.3.2) & trén cho phép ching ta biéu dién da thitc Chebyshev 1',(x)
theo v bit ddu tir hai da thie dau tién Ty x) va T',(.v) nhu sau:

n=0 =  Tyx)=cos(0.0) = cosO =1 = Tyx)= 1]

n=1 = T(x)=cos(l.0) =cos@=x = T(x)=ux

n=2 = Tyx)=2aT(x)-:.4") = Tyx)=2x" -1=2'xv-
n=3 = Tyx)=2xT,(x)-T(x)=2x22" - 1)-x

=43 - 2x - xn = 4y -3 = 27%% - 3!

n_ o2, )1(‘11—3)"',,_4 B 11(11—4)()1—5).\_,,_0 .
112* 2/2* 3/2°
(6.4.3.3)
Nguqc lai ching ta cling c6 thé bién x ¢6 s6 mi bat ky dudi dang da thiac

Chebyshev nhu sau:

1 =Tyx)

r=T,(x)

, 1 ' 1
AT = 5[1 + Ty(x)] = E[TU(.\') + Ty(x)]

= S T0] = BTy + T



4
XNo=

[3T(x) + 4T (x) + Ty(x)]

oo | —

V= L 10Ty + 5Ty(x) + Ty()]
16

n
N = [ jT,,_Zk(.\') (6.4.3.4)
& day:

Z|. bhan nguyén ciia
2-P guy 5

n n!
k| kl(n-k)!

Z'v nghia 1a n€u t6n tai tr T(x) thl tr nay s& duge chia hai (c6 nghia la

Ty(x)
O( )-

2
Vidu 6.4.3.1
Hiy viét biéu thic clia T5(x) va T,(x), sau d6 v& d6 thi F5(x) va 1 (x).
Giai
Theo biéu thic (6.4.3.3) ta c6:

To(x) = 427 - 3x

, 4 . 404 -3 , N
Tyx) = 24-1[\.4 _ 2y ( )_\_4—4J _ 2,,{\_4 _ 2 +lw

112 212° |
=81 -8+ 1
D6 thi cua T5(x) va 1,(xv) duge vé trén hinh 6.4.3.1.
Nhdan xér
+)r=cosd = I <1
| = O =arccosx = T,(x)= cos(n.(ll'cvo&.\:) I <1
+) Né&u v ndm ngoai khodng (-1, +1): M > 1 thi 0s&1a so phire: 0 - j0

> urccosxy = j@

1 , o -1
hoac la: x = cosj6= E(e’””‘ + ety = 5(@” +e%) = cosho
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= Vay néu Il > 1 1a cé:
X =cosh@ = 0= urccoshx

darccosy = jO = jarccoshy

- 1”(_\.) — (‘()‘\,(”‘/9) = E(G,/rrufh + (,-J(;uf))) — l(y-uﬂ_i_ (’”H) = cosh(n0)

= T,(x) = cosh(narccosh0) |\ > 1 (6.4.2.5)
Te(x)
T3 (x)
¥ 3 !
]
x; ] 1 x 1 x
/ —f1--
)/
X, =-0,866 . X, =-0,923
X, =-0,5 X, =-0,7
X, =0,5 ‘ X, = - 0,387
X; = 0,860 X; = 0,387
x, =0,7
Xs = 0,923

Hinh 6.4.3.1.

¢) Bo loc tuong tw Chebyshev loai 1
Dinh nghia

BO loc tuong trr Chebyshev loai 1 1a bo loc ¢6 ddp tng bicn do gon song & dii
thong va giam don diéu & dai chén.

Tic 1a vé 10dn hoc ta ¢é:
2 22 )
Lio))=1+¢T (w,) (6.4.3.6)
3 day:
¢ la mot tham s0,

w, 1 1an so chuan ho4.
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Vay ching ta ¢6 binh phuong cua ddp dng bién do cla bo loc tuwang (u
Chebyshev loai | chuan hoa nhu sau:

lHa(@a )l2 S (6.4.3.7)

1+82T"2(ﬁ)u)
& day: n 1a bac ctia bd loc (hodc bac clia da thitc Chebyshev):

cos(narccos ®,, ) véi o, | <1

: In(a)a) = {

cosh(narccos ho ;) vit '0) (,l > 1

£12 mot tham s6 x4ac dinh bién do clia gon séng & dai thong.

Ta biét ring T, (w,) dao dong giita khong va mot d6i véi lw, < 1 va tang mot
cach don diéu d6i vé6i |, > 1 didu nay din dén 'H(,(co(, )|2 s€é gon soéng gilta | va

ddi v6i lw,) <1 va giam mot cdch don diéu d6i véi |w,] > 1.

I+e
Vi du 6.4.3.2.
Hay v& d6 thi ddp ing bien do |H (0, )| d6i véin=3 van=4.
Giai
 Xem céc vi du 6.4.3.1 ta thy ring:
Véi n=3:
0,=0 = Ty {0)=0 = 1+l (o)=1 = |H (o, )l2 =1

= lH‘,(cv)‘, )] = |

w,=05 = T(o)=-1 = THo)=1 = 1+ w)=1+¢

= IH(,(U)(, )] = :

1
1+¢? Vi+e?

=1 = Tyw,)=1 = T32(a),,)=l = l+a*"l'32(m,,)=l+z;3

= lH(,(o)a )|2 =

w,
1
= |Hn(0)u )l =
l+g?
Véin=4
0,=0 = T{w,)=1 = Tf((u(,): I = 1+ e‘l'lf(a)‘,)= 1 + &
1
= ’flﬂ(u)(,)f =

Vi+e?



0w, =07 = Tyw,)=-1= THo)=1 = 1 +&T}Hw)=1+¢

1

Vi+g?

w,=1 = Tyw,)=1 = |H(.1(0)u )l =

= ‘HL,(coa)

1

\/1+&:2

Hinh 6.4.3.2 s&€ minh hoa dép tng bién do |H(,(cod )I trong hai trudng hgp n =3

van=4.

[Hytw,)l -

/Ha(wa)l

[Ha(w,]

Wy W,

9,387

Hinh 6.4.3.2.

* Vi tri cdc diém cuc ciia H,(s).H (- s) cia bo loc Chebyshev loai I
s L3 o . N s . A . 2 FRY
Ta biél rang v6i s = jo, thi @, = —, vay ta ¢6 03‘2, = - 5~ va chiing ta c¢6 thé viél
J
nhu sau:

Liol)=L(-s)=1+ elT,f(iJ
J

' 2
=1+¢’ cosh[narccoshi = — vai @, > 1
] H,(s).H (-5)

va v3i khoang 0 £ @, < 1 ta cé:
’ 2
Lio?)=L-s) =1+ sZT,,Z(i.) =1+ e{cos{narccosi_ﬂ
J J

1

=———— Vv6i0<0,<1 (6.4.3.8)
H,(s).H, (-s)
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Tac la:

H(s)H/(-s)= ——1—2— (6.4.3.9)
L(—s7)

Vay céac diém cuc cia H(s).H (- s) chinh 12 ngAhiCm cla da thic (- s7) = 0.
Gid st goi cde nghiém cha 1(- s7) = 0 la 5, 1a ¢o:

Spp = O+ jy
Ching ta sé& tinh todn cdc diém cuc s, trong khoang 0 < o, < | nhu sau:

2

‘
\ Nk
{.(- -",Z;A J= 1+ ¢ cos(narccos’—’. =)
N 7
2
8 1
= COS| narccos — =-—
J €
a ;
= Ccos| narccos— | = & =4 =
J S
Thuc hién doi bién so:
) S ok
iy + Jy, = arccos ——
J
. ‘\vp/\ l .
= Cos(ity + jyv) = — = —(0; + jw,,)
/ !
= o, + jw, = jcos(i, + ;)
Ti day ta ¢o:
S pk :
Harceos —— = nfiu; + jvy)
!
S ph : J
= cost narccos—— | = cosfn(i, + jv)] = £ —~
g €
Vay chitng 16 rang cos{ufu, + ji)] 1a s3 do.
Ap dung cong thitc lugng giac:
cos(a + f) = cosacosf - sinasinff
ta cd:
) . . . J
COS( /Uit + [Hvy) = COSHILLCOS/IV - sinnusinjny, = =

€
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¢ Jpmy te Jnvg )

Cosjnv, = = coshnyv,
2
o ¢ JOI 7(}-/1 JHv ) o
sinjny, = - = jsinhnyv,
2)

Vay ta co: .

cos(rnu, + jnv,) = cosnucoshnv, - jsinnusinha,
- e e J
Y hd

=( +

J
€

Cudi cung tir phuong trinh phitc ta thu duge hé hai phuong trinh thuc nhu sau:

cosmcoshnv, = 0 (6.4.3.10)
. . |
sinuusinhmy, = £ — (6.4.3.11)
€
T phuong trinh (6.4.2.10) ta thdy rang:
. T
Ncéu: cosnu, =0 = nu, = 5(2/\' -1
T
Viy: u, = —(2k - 1) (6.4.3.12
2n
T phuong trinh (6.4.3.11) ta ¢6:
. . |
khi sinmu, = £ 1 thi sinhav, =+ —
£
. ! o
= nvy = arcsinh(x —) = + arcsinh—
€ €
. | o
Vay v, = £ —arcsinh— (6.4.3.13)
1 €

Vay v6i n va € ¢ dinh thi v, la ¢6 dinh v&i moi gid tri cta k.
Tur:
Spp = Op 4 J, = JCos(uy + jvy) = JlCosucosjvy - sinusinjv |
= j[cosucoshy, - jsinu,sinhv, |
= jeosu,coshv, + sinusinhv,|
1 day ta co:
o, = sinusinhy, (6.4.3.14)

O, = cosucoshy, (6.4.3. 15)



Thay gi4 tri clia u, va v, trong biéu thic (6.4.3.12) va (6.4.3.13) vao (6.4.3.14)
va (6.4.3.15) ta c6:

G, = sin M . [i sinh (i arcsinh lﬂ
£

2n n

W, = COS @k-bm .cosh [—1— arcsinh l)
2n n €

Va ciing tir cdc biéu thitc (6.4.3.14) va (6.4.3.15) ta c6:

. Gy
sinu, = —
Slnhvk
(D(lk Lot
cosi, = véirk=1,2, .., 2n
coshv,

Cuéi cung ta thu dugc phuong trinh sau day:

oi 0o
S — =1 (6.4.3.16)
sinh“v, ~ cosh“v,

Phuong trinh (6.4.3.16) 1a phuong trinh cta hinh ellipse ¢6 dang sau day;

gi_+3¢z. =1 : 6.4.3.17)
R, R}
G day: _ 4 Wy
R, = sinhv,
R,= coshy,

1 R
v, = —arcsinh—
H €

(R, vi R, 1a s8 duong
nén ching ta ldy gid tri

duong cla w).

b6 thi mo6 ta dudng
ellipse cua phuong trinh
6.4.3.17 dugc cho trén hinh
6.4.3.3.

Tir day ta thdy ring cdc
cip (o @4) s& ndm trén _ fo————i
duong ellipse trén hinh
6.4.3.3, titc 1a cac diém cuc
Sp s&€ nam trén  dudng

Hinh 6.4.3.3.
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ellipse ¢6 cdc ban kinh 12 R, va R,, cu thé ta ¢6 thé viét nhu sau:
o, = sinu,sinhv, = sinu.R,

0, = cosucoshy, = cosu,.R,
T

u, = —2k-1)
2n

Spk = Oy + .]mak

Nhdn vét:

Ching ta c6 thé viét R, vd R, dudi mot dang khic nhu sau:

Vi Vg
. et —e
R,=sinhv, = ————
2
1 1 ok =y
v, = —arcsinh— = sinhnv, = — =
n € £ 2

Ngoai ra ching ta biét ring:

arcsinhx = ln(.\'+\}.\tZ +.l)

= arcsinhl = In l+ l+—l—
€ € g
L
1 .1 1 1 L |
= Yy = —arcsinh— = —In l+ I+— | =In l+ I+—
n € n € g € gl

ISR
In ~+vll+/,;
'y [ -
= et = £

bit ¢'f* =y = Ine'* =lny = 'lny =v,

. 1 - o

n 1 n
= Iny = In l+ l+—l— = y=|—-+ l+—l—
) € 82 € 82

Vay cudi cuing ta c6:

R, =sinhy =S¢ - Y7V

et e ypyT!
2 2

R, = coshv, =

(6.4.3.18)
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v= |-+ [l+— | =|—X "% (6.4.3.19)

Vidu 6.4.3.3

—~ ~ - = R 2 ar 2, ~ = " ~
Hay tim céac diém cuc 5, cua H,(s).H (-x) d6i v6i n = 3 va gia s € da cho

trude. Sau d6 vé vi tri cde diém cyc nay trén dudng ellipse.

Giai

Ap dung biéu thic 6.4.3.18 ta thdy ring dGi v6i n va & di cho trude thi cée béan
kinh R, va K, 1a hing s0.

Bay gi¢ ching ta ti€n hanh tim u,:

V&i n =3 ta ¢6 u, nhu sau:

2k -1 2k ~1
i, = T = T
2n o 6
i 1 3
k=1 = 1 =— = o,=—R,; W, = £.R,,
6 2 2
i
k=2 = i, = 5 = o, =R, 0,=0
S | 3
k=3 = u;=— = o;=—R,; Oyq = - £.Rl,
6 2 2
7 3
k=4 = 1(4=—n = G4=-—1—R,,; 0)(,4=-£.R1,
6 2 2
3x
/\:5:>11,=7 = o;=-R,; »,s =0
11 1 3
k=6 = 116=-—7T = o,=- —R,; co(,6=[—.R,)
6 2 2

Vi tri cua 6 diém cuc nay duge minh hoa trén hinh 6.4.3.4 .

Nhdn xér:

D6i v6i cdc bo loe On dinh, cdc diém cuc cha H (s) phdi nim bén trdi truc 4o
(trong mat phing s), vay thi cdc diém cuc clia H,(- 5) s& nn & bén phai truc do.
Ching ta ¢6 thé thdy trong vi du 6.4.3.3 thi:

Spas Spss Spe 18 céc di€m cuc cua H(s)
di

Spis 8,0, 8,5 12 cde diém cuc cta H (- s).



Hinh 6.4.3.4.

# Xdc dinh H(s) va vi tri cde diém cie cia H(s)
bé tim ham truyén dat H (s) cta bd loc on dinh ching ta ¢6 thé vi¢t nhu saus

Irlu('\‘)'flu(_ \) = T"_B—; B ll\i hén

n
[Tes—s,0)
k=1

Sy = Op + jO = R,.sinu + fRcosu,
Tuong tu nhu vi du 6.4.3.3 ta thay rang:

Néu k= + 1)+ 2nthic, <0 = s, s&nam bén (rdi tryc 40 = bo loc 1a on
dinh.

Vay doi vi bo loc on dinh ta ¢6 ham truyén dat H (s) nhu sau:

11 . )
H(s)= - o ; H, ta hang so
l——[(‘\' —.\'PI\ )
k=n+l
.. 2k -1
vai i, = > is
n

Chiing ta ¢6 thé viét lai u, vd H (s) bing cach doi bidn s6 nhu sau:

e=k-n = k=e+un
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2e+n)—1 [26’—1 j
= ", = T = +1|n

20 2n
H
= H,/(s)= - 0
l—[ (S — Sl’/\' )
k=1
nk=(2k_l+ljn (6.4.3.20)
2n

Vi tri cdc diém cuc cla bd loc 6n dinh vdn dugc xdc dinh theo hai hé bidu thite
(6.4.3.18) va (6.4.3.19).

Hang s& H, ¢6 thé dugc chon bdng cdch sau day:

Ching ta ¢6 thé viét:

H
Hyw,) = ———=

H(jmd _S])/\' )
k=1

Vi nlée = § g0c¢ toa do |1 (0, =1

_ |Ho| __Iny| 1

H ('—spk )]

k=1

H(]O) a " Spk )
k=1

o ,=0

= ez = {[T(=s,)
k=1

= Ho=[](~s) (6.4.3.21)
k=1

V3i nchin = & gbctoadd Hy(o,) =

1
V1+82

|Hy| !
Y =
H('—Spk}} l+¢
k=1
) = = [[T(-s
= ol = H(_‘spk)
Vi+e? le=t
1 n
. H, = (=5 (6.4.3.22)

Vite? k=l .

64



Vidu 6.4.3.4.

Hay tim H,(s) cua by loc Chebyshev loai | twong Gng véi # = 3. Hiy xdc dinh
vi trf cdc diém cuc cta H,(s) trén mat phing s.

Giai
Trude hét ta tim cac diém cyc s, tng v&i 7 = 3 nhu sau:

Ap dung bicu thic (6.4.3.20) ta c6:

7 .
k=1 = u, = T = m:smzz.R,,:——l—R“
6 6 2 .
2
= 0, = cosZT—t.l\’,, =- £.R,,
6 2
3 .3
k=2 = ", = RN c;zsm—l.k,,:-ku
2 2

3n
= O, = COS?.R,, =0

11 .11 1
k=3 = iy = =T = c3=sm——£.Ru=——Rn
6 6 2
11 3
= O, = cos—n.R,, = £ .R,
6 2
Vay:
I V3 1 3
"Ypl =- ERH -.IT-Rb; Sp.‘_ =- Rn; sp} =- ERn + ]_5—' 'Rh
= Spl = Sp3 hoac .Spl = SJ!S

Tt day ta tim duge H,(s) nhu sau:

1, H,
Hs) = — = 7 =
- 1 3 1 3
(S =S, ) S+R Ns+—R, +j-—R, |s+-R,—j - R, |
}:[I L { 1] 2 a 2 b 7 a ") 2 b
_ Hy
- 3
(s+R, )(.vz +R,s o R:+Z R,%j
4 4
& day:

3 I 3
f[(" = H(—SIJI() = RU(— R¢3.+_R[%
k=1 A4 4
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v-y

Ru_
2
K, = v
2
! i
2 \n 3
y = 1+vl+e =(l+\/§)
€

Tal cd cac dieém cue déu ¢6: o; < 0, vay 18l ca cdc diém cuc nay déu nam ben
trdi truc 4o, dan dén bo loc Chebyshev loai I nay 1a bo loc on dinh.
Vi tri cdc diém cuc s,,, 5,, va 5,3 cua ham truyén dat /1,(s) doi vai bo loc nay

duge minh hoa trén hinh 6.4.3.5.

Hinh 6.4.3.5.

Nhan xét ve 11,

+ V&i n 1, ta ¢6 cée diém cuc S, nhu sau:

A\'/,A; A\'/,I; ey N (H‘Hj; cees A\',,”
P
2
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. 3n
= G, = sm7.R” = - R,

3r
O L4 = 0037 R, =0

o, —

n+l

= RY
{
2

] = - R, thuc va am

Tuong tu ta thdy rang:

Ed B b
Spr = Npns Sp2r = Spo-nys s 8 (n+l ] =N (n+| ]
P =1 pl o+l
2 2
Theo biéu thie (6.4.3.21) ta ¢d thé viét:
" n n
—_ . —_ " N — .
H(J - n(—AI)A') = (' l) l—[*\p'/\' - - 1—1‘\,1/\
k=1 k=t k=1
n—=t
2 2
= (- I)Y (”_Hj. l—["\‘[)/\l
) L
Pl ] k=
!
2 2
= R”. H"vllk
k=1
+ V&i 1 chidn ta ¢6 cac diém cuc s nhu sau:
Sppd Spis g N [,, l]; S s [ 1]; 3 S
) - P L
"2 > Pl
ma ta thdy ring:
Spt = S Sy = Spg)y ey 8, = 8 (” )
P I +1
2
Theo bicu thite (6.4.3.22) 1a ¢6 thé vict:
1 n l n
. — " .
Hy= ———T](~sp) = —=—=(-U"[]s,

Vit+e? k=1 Vite? k=1

= = ]l

\/1+a2 A

"

| 2
SI’/‘

=1

Nhan xét ve H (s)

Theo biéu thic (6.4.3.20) ta ¢ H, (s) nhu sau:

(6.4.3.23)

(6.4.3.24)
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O

H
Ho(s) = ——5

n ('\‘ - S[)/\' )
k=1

Tir day ta phan tich H (s) v6i n 1€ va n chdn nhu sau:
Véi n 1€ ta c6:

-1
Y=Y

S 41y = - R, =-sinhv, = -
,,(i'j 2

2

* * Ed

3y

Spl = Spn; vpl = sp(n—l); ey S n+l =9 n+t
: pl —-1 pl—+I

H,

= H.s)=

1

H,

n+l - n+l
-——1 1

2 2 Ed
$=8 L TS =50 TT (55,0
P k=1 k=1

Hy

+1
n+l_|

2 X
$=48 n+l H (s - Spk )(\ - ‘\'pk )
A ) ke

ma: 5, = G, + jo,,, vay ta co:

* hl
(5 -850 - spp) =5 - 205 + (cf +wi,\.)

H
= H,(s) = 0
n—1
[ 2 2
{(s+R, ).H[s -20,s +(ck +0O )]
k=1
N L
VGi # chidn ta c6:
* * *
S‘,l = A[.’” N L\,)l = ‘317(”__1), cees S n = R (” )
pP- p| —+1
2 2
Hy
:> H(l(“‘) =

n
2 H
[ls=s,00 ITT (s=5,4)
k=1 n
k=-+1

(6.4.3.25)



H,

"

2 "
l—[ (s — Sk (s — S ok )
k=1

11,
(6.4.3.206)

= H,(5)=

[\‘2 ~20,% +(cf +mi,\ )]

:N:

A=l

* Bo loc tuong ty Chebysheyv loai 1 & tan sé khong chudn hod
Chiing ta biét rang & tén 8 o, chuan hoa bdi ©,, theo bicu thire (6.4.3.7) ta ¢o:
1

(0, =
1+e°T7 (o0,

Vay trong trudong hop tin so o, khong chudn hod ta ¢6

l
(0 ) = (6.4.3.27)
5o
l+s;21”2 v
(‘)41])
¢ day:
) o
COS| narccos — vol |— < 1
o) O, O 4
Iu -
“, P o e
cosh| narccosh —— vol |—— !
0)(1/) . O)up

Vidu 6.4.3.5

Hay vé d6 thi ddp tng bicn do o) véi n =3 trong (ruong hop tan sé o,

khong chuén hoa.
Giai
Tuong tu vi du 6.4.3.2 ta thdy rang:
V@i n =3 taco:

(@]
D= =0 = o) =1

0,=0 = T,

6Y



|

= H (o) =
l+g?
(I)(l/) ‘ 2
o=0, = T =T.(h=1 = Ty (=1
C)(I/)
|
= |Ilu(0)u)| = —— =1 —61
l+g?

Hinh 6.4.3.6 s& minh hoa ddp tng tan s& IH(,((-)(,)l voi 1 = 3 (rong trudng hop

tin s6 ©, khong chuan hoa.

[Hatw,)/
17
1-4
S
o wa

Hinh 6.4.3.6.
Nhan xét vé H (s) va H, trong truong hop tan s6 o, khong chuan hoa
Ching ta biét ring & tdn so chudn hod ta cé:
. s 12| Y
0, > — = L(cl)‘z,) - L(—sz) =1+ s‘l,,z[—)
J J
Vay & tan s6 khong chudn hoda ta co:

0} N ‘ s I
L L(cof,) —>L(—s2) =1+’ T = | =
0] Jo JO 4 H ()11, (-5)

AII)

ap

Dén dén cac diém cue cua I/ (s).H (- 5) chinh 12 nghi¢m cla /. (Asz):

2
)

) ) S pk
= [,(—slz,k) = 1 + €*| cos| narccos—
./0):1/)
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\

. ) S ok
Va1, + v, = arccos —
/0) 111)
o, o . ]
= —& +_/———"A = jeos{u, + jv)
® ap & ap

Gy

= = sinug.sinhvy = o, = o, sinsinhy,
)
ap
(‘)d/\'
—= = cosi.coshvy = o, = o,.cosm0shy,
o
ap
. (o
= sini, = ————
o ,,,sinhvy
o
COSH, = L S—
o, coshvy
2 52
(o ()(/1)
= > + B =1
(0) apSInhyy ) G(,],coshvk)
Vay phuong trinh hinh ellipse ¢6 dang sau day:
o’ ol .
—t— =] (6.4.3.28)
R gl
o )
O day: Wa
’ . Y =
R’,= o,sinhv, = 0,,.R,
R'= o,coshv, = 0,.R,
| o |
v, = —arcsinh—
11 €
b4 tht hinh cllipse nay dugc
cho trén hinh 6.4.3.7. ‘ 6
Cudi ciing ta ¢6: I 2
| b
Sl\k = Gl +./0)uk . l
. , ‘
o, = sini,..R’, -1
»,, = cosu, R, IR -
Ra |

v -y
’_ — / i
R 0 C)up'Ru - O)r//w 2 Hinh 6.4.3.7

mnh O.+.3./7.
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ap* 2
1
[+yl+g? |"
V=
€
Vai o le:
n—1
2 2
Hy= R s |
k=1
1/
H,(s)= —— (6.4.3.29)
2
(s+ R, )‘]_[[\‘2 —20,5+ (cf +0)(Z,A )]
L=
V&i n chin:
| 2 2
N
\/l+e2 k=1
II() .
H(s)= - (6.4.3.30)

2
11 [\'2 -20,s5+ (o-f +ok )]
k=1

* Tinh toan bac # ctiia bo loc

Theo bicu thie (6.4.3.27), & tin so khong chuin hod ching ta da co:

1 (0,) =

(3 ddi thong ta cd:

ap n
0]

ap

[0)
.2 o ) - .
0,=0, = 1 [—"—j =171 =1 voimol n.

| :
= ‘Ilu((‘)ulu)] - = l - 8‘
l+€°
|
= € = s l



(3 dai chén ta c6:
0)(1 = O)H.V : '}.1(’(0){15)| = A-‘ = 61

= H (0, =

D6 thi minh hoa |H ,(»,)| cho trén hinh 6.4.3.8.

/Ha(wa)/

Hinh 6.4.3.8.

Tur day tinh todn tiép tuc ta cé:

1
s 62
1

1 — -1
€

N P < 3 5 5. . ()]
ma chiing ta biét rang d ddi chén o, > 0,, = —= > 1
map
1
— -1
o | O, W A
= T,| = | = cosh| narccos —2= | = =2
U)[Ip 0)(11) €
|
— -1
D, A
= narccosh—% = arccossh +—=
0] €

op
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arccosh +—————
= n= &
arccos Oas
O

ma ta ¢ arccoshy = In(v + val—1)

(6.4.3.31)

Chii ¥: Ching ta chon 2 1a s6 nguyén.
Vidu 6.4.3.6
Hay tim bac n cta bd loc Chebyshev loai | vdi cac chi tiéu ky thuadt sau day:

e = 0,5088471

A =8 = L
10
0, =0Ir
o, =021
Giai
D . )

o 0; Qus o 027
Al ®, Oln

Ap dung biéu thic (6.4.3.31) ta ¢6:

V100 -1 100-1
| YU -1
0.5088471 Y (0.5088471)*
n= = 2,7834301

ln[2+\/—2_:}

Chon n la s& nguyeén, vay n = 3.

d) Bo loc tuong tu Chebyshev loai 2

* Dinh nghia



Bo loc twong ty Chebyshev loai 2 1a b 1gc ¢6 dap tng bién do gon s6ng & dii
chan va giam don di¢u & dai thong (tdc la nguge vaéi bo Loc loai 1).

V¢ mat todn hoce ta ¢6 L(o2) duge cho bdi biéu thic sau day:

I le ( ) (S )

[(o2)=1+¢ (6.4.3.32)

o day:
©,, 1 1dn sO gidi han dai chan;
€ la tham s0;
©, 14 (an s¢ chuan hoa.
Tir day ta ¢6 dap @ng bién dd cha bo loc tuong tr Chebyshev loai 2 nhu sau:

] |

o) = —- = _ - (6.4.3.33)
Lin,)
sl Lnl(©us)
g | O as
1” ‘
L (‘)LII)

cos(narccos.\') M <1
T,(x) =
cosh(narccoshy) N > 1

Ma € va o, la hing s0, vay:

Vg2l O R ~ MY D P ‘N 0)""
+) 77— | s¢ dao dong gitta O va | v3i <
(I)‘, 0)('
B - N P O)LI et
T 1a vdi > | hoac ‘O)a 2'0)(/.\“-

)
"y

. W N .~ N i 9. 2 N . o
= T2 =% | dao dong gitta O va | trong dai chin . Ngoai ra ta ¢6 thé vict:

n
o,

42| @
1/: .0).',‘
(0, = d (6.4.3.34)
g2 Ous g2
X "o}n +elli(o,,)
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1

= @ dai chin [H (o,)* s& dao dong gitra 2 gi4 tri 0 va — -
' 1+e°T (o)

Chiing ta thuong goi do gon séng & dai chén 1a 8, (hodc A,). Vay:

1

- - =%
1+82T,;2(Q)(,S)

[N o8]

= A? (6.4.3.35)

Chi ¥ riang tai o, = o, thi T,,Z[O)‘” J =TX1) =1.

(J)”

Vay:
1

H (0, = = =9,
1+82T”2(0)”s)

0} . O Cs 2 <
+) T,f‘( ‘”] s& tang don diéu véi |—= > 1, tdc 1a véi Dal < hoic ]o)(,] <|0)d\_ .
O)LI 0)(1 0)([5 \
Vay tai goc toa do o, = 0 ta co:
[0}
T,,( =l J =T, (0) =
0} .
1 Nle,=0
®
. 2 - m(l ) '
= lim |H (0, )" = lim =1
ma—->0 [OPe 1ol . [0) s
7”2[” ( ]+82T112(0)n.\‘)
o,

Tie 12 tai goc toa dd o, = 0 thi:

‘Hﬂ(md )”(ﬂa=0 =1
Tai @, = 1 ta c6:

s I o
H 0, = ~ = —
I+e
®
1+¢? n(®a)
T mas
- " ('017
1
= (0, =
1+¢?

Vidu 6.4.3.7

Hay v& d6 thi H,(o,) .l'Ing vGi bac cha bo loc n = 3.
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Giai
(3 dai thong:

0, =0 = |Ho) =1

1
o,=1 = |H‘,(0);,)| =
1+g?
() dai chan:
O .
0, =0, = —% =1 = |H(0,) =38,
o,
o . )
@, = —5- =
0,866 o,
o
0, =20, = 2 =05= Hio,) =8,
o,
o, .
@, =x = =0 = |[H o) =0
© _

o

D6 thi cha ’Il“(c-)n)\ cho trén hinh 6.4.3.9.

[Ha(wy)]

2 = (),866 = ,f{“((')u)l =0

11547

Hinh 6.4.3.9.

Vidu 6.4.3.8

Hiy v& do thi |[H (o,) (ng v&i bac clia bo loc 1 = 4.

Giai
O dai thong:

0,=0 = |[Hfo,) =1
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O, = I = [Hn((’)a)l = =1- 61
1+¢g2

O dai chan: -

Ta biét rang Tf(.\') =1néfux=1;x=0,707 va x = O.

Vay:
O)(IS
B, =0,,=> —=1= IHH(U)a)‘ =9,
m(‘l
O O a5
0, = =5 = | 4ldo, = —% =0,707 > lHJo,) =8,
0,707 O)H . - _
o)
o,=x = —£ =0 = [H(o,) =8,
o)

o

va T2(x) =0 néu v = 0,387 va x = 0,932.

[ [0

0, = —= =2,5840,, = —* =0,387 = Hyio,) =0
0,387 o,
(O (O] )

0,= —£- =107, = —% =0932 = H o) =0
0,932 o,

Hinh 6.4.3.10 s& minh hoa d6 thi cta |H (o,) .

[Halw,)]

Ng!
|
I
!

I

1

\V_

7 4 L}
1,414y 2,584 g
1073wy,

Hinh 6.4.3.10.

* Cdc diém cuc va cdc diém khong

Chiing ta da cé:



*11(1(0);|)l : - 2 = ‘ = >
TZ(‘l’-ﬁj Te.) MOV

A)
thay: o, - —
/

, I8
= H(s).H,/(-5)= - = — -
L(-s7)

l+¢

10}
T” ( ] as J
A

= - (6.4.3.36)
o)
T”Z(‘,A‘“ J-}-SZT (©,)
s

Viy ta thay rang H(s}.H (- s) ciia bo loc Chebyshev loai 2 chita 14t ¢a cdc dicm

khong va diém cuec.

Cic diém khong la céc nghiém clia phuong trinh sau:
g [ JO, ‘
1” ] = = O
s
Cac dicm cyc 1a cdc nghiém cua phuong trinh sau:
Jo,
1”( - J-i—s 1} o) =0

+ Xét cdce diém khong:

Chiing ta phai giai phuong trinh sau day:

T” .]0) s = 0
A

Theo dinh nghia cta da thic Chebyshev ta ¢é:
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T,(x)=cosnb

IA
IA

I v =cosh -1
va:
T ()= coshnb

x = cosh® r<-lvax>|

Chiing ta ¢6 thé tinh trong khodng - | < v < 1 hoac trong khoing v < - 1 va

x> 1, ta s¢ thu duge k&€t qua nhu nhau. Gia sir ta tinh trong khoang - | <.xv < I:

T(v)=cosnb =0 = nb =2k - l)—;E

2k -1
= 6= i3
2n
2k—1
cost = v = x=cos T
2n
N M (’)(l.\
ma v=j
Ay
Goi cac diém khong la s,,
O 2r-1
= J— = cos T
S 2n
. (")(IY
= s, =j———, r=1,2,..,0 (6.4.3.37)
) 2r—1
CO§ —— T
2n

Vay céc diém kkhong s, sé nam trén truc do.
+ Xér cde diém cie:

Chiing ta phai giai phuong trinh sau day:
n

oY
'I‘Z(l/ - ]4‘82']*’]2(0)(”) =0
s

Tir day c6 thé viét:

jo

72 s | __ 242
I” . =t Iu {0,y )
Sk
e . JO
= 1| = | =2 jel, (0 5 ) = cos| narccos —=
A /)k ‘\/’/"



Y,'* = rc* +'/.O)“k

Vay dé 1oi dung k€1 qua cua bd loc Chebyshev loai |, ching ta dat:

./0)413 - / O g5 _ Ay +jBk
'v[)k Gy +.10)x1/\' /
Tir day ¢6 thé viét:
2 (")d.\' .
; = oy + B,
(o +‘](,')”k
) o) O (0~ jB;)
(A} oS o
= o, + jo, =- - = - 5 >
o+ /By o +By

Vay quan hé gita o, va o, vdi o, va B, nhu sau:

(') (I.Ya A

v =" 575
op +B;
Ou = —2 (6.4.3.38)
o +PB;
Viy ta cd:
g | JO s ag + /By -
T, = cos narccos——/‘-—.—B/‘— =+el (0,,)
'\.[)/\' ‘/
Doi bién s6:
. o +jB
1 + jv, = arccos ——k
J
: o, + B,
= cos(u, + jv) = —/‘—i
J
= a + jBy = jeos(u, + jvy)
o, + jBy . g
= cos| narccos ———— | = cos[n(u, + jv)l = el (o,,)
J

el (o,,) 1a thue = cos[n(u, + jv)] 1a do.

“Cling giong trudng hgp cua bo lgc Chebyshev loai | ta ¢6

cos(mu, + jnv,) = cosmucosjnv, - sinmgsinjnyv, = £ €l (o0,,)

ma:
cosjnv, = coshm,

sinjnv, = jsinhny,



= cos(nity + jnvy) = cosmucoshnv, - jsinpusinhuy, = + €1 (o,,)

Tu day ta co:
cosumcoshnv, =0

sintisinhav, = £ el (o)

= khi cosuu, =0.= nu, = g(2k - = u = —;—(2/\' - D
: n

sinni, =+ 1 = sinhuv,=x¢l(0,,)

= nu dlLSlﬂh[“" el (o,,)] = % arcsinhel (o,,)
1
= v, = £ —arsinhel (o,,)
n
mi:
+ By = jeos(uy + jv) = jlcosucosjv, - sinu,singv, |
= jeosucoshy, + sinw;sinhy,
= a; = sinusinhy,
B: = cosicoshyy,
ma;:
 2k-1 ] . 1 .
oy = sin n| sinh| = —arcsinhe?, (o )
2n n
. 2k—l ’l
= sin —arcsinhel’, (o )
2n 1
2k =1 ] S
B = cos m.cos| —arcsinhe? ), (o )
2n n
) o, B
= sinu, = ——/‘—~ Cosit, = L
sinhv, coshy,
2 2
a
= ‘z + BA) = |
sinh v, cosh™v,
Vay ciap (a4, B s€ nim trén dudng ellipse ¢d dang sau day:
2 2
a
__+B_ =1
Ru R/)
¢ day:

82

th
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R, = sinhy,

R, = coshy,
] . o

v, = —arcsinhel (o,,)
"no-

Dang cla hinh cllipse nay cho trén hinh 6.4.3.11.

f

¢ =
|
ka
|
/o
|
{

ot

Ra
Hinh 6.4.3.11.

Nhdan xét

Ta ¢6 the viet R, va R, dudi dang sau day:

Ve _ TV
R, = sinhy, =
2
ek e
R, =coshy, = ————
2

mi:

1 . - .
v, = —arcsinhel (o,,)
H

arcsinhe? (o,,) = In [s'['”(o)‘,_‘. )+\'/82'I"”2(0)‘,l\. )+ l:l
= v, = lln[a'l'”(c)d‘\.)+\/82'['”2(0)(m,)H:l

H

1

Vo= ln{a']'”(cv)‘m_ )+ T o, )+l}"

bat:



Iny = v, = ln[sT,,(cv)‘,S )+,[82T,;7‘(0)”S )+ l}.”

t

= y=e* = l:sT,,(o)‘,S)+,182T”2(o)”3)+l]”

Vay ta cé:

VE o,V o -1
R, = sinhv, = ‘ ¢ = 1Y
2 2
Vi »>=VE -1
R, = coshv, = ek 4o _ Y+Y
2 2
ma ta biét réng:
1
8-t L
? 1+82T,,Z(c)m)
32 1 . |
= el (0,)= — - 1 = sl (®,,) = ——2—1
AS AS
i
l l I
= Y = _ -]l +—
/\SZ A,

hoac:

y— —_l——l-"__l~ Il’
83 5,

Tong k&t lai ta ¢6: cap (o, B) ndm trén dudng ellipse ¢6 bdn kinh 1a R, va R,
nhu sau:

R, = sinhv;

R, = coshv,

1 R
v, = —arcsinhe’l  (0,,) (6.4.3.40)
n
hoac la:
-1
R, = T
2
1y
R, =
2
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i

y = LZ_HL (6.4.3.41)
85 5,

Vidu 6.4.3.9

Hay tim cdc diém cuc cha I1,(s).H (- s) ctia b loc twong tu Chebyshev loai 2
khi bi€t bac clta bo loc 1 = 3,

Giai
a, = sinusinhv, = sinu,.R,

B: = cosucoshy, = cosu.R,

‘(1
Gy =-—V——>,; Oyu=

Ta thdy rang vdi n, e va T (o ,,) ¢6 dinh ta cling s€ ¢ R, va R, la ¢6 dinh.

2k -1 2k—1
M, = T = n
2n n=3 0
. l
k=1 = iy = E = aI:S]nE'Ru: _Ru
6 6 2
n J3
=cos—.R,= —.R,
B[ C 6 F 2 i
l R
N Das 2 ¢ 20)<4A\"Ru
G, = - =-
' LY (Y R? +3R]
R +| R
(2 11) 2 b
\/E R
(O] us "2' b 2.J§0) us 'RIJ
O, = =
« LY (B3 Y R? +3R}
- R 4| R’
(2 (Ij 2 [
T .
k=2 = 111=5 = a,=sin—.R,=R,
B,= cos— R, =0
o 723 'Rtl 0 XA}
= G,=-— = -
R +0 R,
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o, 2"‘" =0
R, +0
5w .5 |
A=3 = H; = — = a3=51n—n.]\’[’= _R”
6 6 2

5
B;= cos—n.R,, = - .R,
6
l R
— o. = ()(’\..2 ! _ 20)(1‘\' Ru
oy 27V RI43R]
L Ru] - ,; R/)
2
()(I\ - J_ R/)]
o = 2 3 7x/_c~)
I I 2 7 ﬁ 2 Rl 4+ R[,
2 o +L_ 2 R/)
7
k=4 = uJ=—Tt :>a4=s|n7—l\’,,:-ll\’”
6 O 2
3
B,=cos—.R, =- £.R,,
2
|\
O I .(— R,
_ ' 2 B 20,,,.R,
= G.=- 2 Py 2
q ] o +3R/)
2
oy { J_ R/)
© 2 2"/EO)(I.\"R/
! ad = = -
| 2 ﬁ R? +3R}
(" Ru) /)
2 2
3 3
k=5 = 115=i = aszsini.l\’,,=-l\’,,
2 2
R4
Bs= cos? R, =0
0,.(-K,) o,
= o, = - =
(-R,)*+0 R,
o, =10

7]
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L6 = _ll=n ln

i, = — = 0o,=sin— KR, = - l[\’“
6 6 2
llzn ﬁ
o =cos— R, = — R,
p o Re= R
|
© [AY - Rtl
‘ ( 2j "c)(l\"Ru
= o, = - Pl a—
2 R +3R
l 3 o I)
(_ B R:Ij + f Rb
2 2
2
(‘)(I\‘ \/:7 R[)
S 2

' 242 o,-R,
(")u() = =

2 2 T 2 2
l < 3 R:I +3R/)
_ R‘,j S,
2 2
Vi tri clia cac diém cyc nay duge minh hoa trén hinh 6.4.3.12.

| f

(d[)%)

(%5, 5,)

()

IMinh 6.4.3.12.
Vidu 6.4.3.10

Cho cdc chi ticu k§ thuat ctia bo loc sO nhu sau:

1 o

HEe™) < % & dai chin

o,=0,In; o= 0.2=n

¥ &



Hiy t6ng hgp bg loc s6 tr bd loc twong ty Chebyshev loai 1 bing phuong phap

bién doi song tuyén.

Giai

Ching ta ¢6 4 budc chinh d€ tdng hgp bo loc sd (i bo loc (wong tu nhu sau:

Birde . Xac dinh cdc chi tiéu k¥ thuat

Chiing ta ¢6 4 chi ticu k¥ thuat ctia bo loc s6 nhu dau bai da cho nhu sau:

(2] l 7 2.
H(e™)| = /—10—0]— ¢ dat thong

H

.
Jiver Vo™

® | . .
lH(™) < m & dai chan

= (1-8)=

I
IJO)
I
>
I
|

®, =01t~ 0,3141593
0, =021~ 0,6283285

Minh hoa dép (tng bién do ctia bo loc s& trén hinh 6.4.3.13.

/ ' ! |

(/-5;)—-'/,—,-?— 091 7/7]/7.2 |

| |

| I

| |

| I
|

&= A= 1% _____ R 41/4/14/44/4/14/4/4 ILLS L

0,3/41593 06283185

Hinh 6.4.3.13.

Birde 2. Xéac dinh lai cac chi tiéu ky thuat cua bo loc twong tu

Theo phuong phap bién ddi song tuyén thi tir cdc chi tiéu k§ thuat clia bo loc so

chuyCn sang cdc chi tieu ky thuat cta bo loc tuong tu, vé do ggn séng & didi thong

va ddi chan khang ¢6 gi thay doi, nhung vé 4n so gidi han dai thong va daii chin thi

¢6 su thay doi, cu thé nhu sau:
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1 0 e
]]J{I( (J),,)‘ 2 —00 T O dai thong

I (@) < — &daichin

2 O)p
OJ“I’ = T’g —2—

2’ (G
Oy = g
7. 2

Tir cdc gid tri cva o, = 0,17 va o, = 0,27, tinh theo thang chuan hod 1a ¢6 cic

gid tri cua o,, v o,, nhu sau:

ap

®

21g(0’21”) ~ 0,3167689

ap —

)
0, = 2rg((—’§f—) ~ (0,6498394

Ddp tng bién do cua bo loc twong tu duge minh hoa trén hinh 6.4.3.14.

[Halw,)|
7t |
7 L - — — _:, I
10%7 I
I
| l
| |
! l
7 L
T
| |
o Wap Was Wy
Hinh 6.4.3.14.
Biuoe 3

Tong hgp bo loc tuong tu Chebyshev loai 1.
- Ting gid tri €:

Y =  £=0508847]

Vi+e? 10%!

- Tinh bac cua b lge u:
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Thay cdc gid tri cua g, 8., 0,, va 0, § (rén vao biéu thitc tinh #, ta tinh duge:
n = 2,5006328

Vay tachon: n =3

- Tim cdc diém cuc clta H,(s)

Trong truong hgp n =23 = nlaso lé.

Trude hét ching ta tim R, va R,.

-1 —1
— .+
PO e SN SN
2 2
{
1+vl+es |"
‘Y:
g
l,
+4/10% ]2 ‘
= v = L———— ~ 1,6096098

‘ 0,5088471

= y''=0,6212685
= R, =0,4941707
R,=1,1154392
To day ta im R’, va R’
R, =0,.R,=0,1565379.0,4941707 = 0,0782689
R = 0,.R, = 0,1565379.1,1154392 = 0,3533304
n=3 = k=1+3

k=1 = 111:7_1[
o

- & =- %‘R’” =-0,078269
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V3

W, = - —Q—R'b =-0,3059983

s, = - 0,078269 - j0,3059983

3n
k=2 = Hy = —

2
= o,=-R',=-0,1565379
0,=0

Sy = - 0,1565379

1
k=3 =  u= T

Sps = 8 = - 0,078269 + j0,3059983
* Tim hé s6 H,
n=3:1as0 I¢, vay H, duge tinh nhu sau:

n—1

e
Hy= R, s,
=t

, , 2
=R Js,|” = 0,1565379)s,,|

~ (0,01562
Cudi cung ta c6 H,(s) nhu sau:

H
H,s)= 0

2
[Tes=sp)
k=1

i =3 1asd 1€, vay theo biéu thic (6.4.3.25) ta cé:

H,s)= > > p
(s+R',).[s" 20, s+(c]+05 )]

0,01562

(s +0,1565379).[ 2 4+0,156538.5 +0,006126 + 0093635/

0,01562
(5+0,1565379).(s* +0.1565385 +0,09961)

Bioc 4.

Thuc hién bién d6i song tuyén dé tim H(z).
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Hiz)= I, (s} _21-:"
.\—T.\ <l+_' .

Chuan hod bién x bdi tin s6 1dy miu /| ta ¢é:

Vay ta ¢6 ham truy¢n dat /(z) nhu sau:

0,1562

2
-z _ ! _
2° Zfl, 401565379 112177 ] wousesag 2177 11009961
1+2z~ 1+27! 1+27"

I(z)=

Sau khi tinh todn ta cé k&t qua sau day:

(l+z_')3

(1-0,854824827" ) (1-157510762"" +0,71049142 % )

Hz)=0,0030012.

6.4.4. BO LOC TUONG TU CAULR (HOAC BO LOC TUONG TU ELLIP-
TIQUE)

a) Pinh nghia

BO loc Caucr la bo loc ¢6 dap tng bién dd gon séng & ca dai thong va & ci dii

chan.

V<& mit toan hoce, ham [.( (-)‘2,) ¢O dang sau day:

I(o})=1+&F0o,) (6.4.4.1)
mi:
b | |
//( (O, )= =
' o ’ L(c)i) 1+szl",,2(c-)(,)
l ~
1,0, )] = (6.4.4.2)

\“-1-82}7”2(0)”)

g l1a tham sd lién quan dén d,.

l 2
= 10lg| — —
&L[{‘,(o)(, )J

.

N¢&u tinh theo dB ta ¢é:

LO(o,) = 201

g ‘II(,((-)‘,)

10lgl(0?)

Bay g1 ching ta dat:
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2
LO,=1L0(o,,) = 10lg Liog,)

bicu kién ctia ham F (o,) tai tin s6 o, = o,, l1a:

ap

E,,(O)u )I(n=(0up =
~ L(O)(le)ﬁ'lﬁ-gl
e ‘h'u(w('[’) - _"l—

g LOI’ = l()lg(l + 8:) hay (l + 8:)[() — 1()[“01’

Do L +e= 10% 2 A0LLO

O tan sO 0, = 0,

'H”((Dd )] =A, =0,

Pat
( 2
LO, = LO(w,,) = 10lg L(o?% ) = 10lg| ————
lH(l(O)(l )I
= lOigL
AZ
- Lo oo
A;
Lol )=1+Fio,)
10lg I{0?2 ) = 101g[1 + & F (o . )]
1
hodc la:
22 |
[ +e Fi(o,)=—
= FIIZ(O)HS) =L2 _l_z_l
: €7 \A;
1
-2 _ 0ILO; 4y _ g2
= bll (o)w\') - lOO'ILOp —l (10 l) —L
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N¢u ching ta dat:
& 1an s0:

O0,=0 I (o,)=0

«a waot

®, = O, - I‘.”(C){,) = r

n—1

2

viinle: =1+

iy . . n
vadi nchan: 7 =1+ =
“

vai o I¢ & ede toa 4o (o, = O): I (0,) =0

vai nchan & gdc toa do (o, = 0): F (o) = 1.
Vidu 6.4.4.1

Gia st cho n = 5.

Hiy xac dinh o,,,, o,,; vi dang cua /I, (o,) va

II‘,((-)”)

Giai

+ NCGu n= 5, ta ¢6 hai gid tri cta o,, 12 0, vd ©,,, va hai gid (ri cuae,,, la

oi

O, VA O, .

N , ~ P -2 . » . .~ P v -2 N
b¢ thod man cac diéu kién cua /(0 ), ching (a ¢6 dang cua [ (e, ) cho (rén

hinh 6.4.4.1.

Hinh 6.4.4.1.
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£ 00, [ mot ham hitu ty Chebyshev.

) . ) . s L.
f7(e ) dao dong trong khodang O va 1 doi vai [c')u‘ <0

" wpe

I*Z((-)u) dao dong (rong kKhoang 1. va vo cling ddi véi ]0)”‘ >0

H (A

Tur day ching ta nhan duge ddp (ng tan sa cta bd loe Cauer vGi n = 5 nhu sau:
1

lli(,(o)', )[ =

l+azl",,2(o)4 )

!

ba thi cla |II‘,(0)U )’ duge cho trén hinh 6.4.4.2.

/Ha(wa)/

wao/ wa oo 1

ITinh 6.4.4.2.

Vidu 6.4.4.2
Gia sir cho n = 4.

- Hay xdc¢ dinh o, 0, ..
- Hay v¢ dang cua I (o,) va lllu(cv)k, )l.

Giai

Cdc gia tri cla o, o, va dang cia [ (,) va lH(,(O)‘, )’ duge cho tren hinh

6.4.4.3va6.4.44.

95



FZ(w,)

Hinh 6.4.4.3.

[Halw)/

Hinh 6.4 .4.4.

O 14n s3 chudn ho4 theo kiéu sau day:

o ac = 0 ap -0 as = 1
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w,, =

!
ay _\/Z

o ap

k=
(&)

A}
O day &k duge goi 1d hé sd loc.
Theo ki¢u chuin hod & trén ching ta cé:

|

O){m/ = h().‘jlc c ari =

© ] O oi

Tuc la: Oy Oy = |
Nhu th¢ ching ta nhan duge bicu thic clta I (o) nhu sau:

+ Vi i lé:

: (_l),.'(’.)tl - O)(Zl _0)12)()[ .
I(0,)= . ) (6.4.4.4)
l, I=l l_(")(l'o)(l()i
L
n—1
=
2
’ 2iK )
Oyor = '\/-/:'S”[l—' /\J i = l, 2, cees I
n
+ V@i n chin:
1) el —el,
Fofo,) = T ] Le O (6.4.4.5)
\/T =l ]-O)u'o)um
I
n
y= —
2
2i -1
Qi = J-/:‘S‘”((—l_—“)ﬁ- kj i = l, 27 ey I
1
a day:
Sn(x, k) 1a ham sin clliptique khong day du loai | nhu sau:
Sn(x, k) = sin®
[4}] 3
= (/Q (6.4.4.6)

0 \/l—kzsinze
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K duye dinh nghia bdi tich phan elliptique day du-loai mot:

hid

K(k) = TL (6.4.4.7)
| —k*sin”@
Nhu vay K (k) chinh 1a ham Jacobi.
b) Cic diém cuc va cac diém khong cia H,(s)
Neudi ta da im duge cac diém cuc cua f1,(s).H (- 5) (tkc 1a cac dicm khong cua
[..(- s°)) nhu sau:

+ Vi n lé:

S =0, fO,

_ (—l),-c(]\’, iémm.W iz 1o %i (6.4.4.8)

oL

2
1+o50

2
W= u+m@®+%ﬁ

2
O Goi
V.= (] —/\c)‘m, ){l ~‘—]
k

v = k. %n(ZK’ )

3

-2¢+ Z( 7" Y sinh((2m+ DA

=0

[+2 z(— ™ g” cosh2mA

m=I

G, =

| L0005 10

A= =in—5005
20"

Ngodi ra chiing ta ¢6 thé tinh o, khong thong qua ham sin elliptique theo cong

thae sau day:

s“ (- m HHIII+|} (2”1 + l)TtI
n n—1

=0 .
(,')m“ = o . s 1= ]5 25 EERE} 3

0o 2mmi 2
1+22(=1)"¢™ cosh

m=|

(6.4.4.9)

n

q =g, + 2(/3 + lSc/(()) + l.’i()(/(l)3
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N/
go = ——
21+\/F

k= 1—k?

_ logleD
n = = (6.4.4.10)
log
q
1()(),1/.({‘ _1
D= 0.11.0
10777 —1

Cic di¢m khong (cdc diém cuc cla .,(- ) nhu sau:

sp=t
(I)Aloi
+ V&i i chiin:
N, =0, + jo,
i[c Vo+j-1)o ~.W] . n
~ T%ohi T, — aoi i=1,2, ... = (6.4.4.11)
l+c40,,, 2

Cdc tham so W, V, va o, dugc tinh nhu trong trudong hop # 1¢, nhung o, lai
duoce tinh nhu sau:

2i— 1)K
Oy = ﬁ.s{ﬁ. /\} i=1,2,... %
n 2
hodc:
Lo (2/)1+l)1t(/'—2j
2({4 ) Z(_l)m .q"'“”“’.sin .
_ m=0 n . n
W, = = l, 2, ey 5 ((7'4412)

" . 2mm| i - 2)
T2 (=" g™ cos -

m=1 n

Tir day ching ta nhan duge ham truyén dat £ (s) cia bd loc twong tr thong thap
clliptique & 1dn s6 chuan hod nhu sau:

Hy, - :
Hs)= ——T] ; (6.4.4.13)
I)r(\) =1 S +B|l‘\' +B .

o dav:
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vGi 22 chin

n—1 . .
vl n e
= J 2

ro | =

Do) J.\' +o, Vo Ie
o(8) = .. -
Il vl # chan

A,. By, By, va H, duge tinh bing céc cong thice sau:
k= vI—k?

1=K
2 14K

o =

g =y, + 2(/8 + 15(/8 + 15()(/(])3

I()().l/,()‘\ -1
D=
10

0.11.0,

S logl6D)

log
q

| |()0'05"'“p

—in
20 0

+ |

00510, |

|
24 (=" " sinh|(2m + 1A

=0

1+2 Z(»l)"' q"" cosh2mA

m=|

2
W= (l+/\'cs(2)).[l+%]

I oK
2(/4 Z(_l)m (/m(m-H) sin (2”' + I)TCH

n
=0
O, = e 5
- 2 mt
I+QZ(—1)'”(/'” Cos - K
m=I n
}/’ v on 1
p=< . =12, 00
1/—— vl 1 chan



2
Vo= (1-ko?,). |- Dot
k

|
Ani = 2
O)AI()I.
2 2
o = 2 2 2
(l+oq0,,)
B = 20,V,
17 =
2 2
l+000)(m,-
r B .
oo [~
I = i=1 A()i
0=

10700510, " B,
=1 Aoi

Vidu 6.4.4.1

Cho cdc chi ticu k¥ thuat ¢ua bo loc

1.0,=0,1dB
1O, =50 dB

vai i 1é

vGi n chin

turong tu thong thédp elliptique nhu sau:

0., = 0,9486833 ~ /0,9

0, = 1,0540926 =
0.9
Hay tim H (~)?
Giai
()Al) (),9
=L = N7 =09
O) s . __,l__A,_
J0.9
k= V1-k% = 1-(09)2 = 0,435890
g = l.l_‘/z =0,102330
2 144K
= ¢=0,102352
D = 4.293.090
= n =792
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Vay ta chon # = 8 la s0 chiin.
/1, =2,876332.10"

n=8 = ;~=’2—’=4 va Do) = |

n chan nén ham truyén dat H () ¢6 dang sau:

4 .2
sC+A,
I(s) = ”“1—-[_2‘__0,___

i=l 87+ Byt B,
Céc h¢ s0 A,,, B, va B,, dugce cho (rén bing 6.4.4.1.

o1 ol

Vi du 6.4.4.2

Cho céc chi ticu ky thuat cua bo loc s thong thap nhu sau:

1.0, = 20lg

P

— = 0,1 dB
II((I_/(')[) )l

LO, = 2()lg———l~—— =50 dB

1o )

o, =0,2819526mn
o, =0,3087732n

Hay tong hgp bo loc s8 thong thip nay (i bo Joc twong tu Caucr bing phuong
phép bi¢n doi song tuyén.

Giai

Ciing giong nhu cde vi du vé 1ong hgp bd loc sd ma ching (a dd trinh bay &
trén, & day ching ta cling ¢6 4 budc sau day:

Buoe 1. Xac dinh cdc chi ticu ky thuat
Chiing ta ¢6 4 chi tiéu k¥ thuat nhu dau bai da cho nhu sau:

+ O dai thong:

20lg ——— < 0,1 dB
sH(e*’(" )

Tac la:

| 1
[H(e"" )( > = 10988553
[()0-003 10001

+ O dai chéan:

{02



2()lgb—l—_—~ > 50 dB
) ‘1[((' o )\

Tie la:

tll(e-’“)lé ! ~ 0,0031623

0> Jio¥

+ Tan s& giGi han dai thong va dai chin:

o, =0,2819526m
~ (),8857802
o, = 0,3087932n
~ 0,9700996
Vay dap Gng bien do cia bo loc s0 ,11((’ o )} véi cac chi ticu Ky thuat di cho &

trén s& duge minh hoa trén hinh 6.4.4.5.
[Hce'=)!

7 |
/_-

T b 777,77 |
|
|
I

6o L L ____I_ VLLLLILILIL 0L 1L 200,

fra? Lo
17 /cu’, w;\ ' T w

0,?657802 09700996

Hinh 6.4.4.5.

Burde 2. Xace dinh lai cde chi ticu K§ thuat cha bo loc tuong 1.

Ching 1a da biél ring khi ding phuong phap bigén ddi song tuyén d¢ chuyén tur
bo loe tuong tu sang bo 1gc sO thi ta phai xac dinh lai cdc chi ticu ky thuat cia bo
loc twong ty tlr cdce chi tiéu k§ thuat cha bd loc s6. VE 40 gon séng & dai thong va
dai chin thi khong c¢6 gi thay ddi nhung vé do gon song & dai thong va ddi chin thi
¢6 su stra doi nhu sau:



() dai thong:

!H‘,(C)(, )l = =1-8,
s 2 2 » 2 (().28 195267 j
O, = —tg | = g
S 2 T, 2
O dai chin:
|

2 (o, 2 [(L3087932n
Ou = g — | = —lg ————
2 ‘ 2

. T

R

Tinh o,, va 0, theo thang 1an so chudn hod ta thu duge k&t qui sau:

02819526
C)u/' = 2 lg(“‘““iij = (),9486833 x B [(),9
308793
o, = 2|g(9:9§12;33j ~ 1,0540926 ~
. 2 /0’9

Vay o,,.0,, = 1.

bdp ting bién do cua bo loc trong ty Cauer véi cdc chi tiéu ky thuit da cho &
trén duge minh hoa (rén hinh 6.4.4.6.

/H¢(.(‘Ua)/

/1 |
-4

G

|

.

I

G m e — L ML LSS S

I
l
I
[
|
I

a cUa <,
99456633 P s 10540926 4

Hinh 6.4.4.6.

Buse 3. Tong hgp bo loc tuong tu elliptique

Theo cdce chi tiéu ky thuat da cho la:
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LO,=0,1 dB; 0,, = 0,9486833
LO, =50 dB; o, = 1,0540926
Ching 1a thu dugc cdc ket qua sau day:
+ Bac cua bd loc: n = 8.
+ Ham truyén dat H (s) cua bd loc:

2
sT+A
H(s) = Ho[]— oi

i=t s +B;s+ B,

H, =2.876332.107

Céac h¢ s0 A, By, B,; dugce cho trén bang 6.4.4.1 sau day:

Bang 6.4.4.1

A, B., B,
14,34825 0,2914919 08711547
2,231643 0,6123726 0,47291306
1,320447 0,8397386 0,1825141
1,128832 0,9264592 iR 0,4471442

Bitde 4. Thue hién bién doi song tuyén
Trong trudng hgp tdn s6 chudn hod ta ¢o:

H(z) = H (s} _,1-="
L

_u 1_41 41-22"" 4277 )+ AL (14227 4270,
L d(1=227" 12724 2By 1=z )+ B, (14227 4272

Rt gon lai ta thu dugc ham truyén dat cia bo loc s6 nhu sau:

4 -2 -l

(4+A, )z " +(2A, -8)z" +(4+A,)
Iz) = 1H,]] ) o
‘ = (4=2B; + B, )z27" +(2B,, -R)z™ +(4+2.3, +B,,)

[e2a
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6.5. BIEN POI TAN SO

O cdc phan trén chiing ta da nghién ciu xong phuong phap:tong hgp cic bo loc
tuong (ur va cac bd loc 80 thong thdp, ma chiing ta chua nghién cttu cdc phuong phip
10ng hgp cac bo loc thong cao, thong dai va chin ddi. Trong thye (€ ching ta khong cin
phdi ¢ phuong phap riéng dé t6ng hgp cac b loc nay, ma ching ta chi cin st dung
moOt phuong phap gan diing, d6 1a phuong phap bién d6i tan so. Tic 1a bing cich bicn
dot tan s6 ching ta s& chuyén tr bo loc thong thdp ¢a ban ban diu thanh cdc bo loc
thong thép, thong cao, thong dai va chén ddi véi cde chi tieu k§ thuat mong mudn.

Sau day ching ta s& Idn Iugt xét cdc bién ddi tdn s6 trong mién tuong wr va
trong mién sd.

6.5.1. BIEN POI TAN SO TRONG MIEN TUOGNG TU

bé c6 duge cdc dang khdc cua bo loc tuvong tu xudt phat tr mot bo loc twong
thong thdp co ban ban ddu ching ta s& st dung phép bidn doi tir bién » cua ham
truyén dat ff,(s) thanh bi€n s’ clta ham truyén dat H (s’) 1a ham truyén dat cua bo
loc turong tuy mong muon.
Chiing ta ¢6 thé viét bi€n ddi nay nhu sau:
s = f{s') ‘ (6.5.1.1)
a) Bién doi thong thap - thong thap (Lowpass to Lowpass Transformation)

Gia sur chiing ta da thiét k& dugec mot bd loc thong thap cu ban ban ddu ¢d tan
sO cét 12 o, va ham truyén dat 1a H (x), bay gid ching ta mu6n chuyén né sang mot
bo loc thong thdp khdc ¢6 tin s& cit 1a o', va ham truyén dat twong Gng la 11,(s").
Khi d6 chidng ta s& dung bi€n doi (dn sd tuong tu sau day:

s = Ay’ (6.5.1.2)
& day: X 1a hang so.
Tire 1a:

H(s') = 1 (5) (6.5.1.3)

s=75"
Trong biéu thic (6.5.1.2) ta thdy ring trong mat phang s, néu o = 0 thi v = jo,
via s’ = jo',, khi d6 ta ¢6 thé viél nhu sau:
0} o

s
A=~=—-L = o,= -2
;
A

o',

tire 12 tin sO duge bién doi theo hé so A.

Nhu vay chi ¢6 tan s6 duge bién doi, con do gon séng & dai thong §, va do gon
séng & ddi chin 8, s& gilt nguyén khong doi. Néu ching ta 1dy tdn s chudn 14 (dn so
cit o, thi gia tri cia A duge tinh nhu sau:

ac
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A= Da ’ (6.5.1.4)

Vay néu bo loc thong thdp ban ddu khi ching ta dad thi¢t k& ra duge chuan hod
theo 1an s@ cat o, thc 1a o, = 1 thi A s& ¢O gia (ri sau:

|
A= — (6.5.1.5)
“")’(Il‘

b6 thi minh hoa bién doi tan s6 twong tr thong thap - thong thap véi hé so

A < | duge cho tren hinh 6.5.1.1.

[Hq(ew,)/ [Hjw})]
148 === T — 7~ —— - +-
{ | | 7 4 |
7- 64 —_———— - 1-4, R
! I
' l
|
[ | ! |
S ) S T
T {
0 W, @, ) SR p
CU.;/ ac s a w’P/ Wae \oués “Ya

Hinh 6.5.1.1.

Vidu6.5.1.1
Gia st sau khi 16ng hgp ching ta thu dugc mot bd loc twong tr thong thap

Butterworth & tian s6 chuan hod (o, = 1) ¢é ham truyén dat nhu sau:

]
H(s5) = ———

n (~ “S )
k=1

Hiy tim ham truyén dat cta bo loc tuong tu théng thip teong tng véi he sa
2

bién d6i 1an sO A = .

»

3iai Theo bicu thae (6.5.1.3) ta ¢6:

]’1”(‘\',) = 11(1(‘V)'5=%3,f =
A
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b) Bién doi thong thap - thong cao (Lowpass to Highpass Transformation)

T mdt b loc tuong tu thong thdp co ban ban ddu ¢é ham truyén dat la [/ (s)
vdi tdn s6 cat la o,., ching ta c¢é thé bién déi thanh bo loc twong tr thong cao ¢

ham truyén dat 1a H,(s) va vGi tin s6 cél 13 o', nhd phép bién ddi sau day:
s = — (6.5.1.6)

& day A la hdng so.
Tuc la:

H(s') = H,(s) 7 (6.5.1.7)

s
Trong trudng hop nay A duge tinh nhu sau:
A=0,0, . (6.5.1.8)
Né&u bo loc trong ty thong thdp co ban ban dau da dugce thiét ké theo (dn 6 cil
chudn hod tic 1a @ '

= | thi A s€ cé gid tri nhu sau:

A=o, (6.5.1.9)

D6 thi minh hoa phép bién doi tdn s6 thong thip - thong cao trong truding hgp
bo loc 1y twrdng duge cho trén hinh 6.5.1.2.

/H, (w;
/Ha(wa)/ a el
1 4 —_——
9 u)ac Lo g wc;c W,
Hinh 6.5.1.2
Vidu 6.5.1.2

Gia s sau khi tOng hop ching ta thu dugec mot bo loc tuwong tr thong hip
Butterworth ban ddu & tdn s6 chuin hod bdi tan s0 cét 0, (0, = 1) ¢6 ham truyén
dat nhu sau:

I
Hu(s) = n

[—[(‘\‘ _‘\'1,/\- )

k=1
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Hay (im ham truyén dat cua bo loc tuong v thong cao lming (rng vGi he s6 bicn
doi 1an so la A7

Giai

Ap dung biéu thitc (6.5.1.6) va (6.5.1.7) ta cé:

Hys'y= H,(s )|v:7;,.

A}

k=1~ y pk

¢) Bién doi thong thap - thong dai (Lowpass to Bandpass Transformation)

Gia st tir bo loc thong thdp tuong tu co ban ban dau ¢é ham truyén dat la 77 (x)
va v4i 1dn sO cil 1a o, ching ta cdn bién doi thanh bd loc (hong dai tuong (r ¢6
ham truyén dat 1a H,(s') v&i (an s8 cit dudi 12 o', va 1dn sO cit trén la o',,,. Ching

ta s& dung phép bién doi tan s sau day:

IZ ’ ’
s acl -0 ac (() 5 l l())

§ =_f(S’) = 0)111‘ , , ,
s (0) ac -0 acl )
Néu bo loc trong tu thong thdp co ban ban dau duge thiét k& theo tan 5O cdt

chuan hod (o, = 1) thi phép bién doi tdn s6 duge thuc hién nhu sau:
2 ’ ’
S0 0

s=H8)= —— — (6.5.1.11)
§ (0) ac2 —0 acl )

vi la ¢t Hs')= H,(s) =) (6.5.1.12)

D6 thi minh hoa phép bi€n doi tin s6 thong thdp - thone dai trong trudng hgp
bo loc 1y twdng duge cho trén hinh 6.5.1.3.

{ [Halw,y)] [H, ()]
7 1
° %c L 0 C_Ua’d wa/cz wc;

IIinh 6.5.1.3.
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Vidu6.5.1.3

Hay bidn d6i bo 1oc twong tu thong thap don gian véi 1an s cat chuan hoa
. - [ . “ =

(o, = 1) ¢6 ham truyén dat // (s) nhu sau:
I (s)=
s+1
thanh bo loc tuong tu thong dai vai tan so céit dudi 12 o', vd tin sO ¢it trén 1
(")'m 2.

Giai
Theo cac biéu thie (6.5.1.11) va (6.5.1.12) ta ¢é:

1
Hy(s') =

.2
AY

T OO e

"] ’ ’
3 (0‘) ac2 T “ acl )

y ((") ac2 O acl )

a2 7 ’ ’ ’ ’
NTE SO =0 ) OO

d) Bi¢n doi thong thap - chin dai (Lowpass to Bandstop Transformation)

Gid st tlr bo loc thong thdp tuong (u co bdn ban dau ¢é ham trayén dat 1a 11 (s)
v@i tdn s6 cit 1a o, ching ta ¢dan bi¢n doi thanh bo loc tuong tu chin dai ¢6 ham
truyén dat 1a /(') v6i 1dn s6 cil dudi 1a o', va 1dn s6 cdl u

'¢n la ©',,.,. Ching ta s¢
dung phép bi¢n doi tin sd sau day:

o SO o= 0 )
\ :4/(»\V ) =0, w2 acl

5 (6.5.1.13)
N4 0)'(”['0)'114‘2

Nc¢u bo loc tuong tu thong thdp co ban ban dau duge thict k& theo tin so cilt

chuin hod (o, = 1) thi phép bi€n do6i 1dn s& s¢ duge thue hién theo bicu thic sau
day:

Lo SO o)
y= /) = = 2 ol (6.5.1.14)
‘\V’ + 0)’(1('1 '0),(/.'2

v ta ¢6:
Hys') = Hy(s) _, (6.5.1.15)

D6 thi minh hoa phép bidn doi (dn so thong thap - chin dai trong trudng hop bo
foe 1y tudng duge cho trén hinh 6.5.1.4.

Vidu6.5.1.4

Hiy bién doi bo loc tuong (v thong thap don gian véi (dn s chudn hod (o, = 1)
¢ ham truyén dat //,(s) nhu sau:
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H,s) =
N+

thanh b 1gc tuong (u chin dai vai tan so ciat dudi 1a o',,, va tin so cil trén 1a

'

0} welds
[Ha )] [Halewup]
4 7 —
0 a)ac CUn 0 )’ CUI 0’
act ac2 a
Hinh 6.5.1.4.
Giai

Theo céic bicu thie (6.5.1.14) va (6.5.1.15) ta ¢6:

]

) ’ ’
\ (0 a2 O el )+

2 ’ ’
ST 0,00

11.(s7)
1

2

ST O 0 )

22 . ’ ’ ’ ’
SOty (0) ac -0 acl ) + 0 acl O ac

6.5.2. BIEN POI TAN $O TRONG MIEN SO

Ciing giong nhu trong mién tuong ty, trong mién sd chdng ta ciing ¢6 (hé¢ thuc
hicn phép bién doi tan s0 dé bién doi bo loc s¢ thong thdp co ban ban dau thanh bo
loc 86 thong thdp, thong cao, thong dai hoidc chin dai. Phép bidn doi dn s& (rong
micn sO la thay (h€ bien z' bdi ham {(z”') va phai déam bdo (inh on dinh cla h¢
thong mai.

Phép bicn doi 10ng qual duge cho bdi cong thie sau day:

K -1 _
Sl fy =t nlz—‘f‘_kl (6.5.2.1)
L=1 - O(,\Z

& day |o;| < | dé dém bao tinh 6n dinh.
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a) Bién doi thong thip - thong thap (Lowpass to Lowpass Transformation)

Gid str chiing ta da thiét k& duge mot bd {oc s6 thong thip co bin ban dau ¢d
ham truyén dat 1a H(z) v6i @n s6 cél la o, bay ¢id ching ta mudn chuyén né thanh
mot bo loc s thong thip khdc vdi tan sd cat la o', va ¢6 ham truyén dat 1a [/(z').
Khi d6 phép bién doi tan s6 duge cho bdi bicu thire sau day:

—1

-~

Sy Lo % (6.5.2.2)

O PR Y
sin| T
[ 2 ) j

o= (6.5.2.3)

(ol Fol
sin 1,
\ 2

T, 1a chu ky lay mau.

3

vhi

N&u tan s6 duge chuan hod bdi tan s6 18y miu F| thi gia.tri clia h¢ s6 o duwoce
tinh nhu sau:

a = : : (6.5.2.4)

va ta co:

1z =z _, ., (6.5.2.5)

DS thi minh hoa phép bién doi 1an so thong thdp - thong thap doi vai bo loc so
Iy tudng duge cho trén hinh 6.5.2°1 ¢ng vdi tan s6 chudn hoa boi tan s6 1dy mau.

JH(e*)] JH (@)
4 %
g %) 1w 0 - P
[

Hinh 6.5.2.1.

12



Vidu6.5.2.1

Cho bo loc s6 thong thdp vdi tan sd cal o, = 0,17 va ham truyén dat //(z) cla
no ¢6 dang sau day:
0,0030012.(1+z7' )" =

H(z) = = -1 P 2
(1-0.8548248.27" ).(1-1,5751076.z7 +0.7"04914.2"7 )

Hay bi¢n doi bo loc s0 nay thanh bd loc s& thong thdp vai tin sd cit o', =-0,37.
Giai

Ap dung biéu thitc (6.5.2.4) dé tinh a trong trudng hgp tian s& chuin hod bdi tin

sd ldy mau £

- 0,1t -03xr
Sin -
~0,30
o= 2 o ZO3O0I7 ) so5730
Oln+03n ~ (,58778523
sin S

Ap dung biéu thifc (6.5.2.2) ta c6:

771 40,5257311
1+0,5257311.27!

zi=fz"") =
Ap dung biéu thitc (6.5.2.5) ta c6:

I_l
152573
(),.0030012(1+ 405257311 )

1+0,52573117 7

1 410.52573 .

|_0854824g 2. t0237311
[+0,525731 17"

Hz') =

|

=1 -1 2
, ),52573 52573
1-1.5751076) 2 PO G g40a914) 2 FOS2ST3T
1+0,52573112 7" ) 1+0,525731 1z

Sau khi tinh todn ta thu duge k&t qua cudi cling sau day:

00514122(1+ 771
1-0,59770887 ' ){1-0,4790477' 7' +0,5013543 2 )

Hiz') = (

H) Bién doi thong thap - thong cao (Lowpass to highpass Transformation)

Giad sir chiing ta da thi¢t k& duge mot b 1loc s3 thong thdp co bin ban dau ¢o
ham truyén dat 12 H(z) v6i tan s8 cit 12 o, bay gidy ching ta c¢in chuyén thanh bo
loe sO thong cao ¢6 ham truyén dat la H(z’) vGj tan s6 cét 1a o'.. Khi d6 phép bién
doi tin so6 s& duge thuc hién bdi biéu thic sau day:
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. 77T -«
Z-l ::‘/(Z"\) = - ———] (6526)
| - az'™
vl
©. -
cos| Do T T,
2 ;
= - ((3527)
.+ 0.
cos| - S
2

7', la chu ky 1dy mau.

N&u tin s6 duge chuan hod bdi tin s6 ldy miu /7, thi gid tri cha h¢ s6 a duge

tinh nhu sau:

©,. — o,
cos :
2
o= - (6.5.2.8)
0.+ o,
cos| - -
[ 2 j
va ta ¢d:
Hz')= Mz) . (6.5.2.9)

o thi minh hoa phép bién doi tdn sG thong thdp - thong cao ddi véi bo loc s6
Iy twdng duge trinh bay trén hinh 6.5.2.2 (ng véi tdn s§ chuan hod bdi tin so ldy

mau.
[H(E)] JH (eI ]
1 At
() c, T w a w) T w’

Hinh 6.5.2.2.

¢) Bién doi thong thap - thong dai (Lowpass to Bandpass Transformation)

Gid st ching ta da thi€t k& duoc mot bo loc s6 thong thdp co ban ban diu ¢o
ham truyén dat la /(z) v4i (dn s6 cit 1a ©,, bay 2id ching ta cdn chuyén thanh bo

Joc 6 thong ddi ¢ ham truyén dat 1a H(z’) vdi tdn sO cdt dudi 1a o', va tdn sd cit
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trén 13 ©',. Khi dé chiing ta s¢ diung phép bién ddi tdn sd duge cho bdi bicu thic

dudi day:

- 2k ., k-1

-2 20K A
k+1 k+1

-1 = {7 7-1 - (5.2]0
27 =f1z") 20k . k-1 -, © :
|- — 72+ 4
k+1 k+1
Vi
J’_
ws[onz . 0 13}
o ’ (6.5.2.11)
) 2 0)([
cos S 2T
(7
b= 1ol Qo1 | corg Lz Oy (6.5.2.12)
o = g ; .CO — J.IL.
2 J ]2

Né&u tan s6 duge chuan hod bdi tan s6 1dy mau F| thi gid tri clia o va &k duge tinh

’ ’
2

’ ’
0., -0,
cos| -2 -l
2

k=1g 2 .cotg @ =0y (6.5.2.14)
2 ‘ 2

nhu sau:

va ta ¢o:

') = 1z)] ~i_,, (6.5.2.15)

)

Phép bién doi tdn s thong thdp - thong dai doi véi bo loc s 1y (rdng duge
minh hoa trén hinh 6.5.2.3 (ng v4i t4n s chudn hod bdi tdn s6 1dy miu /.

[He'#)] JH(ei*)]

/ 4
[e] q)c 'ﬁ_a) I7) 7 , g ’
/4 co,, co/, T w

Hinh 6.5.2.3.
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d) Bi¢n doi thong thap - chdn dai (Lowpass to Bandstop Transformation)
Gia str ching (a di (hidt k€ dugec mot bo loc s6 thong thiap co ban ban diu ¢6
ham truyén dat 1a //(z) v6i tdn sO céat la o, ching ta cdn chuyén thanh bo loc so
chin dai ¢6 ham truyén dat ta //(z’) vGi tan s@ cat dudi 12 o', va (dn s cit trén 1
®' .. Khi d6 ching ta s& dung phép bién ddi tan so duge cho bdi bicu thic dudi day:
- 200, 1=k
Z,z_/” Z'l+l"
. o C+ +k
=iz = - el K (6.5.2.16)
2a =1 -k
[
k+1 1+4

o, +0
cos[ 2 5 ‘1[\_)

val o= - - (6.5.2.17)
o, =0
cos : =T
5 :
o, . (U)'pz -0y .,
k=tp| =7, [ag) 22—y (6.5.2.18)
L2 \ 2 i

N¢u tin 8¢ duge chuan hod bdi tan sa ldy mau /-, thi gid tri cua o va & duge tinh
nhu sau:
. ,
o, + 0
cos[ Ser T )

2
(6.5.2.19)

a = ’ ’
o, -0,
cos( 2 ‘lj
\
o o, — 0.
k=1g| == |.tp| —2—L (6.5.2.20)
2 2

va ta ¢co:

,_ (6.5.2.21)

Hz')= H(z)|. Lo

Phép bicn doi tin s thong thip - chian dai v6i bo loe s3 1y tudng duge minh hoa
trén hinh 6.5.2.4 Gng v&i tin s6 chudn hod bdi 1an s 1Ay miu /.

[Hcee’/ [H(eI)]

7 —————

7 w T W 0 wc’f wc’ ) T co’

Hinh 6.5.2.4.

116



6.5.3. KET LUAN

Qua cdc phép bién doi (dn sd trong micn tuong (v vi mién so. ching ta thiy
rang ¢ hai phuong phap thi¢t k¢ bo loc s cie loai, Xudt phdt (i vice thict K¢ ho loc

frong ty thong thap. Hai phuong phéap nay duge minh hoa tren hinh 6.5.3.1 a va b,

Thi¢t k& bo loc Bo loc R .
co C o Bo loc so
wrang tu (rong (r . .
- : DN cie low
thong thap cde loal

Bidn doi tin so R
Chuy¢n doi

(rong mién
., (8) > Hiz)

fuong

(a)

Thict k& bo foc . - ) .
! co BO loc so BO loce so
wrang . . . .

s thong thip cac low
thong thip
e Bi¢n doi tan s&
Chuycn doi -
trong micn
H(5)—> 1z) N
Lan soO
(b)

11inh 6.5.3.1.

BAI TAP CHUONG 6
Bai tap 6.1

Hiy tinh todn thai gian truyen nhom cta mot bd loe sd R ¢ ham truyen dat

nhu sau:

1

-1 -2
4wz +uyz

1(z)=

17



Bai tap 6.2
Hay tinh todn bi¢n a9 'H(e-"" )» va pha @(o) cta bd loc s& HR duge cho badi
phuong trinh sai phan sau day:
n)=xm)+bx(n-V)-avn-1)
Bai tap 6.3
Cho ham truyén dat /,(s) ciia mot bo loc twong tu nhu sau:

|

H(s)= ———
(s+2)(s+3)

Hay tim ham truyén dat //(z) clia bo 1oc s IR tvong (ng bing phuong phdp bat
bi¢n xung. Sau dé vE s dd bo loc sa.
Bai tap 6.4

Cho ham truyén dat /1 () ciia mot bo loe twong (u nhu sau:

H(s)= ——
(s+1)(s+3)

Hiy tim ham truyén dat H(z) cta bd loc s8 IIR tuong ng bing phuong phap bal
bi¢n xung. Sau d6 vE so do bo loe s0.

Bai tap 6.5

Cho ham truyén dat / (s) cia mot bo loe tuong tr nhu sau:

s+2

His)= ——F—
(A,\‘+2)2 +9

Hay tim ham truyén dat F(z) cta b loc s& HR wrong ng bing phuong phap bl
bi¢n xung. Sau d6 v& so do bo loc s0.
Bai tap 6.6
Cho mach loc thong thdp tuong ty sau day:
R

O~ —_d
U | L

vdo TC Ul’ﬂ (/102 mach)

Hinh BT 6.6.

Hiy chuyén mach di¢n ndy thanh mach sd bing phuong phédp bit bi¢n xung.
Bai tap 6.7

Cho ham truyén dat //,(s) cia mot bo loc twgng Ly nhur sau:
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N+ 2

(s)=
(s+2)°+9

Hay tim ham truyén dat //¢z) cta bd loc s0 1IR (wong Gng bing phuong phip
bi¢n doi song (uyén. Sau d6 vE so do bo loc sa.

Bai tap 6.8
Cho mach dién (rong (v sau day:

1
o —

—
Uyio ¢ R Uy, ( ho chh)

ITinh BT 6.8.

Hdy chuycn mach di¢n nay thanh mach s& bing phuong phdp bi¢n doi song
tuyén.
+ Bai tap 6.9
Cho mach dién (wong (u sau day:
Ry

p—— R
| SSSE.

‘ L
Uyao

C R 7 (hé’ mdch}

Hinh BT 6.9.

Hay chuyén mach di¢n nay thanh mach s bing phuong phdp tuong duong vi
phin.
Bai tap 6.10

Cho cdc mach di¢n wwong (i sau day:

ara(hgm?"h) Yyio L ; Urg (hd

.____”____.

a) b)
Hinh BT 6.10.

Hiy chuyén cdc mach nady thanh mach s& bang phuong phap:
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- Phuong phdp bicn doi song tuyén;
- Phuong phéap twrong duong vi phan.
Bai tip 6.11

Cho cic mach dién trong tr sau day:

R
R ——t
Y .
y I ™
L u - LN N
; ,  Lvao c w. (he
Uyso U,.’ (ho % L ra chh)
T chh) ‘
a) b)

Ilinh BT o.11.
Hiy chuyén cde mach niy thanh mach s6 bing phuong phadp:
‘- Phuong phap bién doi song (uy¢n;
- Phuong phap tuong duong vi phan.
Bai tap 6.12
Cho ham truyén dat cta h¢ thong teong ty nhu sau:

WP ET7e+ 10
(.\',+ ; j (\'2 +45+ 3)

- Hday tim ham truyén dat /(z) cia hé thong sO tuong ¢mg bang phuong phip

I (5)=

bicn doi z thich dng.
- Hay v¢& so do thyce hién hé thong so.
Bai tap 6.13

Hiy ching minh ring trong bicu thiic (6.4.2.7) ddi vdi ¢i n chdn va o I 1hi cic

di¢m cue cha bo loc trong W Butierworth duge tinh bing cong thic sau day:

(1 2h=~1)
I + J
Ph =7c - 21 s /\: l"‘)

Bai tap 6.14
Tir bicu thite (6.4.2.9) va (6.4.2.10) sau day:

|
lg , T |
(1-5,) AT
"n= o dai thong
2le Oav
lo

[
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1
o 1%
ng((’l_@i ]
O 4

Hay chitng minh cong thic tinh bac clia bd loc n trong biéu thic (6.4.2.11) sau

n & dai chin

day: '
1
lg — ==
0,428,
nz
lg(l) as lg(,l) ap

Bai tap 6.15

Hay chtng minh cdc cong thitc tim H,(s) d6i v6i bd loc tuong tu Butterworth
trong trudhg hop bac cua bo loc 1 1a.sd chdn va n 1a s6 1é nhu sau: 4

V&i i la s6 chin:
- & tan s6 chuin hoa:

H(s)= — l ’ (6.4.2.16)

2 ke —
H [sz + 2sin(/2—2--l njs + l}
— H

k

—

- & tan s6 khong chudn hoa:

(D"

Hy(s)= = —— (6.4.2.17)

[sz + Zm‘,L‘sin(zk;‘l n}s + cof,c]
| 2n ﬁ .

jw;:

k

V& nla so 1é:

- & tan sS chuin ho4:

H,(s)= 1 ! (6.4.2.18)
s+1
2[5 o (2k-1 ,
[11s° +2sin] “——n |s+ a5
k=1 2n .
- & tan s6 khong chudn ho4:
\ 1 o5 ' , S
Hf) = ——— : (6.4.2.19)
s ac i '
2 -
s {.\*2+2c)m,sinE2Lﬁl»n)s+mfu.}
k=1 L 2n
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Bai tap 6.16
Cho cdc chi ticu ky thuat ctia bo loc s6 thong thidp nhu sau:
§,=6,=0,1; o,=0,in; 0,=0.2=x

Hay (0ng hgp bo loc s0 thong thap trén 1 bo loc tuvong (e thong thap Butter-
worth bang cdc phuong phap:

+ phuong phép tuong duong vi phan;

+ phuong phédp bat bién xung.

Bai tap 6.17

Cho cdc chi tiéu ky thuat cua bo loc s thong thap nhu sau:
’ 6,=6,=005 0,=0.2r1 o, =038

Hay tong hop bo loc s6 thong thap (rén tir bd loc tuwong tu thong thip Butler-
worth bing phuong phap bién doi song tuyén. ’

Bai tap 6.18
Cho cdc chi tieu ky thuat cua bd loc s0 thong thap nhu sau:
8,=6,=0,1; 0,=0,In; o, =0.2n

Hiy 1ong hop bo loc s thong thdp trén (r bo loc twong tr thong thap Cheby-
shev loai 1 bang cdce phuong phap:

+ phuong phiép tvong duong vi phan;

+ phuong phép bdt bién xung.

Bai tap 6.19 '

Cho céc chi tieu ky thuat ctia bo 1g¢ s thong thdp nhu sau:
8, =0,05:6,=0,08; 0,=0371; o, = 0,4n

Hiy tong hgp bo loc sa thong thip trén tr bd lge tuong tir Chebyshev loai |
bang phuong phédp bién do6i song tuy¢n.

Bai tap 6.20
Cho céc chi tiéu ky thuat cta bd 1oc sd thong thiip nhu sau:
8, =0,03;6,=0,09; 0, =0,4%; 0, = 0,6m

Hay idng hop bo 1oc sd thong thap trén (I b loc tuong tu Chebyshev loai |
bing phuong phdp bién doi song tuyén.
Bai tap 6.21
"Cho cdc chi tiéu k¥ thuat cua b 1oc sd thong thidp nhu sau:
1

LO,=20lg ——— = 0,1 dB
kll(("/m” ).
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LO, = 2()Ig—l_— =50 dB
}H((”’m" )\
0, = 0,2n; o, =0,3x%

Hay tong hgp bd loc sd thong thdp nay (r bo loc twong tu Caucr biang cdc
phuang phép:

+ phuong phédp bt bién xung;

+ phuong phéap bién doi song tuyén;

+ phuong phap tuong duong vi phan.

Bai tap 6.22

Cho cac chi tieu ky thuat cua bd loc s6 thong thdp nhu sau:
LO,=10dB; 1LO,=30dB; o,=0,3n; o,=0,5%

Hay tong hgp bo loc s6 thong thdp nay tr bo loc twong (v Cauer bing cdc
phuong phép:

+ phuong phép bat bién xung;

+ phuong phap bién doi song tuyén;

+ phuong phap tuong duong vi phan.

Bai tap 6.23

Cho %dc chi tiéu ky lhual'ci;‘:i b loc s6 thong thap nhu sau:

8,=68,=0,1;0,=0,4%; o, =0,6n

Hay tong hop bo loc s6 thong thdp nay (r bo loc tuong (v Cauer bang céc
phuong phép:

+ phuong phap bat bién xung;

+ phuong phdp bién doi song tuyén;

+ phuong phép tuong duong vi phan.

Bai tap 6.24

Cho céc chi tiéu k¥ thuat cia bd loc s thong thap nhu sau:

8, =0,07;8,=0,09; 0,=0,57; 0, = 0,6

Hay 16ng hop bo loc sd thong thdp nay tir bd loc twong tu Cauer bang céc
phuong phap:

+ phuong phdp bdt bién xung;
+ phuong phép bién doi song tuyén;

+ phuong phap tuong duong vi phan.



Bai tap 6.25
Gia sir ching ta ¢6 bo loc twong tu thong thdp co ban ban dau (dang cia bo loc

tuong tu Butterworth) vdi ham truyén dat nhu sau:

O,
H(s)= ——
S+0,.

1
Hiy bién d6i bo loc twong ty thong thdp véi tin s& cit 1a @,, nay thanh:

a) Bo loc tuong tu thong thdp khéc vdi tan s6 cit o', = 1,50,,.

b) BO loc tuong tu thong cao v4i tan s6 cit o', = 2a,,.

¢) Bo loc tuong tu thong dai véi tdn s6 cit dudi 1a o', va (dn sO cat lr‘(:n la
®' ‘

d) B9 loc turong tu chdn dai vdi tdn so cét dudi 12 o', va tdn so cit trén 12 o',

Bai tap 6.26

Cho bd loc s6 thong thdp Butterworth ¢6 ham truyén dat H(z) du()c:‘cho bdi bidu
thite sau day: :

Hay bién ddi bo loc s nay thanh:

a) BO loc so thong thap khac voi (AN s6 cat o'.=0,Inr.

b) Bo loc s thong cao vdi tan s6 cit o', = 0,3x.

¢) BO loc so thong dai vdi tdn 6 cit dudi 1a o', = ©/3 va (dn sO cil (ren 14
o' =1/2.

d) Bo loc s6 chén dai voi tdn s3 cat dudi 1a o', = /4 va (dn sO cil trén 1
o', =n/3.

Bai tap 6.27

Cho bo loc sO thong thap c¢é ham trﬁyén dat H(z) dugc cho bdi bidu thic sau
day:
00031 +271)°
(1-0,8557" )(1-0,575z7" + 0,740z

H(z)=

Bo loc s8 nay ¢6 tan so cat o, = 0,1x.
Hay bién déi bo loe s6 ndy thanh:

a) Bo loc s6 thong thdp khéc vdi tdn s cit o', = 0,27.
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b) B0 loc s6 thong cao vdi tdn s cit o', = /4.

¢) BO loc sa thong dai vai 1an sd ¢t dudi 1a o', = ©/4 va tan sO cit trén 1
o' .~=mn/2.

d) Bo locso chan dai v@i 1an so cat dudi 1a o', = m/5 vd 1an so cal (rén 1a
o', =x/3.

Bai tap 6.28
Hay thidt k& bd loc s6 thong cao Butterworth vai cédce chi tiéu ky thuat sau day:
6, =6,=0,08; 0, =n/3; 0, =7/2

Ding hat phuong phap di tir bo loc thong thap tuong (v duge minh hoa trén hinh
6.53. 1avab.

Bai tap 6.29

Hiy thic¢t k& bo loc s6 thong dai Butterworth vai cdce chi tiéu ky thuat sau day:
5, =0,07;6,=0,1; |
o, =021 0, =03
0),,3. =0,571; ©,, = 0,6n

Duing hai phuong phap di tir bo 1oc thong thdp teong tr duge minh hoa trén hinh
6.5.3.1 avab.

Bai tap 6.30

Hay thict k& bd 1oc 6 thong cao Chebyshev loai 1 véi cédc chi tiéu ky thuat sau

day:
8, =0,058,=0,1; o, =n/4; 0, =n/3.



Chuong 7

A”

CAU TRUC VA PO NHAY CUA CAC BO LOC SO

2 =
7.1. MO DAU -
Ching ta da nghién cttu cac loai by loc s6 tuyén tinh bat bién khdc nhau ciing
nhu viéc tinh todn bac cua bd loc s6 sao cho phai ton trong cdc chi ticu ky thuat da
cho 1a 8, 9., 0, O,

n=/38,0, 0, 0) (7.1.1.1)

Tur vice tinh todn bac cua b loc ching ta da tinh duge gid tri cdc h¢ so cua bo
loc (nhu 14 hé¢ s6 ¢, va b)) nhung céc he s8 nay 1a cac he s6 chinh xdc d¢ co duoc bo
loc theo ding yéu cdu (ta cOn néi rang cac he s8 nay ¢6 21 tri lien tue). Nhung d¢
thue hién vat 1y mot bo loc s thi cde gid tri cha hé s6 bo loc phai duoe bidu dién ¢
dang ma nhi phan, dié¢u ndy dan dén sai s so v3i gia tri chinh xdc cia bd Joe bai vi
rang s& bit ma ching ta ma hod 1 hitu han. Sai s lugng (o hod ¢ hai kicu: cit bo
hoac lam tron.

Céc sai s nay ¢6 thé duge giam di nhg mot & ticu chuan ma hod nao do va cic
sai sO nay ciing ¢6 thé duge giam di n€u ching ta chon duge cdu trac thich hgp clia
b6 1o¢, nhur 1a nhd cach chon mot cdu tric dic bi¢t ¢6 thé gidm do nhay clia dip tng
tan 0 (hodc ham truyén dat) dSi vai sai sO lugng tir hod cac hé s6 cia bo loc.

Trong chuong | va chuong 2 ching ta dd nghién cttu mot sO cdu (ric cta cdc he
thong FIR va 1R vdi céac phén tu thue hi¢n 1a tré, cong va nhan.

Nhung dé ¢6 thé biéu dién d¢ dang hon trén man hinh clia may tinh ngudi ta ¢6
th¢ sur dung graphe tin hiéu ¢6 hudng nhu cho (rén hinh 7.1.1.1.

_ phan 1i ir€

-1

O Z

Hinh 7.1.1.1.
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— phén 1d céng

— ph&h 14 nhén

— —_— —_—

e <
Hinh 7.1.1.1 (tiép theo).

Vidu7.1.1.1

Hay bicu dién bo 19c sd bac 1 cho trén hinh 7.1.1.2 duéi dang graphe ¢6 hudng.

a b

Hinh 7.1.1.2.

Giai

K&t qud cho trén hinh 7.1.1.3.

O o

Hinh 7.1.1.3.

7.2. CAU TRUC cUA BO LOC SO cO PAP UNG XUNG CHIEU DAI HUU HAN

Trong chuong 5 ching ta da nghi¢n ctu kha chi tiét cac phuong phdp tong hop
bo loc 0 ¢6 ddp Gng xung chiu dai hitu han va da dua ra mot loai cdu tric trye Uicp
cua bo loc.

Sau day chiing ta s& nghié¢n ctu mot s6 loai cdu trdc tiéu bicu nita, m&i mot loai
s& ¢6 mol sO uu nhuge diém ricng clia no.
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7.2.1. CAU TRUC TRUC TIEP CHUAN TAC

Loai cdu tric nay ching ta da nghién cttu & chuong 1 va chuong 5, tic la suy
trye tiép tr phuong trinh sai phan biéu dién quan h¢ vao ra ctia bo loc. Quan he vio
ra cua bo loc FIR, nhu ta di bict, duye cho truce tiép theo quan hé (7.2.1.1) sau day:

=
y(n)= Z/I(/\’).\'(II - k)
k=0
= 11(0).\'(11) + h(lix(n-1)+ ...+ (N - 1)x[n - (’N - 1)/ (7.2.1.1)

Quan hé (7.2.1.1) & trén dan d&n so d6 thuc hién cho trén hinh 7.2.1.1, cdu tric

nay duge goi 1a cdu tric trye tiép chudn tac.

h(a)

x()

h(N-1)

B N
V7

Ihinh 7.2.1.1.

Chay
Mach di¢n phai ¢dam bao su van hanh cua bo loc s6 FIR loai nay phat thue hién
ba thao tdc co ban sau day:

- nap vao bd nhdg;
- phép nhan;
- phép cOng.

Viy d¢ thue hién so d6 da cho c¢dn phai ¢6 N bo nhd s6 1i¢u va doi vai mdi mot

$0 (0 ddu ra ¢in phai thue hién N phép nhan va N - 1 phép cong.
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7.2.2. CAU TRUC TRUC TIEP CHUYEN VI

Viéc chuyén vi graphe cho ta mot cdu trdc mdi, goi 14 cdu tric chuyén vi, cau
triic nay duge biéu dién trén hinh 7.2.2.1, day 1a c4u tric chuyén vi caa cdu trdc cho
trén hinh 7.2.1.1. ‘

1),
yn) % } . x(n)
Z-1
hy
+ <}
Z-ﬂ
h(z)
H——
: |
i |
; h(N-2)
-1
£ hi(N-1)
] A
T~

Hinh 7.2.2.1

Chi y

Nhin vao cau tric loai nay ta thdy rang né dan dén viée thuc hi¢n phép nhan
moi moOt sS lidu vao x(n) vEi tdt ca cde he s6 cua bo 1oc, mat khac cac bo nhd s¢ lhuu
trit cdc 10ng riéng, bdi vi & thdi diém # b nhé ddu tién s& huu it s6 (N - 1)x(n) va
tep theo la: AN - D)x(n - 1) + (N - 2)x(n), 16 dén: I(N - L)x(n - 2) + (N - 2).
X(no- 1)+ N - 3)x(n), ... va cudi cang 1a v(n).

Nhu vay su khdc nhau gitra hai cau tric trén 1a vi tri ctia cdc bd nhd.

7.2.3. CAU TRUC CHUAN TAC DANG TANG

Ching ta déu biél rang chiing ta ¢é thé thuc hién phan hoach ham //(z) thanh
tich cac ham co s& bac mot hoac bac hai.

Viée phan hoach nay tuong Gng véi cdu trde dang tang, (et bo loc s¢ duge
thue hién béi mot day cde (¢ bao bac mot, bac hai, ... ghép no. ticp var nhau.

Gi4 str chiing ta c6 thé phan H(z) thanh cdc hé bac hai nhu sau:

N-] Q
Hz)= Y h(njz™" = l—[(B()k+B1AZ_I+B2AZ-2)
1=0 k=1
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Tir day ta thu dugce cdu tric dang tdng trén hinh 7.2.3.1 dudi day:

- I - -+ H—--— +
2-1 z—" Z_(
+ + +
z! lz! z-!
Hy(z) i
H,(z) 2 H
! Ilinh 7.2.3.1 o Q‘z)

7.2.4. CAU TRUC CHUAN TAC TRUC TIEP CUA BO LOC SO FIR
PHA TUYEN TiNH
a) Truong hop N chan
Chung ta biét rang néu /i(n) la doi xdng thi ching ta ¢6 thé viét:
‘ h(n)=I(N-1-n) (7.2.4.1)
¢O nghra la: -
hO0) =N -1); (1) = h(N -2), ...

Vay néu N chin thi ta ed:

N-1 {¥_ 1‘
H(z)= Y h(nk™ =h(0)+h(1)z"+...+h(g'1)z(2 )+ ’{%{)z 2,

n=0

N N
—_— -t
+ h(!_:—)z 2 4 ;{%1'1)2'(2' ] + o h(N - 1)z VY

Ap dung quan he (7.2.4.1) ta cé:
N

Hio= Y h(n)[z"' +z'(”"""] (7.2.4.2)

o
Tir quan hé (7.2.4.2) ta thu dugc ciu tric cho trén hinh 7.2.4.1.
Néu A(n) 1a phan d6i xiing thi ching ta <6 thé viét:
h(n)=-hN-1-n) (7.243%)
bang cdch tuong tu ching ta tha dugc:

N-1 2 4
H(z)= Y W™ = Zmu{z“-z'f”""’] ' (7.2.4.4)
2=0

n=0



Tir (7.2.4.4) ching ta thu duge so d6 cho trén hinh 7.2.4.2.
h(0)

o v\—é’——-—l ¥
x(n)

h(1)

“xn)

1-1

Hinh 7.2.4.2.
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b) Trudong hop N 1é

Néu (nj la doi xang, tae 1a ta ¢d quan hé (7.2.4.1) vi vay ta cé thé vict:

; Nl
N-I o A N =1 ~[ , ~l)
H(z)= Y In)z™ =hO)+ h(l)z"'+ ...+ h ~—2—-l 7 +

n=0

LRI RS R LE

2

u.)z-(”; S

o+ N - 1)z

N=Ly N-]
: A
= Y /1(11)[2_" +z‘(N“"”] + /I(N ljz : ) (7.2.4.4)
n=0 2
Va tir quan hé (7.2.4.4) & trén chiing ta thu duge ¢du tric cho trén hinh 7.2.4.3.
h(o) :
x(n)
- -1
2! 1 h(1)
e
i-1 Z“ !
i 1
] [
|
I
1
1 |
! |
4 ]

z-1 z

(5

i
%

S
SUBREIFEE S A

Hinh 7.2.4.3.

Né&u /itn) la phan doi )Zl'rng, tire la ta ¢o quan h¢ (7.2.4.3). Vay ta ¢o quan he
dudt day:

N-1
Nl - N

H(z) = Z/I(II)Z_" = Z /1(11,)[2—”—2—( - ")] (7.2.4.6)
n=0 n=0
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Tir quan h¢ (7.2.4.5) ching ta thu duge cdu tric cho trén hinh (7.2.4.4).

R R

x(n) \ -f
2" Z7
Ot
z-‘l —1 Z—f
|
|
| | ]
l | 1
| I I~~_
1o
+ N-1
1 —1 h(TJ)
4 z1

Hinh 7.2.4.4.

7.2.5. CAU TRUC CUA BO LOC SO FIR VOI LAY MAU TAN SO
Trong chuong 5 chdng ta da nghién citu phuong phdp ldy mau tin sd d¢ 10ng
hop cédc bo loc so FIR pha tuyén tinh.

Do dap Gng xung A(n) clia bd loc s& FIR ¢6 chitu dai hiru han 12 N, vay no
dugce ddnh gid bdi bicn d6i Fourier roi rac (DFT) N di¢m nhu sau:

N-]

S W 0<k<N-I
H(k) =3 n=0 . (72.5])
0 k con lai
va:
| N-—] ‘
— D H(WS™"  0<n<N-1_
/l(”) =N n=0
1() n con lai
G day:
kn =i = kn 3 —kn J 2 n ke : 5 &
W' =e N va W' =e N (7.2.5.2)
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Ching ta da danh gia ham truyén dat ciia bo 1o¢ s FIR //(z) theo ham cua //(k)

nhu sau:
1-z7N N
H(z) = le(k) I (7.2.5.3)
-k -1
k=0 ]—WN 4
2x
- 1=k
G day: Wk =N

Chung ta ¢6 thé bicu dién hé thong ¢6 H(z) cho bdi quan .1¢ (7.2.5.3) nhu ta noi
1i¢p cua hat hé thong H (z) va H,(z) nhu sau:

|
1(z) = ~ @) 1hz) (7.2.5.4)
5 day:
Hy(z)=1-2" (7.2.5.5)
b ‘
lfz) = Y Hk)——f— (7.2.5.6)
=0 l—W;kz"

Tir day ta lai thay rang hé thong H,(z) dugce hinh thanh bdi N h¢ thong bac nhal

ghép song song vdi nhau, va ta ¢6 thé viét:

N-1
Iyfz) = Y Hyy(2) (7.2.5.7)
R=0) .
G day:
I(k
Ha(z) = —f-% (7.2.5.8)
I -Wyt2

He thong H(z) nay duge biéu dién trén Hinh 7.2.5.1.
Chu y
Nhin vao hinh 7.2.5.1 ta thdy rang He(z) la h¢ thong khong d¢ quy con /7,(z) la

cdc he thong dé quy, nhu vay trong truong hgp nay ching ta da dung cdu tric d¢
quy dé thuc hién hé thong FIR.

Bay gid chiing ta ti¢n hianh phan tich sdu hon nita y nghia cda cdu trie ldy mau
tin s0 . Cu thé ching ta s& 1i€n hanh phan tich hai h¢ théng F (7)) va Ho(7) trong
bi¢u thiac (7.2.5.4) va hinh 7.2.5.1.

- Phan tich hé thong H,(z)
Hiz)=1-2"
H¢ thdng Hg(z) nay ¢6 1én a bo oe s rang luong (Comb filter).

Gia su h¢ thong 114(2) ¢6 so d6 khoi cho trén hinh 7.2.5.2.
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X 9 1(2) 2% T ym
N a)
(+
4 .
X .
V] ¥ Yy
~f ! |
. z‘N
(.
+
Hy(z) T‘)
71
+
b) W;[{N-f)
z1}
}
Hy(z)

Hinh 7.2.5.1.

_‘*‘ﬁ H,,(Z) —-—-—

X,{z) X,(:L)

Hinh 7.2.5.2.

Tir hinh 7.2.5.2 1a thdy ring:

hee) _
Xy (z)

Hy(z) = o2V 2 Ye(z) = X(z)1 -27°)

= Yi(z) = X(z) - X(zi2¥

Ly bicn d0i Z nguge (17T) hai vé cha phuong trinh trén ta 6
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IZT(Y (2)) = 1ZT[X\(7)] - 1ZT[X\(z)z""]
Vay ta thu duge phuong trinh sau:
) =x(n)-x(n-N) (7.2.5.9)

Tu phuong trinh (7.2.5.9) d trén 1a ¢4 thé noi ring tin hi¢u ra cta he thong nay

chinh fa su khac nhau cta hai mau tin hicu vao cach nhau N mau.

ma:

Didp tng 1an soO cia hé thong nay duge tinh nhur sau:
Hye")= H(z)__ o =1-e""
Hye")=1-(cosoN - jsinoN)

Viay:

Refll (7)) =1 - cosoN
Im[/,(¢'")] = sinoN

I

il

= |/’Il(<’*/m)

[(l—coscoN)2 +sinzc)N]; ,

1

[2(1 —Cos (')N)]5

il

TN
[ - cosv = 2$m“5 , vay:

!

-

. oy N .
‘/h(("lm) = {2.25in2 (—)2—} =2

sin — (7.2.5.10)

Pap tng bien do 111, (¢’ ) duge bidu didn trén hinh 7.2.5.3 tng v&i N = 4.
I 2 S | 2

| H, (ejw)

Hinh 7.2.5.3.

Nhin vao hinh 7.2.5.3 (a thay rang dang cla )Ill(c{"" )\ 2iéng maol cdi luge, vi

vay he théng nay duge goi 1a b loc hinh rang luge.
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Bay gity chiing ta x&t cde diém khong cua /H (z).
Ching ta vi€l /{,(z) dudi dang phan thic hitu ty.

oV -
iz)=1-z"=

ZN

Cho (i s6 ctia H,(z) (riét tiéu ching ta s¢ im duge cdc diém khong cla H (2 ):
V-1=0 = V=1

Vay /1,(z) ¢c6 N diém khong phan b6 déu (rén vong (ron don vi (ai cdc diém:

7, = N i=0+N-1 (7.2.5.11)

Vi tri cac diém khong ndy duge minh hoa (rén hinh 7.2.5.4 v6i N =7 va N = 8.

| Im (2] jImlz]

\ Re[z] : Rel1]
N . \

=7

Hinh 7.2.5.4. ,
i
Bay gid chiing ta xét cdc diém cuc cua /1,(z):

N _l

Hiz)= 1%

N
Z

Vay /1,(z) ¢6 mot diém cuc boi bac N & gdc toa do, nhu vay bo loc nay [a on
dinh.

N&u xét trong mién n, ching ta ¢ ddp dng xung /r,(n) nhu sau: .
() =12T{H (z)] = 1ZT[I - 2]
=08(n)-8n-N) (7.2.5.12)
Do thi cua /(i) duge cho trén hinh 7.2.5.5.

T hinh 7.2.5.5 ta thdy rang /() Ya phan d6i xdng va chicu dai caa fr(n) la
N+ 1.
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h(n)
19
O £ O N O—
0 ! 2 - - - - - N-1 l N#1 n
?

Hinh 7.2.5.5.

Ching ta ti€p tuc xét cde he thong d¢ quy bac nhdt /7,,(z). Ching ta bict ring
cic he thong 1,(v) nay duge ghép song song v&i nhau tao ra hé thong /.(z), 1.,(2)
¢6 dang sau day:

Hik)

[‘[H(Z) = “—jj
1-W,"z

Trong chueng 2 chiing ta dd ¢6 cong thdc 16ng quat cia ham truyén dat cla he
thong d¢ quy nhu sau:

M ,
> bz
H(z)= =5 —,
1+ az7!
=1

ay, =1

va phuong trinh sai phan tuong ng:

N N
v(n) = Z/),,.\‘(/zw/') - Zul.\‘(/l—r)
r=0 =0
1

So d6 khoi cua he thong I1,,(z) duge bicu dién trén hinh 7.2.5.6 sau day:

—_— H.(z) >
Nop(11) Vau(11)

Hinh 7.2.5.6.

Tu hinh 7.2.5.6 ta ¢6 dau ra v,(n) nhu sau:

Vo) = k) xo(n) + WF v (n - 1) (7.2.5.13)
Bay gid hiy xét cdc diém cuc cla Hy(z).
Bicu dién /1,,(z) dudi dang phan thic hitu ty sau day:

2H(k)

H.(z)= "
ZﬁH/.\'
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Tir day ta thiy rang mdi //,(z) $¢ ¢6 mot diem cye don 1a z,, ¢6 dang sau:
2
iy 4 Trt/‘
Zu= Wk = (7.2.5.14)

Nhu vay /.(z) s¢ ¢6 N diém cuc don.

Nhdn xét vé cdc diém cie z,,:

- Céc dicm cue z,, ndm chinh xdc (rén vong tron don vi clia mat phang z.

- Céac diém cuc cua [1(z) nay tring mot cach chinh xdc vai cdc diém khong clia
I1,(z), nhu thé trong 6 hgp H(z). H(z) thi cdac diém cuc clia [/,(z) s& bi trict ticu
bdi cac diém khong cla H (z).

Clui X trong thire 16

- V& mit 1y thuy@t, cde dicm cyue cta [/y(z) triing holn toan véi cae dicm khong
ctia /1,(z) trén vong tron don vi ctia madt phang z, vi thé he thdng (ong quat //(z) la
on dinh.

- Nhung trong thuc (&, h¢ thong (16ng quat //(z) vin ¢6 the mil on dinh do hicu
tng lugng 1 hod cdc h¢ sO cua bo loc ddn dén su khac nhau chdt it gitta cdc diém
cuc ctia H(z) va cdc diém khong cta I1,(z).

- Ching ta ¢6 thé trdanh duge sy mat 6n dinh nay néu chdng ta roi vi (i cdc
di¢m cuc va cdc diém khong mot chit vé phia trong vong tron don vi t(rén dudng

ban kinh hudng vao goc toa do nhu trén hinh 7.2.5.7 sau day:

Im [Z]

s
Vitrica

Vi tri mdi

Re[l—]

Hinh 7.2.5.7

- B¢ lam duge diéu di noi & trén ta chi viée nhan cac diém cue va cac diem

khong voi mot so thue duong r, gid tri cla r < | nhung r =~ 1, tde la cde dicm cye z,,

<

vit cde diém khong z,; duge thay thE boi cde diém cue rz,, va cdc diém khong iz,

Nhu thé ham truyén dat //(z) & biéu thac (7.2.5.3) dugce thay thé boi ham truyén dat
¢6 bién z dugce thay thé bang bién rz ¢6 dang sau day:
p—pV NN k)

AN
1(z)= > (7.2.5.15)
N S-wdt e
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Dé tim Hk) tir H(z) ta s& thay z = ¢/ | 1ie 1a:

N-t

l{(Z)‘ _=”_/'rv_\/\ = Z /I(/l)(’_jm/"”
i n=0
i 2n .
3 /'\ZI/I( - N kn B N-] e
= e = > W)Wy
=0 n=0 ,

N-]
1(k) = Z/’(”)Wé” = //(Wj\/;”)

n=0
Do z duge thay bang 7z nén H¢k) duge tinh lai nhu sau:
H(z) —> H(rz)

2
] —n/\n

Nl -
”(’.Z)I,«;:,-p!"-'»‘k = > hn)re s

n=0

N ,
= S ) rwy
n=0
Vay:
1H(k) = H(AWE)
Cudi cling ta ¢6 ham truyén dat //(z) nhu sau:

[N 27N N2l gy e
Hiz)= —L % (rWy') ) (7.2.5.16)

N [ Si=mwht ,

17

B ’ ya .« . v B3 ' N S AT .

Gold va Rader da sir dung cdc gid tri cliia r trong khoang (r 1 - 2" dén [ - 27
nhu vay vin dam bdo h¢ thong 6n dinh ma khong anh hudng dén ddp Gng tin s cla
h¢ thong sau khi lugng 1o hod cdc he s0 cua hé théng.

Vi hé 83 WE\TA [a s0 phic nén ching ta phai thye hién cdc phép tinh phie. DE
tranh cdc phép tinh phic nay ching ta phdi bicn doi cdu tric cua I1.,(z) theo cic
trudmg hop cu thé cla hi(n).

Trong chuong 5, sau khi thic¢t k¢ cdc bo loc FIR phai thuc hién duge vé vau ly.
Nhu vay /y(n) phéi la thue, dan d¢n H(k) ¢6 tinh chat d6i xtng Hermitt (chuong 4)
tie la:

Hik)y = H¥(- k)y
= Hik)y| = [1(=k)y]

arg [H(/\')N] = -arg [/'/(;/\')N]
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Vay: |H(k)y| 1a d6i xting .
arg [H(k)y ] 1a phan d6i xtng.

Hinh 7.2.5.8 s¢& cho mot vi du minh hoa véi N = 8.

| [H(k)] | |
BN ! P
B | A
b ~ o l ,”T/ I
o ! T\ ?\‘17'_/? | o
| | |
| arg[Hk)] : :
l S AN
| 7 h
I T |
// \
| L B o
A\ L‘ Pad O
: \ l////l : N k
\ [
\ / |
| \ e |
|| | |

Hinh 7.2.5.8%.

Trong trudng hgp N chin nhin vao hinh 7.2.5.8 ching ta rat ra duge k&t luan
sau:

Trong khodng tr O dén N - 1 thi: i

'H(O)’ dirng mot minh

(3

|H(k)| = [H(N —k) v6i n# 0 van= %

ditng m{t minh

Bay gi0 chiing ta xét xem cac H(k) la thuc hay phuc:

N-1 N-]
HO)= Y mW" = Y hin) = [(0) 1a thue
n=0 . n=0
N N-1 [X” N-I N
II(—Q—j = > hnW¢ = S(-1)"hn) = H(EJ la thuc
n=0 n=0
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N1 N
Hk) = Y Wy v&in#0van = — = [I(k) la phic
1=0 2
Ngoai ra W;I‘ cling la phire.
Vay khi thuc hién ham truy¢n dat H(z) trong bidu thitc 7.2.5.3 ching ta phili
thuc hi¢n véi cac phép tinh phiec.
bé (ranh phai thuc hién cédc phép tinh phdc ching ta ¢6 thé (6 hgp cdc thanh
phan lién hgp phiic lai nhu sau:

NoU ek
Iyz) =y~

k=01~ W_,\_-kz*‘

\

% Heky - ‘i' Hik)

S-wgtet o W -wt
2
N
//(
1(0) 2
WiV, N
) -wy2z™

Tir day bién doi tiép ching ta thu duge k&t qua cudi cung nhu sau:

/;—1 cos@(/\')—zklcos[e(/\'}— 2/\7/\] O ‘ll(g/j
Hyzy= S 2lHk)—— = L A
k=l 1-277%os ™ k4272 I-2z I+2
N
Hoac la: ;
IS moy lzv)
Hy(z)= Z2|//A(Z) + e +
k= -z 1477 )

cosB(k) -z _'C()S{G(k)— 2m /\}
N

Ha(z) = 2|H(k ) (7.2.5.17)

1-2z77"cos T k+27°
N

& day:

Hik) = |H(k )™

()—jt)(/\)

H(N - k)= |[H(k)

Tir bicu thi (7.2.5.17) chdng ta thu duge cdu trdc mai khong ¢d cic he s0 phie.

C4u trdc méi nay duge cho trén hinh (7.2.5.9).
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Hyy (2)

x(n)

V3~

_,1

e

H,, (&)

+
H{o) ;
Pl ==
+

M
_______________ ,
a b I

u l
N B l
2-1 |
‘ g |
¥ <1 —> |
71 |
l
A 1
- _
o Ho ()
a =21k

b =cosbrk)

¢ = Zu)sgrE k
Al

d = - cos[e(/\')- an:,
N

Hinh 7.2.5.9.
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Vidu7.2.5.1

Hay vé cdu tric ldy mdu tan s6 cua bo loc s6 FIR véi chiéu dai cha bo loc
N =4.

Giai

O day chiéu dai N= 4 12 s6 chdn vay ta 4p dung su d6 cho trén hinh 7.2.5.9 (a
s& thu duge cdu tric ldy mau 1an s6 véi N = 4. Cdu trdc nay duge minh hoa trén
hinh 7.2.5.10.

Z-f
d
N
1~
. 2_1

[~

v

e

-5
\Z

x(n) ?_-f | | (n)
1 z! .

H(2)

= Z#H(l)‘ b =cosb(l}) ¢ =>20()sg =0 d=-cos [6(1)—%}

Hinh 7.2.5.10.

)~

7.2.6. CAU TRUC DANG MAT CAO

~ Trong khi nghién cttu vé phan tich va t6ng hgp ti¢ng néi, ngudi ta nghi ra ciu
tric dang mat cdo dé mo phong thanh quén vi 16ng quét hon 1a cdc h¢ thong ticn
doan tuyén tinh. :
Ciu trnic dang mét cdo c6 thé dung dé thuc hién cdc bo loc s6 FIR vi ca lIR.
Trong muc nay ching ta sé ti€n hanh nghién citu doi véi bo loc sG FIR. '
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Trude hét ching ta nghién citu cdu trdc dang mat cdo trong trudng hgp don gian

véi ba (¢ bao, i tir day suy ra trudng hgp 16ng quat véi M t& bio.

Cdu tric dang mét ¢do vdi ba (¢ bao duyge cho trén hinh 7.2.6.1 sau day:

Iinh 7.2.6.1.

h,(n)
- — o __BY_ -
, =
e Py _ | |
|
[
| :
Y(n) Y,(n) = y(n)
| 0 [ ) | 72 i
| | |
[ | |
—_— Ky | ky | k3 |
x(n) | I [
L. | . [ |
| 2 z-] n 71
[ |
o |g,(n) ) l%(ﬂ)
' |
| Uy (n) i I
I
r—.- ———————————————— -l

Dai vai 1€ bao thit nhdt, v (1) va g (n) lién hé v&i diy vao x(n) theo cac guan hé

sau day:
Trong mién n:
V() = x(n) + kix(n-1)
gi(n) =kx(n) +x(n-1)
Trong mién z:
Y(z)=Xz)+Kz'X(z)
G(z)= K X(z)+ z'X(z)

Yaz) | |1 k2t | | X(2)
Gi(z) koot [X(2)

DaGi vai t€ bao thit hai ta ¢6 cdc quan hé sau day:

Dang ma tran:

(7.2.6.1)

(7.2.6.2)

(7.2.6.3)
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_Trong mién n:
ys(nn) = vy(n) + ksg(n-1)
gafn) = kovi(n) +g(n-1) (7.2.6
Trong mién z:

Yi(z) =Y(z) + K z'G\(z)

Gi(z) = K.Y (z) + 2'G (z) (7.2.6
Dang ma trin:
Y -1 Y (
Z(Z) - 1 Kzz ) ](Z) (7.2.()
Gy(z) K, z7' | |Gi(2)

Tuong ty doi voi t€ bao thit ba chiing ta ¢d cac quan hé sau day:
“Trong mién n:

Va(n) = va(n) + kaga(n - 1)

g3(n) = kyys(n) +g-(n - 1) (7.2.6
Trong mién Z:

Yi(z) = Ys(z) + K;27'Gy(2)

G:;(Z) = K3Y:(Z) + Z‘IGJ(Z) (7.2.()
Dang ma tran:
B | |1 K () o (7.2.6.
G}(Z) K3 Z_'l Gz(Z)
Gia st ta ky hiéu ma tran K, nhu sau:
_l ‘
K= : Kﬂ{ | ‘ (7.2.6
K, z- }

Ap dung ma tran nghich dio K;' ta ¢o:

Y Y
22 g B : (7.2.6.
G,(z) T Ga(z)
g day: ‘
EEE N R S 1 PSPl
-1 1 1 —_K?
- K = kD ~ (7.2.6.
- 1-ki | ~Kiz  z '
Vay ta co: |
D 1 oK) e (7.2.6.
G,(z) 1_/\»31 ~-Kiz  z (ix(2) )
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Phuong trinh ma tran (7.2.6.13) & trén 1a co s& dé tinh todn cdc hé sd 4, cla
cau tridc dang mat cdo ti cdc hé s6 ii(n) cla ddp dng xung cta bo loc sd FIR.

Sau day chiing ta tién hanh tim cong thie tinh &, (o ii(n).
Ching ta biét ring:

N-1 M .

Vi(r) = v(nj = Z/l(l').\'(n'—{) = Z/z(i)_\'(n—i)
. =0 i=0

(da: N-1=M=273)

3

= Vi(n) =v(n) = Z/l(i).\'(l’l—i) = h(n)*x(n)

i=0 | :

Trong mién z ta cé:

Y(z)=H(z).X(z)

a
H(z)= > hnjiz™"
n=0

Vi diu ra cha t€ bao thit ba ciing chinh la dau ra cia bo loc FIR nén ta danh so

nhu sau:
y(n)=yyn);, Y(z)= Y;(z)
va hn) = hyn); H(z) =Hyz)
3 .
Hyz)= Y hy(i)z™
i=0
N¢u x(n)=908(n)
thi v(n)=h(n), Y(z)=H(z).

Tuong tu nhu vay, tinh tir dau vao dén ddu ra cha t&€ bao tht hai va ddu ra cla 1€
bao tht nhdlt ta cling ¢6 quan hé sau: '

vo(n) = hyn); Yi(z)=H.(z)
v(n)=nhyn); Y(z)=H\(z) -
D61 vl gy(n) ta c6 quan hé sau:
3
gy(n) = 21,13(1').\'(11—1')
i=0
O day u,(i) 1a dép ng xung tuong Gng véi ddu ra gy(n). Chi ¥ ring trong mién
bién so ta c6 quan hé gitta ddp tng xung véi dau ra v,(n) va diu ra gy(n) nhu sau:
uy(n) = hy(3 - n)
Vay ta co:

3
g(n) = Y hy(3=i)x(n—i)

=0
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va:

148

Trong mién z ta ¢6 quan hé sau:

Giy(z)=Uyz).X(z)

2 .
= [Z(@(().z"’}.X(z)
=0

—
U;(Z)

= [i/z(,?—[).z_"]X(z)

=0
¥—.V_—_/
ZHy(z")

Vay khi x(n) = 8(n), ta c6 cdc quan hé sau:

g(n) = us(n); Gi(z) = Uy(z})
g:(n) = us(n); Gy(z) = Uyz) .
gi(n) = u(n); Gi(z)=Uyz)

Do vay chiing ta ¢6 thé viét:

Hyz)| 1 I~k H3(z)‘] 726
Uy(z) -k |~k 2] (Ua(z) S

H 2V TH
I L AL (7.2.6.
Uy(z) ky 27! U,(z) \

t
Trong céc biéu thic clha vi(n1) va gy(n) ta ¢6 thé rit ra k&t luan sau day:

ky = hy(3) = h(3) (7.2.6.

va hé sd /,(0) phai duge dat bang |.
(0) =1 =h(0)

Trohg céc biéu thic cha v,(11) v g,(n1) ta ciing thay rang:-

ky = h(2) va h(2-1) = uyi) . (7.2.6.

Bay gio ching ta tim #,(2):

Hy2)] 0 [0 =k [H2)
Uy(z) - 1_/\732 ~kiz .z | Us(z2)

= Hy(z) =

2
-k i=0

2 .
[Hy(z) - kalUy(z)] = 3 hy(i)z™ (7.2.6.

I5)

16)

17

18)



]
l/z(z)z—2[—/(;2[[3(2)+z(/3(z)| (7.2.6.19)
1-4;

2 ) 2 .
= YU, (i)™ = Y hy2-i)z"

i=0 =0

Tir biéu thac (7.2.6.18) ta rdt ra duge k€L qua cla cong thie tinh /i,(n1) nhu sau:

1—h2(3
1,(0) = —"—(Z—l =
i—k;
1) = ha (1) =3 (3)h3(2)
| — k3
I2) = ha(2) =Dy (3)hs(1)

[~ k3

Vay k, duge tim bang cong thirc sau diy:

| _
ky = T [5(2) - hy,(3)hs( 1)) | (7.2.6.20)

Trong cdc biéu thie clia vy (1) va g (1) ta thdy ring:
k=) vah(1-7)=u/(i)
T day ching ta ti¢n hanh tim /1, (1):

Tuong tu nhu phan trén, ta ¢6 thé viet:

Gz(Z) /\’2 7! . G[(Z)

ma:

= K' = : l k2
=2 |42 |k 2z

2
wofn) = Z/lz(i),\'(/l—i)

=0
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2
= Yiz)=1(2)Xz)= {Z/zz(z')‘z’})((z)

i=0

Khi x(n)=58(n) = von)=hin)
Yoz) =114z

Tiép tuc d6i v6i g-(n) ta cling co:

2 2
g-(n)= Zuz(i)i\‘(n—i) = Z/lz(2~i)x(/l~i)

i=1 =0

2 -
= G(z)=Uyz)X(z) = {Zuz(i)zh'})((z)
=0

2 )
= [2/12(2—/')2_'}&2)

=0
Tuong tu khi x(n) = 8(n) = vo(u) = 1)

Giz)=U.(z)

Cuoi ciing chiing ta ¢6 thé viét:

11,(z) 11,(z)
=K (7.2.6.21)
Uy(z) =21U,(z)
va:
H (z) I Hy(z)
! - k| (7.2.6.22)
U,(z) =2 1U,(z)
1 _ .
= H/(z)= - [Hy(2) - kyUs(z)] = >z (7.2.6.23)
—/\'2 =0
1 )
U(z)= ! > |- kazHA(z) + zU-(2)| = Zul(i)z—f (7.2.6.24)
|- k3 i=0

|
=Y hy(t-i)z™"

i=0

Tir bicu thire (7.2.6.23) ta rdl ra duge k& qua cua cong thire tinh /i (1) nhu sau:

hy(0) = I_l—kzz[hkj]:\

B = (1) = ()]
k5

Vay k, duge tinh bang cong thitc sau day:
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1
ky = ———[I(D) - I(2)h,(D)} (7.2.6:25)
1-h35(2)
Bay gid ching ta phat trién trudng hgp 3 (€ bao thanh trudng hgp M (€ bao. So
d6 1ren hinh 7.2.6.2 cho 1a trudng hgp M 1€ bao.

JR—

xi(n)

Itinh 7.2.6.2. o

Trong trudong hgp (0ng quét, trude hét ta dat 2(0) = 1 v cling gidng trudng hyp
3 (¢ bao, la ¢o: .

' (7.2.6.26)

ky = M) = hy(M)
Cdc ham truyén dat tuvong ¢ng véi cdc ddu ra cua t€ bao thit m ¢é dang ma tran

cho bdi quan hé ma tran (7.6.2.27) sau day:

II"'(Z) _ l kmz—l fl’"_l(Z) (7 2(7 27)
U/N(Z) k,,, Z—l (/m—l(z) : o
Quan hé nay ciing ¢6 thé dugce viét dudi dang sau:
H z 1 -k H, (z
(i I (7.2.6.28)
l/m—l(z)- l_/\',i ‘/\:,,,Z z U”,(Z)

Ta thdy rang cdc hé s6 cta H,(z) 1a I, (i) (i =0 = m - 1) ¢6 the duge tinh qua
“cdc he so hy(i) (=1 +m)cua H,(z):

m-1

’ H""](Z) = Z/I)H—l(i) = _I'TlH,”(Z) - kml/m(z)l (726-29)
i=0 I 2

m
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Tir biéu thire (7.2.6.29) & trén ta rdt ra duge k&t qua sau day:

|
/Im-l(o) = ‘—Z[lwhil(/”)] - l
l_ .

1

1
M (1) = ——=Th (1) - (o)l (m-1)]

L—k?

m

1
Iy (m - 2) = — [fi(nt - 2) - N (m)l(2)]

TR

1
f, (m - 1) = — [ m - 1) - D (om)h (1))

YD

Viy ta co:

l—/lfl(/n)

g day:

k, = h,(n)

Koy =, (m-1)
Vidu7.2.6.1
Cho hé¢ thong ¢6 dap tng xung /itn) nhu sau:

0 17 con lai

Hay tim céc hé s0 £, cla cdu tric dang mit cdo.
Giai
Ham truyén dat clia h¢ thdng nay ¢d dang sau:

3, I, 1,
Hz)=1+ —z2"+ —z"+ —z7
4 2 4

Dang mit cdo sC ¢ 3 t€ bao (ng vdi cac hé so &, k, va k;:

I
ky = hy(3) = —
3 = Is( 2

f1,(0) = % [/1500) - (31,3 = |

3

N\
(8]

1
~ /Im-l(i.) = ———[/lm(i) - /Im(l”)/’m(”l - I)I

(7.2.6.30)



1

(1) = I 5 (A5CD) = ;R0 (1)) = = ‘
I o
h(2) = — (2 - s3] =
— k] :
= ks =‘l
B 3
1,(0) = |
() = ! 5 (1) - ()0 (D] = —
—k3
- /\1 = i
2

7.3. CAU TRUC CUA BO LOC SO CO PAP UNG XUNG CHIEU DAI VO HAN

Trong chuong 6 ching ta da nghién cttu cdc phuong phép thiét ké cac b lgc s6
¢6 ddp tng xung chiéu dai vo han va cing v3i chuong 1 ching ta ciing da thyc hién
cdc hé¢ thong roi rac bang cdu tric suy truc ti€p tir phuong trinh sai phan hodac ham
truyén dat H(z) Gng véi hé s8 «, = 1. Cau tric a6 goi1 la céu tric true 11€p. Sau day

chiing ta s¢ ti€n hanh nghién cu cdc loai cdu tric khdc nhau cla bo loc s3 TIR.
7.3.1. CAU TRUC TRUC TIEP CHUAN TAC

a) Cau truc truyce tiép

Cédc bo loc s6 1R ¢6 thé duge thye hién truc ti€p bing cdc thuat todn thé hi¢n
trong cac bicu thirc cia ham truyén dat H(z) hodc phuong trinh sai phan nhu ching
ta da nghién ctru & chuong |, chuong 2 va chuong 6.

Ching ta da ¢6 bam truyén dat H(z) va phuong trinh sai phan biéu dién h¢
thdng IR v6i hé s6 a, = 1 nhu sau: “

M §
bz

H(z)= =0 (7300 .

1+ Z (IA.Z_A‘
k=1

M N ‘
vn)= Y b.x(n=r) + > (- x(n—k) 1 7.3.1.2)
r=0 k=1 :

Ciu tric truc ti€p thuc hi¢n cdc bicu thic (7.3.1.1) va (7.3.1.2) duge cho tren
hinh 7.3.1.1.



xcn) Y(n)

Hinh 7.3.1.1.

v

b) Cau tric truc tiép chudn tic

Chiing ta ¢6 thé coi ham truyén dat //(z) ctia bo loc s6 HR 1A tich cta hai him
truyén dat H,(z) va H,(z) nhu sau:

‘

M

Dbz \
-0 - M . 1
1+ Y a7t =0 [+ a7
k=1 k=1
dat:
M _
Hy(z)= Y bz
r=0 /
]
H,(z) = ~
1+3 27"
k=1
Vay:
H(z)=H(z).H(z) (7.3.1.3)

D¢ thdc hién H(z) theo H,(z) vi Hy(z), ta ¢6 cdu tric noi ticp cho trén hinh
7.3.1.2.
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S N— [11(2) HZ(:) S

Hinh 7.3.1.2.

So do chi i€t dé thuc hién cdu tric ndi ti€p (rén hinh 7.3.1.2 chinh la cdu tric
cho trén hinh 7.3.1.1.

Bay gio ching ta hodn vi H,(z) va I1,(z) thi 11(z) khong ¢6 gi thay doi:
H(z)=Hyz).Il(z) (7.3.1.4)

So do llﬂrc hién H(z) theo H,(z) va H,(z) nhu bicu thic (7.3.1.4) dugc cho.lrén
hinh 7.3.1.3 sau day:

Hinh 7.3.1.3.

Cau (ric rén hinh 7.3.1.3 sir dung hai ddy cac phan tr (ré d&i vgi cing mot tin
hi¢u. Vay d¢ i€t kiém phan (i (ré, chdng ta chi cdn ding mot day phin tr (ré nhu
trén hinh 7.3.1.4. i

C4u (ric cho (rén hinh 7.3.1.4 goi la cdu tric trye Liép chudn tic cua bo loc so
lR. '

Vidu7.3.1.1
Hiy thuc hién bang cdu trdc truc tiép chuan 1ac bo loc s6 1R ¢6 ham (ruyén dat

/{(z) nhu sau:



[56

i ycn)
P
2-1
|
! ]
! 1
bM-‘I
2-1
| &
"l/\
Hinh 7.3.1.4 (truomg hop M = N).
—1+772
H(z) = éﬁ
—1+627"—4;72 4,
Giai
|
| —1+z77 4
1(z) = - __72\1 - 24\4‘1;_,
4 S A ="z 20
3 4 3 4

— D) Fr—
x(n) ! ; y(n)

Hinh 7.3.1.5.



¢) Cau tric truc tiép chuan tic chuyén vi

Ciing giong nhu vai bo loc s0 FIR, & day ching ta ciing ¢6 cdu tric chuyén vi.
Tl cdu tric true ti€p chudn tac ta ¢6 ciu trdc true GiEp chuyén vi, hinh 7.3.1.6 s&¢ mo
ta cdu tric nay trong trudng hgp N > M.

bo
— g > -
X(n) ! ; y(n)
) 7! 4
by 9
¥ 2-1
b, ~d,
I |
1 ! |
' bM-1 .: ~Am.q l
Y Z" ‘/
bM —ap,
1 e ‘
l.
! —a~_1 |
2-1 L%
1 1
<
Hinh 7.3.1.6. ' .

d) Cau tric truc tiép chuin tic bién dang
Ching ta da ¢6 ham truyén dat H(z) ciua bo loc s8 IR trong trudong hgp he so

«, = 1 nhu sau:

M _
Y bz

_ r=0
H(z)= —

1+ Z(Ikz_k
k=t

va chiing ta ¢6 thé viét:
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M N, N ) M '
hy+> bz Dol L+ Y a2 =Yzt |+ Y bz’

= k=1 k=1 =1
) /‘[(Z) = ‘L’ ! = v ! S
; ., / ~
I+ az b+ > a2 ‘
k=1 k=1

Néu N > M ta ¢o:

N N M

—k Lok -

I)O[l+ >uz j —by Y a2+ bz
k=1 =1

k=]
+

H(z) N . N
I+ az7* 1+ a 27"
k=1 k=1

M \ N , M _
—by > apzt =by dagz " +> bz
k=1 r=i

= b, + k=M+1
N -1
I+ ZUI\Z
k=1
M L N ¢
Siiby —boug )z = > byuyz
— k=1 k=M +] + /)“
N _
l+ Z(IAZ
k=1
bat
Dby —boup 2™ = D byagz
['[\(Z) . k=1 = k=M+1
I+ Z(I/\.Z_k
k=1
)
Hyz) = b,
Vay:

Hiz)=HH(z)+ 1 (z2)

Su do khoi caa If(z) theo [1,(z) va {1(z) duge cho trén hinh 7.3.1.7.

: H,(z)

+
x(n) y(n)
H,(z)

Hinh 7.3.1.7.



So do chi tiét cta //(z) duge cho trén hinh 7.3.1.8.

-{Hz(z)
r b

| | +
IL | y(n)

Hy(z)

Ilinh 7.3.1.8.

Vidu7.3.1.2
Hay thyuc hi¢n bing cflu trice trye Giép chudn tic bién dang cta bo loc s6 IR ¢6
ham (ruyén dat //(z) nhu sau:
2-3271 43772 )

H(z)=
1+277 +272 4273
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Giai
G day: N = 3; M = 2, vay ta co:
b -bya,=-3-22)=-17
by-bya,=3-2.1)=1
Doy =-(2.1) = -2
Cau (rdc tryc i€p chuén tac bién dang cla bo loc s6 IR ndy dugce bicu dién

trén hinh 7.3.1.9.

2
I N Q -
V7

q

x(n) ( yn)

¥

-1
1
~

ITinh 7.3.1.9.

7.3.2. CAU TRUC CHUAN TAC DANG TANG

Ching ta da ¢6 biéu thite cta [(z):
M A
_ Zbrz_'
_ =0
Hfz) = N

Z(//\.Z_k
k=0

Néu a, = 1 thi ta ¢co:

M
: —-r
> bz
=0
v k
| + Z(II\,Z
k=1

1z) =
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Ham truyén dat //(z) ndy ¢6 the duge dac trung béi cac diém cue va diém khong
nhu sau:

M
(l—z,,z7")
H(z)=C. "y\'

= ; C - hilng s0
-
(1-z,2")
=

L

Vi th¢ ching ta ¢6 thé bicu dién //(z) du6i dang tich clia nhitng ham bac nho
hon nhu 14 bac mdt va bac hai.

Viéc biéu dién //(z) nhu (h€ ndy tvong tng vdi cdu tric dang tdng, (Ge 1a bo loc
's0 duge thue hién bang cach ndi ti€p cac 1€ bao bac thap hon.

1.
1H(z)=C.[]H(z) (7.3.2.1)

=]

So d6 khai thue hién biéu thite 7.3.2.1 cho bdi hinh 7.3.2.1.

H(z) H.(z) - — I,(z)

x(n)

yin)

Hinh 7.3.2.1.

Vidu7.3.2.1

Cho b0 loc s TIR ¢6 ham truyén dat H(z) nhu sau:

3-3777
Hiz)= ——22 '

16-277"

Hady v& cdu trdc dang tang cia hé théng nay.

Giai
Hiz) 3 1-z77
z)= —.
2 g-77°
3 (l—z_l)(l+z_l)
' 2'(2—2_1)(4+22_I +27%)

- |-z 1+z7!

N W

'2—2_' '4+22_I +77°

-z~

N | w2
N
VN
|
N —
N
L
N
iay
SN
+
N
+
N

N\
~

16]



Cau (ric trye tiép chudn tic dang tang thyc hién ham truyén dat //(z) nay dugce
cho trén hinh 7.3.2.2.

Y(n)

Ilinh 7.3.2.2.

7.3.3. CAU TRUC CHUAN TAC DANG SONG SONG

Cau tric chuan tic

8
dang song song nl?z%n ﬁl'>
duge  bang cdch biéu
dién  ham truyén dat

/1(z) dusi dang tong cac

ham truyén dat don giin H, (z),

hon nhu sau:

I
H(z)=B+ []H,(z)

= x(n) Y(n)

(7.33.1)

H; (z)

B la hing so0.

So  d6 Kkhoi  thuc
hi¢n dang cau (ric song
song duge cho bdi hinh
7.3.3.1

-

H, (z)

Vidu7.3.3.1

Cho h¢ thong c¢o
ham  (ruyén dat J/(z) Hinh 7.3.3.1.
nhu sau:
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—1+77?

H(z) =
(—2+z_l J2-2z"+27%)

Hay v& cdu tric dang song song cua h¢ théng nay.
Giai
Chiing ta ¢6 thé tim H(z) dudi dang sau day:
C D+1z7!
+

Hz) =
“24z70 20N 42

Can bang h¢ so ta co:

3 1
C==—;D=2E=-—
2 2
Vay:
3 -
2- 77
H(z) = —2— e
-2+z 2-2z 4z
'2
- l—lz‘l
= 14 * 41
- 27! -z + 272
2 2

+ N
V’
i -3
z- , 4
R

~J

1

2

[T - SS—
x(n)

Hinh 7.3.3.2.
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7.3.4. CAU TRUC DANG HINH THANG
Chiing ta lai ¢4 th¢ bién doi biéu thitc cia ham truyén dat //(z) d¢ ¢é duge mol
cdu tric mdi goi la cdu trdc dang hinh thang.

Chiing ta bdt ddu nghién cqu cdu tric nay tr ham truyén dat ctia h¢ bac 2 nhi

sau:
by +b,z™" +h,z7?
H(z) = - = (7.3.4.10)
ag +a,2  +d,z
byz% +bz+b
hoac: H(z)= Bt Sl (7.3.4.1b)
gz +dyz+d,
(r day ching ta ti¢n hanh cdc phép chia nhu sau:
. bhor? o2
652" +bz+b, \ ayZ” +dz+d,
h h b
- boz2 +—L a7+, =2
o o o
b b
O+| b, ——2a, |z+| by, =2 u,
(IO (I()
b b
' by =% \z+| by =2 a,
b, dg dg
= liz)= — + 5
dg dgZ” +da z2+d,
. by ,
Ching ta diu h,=— (7.2.4.2)
(IO !
Vay:
: 1
H(z)=h, + (7.3.4.3)

2
((()Z + ul,Z + U,Z

o L
(bl - ,sz +[bZ o uzj
g dg

Ti&p tuc phép chia v&i da thirc mau:

apz? +az+a, l (b, —hyay )z+(by, —hyay)
by —hgay a
0
apzt +ay > 27 —9
b, —hya, by —hya,

by —hou
2
{“1 —(IO——Z——-O—— 2+,

by = hyu,
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]

by =l a
ay—ay 2 4y
| 0 Ly 2
dy N Py —Hpd,

E + U O -
by —hya, ‘ (b, = hgu)z +(bZ ~hydy)

= Hiz)y=h,+

R (7.3.4.4)
Vay:

Hz)=h, + l (7.3.4.5)
Y Tl
(by —lgay )z +(by —hya, )

[a; —=h(b, =lya, )z]+a;

Tic¢p tuc phép chia véi da thic mau ta c6:

(b =hgay )z +(hy =lyuy) o Lay=hy(hy ~hyuy )|z + a.
by =1 ‘ by —1
- (b = hyap)z+u, 1T Mod i o
ay —hy(hy —lgay) ay =Ny (by = hyay )
[71 '—/lo(ll

by —lhguy —a, ; :
ay =hy(by —hyay)

1
= H(z)=h,+ l
z+ - Sy by — hya,
by —hyay —ay-— —~ "
by =hga, oy = Iy(by —lguy)
ay =l (by ~hyay ) {ay—h(by —Ngay )z +u,
bai
b, -1 :
h, = 1Mo (7.3.4.6)
ay =y (by = hyay) '
Vay:
| '
H(z)=h,+ l .o (7.3.47)

hz+ e
1
Ity o o e
[ay =h(by —lya,y )z +ua,
by —hgay, —a,h,

Tiép tuc phép chia véi da thitc méu:
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[, =1, (by = Ity )]z +ud,

[« —h by —hou, )]z

' by —lhyay —ayh,

‘ a, = Iy (b, _I’()"z)z

hy —hgay, —ayhy

s
1
= H(z)="h,+ 1
Inz+- - e e
1
I’Z T e T - Tt
@1 =I(by =lody ) 02
by —hya, —ayh, by —hyuy—usyh,
bat
. I = ay =hy(by —hyay) (7.3.4.8)
(by —hgay J—ayhy
i
= H(z)=h, + ] (7.2.4.9)
hz+----
1
hy + - —e - L
f,z+- -
T by —hguy)—ayhy
a,
bat
h, = (b, —hguy )—ayh, (7.32.4.10)
(IZ
l 1
= H(z) = h, + 1 (7.3.4.11)
hz+ -
: 1
hy +-——n
Iz +—
1
g day:
h = by P =Ny(by —hyay)
A T by ~hgay ) ayhy
no=—Y0 p =l oy )=yl > (7.3.4.12)
[71 _/lo([l l[z
h = by —hya,
T ay=ly(by —hyuy )

Nhdn xér: NEu ta ldy tich cta tat ca cdc b, s€ dugce:




b
ho i diy iy hy = —
(IZ

= H/z, = — . (7.2.4.13)
i=0 53 ‘

Bay gi0 ching fa xét cdu tric dang hinh thang: ching ta ¢6 thé vié1 bicu thite
(7.3.4.2) nhu sau:

Y(z)

H(z)=h,+ H (z)=
X(z)

= Y(z) = hX(z)+ H(z)X(z)

Wiz)=H(z)X(z)

z)= ———
z+Hy(z)
Hy(z) = S —
hyz+Hi(z)
!
Hyz) = ———
iz +H,(2)
1
Hyz)= —
h,
Bién doi l.ie'p 11,(z) ta c6:
H(z) = 1 _ hi 1 _ hz+Hy(z)-H,(z)
’ z+H,(z) hz hz+H,(z) hyz(hyz+H,(2))
_ I {z+H,(2) H,(z)
- Mz | hz+Hy(z) hz+Hy(z)
I z7!
= —[l-Hy(2).H(2)] = = [1-H,(2).11,(2)]
1,2 hy )
Vay ta ¢o:
o 1
Wi(z) =H(z2)Xz) = I—Z"[X(z) -H(z).1 (2)X(z)]
J
(I :
= I_Z (X(z)-Hyz)W(z)]
h
bat: Uyz)=-H\(z)W(z)

167



168

~ Wz = /iz*[xm + Uyz))
I

Yiz)=hXz)+ W,z)

1
=hX(z) + TZ'][X(Z) + Uy(z)]

1

Tl day ta ¢6 so do (rén hinh 7.3.4.1.

vy
?

X(zT Y(z)

-~

Ay
" N -1
éb 1 z

y,(z) Hinh 7.3.4.1.

Ti€p tuc tinh (0édn ta co:

|

Uz)=-Hy(z)W\(z) = - ——
hy +Hy(z)

W (z)

h 1 , h %H z)—-H.(z)
L W(z) = - -2 i d Wiz
hy " hy +Hq(z) hy[hy +Hi(2)]

i

1{112+H3(2)_ Hy(z)

-~ — : Wi(z)
Iy +Hy(z) hy +Hq(z)

hy
= i [1=H.(z).Hy(2)] W, (2)
= i [Wi(z)=1132).H, (2 )W, (2)]
=- i[wl(z)—llg(z).l/i(z)] |

W.z)=Hyz)U (z)

|
= U(z)= - — [Wy(z)-W,(z)]
hy



Tt day ta ¢6 s dO trén hinh 7.3.4.2.

X(z) ho @ Y(z) .
-1 *\(
1
hy
z! W, (z)
-1
4 ¢
G —— +

W, (z)
Hinh 7.3.4.2.
Ti¢p tuc tinh todn véi WL(z) 1a ¢co:

Wiz)=Hyz)U,(z)= I(z)

—_—
hiz+H, (z)

hz ] ,
= —.——U/(2)
Iz Ihz+H,(z)

Iyz+H (z)=11,(z)
= = (z)
/132(/I3Z+f'/4(2))

1 |z +Hy(z) 1H,(z)
—z . - L (z)
Iy haz+ M (z) haz+11,(2)

= iz*[1—//4(z)/~/3(z)].u|(z)
Iz

- /L [0y (2)~H (25200, (2))

K
1
= /vz"[(/',(z)~ll4(z)WZ(z)]
’a

bat: liv(z)=-H(z2)W.(z)

= Wyz) = /iz"[u,(z)u/z(z)]

K
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T day ta ¢é 5o do (rén hinh 7.3.4.3.

h

X(z) o Yi(z)
jf} ,_G?¥
4
h1
O——] v ag
-1
hz
Y(z) +
W (z)
U(z) Hinh 7.3.4.3.
Ticp tuc tinh todn véi (/4(2) ta ¢o:
l
Uz)=-1yz)W,(z)=- —Wy(z)
h,
T day ta ¢6 s do tren hinh 7.3.4.4.
h Yz
Xtz) N o\ )
+ [
—> e { ’
A
hy
A | -1
d“r R
-1
hz /J
< x‘*‘?
1
hs
¢ | 2'1
-1
4
—
ITinh 7.3.4.4.



Bay gi0 ching ta ti¢n hanh x¢t cdu (ric dang hinh thang trong trudng hop tong

qudlt.

Gid st ta ¢6 ham truyén dat clia bo loc s6 1R dang tong quat sau day:

N -
>bz”

H(z) = —;0—~— (7.3.4.14)

Z(lkz—k

k=0

Phan tich //¢z) thanh dang hinh thang nhu sau:

|
1hz)=h,+ | (7.3.4.15)
Iz +
1
hy +
hiz +...
|
S+
/IZN
Céc he s6 /1, duge tinh nhu sau:
/\',-, i— _/II'A /\',', i—
I U R ) (7.2.4.16)
/\',-,L,,l _/Iifl/\’i,i
G day:
/"I./ /\’l—].i—l /\I,I*I
kl ! /\’i i— /\’, i —
e - S R (7.3.4.17)
Kyn Kyn-ti-2 Kyn o

Céc gid tri ban dau duge cho nhu sau:

b
. hy = —%
g
) dg
1, =
by = hya,
i /\'Ov() } _hl ]
Koy b,
Knoio | =] Dy
Kn o 0
_/"2;\°—1,o_ L0
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C ki b Ty
ks dy
kva | =]uy (7.2.4.18)
Kyt 0
_/"ZN,I L O]
Chd ¥ ring:
2N ;
v [In =2 (7.3.4.19)
i=0 y

+ Dicu ki¢n d¢ h¢ thdng thue hién duge 1a a, # 0.
Vidu7.3.4.1
Cho h¢ thdng TIR ¢6 ham truyén dat nhu sau:

1+227" 44772
Hiz)= 22 772
34577 7777
Hay v& cdu tric hinh thang ctia hé thong nay.
Giai
Ap dung céc bidu thie (7.3.4.16), (7.3.4.17) va (7.3.4.18) d¢ tinh céc eid tri
cua b, (i =1, 2,3, 4) ta cé:

G day: b,=1, «a,=3

h, = h—o = l
dy 3
3
h=—2__ = =9
by —lya, 2 1.5
3
ko0 — Mok y
fiy =
ki =Mk, ,
/\n n = hl =
ki, 1 =ua, =
ky o=k - Tk,
/\lAlﬂzh‘ =
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Vay: .
i
ks s=by~hya, =4 - 1.7 = =
3 3
2- ! 5 |
= = 3 z =- —
5-9.= 30
3
o= ki =hky,
1= ——
Kyo —hykss
ki =a =5 no=_ L
30
hi =9 Ksa=koy =hks,
S
ki, = 3 , kaiy = ky, —hokzo =0-1,.0=0
’ *®
=Kkis=k, =u, =
5
5795 S-15 _ -10 230
= /l = S 3 = %_ ’% = ;— = . i
RV 1 7 4l ,'7,' 57
3 30 3 30 30
kZ.Z —/Izk_zlg
h, =
kaz—hik, '
1
S
kya= = Koa=kay=hykys
3 .
|
hy=- — kyn=0
30
kis=u, =17 kis= ks, - hok, ,
300
hy=- "= kiy=0
57

k=0
ki1 =0
= kis;=0
= k,y=0
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5 |
Sl |7
3 ( 30] 57

= fiy = = —
! 7 210
Vay cdu tric hinh thang cua hé thong nay duge cho trén hinh 7.3.4.5.
4
1% @—
¢ Y(z)

X¢z)

B

Hinh 7.3.4.5.

7.3.5. CAU TRUC DANG MAT CAO

bdu tién xét cau tric dang mét cdo ciia bo loc s6 IR dé quy thuin tuy bac hai:

H(z)= 1

2 .
143 az™
i=l

(7.3.5.1)

C4u tric dang mét cdo s&€ gém 2 (& bao duge bi€u dién trén hinh 7.3.5.1.

Iz(n)m .r,(n>r+\ _
X(n) y(n)

kl

\
-k,
z! ¥
) g’(n)
% 7€'bgo 2 T¢ 'bGo1

Hinh 7.3.5.1.



va:

Nhin trén hinh 7.3.5.1 ta ¢6 thé viét:
T'rong mién nta ¢é:
V() =xn)-kvin-1)
g(n)=kegn)+vm-1)
Trong mién z ta ¢é:
Y(z)=X/(z)-kz'Y(z)
G(z)=kY(z)+2z'Y(z)

Tir day ta ¢o:

Hyz)= 2L o (7.3.5.2)
. Xi(2) l+klz_l
G
Uz = 20 gy (7.3.5.3)
Y(z
“Ticp tuc tinh toén ta cé:
N(i) = xa(n) - kag(n - 1)
gs(n) = koxy(n) + gy(n - 1)
= X(z) = Xu(2) - k:z7'G(2)
Gi(z) = k:Xl.('z) +2'G(2)
Vay:
yn) = xy(n)—kyg(n=1)-kyn-1)
= .\'2(n)—k2[kly(n—l)+y(n—2)]—‘1\’1_\2(11—1)
= xy(n)=k(l+ky)yv(n=1)-k,v(n-2)
= Y(z) = Xy(z) =k (1+ky )z 'Y (z)—k,27%Y(2) -
ez ! 1 = Hy(z) (7.3.5.4)
Xy(z) N4k (l+ky)z ™ +kyz7?
gy(n) = kz[_v(n)+k,_v(n—l)]+kl_v(n)
= kyv(n)+k(ky +Dy(n=1)+y(n-2)
Gy(n) = kyY(z)+k (ky + )27 Y(2)+272Y(2)
= U,(z) = Yz(z) = ky +k(k, + 1)z +27 (7.3.5.5)
( ~
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Theo bidu thite (7.3.5.1) ta ¢6:

1iz)= 5

1+> a;z™
=1

1

]

11(z) =

2
I+Z"2.i
=l

So sanh biéu thitc (7.3.5.4) vai (7.3.5.6) ta rit ra k&t luan sau:

ary =ki(ky + 1)

Thay vao bi¢u thitc (7.3.5.5) ta ¢o:

Uiz) = a,, —i-uz'lz_l +z°

~i
4

1,(z)

2

2-1
=Yay, 2 2 =22 D,z
=0
bat
' ! 1
fy(z) = =
L+k,z™ Di(z)
U(z) =k +2"
Vay: .
Dy(z) =1+ kj(th, + 1)z +k,27? '

=1+ k27 +kkyz k2t
= D\(z)+kyz U (2)
Uy(z) = ky +k(ky+1)z7 +272
= ky(l+kz 427k +27")
= k,D\(z)+27'U (2)

Dudi dang ma trdn ta co:

Dyz)| |1 /\'zz_l D (z)
Uyz)| |k, 27" | [Ui(2)
—

K,

(7.3.5.6)



I)Z(Z) - K Dl(Z)
Uy(z)]  =2\U\(z)

Vay:
D(z) 1Dy (2) | PRy Dy(z)
= K = — 25
Ui(z)] =2 |U,(z) ‘K —k, 1 Uy(z)
: =2
o I =k, | [Dy(z)
1—k;3 kT2 T Uy(2)
: 1
Dy(z2) = — [Dy(2)-k,U,(2)]
— k]
I 2 I L
= > 14> ay 27 —ky| Dy, 27 +2

1-4k; i=1 i=0

Vay (a ¢o
' - | -1 -2 : -1y =2
L Dayz™ = 5 a2ty 275 —kyay y —kyay, 77 4 k,yz
i=1 l*\'z

! 1 :

= dp, = — luz‘, —/\’ZUZ,,J = 5 (( 21 7(12'2(/2'1) (7.3.5.7)
1 - () I_UZ,Z

Xét trudng hgp tong quat:

Céu tric dang mét cédo trong truong hgp téng quat duge cho trén hinh 7.3.5.2.

X(n)=X,(n) K (1) i Xy (1)~
+

4o

{ . p—— = + . Z"1.—
gM(n) } y;"(n) - 9/(”)

Hinh 7.3.5.2.
Trudng hgp tong quét ta co:
l)m(z) _ | /\’,,,z_I Dm—l(z)
U,”(Z) - k,,, Z_l ‘ _Um—l(Z)
-

==m
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/.?,,,4(,2) — K—I ) /)//I(Z)‘I
(/m—l(z) = (/:‘/(Z)J

_ I ]V 1 _km /),”(Z)
B l—/\"2 _sz 4 UIH(Z)

m

1 .
D,,H(Z) = Ty [/)lll(z)_km(//u(z)]

"

Vay:

m=1 ) ] " =1 ‘.Ini
- ST =i Y
l + Z dm—l,i z - l + Z (Im,i < l‘m Z dul.m—lz tz )J

2
i=] l “/( m=1 \7=0

Cudi clng ta cé:

| ]
trlu—l,i - > um,i - /\m (Im,/u—i
I- /\m
| [ ] ;
Um*l,i - 2 (IHI,I - d/u,mum,//l—i . (71‘;5)
I- Qoo
P A
o day:
dm,m = kuw dm-l.m—i = /\’uw]

Ay vy = Ky

7.4. DO NHAY

7.4.1. PAT VAN DI

D¢ thuc hién bo loc s& nao d6 chiing ta phai lugng tIr hod va ma hoa ra ma nhi
phan cdc hé so thu duge sau khi tong hgp bing cdc phuong phdap duge trinh bay &
chuwong 5 va chuong 6. Viéc tam nay gay ra sai s (1am (ron hoidc cipbo), sai so nay
s& lam ham truyén dat (hodc ddp tng ‘an s0) Iéch khoi gia (ri ban dau sau khi tong
hgp.

Gia st ta ky hi¢u nhu sau:

o hé 8 trude khi lugng tir hod (goi la hé¢ s6 lién tuc);

o, + Aa: he sO sau khi lugng 10 hod (goi 1a hé sO 1o rac);

Aa,: sai 8O sau khi tugng tur hoa.
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bé gidm nhing sai $6 ndy ching ta ¢é thé thay doi cdch lugng 1 hod va mi
hod, nhu la tang s6 bit, nhung vi¢e tang nay khong ¢6 1gi vé kinh (& cling nhu vé k¥
thuat.

7.4.2. PINH NGHIA PO NHAY

binh nghia: D) nhay cua ddp Gng tdn sd (hodc ham truyén dat) doi vdi heé so o,
duge dinh nghia nhu sau:

Sy (") = ‘”L(S_A’Q (7.4.2.1)
Do nhay nay duge goi la do nhay ricng.

Vidu7.4.2.1

Cho ddp ang tan sd ciia mot b loce 0 nhu sau:

N—1

o
N — 2 _

Hie!") = h( lj + Z 2h(#)cos (N—l—njc)
2 n=0Q 2

~ Hiy tim do nhay ri¢ng cua ddp dng tan sg doi vai cdc hé s cha bo loc.

Gidi
e . N=1 .
- Do var hé s6 /1(—2—j ta cO:

S () =1

0

e . .. N-1 ) "
- o1 v&i cdc hé sO () véi n # ta co:
N -1 A
S’,,(,I)(e'-’ ) = 2c¢os [—~Hj o, n=1,2,.., —1
’ 2 2

Ngoai ra chiing ta con dinh nghia thém mot so loai do nhay nita nhu sau:

- Do nhay tuyét doi:

S (¢0) = DS, (¢ (7.4.2.2)
@y
- DO nhay cau phtr(ing:
1
[ 2 18} 2
Spe’) = | X85, (¢ , (7.4.2.3)
, “
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Nhdn xét

- N&u do nhay cang thap thi cang t6t cho viéc ma hod, ¢4 nghia 14 gidm duoge sO
bit khi ma hoa.

- Viéc chon cdu (ric thich hgp ¢6 thé 1am gidm do nhay dang k¢. Ciu tric ¢6
do nhay thap 1a mot hudng nghién cdu rat thue t€.

- Méi do nhay cau phuong Sil((’f"’) s& 6 mot gid tri cyc dai 1a S, (e/”),,, vay

ching ta ¢6 thé danh gid do nhay cdu phuong mot cach twong doi so véi .ﬂ“l(<"/"")

muN
ta goi la do nhav cdu phirong ticong déi. Vay do nhay ciu phuong tvong doi dugc
danh gia nhu sau:

S‘AI((,./Q) )

Sple’) = e (7.4.2.4)
S’A/(c' )

LZTTAN

Vidu 7.4.2.2
Cho dap tng do 16n (hoac dap Gng tan s6) cia bo loc s¢ FIR loai | ¢6 dang sau
day (xem béang 5.4.5.1):

N-1

N-1 2 (N- )
A(e'™) = h( > j+2 Z h(—Ql—*nJcos(c‘)n)

n=l

+ Hay tinh do nhay riéng clia bo loc s FIR nay,
+ Hay tinh do nhay tuyét doi,

+ Hay tinh do nhay cau phuong,

+ Hay tinh d0 nhay cau phuong tuong doi.

Giai

+ Tinh d0 nhay riéng:

SII(N;I)(U'/(')) = %a/l[N—lj =
2

¢ CAe )

. h(/\’z—l_n)(é’jw) = m

+ Tinh do nhay tuyét doi:

= 2cos(wn)

S ey Jjo
Surs(e”) = X[Siute™)
hn)

N-1

2
=1+2 Z]cos(om)]

n=1
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+ Tinh do nhay cau phuong:

S,

Sj (e!™)

5 .
S(I ((),’(l) )

2
S

Doi bién sO: m=n +

q

(()j(n) -

2
2 G
Z S/:(u)(( )
hin)

Nl
&2
1 +4 3 cos“(on)

n=1

N-—

L+ 4 22: l+cos2(20)u)
n=1

b

N-1

2
1+2 Z[l+cos(2'0)n)]

n=l

N-1

2 2
I+2>1+2 > cos(20m)

n=1

N—1

=l

"N-I

2
N +2 > cos(20n)

n=1

N-1

2 j2ne —j2ne
N+ 5 /" +e )

n=1

[V?—l\ N-1
. . 2 . 2 .
=N+ 6)]0 R (),(1 +2 Zi()-/'z”(" + Z (’512/:('\
n=1 n=1
—
< RS
T
N1
n=—
2
NI
2 2ne
=N-1+ D e
N-1
n=—- =
2
- ta cO:

5 ) N-1 .[-Z[Hl—' j——)m
S2el)=N-1+ e 2

m=0
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—[(N=1)m» f2rmm
=N-1+ e /" .Z("

=0
J2No
=N_-1|+ U-//_:\z—l;m _l-('
’ lk()/Zm
1Nm 1N . .
) ’ ¢ v SN
SN-l+ =N D
PR S1ne

ey _ B sinNo |2
= Sl/(‘ ) = {N I+ }

SIne
+ Tinh dd nhay cau phuong tuong doi:

jo sinNo

Theo cong thie tinh Sj(e ) thi ham s€ ldy gia tri cuc dai tal © = 0 va

. sSine
bing N. Vay Sj(u"") s€ ldy gid tri cye dai tai o = 0 vd bang 2N - 1. Tur day ta ¢o
.” - N oo ,
the tinh duge do nhay cau phuong tuong doi biang bicu thic sau day:

|
sinNe |2
Lo N-1+
. Syle™) _ _sine
Syte”) 2N - |

TN

S./R (¢

5qR ( j“j ‘

v/
2
Hinh 7.4.2.1.

Tir day ta thdy rang khi bac cua bd loc tang vo han thi gid (ri cia do nhay

Sypfe’” ) ti¢n vé mot gid tri giSi han xédc dinh doc 1ap véi tan s6 nhu sau:
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- |
. G IR
lim S p(e”™) = —=

N« \/5

Vi vay khi N 16n gidi han ndy ¢ thé duge st dung d¢ xdc dinh nhanh s&

|
V2
lugng bit can thi¢t cho viée biéu dién cdc hé so cha bo loc.

D6 thi minh hoy sy bi¢n thicn cua S, (¢ ") ng v3i N = 15 dugce cho trén hinh

7.4.2.1.

BAI TAP CHUONG 7
Bai tap 7.1 ’
Hay biéu dién sd dé bo loc sd cho trén hinh BT 7.1.1 sau day dudi dang dé hinh

¢ hudng.

—F— z! N
! | 2!
2 2
+5e——<]—— V
ﬂ ‘
L 4]

s

Hinh BT 7.1.1.

Bai tap 7.2

Hiy tim cdu tric chuyén vi clia cdc cdu tric ¢ so do cho trén hinh BT 7.2.1 va
BT7.2.2 sau day:
4 5

7> D—O—

Hinh BT 7.2.1.
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‘ Hinh B1 7.2.2.

Bai tap 7.3

Cho bd loc 83 ¢6 cdu trie dang tang nhu trén hinh BT 7.3 sau day:

N
X(z) | jﬁ

Hinh Bl 7.3.

Hay tim cdu tric true ti€p tir cdu tric & (rén.
Bai tap 7.4
Hay v& cdu tric pha tuyén tinh ctua cac bd loc s0 ¢6 dap tmg xung nhu sau:

ay hin)=1{2,3,4,3,2}

[
0

b) n)=1{1,2,3,0,-3,-2, -1}
-
0

¢) hfn)=1{1,2,3,3,2,1}
>
0
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d) n)y=A1, -, 3,4, -4 -3, -2, -1}
[
0
Bai tap 7.5

Hiy ching minh bicu thic (7.2.5.17):

o 1100 ”L /;/ j
Hizi= Siyz) + 2O
A=t -z [+

cos@(/q)—z“'co{@(k)— 2m /\}
N

Hy(z) = 2|11(k) 5
|—2z7"cos = k+z7?
/\’I

Bai tap 7.6
Hay v& cdu trie lay mau tan s6 cha bo loc s8 FIR trong truong hop chicu dai
cla bo loc N 1a s6 chin nhu sau:

)
a) Hiz) =1+ ZIZ—I 1 -2 | 3

2
5 503 22 5
b) Hiz)=1+ =2 R Tl ¢
60 6 6 6 6
6 , 5 3 5 _ 7
) H(z)=1+ zz_l T UL VT P © +lz !
8 8 8 8 8 8 8

Bai tap 7.7
Hay xét cdu trde 1ady mau tan s6 cta bo loe sd FIR trong trudgng hgp chicu dai
ctia bo loc N 1A s6 1¢ (ke 1a hdy Gm FHy(z), I1.,(z) nhu bicu thae 7.2.5.17 va sau dé

vE cdu (ric 1ldy mau (an s0).

Bai tap 7.8
Hiy v& ciu tric 1@y mau 1an s cua bd loe s0 FIR trong trudmg hop chicu dai
clia b0 loc N la s0 ¢ nhu sau:

4 _ 3 _ 2 |
a) Hiz)=1+ —z bp,72 2, 2
5 5 5 5

6 5 5 4 203 02 501
b) Hiz)y=1+ R T e T e T o
7 7 7 7 7
8 5 6 2 5 . N -
¢) Hiz)=1+—-z"+=2 2 Ty T e ST
9 9 9 9 9 9 9 - 9
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Bai tap 7.9

Hay v& cdu (ric pha tuyén tinh va cdu tric [dy mau tan s ciacdc bo loc s0 FIR
pha tuyén tinh ¢6 ddp ¢ng xung nhu sau:
. -

a) hin)=1{1,2,2,1}
[
0

b)Y (ny=11,2,3,2,1}

——
0

Bai tap 7.10
Cho ho loc s6 FIR ¢6 ham truyén dat nhu sau:

I, 2 400
UL SR = SRy
s© s s

. Hez)=1+ iz_
5

Hiy v& cdu trdc truc ti€p va ciu tric dang mit céo.

Bai tap 7.11

. . . s R P !
Cho-bd lgc sO6 FIR ¢6 cdu tric dang mat cdo 3 tang vGi cdc he sO &, = 2
1 L e e e
k, = 5 ky = 3 hay xdc dinh cac h¢ so cua cau (rdc true tiép.
Bai tap 7.12
Cho bd loc 83 FIR ¢6 cdu tric dang mat cdo 4 tang vdi cac hé sO &, = . k, =
1 . PP
—, ky = — vak, = —, hiy xac dinh cdc hé s0 cua cdu trac-truc {ep.
4 6 8
- Bai tap 7.13
-Hay tim biéu thitc clia va(n), gs(n), vs(n), g(n), v,(n), gi(n) va tr d6 chitng minh
ring: -

ky = h(3), ks = 1.(2), k) =1 (1)
(i) = hy(3 - n), 115(11) =02 -n), u(n)=nhy1 - nj
Bai tap 7.14

Tir biéu thic (7.2.6.18) hdy ching minh k&t qua tinh /is(n) va k, theo cong thic
(7.2.6.20).

Bai tap 7.15

Tir biéu thirc (7.2.6.21) hdy ching minh k& qua tinh /i,(n) va k, theo cong thic
(7.2.6.25).
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Bai tap 7.16

Tur bicu thie (7.2.6.27) hdy ching minh k&t qua tinh /1, (1) va k, theo cong
thic (7.2.6.28).

Bai tap 7.17.
Cho h¢ théng s6 ¢6 ham truyén dat nhu s.au:
H(z)=1-199z" + 1,572z - 0,458z
Hay v& cdu trdc trye 1i€p va cdu triic dang mat cao'cua h¢ thdng nay.
Bai tap 7.18
Cho b0 loc sd 1R ¢6 ham (ruyén dat nhu sau:
2

377! -
Hiz) = 2+,<“ + 4z

5+6:7'+77,72 48778
+ Hiy ve& cau tric trye tiép chuén tic
+ Hay v& cdu tric truc tiép chuyén vi.
‘Bai tap 7.19
Cho bo loc s3 IR ¢6 ham truyén dat nhu sau:

-1 -2

1+3z7" +52

H(z) = 1 5 7
44627 +87°+10z"

+ Hay V& cdu tric truc tiép chuén tic bién dang,
+ Hay v& cdu tric truc ticp chudn tic bién dang chuyén vi.
Bai tap 7.20

Cho bo loc s 1IR ¢6 ham truyén dat nhu sau: °
\
3+2770 43,72 44,70

2+4z7 45,72 46770

H(z) =

+ Hiy v& cdu trdc tryc tiép chuén tic,

+ Hay v& cdu tric tryce tiép chpdn téc chuyén vi,

+ Hay vé& cdu tric tryc ti€p chudn tic bién dang,

+ Hay vé cdu tric truc tiép chudn tic bi€n dang chuyén vi.
Bai tap 7.21

Cho cac bd loc s0 IR ¢6 ham truyén dat nhu sau:

a) H(z) = ———2~———
| 25272

-3
b) H(Z) - _._l.j:z___{
1-27z"
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+ Hay v& cau tric true Gi¢p chuan tac,
+ Hay v¢ cdu tride song song,

+ Hay v& ciu tric dang tang.

Bai tap 7.22

Cho hai bo loc 50 TIR ¢6 ham truyén dat nhu sau:

164277
a) 1l(z)= re
1+1627
1-277" 48772
b) H(z)= 22 T%7

277" +4;772
+ Hiy v& ciu trdc true 1iép chudn tic cla cic bo loc s6 néy,
"+ Hay v¢ cdu tric dang song song,
+ Hay v& cdu trie dang tang.
Bai tap 7.23.

Cho hai h¢ thong TR duge mo td bai phuong trinh sai phan sau day:

] 1
, (1) = =) — v
a) N(n) = 4_\(/1 L)+2_\(/1)
b) (1) l( ")+()+1( ¥
h ()= —v(n=2)+xv(n)+—=x(n-
’ 8 3

+ Hay v& ciu tric true 1iép chuan tic clia cdac he thong nay,
+ Hiay v& cdu tric dang song song,

+ Hiy v& cdu tridce dang lfiﬁg.

Bai tap 7.24

Cho cdc h¢ thong HIR duge mo ta boi phuong trinh sai phan sau day:
1) V(1) : vin—1) l Y =2)+x(n)+ ! vn—1)
. U1 = (1) gy — \ Lvn-
' 4- 8 3

b) vr)=-02v(n- 1)+ 0,5v(n-2)+0,7x(n)-0,25vn-2)
¢) vn)=-0,1y(n- 1)+ (),2'\‘(;1 S2)+20n)+3x(n - 1)+ 6x(n-2)
d) vr)=v(r - 1) -05v(n-2)+ x(n)-x(n-1)+x(n-2)
¢) vn)=05vn - 1)+ 025%(n -2)+v(n-3)+ x(n)-x(n-2)
+ Hay v& cdu tric trye tiép chudn tic cia cdc he thong nay,
+ Hiy v& cdu tridc dang song song,

+ Hay v& cdu tridc dang tang.
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Bai tap 7.28

Cho hai h¢ thong TR ¢6 ham truyén dat nhu sau:

2437
a) Hiz)= —=122
_ 44577 46272
02527 40,5272
b) Hiz) = i i

0.5+0727" +09z77
+ Hay v& cu trdc trye tiép chuan tdc cua cdc h¢ thong nay,
+ Hay v¢ céu trde hinh thang clia cde he thong nay.
Bai tap 7.26
Cho cac h¢ thong 1R ¢6 ham truyén dat nhur sau:

24327 44772 457

a) 1(z) =
T A A
2 4 6 8
l+272 4277
by H(z)= Tz
2477 4377 45770
345774
o) H(z)= STz

1+2277 +327° 46277

+ Hay v& cdu triic true tiép chudn tic coa cac ht lh(;)'ng niy,
+ Hay v¢ cdu trdce hinh thang ¢lia cdc he thong nay. |
Bai tap 7.27

N , ~ g P 7. N t . A ~
Cho cac h¢ thong duge mo ta bai phuong trinh' sai phin sau day:

a) V) +2v(n—=1)=3x(n)
b) \'(/l)+—l~\'(/1—1)—1(11—2)~ \'(/1)—1\"(/1—1)
. 2_ 4 _ . 3
) v(n) ! v(n—1) ! v(n-=3)=x(i) ! v(n l)+l (n—2)
c ()—=v(n—lj==yn-=5)=x(n)-—x(n- —x(n—2
’ 3 4 2 5

|
d) 2.\'(/1)—_\.'(/1—l)—2_v(n—2):5.\'(/1)—3.\'(/1—2)
+ Hay v& cdu tric true 1iép chuin tic cua cac h¢ thong ndy,
+ Hay v& cdu trdc hinh thang clia cac h¢ thong nay.
Bai tap 7.28

Cho c¢édc hé thong IR ¢6 ham (ruyén dat nhu sau:
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l
a4) [l(z)= —
[+277" +3;77

]

b) I(z) =
1+377 +4777 +5;7

- Hay v¢ cdu trdc trye 1icp chudn tde clia cdc he thong nay,

+ Hay vC clu triic dang mat cdo cta cdc h¢ thong ndy.

Bai tap 7.29

Cho cac h¢ thong HR duge mo 1a bdi phuong trinh sai phan sau day:

] I
V)= —vin—=l—=wn-=-2)+x(nj

a)

. h) vin) =-025v(n-1)-05vn-2)-0,75v(n-3)+ v(n)
c) V)= 02v0n - 1)+ 0,7v(n - 3)+0.9v(n -4) + \(u)
d) ) =0.5vn - 2)+ 0,75v(n - 4) + 0,25x(1)

+ Hay v& cu tric trye 1i€p chudn tic clia cdc he thdng nay

+ Hay v& cdu tric dang mit cdo cta cdc h¢ thdng nay.

Bai tap 7.30

Hay tinh cdc h¢ 80 «, ¢, va u; theo ham cua cac h¢ s6 by va b, sao cho hai so

d6 cho trén hinh BT 7.30 sau day la tuong duong.

-1
) z-1 .
x(n) b’ ] ' n)
| <} y¢
e - l —
2-1
a) % ]
<

7+ >
+ Z 3

xX(n)
z! e
_a4 J az\'
_A -

b)

Hinh BT 7.30.
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Bai tap 7.31

Hay ching minh rang hai hé thdng ¢6 cdu tric cho trén hinh BT 7.31 [ tuong

duong nhau.

rsinw,
+ z! +
x(n) Y(n)
71
< <}
reosw, reosw,
b
N
a) - =rsinw,

yn)

b

tinh BT 7.31.

Bai tap 7.32
Cho h¢ thong ¢6 cdu tric cho trén hinh BT 7.32 sau day:

F) - - -
x(n) y(n)
-1

Hinh Bl 7.32.

+ Hiy tim ham truyén dat H(z) cia h¢ théng nay,

+ bay la hé thong d¢ quy hay khong dé quy.
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Bai tap 7.33 | '

Cho h¢ thong ¢ vdi hai diu vao 1a X(z) va Xo(z) va hai dau ra 12 Y (z) v Yi(z),
hé thaong nay ¢6 s¢ do khoi cho trén hinh BT 7.33 sau day:

)(,(z)__;-_— ——— X, (2)

)/ — —— % (Z)

Hinh BT 7.33.

Chdng ta bi¢t rang:
Yi(z)=H(z2)X (z)+11,(z)X,(z)

Yy(z)=H(2)X(z)+H (2)X,(z)

O dav:
! ,
Hi(z)=——F7— H.z)=1
P
2
1 +227" l
II}(Z):——I; //4(2):—[*_
1+ 2z~ 1+ 2
2 2 ‘
+ Hay vC so do cdu (ric cua h¢ thong s6 nay. !

Bai tap 7.34

Cho dap dng do 16n (hodc dap tng tan s§) clia cdc bo l()c sO FIR loai 2, FIR
loai 3, FIR loai 4 ¢d dang nhu sau (Xem bang 5.4.5.1):"

- FIR Toai 2:

N

Al /m) in[N j ) c)( ! j
¢ = I —— N |COS| O N——
n=1 2 2

- FIR loai 3:

N
——n
2

A(e!™ ) = Z 2/1(

n=l1

Jsin(e)n)

- FIR loai 4:



WO Y

+ Hiy tinh do nhay ri¢ng cua cac b loc s nay,
+ Hay (inh do nhay tuyét ddi,
+ Héy (inh do nhay cau phuong,
+ Hay tinh do nhay cau phuong tuong doi,
+ Hay v¢ do thi do nhay ciau phuong trong doi trong céce truong hop:
- N =15 véi FIR loui 3
- N =14 vii FIR loai 2va loai 4
Trong khoang tin s0 0 £ @ < 7.
Bai tap 7.35
Cho b0 loc $0 TIR ¢6 ham truyén dat nhu sau:
z-Z

H(z) =
1-2rcosbz™' +riz 2

(5 day céac he so ctia M(z) nhu sau:

ay=1;a,=-2rcos9; aq = r*

+ Hiy tinh do nhay riéng clia cdc dicm cuc véi céc hé 36 a, v3 a, 1
, a
S‘]‘I o —; SL ___r_ 5@ :—@—;So —i

641 % %, A day % " Ga,
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Chuong 8
BIEU DIEN HE THONG ROI RAC
TRONG KHONG GIAN TRANG THAI

8.1. M3 PAU

Trong linh vyc tuong tu ngudi ta dd s dung ky thuat khong gian trang thai
(hodc bién (rang thdi) d¢ phan tich cdc he théng tuong tu. MOt k§ thuat tuong (u nhur
thé ciing ¢ thé duge phat trién doi v6i cac he thong s6.

Viéc biéu dién cdc he¢ thong so hodc bo loc s6 trong khong gian (rang thdi
chinh la viéc t6ng quat hod cdch mo ta bing phuong trinh sai phan theo cdc trang
thdi trong cua h¢ thong ciing nhu quan h¢ giita ddu vao diu ra.

Biéu'dién trong khong gian trang thdi dic bi¢t quan trong ddi véi vice (0ng hgp
céc cdu triic khdc nhau cla cédc bo loc sd dwa vao viéc bi€n doi ciia viée bicu dién
khong gian trang thai ca bo foc. '

K¢ thuat khong gian trang thai dira trén co s& cta ly thuyét dié¢u khién hi¢n dai.
N6 duge Gng dung trong nhiéu linh vuc khac nhau, dac bigt trong xir 1y s& tin hi¢u
va 1y thuy&t mach. ,

8.2. PHUONG TRINH TRANG THAI

8.2.1. DAT VAN DE

Trong trudng hop téng quat ching ta biét ring trang thai ciia mot h¢ théng bac
N & thai diém n duge xac dinh bdi mot tap hgp N bién bén trong, cdc bi¢n nay duge
biéu dién bdi mot vectd Q(n) goi la vectd trang théi. :

Vay hoal dong cua h¢ thdng s& duge mo (a bdi vecto trang thai va cédc tin hicu
vao.

Paoi vdi mot hé thong tuyén tinh rdi rac, ¢6 day vao va day ra v(n), s¢ duge dac
trung bdi cac phuong trinh trang thai sau day: '

g(n +1)= ég(n)+ Ba(n)

104



v(n) = g’lg(n)+d.\'(/1) (3.2.1.1)
o day:
= la ky hiéu ma tran vuong,
- la ky hiéu ma tran cit,

t 12 ky hiéu ma tran chuyén vi.
8.2.2. MA TRAN TRANG THAI
Trong truong hgp cua chiing ta, ching ta s& tim cdc ma tran A, B, C va d

xudt phat tir phuong trinh sai phan tuyén tinh hé sd hang bac N.

Trong cac chuong trude ching ta da ¢é phuong trinh sai phan bac N dang (0ng
quat sau day:

' M N .
yn)= Y b.x(n-r)=Y avn—k) (8.2.2.1)
r=0 k=1

Bay gidy chiing ta dinh nghia hai todn tir 7', va T, 1 hai todn tir tuyén tinh va bat
bién.

Néu ching ta ¢6 mot diy A(n) ndo ddy, ching ta cho todn tt T, tdc dong vao
day A(n), ching ta s& cé quan hé sau day:
M :
T [Mn)] = Y bMn-r) (8.2.2.2)
. r=0
N&u chidng ta tdc dong toan tir T, vao day A(n) thi chiing ta thu duge quan h¢
sau day:

_ N '
T,[Mn)] =Nn) - Zu,\.y;v(n—k) = vy(n) (8.2.2.3)
k=1

Né&u T', tac dong vao x(n), ching ta thu duge & diu ra la v(n), tie la:
I [x(m)] =v(n)
Theo dinh nghia ctua todn tu T, & (8.2.2.1) ta c6:
M .
Ty [x(n)] =v(n)= Y b.x(n-r) (8.2.2.4)
=0
-.Ching ta lai ti€p tuc tdc dong T', vao v(n), ching ta s€ cé ddu ra la v(n) nhu

sau:

N
Ty [v(n)] =v(n)- Y apy.(n—k) (8.2.2.5)
k=1
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N¢u ta ¢d todn tr 1" 1a tich ¢coa T, va I’y nhu sau:
T =1T.7T, (8.2.2.06)

Toén tr T 1a dac trung cho h¢ thong tuyCn tinh bat bi€n, vay ncu diu vho i

(1), ta s¢ cO:
Tlxtm)[ =TT [x(n)] = x(n)=x(n)

Su hinh thanh todn tir 77 duge minh hoa (rén hinh 8.2.2.1 sau day:

1) - V(1) Cov(n)

Hinh 8.2.2.1.
Nhu vay ta ¢6 the 1ap luan nhu sau:

N
Iyl3lx(r)] = Ty v(n)] = v(n) - Y agy(n—k)
k=t

i) N
= Ybx(n—r)-Y aytn-k)  (8.2.2.7)
r=0 k=1 :

Bay gi0 ching ta gia su truong hgp don gian nhat [a todn ur 7', tic dong vao

x(n) cht Khong phit Fovin). Nhue vy ching ta ¢d quan hé sau day: -
N
Ta[x(n)] = X{(n) - k;“tf;(”"k) |
Chiing ta dat:
Yl - k)= quasalit)
thay tirng gid tri cuak (r N dén 1 ta ¢
k=N = g1(n) = yn-N)

k=N -1 > gonj = Yofn- (N -1} =y, (n-N+ 1)

k=1 = q”(n):y,(n—’l)
Thé thi chiing ta ¢6 the vidt:

qaUn) = y{n - N)

Gu(n+ 1) =y n-N+1)=gyn)

gyn+ 1)=ydn- N +2)=qsn)
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gy, (n+ l)y=x/n

gun+ )=y (n-

-)=q,(n)

1+ 1)=v.(n)

Tl day ta ¢6 thé viét:

() =1 0xn)[ =x(n)-avin-1)-avy(n-2)- ..

Viy ta ¢o:

=q¢yn+ 1)

g+ L)=x(n) -agun) - r/;c],\,_,(n') S A ()
Tae la:

gin+1)=qyn)

g+ 1) =qs(n)

gy(n+ 1) =qgy(nj

g+ V)= x(n)-ag ) - daxgy (1) - ...

- dxg(n)

Viét lai cdc biéu thitc clia (8.2.2.8) dudi dang ma tran ta cé:

[ (/,(/1+l)'—
c]z(/1+l)

G (n+l)
L gn(n+l) |

bat:

gt
¢!
Q(n+1)=

()]
¢y(1)
Q(n) = :
G (1)

L dn(n) ]

Ta ¢cO:

Q(n+1) = AQ(m)+ Ban)

Yoy (n+1)
L ga(u+1) ]

n+1) |
n+1)

>

0

0

0

Uy

[ g (1)
¢s(1)

Ay (1)
L qN (.”)‘

NS

—av(n-Nj
(8.2.2.8)
- "0
0
+ ()
0
]
0
0
|
—dy |
(8.2.2.9)
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Chiing ta (i€p tuc tinh todn: - -
1, 12 toan 1 tuyén tinh vay ta ¢6 the viét:
v(n) =T,[v(n)]
M

T\ x(n)] =v(n)= Y b.x(n-r)

=0

M
= V(1) = T{Zhr.\'(n - r}}
r=0

M
= > b1, [x(n~-r)f

r=0
Toén (r 7'y cling lai 1a todn tr bt bi€n vay ta ¢6 (he viét:

T:/X(” -r)f=vy(n-r)

M
= Ni)= Y. by (n=r)

r=0
Via ching ta da biél riang:
V(- k)= Gy i(11)
Viay ta c6 thé viét:
y(n)=byv(n)+by(n-1)+ ..+ bM_\‘_‘.('/I -M)
=hyvdn)+ bgyn)+ ...+ b‘,‘,c/,\,,,l‘,,,,(n)
ma la da cé:
V() = X)) - ag (1) - dsgy () F+ o+ (/\,(/I(}I) A
1
= by (1) = box(n)—=bya g (n)=byusq v (m+ o+ bgayqg (i)
Néu N > M ta c6 thé viét:
y(n) = box(n)+ (b, —bya, )y (n)+(b, —byu, ).L;A:_l(ll)-f— e+
+ (byy = by g gy (1) = Dot gy (1) == bod g (1)
Chiing ta dat:
Cxy = b —bya,

Cyoyp = by —byay

Casiopg = Py —boay

Cyop == Doty



¢, = - /70_(1:,\,_1

¢, =- /)()"N (8.2.2.10)
Tir day ta ¢6 thé viét:
M) = byx(n)tcoyq(n)+c gy (n)+..+oygy(n) (8.2.2:11)
Chiing ta vi&t v(n) dudi dang ma tran nhu sau:
q,(n)
qy(n) .
y(n)= [(‘1 Cy oo CN]. + box(n) (8.2.2.12)
dn(h)
bt
(1)
" ’ gy(1)
g—/ = [(-l C, (.N]; g(”) = : d :/;“
dn(m]
ta ¢ thé vict:
v(n)=C' g(n) + d.\'(n)( Lot ‘ (8.2.2.13)
va ching ta nhan duge cac phuong trinh trang thai sau déy:
9(n+l) = Ag(n) + Byn)
B ' (8.2.2.14)
]
y(n)= Q' g(n) + dx(ir)
vai:
) | 0 ... 0] - [0] e
0 0 L .0 0 )
A= ; B= ; C= @ |1 d=b
0 0 0 v ] 0 : e
|—dy  —dnoy N —dy | By | N
N>M
('N_H__k = /)k _b()(’/( ] < k < M
Cngl—k = - Doy M+ 1<k<N

- N bién b trg q,(n), g2(n), ..., ¢-(1n) duge goi la céc bién rang thii.
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- Q(n) duge poi l1a vecto trang thdi
- é duge goi la ma tran trang thdi (hay 201 13 ma tran c¢ua h¢ thong)
Vidu 8.2.2.1
Cho mgt h¢ lh(v’ng duge,mo td bdi phuong trinh sai phan sau day:
Mu)=2x(n)+3x(n- 1)+ 2v(n-1)-4v(n-2)
+ Hiy tim cdc ma tran: é B.C.,d.
+ Hay vicl phuong trinh trang théi.
Giai
N=2,M=1
b,=2,b,=3,u4,=-2,u,=4
Cypt = Dy =pouy <k M
Viy ta co:
Coppop = Cay I <k <
= co=b)-bya, =7

¢ =-boay=-8

0 1 0 -8
= ,B: ,(‘—_— ,d:2
-4 2| = 1| = 7

Tl day ta ¢o phuong trinh trang thai sau day:

g (n+1) 0O Y] g, 0
= . + X(it)
g (n+1) -4 20 | qgy(n) 1

(1)
yu)y=1{-8 7J. {ql } + 2x(1)

(1)

U
>

Vidu 8.2.2.2
Cho mot h¢ thong duge mo ta béi phuong trinh sai phan sau day:
N)=2x(n) +3x(n - 1)+ x(n~2)+2v(n - 1) - dv(n - 2)
+ Hay tim cdc ma tran: A, B, C, d.
+ Hay v& cdu trdc khong gian trang théi.
Giai
N=2,M=2

bo=2,b,=3b,=1,04,=-2,u,=4
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7

I

=0y - b,

-7

0 1 0 -7
= A = ;B = ;C = ;d =2,
= -4 2| = 1| = 7

Tir diay ta ¢d cdu tridc khong gian (rang théi nhu (rén hinh 8.2.2.1.

¢, =b,- by

+
X (n) 2 y(n)
+
?2(/7-/-1)
Z-'l
@,(n)
2¢7 D q_b
2 7
z-1
- | RN
J 1%
-4 -7

Ihinh 8.2.2.1.

8.3. PHAN TiCH HE THONG TRONG MIEN n

8.3.1. XAC DINH DAU RA y(n)

Xudt phat tr cac phuong trinh trang thdi, ching ta ¢6 thé phan tich h¢ thong
tuy¢n tinh trong mién n.

Chiing ta di ¢6 phuong trinh trang thai sau day:
Qun+1) = AQ(n)+Bx(n)

n=0 = Q1) = AQ(0)+B.x(0)

n=1 = 9(2) = ég(l)+§_\'(l)

H

n=2 = Q3) AQ(2)+Bx(2)

n=3 = 9_(4)

i
>
1

(3)+B(3)

Th¢ phuong trinh (rén xuong dudi ta ¢6:

Q(2) = A[A QMO+ B0+ Bal)
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)+ABx(O)+ Bx(1)

>

o
@
I
H>

2Q(0
L Q(0)+ éﬂx(O)Jrﬂx(l)] +Bx(2).

[
[l

O)+A Bx(0)+ A Bx(1)+Bx(2)

Q
Ala L Q(0)+A?Bx(0) + A Bx(1) + Bu(2)] + B3)

Q(4)

[
>
O

( )+A Br(O)+A B\(1)+ABr(2)+Bx(”>)

Tuong tu ching ta c6 phuong trinh tong qudt sau day:

Qn) = A"Q(0)+ A" Bx(0)+ A" Bx(1)+ ..+ Bx(n - 1)

n—1 N
—é—.n 9(0)+ Zé(n—l_“"jﬁ!x(t{)
=0

Q(n)
& day:
éo =1: ma tran don vi béc N x N
Ta ciling da cé:
v(n)= C" Q(n) + dx(n)

a1 )
= yin) = €' [ﬁn Q(0) + Zé‘""")gx(i)] + dx(n)
- =0

-1
y(n) = C' A*QOI+C' S A DBi) + dxn)
r—4 — 3 {=o:a

Xét ddy nhan qua x(n) ta ¢é:
»n)=0vain<O
= Ty[x(n)] =yn)
n=-1= Tyx-D]=T[0]=0=y{-1)
n=-2 = Tox{(-2)] =Ty0] =0 =y{-2)
n=-N = Tfx(- N)] =T 0] =0 =y(-N)

= y(n)=0v6in<0
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va la da bidl rang:
Uy (=Y (n1=Fk)
n=0 = a0 =y (k)
(=N = Gnan(0)=q(0)=y (-N) =0
k=N-1 = gupnoy(0)=¢(0)=y [-(N-1] =0
k=2 = Gnaa ()= Gy () =v (=2) =0
k=1 = gy (0 =gy (0) =y (-2) =0

Ta ¢4 dang ma (ran sau day:

¢, (0) [ v (-N) 0
Q) = t/z{()) _ /~(N— VAN 0
dn '(() ) v, ('— 1) (.)
O: ma tran ¢ot khong.
Trong trudng hgp nay ta c6 k&t qua sau:
v(n) = Q'lfé("_l_i)ﬁ.\'(i) + dx(n) (8.2.1.2)
i=0 :

Vidu 8.3.1.1

Cho h¢ thong duge mo ta boi phuong trinh trang théi sau day:

‘ | ro 17 0]
Q(u+1) —L-z 3J._(g(n)+ | X(H)

vn)=1[-2 4. 9(/1) + l.x(n)
vOi:

X(n)=a(n)

0 ="
QOr=1,

Hay tinh y(0), v(1) va ¥(2).
Giai

Y0)=[-2 41.Q(0) + x(0)
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{0} (0} m
. + =
0 | I
y1l)=1[-2 4]
5 - 0 1] 0]
Q2) = 5 Q) + | ey
{0 1] m m [1}
= . + =
-2 23 | 4

!
¥2)=1-2 4J.M +x(2)=15

8.3.2. XAC DINH DAP UNG XUNG /i(n) CUA HE THONG NHAN QUA
NC&u v(n)=8(n) = x(n)=h(n).
Vay dép ¢ng xung cua h¢ thong nhu sau:

n—l1

hin)= C' Zé(""“")yﬁ(i) +dd(n) (8.3.2.1)
=0

Bay gid ching ta ti¢n hanh tinh todn /1(0) va fifn) vSi n > 0.

Ta da co:

1=\ )
Qi = A" QI E AT e

=0
._l B
=0 =  0=0+ 3 A"y
=0

! .
- Zé(o—w)g\ﬁ) =0

=0

— )
= )= C'Y AIBS) + d5(0)

i=0
= C'O +d&(0)=dd(0) =d = b,
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= () = b,
n>0 = hin)= C'A"VB80)+ C'A"VBS(1) + ... +dd(n)
— /1(”) — (_j'é(”_“_l_i

Cudi cling ta ¢6 gid tri cla dap Gng xung /i( 1) nhu sau:

J/)O n=2a0
hin)=4C'A""B 0 >0 (8.3.2.2)
0 n<0

Vidu 8.3.2.1

Cho h¢ thong duge mo ta bdi phuong trinh sai phiin sau day:
Nu)=2xn)+3x(n - 1)+ x(n-2)+2v(n - 1) -4dxv(n-2)

Dua vdo bicu thic (8.3.2.1) hdy tim /(2).

Giai

8.4. TRI RIENG VA VECTO RIENG CUA MA TRAN

8.4.1. TRI RIENG CUA MA TRAN
Trude h&l ching ta nghién ctu phuong trinh dic trung cla ma (ran A bic NxN.
Phuong (rinh dac trung cia ma tran A duge dinh nghia nhu sau:
g = A=Al =0 (3.4.1.1)
G day:

A - bién cua phuong trinh dic trung

I - ma (ran don vi.
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Vidu8.4.1.1

Cho ma tran A bac 2 x 2 nhu sau:
4 3]
A =
= 2
Hay tim phuong trinh dac trung cia ma tran A nay.

Giai

Theo bicu thae (3.4.1.1) ta ¢o:
(L) 43 A bo 0
ST {1 2| Mooy T

= g(A) =

= gA=E-MN2-1M-3=0

8 -4A-2A+ A" -3=0

il

=A-0rL-5=0
Phuong (rinh trén la phuong trinh d{lC trung clia ma tran é
Dinh nghia tri ricng ciia ma tran Q
Céac nghiém cua phuong trinh diac trung ctta ma tran A duge goi Ta cdc gid tri
ricng ctia ma tran A

Vidu 8.4.1.2
. , [4 3
Cho phuong trinh dac trung cua ma trdn A = Ll 5 nhu sau:
gAM) =X -061-5=0
Hiy tim cédc gid tri riéng cda ma tran.
Giai
Giai phuong trinh dac trung g(A) = A7 - 6L - 5 = 0 ta thu dugc hai nghi¢m
A, =54 =1.

Vay cdc gid tri ricng cta ma tran A la A, =5 va A, = |.

-

C/ut v: Tt phurong (rinh dac trung, tvong ¢ng ching ta ciing ¢d phueong (rinh ma

)
<

tran nhu sau:
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r4 3} {4 3} [4 3 {1 0
= | . -6 + 5. :O
o202 K 2J 0 J =

9 I8 24 18 50 0 0
- -+ = = O

6 7 6 127 10 5 0 0 =
8.4.2. VECTO RIENG CUA MA TRAN
Pinh nghia vecto riéng cia ma tran
Cac vectorieng cua ma tran A duoe dinh nghia nhu sau:

Ay =A.y, i=1,2,....N (8.4.2.DH

O day:

A -ma trin bac N x N

v, -cde veeld riéng cua A

A, - cde gid tri ricng cua

>

Vidu8.4.2.1

Cho ma tran A nhu sau:

]

Hay tim cdc gid tri riéng va vectd ricng cua ma tran.

I

Giai

Theo bicu thie (8.4.1.1) ta ¢é phuong trinh dac trung cia ma trin A nhu sau:

SERISN| e (3-A(1 -2 -8=0
(\' = i - = = - - - /\» = C =
« = 7= 2 -2

=X -4r-5=0
2(N) ¢O hai nghicm A, =5, A, =- L.

= M) =-S5y A+ 1)=0
Theo dinh nghia vecto ricng trong bicu thie (8.4.2.1) ta ¢6:
Ay, =k.v, = Ay =Xy, =0

== —1 =

Viy ta co:

207



Vaii =1 taco:

e[ ]

Tir day ta tim y| nhu sau:

v - i N -2 4 Vi -0
- Y21 2 —4] vy -

= -2v, +4v,, =0
2vy, -4y, =0

To day taco:r vy, =2; v, = 1.

el

va la cling ¢6 hg vecto riéng v, nhu

f

Tuong tu ta cling tim duge veeld v,

(é’}‘zl)'!z = Q

Viy la ¢o:

= 4y, + 4v,, =0
v, + 2v,, =0

To day ta ¢6: vy, = 15 vy, = - 1.

Nk

va ta cling ¢6 hg vecto rieng v, nhu

Vay ta co:
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]

Pinh nghia ma trian khong suy bién P
Ma tran khong suy bién P dugc dinh nghia nhu sau:

P= [!1 2 T !N] (8.4.2.2)

| <

& day: v, [a cac vecld riéng cia ma tran.
Nho ¢6 ma tran P chdng ta ¢6 thé bién d6i A thanh mdt ma tran chéo D ¢6

cac phan tr chéo la cdce gid tri riéng ctia ma tran A

Trong trudng hgp ndy ma trdn chéo D duge hinh thanh nhu sau:

e

= l)>]

>

r (8.4.2.2)
Vidu 8.4.2.3

Cho ma tran A va cdc vecto riéng cua ma tran A nhu sau:

3 e[

>
I

Hiy tim ma tran D.

Giai
2 1
P:[Xl .‘iz]z{ J
= I -1
N R B B R
= P[-r 2 -1 2
pf-1 =13 42
=N D=P'AP =- — . .
= = == 3 -1 2002 -1
s 0] a0
o -1 oo,
Clut v

Ching ta ¢6 thd tim ma trin A va A’ thong qua ma tran P va D bing cdch

nhu sau:

e
I
=
>
=
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Viy ta co:

A=PDP (8.4.2.4)

I

k lan
= A'=PDIDL.IDP'=PDD..DP
=  A'=PD'P" (8.4.2.5)
G day:
A @)
p= "
O A
A O
pio| M
O AN

A;: 1 cde gid tri ricng clia ma tran A bac N x N.

Vidu 8.4.2.4

Cho ma tran A via P nhu sau:

.o 13 4 2 1
A= S P =
= 2 1] = T

Hay tim A (hong qua bicu thac (8.4.2.5).
Giai
Theo bidu thic (8.4.2.5) ta co:

A'=PDP
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|

1

'-")l_
—

N

Th =

-
oy T

Chi y: Chidng ta ¢6 thé tim trye (i&p A ° nhu sau:

, 3 4]13 4 17 16
= AA = . =
== 12 1 2 1 8 9

8.5. CHON VECTO TRANG THAI VA MA TRAN CHON T

>

8.5.1. CHON VECTO TRANG THAI

Khi mdt hé thdng duge dac trung béi quan hé gitta dau vao va dau ra cla he
thong thi ching ta ¢6 the ¢6 cdc trang thai bén trong cla h¢ thong nhung quan he
gitta ddu viio va diu ra van giti nguycn khong thay doi.

Chdng ta ¢6 the stt dung mdt ma tran T khong suy bi¢n d¢ nhan duge vecto
trang thai mdi nhu sau:

Goi: Q1) : vecelo trang thai cu
QI (s1): veetd trang thai mai

Ta co:

QT(/I) =T"Q(n) (8.5.1.H

Viy:

9(/1) = 'l:‘.QT(n) (8.5.1.2)
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Chiing ta da ¢6 cdc phuong trinh trang thai sau day:

9(/1+l) = é.g(n) + Buan)
v(n)= (_f’ 9(/1) +dx(n)

Vay ta ¢6 the vict:

_QT(/I+1) = Ll 9(/1+l) = L".[é.g(n) + Bo(u)l

|

9(/1+l)

é.l.QT(n) + B(n)l

— vl‘_l'

Q(n)

"'.é.l.QT(n) + T Byn)

il
=

= QT(/1+1)

bt
AP=TLAT B =TB

Ta cé thE vidt:

Q' (n+1) ér‘g’l‘(”) + B’V.\‘(n).

Ti¢p tuc nghién clu ta co:
v(n) = C' Q(n) + dx(n)

= Q' lQr(II) +dx(n)

ta ¢o:

v(n) = g"' L 91'(/1) + du(n)

Cudi cling ta co:

Q' (n+1) = é['.gr(/z) + Blx(n)

v(n) = Q”V 9].(/1) + dy(n)

—

A= T A.T: matran trang thai mai

T'B

=
0
fI =

(_‘»’T — gl l
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Chit ¥:
QIT — gl l — (’_l:lg),

T goi la ma tran chon.

Vidu 8.5.1.1

Cho ma tran chon T ¢6 dang sau day:

I =
= 10 1,

«n 3 - N ~! “
Gia st cdc ma tran A, B, €' c6 dang:

a b
A:{“ aflz}ﬁz[l}gzzlci ¢l
= ay 4y b,
Hay tim A, B’ va Q”"?
Giai
A= TUALT
1
pio s 0]:;[’1 2
= m 0t 1t |0 0
Lo
N Al | '["11 412][5
= o Yllen an]LO
. T
[ 4
441 ‘z‘“u
Al = 4
== 11
L—t‘du a5
2
Lol [
=1 B=|% , L=
o = 0 1 Loy b
1 | 1y
0
Cr=C'T=le ¢l = gt ety

PR
4| |0 1,

l
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Vidu8.5.1.2
Cho céac phuong trinh trang thai sau day:

9(n+l) = é.g(n) + Ban)

v(n)=C' Q(n) +dx(n)

Al T g0 oo |
A=| , LiB=} € =17 7 d=2

Chiing ta chon ma tran chon T khong suy bién nhu sau:

G day:

ma trdn chon T nay cho phép ta xac dinh vecto trang thai mdi:
T -1
9 (n) =T .g(n)
Hiy tim: A", B', Q’T va cdu tric mdi cua hé thdng.

Giai

Theo cac biéu thie (8.5.1.3) ta ¢c6:

2 -1]fo0 1711
= TLA.T = : :
= '="="|-1 1]]-4 2|12

g

o} ] o

Tl day ching ta tim cdu tric trang thdi mdi.

QT(11+1) = éf.gr(rz) + B7x(n)
S oy(n)= g’T (_ZT(n) + dx(n)

Thay vao ta co:
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f4 4 [0 -1
ql (n+1) - :I L/!F(n) + { }_\,(”)
qz Tn+1) =3 =2 gy (n) 1
ql (n+1)| I dql(n)+4q3 (n) + —x(n)
|95 Tin+1) _—3L]IT(n)—2qu(n) x(n)

4611T(11)+4q§(n)~x(n)

= qi(n+1) =

qg(nx+l) = —3qlT(n)—24qu('n)+.\'(n)

T
“wn)=[0 7] [qlr(n)J + 2x(n)
: qy(n) :
= ' y(n)= Tql(n)+2x(n)

Tir day ta ¢6 cau tric khong gian trang thdi mdi cua h¢ thdng cho trén hinh
8.5.1.1.

Z

4>——(+P——>———
ym)

xXmn)

9, (n+1)

Hinh 8.5.1.1.

Nhdn xét:

- Céc vecto trang thai va cdc ma tran trang thai khong phai 1a duy nhat.

215



- béap dng xung cla h¢ thong khong thay doi véi cac ma tran va vecto trang thai
mdi, cu the nhu sau:

b, n =0
hn)= (_j/_/}(""“§ n>0
0 nm< Q)

Ta ¢6 vecto trang thdi mdi va ma tran trang thai madi thi twong ¢ng ta ciing ¢d
ddp ang xung mdai la h'(n):
0 n=20

_(;,TAT(”_]}ET n>0

hn)= (8.5.1.4)

G day:

I
]
>
=
>
>

=C'IAIAI.IAIB

= hn) = Q'é("-l'lj = /i(n)

- Vay viéc ma tran trang thai mdi s€ khong lam thay d6i céc tinh chét cia he
thdng, vay néu ta chon duge ma tran chon 7” mot cach thich hgp thi ¢6 thé ta thu
duge cdu tric khong gian trang thai méi véi do nhay thdp nhdt. Vice nay s¢ cho
phép ta gidm duge sd bit dung dé ma hod cdc h¢ s cua cdu (rdc m&i ma khong lam
thay doi cdc dac trung cia he thong.

Vi du 8.5.1.3

Cho cdc ma tran sau day:

0 1 0] S
= LB= C=[-7 7 T=
-4 2 N 12

hdy ching 1o rang f1(2) = h'(2).

>

Giai

h2)=C'A”"B = C'AB

1l
o
~J
~J
—
I
N
N —
[
—
-
7
1]
~J
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4 4 —1
AT = BT = :CT =10 7
vl e

=  W@Q=CT.A"B =CT AT B’

—_ |() ; I. . l -
~ 2 1

8.5.2. TAM QUAN TRONG CUA MA TRAN TRANG THAI

Phdn trén ta da thdy ring céc vecto trang thai vd ma tran trang thai clia hé
thong tuyén tinh khong phdi 1a duy nhdt. N&u ta ¢c6 mot ma tran khong suy bién T

bac N x N thi c6 thé tao ra vecto trang thai mGi va ma tran trang thai mdéi:
T
Q' (n) =T"Qn)

A]'z ,l‘.;

>

l

Viée thay thé€ nay khong lam thay doi thong tin trong cac phuong trinh dac
trung cla ca 2 ma tran A va A’ ma¢ da hai ma tran ndy 12 khong déng nhat, cy'thé

nhu sau:
Ta ¢§ phuong trinh dédc trung cia ma tran A7 nhu sau:
gy =| A" -
ma ta bidt rang:

I=T"7T=T.T": matran don vi



B (M) = g(0)

Viav cluing 1a ¢o thé néi rdng cde gid tri riéng cia ma (rdn trang tlti ceba mol
¢ théug ta déc 1ap hoan roan voi viée choi cae vecto trang 1his.

Vidu 8.5.2.1

Cho mot hé thong tuy€n tinh ¢é ma tran trang thédi nhu sau:

0]

vit ta ¢O mot ma trin khong suy bién T nhu sau:
11
{12
Hay tim g'(A) va g(Q), sau do so sanh k¢t qua.

0 1 1 0}f  |{-% 1

-4 2] "o 1 -4 (2-1)
=-AM2-X)+4=R*-2 +4

(4-1) 4
-3 (-2-\

4 4 1 0
80 = |AT | - [-3 ezl ' )‘[o 1] -

=(4-AM-2-2)+12=32-21 +4

=3

Giai

g = |A-A1| =

=2 F)=gQ)
‘Zt‘/j-lé :1__'_".\,5'

'

=2 Ma=

8.6. BIEN DOl Z CUA PHUONG TRINH TRANG THAI VA DO ON PINH

8.6.1. BIEN POI 7 CUA PHUONG TRINH TRANG THAL

Trong chuong 2 chéng ta da 1dy bi¢n doi z ciia phuong trinh sai phin d¢ thu
duge biéu thire cha ham truyén dat //(z) theo cdc h¢ 80 o va b, clia phuong trinh sai
phan.

Trong phan nay chdng ta s€ thu duge bicu thde clha ham truyén dat 71(7) theo
cdc ma tran A, B, C' va d bang cdch 1dy bi¢n ddi z cla cdc phuong trinh trang

théi.



Chiing ta di c¢6 cac phuong trinh trang thai sau day:
Qn+1) = é.g(n) + Bx(ny
v(n)= C' Q(n) +dx(n)
L&y bi¢n ddi z cac phuong trinh trén ta c6:

ZT[Q(n+1)] = ZT[A.Q(n) + Bx(n)] =

é.ZT[g(n)j + BZT[x(n)]
=  2Q(z) = A.Q(z) + BX(z)
2Q(z) - A.Q(2) = BX(2)
(/.l - é).g(z) = BXz)
= Q(z) =@I- A BX7 | (8.6.1.1)
Tiép tuc tinh todn véi phuong trinh trang thii thit hai ta cé: ‘
ZT(y(n)] = ZT(C* Q(n) + dx(n)]
= C'ZT(Q(n)] + dZT[x(n)]
= Y(z)= C' g(z) + dX(.z) - (8.6.1.2)
Thay Q(z) tir biéu thtic (8.6.1.1) vao biéu thitc (8.6.1.2) ta cé:
Y(z) = C'l@) - AYLBXz) + dXz)

=(C'(z] - AYLB +d]) Xz)

= H(z)= =C'zl-A)'.B+d

I

X(z)
cudi cung ta co:
H(z) = g'(zg - é)‘*._B_ +d - (8.6.1.3)

Vidu 8.6.1.1
Cho bo loc s8 duge biéu dién bbi cic phuong trinh trgng thai sau day:

Q(n+1) = A.Q(n) + Ba(n)

y(n)=C’ Q(n) + dx(n)
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vai:

>

S P T g A R R I
a2 T ld=

Hay tim ham truyén dat /{(z) ctia bo loc s6 nay?
Giai -

Ap dung biéu thitc (8.6.1.3) trudce tién ta phai tim zI - A)yva(zl - A

a-a-o -l

z—2 ‘1
(ZI-A)"=——1-—~Z_2 TH | 222744 7’ -27+4
- = 22 -2z+4| -4 zZ -4 7
72 -2z+4 27 -27+4
. z=2 1
= C'@l-A)'=[-7 7] 72 2744 22 -27+4
— ‘: — . ~4 Z

72 -27+4 72 -27+4

_L z-2 -4 j( -7 7z ]
= -7 +7 +
22=27+4  z2-27+4)\z2-2z4+4 2% 2744

[ -7z-14 7217 }
|22 -2z+44 72 -27+4

_ B_{ ~7z-14 72-7 } 0
= 722744 72 -27+44] |1
7z -7

722 -27+4

I(Z

1S
1] ot
-2

Vay ta tim duge H(z) ¢6 dang sau day:

77 -7
H(z)= —2"1 42
722 —-27+4

227432+ 24327 477

72 -2z+4  1-27""+477°

Nhdn xét: Cling gidng nhu doi v6i fi(nr), ham truyén dat H(z) cua h¢ thong s¢
khong thay d6i véi viée chon vecto trang thai mdi, tice la:

H'(z)= C"(z1 - AT .B" +d = H(z)
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Vidu 8.6.1.2
Cho b lgc s6 duge biéu dién bdi cdc phuong trinh trang théi sau day:

9(n+l) = é.g(n) + Bx(n)

vin)= _(_3' 9{11) + dx(n)

O e =17 7 a2
Tlog P BTl T s

1
= L 2} : ma tran chon khong suy bi¢n

vGi:

>

1=

Hay tim H'(z) va so sénh véi H(2) & vi du 8.6.1.1.

T4 4 1,
Al = ; B = :CT =0 7]; d=

Tiur day ta ¢6:

N
riatl

II[(Z)ZEIT(YL_Q[)_).EI+C[

2 4
CT(z1- AT = ! Q0 711577
- = = (z—4)(z+2)+12 :

1
B (z—=4)(z+2)+12

[-21 7@z - 4]

] ) l " -
cT@z1- AN B = — 21 Tz - )
(22-47.3 (z—4).(z+2)+12r 2 L}

21+7(z-4)
(z—4)(z+2)+12

VS W e € ke LN S Sk B
(z—4)(z+2)+12 - . 722744




24377 472
= — =]I{z)

- [-277'+477°
So sénh vdi két qua & vi du 8.6.1.1 ta thdy rang biéu thic cha ham truyén dal
f1(z) khong thay doi.
8.6.2. PO ON PINH

Chiing ta da c¢6 phuong trinh dac trung cla ma tran A nhu sau:
g =|A-AM| =0

hoidc trong duong ta cé thé viét:
¢(A) = W‘él =0 (8.6.2.1)
Va ching ta ciing da bi&t rang ham truyén dat cia mot h¢ thong ¢ ma tran
trang théi é duge cho bdi bicu thite sau:
H(z)= g’(y! -AY' B +d

D¢ tinh ma tran nghich dao (zI - A)"' ta phai tinh nghich dao cua dinh thic

cla ma tran nay, tice la phai tinh:

z!—él . nhu thé cdc diém cue cha Iiz) chinh I

Vay mau s6 cna ff(z) chinh 1
nghi¢m mau so: ~z£—é’ =0.

So sénh nhan x§t trén v&i phuong trinh (8.6.2.1) ta ¢6 the ndi ring cdc dicm cue
cua H(z) chinh l1a cdc nghiém cla phuong trinh ddc trung cua ma tran A . Ma cdc

nghiém cua phuong trinh dac trung lai chinh la cdc gia (ri riéng cira ma tran Al
Vay ta ¢6 thé noi ring: cdc diém cue ciia ham truvén dat 11(z) ciia hé 1héng
chinft la cde gid tri riéng ciia ma trgn trang thdi é:
2 = My (8.6.2.2)
z, - cdc diém cuc cua H(z),
A, - cdc gid tri rieng cua A.
Chiing ta nhd lai dicu kién 6n dinh cia mot he théng tuyen tinh bit bién nhan

qua nhu sau:
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Mot hé théng tuyén tinh bat bién nhin qua 1a 6n dinh néu va chi néu tat ci cdc
diém cuc cta ham truyén dat H(z) nadm bén trong vong tron don vi.

Vay & day chiing ta ¢6 thé dua vao cdc gid tri riéng clia ma tran trang thai dé
xét su On dinh cla h¢ thong.

Tuc 1a ta ¢6 thé ndi rang:

Mot hé théng tuvén tinh bdt bién nhdan gud 1a én dinh néu va chi néu 1dr ca cdc

gid i riéng cia ma trdn trang thai A déun 6 modul nho hon don vi.

Vidu8.6.2.1
Cho hé¢ thong duge mo ta bodi phuong trinh sai phan sau day:
y(n)=2xn)+3x(n-1)+x(n-2)+2v(n-1)-4v(n-2)
Hay xét su’ on dinh cla h¢ thdng nay dya vao cdc gid (ri riéng clia ma (ran trang
thai A. .
Giai
Theo (8.2.2.14) chiing ta ¢6 thé dé dang xdc dinh dugc ma tran trang thai cla

hé thong nhu sau:

A
—4 2-%

=l

0 1 [l 0
= - A
-4 2 0 1
M) =-A2-M+4=R-1+4=0
= M=l+jf3h=1-/43
| = V143 =2> 1
‘)Vz‘=\/1+3 =2> |

H¢ thong nay léx{h(‘mg on dinh.

BAI TAP CHUGNG 8

Bai tap 8.1
Cho h¢ thong s6 duge mo ta bdi phuong (rinh sai phan sav day:

v(n)=2v(n-1)-y(n-2)+3x(n)+4x(n-1)
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+ Hay tim cicma tran: A, B, C, d,

+ Hay vicl phuuﬁg trinh trang thdi mo ta h¢ thong nay,

+ Hay v& cau tric truc tiép chudn téc,

+ Hiy v& cau tric khong gian trang thai.

Bai tap 8.2

Cho h¢ thong s6 duge mo ta bdi phuong trinh sai phan sau day:
) -3y -1)+2v(n-2)=2x(n)+x(n-1)

+ Hay vé& cdu tric tryc ti€p chudn lac,

+ Hay vé& cdu (rdc truc ti€p chudn tic chuyén vi,

+ Hay tim cacmatran: A, B, C,d,

vi€t phuong trinh trang thai mo ta h¢ thong nay,

vC cau tric khong gian trang thai.

Cho h¢ thong s6 duge mo ta bdi phuong trinh trang thai sau day:

¢ (n+1) 2 4 Ly (n) 6
= . + xX(n)
gy (n+1) 3 5] tygy(m) 6
) .
vin) =17 8. 4 + \(n)
qy(n)

Hay vé& cdu triic khong gian trang thai dé thyc hién he thong nay.

Bai tap 8.4

Cho hé thong FIR duge mo td bdi phuong trinh sai phan sau day:
yi)=x(n)+ 2x(n- 1)+ 3x(n-2)

+ Hay V& cdu (rdc truc tiép chuan téc,

+ Hay v& cdu tric true tiép chudn tic chuyén vi,

+ Hay vé& cau tric dang mat cao,

+ Hay tim cdc ma tran: A, B, C,d,

+ Hay viét phuong trinh trang thai mo ta h¢ théng nay,

+ Hay v¢ cau tric khong gian trang thai.

Bai tap 8.5

Cho h¢ thong ¢6 so do cdu trdc nhu (rén hinh BT 8.5.
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xX(n) :+/

Z-"Y

Hinh BT §.5.

+ Hay tim cdc ma tran A, B, C, d,
+ Hay tim ham truyén dat H(z).
Bai tap 8.6

Cho hé thdng dé quy thuan tuy dugc mo ta bdi phuong trinh sai phan sau day:
: 1
. 2v(n) + v(n-1)+ 5_\'(11 -2)=x(n)

+ Hay vé& cdu tric tryc ti€p chuan téc,
+ Hay v& c&u trdc trye ti€p chuan tac chuyén vi,
+ Hay vé cdu tric dang mét céo,

+ Hay tim cdcma trin: A, B, C, d,

+ Hay viét phuong trinh trang thdi mo ta hé thdng nay,

+ Hay vé cau tric khong gian trang thai.

Bai tap 8.7

Cho hé thong FIR ¢é so do cdu tric cho trén hinh BT 8.7.

+ Hay tim cdc ma tran A, B, C,d,

+ Hay vé€ cdu trdc khong gian trang thai.



Hinh BT 8.7.

Bai tap 8.8

Cho hé thong dé quy thuan tuy ¢é so d6 cdu tric cho trén hinh BT 8.8.

2
- ] y(n)
- z1
.
#1
<
2-1
4
.~
N
2-4
5
A1
N
71
]
A 1
B\E

Hinh BT 8.8.

+ Hay tim cdcma trin A, B, C,d

+ Hay v& cdu tric khong gian trang thai.
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Bai tap 8.9

Cho hé thong dé quy thuan tuy c6 sg d6 cau tric cho trén hinh BT 8.9.

(D o

i Ty
2

2
77 |
‘ 3
—>—®
21

4

H—0
2—7 .

-5
| I

| 7

Hinh BT 8.9.

(o]

+ Hay tim cacma tran A, B, C, d, .
+ Hay vé& cdu tric khong gian trang thai.
Bai tap 8.10

Cho b loc s6 ¢6 cau tric duge cho trén hinh BT 8.10 sau day:

A
A
<
+ 3
o, <7
Y
i +
.?C(n) o o(g
; ‘
oy . o,
1
o E
A
\h
Ag

Hinh BT 8.10.

227



+ Hay tim cac ma tgdn A, B, C, d theo ham cua cac hé¢ s a,,

+ Cho nhan xét néu a5 = - o, va o, = a;.

Bai tap 8.11

Cho b9 loc s0 ¢6 cdu tric duge cho trén hinh BT 8.11 sau day:

.
|
A -
X, (n -+ z7
9
-1
S + Z
Xy(n) ‘\t ' Y,(n)
| 1
—~17 :
Hinh BT 8.11.
+ Hay viét phuong trinh trang thai cua mach,
+ Hay tim cdc ma tran A, B, C, d. '
Bai tap 8.12
Cho hé thong ¢d so 30 cho trén hinh BT 8.12 sau day:
I~
s
3
_/_l'_\
x(n) yen)
Z—‘l
4 5
B N
G >
2_1
6
+
71

Hinh BT §.12.

228



Hay tim cic ma tran A, B, C, d.
Bai tap 8.13
Cho hé thong duge mo td bdi phuong trinh trang thai sau day:

1

ol - 05 0 2]
g(n = 0 025 .g(n)+ 2-.\(n)

vu)=[1,5 1,51.Q(n) + 3x(n)

Hay tim v(n) véi:

x(n)=u(nj
Qo =
_( - 0
Cho hé thong duge dac trung bdi cac ma tran A, B, C, dsau day:
0 1 | 2
= ;B={ |5 C= ;d=4
-3 2 A 2

x(n)=u(n)

1
Q(IH-I):_LJ

)

Bai tap 8.14

1>

Hay tim v(n) véi:

Bai tap 8.15
Cho he Fh()’ng duge mo ta bdi phuong'tr‘mh sai phan sau day:
2v(n) -4v(n- 1)+ y(n-2)=x(n) +3x(n-1)+ 6x(n-2)
+ Hay lap biéu thirc tfnh dap tng .xung h(n) cua hé thong,
+ Hay tinh céc gid tri £(1); A(2) va h(3).
Bai tap 8.16

Cho h¢ thdng duge dic trung boi cdc ma tran A, B, C, d ¢6 dang sau day:

0 1 0.1 0
= ; B = ; C = ;d=1
2 1| — 1 - |

+ Hiy lap biéu thitc tinh ddp Gng xung /i(n1) clia hé théng nay,

i

+ Hiy tinh céc gia tri /#(0) va A(1).
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day:

Bai tap 8.17

Gia sur ta ¢6 he thong bac hai duge mo ta bdi cdc ma tran trang thai ¢6 dang sau

>

1 ] 1 0
| Mg le=|sd=0
Uy Uy, 0y — 1

- Hay tim cdc gid tri riéng va veclo riéng ciia ma tran A,
- Hay tim ham truyén dat H(z) cia h¢ thOng nay.
Bai tap 8.18

Gid s ta ¢6 ma tran trang thai A ¢6 dang sau day:

1]

- Hay (im cdc gid (ri riéng va vecto riéng cua ma tran A nay,

1>

- Hay (im ma tran chéo 2 ,

—‘Ttr ma trdn chéo D hay tim A°.

Bai tap 8.19

Cho hé thong duge mo ta bdi phuong trinh sai phan sau day:
V() =2v(n-1)-3v(n-2)+ 2x(n)+ 4x(n - 2)

- Hdy (im ma tran (rang théi é

- Hay tim cdc gid tri riéng va ;/eclu riéng cua A,

- Hay tim ma tran chéo 2 ,

- Tr ma tran chéo D hay im é

- Hay vé& cdu tric khong gian trang thdi cua hé thong nay.

Bai tap 8.20

Gia sir ta ¢6 ¢dc ma tran trang thai sau day:

_ (111 (Ilz . B _ ])l . (ﬁ _ ('I
dyy dyy | T b, |” ~ C

Cho ma tran chon T ¢6 dang sau day:

! i
- 1 o
[y Iy

=g



Hay tim A’, B', C".

Bai tap 8.21

Cho h¢ thdng duge mo td bdi phuong trinh (rang thdi sau day:

| 0 1 0.5 _
g(n+ ) = 5 3 .9(/1) + 0.5 x(i)

vin)=1[-4 4].9(/1) + \(n)

Chiing ta chon ma tran chon T khong suy bién nhu sau:

31
T =
= 2 2

+ Hay im A', B', C”,

+ Hay v& cdu (ric khong gian trang thai véi A, B*, C',

+ Hiy vé cdu trdc khong gian (rang thai véi A', B', C".
Bai tap 8.22
Cho h¢ thong duge mo td bdi phuong trinh sai phan sau day:
2v(i) +4x(n - 1)+ 6x(n-2)=2xn)+8x(n- 1)+ 12xvn-2)

+ Hay (im cdc ma tran trang thai A, B, C', d,

+ Hay tim cdc ma tran trang thai A", B7, C”, d v&i ma tran chon T nhu sau:

o3
T =
= 2 3

+ Hay v& cdu tric true tiép chudn tic
+ Hay v¢ cdu (ric khong gian trang thai véi A, B, C', d,
+ Hay v& cdu tridc khong gian trang thai voi A', B, €, d.

Bai tap 8.23
Gia st chiing ta ¢6 ham truyén dat cia mot bo loc sd duge cho bdi bidu thic
sau day:

-1 -2
oz +0,Z

{l(z) =7y +
l+[312_I +Bzz_2

va cac ma tran trang thai c6 dang:



%

_ dyy dpy | B = bl e ¢ vh d
ay an (T b T e

+ Hay tim cic hé s6 cta bd loc theo ham cva u,y, dys, dsy, dss, by, by, ¢y, ¢ v d,
+ Hay cho nhan xét vé viéc hoédn vi ddu cta céc hé s6 a,,, ..., d."
Bai tap 8.24

Cho céc ma tran trang thdi ¢é dang sau day:

3 -1 0.4 1
A= ;B = ; C = ,d=02
= 12 0 0317~ |0

Hay tim cac ham truyén dat H(z) ctia hé théng duge cho bdi cdc ma tran trén.
Bai tap 8.25

Cho hé thé’ng ¢6 ham truyén dat H(z) nhu sau:

a) H(z) =

1+3z27 +6272 497

b) H(z) = <
14227V 44772 + 627

Hay tim cacmatran A, B, C, d.

Bai tap 8.26

Cho cdc ma tran trang thai ¢6 dang sau day:

a, =—ay, 0 0 Cy
A=tuy a, O B=|15C={0],d=0
0 0 « 1 - ey

+ Hay tim ham truyén dat H(z),
+ Hay xét su 6n dinh ctGia hé théng nay.
Bai tap 8.27

Cho cac ma tran trang thai ¢6 dang sau day:

ay  —dy 0 0 -
; B = ;. C = ,d=0
a, 4y iy = |

va cho ma tran chon T ¢6 dang sau day: ~

cosa  sina
—sino.  Cosot

>
]

1=



+ Hay tm /H(z) va I1'(z),

+ Hay so sdnh két qua.

Bai tap 8.28

Cho h¢ thong duge mo6 ta boi phuong trinh sai phan sau day:
v(n)=x(n)+3x(n-1)+3y(n-1)-6vn-2)

+ Hay tim ma tran trang thai é

+ Hiy tim phuong trinh dac trung cila ma tran A,

+ Hiy x¢t su dn dinh ciia hé thong nay.
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Chuong 9
LOC SO NHIEU NHIP

9.1. M3 PAU

K§ thuat lo¢ s6 nhiéu nhip ngay cang duge ﬁ'ng dung nhiéu trong linh vuc xir Iy
sO tin hi¢u, nhu 1a né ¢6 thé dung dé tiang tdc do tinh todn trong céc by loc s biang
céch giam s6 phép nhan phai.thuc hién trong mot giay.

Chiing ta bi&t rang trong qué trinh xur 1y s6 tin hiéu, bé rong cla dai tdn s6 ¢o
thé thay déi, nhu la cdc phép loc s€ triét tiéu cdc thanh phdn tdn s6 khong mong
mudn, thé thi bé rong dai tdn cla tin hiéu xur 1y sé gidm di va ching ta ¢6 thé giam
tdn s6 14y méu cho phi hgp v6i bé rong phd cla tin hiéu va ni.g vay ta s& giam duge
sG phép tinh todn trong bo loc so.

Do nhitng tinh chdt vu viét cta né, k§ thuat loc s¢ nhiéu nhip da duge nghién
cltu rdt nhiéu trong nhitng nam gan day va da thu du’gc- nhitng k&t qua kha quan vé
1y thuyét cling nhu @ng dung k§ thuat nhu trong vién thong, xur 1y tiéng néi, xir ly
hinh anh, cdc h¢ thong antenna, ky thuat audio so. Dic biét hai ting dung chinh cla
né 12 ma hod band con (subband coding) ding frong xir 1y ti€ng néi va phan dudng
diing trong vién thong.

Thanh tuu cda k¥ thuat loc s6 nhiéu nhip trong nhitng nam vira qua thé hi¢n &
viéc nghién cqu cdc hé thong s8 nhiéu nhip, nhu 12 tong hgp céac bo loc phan chia
(decimation filter) va cdc bd loc ndi suy (interpolation filter), cdc bank loc phan
tich va téng hop, bi¢u dién nhiéu pha (polyphase) va c4u tric nhiéu pha.

9.2. THAY BOI NHIP LAY MAU

9.2.1. CAC PINH NGHIA

Pé 1am quen v6i khdi niém nhiéu nhip va dé dé theo ddi céc qua trinh tiép theo
chiing ta can phai dinh pghia mot s6 khdi ni¢m mdi.

a) Dinh nghia hé thong nhiéu nhip

Néu trong mdt hé thdng xur 1y s& tin hiéu, tan s (hodc nhip) ldy mau duge thay
ddi trong qua trinh xt 1y, thi hé thdng s nay dugc goi 1a hé thong xir 1y s6 nhicu
nhip.
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b) Dinh nghia phép phdn chia

Viée giam tan s6 (hodc nhip) ldy mau tir gid tri F'y vé mot gid tri F, ([, < Fy)

duge dinh nghia 14 phan chia.
Néu £, = FyM (M > 1 va nguyén duong) thi ta goi l1a phép phan chia thco hé s6

M va M goi la hé so phan chia.

¢) Dinh nghia b6 phdn chia
Hé thong chi lam nhiém vu giam tdn s6 ldy mau duge goi 1a bd phan chia

B¢ phan chia dugce ky hiéu nhu hinh 9.2.1.1

B )V -
x(n) Vim(1)

Fy F's
M: hé s6 phan chia

Hinh 9.2.1.1.

Dé thuan tién ching ta ¢6 thé dung ky hiéu todn tir d¢ bidu dién phép phan chia

nhu sau:
irM[.\'(n)] =viyn)=y,un) (9.2.1.1H

hay:
) —H s vi(n) = vy y(n) 9.2.1.2)

d) Dinh nghia phép noi suy

Viéc tang tin s& 1ldy miu i gid tri Fs dén mot gid tri F,( F,> Fy) duge dinh
nghia la phép ngi suy.

Néu F,= LF;(L > 1 va nguyén duong) thi ta goi 1a phép ndi suy cho hé so L.
Va L goi la hé s6 ndi suy.

e) Dinh nghia bo noi suy

Hé théng chi lam nhiém vu tang tin s& ldy mau duge goi la bd noi suy

Bo ndi suy duge ky hiéu nhu trén hinh 9.2.1.2.

SN T
x(1n) v ()

L: hé s6 ndi suy
Hinh 9.2.1.2
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Pé thuan tién ta c6 thé dung ky hiéu toan tir dé biéu dién phépnoi suy nhu sau:

TLIx(n)] = vo(n) (9.2.1.3)
hay:
xn) —Ev1.(n) (9.2.1.4)

9.2.2. PHEP PHAN CHIA THEO HE SO M

a) Biéu dién phép phén chia trong mién bién sé' n

Gia sir ta ¢6 bo phan chia theo hinh 9.2.2.1 sau day:

x(n) Vig(h)=x(nM)
F, — S F’,
Q — = Q

s — 5 T

Hinh 9.2.2.1

Ta thdy rang tdn s6 ldy méu F, clia tin hi¢u r0i rac x(n) sau khi di qua bo phan
chia nay s¢ bi giam di-M lan, tic la:

r

' F £,
o=—=;5 Q¢=2nF; Q, =2nF =21 = — (9.2.2.1)
M M M
) e s I . 5
hoac la chu ky ldy mau T = T s¢ tang 1én M lan:
T, = MT (9.2.2.2)

D€ hicu rd bin chit clia qud trinh phan chia nay ta s& biéu dién ddy vao va day
ra clia bo phéan chia nay & dang khong chudn hod nhu trén hinh 9.2.2.2 (chuin hod &
day dugc hiéu l1a chuan hod bdi chu ky 1dy maéu).

—> M >

z(nly) ) (") = X(nMT ) = vi,(n)

nM: s6 nguyén

Hinh 9.2.2.2

Nhu vay tin hiéu rdi rac trude khi vao bo phan chia la x(nT's) va sau khi ra khoi
bo phan chia s& 1a x(n T, ).
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Vidu 9.2.2.1

Cho tin hi¢u roi rac sau day:

| - — 0<n<8
..\.(”)___ 8 .

0 n con lai

Hay v& (1) bing d6 thi dudi dang khong chuan hoa (theo chu ky ldy mau) va
chuén hoa trude khi vao va sau khi ra khoéi bo phan chia theo hé s6-M = 2.

Giai

Lgi giai duge cho,trén hinh 9.2.2.3.

Chia chuén hoa

Chuan hoa
x(n%)
Vao lz
1 ‘ 4
IIIIIT?--. .IIIIT?:-
=T, 0T | 87 nTs -1 0 22 3 8
) 7 b)
X@T)=x(MT,) Yy )
{
Ra‘Z I d i
I I S e
-75"0'.,' 477 nr f 01 23 4 5§ n
c) 73_ : d)
(a) Tin hiéu vao khong chudn hod,
(b) Tin hiéu-vao chuan hod theo chu ky lay mau 7',
(¢) Tin hidu ra khong chuan hod,
; (d) Tin hi¢u ra chudn hod theo chu ky ldy méu I\ = MT,.
Itinh 9.2.2.3
Chit v:

- Ta thdy rang tin higu ra v,u(n) chi lay cdc gid tri cla tin hi¢u vao x(n) & cdc
mau #M, bdi vi tan s ldy mau bi giam di M lan sau khi tin hiéu di qua bo phan chia
theo hé so M.

- Chiéu dai ctia x(n) bi co lai M 1an, tic 1a L{x(n))/Llyim(n)] =M
b) Biéu dién phép phdn chia trong mién z

Chiing ta ¢6 thé biéu dién qua trinh phan chia bing bo phan chia trong mién z
nhu so d6 trén hinh 9.2.2.4.
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IM

Xz)

Yiulz)

Hinh 9.2.2.4.

" Ta bidt rang trong mién bién s6 doc lap ta cé:
V() = x(nM)
Vay:

-
n

Yuu(z) = Z Yim(n)z "=

P M=—x

doéi bién sd ta co:
. n
m=nMvan= —

m
oC

> .\'('m)z—M

m=—oz

YJ,M(Z) =

Ta da biét rang day p: m) duge dinh nghia nhu sau:

| Mo

+—

(9.2.2.3)

Z M)z "

v&i m = n.M, n: s8 nguyén

véi m = nM, n: $6 nguyén

U —lm 1 Mt / [”l 1
pom) = M é{) Y] Z(} ~lo  v6imconlai
9.2.2.4)
(r day ta c6:
oo _m
Yim(z)= D x(m).p(m)z M
Ni=—oC
oo M- 1j T _m
= Z Ze Mo )z M
Mm=—0 Ml =0
A[ 1 n =m
| Mol - i
= — > x(m). Mo M
M =0 m=~w
M-I L2
Yim(z)=— > X zMe M (9.2.2.5)
1=0
1
| M=t L
= — 3 X| MW,
M S

(0]
(]
oe



hoac ¢6 thé viét dudi dang san day:

M1 27,

-1
MY y(z")= Y Xl ze M (9.2.2.6)
1=0
Vidu9.2.22
Mot tin hiéu x(n1) ¢6 bi€n d6i z 1a X(z) di qua b0 phan chia v&i h¢ sG M = 2, 8
dau ra cha bd phan chia nay ta thu duge Y,(z). Hay tim quan h¢ gitra X(z) va Y »(z)

néu (1) ¢d dang sau day:

Nn)=141,2,3,2,1}

>
1
Giai
Trude hét 1a tim X(z):
Xz) = i,\'(ll)l_l’

=z 4+ 27 4+ 377 4 277 ¢

Ap dung h¢ thitc (9.2.2.6) véi M = 2 ta ¢6:
Lo :
Yolz)= —=X(z2) + —X(-z2)
2 2
1 1
Tinh X(z2%) va X(-z2):

! I 3

5
X(z2) =2z ¥ +227 ' +322 4227247 2

1 2 23 3
X(-22)=-z 24227132 24277222
Vay ta co:
Yiu(z) = 22 + 222
c. Biéu dién phép phdn chia trong mién tdin so
Biéu dién phép phan chia trong mién tdn s6 chinh 12 vi¢e (im quan h¢ giira:

Yau(€®) = T yum(1)]

X)) = Flix(n)]

Néu ta ddnh gid Y,u(z) la X(z) trén vong tron don vi cha mat phang z thi ta s&

1im duoc quan hé gitta Y, u(¢’”) va X(e/”), e 1a:
Je q ¢ 8 >
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Yiu(€®) = Yy(z)| s

X(e®) = X(z)

z=el?

Vay ta thu dugc quan hé sau:

_ S s
Yiu(e?) = — X e Me
M 5
1 M=t j“"z"’
= Xle M (9.2.2.7)
=0
. M-1 jm—an
hay MYy (€)= > Xje M
=0

Vidu9.2.2.3

Cho tin hiéu rdi rac x(n) duge ldy méu tr mot tin hiéu tuong tu x.(7) véi tin s6
1dy mau bing tdn s6 Nyquist Fy,, x(n) ¢6 phd 1a X(¢/*) cho trén hinh (9.2.2.5).

X(e'%)

Hinh 9.2.2.5

Tin hiéu nay dugc truyén qua mot bd phan chia cé hé s6 M = 2 va & ddu ra ta
thu duge Y y(n). Hay vé pho clia Y ,(n), tic 12 v& Yyy(e’”) theo phé clia X(e”) .
- Giai

Thay M = 2 vao biéu thic (9.2.2.7) ta c6:

1 jg 1 jm—'Zﬂ:

© L

= Lyle2 v 1y -2
2 2

Nhu vay ph6 Y ,(e/”) s& 1a sy x€p chéng phd clia hai th>nh phdn trén, két qua
duge minh hoa nhu trén hinh 9.2.2.6.
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X (eJ-W)

1
21 -X 0 T 21 w
\ .
1 ZiX(eJ%)
\/Z\/
0 w
; j w=21 yi g
IX(e! %77 )= X(-e %)
2 2
— L — -
- \\\ 2 /// -~
\\\ ”/ :
0 w
Y2(e’®)
1
P4
/"'\\\ ’V’“\\
\\\ ’//
0 w

Hinh 9.2.2.6

Nhdn xét:
L@
> . I P N I3 » . .~ 2 »
- Thanh phédn véi / = 0 X(e M) chinh la ban-anh version gién rong M lan cla

X((),'(o).

.M

) ae o I
ban anh trai rong X(e M ).

- Y, (¢°) ciing ¢6 chu ky 12 27 theo @, 12 k&t qua t6 hgp cua M thanh phan, bai
vi vé thuc chat né 13 t6 hgp bién déi Fourier cha cdc day hogp lai.
: ;@
- Tir vi du v6i M = 2 & trén ta thdy ring thanh phan v6i/ = 0 X(e 2 ) 12 ban anh
o

gidn rong 2 1an cta X(¢'“), tirc 12 bé rong pho 16n hon 2 14n nhung ban than X(e’li2 )
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khong gay chéng phé. Nhung vi ¢on thanh phan ! = 1 X(—e'/2 ) la ban anh (& dong
@ i
dang vdi X(e'/z). Chinh thanh phan / = | s& x&p chdong vdi thanh phan / = 0 gay
hién tugng chéng pho va nhu vay hién tugng nay s¢ lam mat thong tin chia trong
x(1) khi di qua by phan chia.
- Vi ly do lam hu thong tin nén thanh phan v6i | </ < M - 1 duge goi 1a thanh
phan hu danh (aliasing).

- Nhung thanh phan hu danh (v6i 1 </ <M - 1) nay cling ¢6 thé khong gay hién
tugng chong phd néu tin hiéu vao bo phan chia x(n) ¢6 dai tdn hitu han la
——:; <m <%. Tirc 1a x(n) duge 1dy méu vdi tan s6 ldy miu F 16n gdp M lan tdn so
Nyquist (Fs = MFy,) tir mot tin hi¢u twong ty x,(1) ¢6 bé .ong phd hitu han I,
(Fy, = 2F,), tic la Fg = 2MF, (xem vi du 9.2.2.4).

- Vay mot logic don gian la néu ta tang tan so ldy mau lén M lan, tic la ta
cho x,(1) qua bo 1dy méu vai Fy = MF,, sau d6 ta lai cho qua bo phan chia h¢ so M

tgc 1a giam di M lan thi ta s€ thu duge k&t qua nhu cho v, (1) qua bo ldy mau vdi
Fs = Fy, nhu hinh 9.2.2.7.

5 15V ma Bo 1iy mau
Bo6 14y mau _ o /}1]/1F M
F= Ey, s SNy ()
(1) ) x(n) x(1)

Hinh 9.2.2.7

- Phép phan chia lam x(n) co hep trong mién thoi gian (n€u n la thoi gian) thi s¢
din dén hién tugng gidn rong trong mién tan so.

Vi du 9.2.2.4

Mot tin hiéu tuong ty v(1) di qua bo 18y mau vdi tan s6 Fy = 2F,, = 4F, (F,: bt
rong ciia phd x,(1)) ta cd x(n), v, (1) ¢6 phd ta X,(@,), x(n) ¢6 pho 1a X&), x(n) di
qua bo phan chia véi he s6 M = 2 va & ddu ra ta thu dugc vy(n) ¢6 pho 1a Y (/).

Hiy tim quan hé giita X(@,), X(¢/) va Y ;,(¢®) bang d6 thi.

Giai
Ta cé:
] ] & . 2n
XeC)= — > X, (0, -nQg); Qs=2nF;= T
S n=-wx S

O-27

_ R = B
Yule®) = SX(e' D)r K )

K&t qué cho trén hinh 9.2.2.8.
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X, (La
7 F;)
1 - 9 5 M 3n 2% e
TR R T Wa _ Wq
7 X(es®) }.:S‘- 45
-on - -1 T T 21 3 41 w
z | z «
P
(%)
l{ J'w-27t
X' =F7)
4
P - P
AN 2 P o
e S s ~ Pl
yd )- Jré N p
- a T 2n n w
| ¥, (e’
% |
A S //\\
7 ’ P
_n 0 . zn L 4m w
Hinh 9.2.2.8
Nhan xét

L@
Tir vi du 9.2.2.4 ta thdy riang thanh phdn hu danh X—e'?) (aliasin) tuy cé-
xudt hién nhung khong gay hién tugng chdng pho. Vi vay n” khong lam hu thong
tin ciia ching ta.

9.2.3. PHEP NOI SUY VOI HE SO NGUYEN L

a) Biéu dién phép néi suy trong mién bién so'n .

Gia sir ta ¢6 bd noi suy theo hinh 9.2.3.1 sau day:
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fi

xn) Yy (n)= x(—?_—)
5~

_QS —_— J?_fs

TS —= T

Hinh 9.2.3.1.
Ta thdy rang tdn sd ldy mau F cha tin hiéu rdi rac x(n) sau khi qua bod noi suy
vGi hé sG L sé& tang 1én L lan, tac la:

F, =LI's, Qg=2nl,, Q.=2nF, =21l (9.2.3.1)
< N x | N
hoac chu ky 18y mau T = A s€ giam di L lan:
s
g Iy \
Fs== (9.2.3.2)

D¢ hicu rd phép noi suy vé mat ban chit, ta s& biéu dién tin hi¢u vio va ra clia
bo nodi suy nay & dang khong chuan hod nhu trén hinh 9.2.3.2 (chuin hoa duge hiéu
13 chudn ho4 theo chu ky 1dy miu).

\L o

7 - . s )2
X(nls) x(nrs):x(n/_)-jn(n)

. 56 nquyén
L

Hinh 9.2.3.2.

. S T Al N S e 1ea s 1
Tin hiéu vao bo noi suy 1a x(nT'y), va tin hiéu ra s¢ trd thanh x(n7) = ,\'([—TS)

Vidu9.2.3.1
Cho diy x(n):

-2 wso<n<a
x(n)= 4 ‘

0 n con lai
Tin hiéu x(n) nay di qua b ndi suy v&i hé s6 noi suy L. = 2. Hay v& dang cua

x(n) VA v (n) & dang khong chuén hod (theo chu ky 1dy médu) va chudn ho4.
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Giai

Loi gidi duge cho trén hinh 9.2.3.3.

Choa chuin hoa Chuén hoa
x(nT;) x(n)
Va?:f? !
Al
0 Il |I nr 0 n
9 ] Y
x(n@’):x(iﬁg) ' Yo (n)
Ral2

Q".’l

— L-— ?
c) Iz 87

(a) Tin hi¢u vao khong chuin hod
(b) Tin hiéu vdo chudn hod theo chu ky 14y mau 7',
(¢) Tin hi¢u ra khong chuin ho4

(d) Tin hi¢u ra chuén hod theo chu k¥ 1dy mau 7, ==
S L

Hinh 9.2.3.3.

Chit ¥

- Ta thdy rang tin hi¢u ra vz (#) chinh la tin hi¢u vao x(n#) ma gitta /. mau bat ky
clia né duge chén thém (L - 1) mau ¢6 bién do la 0, 1a do tan s§ 1dy miu duge ting
1én L 14n khi tin hiéu di qua bd ndi suy c6 hé sd /..

- Chiéu dai ctia x(n) bi gidn ra L 14an tic la:

Livti(n)] [ L{x(n)] = L
b) Biéu dién phép noi suy (rong mién z
Bay gid chiing ta s¢ biéu dién qué trinh noi suy bang bd ndi suy trong mién z

nhu trén hinh 9.2.3 4.

I 1
Xz) Ya(z)

Hinh 9.2.3.4.



Trong mién bién s6 doc lap n ta ¢6:

n
A= =0,+L1, %
va(n) = [L) n=0,+L,£2L, .. (9.2.3.3)
0 »con lai
Vay:
. & & noo_,
Yo(z)= Z v (n)z" = Z XN—)z
n=-o n=—ox L
ey n .
ao6i bi€n m = T va n = ml.
ta ¢G:
Yr(z)= Z Xzt = Z.\'(III)(Z+L )y
fr==ti h=—o0
Yr(z) =Xz : : (9.2.3.4)
1
hoac Yr(zt) = Xz) ‘ (9.2.3.5)
Vidu9.2.3.2

Cho tin hiéu x(n) nhu sau:

x(n) di qua bo ndi suy hé s6 L. = 2, & dau ra ta c6 va(n) hdy Gm Xz) = ZT[x(n)/
v Yrfz) = ZT[vr(n)]

Giai
Trudce hét ta tim X(z):

Xz)=z"+2z"+327+ 27 + 27

(@]
[®N

v3i L =2ta

Yr(z)=X7z")
=77+ 27+ 325+ 228 + 7
¢) Biéu dién phép néi suy trong mién ldn so
bénh gid Y7,(z) va X(z) trén vong tron don vi trong mit phing z ta thu dugc
quan hé gita Y (') va X('“):

Yr(e®) = Yn(z)

Z=€
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X&) = X(z)

|

Z=¢
Vay:
Yr(e?) = X(F) 92384
hay Yale't) = Xe®) (9.2.3.7)
Vidu9.2.3.3

Cho tin hiéu roi rac x(n) duge 1dy mau tir tin hiéu tuwong tu v, (7) vdi tan sé lay
miu bing tdn s6 Nyquist, x(n) ¢6 ph6 X(¢/“) nhu sau (hinh 9.2.3.5).

X (e J‘W)

—~ 2 /A a T 27 w
Hinh 9.2.3.5

Tin hiéu nay di qua bo nodi suy hé¢ s6 L =2, & dau ra ta thu duge vr(n). Hay vé

pho clia va(n), tic 12 vE Y a(e/“).

Giai
Ttr bléu thﬁ'C: Y?‘L(()}m) - X(ejtuL)
Ta coé voi L = 2: er(elw) — X(ejl(a)

Két qua duge minh hoa trén hinh 9.2.2.6.

0 r I 27 «w
2 . .
1 YQz(er) = X(eJZW)
> A b}
Anh  /\ /«\, Anh
\ /
/ \\ / \
\
/ \ /
0o T I 27 w
Z

Hinh 9.2.3.6.
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Nhdan vét

- Yr(e'”) 1a ban anh (version) co hep L lan cua X(¢’“), nhung lai xudt hi¢n
(L. - 1) ban sao chup pho co ban, (L. - 1) ban sao chup phu nay la cdc ianh dugc (ao ra
bdi bo ndi suy hé s6 L. Hi¢n tugng xudt hién cac ban sao chup phu niy goi la hicu
(tng tao anh (imaging)

- Ttr vi du v3i L = 2 & trén ta thdy rang hi¢u tng tao anh nay khong gay hi¢n
tuong chong pho va nhu vay né khong lam mét thong tin.

- Phép ndi suy lam tin hiéu x(n) gidn rong trong mién thoi gian (n€u » 13 (hoi
gian) thi s&€ din dén hién trong co hep trong mién tan so, day la tinh chédt cua bicn
doi Fourier.

- Phép noi suy lam chén thém (L - 1) mau ¢é bién d¢ 0 vao gitta hai mau cua
x(#) thi trong mién tan s$8 s¢ tao ra (. - 1) ban sao chup phu pho co ban, tdc a1, - |
ban sao chup nay s& chén vao gilra hai pho co ban.

- Tt noi suy & day ¢6 nghia la nc¢u tin hiéu x(n) v&i tan s6 ldy mau I, sau khi

qua bo noi suy s ¢6 (dn s6 1dy mau F, = LF va vdi cdc mdu ¢6 bien do 0. Sau do

ta cho qua bo loc ¢6 tan so ¢t la thi & dau ra cua bo loc ta sé thu duge tin hicu

~|a

vGi tan sO 1dy miu LF; nhung cdc mau bién d0 0 da duge ndi suy (it cdc miu bién do
khac O ctia x(n), tie ta ta ¢6 tin hidu x(n) ¢6 tan sO 14y mau LF, v6i cdc mau bién do
khéac 0, qua trinh noi suy nay duge thuc hién bang mach loc noi suy ma ta sé nghién
ctu k¥ & phan sau. \

9.2.4. THAY POI NHIP LAY MAU VOI HE SO

R4

oM
L

a) Biéu dién trong mién bién sé' n

Trong k¥ thuat nhiéu khi d¢ thyc hién mot nhiém vu nao dé ching ta can phai
thay doi nhip ldy mau véi hé so 1a phan so 7 D¢ thue hién nhiém vu nay ching ta
s& ghép ndi ti€p hai bd ndi suy va phan chia véi nhau hoac theo thit tu nguge lai, bd

nay ta goi 1a bo bién doi nhip v3i hé so T Xem hinh 9.2.4.1.

Ta thdy rang tan s 1ldy miu [ cha tin hi¢u vao x(n) sau khi di qua khoi bo bién
Mo Lo
do6i nhip véi hé¢ so 7 thi tan s6 14y mau s€ bi thay doi i lan tadc la:

F, =

L
s =—Fy 9.2.4.1)
o (

lan:

s . Mo
hodc chu ky 1dy mau s€ thay doi T
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T, :TFS (9.2.4.2)
F—_—— = —— = = = = —— |
l f L > { M : (n)
xn) | Yy D) _; -714 M/L
___________ 27 L
Fs F;l = LR F=mbs
g " z(7)= x(n %) (7)< %(n - T)
r—— === —-—="===-= - 7 mi
I I
S M L H—— (n)
X(n) | ‘ Yym(n) r ! Htm
- - - J .
Fs F=D 5= Fs
x(nT;) X(nT) =X (nMT;) x(nTy) = (1 3 %)
b) ~ Hinh 9.2.4.1.

Chiing ta c6 thé dung ky hi¢u todn (&r d¢ biéu dién phép bién ddi nhip lay miu
hé sd M/L nhu sau:

M
Nfﬁ"( m] =¥ riu(n) hay x(n) —ME v gy (n) (9.2.4.3)
va
J7\M w . TiM/L C
T[.\(n)] = Vyru(1) hay x(n) —==> v 1y, (1) (9.2.4.4)

.thu hinh 9.2.4.2. Né&u

D¢ thuan ti¢n ta ky hiéu lai bo bién doéi nhip hé so M

mii tén len T dit trude miii tén xuong 4 thi tie 1a bd nodi suy dat trude bd phan
chia. Con néu miii tén xudng ¥ dat trude mii tén lén T thi de 12 bd phan chia dat

. .M - . . ’
truGde bd ndi suy. Trong hé so A thi tir sO la hé sO cua bd phan chia, mau sd la hé
80 cua bd noi suy.

S& di ta phai phan biét thit ty trude sau gilra bO phan chia va bo ndi suy bdi vi
phép phan chia va noi suy khong ¢6 tinh chat giao hoan. BO phan chia, bo ndi suy
va bo bién ddi nhip 12 nhiing hé thong khong phai 1a bat bién theo bién s6 n, tic 13,
chiing 1a cdc hé thong thay doi theo bi€n s6 1 (néu n 12 thoi gian, thi 1a thay déi
theo thoi gian).

Nhu vay néi chung thi Y14, (1) # yér,(n) mic du ty ¢ thay doi nhip [dy miu
. M . _ . . . -
déu la T Tuy nhién cling ¢ .trudng hgp yr(8) = ity n) nCu quan hé gitta M

va [, thod man mot sO diéu kién (la s& xét sau).
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x(n) .
Fs Rr= o Fs
T
a)
l ' M/L = Juln) = HHM/L(")
X(n) :
i F'=ja s
; R
b) M
a - Bo bicn déi nhip / 7¢—[—/

e M
b - BO bicn doi nhip /lf—[—/
Hinh 9.2.4.2.
M

NCu M > L thi b thay doi nhip lam nhi¢m vu nén tin hicu theo ty 1¢ ~—

NGu M < 1. thi b thay doi nhip tam nhi¢m vu gidn tin hicu theo (v 1¢ .
’ M

Vidu9.2.4.1

Cho a(n1) nhu sau:

Jl—” 0O<n<s

X)) = - 5
1() ncon la
v(n) di qua BO bién doi nhip 1dy miu vdi hé so [ﬂ:% Héay v& tin hicu ra v(n)
vOi: o
a) BO bién doi nhip TN M/1.
b) Bo bién doi nhip $TM/I
Giai
Ta giai bing d6 thi, x(n) duge chuan hod bdi T, v(n) duge chuin hod bai
(NN
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xen)

Nhdn xér:

- Trong truong hgp cia vi du 9.2.4.1 ta thdy rang néu M =2, 1. = 3 (hi Nt (i)

0 1 2 3 4 56 7 ”
15(1)
)
N DS R . .
) 3 6 ‘g9 12 15 n
Irvzy(n)
N I R T _
0 3 6 7 n
a)
X(n)
__Hlt,-_z —
0 1 2 3 4 % n
Yy2(n)
ALy _
01 2 3 n
'y¢12/3(")
Ao e
g 3 6 7 n

Hinh 9.2.4.3.

Vo (n), vata ¢6 thé tong qudt hod trudong hgp nay nhu sau:

Ncéu:

bl = nM + |

1y va ny la cae s6 nguycn



hodc:
nM = nyl + 1
thi
Yutu(n) = ytimp(n)
- Ta ¢6 thé ky hi¢u su tuong duong nay nhu sau:
ImiL =TimiL (9.2.4.5)
N&u 1. vii M thod mian dicu ki¢n:
nel - ngM = |
hoic:
M ~ nyl. =1 (V.2.4.6)
& day i, va i, la céc sO nguyen.
(9.2.4.6) chinh la ngi dung cua dinh ly Euclid.
b) Biéu dién trong mién z

Trong phdn nay ta s& ding bi€n doi z d¢ nghicn cliu quan h¢ vao ra cla cic bo
bién doi nhip, vi ciing tir ddy ching ta s€ giai thich duge nhiéu tinh chat cia phép
bi¢n doi nhip ldy miu.

Trude tién ta Xét quan hé vao ra cta bo. bién doi nhip ¥TM/L, 10 dd 6 phép
bi¢n doi nhip nhu sau:

x(n) L1 TUSEN Yitm(n)

Vay trong mién z ta cﬁng co:
ZTIx(n)) = X2) —™L S yitun(2) = 2T yetenln)| (9.2.4.7)

véi phép phan chia ta cling ¢6:

Xz) —¥ > yim@) = ZTIyimn)|

1 M- _"_. ..J'?.f.‘,
Viul(z) = - 3 X(zMe ™M)

=0
Sau do6 ygpu(n) di qua bo nd1 suy TL ta co:
Yem(2) ~'L_) Y&TM/L(Z) =7 T yytm( 1))

Yita(2) = Yom(@h

] M- _l; ..jlf[
= — X(zMe ™M) (9.2.4.8)
M (=0
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|1Il -

= — X(zMw! )
M ,ZO Y

Bay i ta xét quan hé vao ra cia bo bién doi nhip TNM/L, 1a ¢6 phép bicn doi

nhip nhu sau:

Y1) —E e )
Trong mién z.la ¢é:
X(z) ___LH_L_’ Yol (2) (9.2.4.9)

vai phép noi suy T4 ta ¢o:
X(z) —L Y2 (2) = ZTly* (n))
Y+ (2) = X(z")
Sau d6 v+ (n) di qua bd phian chia VM 1a co:
Y~ (2) — > Yo yn(2) = 72Ty~ ()]

1 2n

M1 i
Yoouwi(2) = — ZYT, (z¥ M)
/ 0
| _,Zﬁ/ | ‘Zn/

/ =/
YT/.(ZM" M o)=Xl(zMe M )/,

l
\ Yo oun(2) = M

M-t L y
= — > X(zMW') (9.2.4.10)

=0

- Dua vao bicu thic cta Y+, (2) va Y~ (2) ta thdy rang Y~ ., (2) v Y.y, (D)

tae 1a néi chung v+, (1) # ¥~y (#1), nhu muce trén chiing ta da nhan x¢ét.

- Nhung cling ¢é nhitng kha nang Y+.,,,(2) = Y.~y (2) ncu:

M= I - L
> X(z¥M W\/ )= Y X(zMW,')
=0 =0

didu nay ¢6 thé xay ra néu va chi ndu W/, = W' hoac tap hgp M s hang W' trine
v&i tap hgp M s hang W), v6i 0 <7< M - 1.

- Trong truong hop / = M ta co:



Xz) VLN Yo omm(2)

Vay:
i M—-1 /
Yorum(@) = — D X(z2Wy,) (9.2.4.11)
=0
va:
Xz) =2 s ¥a (2
Vay:
M—1 ”
Yorum(2) = — > X(zW,))
M S
bdi vi: WJ” =W = ' = |
do do:
M-1
Yorum(@) = — Y. X(z) = X(z) 19.2.4.12)
M 1=0
Vidu9.2.4.2

Mot tin hiéu x(n) ¢6 bién ddi z nhu sau:
Xz)=1+422"+3z27+4z°+ 527 + 627+ 72°

x(n) di qua bo bign déi nhip ¥172/3 va T 2/3 hdy tim Yy1,4(2) va Y+, ,4(2) v so
sanh két qua. ’

Giai
Ti biéu thitc clia X(z) ta tinh Y,1,,5(z) nhu sau:
Yi.(2)=1+32"+527+ 727
Yirs(2) =1 4+32° +52° +72°
Bay gi0 ta tinh Y1.,:(2):
Yr,@) =1 +227 +32°%+ 4z°% + 527 + 627 + 72718
Yriaa(2) =1+ 327+ 52°+ 727
So sanh két qua ta thdy rdng Yt,,,3(2) = Y11,,5(2)
¢) Biéu dién phép bién doi nhip trong mién tin so

banh gid X(z), Y~ m,(2) va Y, 2,(2) trén vong tron don vi trong mat phfmg zta

G
[N
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X"y = X(7)

jeo

zZ = ¢

YVAWL(C'M) =Y. v (2)

7 = ()Jm
| e /vml,,—an A
=—ZX ¢ M (9.2 4.13)
M 5 '
Yroun e =Y 2)
z=¢"
l M=l ol =2nll
= ﬁ Z Xie M (9.2.4.14H
1=0

Vidu9.2.4.3

Cho tin hi¢u x(n1) ¢6 pho la X(¢'™) nhu trén hinh 9.2.4.4 sau day:

X(e'*)

-2JL -n -nz O /2 7’[ 21 w

Thinh 9.2.4.4.
Hay tim Y~ (") va Yoo ()
Giai

Gidi bang d6 thi trén hinh 9.2.4.5 sau day:

Tir hinh 9.2.4.5 ta thdy ring Y. ~,5(¢"") = Y~ 550"
9.3. BO LOC BIEN BOI NHIP LAY MAU

9.3.1. BO LOC PHAN CHIA

a) Tong quan

O phén trén ta da nghi¢n citu phép phan chia va bo phan chia, k&t qui cho thay

tin hi¢u x(n) khi di qua bd phan chia im, trong mién 1an sO s¢ tao ra M - 1 thanh
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phin hu danh (aliasing). cac thinh phian hu danh nay s¢ gdy hi¢n tagng chong pho.

. . N : n T
Nhung néu x(n) ¢d band tan nam trong Khodang ~ — <o <— 10¢ 1o 1dn so gidgi han

74 M
Jai chan (Stopband edge) o :V thi s¢ khong pay hién tugng chong pho.
]

w
w
Yp3 (879
R I AR S 3
)(112/3(6".“’)
R @

ffinh 9.2.4.5.

bé lam dicu nay ching ta ¢6 the dat trude bod phan chia IM mot bo loc thong

. - . T - . - N N . S
thip (fow pass filler) ¢o o :V. Bo loc thong thap nay lam nhi¢ém vu loar bo ciac
! N



e T . T . o
thanh phén tdn s6 |o| > m chi it lai thanh phén |o| < _A; nhu vay ta s¢ tranh duge

hién tugng chéng pho.

So do 16ng quat cta bo loc phan chia cho trén hinh 9.3.1.1

Fs

K, E w
: h (n) : . L —
x(n) . Y, Yem 1)

!

Bo loc thong thip
fi(n): dap ting xung cia bo loc

Hinh 9.3.1.1

Dé ngdn gon ta ¢ thé diing cdch biéu dién todn tr nhu sau:

) —IM s v (i) (9.2 1.1
) =L ) —2Es vy (i) (9.2.1.2)

b) Biéu dién phép loc phdn chia trong mién bién sé n

Ciac phép todn trong phép loc phan chia xdy ra nhu sau trong mién bién sG
() =2 v ) —s v (1) (9.3.1.3)

& day:

yu(n) =x(n) * h(n)= Z.\‘(’k)/l(n —k)

hk=—un

=fi(n)*\(n) = Z/l(/\’).\'(li ~-k)

P
Vyim(7?) = M {x(n) * h(n)| = M [y}l
Cin luu y mot diéu 12 phép phan chia khong ¢6 tinh chai phan phdi vao phép
chap utc la:
M [x(n) * h(n)) # M Ix(n)] * M 1h(n)l,
‘bai vi:
Yuiml(t) = Im [x(n) * n)] = M i.\‘{k)ll(/)—k).
P!

= Zv(k)h(Mn—k) | (9.3.1.4)

k=

M [x(n)] * M [h(n)] = x(Mn) * i{Mn)
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= z.\'( Mk Mn - Mk)

Vidu9.3.1.1
Cho () = recty(n)

hn)=1{1,0,75, 0,5, 0,25}

-

0

Hay tim vy:.(n)

Giai
xa)=1{1,1,1}
|-
0
hn)=11, 0,75, 0,5, 0,25}
5 :
0
Xy F ) =y =11, 1,75, 2,25, 1,5, 0,75, 0,25} = v, (1)
-
0
L21v ()] = vyer = (1, 2,55, 0,75, }
> |
0

Bay gidr ta thu tinh L2000 =20 hen)) = xo(n) * h.s(n)

X.fn)=1{1,1}

|

0
o) =1{1,0,5}

[

0

Nos() o ()= {1, 1,5, 0,5)

B
0

Nhu vay 10 rang la:
M Lx(ee) & ()] # Im |xfn)] * M L1 )]
c¢) Biéu dién phép loc phan chia trong mién z

Trong mién z phép loc phan chia duge mo ta nhu sau:

Xz) —H4s Yi(z) Ly View(2) = ‘LM[YH(Z)I

G day:

Xz)=7T]x(m)]. Yiz) = 72T]v,(n)]
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Hz)="7T[hm)[. Y, . (2)="7T[v,(n)]

Yi(z)=Xz).llz)y=1(z).Xz)

l M|
Yiu(z) = e Z Y (MW AMY 2
M= ' . !
= ﬁ STOX(zM W ) (MW (9.2.1.6)
=0

Ciing nhu trong mién bi¢n sd n, ta luu ¥ mdt dicu la phép phan chia khong ¢6
tinh ¢hét phan phai vao phép nhin trong micén 2z tie la:
IMIXz). Hiz)] = IMIXiz)| M [ 1H(2))

Vidu9.3.1.2

Cho X(1) = recly(n)
hen) = {1, 0,75, , 0,25}
[
0

Hay tim Y,..(2).
Giai

Xz)=1+z7"+2"

H(z)=1+0,75z2" + 0,527 + 0,257

Xz)d(z) =1+ 0,752 + 0,577 + 0,257 +
+7+ 0,752 + 0,527 + (),252'4 +
+2z7 40,7527+ 0,52% + 0,257
Yytz)= 1+ 1,75z + 22527+ 1,527+ 0,75z + 0,257 °

IMIY (2)] = Yyos(2) = 1 +2.2527 + 0,752

hoac ta ¢6 thé tinh theo cong thire:

1 1 |
| ‘
Yi..(2) = 5 X(z2)Hz2 )+ X(-22 )JIN-22)

Chit ¥
- X¢ét phép loc phan chia sau day:
X(z) —”"‘/—/“) Yi(z) -_1il__)yllv\'l(z) (9.3.1.7)

1a co:
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Y(z)= Xz). 1(z")

M—1
Yiew(z) = — Z Xz ¥ ”',(/ J.1(z)
=0
| ! ! )
=1lz).— Z X(Z“H,,\I) (V.3.1.8)
M=o 4

Biy gi¢ ta xét phép phan chia loc sau day:

X(z) —2 > Y y(2) —"EY yu(2) (9.2.1.9)
la ¢o:
M~ ! )
You(@) = —= > X(zMW,,)
=0
| M= I /
Youn(z) = 11(z).— % X(zMWy, ) (9.3.).10)
=0
ta thily ring Y,,.w(z) = Y_yu(z) viy hai phép nay la tuvong duong nhau. Do do

hai s 4G thue hién hai phép nay la dong nhat, xem hinh 9.3.1.2.

l%l

tM > H(z) |l—

—— H () — lM s

a) 5)

ITinh 9.3.1.2
- Su dong nhat hai sg do (a) va (b) trén hinh 9.3.1.2 la it ¢d gid tri trong cic

ing dung thuc ¢ d¢ thuce hi¢n cac bo loc va cdc bank loc.

- B¢ ngdn gon ta ky hicu phép loc trén hinh 9.3.1.2 (a) va (b) Ia (/72X M| va
(NMII(z)]. Vay ta ¢ thé vict:

HEYIM = IMli(z) (9.2.1.11)
d) Biéu dién phép loc phan chia (rong mién tdn 6

bénh gid X(z), H(z), Y,(z) vQ Y, .(2) trén vOng tron don vi trong mat phing = ta

sC ¢6 cach bicu dién phép o phan chia trong mién tin s6 nhu sau:

X))y Y ) B Y (e (9.2.1.12)
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G day:

Yu(e') = X(e'). H(e'”)

| M= jom2
YH;M("‘W) = Z YH("’. M)
M =0
M—1 “o=2mnl o=2nl
M= i Jree
=— > X(e M )He M) (9.3.1.13)
=0
a7 [£3] ~ e . N ~ u A . ~ g - ? - Tc ~
Néu Yy(e'™) 1a dap ung tan sO cua bd loc thong thip 1y tudng ¢6 o, =—, thi

M
cdc thanh phian hu danh s¢ khong giy hu thong tin, tdc la khong ¢6 hién tugng
chong pho. Do d6 1a ¢6 thé tach rieng thanh phan ddu tién (/ = 0) ra ma dang ctia n6

s€ khong bi mdo:

o [Q]

I = i
Visle™| = o X(e (e M) o <

Va néu H(e') 12 bo loc thong thap 1y tudng e 1 & dai thong [/(¢™ ) = 1, dai

chiin ‘Il(cj” )‘ = 0 thi ta ¢6 thanh phan dau tién (/ = 0) nhu sau:

™

| i
:_X((, M )
M

Yle("w) ‘0) < nl

Vidu 9.3.1.3
Cho tin hi¢u x(n), ma pho cla n6é X(¢') ¢c6 b& rong - 7 < @ < w, (1) di qua bd
loc thong thip 1y tudng H(e') ¢6 o, :%, sau d6 qua bo phan chia ¢6 M = 2. Hay
tim Y, (e'").
Giai
Y (') = X('). H(e'™)

KAl m—2T

o l i i
Yis(e') E Yyte 2)+Y (e 2

i

O] [0} =27 m=2n

%, Xee e Py Xee' 2 He )

K&t qua duge giai thich trén hinh 9.3.1.3.
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X (Cjw)

2
-1 g 21 5 oo
H(eJW)
- 1] |
T % 0 %z 27 I 7y
\ Kz X, (€3 = X (e7%). H(es«)
A -z 0wz x 2% T )
1y, (e E) = LX(eE)H(E)
7

B N el B Y

T 27 4T w
e’ = fxte D Hee’®)
| 1 L
- 0 T W
AR PACH/PS Al I
-1 0 3 T o W
w |
w2 (@) = %X(CJ‘I)H(CJ‘),
y e=0 jol &7
-7 0 T o
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Chit v
Trong vi du & trén bo phan chia YM = 2 da khong gay hi¢n tugng chong pho,

9. ~ N o 5 N N a X s P ~ 2z 2 . ~ ~ o "
bdi vi tan sO og cua bd lge thong thip bang 3 né da cat bo di thanh phan tin s¢

cao lco\>g. Vay néu thong tin cua ching ta chi chita trong thanh phin pho ‘mlgg
'~ thi bo loc s¢ khong lam mdt thong tin. Con néu thong tin cua ching ta ¢6 chita ca
trong cédc thanh phan phé c6 ‘o)|>—72t— thi viéc cat bo lhﬁn‘h phéan 1dn s$6 cao dd lam
mat thong tin clia ching ra.

e) Tinh chdt cua phép loc phan chia

Né&u
Hz)=H,(2) + H:(_z)
thi "
Yu(z) = Y(z) (H,(2) + Hy(2)]
=X(z)IH(z) + X(z)H(2)
| M= I /
YJHM(Z) = — Z YH(ZM WM) = ‘LM[YH(Z)]
M 5
TR B L ! !
= — Y| X(zM Wi OH (2 MW )+ X(z MWz MW )
/=0
= IM[X(z)H (2)] + YM|X(z)H (2)] (9.3.1.14)

Viay phép phan chia cé tinh phan phoi vao phép cong.
9.3.2. BO LOC NOI SUY

a) Tong quan

Chiing ta da nghién ctu phép ndi suy va by ndi suy, k&t qui phép noi suy da
cheén thém 1. - 1 méiu bién do 0 vao gitra hai mau cua tin hi¢u vao v(n) trong mién
bi¢n s6 n. Va tuong ng trong mién tdn sO s€ tao ra L - 1 anh phu cia pho co bin
sau khi dd co hep lai L ldn dé nhuong chd cho L - | dnh phu ma khong gay hién
trgng chong phé. Nhu vay phép noi suy TL khong lam hu thong tin. Nhung dé noi
suy ra cdc mau ¢é bién do 0 ta phai ddt sau bo ndi suy mot bo loc ¢é o, :[E. Trong
mic¢n bién sd # bd 1oc ndy lam nhiém vu ndi suy ra cac mau bién do 0, con trong
mién tin s6 nd lam nhi¢m vu loai bd cdc anh phu clia phé co ban.

Su do tong quat ciia bd Loe ndi suy cho trén hinh 9.3.2.1.
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hn) b————o

L
X (n) 1 Yp (1) Ypnt®)

L T
B¢ loc thong thdp ¢6 o, =—

h(n): dap Gng xung clia bd loc.

Hinh 9.3.2.1.

Ching 1a ¢6 thé dung cach biéu dién todn 1r sau day dé bicu dién mot cach
ngan gon phép loc nodi suy.

x(n) —Ti—)'wu,(n) 9.3.2.1)
X(n) —Ti—a.\'n(n) — T s tn) (9.3.2.2)

b) Biéu dién phép loc noi suy trong mién bién so'n

Qua (rinh loc noi suy duge biéu dién trong mién bi€n s # nhu sau:
x(n) #—{\WL(H) — 0y p (1) (9.3.2.3)
G day:
ya(n) = Tl,'[_\r(n)/

n

.\'(——j n=0 L, £2L, ...

L
0 n khac

Via(n) = yr(n)* hin) = h(n)* va(n)

o

= Z-VTL (k)h(n - k)
k=—cc
=k

= Y .\'(T)h(n -k) k=0,%L, +2L, ..
k=- -

. L k
do6i bién so: r = 7 vay k = rL

ta co:
.

yia(n) = Y X(r)h(n - rL) O (9.3.2.4)

k=—ot

Vidu 9.3.2.1
Cho: X(n) = recty(n)
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Hay um ytyu(n).
Giai
an)=1{1,1,1}

(g

0
VT;(k) = {1’ 01 1’ 0’ 1}

L
274 4

-b-lua

={1

|-

0
¢) Biéu dién phép loc nji suy trong mién z

Chidng ta mo ta phép loc ndi suy trong mién z bang cach sau day:

Xz) 2 Yy (2) 22 YTL,,(z) (9.3.2.5)
& day: '
X(z) = ZT[x(n)]; Y1.(z) = ZT[yn(m)]
Xz)=2ZT(h(n)]; Yru(z)=LT[{yu(n)]
Ta da c¢é:
Yr(2) =X(zY 5 Yru(z) = Y1.(2). H(z)
vay: | ) .
Ytin:) = X2%). Hz) (9.3.2.6)
Vidu 9.3.2.2
Cho x(n) = rects(n)
h(n) = 1—% 0<n<4
0 n con lai
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Hay tim yt,4(2).

Giai
Xz)=1+z7+2*=Y1,(2)
H(z)=1+0,75z" + 0,5z + 0,25z
Yr.(z)H(z)=1+0,75z" + 0,527 + 0,252 +
+2z7+0,75z7 + 0,52 + 0,252 +
+z*+0,75z7 + 0,52% + 0,25z

Ytau(z) =14+ 0,752 + 0,527 + 122 + 1,527 + 1z27° + 0,52° + 0,25z
Chity

- Xét phép loc nodi suy sau:

X(z) —t> Y1.(2)

)y ya(2) (9.3.2.7)
Ta c6:
Yoiu(z) = Y1.(2).H(Z")
= X(z").H(z") (9.3.2.8)
- Bay gio ta xét phép loc ndi suy sau:
X(z) —MZ s Y(z) —E Y 14(2) (9.3.2.9)
Ta cé:

Yu(z)=X(z). H(z) = H(z).X(z)
Yiru(z) = YH(ZL)

= X(z").H(z")

ciing duge, xem hinh 9.3.2.2.

(9.3.2.10)
Ta thdy ring Y+.,(z) = Y 1,4(z). Vay hai phép loc noi suy nay la twong duong, do
d6 so d6 thuc hién hai phép nay ciing tuong duong nhau, ta muén ding so do nao

—{1

Hizt)

| H(z) f L
a

Il

b)
Hinh 9.3.2.2.

- Ciing gidng nhu trong phan loc phan chia, su tuong duong giira hai so d6 nay
rdt quan trong trong cdc Ung dung thyc t€ dé xay dung ciac b loc ciing nhu cédc
bank loc.
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Dé ngén gon ta ky hiéu phép loc trén hinh ©.5.2.2 (a) va (b) 1a TLH(z") va
H(z)TL, vay ta c6 thé viét:

TLH(Y) = H(z)TL (9.3.2.11)

d) Biéu dién phép noi suy trong mién tdn so

Dénh gid X(z), H(z), Y+.(z) va Y+ y(z) trén vdng tron don vi trong mit phang z
(t&c 12 thay z = €®) ta ¢6 biéu dién phép lgc ndi suy trong mién tdn s6 nhu sau;

X(e'®) —L 5 Vs (&%) —HL 5 Ya () (9.3.2.12)
Y1 (e'9) = X(°F)
Yo u(e'®) = Y (e').H(e'") = X(e'%).H (') (9.3.2.13)

Vidu9.3.2.3 '

Cho tin hiéu x(n) cé phd 1a X(e'®), bé rong phd i'a -t <o < 7 (xem hinh
9.3.2.3a), x(n) di qua bd ndi suy L =2, sau d6 di qua bd loc thong thdp c6 o = g
" Hay tinh Y ().

Giai
Y1:.(€) = X(€*); Yrau(e'®) = X(7°).H(e™)
Cu thé giai bang do6 thi cho trén hinh 9.3.2.3.

1 X(e’)

2T an w

Py - - 0 =
b) 2n To-L z

Hinh 9.3.2.3.
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H(e’®)
1 B
o 21 -2/2 .0 -g-\ws zn @
y"“(em)'\ /\
T “A, 0 2 21 w
d) Hinh 9.3.2.3 (tiép theo).

9.3.3. BO LOC BIEN POI NHIP LAY MAU VGOI HE SO M/I, KHONG NGUYEN

ka) Téng quan

Ching ta da nghién cttu bo loc phan chia va by loc ndi suy va ching ta da
nghién cttu bo bi€n ddi nhip 1dy miu vGi hé s6 M/L. Tu day ching ta ¢é thé xay
dung bo loc bién déi nhip 14y méu vdi hé s6 khong nguyén M/L. Bo loc bién doi
* nhip nay c6 th€ ddm bdo bién ddi nhip theo hé s khong nguyén M/L nhung khong
gay hién tugng chdéng phé tic 1a khong lam hu thong tin clia ching ta.

Bo loc bién déi‘nhi'p hé s M/L dugc xay dung bing cdch ghép ndi ti€p hai bo
loc ndi suy va bd 1lgc phan chia nhu trén hinh 9.3.3.1.

L S ¥ AL S

r | [ T L
;| ‘h I 'IMS
B - il e | | 4

e | L ___ _ __ _J

Bo loc n6i suy B¢ loc phan chia
Hinh 9.3.3.1.

Do céch ghép ndi ti€p bd loc ndi suy trudc bd loc phan chia nhu hinh 9.3.3.1
cho ta thdy ring bo loc A, (n) dugc ghép ndi ti€p vGi bo loc Ay(n), vay ta cé thé két
hop hai bo loc nay lam mot bo loc chung cé dap tng xung h(n). BO loc i(n) niy
phai 1am ca hai.nhiém vu do6i v6i phép ndi suy va phép phan chia, do d6 ta phai
chon bo lgc A(n) sao cho cung mot lic né thuc hién duge ca hai nhiém vu nay.

Hai bo loc nay ghép ndi tiép vi vay dédp tng tan s& H(e’*) = FT[h(n)] sé la:

H(e') = Hy(e").Hy(e") 9.3.3.1)
268



g day:

H, (&) = FT[h(n)] va Hy(e'®) = FT[hy(1)]

Vay ta ciing c6:

|H(ej“’)

=|H, (" )||H, (™)

(9.3.3.2)

Ta biét rang H,(¢'”) 1a bo loc thong thdp (gia sir 1a 1y tudng) ¢6 o —%, con

.

Hy('®) ciling 1a bo loc thong thdp (gid st 1a 1y tudng) ¢6 o =£, vay H(e'”) cin

dugc chon nhu sau:

[H(ef“’} _ 1 0s<lol= min(%’ %) (9.3.3.3)

0 o con lai

(-n<o<n)

& day C 1a hang sd.

Hinh 9.3.3.2 minh hoa cdch chon o, cia H(e'®).

Jw .
/HL(C )1 JH(e*w)]
_7} = 0 k3 ?[ @ —7}: o T w
L L
[H, (i) IH,, (e44)]
T K 0 T T w m - 0 T 1 w
NoM M M M
IH (ed) | [H(ed)|
T w0 =z 1 w A S
z T ™ M ™M T
a) LM b M > L
I T 1
LM mM<T

Hinh 9.3.3.2.
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K&t qua cho ta bo loc bié€n doi nhip hé¢ s6 M/L v6i chi mot bg 1oc thong thap ¢o

Jap tng xung /i(n) va ddp Gng tan s& H(¢'"). Hinh 9.3.3.3 cho ta so do khéi cha bo

loc nhip nay.

sau:

270

L
Fs s
—1 e hin) > | m
x(n) y)
Hinh 9.3.3.3
bé ngin gon ching ta ¢4 thé dung cdch biéu dién todn tir nhu sau:
) — v (1) s ve (1) = v (1) (9.3.3.4)
hodc ngén gon hon:
Nn) — My (i) (9.3.3.5)

b) Biéu dién phép loc bién doi nhip (rong mién bién so'n

Trong mién bién $0 n, cdc phép todn cia phép loc bi€n doi nhip duge mo i nhu

() —E vy (n) =My v () — s vyl 1) (9.3.3.0)
G day: '
vr (i) = TL[.\'(/I)]
.\'[i’—] n=0 L, +2L, ..
= L
0 n khac
Ta co:
N (i) = vi(n)* hin) = Z.\'.L (k) h(n - k)
koen
= > (k) It - kL)
k= o
Myrma() = *LM['\“L(II)*/I(II)]
=AM (k) n - kL)
k=-n
= 3" v (k) I(nM - kL) (9.3.3.7)

k= oz



Vidu 9.3.3.1
Cho

x(n) =recty(n)
l
fin) = 4

Hay tim yeoy.5,(n).
Giai

Giai biang d6 thi cho trén hinh 9.3.3.4.

x(n)

o1 2 3 n
Ypa (k)
* I

701 234 5 X
h(-k)
‘/

s als _
) 0 K
Yo, (M)

, 4t
1,5 |
fc» I I
A 1111,
-1 01 2 3 4 5 6 7 n
5 Unne 37, (1)
"
l1=4 —
-1 01 2 3 n

Hinh 9.3.3.4.
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¢) Biéu dién phép loc bién doi nhip trong mién z

Trong mién z, phép loc bién dGi nhip dugc mo ta nhu sau:

X(z) —o Y1) — 2 Yiiglz) —255 Y ryin(2) (9.3.3.8)
G day:
X(z) = ZT[x(n)] H(z)=ZT[h(n)]
Yru(z) = LT[y r(n)] Yru(z) = ZT[vru(n)]
Yrulm(2) = ZT[yruima(n)]
'Ta co:

Y1.(2) = X(zY)
Yrou(z) = X(z4).H(z)
Yiulw2) = YM[X(Z").H(z)]

1

1 M-1 vl
1=0
1 M=l R . 1 ,
= D X[(zMWy ) JH(zMW,, )
1=0
1 M-1 £ i, L /
= ﬁ Z X(ZMWM ).H(ZMWM) (9.3.3.9)
1=0

Vidu9.3.3.2
Cho
Xz)=1+z'+2z"
H(z)=1+0,75z" + 0,5z% + 0,252
Hay tim Y¢H¢%,.3(z).
Gisi -
Yn@=Xz)=1+z>+z"
Yrou(z) = X(z).H(z) = (1 + 0,75z + 0,527 + 0,25z (1 + 2z + z7%)
=1+0,75z"+ 0,527 + 0,25z +
+2z2 40,7522 + 0,527 + 0,252 +
+z%+0,75z° +0,52% + 0,252
=1+0,75z+ 1,522+ 23+ 1,52 + z2° + 0,52% + 0,252

Yiulsp(2) = ‘J’3[YT:H(Z)]
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1 ‘27:[

< -
Yy, u(zie %)

N

]

| =

=0

]

=1+4+z'4+0,5z2"
d) Biéu dién phép loc bién doi nhip trong mién tdn sé
bénh gid X(z), H(z), Y1.4(2) va ¥Y1im,(2) trén vOng tron don vi trong mat phang

z ta s& c6 biéu dién phép loc bién ddi nhip trong mién tan s6 nhu sau:

X(e') Tt Y1.(e'™) “MT‘J_) Yrin(e!™) —i‘i—)YTHLM/L(()Jm) (9.3.3.10)

Ta c6:
Yr.(e'”) = X(e'®Y)
Yron(e?) = X(e“1). H(e'™)

M-l o—-21

© 1 i
Youim (€)= — 3 Yy, pyle M)
Mo

1 M-1 ,E_nﬂ ’u);in{
= o ZX(e’ M ) H(e M ) (9.3.3.1)
=0

Vidu 9.3.3.3

Cho tin hiéu x(n) cé X(€’®) cho trén hinh 9.3.3.5 (a). Hiy tim cdch giam nhip
18y mau di 3/2 lan, tic 1a nén tin hiéu x(n) lai 3/2 lan nhung khong dugc lam mat
thong tin chita trong x(n) '

Giai
R 2n 2
Vi phd X(€'™) c6 bé rong ——?<m <T vay ta c6 thé dung b loc bién doi nhip

TH3/2, M =3, L =2, ta chon tdn s& cét o, clia bo loc H(e'®) 1a -Ij[—:g ¢ nhu vay

s& khong lam maét thong tin cta x(z). Hinh 9.3.3.5 s&€ minh hoa cho ta 1d.

Vi) = X(e™)

U A A
O0<lo|<min(—,—)=—
H(e_]m) — I(l)l ln( 3 2) 3
0 o con lai
Ytau(e'™) = Yry(e®). H(e®)
J2m n
_|3X(e?*?) 0§|co|s;
0 @ con lai
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T
Yoy on(e'™) = _Z
R

/_m—ZnI
Yorpute )

_m m Zn o=+

1 l
zgyTzfl("‘)+ yTzu(‘ ! )+;y1‘zu(" )

a X (e!*)
_27L
J
5 Yha (€ w)
A A
/\\ /\ /A
l/ \ // \\ 1/ \\
2% 5 0 _73; 4 67T w
c) 3 H (ejw)
-2.7L - o n L Z.7E 4}[ 6T “w
3 3
o Lo X 27 21 ] e 7y
e) , LY om (efw)
] T 0 T 27 #r e @
Hinh 9.3.3.5.

274



f) 1 jusie
3V (€7 )
7 R
Ve \.
/./ \‘
0 I 2n Jn 4n 61
g) 1 =47
Jw=-4n
3%2;-4 (e 3
1
//A\\ //A\
” ~ ~
” ~ // N
_z ~ . Z . S .
-2 0 2% 41 6N
Jw
k) . XHJ,;/Z@ )
PO LN s
// \\ ./ ~ // \\
~ ' ~ ,/ ~ \// \\

Hinh 9.3.3.5 (tiép theo).

9.4. PHAN HOACH NHIEU PHA (POLYPHASE DECOMPOSITION)

9.4.1. PHAN HOACH NHIEU PHA HAI THANH PHAN

a) Phan hoach ham truyén d{tl H(z)

Ta bi¢t m@t h¢ thong tuyén (inh bat bicn ¢ ddp dng xung la:

h(n)

va ¢6 ham truyen dat la //(z):

n=-x, .., +©

Hiz)= Z hin)z™"

n=—ot

Bay gidr ta phan day /r(.2) 1am hai phan @ng v&i 22 chan va n 1&, vay ta ¢6:

) — h(2r)

Vay:

va h2r+1)

fz)= 2/1(21‘)2_2" + 2/1(2,.+])Z—(21‘+];

=—0C

'==0C

H(z) = 2/1(21')2'2" +z7! ZJ/I(zl"FUZ_?r

==

r=—x

001 e, (r) = h(2r) va e (r) = (2r +1)



va dat:

i h2riz™% = Y eg(riz™"

r=—00 a——

= Yeo(rizt)T = Eg(2)

r=—oc

Z/l(2)'+l)2_2r Zel()')z_z"

r=—oc y=—oc

Seriz? )T = E ()

Cudi cling ta cé:
H(z) = Ey(2°) + 7'E\(2%) (V.4.1.1)
2-1
= Yz"E,(z%)
m=0

Viéc biéu dién H(z) du6i dang (9.4.1.1) nay goi la f)han hoach nhi¢u pha hai
thanh phdn cta H(z). Hay néi cach khéc, ching ta da biéu dién //(z) & dang nhicu
pha hai thanh phan.

Ey(z°) va E,(z%) duge goi la-cdc thanh phan nhiéu pha ctia [(z) va ta ciing ¢6:

E2) = Zf’o (r)z”"

=—oC

E\(2) = _.Zel()‘)z_r
E(2) va E,(2) cling duge goi 13 cdc thanh phan nhiéu pha cha H(z).
* MOt tinh chdt quan trong cua phan hoach nhiéu pha hai thanh phan do la:
H(z) = E)(z*) + 2'E (Z%)
H(-z) = Eo(ZZ) - ZdlEl(.Zl)

H(z) + H(-2) = 2E4(2°) (9.4.1.2)
hay: -
E(Z)) = %[H(z)+H(—z)]
L L

Ex2) = %[H(ZE)wLH(—zE y
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()= %Z[/](Z)——]l(_z)/ ;

! 1 ' 1
E(z) = EIZZ[II(Z,Z )~ H(~z2 )]
Vidu 9.4.1.1
Cho bd 1gc 0 1IR ¢6 ddp dng xung nhu sau:
hn) = a"u(n)
Hay tim phan hoach nhi¢u pha hai thanh phan cta //(z).
Giai

Ta phan /i(n) thanh hai thanh phan (ng v&i # chdn va n 1¢, sau dé 13y bicn doi 2

la cO:
= —H < H_—H 1
Hz)= Y hn)z™" =Y da"z7" = 1 ‘z‘>|u‘
n=—oc n=0 l—az™
= S I2r)z 7+ S 2+ 1)z
r=0 =0
— ZUZI'Z—ZI' n Z((Zr+lz—(2r+|)
r=0 r=0
= Z(uzz—2 )+ (12_1‘2(1122'2 )’
r=0 r=0
| az”™!
= 3 —+
l—u?z7? 1-u?z7?
z)=1Lz) + 27 E(2)
Viy:
, , u
F.(z)= va F(z7) = —
|-’z l l—a?z7™
T diy ta co:
E.(2) ‘ va E,(2) ¢
(Z) = ——— va [ =
|-’z ] [—a?z7!

Vidu9.4.1.2
Cho bd loe 83 FIR pha tuyén tinh ¢6 ddp ing xung nhu sau:

) =11,2,3,4,3,2,1}

[

0
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Hay tim phan hoach nhi¢u pha hai thanh phén cia H(z).
Giai

Phan /i(n2) thanh hai thanh phan tng véi # chdn va n 1¢ va l1dy bién doi 7 ta ¢6:

H(z)= Z n)z™"

n=-w

=1 +22' 4320 +473 4+ 370 42754 2°

143270+ 23274+ 2%+ 27 (2 + 427 + 2z7H

Eo(z)) + 2 E(Z%)

& day:
Efz) = 1+ 3204 327 4 29
E(z)=2+4z7+2:7

Vay ta ciling co:
E(D)=14+32"+327+4+77
E()=2+4z"+2z77

b) Cdu triac nhiéu pha hai thanh phan

Pinh nghiu: Cdu tric thyc hién biéu thitc cta //(z) dusi dang phan hoach nhiéu
pha dugce goi 1a cdu tric nhiéu pha ctia hé thong sd.

Ta da ¢6 dang nhiéu pha hai thanh phan ctia //(z) nhu sau:
H(z) = E(z) + 2'E (%)

Tur day ta c6 thé v& so d6 cdu tric nhiéu pha tdng quét nhu trén hinh 9.4.1.1.

i H«¢ — — 2
TS z) 7 () E ()

E, (2} ——é)—:—

y(

Hinh 9.4.1.1

Vidu9.4.1.3

Cho bo loc s& FIR pha tuyén tinh ¢6 ham truyén dat H(z) & dang phan hoach
nhiéu pha hai thanh phén sau:

H(z) = Ey(z°) + 27'E (%)
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Lz)=1+32"+23z+2°
[z =2+ 427+ 22+

Hay v& céu triic nhiéu pha cua /(z).

Giai

Vi la pha tuyCn tinh nén e, (r) va ¢,(r) la doi xing, ciu trac nhicu pha cla 1/(7)

pha tuyén tinh duge cho bdi hinh 9.4.1.2,

_ . }\\% _____ o
x(n) I l E 2
l I 2 (29
Fall 22 | 2-2 |
' I
| |
B e Canas
| _?—GBJT
I Z”Z l
- = _
—————— _
o—
z°? z

Hinh 9.4.1.2.

9.4.2. PHAN HOACH NHIEU PHA M THANH PHAN

a) Phan hoach ham truyén dat I1(z)

Bay gidr ta xét trudng hgp tong quat tde la bicu dién I(z) & dang nhicu pha M
:anh phin.

Tuwong ty nhu (rén ta ciing ¢6 thé phan /i(n) thanh M thanh phin nhu sau ...

i) = W(Mr), (Mr+ 1), ..., ifMr + (M - 1)/

Viay ham truy¢én dat H(z) sé ¢6 dang sau:
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Hz)= Y h(Mr)z™ + S i(Mr+ 1)z 4 Y i Mr+ M —1))z MY

1'=—00 r=—oc r=—

M-1 <« My
=Y Y iMr+mjz™ )

m=0 r=—x

M=1 o
Hiz)= Y z7" SMr+mz™™
m=0 r=—co
bat:
Cen(r) = I(Mr + m) 0K m<M-1
Vay:
M-1 o ‘
H(Z) — Z Z—m Zem(’,)(ZM )—1
m=0 r=-—oc
M-1 o
Hiz)= Y z7"E, (z") (9.4.2.1)
m=0
G day:
Em(ZM) = Z(J,,,(")(Z/w )—r> 0< m<M-1 (9422)

E.(z™) duge goi 1a cac thanh phan nhiéu pha cta //(z). Ta ciing rit ra duge bicu
thic sau:

En(2)= Ye,(r)z™" 0< msM-1 (9.4.2.3)

Viéc biéu dién H(z) du6i dang (9.4.2.3) goi 1a phan hoach nhiéu pha M thanh
phan cua H(z). '

Vidu9.4.2.1
Cho bo loc s6 TIR ¢é dédp Gng xung nhu sau:
(n) = d"u(n)
Haiy tim phan hoach nhiéu pha M - 3 thanh phan clia H(z).
Giai
Phan /Ai(n) thanh 3 thanh phan Gng v6i n =3r, n =3r + | va n = 3r + 2, va lay
bién déi Z h(n) ta cé:

H(z) = i/l()l)l_" = ia"z_" = ! Iz| >|u|

-1
n=—o n=0 —az
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S h(3r)z™V + 211(31' + 0z N 3 +2)77
r=90 r=0 =0

o0 o Q.
Ir_-2r 2 —(3r+ Ar42 _—(3r
— Za_rz 2y +za r+lZ (3r I)+Za r ZZ (3r+2)

r=0 r=0 r=0
= Z(u‘]z'3 ) +az! 2({132_3 )y +a’z? Z(u‘zz_3 )
r=0 r=0 r=0
1 _ B 2
= 3 z+zl (i z+zl uz 3
1-a'z— l—a'z™" l—a'z™
H(z) = EJ(Z}) + 2'E (2} + 27E.(ZY)
Vay:
3 | 3 a N 3 a?
E )= ——F—= 1 E2) = ——F vaE() = r—
l—a'z™ l-a’z l—-a'z™
1 . a?
Eyz) = ——4—F Ei) = T VA EN(2) = -
l—-az l—a'z l-az

Vidu 9.4.2.2
Cho b0 loc s6 FIR pha tuyén tinh ¢6 ddp itng xung nhu sau:

hn)=1{1,2,3,4,3,2, 1}

}-

0
Hiy tim phan hoach nhiéu pha M = 3 thanh phan cua H(z).
Giai
Phan /i(n) thanh 3 thanh phdn tng v6i n =3r, n =3r + 1 van =3r + 2 va lay

bién d6i z ta cé:

H(z) = Zh(u)Z"’

=1+2z2V+322 +4z3 + 327+ 2254+ 76
=1+4z224+2°+2'Q2+327) + 223+ 22

H(z)= EXZ’) + 2'E(Z°) + 27E.(2")

g day:
EzHY=1+4z"+2° va Ef)=1+4z"+z"
E(z)=2+3z7 E(z)=2+3z"!
E(Z)=3+2:7 Ei(2)=3+2z"
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Tir cdach biéu dién H(z) & dang nhiéu pha M thanh phin ching ta ¢6 thé rit ra
mot tinH chit quan trong sau day:
Ta da co:
‘ er) = nh(Mr)
14y bién doéi Z™ hai vé ta co:
ZMT ey ()] = Zeo(r)z_M" = ZII(M/‘)Z_Mr = E,(z™
déi bién so:

N m
m=Mr var=—

L™= Y h(mjz™

m=—0oc
v3i m = Mr, r: nguyén

Ta da c6 dinh nghia ddy p(m) nhu sau:

1 v6i m=M.n, n: nguyén

0 véi n con lai

E,Z™") = Y h(m)p(m)z™"

m=—w

2
o 1 M-l +j—nlm

= > —De M jmpz7™"

ln:—ooM =0
M=t = L
MEz"Y = > > h(m)[ze M 7"
=0 m=-x
M-1 L
ME(z™) = Z H(ze M ) (9.4.2.4)
=0
hodc:
T L.
EJ(2) = — H(zMe M ) (9.4.2.5)
M o
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b) Cdu tric nhiéu pha M thanh phdn

Phan hoach nhiéu pha M thanh phan cta H(z) 1a co s& d¢ xay dung cdu tric
nhi¢u pha M thanh phin, ma ham truyén dat cla ciu tric nay l1a //(z).

Hinh 9.4.2.1 minh hoa cdu tric nhiéu pha M thanh phéan 10ng qudt d¢ thyc hicn
ham H(z): '

M-=1
[[(Z) — Z Z—m E,”(ZM)
m=0
—_— Hz) —— = mM
x(n) y(n) =~ x(n) £ &)
a) -
Eo (ZM) ——-é{-
z-1
| |
|
' |
|
‘ |
]
L E B (zM).-
M-1 Yo
b
Hinh 9.4.2.1
Vi du 9.4.2.3

Cho bo loc s6 TIR ¢6 ham truyén dat H(z) cho & dang phan hoach nhiéu pha 3
thanh phan nhu sau: ‘

H(z) = ESZ)) + 27'E(2)) + 27E,(2Y)

2
. «

EZ) = . E(@) = —— v By = ———
l—az™" 1-a'z™ | —uz™

Hay vé cdu tric nhiéu pha 3 thanh phin cua /H(z).



Giai

Cdu triic nhiéu pha 3 thanh phan cua H(z) dugc cho trén hinh 9.4.2.2.

x(n) | : ‘ :
I
g : 23| | =———E, ()
’ | . a’ |
| |
e o . 3—— —
<= - == -
L——r-[a>>C+(\ V t =<-*5
| |
l [
z-1 173 =] E,,(zjj
| o I
L S |
F T T T T T T
D@ o
gt T L y(n)
I |
| 73|+ E, (=)
' . |
| a?
| & '
e o J

Hinh 9.4.2.2

9.4.3. PHAN HOACH NHIEU PHA LOAI HAI

a) Phan hoach nhiéu pha loai hai ham H(z)

Trong muc nhd nay chiing ta dua vao khai niém phan hoach nhi¢u pha loai hai,
trong mdt s truong hgp cach phan hoach nay sé thuan lgi hon.

Tur bidu thitc cua phan hoach nhi¢u pha loai 1 ta ¢6:
st
Hiz)= 3 27 K" 0<! <M-1
m=0
doi bienso: /=M -1 -m
ta cO:
M-t
zy="Y 7™My @™
m=0

201:
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Fyo o) = Fu @™ (9.4.3.1)
Vay:
M=l & o
Hiz)= Y 2™ F.G" 0<m<M- 1 (9.4.3.2)
=0

Biéu thic (9.4.3.2) 1a biéu dién cta H(z) dudi dang phan hoach nhi¢u pha M
thanh phan loai 2.

Nhdan vér

- Ta thdy ring F,(z") = Ey ., - (2™ vay quan hé gita F(z™) va £,(z™) chi 1A
viéc ddnh s8 lai cdc thanh phan ma thoi. Vi vay vé mait ban chdt thi phan hoach
nhiéu pha loai 2 va loai | khong ¢6 gi khdc nhau, ching chi khdc nhau vé mat hinh
thire.

- Phan hoach nhiéu pha loai hai rat ¢6 lgi khi thue hién bo loc ndi suy.
Vidu 9.4.3.1 |
Cho bg loc FIR p‘ha tuyén tinh, ham H(z) ¢6 phan hoach pha loai | nhu sau:
H(z)= EJ(2%) + 2'E(2?) + 27E«(27)
E(zH=1+4z7+2°
E(z)=2+3z"
E. () =3+2z7
Hay tim phan hoach nhiéu pha loai 2 ctia H(z).
Giai
Ap dung hé thite (9.4.3.1) va (9.4.3.2) ta ¢6:
Fu(z) = Ex(z) =3+ 277
Fi(@) = E(Z) =2+ 377
Fz) =Ey () =1+427 +2°
H(z) = z7F(2*) + 2'F(Z}) + E-«(Z%)
b) Cdu tric nhiéu pha loai 2
Trén co s& bidu thire (9.4.3.2) clia phan hoach nhidu pha loai 2 cia ham F(z):
M-l
Hiz)= 3 g1 g gmy
m=0

Ching ta xay dung dugc so d6 cdu triic ciia phan hoach nhiéu pha loai 2 M
thanh phdn goi 1a cdu tric nhiéu pha loai 2 M thanh phdn, xem hinh 9.4.3.1.
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.

—— H@) [———

xX(n) y(n) x(n)

R ")

a)

F (zM) +

z-1

6%__-_

l_— Fraa (z")
b)

yn)

Hinh 9.4.3.1

Nhdn xét

- Thyc chdt c4u tric nhiéu pha loai 2 chinh 13 cdu trdc chuyén vi clia cdu tric
nhiéu pha loai 1, tirc 12 néu ta coi cdu tric-loai | 12 mot graphe cé hudng, néu ta doi
huéng giita ddu vao va ddu ra, ndt cong s& trd thanh nit phan tan, ndt phan tan (rd
thanh nit cong thi ham truyén dat H(z) cua cdu tric s&€ khong thay ddi, lac do ta s¢
thu duge céu tric loai 2, goi la cdu tric chuyén vi.

- C4u trdc nhiéu pha loai 2 rdt thuan 1gi cho viéc xay dung bo loc noi suy.
9.5. CAU TRUC NHIEU PHA CUA BO LOC BIEN BOI NHIP LAY MAU

9.5.1. CAU TRUC NHIEU PHA CUA BO LOC PHAN CHIA

Tir hinh 9.3.1.1 va hinh 9..4.2.1, ta ¢4 thé thyc hién bo loc phan chia ¢6 cdu triic
nhiéu pha nhu hinh 9.5.1.1. :

Nhdn xét

- Thuc chét cdu trdc trén hinh 9.5.1.1 nay 1a dva trén cg s& clia cdu tric (rén
hinh 9.3.1.1, vi vay né khong néi lén duge tinh vu viét clia cdu tric nhiéu pha.

" - N6i chung bd loc phan chia hé s6 M s& dugce thuc hién trén co s§ su dung cau

triic nhiéu pha M thanh phdn, cé nhu vay ta s€ 1gi dung duge su dong nhit cia 2 sg
dd (a) va (b) trén hinh 9.3.1.2.
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- Vi phép phan chia ¢6 tinh phan phdi vao phép cong nén ta ¢6 thé chuyén ciu
tric hinh 9.5.1.1 thanh cdu tric hinh 9.5.1.2 ma két qua van nhu nhau.

7 ]
- I m
xin | 5 I
l ! [ ———— H(Z)
b z-1 [
' I
' I
| E,,(ZM) _—%SI
| I
!
| .
I o ' |
| | I
| L
I I
| I_.__..E (z-M) I 1 M =
| m IyH(n) Tnim )
L o d ’
Hinh 9.5.1.1.
% F
Fs 5
x(:); E,(zM) I M
-1
F
E,(ZM) S ‘ M I——é{-)
2-1
l | MT; = TS,
! F, ’
: . | 7’: Fs
- :
l———-IE (") = M -—é* -
Ao I Jam (1)

Hinh 9.5.1.2.
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Str dung su déng nhat ctia hai so d6 (a) va (b) trén hinh 9.3.1.2 ta ¢6 thé chuyén
cdu trdc trén hinh 9.5.1.2 thanh cdu trac trén hinh 9.5.1.3.

. MT
Ts Fs
F M
- E .tz
x(n) JM ol%)
2'1 . MT,
FS

‘ M Y E, (z) —‘dP

2-1

|
| |
I I
| . |

! MT; MTs

] F 5

M M

l M s Epang (2 + -

Yupm (M)

Hinh 9.5.1.3.

Cau trdc trén hinh 9.5.1.3 1a cdu trdc wu viét nhit, né chinh la cau trdc nhiéu
pha M thanh phédn clia b loc phan chia hé s6 M. Dé thdy dugce nhimg wu di¢m ndi
bét cua cdu trdc nhiéu pha nhu trén hinh ching ta hay tién hanh so sanh véi cdu tric
truc ti€p ctia bd loc phan chia H{M. Gia sit chiing ta ding bo loc FIR ¢6 chidu dai
N, cau trdc true tiép cia HIM duge cho trén hinh 9.5.1.4. Ta vict tat bo loc phan
chia FIR 1a FIRH{M. Bay gid ta tién hanh so sanh.

Ta thdy ring d6i v6i FIRHIM truc 1idp, dé tinh m&i mot mau diu ra vy (1)
ching ta cdn N phép nhan va (N - 1) phép cong. Trong so d6 hinh 9.5.1.4 ta thiy
rang 1in hiéu vao x(n) qua cdc bo tré z'' r6i duge nhan v6i cde hé s fi(n), sau d6
cong lai ta duge mot gié tri cua v (n). Con trong thoi gian thyc (in real time) cac bo
tré z'' chinh 12 bo ghi dich, x(n) di vao cac bo ghi dich theo tirng thoi diém cta xung
dong bo, ta goi la xung nhip, khoang cdch thoi gian gifta 2 xung nhip lién tiép nhau
l1a T's, vay sau mdi mOt nhip ta phai thuc hi¢n xong N phép nhan va N - 1 phép cong
trrde khi nhip mdi xuat hién, tirc 1a phdi thuc hién trong khodng thdi gian 7. Hon
nita vy .m(1) = vp(Mn), tiac la FIRH{M truc ti€p chi tinh gia tri y(Mn) ch khong can
tinh ca v,(n), vay hé thdng s& nghi trong thoi khoang (M - 1T, sau d6 by ghi dich
s& dich mot budc dai M nhip dé tinh gi4 tri 1i€p theo ctia v, (n) nhu vay ro rang 1a rat
bat tién.
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o

k h(o) £
yH&M (n)= yu (Mn)
Z-1
h(1)
2-1
}
|
| I
| !
| 1
|
L h(n-1) |
| ]
1

Hinh 9.5.1.4.

Con ddi v6i FIRHYM nhiéu pha M thanh phén thi trude khi di vao cée khoi loc
E(z) thi cdc mdu ndm gitta hai mau Mn va M(n + 1) khong cdn hira, tifc 1a nhip lay °
miu da dugce giam di M lan, thoi khodng gitta hai mau trude khi di vao /7,(z) bay
gid 1a MT. Nhu vay cdc phép tinh nhan va cong sé dugce thuyc hién trong khoing

. - . ~ =2 N - < - ~ ~ LN 7 . N N
thoi gian MT's. Hon nita chiéu dai cua céc bo loc F,(z) bay gid (rung binh la E

vay sO phép nhan va cOng phai thuc hién trong thoi khoang M7 chi con trung binh

. N
la — va — - 1.
M M

Nhu vay FIRH{M nhiéu pha M thanh phe‘iniru viét hon hian FIR/INM truc tiép.
Vidu9.5.1.1
Cho b lgc phan chia FIR FIRH2 v6i h(n) nhu sau:

5 4 372 1)
) =<1, — —, =, —, —f
. 6 6 6 6 6

|-

0
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Hay vé cdu tric nhiéu pha t3i uu nhat cia FIR//2.
Giai
Ta tim H(z) sau d6 (im E,(z) va E,(2):

1 2

5 4 4 _ 3 2 I _5
Hiz)=1+ -z +—z2"4+—z " +—z " +—z"
6 6 6 6 6

v 5 3
=1+ iz'2 +12—Z_J' +Z_1(;+;Z—Z +lz_4
6 6

H(z)=EJ z) + z2E(2)

Viy:
Rl 4 —_ —
EGH)=1+—z2 242y J';
6 6
\ 5 3 5, 1
E(z)= —+=z%+=77
6 06 6
4 ., 2 _
E()=1+—z"'+Z772
6 6
v 5 3 4 1
E@)=>+>z1+-777
6 6 6

Tir day ta ¢6 cdu tric nhiéu pha 2 thanh phén (3i vu nhat cua FIR/L2 minh hoa
trén hinh 9.5.1.5 (a) va 9.5.1.5 (b).

lz ‘ E (z) ‘,

X (n)

- JZ - E/(z) , U

n)

YHe2

[Tlinh 9.5.1.5 (a).
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r—-——- N
T _
x(n) {2 l - } -
[
(- |
16 |
]
4/5 i
|
| > G&'
71 | |
[ z-1 |
' |
I 2
I > |
L |
r——————— '
2 5 o
‘ | : Yuy2(n)
|
|z !
| |
| /6
’ |
. .-1 o
1/6 I
- d
fE,(z)

Hinh 9.5.1.5 (b).

9.5.2. CAU TRUC NHIEU PHA CUA BO LOC NOI SUY

Ching ta s& dung cdu tric nhiéu pha loai 2 cho trén hinh 9.4.3.1 d¢ xay dung
cdu tric nhiéu pha L thanh phdn clia bo loc noi suy h¢ s§ L. TLII. K& hop vdi hinh
9.3.2.1 ta nhan dugce bo loc ndi suy LI ¢6 cdu tric nhiéu pha L thanh phan dugc
minh hoa trén hinh 9.5.2.1.
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|
|

L
x(n)
2-1
F(zt)
2-1

Yo N

l—-a Fz_1(7_’-) +

Hinh 9.5.2.1.

I P YRTRCCY)

Nhdn xér:

- Cdu tric trén hinh 9.5.2.1 khong ndéi 1én duge su wu viél cia cdu triic nhicu
pha vi né dya trén co sd cua cau trdc trén hinh 9.3.2.1.

- B9 loc noi suy he s6 L TLH s& duge xay dung trén co s cdu triic nhiéu pha /.
thanh phén, nhur vay né sé 1gi dung duge su dong nhdt clha 2 so do (a) va (b) (rén
hinh 9.3.2.2, '

Do phép noi suy ¢6 tinh chat phan phoi vao phép cong nén ta ¢6 thé chuyén ciu
trie trén hinh 9.5.2.1 thanh cdu tric trén hinh 9.5.2.2 ma két qua vin nhu nhau.

Str dung su dong nhdt cua hai sg d6 (a) va (b) trén hinh 9-3-2-2 ta s¢ chuy¢n
cdu tric trén hinh 9.5.2.2 thanh cdu tric trén hinh 9.5.2.3.

Ciu trdc nhiéu pha £ thanh phén cia b loc ndi suy VLI cho trén hinh 9.5.2.3 1i
c¢du tric uvu viet nhat. DE thdy duge nhitng vu diém cla cdu tridc nhicu pha loai nay
chiing ta hdy so sdnh véi cu tric truc ti€p ciia bo loc noi suy TLI7. Ching ta 18y bo
loc FIR ¢6 chiéu dai N lam vi dy minh hoa. Cdu tric tryc tiép cha TLIT cho trén hinh

9.5.2.4. Ta viét tat bo loc noi suy FIR 1a FIRTLH. Bay gid ta tién hanh so sdnh.
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o
~
o

Fs L L
x(n) 1 F, (z*)
7 !
T
LF
f L Fy (z4) |
Z—1
I
i’ l
s
- T
1 L S 5_1(ZL) LFs
Yaru (n)
Hinh 9.5.2.2.
’i E
F
- Fa = ¢
X(n)
z-!
Fy (z) f L
et

— — —
— e —

«“h o~
~
«wn '\I

oy (2) | L

ITinh 9.5.2.3.
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Ta thdy rang tin hiéu vao x(n) trude khi vao bo loc FIR d6i véi FIRTLIL trye
.iép, phai di qua bo noi suy™ L, chiéu dai cla x(n) ting 1én 1. 1dn, va ¢ 1. mdu thi ¢6

~

L. - 1 miu gid tri khong, khodng thoi gian gitta hai méau cita v~ (1) bay i 1a

Ip )
3
5 ‘ h(
Fs LE I\O) N\
+
o T @
Z-1
h(1) )
> 79
2-1
| :
| |
h(N-1)
i
| =

Hinh 9.5.2.4

Hon nira chiéu dai cia bd loc FIR 12 N. Vay dé€ ¢6 mot gid tri cla v+ (1) trong
thti gian T/L ta phai hoan thanh N phép nhdan va N - 1 phép cOng. Nhu vay ta
khong tan dung dugc cdc nhan 6 dé giam céc tinh todn yéu cdu trong mdt don vi
thoi gian.

Con d6i v6i FIRTLH nhiéu pha [ thanh phan thi v(n) di trye (iép vao cic hhoi
(2) v6i chu ky ldy méu 1a 7'i, va chiéu dai cta F(z) trung binh bay gid I

N/L. Vay trong khoang thdi gian T'g ta chi hoan thanh s& phép nhan va phép cong
trung binh la N/L va N/L - 1.

loc I

Vay 15 rang 1a FIRTLH nhiéu pha L thanh phan wu viét hon han FIRTLII truc
1ép.

Vidu 9.5.2.1

Cho bd lgc nodi suy FIR FIRT3H v&i h(n) nhu sau:
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Hay v& cdu tric nhiéu pha t5i wu nhat cia FIRT3H.
Giai

Ta tim H(z) sau d6 tim E.(z2%); E\(2%) ; E.(2%) 161 tim F(2°) = E,(2*); F.(Z%) =
El(z3); F:(za) = Eo(z3)-

g 4 5 3 4 1 s
H(’z)=l+§z 'y 227242, 3+g,z M
6 6 6 6 6

=E (2 + 2'E(2°) + 27EL(2Y)

3

s 3 3
F,2)=E,()=1+ o va Ey(z) =1+ o7 b= Fu(2)

, 5 2 5 2
FH=E@GEH)= Z+=z7 va E@)=>=+=z" =F

) 4 1 _ ,
Fo(2’) = E4(2°) = —+gz T va E;(z)=g+gzl = F(2)

Tu day ta c6 thé xay dung cdu tric nhiéu pha 3 thanh phin t5i wu nhdt cla
FIRT3H, minh hoa trén hinh 9.5.2.5.

9.5.3. CAU TRUC NHIEU PHA CUA CAC BO +0OC BIEN POI NHIP HE SO M/L
KHONG NGUYEN ) :

a) Tong quan

Trén hinh 9.3.3.3 chiing ta di c6 sd d6 khéi clia cdc bd 1oc bién doi nhip hé s6
M/L v6i chi mot bo 19c s6 ¢ dép wng xung /i(n), ddp tng tdn s6 H(e'™) va tan so cat
Oc = min(f,%). Néu chiing ta ti€n hanh thuc hién bd loc bién ddi nhip hé s6 M/L
THIM/L bing cdu tric truc ti€p clia bo loc s& i(n) thi ta khong khai thac duge
nhitng nhan t& dé 1am giam khéi lugng tinh todn ddi hdi trong mot don vi thoi gian
va nhitng phic tap khéc. Hinh 9.5.3.1 minh hoa bo lgc bién déi nlip FIR ¢4 cdu tric
truc tiép, goi tit 1a FIRTHIM/L truc tigp.
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]! ﬁv>_.q,}:}__, } 3
X = 1
;
| . |
| Z |<—FD(Z,)
| 1 ] 71
' & |
! 1> |
Lo o
——————— 1
5 |
| .
-1 |
I £ | =— F, (2)
T x|
S ,
Lo _
r— - - T = M
— -] | 3
| b I Yrsm (1)
| .
f -1 l
VLE | ~—F ()
! 3 i
| 6 |

Dé thu duge sy thuc hién bo loc bién doi nhip THIM/I. wu vi¢t ching ta s¢
dung cdu tric nhiéu pha L hodac M thanh phan phu thudc vao ta ding phan houach
nhiéu pha loai | hay loai 2.

b) Cédu tricc nhiéu pha loai I cua bé loc bién doi nhip hé so M/L khong nguyén

Cdu trdc nhiéu pha loai 1 clia bd loc bién d6i nhip h¢ s6 M/L. cho bdi hinh
9.5.3.2. ’

Nhdn xét

- Cdu tric trén hinh 9.5.3.2 la cdu tric nhiéu pha loai 1 M thanh phin cta
THIM/L, goitat 1a THIM/L nhiéu pha M thanh phin.

- C4u tric nhi¢u pha loai nay khong néi lén duge nhitng vu vi¢t ciia cdu triic
nhiéu pha, vi vay chiing ta phai bién doi so d6 nay di.
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x| T L L G’P l M {
Yruymy )
z-1
h(1)
——D——d?
2-1
I
[
i |
! |
| h(n-1) l
M~
N
Hinh 9.5.3.1.
—— E M
= } L , (zM)
2-1
E, (") _’go
2—1
| |
| |
| | .
L—- EM_,(ZM) 4&———- ' M
H?HPM/L(n)

Hinh 9.5.3.2.

Ap dung tinh phan phéi vao phép cong clia phép phan chia va sir dung sy déng
nhit ctia hai so dé (a) va (b) trén hinh 9.3.1.2 ta ¢6 thé chuyén cdu tric trén hinh
9.5,3.2 thanh cdu trdc trén hinh 9.5.3.3.
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2~ =
wh

{m -
r\
'\
\
X

(zZ
TS, E,(z)

| m E, (z) —)éb

o

3~
(U]

| M E, . (2) +

Yrui my (1)

IHinh 9.5.3.3.

RS rang cdu tric trén hinh 9.5.3.3 hon han cau tric trén hinh 9.5.2.2 vi chiing
ta da tan dung dugc hét nhitng kha nang wvu viél ¢6 thé khai thac duoc.

¢) Cdu triic nhiéu pha loai 2 ciia bé loc bién déoi nhip hé sé M/1. khong nguyén
Cau triic nhiéu pha loai 2 clia bd loc bién doi nhip h¢ s6 M/L. cho (rén hinh
9.5.3.4.

Nhdn xér

- Cau tric rén hinh 9.5.3.4 1a cdu tric nhiéu pha loai 2 /. thanh phin cia
M M/L goi tit 1a THIMIL nhiéu pha L. thanh phan.

- C4u tric nhiéu pha loai 2 nay khong cho ta nhitng wu vi¢t cua c¢du tric nhicu
pha, vi vay ching ta phii bién doi so do nay di.

Ap dung tinh phan ph6i vio phép cong cta phép ndi suy va st dung sy dong
nhit ciia hai so do (a) va (b) trén hinh 9.3.2.2 ta ¢4 thé chuyCn c¢iu tric trén hinh
9.5.3.4 thanh cau tric trén hinh 9.5.3.5 ma két qua & dau ra ciing vian khong c¢é gl
thay doi.
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Ts i
F
A f L LFs Folzh)
JCC!‘I)
Z-1
F,(z%) (¢
2*1
|
| l
| |
! M
l LA
F_(2H) —G fm e
g?HiM/(Ln)
Hinh 9.5.3 4.
Ts T
F £
3 6(2) S 1[-
x(n) :
Z-f
F, (2) be
7!
| I
| 5 2
L.
[ LF, w5
| E (%) b Y B S
' . Jrnempl

Hinh 9.

5.3.5.
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Ta thdy ring cdu tric trén hinh 9.5.2.5 hon hian cdu tric (rén hinh 9.5.3.4 vi
ching (a da tan dung duge h&€l nhitng kha nang uu viét ¢6 thé khai thic duge.

Vidu 9.5.3.1

Hay tim cd&u (rdc nhiéu pha loai | hai thanh phan va loai 2 ba thanh phan cua bo
foc bién d6i nhip THL2/3.

Giai

Duya vao cdu trdc cho trén hinh 9.5.3.3 va hinh 9.5.3.5 chdng ta cd k¢t qui cho
trén hinh 9.5.3.6.

—T i | 2 - £ (2)

} 2 E,(z) _{.b__._

Yruaz i)
a)
- E(z) } 3
x(n)
Z-1
F, (z) {3
2-4
S B b~} 3 =@ lz |—
¢ %Hn/,m)

b)

(2) cau tric nhiéu pha loai I hai thanh phidn; (b) cdu tric nhiéu pha toai 2 ba thanh phan.

Hinh 9.5.3.6.

Ta thay rang k& qua cua hai cdu tridc trén hinh 9.5.3.6 (a) va (b) la nhu nhau, ta
c6 thé dung cdu tric nao ciing duge. Nhung ddi vai hinh 9.5.3.6 (a) ncu ta ding
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thém mot thu thuat nho 1a z7' = 2777 thi ta sé& c6 k€t qud kha quan hon. Cu thé néu ta
diing thu thuat nay sau d6 loi dung sy ddng nhit (9.3.2.11) va (9.3.1.11) sau d6 1gi
dung su tuong duong (9.2.4.5) tie 1a doi chd TL va IM thi k&t qua la twong duong
nhau, k&t qui ta thu duge nhu cu tridc trén hinh 9.5.3.7 (a), (b) va (¢).

i } 3 | 2 E,(2)
{3
2-3
72
‘ 2 E (z) =+
: = Yrnezy, ("
- 3 >~ 2 E,(z)
xin) 1 1 °
Z-'1
R i I G
Yy ()
b) TH+2/3
xn) 12 | 3 & (2
Z—1
‘ 2 - f 3 Eq(Z) - Z "Gl-g——’
c) ' 9”“;;7)
(a) Cau trde thue hién tha tye 7' = 2%, 2° vt dua bo T3 vao 2 nhdnh theo tinh chat

phan bg vio phép cong ctta phép ndi suy; (b) Cau tric thye hi¢n su dong nhat
(9.3.2.11) va (9.2.1.11) e 12 T327% = 213 va 2202 = 12z, ¢) Cdu tric thue hién su
twong duong (9.2.4.5) tirc 1a TN2/3 = 112/3.

" Hinh 9.5.3.7.
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D61 v6i hinh9.5.3.7 (¢) ta lai ding phan hoach nhiéu pha loai 2 cho cdc thinh
phin nhicu pha [£,(z) va k£ ,(z) nhu sau:

F(2) = 27 E,,(2Y) + 27 L, () + Eo(29)
E(2)=27E,,(20) + 27E,,(27) + I,,(27)

Sau d6 sr dung su dong nhadl (9.3.2.11) ching ta s&€ ¢é cau tric trén hinh
9.5.3.8.

7 2%
£ '2 Z o~ £ ,(2) 1 3
x(n) »
Z-‘l
= E,(2) ‘ 1 3
.,Z-‘l Z-{
L Ey-l}3 ———éf}
|2 Eot) = } 3
2_4
L E (2) } 3 ~%
2 i
7
L1 £ () E ——4}——1 z-’_{b_f_i_
Yyl
WY 2/

Hinh 9.5.3.8.

RO rang 1a cdu tric (rén hinh 9.5.3.8 1a cdu trdc vu viét nhdt, ching ta Khong
(h¢ céi tién them duge nita. VGi cdu triic nay nhip cha tin hi¢u vio x(n) trude khi

302



vao cac bo loc s¢ giam di 2 lan (10ng quat 1la M lan) tdc 1a chu ky ldy mau tang 2

N
lan: 27°s. N&u gia sur /() 1a b6 loc FIR ¢6 chidu dai &V: H(z) = Y h(n)z™" thi cac bo
n=0

loc con E,,(2) va E, (z) s€ ¢O chiCu dai giam di 2 x 3 = 6 ldn (16ng quat 1a M x /.
lan).

9.6. MOT VAI UNG DUNG CUA HE THONG LOC SO NHIEU NHIP

a

Biy gidy ching ta s€ néu mot s6 Gng dung tiéu bicu cua cic he thong loc so
nhi¢u nhip.

9.6.1. BANK LOC SO

a) Dinh nghia bank loc so

Bank loc sO 1a mot tap hop cdc bo loc sO vdi ciing chung mdt diau vao va nhicu
dau ra hoac véi nhi¢u dau vao va chung mot dau ra.

T dinh nghia trén ta thdy rang ¢6 hai loai bank loc s [a bank loc phan tich va
bank loc¢ tong hop.

b) binh nghia bank loc s phdn tich

Bank loc s0 phan tich 1a tip hop cac bd loc s0 ¢6 ddp tng tan so 1a H (¢ duoe
noi vai nhau theo kicu mot dau vao va nhiéu dau ra, cdu (rdc cha bank loc so phan
tich duoc minh hoa trén hinh 9.6.1.1.

x (n) H, (/%) X, (n); X,(e™)
X(*)

H,(e'i“") Y—— X, (n); X,(Cjw)

— — — c—

HM-f (e jw) xm-1 (") s XM-f (ed‘w)

Iinh 9.6.1.1.

Theo hinh 9.6.1.1 1a thdy rang tin hi¢u x(z) dua vao dau vao va duge phan tich

thanh M tin hi¢u & dau ra la v(n) (0 <k < M - 1), nhu vay trong mién tan s moi tin
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hiéu v (n) s€ chiém in dai tan s con trong dai tan cia v(n) nén M (in hiéu x(n)
duge goi la tin hig¢u dai con (Subband).

Con céc bo loc s0, Hy(e'”) s€ 1a b loc s6 thong thdp, H,(e'”) dén Hy, (e’ s¢ 1a
c4c bo loc s6 thong dai con Hy, . (€'°) s& 1a b 1gc thong s6 cao, ma cédc tan s cit
clia cdc bo loc s6 nay sé k€ ti€p nhau. Nhu vay céc bo loc Hy(e'), H ('), ...,
H, (") dugc goi la cac bd loc phan tich, con tap hgp cac bo loc hay {H, ('),
H (&™), ..., Hy (&)} duge goi 1a bank loc phan tich.

Vidu9.6.1.1

Cho bank 1oc s0 phan tich Iy tudng véi hé s6 M = 2, tin hiéu vao bank loc la
x(n) c6 phé 12 X(&'*) dugc cho trén hinh 9.6.1.2 sau day.

4 X (ejw)

1

- " 1

~2n -7t o 7T 2N w

Hinh 9.6.1.2.

+ Hay vé so d6 bank loc s phan tich nay.

+ Hay dung dé thi tdn s6 dé giai thich dang phé cta tin hiéu ra.

Giai

Theo so d6 tdng quat cla bank lgc phan tich cho trén hinh 9.6.1.1 thay M =2 1a

s& ¢4 bank lgc phan tich 2 kénh dugc minh hoa trén hinh 9.6.1.3, trong d6 ¢6 hai bo

loc s6 1§ tudng; Hy(e'®) 12 bo loc thong thap 1§ tudng véi tdn s6 cét 1a o, = g

¥ N N e N - ) 9 ~ PRES ) T
H . (¢'”) 1a b0 loc s6 thong cao 1y tudng ciing vdi tdn sO cat o = ER

X (el*) —= > H, (€%%) e X, (e’*)
OUC:-%[—

Hy (@) b X, (™)

Hinh 9.6.1.3.

D4 thi tdn s6 d€ gidi thich dang phd cla tin hiéu ra 1a X,(¢/®) va X (') duge
cho trén hinh 9.6.1.4 sau day. '
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X (')
1
-2 -1 0 .3 27
Ho(ejw)
1
21 L om0 x &« b7 w
Z z
X,(e’*)
7
N l w
2 2z
H, (/%)
————— 1ﬂp
- - g P /8 - w
y; ; :
X,(@jwj
7]

-7 - o L
2 2

Hinh 9.6.1.4.
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¢) Pinh nghia bank loc so téng hop

Bank loc s& tOng hgp la tap hop cdc bo loc sd ¢d ddp dng tan sG 1a G (') duge
ndi v6i nhau theo kiéu nhiéu ddu vao va mot dau ra, cdu trdc cta bank loc sd (16ng
hgp duge minh hoa trén hinh 9.6.1.5.

- GO (efw)

Gy (€7 ————gb

—— G, (e +

Hinh 9.6.1.5.

Vidu9.6.1.2

Cho bank loc s6 tong hop 1y tudng v6i hé s6 M = 2, ¢6 hai tin hiéu vao bank loc
s& nay c6 phé tdn 1a Y,(e'”) va Y (¢'”) ¢6 dang cho trén hinh 9.6.1.6 cdn (dng hgp
v6i nhau dé duge tin hi¢u ¢6 phé 1a Y(e').

% (e7)
1
-2n t -n 0 X = 2z @
2 2
Y (e7*)
K/
2 - - 17} 3 2 w
Z

Hinh 9.6.1.6.
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+ Hay vé so d6 bank loc s0 tong hgp

+ Hay diung do6 thi tan s dé giai thich dang pho cua tin hi¢u ddu ra.

Giai

Theo so d6 t6ng quat clia bank loc s6 téng hop cho trén hinh 9.6.1.5 thay M = 2 ta

cé bank 1gc tong hop 2 kénh duge minh hoa trén hinh 9.6.1.7, trong dé G.(¢) 1a bo loc

¢ T o L AT VISR . . T
$0 thong thép 1y tudng véi o = 5 G, (e"™) 1a bo loc O thong cao 1y tudng voi o = 3

. _ Y5 (e’)
% (e'*) —s——G,(e’*)
we=Z
2
Y (e%) ———— G, (e'w . ,
/ , (e7%) () S (o)

Hinh 9.6.1.7.

D6 thi tan s dé gidi thich dang phé chia tin hiéu ra duge cho trén hinh 9.6.1.8.
d) Bank loc sd DFT

Trong chuong 4 ching ta di nghién cttu bién ddi Fourier roi rac (DFT) va
chiing ta di biéu dién DFT dudi dang ma tran nhu sau:

XKw = Wyx(my 9.6.1.1)
W, 12 ma tran vuong M x M gém cdc phin tr W' . O day W) = ¢ Tt
Tuong tu ta c6 bién déi Fourier rdi rac nguge (IDFT)
i *
X (1) _A?g/‘" = (X)(k)m (9.6.1.2)

*
O day lM la lien hgp phitc cia ma tran W .

Dé hinh thanh bank loc s6 DFT, gid su ta ¢6 day x(n) la ddy vao, tir diy v(n)
ndy ching ta tao ra M day g(n) bang cdch cho day x(#) qua mot duong day (ré, cu
thé ta c6:

g(n)=xn-1i (9.6.1.3)
P4u ra cta bank loc s6 DFT nay s€-la cac tin hiéu .w(#n) ¢é dang nhu sau:

M-
. —ki
()= D g (W
i=0

M=1 .
X(n) = Z(n—i)W/;f‘ (9.6.1.4)
i=0



G, (e jw)

-Zlﬂ. "7.C - 0 s IL 27 w
2 2
% (&%)
) w
6,(e,j“’)
o w
Y, (/%)
- 0 had
) Y(ei*)
2N -7 o b/ 27 “T
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Biéu dién duGi dang ma tran ta c6:

xi(n)= W gn) (9.6.1.4)
G day:
Xo(#) goln) x(n)
X (1) = xlf”) : gl(")= glf'n) _ .\'(;1:—1)
Xy (1) a1 (1) xfn—(M-1)]
Wil Wil Wiy
*  |\Wyt Wy Wyt e wivy
=M )
W;;Io W/;[(/V[—l) W/;[Z(M—l) W/;{(M—l)(;\l—l)

Tir day hinh thanh bank lgc DFT cho trén hinh 9.6.1.9 nhu sau:

- - Z,(n)
x(n) }o(n)
Z-f
X(n)
n)
z™ 4
*
- W, - x,(n)
! 92( )
|
|
|
2-1
[ S X n
?M'1(") M'1( /

Hinh 9.6.1.9.
L4y bi¢n déi z biéu thic (9.6.1.4) ta ¢6:

M-1 .
ZT[x ()] = ZT[ > .\'(11'—1')W1;,k‘:'

i=0
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M-1 ,
=X() = Y 27 X(2W

i=0

M-1 ‘ .
= Z(Z.W/u )_l X(Z)

=0

Moy
=X(z) Z(ZWM )

=0

Ta goi:

M-\

Hoz)= Y(WH )7, (0<k<M-1) (9.6.1.6)
i=0

= X\_(z):X(Z). IIK(Z)

(9.6.1.7)
Viay 1a c6 thé viét:
M-1
Hyz)= Y z7 (9.6.1.8)
i=0
=l+z 4z + ..+ M0
I O0snsM-1
ho(n) = . . (9.6.1.9)
0 ncOn lai
© l . e—ij
Hy(e"") = ——
l-é’_j(o
.0
sin—— M-l
= e (9.6.1.10)
.0
sin —
Tl day ta c6 thé viét quan hé giita /1,(z) va H,(z) nhu sau:
H(2) = Hy(zWyy) 9.6.1.11)
va:
@ j((!) zt/\)
H (&) =Hye M) (9.6.1.12)

: s e s 2 . o
Vay H.(¢'®) chinh 1a phién ban tré tdn s6 di mot lugng g ocia Hy(e'™)

Hinh 9.6.1.10 s& minh hoa cho ta rd quan hé gita H,(e') va #,(¢'"). T day
chiing ta c6 thé suy ra quan hé gitta cdc H (") vGi 0 <k < M - 1.
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IHo(ejw)I

L 0 2 TN | n w
M

z’l
| 2 (Z]Z+ )
I’Io(e’(”s)

0 )’

O day: A, =201g ~-13dB

Hinh 9.6.1.10.

e) Biéu dién nhiéu pha bank loc sé
* Biéu dién nhiéu pha loai 1 déi véi bank loc phda tich

Trong biéu thite (9.4.2.1) ching ta di c6 biéu dién nhiéu pha loai | M thanh
phan dai véi ham truyén dat H(z) nhu sau:

M-1
H(Z) - Z 7 mEm(ZM
m=0
Dai vGi bank loc s phan tich gdm M bd loc ¢6 ham truyén dat 1a H (z2), I (2),
coor Hy (), vay d6i v&i mdi ham truyén dat H(z) ching ta c¢é thé bicu dién dudi
dang phan hoach nhiéu pha nhu sau:
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M-1
H(iz)= Y z7"Eg(zM) (9.6.1.13)
m=0
Chung ta c6 thé viét biéu thic (9.6.1.13) dudi dang sau day ddi véi ting H,(2):
Hy(z) = LLEg(Z") + 2 E,, (™) + ..+ M0 E, s (ZM)

H,(2) = 1L.E, (@™ + 2z E, ;" + ...+ 2™V E, (@™

Hy.(2) = I'EM-J.U(ZM) + Z.I'EM-I.I(ZM) +o+ M EMj], ;\I-J(ZM)

T day chiing ta c6 thé biéu dién biéu thirc (9.6.1.13) dudi dang ma tran sau

day:
H(z)= E@").z™ (9.6.1.14)
véi:
S
Hy(z) -
H(z)
H_(Z)-: l:( : Z-m= Z‘Z
HM—-I(Z) Z—(}'w_l)
L _
Eoo(ZM) Eo(z™) - EO,M—I(ZM)
E(z") = Eyo(z") Ey(z") o Epyo(zM)
Eyao(z) Eyon(2M) o Eyyyo(z)
Ma tran E(z*) goi 1a ma tran nhiéu pha loai 1| M thanh phan d&i v&i bank loc
L g P P )
phan tich. '

Hinh 9.6.1.11 s& minh hoa c&u trdc nhiéu pha loai 1 M thanh phan d&i v&i bank
loc phéan tich. ‘ ‘

* Bidu dién nhiéu pha loai 2 d6i véi bank loc té6ng hop

Trong biéu thitc (9.4.3.2) chiing ta dd c¢6 biéu dién nhiéu pha loai 2 M thanh
phan d6i v6i mot ham truyén dat G(z) nhu sau:

M-1
G(iz)= ), g M=l=mp oM Ozsm<M-1

m
m=0

Déi v6i bank loc 86 tong hgp gdm M bd loc ¢6 ham truyén dat 1a G,(2), G,(2),
Gy.1(z). Vay d6i v6i mb6i ham truyén dat Gy (z) ching ta c6 thé biéu dién dudi

ooy

dang phan hoach nhiéu pha loai 2 M thanh phédn nhu sau:



— Hy(z) ——— —
H(2) |— .
| &> E (")
|
l
‘ HM-1(Z) '
Z-1
—_—] 7— 5 —>
Hinh 9.6.1.11.
G.(z) = -Mz_gz“(M—'""”F,,,k(zM) (9.6.1.15)

Khai trién biéu thic (9.6.1.15) d6i v6i timg ham truyén dat G,(z) ching ta c6
cdc biéu thirc sau day:

Go(2) =2 M VE (2™ )+ 2 MV (2™ )+ + LFy_ o2

Gy(z) =z MV (2" )+ 27M2E (M )+ L+ Ly (2M)

—(M-1 M ~(M-2 M M
Guoi(2)=2"MVEy (2" )+ 27M2F M A Ly (2M)

Tir day chiing ta c6 thé biéu dién biéu thic (9.6.1.15) dudi dang ma tran sau

day:
G'(z)=27M"Y g™ F(z™) ) (9.6.1.16)
Véi
G'@=(6o@) Gi@) - * Guu(@)]
z™=(1 z 2z .. MY

™
—
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Foo(z") Forz™) - FO.M—I(ZM )

-~ M M ~ b
E(ZM) - [‘00(.2 ) Fll(-z ) I'I.M—E(Zw)

Fuoo(z™) Fyo(z™) - Frgmpa(z™)
Ma (ran E(ZM) Ia ma tran nhiéu pha loai 2 M thanh phan doi véi bank loc (dng
hgp.

Hinh 9.6.1.12 s& minh hoa cdu tric nhiéu pha loai 2 M thanh phin doi vai bank
loc tong hop.

—— G,(2) ]

] - +
G, (2) *&9 | T

b ] f—

Hinh 9.6.1.12.

9.6.2. BANK LOC SO NHIEU NHIP HAI KENH

a) Bank loc s6 nhiéu nhip hai kénh va bank loc guong cdu phtm’ng; OMF

Trong phan trén, khi xét bank loc s8, sau khi qua bank loc phan tich ching (a
s& thu duge cédc tin hiéu dai con (Subband) x(#) (0 £ &k < M -1). Sau d6 ching ta di
nghién cttu bank loc sd tong hgp. Bay giv ching a s& k&t hop bank loc s& phan tich
va bank 10¢ sG téng hgp vSi cac bo phan chia va ndi suy dé tao ra bank loc s& nhicu
nhip. Trudc hét ta nghién ctu treong hgp M = 2, ta goi 1a bank loc s& nhié¢u nhip hai

" kénh, bank loc s6 nhiéu nhip nay dugc minh hoa trén hinh 9.6.2.1.

Trong bank loc s& phan tich cho trén hinh 9.6.2.1 ta thdy ring /7,(z) Ia bO loc
sd thong thdp, con H(z) 1a by loc s6 thong cao. Khi thi¢t k& cdc bo loc s& niy s¢
khong thé dat duge 1y tudng, At nhién ddi vdi ca cac bo lo¢ 8 G(2) viv G1(7) & bank
loc tong hogp, nén tin hi¢u ra N(n) cia bank loc s& nhiéu nhip nay s¢ khdc vdi tin
‘hiéu vao x(n).
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X (n U (n y,n) Y, ()
—- Hy(8) =2 - 12— 2 P2 1= Go(2) [—
x(n .
i |
X, (n) v, y,(n) 1 Y:(n)
Hy(z) 1 2 — @ f 2 G (z) =
; -X(n)
1 1 t { :
Bank lac Phin Nér suy Bank loc
phan ich T Hinn o2, 1609 hop

Hinh 9.6.2.2 s& minh hoa mot vai tru‘(‘mg‘th cua ddp tng bién d9 |[1(,(el°“) | va
| H e ] |

Nhin vao hinh 9.6.2.2 ta thdy ring ‘HO(e’“’) lval H, (&) | c6 quan hé sau day:

|H(e®)| = |Hye™ )] (9.6.2.1)

~ g 2 2 ~ ¥ , T 27t ~ - N
va néu ta tudng tuong dat mot guong phang vao vi tri E:T trén truc tan s6 o thi
|H‘(ej‘°) [s& 12 anh guong cua IHO(eJ‘”),l , va theo thang tdn s6 géc chudn hod bdi tan
s@ 1dy méu F thi g chinh 12 mot phdn tu tdn s 14y miu. Chinh vi vay bang s() loc

nhiéu nhip cho trén hinh 9.6.2.1 dugc goi 12 bank loc sd guong cdu phuong
(Quadrature mirror filter bank: QMF), va ching ta ky hiéu bd loc nay bang 3 chit
ddu cua tiéng Anh: QMF.

Trong bank loc QMF nay c6 3 loai sai s6 c¢6 thé sinh ra 1a: sai s6 do thanh phén
hu danh (aliasing) ctia | H,(¢®) | va|Hy(e®) |, sai s6 do méo bien do va sai s6 do,
méo pha. '

Con néu dang cla tin hiéu ra X(n) giong hoan toan dang cta tin hiéu vao x(n),
te 1a: ' |

™n)=cx(n-ny) (9.6.2.2)
¢ 12 hing s6

thi bank loc QMF ndy dugc goi 1a bank loc QMF khoi phuc hoian hio (Perfect
Reconstruction: PR) va ky hiéu 14 PR QMF. ’

Chu y ridng thuat ngit bank loc s6 guong cdu phuong (QMF) dugce gidi thich d6i
v&i bank loc s6 2 kénh, nhung sau nay ta cling ding thuat ngit ndy d&i véi bank loc
s0 M kénh.
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a)

b)

d)

316

H, (/%) H, (e’%)
N
|
|
|
|% lL?L w
| |
| |
| —
|
|
|
| |
Ea P
1z |
| |
| —
| I
|
|
| —)— ——
3 n o
| Z |
| l
| I
|
} |
, |
i -
E JL w
| 2
| 4
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(a): trudmg hop bo loe so 1y tudng,
(b); (¢); (d): céc truomg hop bo loc s6 khong 1y tudmeg.

Ilinh 9.6.2.2.



Vidu9.6.2.1 7

Gia st chiing ta ¢6 bank loc s6 QMF cho trén hinh 9.6.2.1, H,(z) = G(z) 1a céc
bo loc s6 thong thdp 1y tudng véi tin s6 cit o, = n/2, H,(z) = G,(2) 1a céc bo loc s6
thong cao ly tudng vé6i tdn s6 cit o, = 1/2. Cho phd clia tin hiéu vao x(n) 1a X(¢'”)

c6 dang nhu trén hinh 9.6.2.3 sau day:
X (e¥*)

=27 -7 17 L. 2‘71; w
Hinh 9.6.2.3.

+ Hay v& X,(e'”), Vo(e'), Yo(e'™), Y'o(¢')
+ Hay vé X,(e9), V (), Y (&), Y',(e')
+ Hiy vé X(e'™). | | %)
Giai
D4 thi tdn s yéu cdu vé dugce cho trén hinh 9.6.2.4.
Trén hinh 9.6.2.4 ta thdy ring néu céc bd loc s cua hai bank loc phan tich va
" tdng hop déu 1a cédc bo loc s6 1y tudng thi sé khong gay ra cdc thanh phan hu danh
(aliasing), vay ta thdy dang cua tin hiéu ra khoi bank loc YMF nay X(e'”) gidng
hoan toan dang cua tin hiéu vao bank loc )?(('-'””), chi kh4ac nhau hé so 1/2:

b) Phdn tich cdc sai so trong bank loc sé nhiéu nhip

* Sai s6 do thanh phdn hu danh

Trén thuc t€ ta thdy ring cdc bo loc s6 Hy(z) va H,(z) khong thé dat 1y tudng
nhu trén hinh 9.6.2.2. Trén hinh 9.6.2.2 (a) 12 truong hgp 1y tudng thi s€ khong gay
ra sai s6 hu danh titc 12 s& khong gay ra chéng phd d6i véi tin hi¢u ra khoi bo phan
chia 42 12 V(¢!®) va V,(e'®) theo so d6 trén hinh 9.6.1.1 va bé rong cua dai thong va
dai chéin trong trudng hgp ly tudng ding bing n/2 va bé rong cua dai qud do
Ao = 0. Con trén hinh 9.6.2.2 (d) 1a truong hgp céc bo loc khong 1y tudng nhung
ciing khong gdy chdng phd dsi v4i V(e'®) va V (¢!®), tic 1a thanh phdn hu danh
khong xudt hién. Nhung bé rong cla dai thong s& nho hon n/2 va bé rong cia dai
chén s& 16n hon =n/2, trong truong hgp hinh 9.6.2.2 (d) nay néu ta chon bé rong cua
dai qu4 do rdt hep thi s& gdn dat ly tudng va khong gdy chéag phd, nhung cdc bo
loc sG s& rdt dat tién. -

Trong trudong hgp hinh 9.6.2.2 (b) va (c) s& gay hién tugng chéng phd, tic 12 cé '
thanh phdn hu danh xudt hién véi tin hiéu V(&) va V,(¢®). Nhung thanh phédn hu
danh (aliasing) c6 thé khir duoc néu ta thiét ké cdn than bank loc téng hop dé bi lai
thanh phin hu danh do bank loc phan tich gay ra.



X,(ed®)

ITinh 9.6.2.4.
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| Y (ei®)

Y/ (e/«)

\
S
(
(

-7 0 n w
\ ,
X (e’¥)
\/\/
-7 a B ;

Hinh 9.0.2.4 (1iep).
® Bicu thiic ciia tin hiéu ra dicoe khoi phue ()

~Trén hinh 9.6.2.1 ching ta ¢4 2 1in hicu ra khoi bank loc phan tich [a x,(n) véi
k=0 va 1. Vay ta ¢d the vict trong mién # nhu sau:
) =Infu) ¥ v(n) v k=0;1 (9.6.2.3)
~Trong mic¢n z ta ¢é:
X () =11(2).X(z) (9 6.2.4)
T diy dp dung bic¢u thic (9.2.2.5) v6i hE s6 phan chia M = 2 dai vm lln hi¢u
duge phan chia V(1) trong micn z ta ¢6:

N | o—

1 1
. 1 | S 3 ’
Vi(z) = ;ZXK(zac My = X (22 )+ Xy (-2 /1' (9.6.2.5)
- ]

Thay X, () tir hi¢u thite (9.6.2 4) ta co:

1 |

|
Hi(z2)X(z7 )+//K(-¢ 2).X(-z

[

Vo) =

rul——
19

} (9.6.2.06)

Ta thay ring thanh phin th 2 trong biéu théc (9.6.2.5) ciing nhu

(9.6.2.0)
chinh ia thinh phidn hua danh ma ching ta ¢in phai khir di.

D¢ tinh bidn dai z cta cde tin hi¢u y(n) sau khi ra khoi bo noi suy, dp dung
bi¢u thie (9-2-3-4) ching ta ¢6 thé vict v3i M = 2 nhu sau:

39



Yi(2) = Vi(e)) = %[Xk(z) + X(-2)]

- %[Hk(zyxk(z) + Hy(-2) X(-2)] (9:6.2.7)

Sau khi ra khoi cdc bofloc téng hop Gy(z) va G,(z) ching ta thu dugce tin hiéu ra
duge khoi phuc nhu sau: '

X(2) = Go(2).Yo(2) + Gi(2).Y1(2) (9.6.2.8)
Thay vao biéu thic (9.6.2.7) ta cé:

Riz) = %{Go(znﬂo(z)xm ¥ Hy(-2)X02)] +
+ G\(2)[H ()X(z) + H,(-2)X(-2)]}

Rz) = %[Go(zmo(z) + G(OH\(2)Xz) +

v %Go(z)Ho(-z) + Gy(DH,(-2)1X(-2) 9.6.2.9)

Chung ta c6 thé biéu dién dudi dang ma tran sau:

Hy(z) Hl(z)} {Go(z)}

2A = X(-2)]. .6.2.10
X(z)=1[Xz) X(-z)] [HO(—Z) 12| Gy (9.6.2.10)
G(_)i:‘
X H H
(@) = | XN Wy = | Ho I [ Go?)
X(=z)| = Hy(-z) H(-z) G (z)
Ta cé:

2Xiz) = X'(z)H(z).G(z) 9.6.2.11)
Ma trdn 2(2) dugce goi la ma tran thanh phan hu danh. Trong muc 9.2.2 ching

ta da xét thanh phan hu danh (aliasing) 13 do bd phan chia sinh ra, con trong muc
9.2.3 ching ta da xét phd phu (imaging) 12 do bo noi suy sinh ra.

* Khit thanh phdn hie danh

Trong muc 9.2.2 ta biét ring thanh phdn hu danh chinh 1a X(-z) vay mudn khi
thanh phdn hu danh chiing ta chi vigc cho triét tiéu dai lugng ding trude X(-z) trong
biéu thic (9.6.2.9), tic 1a:

Gy(2)H(-z) + G\(2)H\,(-z) =0

{Go(z)=Hl(—z) 9.6.2.12)

G(z)=-Hy(-z)

Ching ta cé thé viét lai bi¢u thirc (9.6.2.9) nhu sau:



Xiz) = To(2)X(z) + T (2)X(-2) (9.6.2.13)

v6i To(z) = %{Go(z JHo(2)+Gy(2)H (2)]

-1
T.(2) = E[Go(Z)Ho(—Z)“’G](Z)H](—Z)]

Pé khir thanh phdn hu danh theo (9.6.2.12) thi T,(z) = 0 vay c6 thé viét )?(z) nhu
v
sau:

Xiz) = To(2).X(z) (9.6.2.14)
= %[GO(Z)HO(Z)+G1(Z)H1(2)] .X(z)

* Nhdn xét

Dé khir thanh phén hir danh, tic 1 phai thiét k€ céc bo loc s6 1y tudng, thi diéu
nay rat 1a khé khan va né€u c6 tao duge cdc bd 1oc s6 gin ly tudng thi rat 1a ton kém.
Vay trong k¥ thuat bank loc s nhiéu nhip QMF, ngudi ta cho phép ¢é thanh phin
hu danh nhung trong bank loc phan tich thi H,(z) c6 thé bu H,(z) sau dé chon bank
loc t6ng hgp sao cho thanh phin hu danh ctia nhdnh trén bd cho thanh phin hu danh
ciia nhanh dudi.

* Méo bién dé va méo pha
Theo biéu thitc (9.6.2.14) ta cé:
X(z) =Ty(z)X(z)

1
Ty(2) = —[Ho(z)GO(z)+H1(z)Gl(z)]

Diéu kién khir thanh phan hu danh dugce cho trong biéu thitc (9.2.6.12), thay )
vao Ty(z) ta co:

| ,
Ty(2) = —2-[H0(Z)H1(—Z)+H1(Z)H0(~Z)]

“Trong mién tdn s6 o ta cé:
X(e'®) = To('®).X(e'®) (9.6.2.15)
Né&u biéu dién To(e'®) dudi dang modul va argument ta c&:
Toe®) = [To(e) | e
= X = | Tye)] X © (9.6.2.16)
Theo biéu thic (9.6.2. 16) ta thdy rdng néu T,(e'“) 12 bO loc s6 thOng tot
(Allpass) pha tuyén tinh, tic 12 To(e'®) c6 dang sau day-

|.T0(eJ ) | = c v6i moi o (c: hing s6)

P(0) = -ao (9.6.2.17)
. thi bank loc QME:-s€ khong gay méo bién do va méo pha,
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= X(E) = c.e?X(e®)
’ Xz) = c.z%X(z) (9.6.2.18)
Vay trong mién n ta c6:
Xn)=c.x(n-a) | (9.6.2.19)

Lic dy ta n6i rang bank loc s6 QMF 1a bank loc s& khoi phuc hoan hdo (Perfect
Reconstruction: PR) tin hiéu vi tin hiéu ra {(n) chi sai khdc vé&i tin hiéu vao x(n)

theo hé s& ty 1é& ¢ va bi tré di mot lugng 14 a.
¢) Bank loc QMF 2 kénh khéng c6 hu danh

Ching ta thd&y ring d6i v4i bank loc s6 QMF cho trén hinh 9 6.2.1 quan h¢ gitra
H(z) va H,(z) phai tuan theo biéu thirc sau day

H\(z) = Hy(- 2) ’ (9.6.2.20)
hoic Hy(z) = H,(- 2)

D6i vdi bank loc QMF thuc hién dugc vé vat 1y thi cdc hé s& cia cac bo loc s6
trong bank loc phai 1a thuc, tic la:

@)= |Hye ™) = |Hye @ ™y = [He™ -9y (9.6.2.21)

Thay biéu thic (9.6.2.20) vao biéu thirc (9.6.2.12) ta c¢6 diéu kién triét tiéu
thanh phan hv danh nhu sau:

Go(2) = Ho(2)
va G,(2) =-H,(2) (9.6.2.22)

Nhin vao céc biéu thic (9.6.2.20) va (9.6.2.22) ta thdy ring ca 4 loai bo loc s6
Hy(2), H,(2), G,(z) va G,(z) trong bank loc s6 QMF 2 kénh déu dugc xac dinh chi
b&i mot bo loc s6 Hy(z). Nhu vay dé hinh thanh bank loc s6 QMF 2 kénh chiing ta
chi can thi€t k€ mot bo 1oc s8 Hy(z) 1a du.

Thay vao biéu thic (9.6.2.14) ta ¢6:

s o1 2 2

Xz)= E[HO(Z)—HI (z)].X(z)

= %[Hg(z)—Hg(—z)].X(z) (9.6.2.23)
@ day:
1 .
To2) = E[Hé(z)—Hé(—z)]

Vay trong mién tdn s6 o ta co:

Xe) = %[Hé(ef‘” )—Hg (e’ ™™ )].X(e/)
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d) Biéu dién theo phdn hoach nhiéu pha bank loc s6 QMF

Chiing ta c6 thé bi€u dién bank loc phan tich va bank loc t6ng hoptheo phan
hoach nhiéu pha ham truyén dat H,(z).

Theo phan hoach nhiéu pha loai 1 hai thanh phén ta cé:
Hy(2) = Eo(z*) + 2'E\(z) - (9.6.2.24)

ma theo biéu thic (9.6.2.20) ta c6 H,(z) = Hy(- z) vay véi H,(z) ta c6 thé viét nhu
sau:

H\(z) = Eo(2%) - 2E,(27) (9.6.2.25)

C6 thé viét dudi dang ma tran nhu sau:

Hy(z) 1 1 2 |
o)) _ | Fotz?) (9.6.2.26)
H(z) 1 -1 z E\((z7) '
D3i v6i bank loc t6ng hgp Go(z) va G,(z), theo biéu thitc (9.6.2.22) ta c6 thé
viét: ‘
Gy(2) = 27E\(2°) + Eo(2%)
G(2) = 2EA(2%) - Eo(2%)

C6 thé viét duéi dang ma tran saubday:
s NI
[Go(2) . Gi(D)] =[z7E\2)  Ey27)]. | -1 (9.6.2.27)
Dua vio cédc biéu thic (9 6.2.24) va (9.6.2.25) ching ta s&€ v& dugc cdu tric

nhiéu pha ctta bank’loc phan tich va bank loc t8ng hop, céc cdu tric ndy dugc minh
hoa trén hinh 9.6.2.5.

x(n) LE (20 . 4\10(”) Y,(n) E (29
Fal
X, (n) Yo(n)
E(2%) o ! E (25
-1 ; -1
Bank loc phan fich Bank loc 16ng hdp

" Hinh 9.6.2.5.

Tir hai bank loc s& phan tich va tdng hop trén hinh 9.6.2.5 ké* hgp véi cdc hé
th6ng phan chia va ndi suy s& cho ta bank loc s6 QMF ha1 kénh dudi dang cdu tric
nhiéu pha dugc cho trén hinh 9.6.2.6 (a) va (b).



E (29

E(2%) |

E (2} b2 1 | E,(2Y
a)
x(n) I s GGERIE
z! | 2!
¥ E,(2) £ & £ =12 =

)

Hinh 9.6.2.6.

9.6.3. BANK LOC SO NHIEU NHIP M KENH

a) Bank loc s QMF M kénh

Phén trén ching ta da nghién ciu bank loc s& nhi€u nhip hai kénh QMF. Trong
phén nay chiing ta tdng quéat hod cho trudong hgp bank loc s nhiéu nhip M kénh va

chirig ta ciing van goi 13 bank lgc s6 QMF M kénh.

So d6 tong quét ctia bank loc s6 QMF M kénh duge cho trén hinh 9.6.3.1 sau

d‘éy.

b) Biéu thirc ciia tin hiéu dwoc khot phuc %(n)

Nhin vao hinh 9.6.3.1, chdng ta ¢6 thé viét trong mién n nhu sau:

xi(n) = x(n)* hyn)
= (n) * xtn)
Tuong dng trong mién z ta co:
X(2) = X(2) H(2)
=HJ(z) X(z)

Theo biéu thie (9.3.1.6) ta ¢é bicu thde cha tin hiéu sau khi r

chia trong mién z nhu sau:

C9.6.3.1)

(9.6.3.2)

a khoi bo phan



| M=l !

Vi) = — Y X, (MW )
=0
| Ml K 1 , g
= — Y H (zMWi)X(z MW, ) (9.6.3.3)
[=0 .
x(n) X, (n) % (n) ¥ (n) Y’(n
- Ho ) === M — tm = 6oy
|
X, (n) %(n) Y (n)
Hy (2) =t | —— ) M Gy (£) @
r ! Yln)
I i .
| I
I I
|
- ‘ |
Xyya (1) U/;-/I (n) yM-1 (n)
K (2) 2t ‘M M G, (%
M-1 ) ' m-1 ) y/ (n) f(n)
} } T b
Bank loc Phdn chia NG suy 5ag/< loc
Phé‘n'/fc/l 1ong hdp

Hinh 9.6.3.1.
Theo biéu thic (9.2.3.4) ta ¢6 bidu thic ctia tin hicu sau khi ra khoi bo noi suy
trong mién z nhu sau:

Yo(2) = V(2"

1 M-

= — Y X, (zW! )
Iy, /:ZO ((ZWy
1 M~] ; /
= — Y H (2Wy )X(zWy ) (9.6.3.4)
=0

Va cuodi cing ching ta ¢6 tin hi¢u duge khoi phuc & dau ra cia bank loc s0 M
kénh nay nhur sau:

~ M
Xz)= ZY'A (z)
k=0

Y, =Y. (2)G(2) = G(2).Y (2)

~ M=
= X(z)= ZYL(Z)GK(Z)
k=0



M- 1 M-
z 2 Z L(ZWL X (zWL ) .G(2)
k=0 =0
PN 1 M-1 / M-=1 /
= Xz)= - Y X(zWy )Y H (2Wy,) .G (2) (9.6.3.5)
=0 =0

Chiing ta ¢ thé viét lai dudi dang sau day:

M-1

Xz)= S T)X(zW},) (9.6.3.6)
=0 ’
voi
1 M-1 [ .
T(2) = — > H (W), ) (G (2) (9.6.3.7)
M o

c)'Bié°u dién nhiéu pha bank loc s6 nhiéu nhip M kénh

Trong phdn trén ching ta da xét biu dién nhiéu pha bank loc so, k&t hop véi
cdc hé thong phan chia va ndi suy ching ta ¢4 so d6 biéu dién nhiéu pha bank loc
s6 nhiéu nhip QMF M kénh dugc minh hoa trén hinh 9.6.3.2 sau day:

x{{n) | ‘M TM N
7-1
= 4 = 71
| | |
| I |
P I
#M - - fM x(n)

Hinh 9.6,3.2.

Chiing ta c6 thé chuyén so dé trén hinh 9.6.3.2 thanh so d6 hieu qua hon dé
thuc hién c4du tric nhiéu pha bank 1oc s6 nhiéu nhip QMF M kénh, c4u trdc hiéu qua
nay dugc minh hoa trén hinh 9.6.3.3 sau day.

Trong c&u tric nhiéu pha hiéu qua trén hinh 9.6.3.3 ta thdy rdng cac hé s6 cla
cdc bg loc s6 (he s8 clia cac ma tran E(z) va F(z) s& thao tdc voi nhip 14y mau thap

hon (ttc 12 tdn s6 1ldy mau thdp hon va chu ky 14y mau 16n hon).
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: x(n)} ;M rM
Z_1
— E (&) F (%) {m
2-1 T = = Z~1
! |
| |
| 1
' ‘M | ‘ M ——é)——>-—.£(n)

" Hinh 9.6.3.3.

Nhin vio so d6 trén hinh 9.6.3.2 ta thdy ring (a ¢6 thé k¢t hap ma ran B(z) va,

FK(z) tao thanh ma tran R(z) M x M sau day:
R(z) = Fz) K(z) (9.0.3.8)

Ma tran R(z) duge goi [a ma tran nhiéu pha.

Viay chiing ta ¢ the don gian hod so da (rén hinh 9.6.2.2 thanh so da trén hinh
G.6.3.4 sau day.

2T M m \
z-! £
~1M
;M R (%) t \
z1 = '
|
-
|

|
l.'__..;M. 1M

inh 9.6.3.4.

x(n)
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9.6.4. HE THONG KHOI PHUC HOAN HAO (PERFECT RECONSTRUCTION)

a) Hé théng khoéi phuc hoan hdo don gidn
Trong c4dc muc trén ching ta da néi dén hé thong khoi phuc hoian hao (PR), tirc
1a tin hiéu ra chi sai khédc tin hiéu vao mot hé s6 ty 1& va hé sd tré. Gia su x(n) 12 tin
hiéu ra, x(n) la tin hiéu vao, ta c6 quan hé sau day:
An) = c.x(n - ny) ' (9.6.4.1)
Hinh 9.6.4.1 cho ta mot vi du vé bank loc s6 khoi phuc hoan hao 2 kénh rit don

gian, chi ding céc bo tré.

.x(n)' 7 {Z U, (n) iz Y, (1)

z-1

Y, (n)

{2 U_’W f2

Hinh 9.6.4.1.
So sénh so ¢0 trén hinh 9.6.2.1 cua bank loc s6 nhiéu nhip QMF 2 kénh véi so
do6 trén hinh 9.6.4.1 ta thdy ring:
Ho(z) =15 Hi(2) = 2"
Go(2)=2"5 Gy(2)=1 (9.6.4.2)

Theo biéu thic (9.6.2.13) ta cé:

1
Ty(z)= E[Go(Z)Ho(Z)'i'Gl(Z)-Hl(z,)]

- é—[z'l t 2] =20 " (9.6.4.4)

T.(2) = %[Go(z).Ho(—g)+Gl(z).Hl(—z)]
1 -1 -1 ‘ :
= 5[Z -z7] = 0 (9645)

= )/(?z): To(z).X(z) =2"X(z)
Nm) =x(n-1) _ " (9.6.4.6)

Vidu 9.6.4.1
Cho tin hiéu x(n) c6 dang sau day:

1-= 0<n<4
x(n)= 4



tin hicu nay di vao h¢ thong khoi phue hoan hio 2 kénh cho trén hinh 9.6 4.1,

Hiy ding d6 thi thei gian gidi thich dang ¢ua tin hicu ra W)

Gidi

Pé gidi thich dang ctia tin hi¢u ra 3(7). ching (a ding d6 thi thoi gian cho trén

hinh 9.6.4.2.

xcn)
1
a5 T
y,(n)
170
0,54-——T
o o o
0
ya(n) i
7
r-
95+ -—-——
o o o o o
0 ~ A~ 4
Y (n)
1.
95 +
S S RN
[/
y,(n)
11
L 0
05 ¢t
] © o T . -
~ o
X (n)
+
1 I
L : T T -0—0—6
0 7 2 3 4 5 é

Ihinh 9.6.4.2.

270



b) Hé thong khoi phuc hoan hdo don gidn M kénh

Phan trén ching ta da xét hé thong khoi phuc hoan héo 2 kénh. Trong phdn nay
ching ta tdng quét hod cho trudng hgp M kénh. Hinh 9.6.4.3 cho ta so d6 t6ng qual
cua bank loc khoi phuc hoan hdo don gian M kénh.

xm }M M
z! 2
{m |- Im |
z-1 71
]
! l
I
LM v _
x(n)

Hinh 9.6.4.3.

Dua vao hinh 9.6.4.3 ta thdy ring cdc bo loc phan tich va téng hgp sé c¢é dang

sau day:
HJ(z)=z"
G(z)=z™M" 1" O0<k<M-1 (9.6.4.7).
va | | -
Xz)=z™M "Xz)
xn)=xfn-(M-1)] (9.6.4.8)

c) Hé thong khoi phuc hoan hdo tong qudt

Ching ta vira xét sang cdc hé thong khoi phuc hoan hao don gian chi dung céc
day tré, vay theo hinh 9.6.3.4 va biéu thic (9.6.3.8) thi rd rang ta c6 quan hé sau
day: '

R(z)= F(z).E(z) = T ) (9.6.4.9)
I: ma tran don vi M xM
Néu 5(}) thoa man diéu kién (9.6.4.9) & trén thi so d6 trén hinh (9.6.4.3) sé&
fwong Ung vGi so d6 trén hinh (9.6.3.4).

Nhung trong thuc t& didu ki;é';n' cdn vi di-dSi véi mot hé thong khoi phuc hoan
hdo 1a chiing ta s& diing c4c b loc FIR hoac TR, vay rd rang 1a diéu kién (9.4.6.9)
s& dugc thay bing dicu kién thuc hién trong thuc t& nhu sau:
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R(z)= E(z).g(z)=c.z_'"".! (9.6.4.10)

F(z)=c. 27" .E'(z) (9.6.4.11)
bicu kién (9.6.4.11) chinh la quan hé giira bank I¢c phan tich va bank loc tong
hgp cta bank lgc s6 QMF khoi phuc hoan hao.

9.6.5. MA HOA DAI CON VA CAU TRUC DANG CAY CUA BANK LOC SO QMF

a) Md hod ddi con

Trong cdc phan trén ching ta da nghién cttu cac bank -loc s6 nhi¢u nhip. Mot
tng dung rdt quan trong cia bank loc s6 nhi€u nhip nay 1a ding mi hod dai con va
gi4i ma ddi con. Pon gian nh4t 12 ding bank loc s6 2 kénh dé€ ma ho4 1am 2 dai con
duge minh hoa trén hinh 9.6.5.1 sau day:

%‘m) % z;) % i oY, i") Y, 1)
H, (2 2 ~{} 2 G, (%
) * .Kénh * :
——] truyén
X (n) dén x(n)
L H, (%) 2 ' b2} G, (2) —
- ' ‘ } } } - 4 (n)
x,n)  Vyln) Y(n) Y,(n)
N M&E hoa ) Gidi ma

Hinh 9.6.5.1

M3 hod dai con rdt thuan tién cho viéc nén tin hiéu tiéng ndi bGi vi dd1 vdi tin
hi¢u ti€ng néi thong thudng nang lugng clia phé tin hiéu phan bé khong déu, nang
lugng pho ti€ng néi chu yé&u tap trung & mién tdn s6 thdp, cOn & mién tdn s& cao
nang lugng cla phd tiéng ndi rat nhd. Vay sau khi qua bank loc s6 QMF trén hinh
9.6.5.1 ta ¢6 2 tin hiéu dai con, X,(¢’*) 12 phd tin s& thdp sé c¢é nang lugng 16n vay |
ta ma hod tin hi¢u dai con x,(n) v&i s3 bit 16n, con X;(e'“) 1a phé tin s6 cao c6 nang
lugng nhd vay ta ma hod tin hiéu dai con x,(n) v§i s6 bit {t hon. Vay tinh téng cong
s6 bit dé ma hod tin hi¢u x(n) c6 phd 13 X(¢'®) s& nhé hon néu ta ma hoa so bit 16n
déi véi toan b dai pho cha X(e®).

D6i v6i tin hiéu hinh dnh, ma hod dai con ciing rdt hiéu quéa cho viéc nén tin
hi¢u hinh anh bdi vi phd niang lugng cua tin hiéu anh ciing phan b6 khong déu nhau
vi vay mdi dai phé sé& c6 ning lugng khac nhau, ddi phd nac c6 nang lugng 16n s&
duge mi hod véi s8 bit 16n con dai phé nao ¢6 ning lugng nhd sé duge ma hod vdi
s6 bit it hon. Hién nay thé gigi da dat dugc viéc mad hod tin hiéu anh chi véi
0,48bit/pixel ma van khoi phuc hoan hao duge tin hiéu anh (goi 1a hé thoéng PR 1
bit). Luu ¥ ring thong thudng trudc day phai ma hod véi 8 bit/pixel.
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N6i chung cdc tin hiéu trong thuc t&€ ¢ phan bd nang luong 1a khong déu nhau
vi vay ma hoa dai con la rdt thuan lgi cho viéc nén tin hiéu.

b) Cdu triic dang cdy don phdn gidi (uniform Resolution)

Vi nang luong cta phé tin hiéu thudng phéan bs rdt khong déng déu trén toan bo
dai tdn sd, vay dé ma hoa dai con hi¢u qua cao chiing ta s& ma hod 1am nhiéu tang,
ttc 1a tAng thit nhdt chia thanh 2 dai con déu nhau (mébi dai c6 bé rong 1a n/2) dén
tang thu hai ta lai phan 2 dai con cla tang thi nhat thanh cac dai con c6 bé rong
bing nita cia tdng thi nhat (mbi dai c6 be rong la m/4) va ctt ti€p tuc nhuw vay chiing
ta s& phan déi phd ciia tin hi¢u vao lam rdt nhidu cdc dai va sau khi ra khoi bank loc
phan tich bé rong pho ciia méi tin hi¢u ddi con 12 bing nhau nén ta goi la phan giai.

Hinh 9.6.5.2 cho ta cdu tric dang cdy don phan gidi clia bank loc phan tich 4
kénh (hinh (a)) va d6 thi tdn s6 dé giai thich dap tng tan s§ cua cdac bo loc s6 ¢6
trong bank loc s6 4 kénh (hinh (b)).

H;, (2) |2
Hyy (2) =11 2
Hep(2) —={| 2 ——
x(n)
——
- Hoqz(Z) ‘2 ——
Hy, (2) |2
Y = AT | 2
|
—— : | -
Téhg 7 S Téng 2
0 ' 1 (] Jw | 1 Jw l 1 Jw {
Hoa(€9%) | Hy, (e7%) | H,, (e7%) : H,(e ) l
t l .
Hop (ed) Hy (€7
7
y ° 2 7, e - w

Hinh 9.6.5.2.



Hinh 9.6.5.2 cho ta ¢iu tric dang cay don gian phan gidi cia bank loc sd tong

hop 4 kenh. .
t¥: G2, (Z) i | L
| Ve b 6,@) =
—}z G (%)
05
—1}2 Goy(E)
}2 G, (£)
__..fz G, () | -
]
l
- Tong 1 | Téng 2

Hinh 9.6.5.3.

TU hinh 9.6.5.2 va 9.6.5.3 ta ¢O cau (rie twong duong cia bank loc so 4 kénh
phan tich vi tong hgp nhu (rén hinh 9.6.5.4.

X(n)

Hy(2) |4 {4 G, ()

H, (%) 14 fa G(2)

A z) |4 e @

Hy (%) |4 t4 G5 (%) 3

Bank loc phdnitich
( m& hoa)

Bank loc 18° hop

Ilinh 9.6.5.4.

s
)
‘d



¢) Cdu tric dang cay da phdn gidi (multiresolution)

C4u tric dang cay da phan giai duge ding trong trudng h(jb chiang ta phin tin
hi¢u thanh cdc tin hicu ddi con ¢6 bé rong phd khong bing nhau, vi vay ta goi 1 da
phén gidi.

Hinh 9.6.5.5 s& cho ta cdu tric dang cay da phan giai ctia bank loc s& phan tich
2 tang (hinh (a)) va do thi tan sG giai thich ddp ng tan s6 cha cac bo loc 86 ¢o
trong bank loc 6 phan tich 2 1ang nay (hinh (b)).

Hooz(z—) ‘2 |
- H,, (%) |2
) | , Hy (2) f—t | 2 f—m
- — o | e - -
a) Tang 1 | Tang 2
. I . I '
Hoaz (eaw) : H:z (e.lw) : . :
l | N
Hop (€9%) : H, (&%) !
{
0 y /) T w

Hinh 9.6.5.5.
Cdu triic dang cay da phan giai clia bank loc $0 10ng hop 2 tang duge minh hoa

trén hinh 9.6.5.5.

K&t hgp hinh 9.6.5.5 (a) véi hinh 9.6.5.6 ta suy ra ciu (ric tuong duong cua
bank loc s& 2 tang phan tich va t6ng hgp duge minh hoa trén hinh 9.6.5.7.
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b2 6% (2)

2 Gpy (Z)
] 1 Z 61‘:?(2) ‘ |
./Z\(n)
- 2 G (£)
|
|
75775 7 | Tdng 2
- Hinh 9.6.5.6.
Xm) '
Hy (Z) |4 14 Gy (£)
f
— Hi(2) 1|4 4 G (Z)
H,(Z 4 4 G,(% —
(%) ‘ | 1 2 (%) X(n)
| .
Bank loc phén tich | Bank lgc fé‘/;_g haop
(Mg ha’a)' (Giai md)
Hinh 9.6.5.7.

9.6.6. KY THUAT GHEP KENH

a) Ghép kénh phdn thoi gian (Time Division Multiplex: TDM)

Dé mo ta ky thuat ghép kénh phan thdi gian ching ta gia st c¢6 L tin hiéu xe(n),
xy(1), ..., X,.(n) cdn ghép kénh vdi nhau theo kidu ghép kénh phan thi gian. D¢
ghép duge kénh phan thai gian, c‘hﬁng ta cdn phai cho céc tin hiéu nay qlia cdc bo
tang tdn s6 14y miu (b0 ndi suy), sau d6 qua cdc bo tré réi cong lai-ching ta sé
dugc mdt diy tin hiéu ghép kénh phan thoi gian. So d6 hinh 9.6.6.1'sé mo6 ta bo

ghép kénh phan thvi gian.

w
93]
n



X,(n) f L

x,(n) ——

- [F
qls‘d 71 "-L: le .

x, ) “‘ Y(n)

Hinh 9.6.6.1.

Ching ta s& gidi thich nguyén 1y hoat dong cua bd ghép kénh phan thoi gian
thong qua vi du cu thé 9.6.6.1.

Vi du 9.6.6.1
" Gi# sit ta c6 hai tin hiéu x,(n) v x,(n) nhu sau:

Xo(hn) = 2 rects(n)

1
X, (n)= 4
0 n con lai
Hai tin hiéu nay cdn ghép kénh theo kiéu TDM.
+ Hay v& so d6 bo ghép kénh TDM.
+ Hay giai thich nguyén ly ghép kénh TDM bing d6 thi thdi gian
Giai
" Theo hinh 9.6.6.1 thay L = 2 ta c¢6 bo ghép kénh TDM dé ghép hai tin hi¢u x,(n)
va x,(n), so do cua bo ghép kénh nay dugc minh hoa trén hinh 9.6.6.2.

Y, ()
i ——J T2 2
. Z-."
. yo'{n-1)
-»,.1‘4(,;) ’.2 ' %(n) & _7(’7)
Hinh 9.6.6.2.
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D6 thi thai gian giai thich nguyen ly ghép kénh TDM cia so d6 trén hinh
9.06.6.2 duge minh hoa trén hinh 9.6.6.3.

x,(n)
20,
Y,(n)
Zﬁp
e o3,
¥, (n-1)
2
Ly(n)
1? .
hd 0 4 n
y,(n)
10
o o T o T o T o o—o0—o
o 0 8 n
y4
»
| T | I T .o
— ' ' ' fy g n

Hinh 9.6.6.3.
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b) Tdach kénh phdn thoi gian

Nguoce lai v6i k¥ thuat ghép kénh phan thoi gian. Gia st ta ¢6 tin hiéu ghép L.
kénh phém thoi gian 1a y(n), ching ta can phai tdch thanh L kénh phan thoi gian la
Xo(n), X(n), ..., x,_;(n). D& tach dugc kénh theo kidu phan thdi gian, ching ta phai
cho tin hiéu y(n) qua cac b tré sau d6 cho qua cdc bd phan chia. So do tong quat
cila bo tdch kénh phan thoi gian duge mo ta trén hinh 9.6.6.4.

Y (n) > ‘ - IL X, (1)

l L X,o(n)

L JL r'xom)

Hinh 9.6.6.4.

Sau day chiing ta s& giai thich nguyén 1y hoat dong cia 1.9 tAch kénh phan thoi
gian thong qua vi du don gian véi L = 2.

Vidu 9.6.6.2

Ching ta quay lai vi du 9.6.6.2, ching ta cé tin hiéu y(») la tin hiéu ghép kénh
phan thoi gian cua hai tin hiéu x,(n) va x;(n) (xem hinh 9.6.6.3), bay gid ching ta

!

cdn tdch tin hiéu y(#n) thanh hai tin hiéu x,(#n) va x,(n).

+ Hay vé so do6 bo tach kénh. |

+ Hiay giai thich nguyén ly tdch kénh bang so do thoi gian.

Giai

Theo so d6 nguyén 1y t6ng quét cla bo tdch kénh phan thoi gian cho trén hinh
9.6.6.4, thay L = 2, ta c6 bd tach

kénh dé tach tin hiéu y(#n) thanh 2
tin hiéu x,(n) va x,(n). So d6 cia y(n) J ' 2 X, (n)
bo tach kénh nay dugc mo ta trén z-1
hinh 9.6.6.5.
P34 thi thdi gian dé giai thich y(n-1) *2 L——hz ()
o

nguyén ly lam viéc cua bd tdch
kénh phan thoi gian cho trén hinh Hinh 9.6.6.5.

338



9.6.2.5 dugce minh hoa (rén hinh 9.6.6.6.

yn)
¢
o— j B 19 o o -
g 9 n
x, (n)
¢
. L1 e _
4 n
y(n-1)
9 8 n
Lo (N)
o & 6 6 6 o o o .
0 n

Minh 9.6 6.6.

¢) Ghép kénk phin %én dEl(Frequmcy Division Multiplex: FOM)

Gid s& ching ta co L tin higu |d xo(n), x(n), ..... 4 4(n) co phd tuong ing la
Xo(@™), X, (™), ..., Xy(d™). Caclin higu nay cén ghép KEnh theo tin 88. DC e
hign ghép kenh theo 14n §8 chung 1a c6 the ding cdc b3 |oc nbi suy vdi he 88 ndi
Juy L, €dp goi L3 bank loc6ng hap. Hiph 9.6.6.7 52 m& 13 cau Lruc cid bd ghep
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| x(e) .
)(0(6“”) f[_ F'; (ei*)

,L y, (eI%)

F, (e9¢)

X, ()

. % (ei®) -
xL(eJ‘P) ’ L 4 F;_-1 (C"“’) Aé

Hinh 9.6.6.7.

Y (ei#)

Nguyén 1y hoat dong cua bd ghép kénh phan tan s6 duge gidi thich thong qua vi
du 9.6.6.3. ‘

Vidu 9.6.6.3

Gia sir cho hai tin hiéu x,(n) va x,(n) c6 phd tuong ng 1a X,(¢') va X, (¢'") ¢6

. dang nhu trén hinh 9.6.2.8 sau day:

Xp(e5%)
/
\/\/\/\
-27 -7 g /A 271 w
| X, (e/w)
2
- 27 -7 0 P 2L w

‘Hinh 9.6.6.8.

Hai tin hiéu nay can ghép kénh theo kiéu FDM.
+ Hay vé sg d6 bo ghép kénh,
+ Hay giai thich nguyén ly ghép kénh FDM bang do6 thi tan sé.



Giai
Theo so dd 10ong quadt (rén hinh 9.6.6.7, thay 7. = 2 ta ¢& bo ghép kénh FDM de
ehép hai tin hicu vyin) v va(n). So do cta bo ehép kenh FDM nay duoc minh hoa

trén hinh 9.6.6.9.

. Y, (%) - Y, . (edw)
xo(e.lw) : 1 2 9 F1 (ejw) oOF

¥ % e

x,(ei®) F, (e¥®)

O ———
Yie (ede) Y (')

Iinh 9.6.6.9

b thi tin s6 gidi thich nguyen ¥ ¢hép kenh FDM cia so do trén hinh ©.0.6.9

dugc minh hoa tren hinh 9.6.6.10.

/\/\/\
T ey o 271 Y
yo(er)

1
N
=
4
S
A
N
=

&y

inh 9.6.6.10.
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Xl(er)

‘2711 fL 7[ 27[ (98]
Y(eiw)

—27& n: x - Zn w
Fz(e"‘“)
1

—-2n B 0 7T 27 )
IYZF(M

T o0 «x <
U(efw)

\/\/\

Hinh 9.6.6.10 (ti€p theo).

Ty -
yA

d) Tdach kénh phdn tdn sé

Nguogce lai v&i ky thuat ghép kénh phan tdn s, chiing ta gid sir ¢6 tin hiéu ghép
L kénh phan tdn s6 1a y(n) ¢6 phd 1a Y(¢'*), ching ta cdn phai tdch thanh L kénh la
Xo(1), Xy (1), ..., xp(n) c6 phd tuong Gng la X, (&), X (&), ..., X_.(¢®). D¢ tach
chiing ra dugc ching ta phai ding cdc bd loc phan chia véi hé s6 phan chia L, con
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20i 12 bank loc phan tich. So do téng quét cha bo tach kénh phan tan s6 duge cho
trén hinh 9.6.6.11. ‘

L

H, (e’«) | L =D % (e

)/(eJW)

. L .
H, (ei«) LD X (e5)

L .
l__—"HM(ejaQ ‘ L —P— X4 (ejw)

Hinh 9.6.6.11.

Vi du 9.6.6.4 s& trinh bay cho ching ta rd nguyén ly hoat dong cua bo tach
kénh phan tan sg6.

Vidu 9.6.6.4

Ching ta quay lai vi du 9.6.6.3, ching ta ¢6 tin hiéu v(n) ¢6 pho 1a Y(¢'¥) 1A tin
hi¢u ghép kénh phan tdn s6 cua hai tin hiéu xo(n) va x,(n) cé phd tuong tng la
X,(&®) va X,(¢”) (xem hinh 9.6.6.10), bay gid chdng ta c¢dn tdch.tin hiéu y(») thanh
hai tin hiéu xy(n) va x,(n).

+ Hay vé so d6 bo tach kénh phan tan so. _
+ Hay giai thich nguyén 1y tdch kénh phan tin s6 bing do6 thi tin so.

Giai

~

Theo so d6 nguyén 1y tdng quét ciia bd tdch kénh phan tdn s& cho trén hinh
9.6.6.11, thay L = 2 ta ¢6 bo tach kénh dé tach tin hiéu y(n) c6 phd 13 Y(e'’) thanh
hai tin hiéu x,(n) va x,(n) c6 phé tuong tng la X,(&'°) va X,(¢'*). So d6 clia bo tach
kénh v6i L = 2 nay duge cho trén hinh 9.6.6.12.

— % (e*) z ;
- H, (e7) 2 D %'

Y(eiw)

2 :
> H, (es=) l 2 —— Xi(e’w

Hinh 9.6.6.12.
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D6 thi tan s6 gidi thich nguyen 1y tich kenh FDM phan tin s6 cia so dé tren
hinh 9.6.6.12 duge minh hoa trén hinh 9.6.6.13,

Y(ei®)
— w
1
e X -n 0 Z =x 2 S
7 2
Y, (ed%)

/\ 4 1‘ 1 :
Xo(ed ™)
/L\/\/L\ )
H,(e‘i“’)

7]
: i 0 T B "

Hinh v.6.6.13.
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Y, (ef+)

Hinh 9.6.6.13 (ti€p theo).

e) Chuyén doi ghép kénh (transmultiplexer)

Trong céc phdn trén chiing ta da ti€n hanh nghién ctu k§ thuat ghép kénh trong
mién thoi gian (TDM) va trong mién tdn s6 (FDM).

Con hinh 9.6.6.14 s& mo6 ta bo chuyén ddi ghép kénh TDM — FDM — TDM.

f1 - F, (™) H, (ei*) |- LL'
—{te F (ef*) Hylelw) b—f | L b
—— ? L y FL_’(eJ.W) 1 HL-1 (‘e"w) ‘ L
TOM _ Fom ‘ | TOoM
. Bank' loc Bank loc ‘

n phén 1ich
16" hop Hinh 9.6.6.14.
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9.6.7. CAC HE THONG AUDIO SO

Ching ta bi¢t rang tin hiéu audio la tin hi¢u tuong tu, ta Ky hicu fa A (2, sau do
ching ta phai s6 hod ky hi¢u twong ty nay. D¢ tranh nhiéu ngoai dai tin mong mudon
(out - of band noise) thi trude khi 1dy mau, tin hi¢u audio x (1) s¢ duge cho qua bo
loc tuong (i, nhung d¢ tranh hoan toan nhiéu ngoai dai tan nay thi bo loc tuong (u
phdi gan vdi 1y tudng, diéu nay rdt khé lam d6i véi bo loc twrong tu. Déi tan s6 mong
mudn (tai con ngudi ¢6 thé cdm nhan duge) cao nhat 1a 22 kHz (véi dia CD [a 22,05
kHz). Nhu vay theo djnh ly ldy mau thi tdn s6 1dy mau nho nhat 1a 44 kHz. Nhung
néu ldy mau véi (an s6 nay ma bd loc twong tu khong dat (3i 1y tudng thi s¢ gay
nhiéu r.goai dai tan mong mudn, tic la gay hién twgng chéng pho khi ldy miu trong
bd bién doi twong ta s6 (ADC). Qué trinh nay dugc minh hoa trén hinh 9.6.7.1 va do
thi tdn s dugce trinh bay trén hinh 9.6.7.2 theo thang tdn s¢ géc chudn hod bdi tin
sO 1dy mau Fg = 44 kHz.

X, (t) ala) Y, (4) x(n) y
F5:44kHZ
Xa (Wa) >/a(wa) X (ei*)

H.(0,): BO loc tuang tu thong thdp khong 1y tudng véi tan so cét f, = 22 kHz
ADC: Bo bién d6i tuong tu s8 véi (an so 1dy mau /-y = 44 kHz.

Hinh 9.6.7.1.

bé tranh hién tugng chong phd ma vin ddm bdo tdn s6 1dy miu cla tin hicu so
ra x(n)la 44 kHz, ching ta s€ thuc hién nhu sau: tin hiéu tuong tu x, (1) sau khi qua
bo loc (wong tu thong thdp khong 1y tudng vai f,. = 22 kHz dugce tin hicu v, (1) ching
ta s& cho tin hiéu v,(r) qua bd bién ddi tuong ty s6 (ADC) véi tin s6 18y mdu
I’y = 2F ¢, = 88 kHz, sau d6 cho tin hi¢u qua bd lgc s6 thong thap (vi du qua bo loc
s6 FIR pha tuyén tinh) vdi tdn s0 cit [, = 22 kHz, vi b loc s6 gdn vdi 1y (wdng dé
thue hién duge hon 1a bd loc tuong ty. Sau d6 cho tin hiéu qua bd phan chia v3i h¢
sO M = 2, ddu ra s€ thu dugc tin hiéu x(n) cling vdi tan s6 1dy mau Iy = 44 kHz. Vay
ching ta ¢6 thé néi ring ching ta ¢é bd bién doi tuong ty s§ kicu mdi dung loc so
nhiéu nhip dé tranh nhiéu ngoai dai tin. Qua trinh nay dugc minh hoa tren hinh
9.6.7.3 va d3 thi tan s& dugc trinh bay trén hinh 9.6.7.4 theo thang tdn sd géc chuan

hod bdi tan s6 14y miu Fy = 88 kHz.
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)(a (wa)

-7t 0 T Wq
Ha (wg)
7 0 T W
ya (w,)
—71 0 T . g
X (ei*)
/\—{ =7L :‘ ) ] )
JL \l < Chdng phd géy nhiéi )
Hinh 9.6.7.2. ﬂjaal' d5i 1én mong mudn
—— ADC H (ede 2 ——
X Y jw jw Jo
a(wa) ](OC:"szHZ a(wa)f-;:aakﬁz X(CJ ) fczzzkHZ YH(C ) X(e )

(0,): B6 loc tuong tu thong thdp khong 1y tudng véi tdn sé cat f,. = 22 kHz; ADC: Bo
'n doi tuong tr s6 véi tan s6 18y mau Fg = 88 kHz; H(e'): B6 loc s6 thong thap gan Iy
tudng véi tdn s6 cat f. = 22 kHz; 42: Bo phan chia véi he s6 M = 2.
Hinh 9.6.7.3.
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Wa

22
- 0 = g
2 2
| y(eiw)
L h  — 1 ! "
-2 - 0] x 271 w
H<e.iw)
2n - -k 0 1T =& 21 w0
2 2
Hinh 9.6.7.4.
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Y, (eiv)

21 -

€

—27 -JC o 7T . 2Tt w

Hinh 9.6.7.4 (ti€p theo).

BAI TAP CHUONG 9
Bai tap 9.1

Cho tin hiéu r&i rac x(n) nhu sau:

' 1-— 0<n<é6
x(n)= 6

0 n con lai
Tin hi¢u nay di qua bd phan chia v6i M = 3. Hiy vé tin hiéu ra Y y(n).
Bai tap 9.2

Cho tin hiéu ra roi rac x(n) nhu sau:

1 0<n<3
x(n) = .
0 n <On lai

Tin hiéu nay qua bd ndi suy véi L = 3. Hay vé tin hiéu ra Y¢3(11).
Bai tap 9.3

Cho tin hiéu rdi rac x(n) nhu sau:



xn)=da'n(n)
Tin hi¢u nay di qua by phan chia v4i M = 4. Hay tinh tin hié¢u ra trong mién z:
Y1.(2).
Bai tap 9.4
Cho tin hiéu r&i rac v(n) nhu sau:
xn)=98(n)+ 2801 - 1) + 3831 - 2) + 45(n - 3) +58(n - 4)

Tin hiéu nay di qua bo noi suy v6i L = 5.- Hay tinh tin hiéu ra trong mién z:
Y5(2). ‘

Bai tap 9.5

Cho tin hié¢u twong (v x,(1) ¢6 phd 12 X,(o,) cho trén hinh BT 7.5. Tin hicu nay
duge 18y miu véi tan s6 1dy mau bang 2 lan tdn s6 Nyquist (/s = 2F ). Sau khi ldy
mau chiing ta ¢6 tin hiéu roi rac x(n) ¢6 phd 1a X(¢'*). Sau d6 cho tin hi¢u roi rac

x(17) di qua bd phan chia v6i M = 3.

Hay vé dang phd clia tin hiéu vao va tin hiéu ra: X(e'™) va Yy, (e'™).

Xa (%9

Hinh BT 7.5.

Bai tap 9.6

Cho tin hiéu tuong tu x (1) co phd 12 X,(®,) cho trén hinh BT 7.5. Tin hi¢u nay
duge 14y miu véi tdn s 1dy miu bang 2 ldn tdn s6 Nyquist. Sau khi 18y méu ta ¢6

tin hiéu roi rac x(n), ¢6 phé 1a X(¢'”). Sau d6 cho tin hiéu qua 00 nodi suy véi L = 3.
Hay v& dang pho cla tin hiéu vao va tin hiéu ra: X(¢'®) va Y1,(e'™).
Bai tap 9.7
Cho bién ddiz cla x(n) nhu sau:
Xz)=1+2z"+327+4z3+ 52" + 627
x(u) di qua bo phan chia véi M = 3.

Hay tim tin hiéu ra trong mién z: Y ;(2).
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Bai tap 9.8

Cho bién doi z clia x(#2) nhu sau:
Xz)=1+3z"+4z°+ 527

x(n) di qua bd noi suy véi L = 3.

Hiy tim tin hiéu ra trong mién z: Y1,(2).

Bai tap 9.9

Cho tin hiéu roi rac x(n) nhu sau:

1_1’_ 0<n<7
x(n) = 7

0 n con lai

Tin hiéu nay di qua b0 bién ddi nhip 1ay méiu véi he so

M
L

Hay tim tin hiéu ra yyt,,5(n) va yri,,5(1).
Bai tap 9.10
Cho tin hiéu rdi rac x(n) c6 X(z) nhu sau:

Xz)=1+2z"+232" +4z3 + 5z + 625+ 72°

Tin hiéu nay di qua bo bién déi nhip 1dy miu véi hé so lﬂ

3
3
Hay tim tin hiéu ra trong mién z: Y 1,,5(z) va Y115,5(z). So sanh k&1l qua.
Bai tap 9.11

Cho tin hiéu roi rac xfn) ¢ X(z) nhu sau:

Xz)=1+2z"+327+4z°+ 527 +6z°+ 72°+ 827 + 97°%

Tin hiéu nay di qua bo bién doi nhip 1dy miu:

a) V6i he s6

~| =
[T RN

Hay tinh Y1,,5(z) va Y1.,,5(z) va so sdnh k&t qua.

by Vi he s5 L = 3
L 5
Hay tinh Y14,5(z) va Y1.4,5(z) va so sanh két qua.
Bai tap 9.12
Cho tin hiéu roi rac x(n) ¢6 X(z) nhu sau:

Xz)=1+2z' +327+4z2°+ 527 + 627+ 72°+ 827 + 9z°



3

Tin hiéu nay di qua c4c bo bién d6i nhip 14y miu
a) VGi hé s6 M = 3
L 6

Hay tinh Yi1g,6(2) va Y1.4,6(2) va so sanh két qua.

b) Véihe s6 L = &
L 8

Hay tinh Yi14,5(2) va Y1.6(z) va so sdnh két qua.
Bai tap 9.13
Cho hai mach trén hinh BT 9.13 sau day:

‘ M —s H (%) - 1M ——
X (&) YD)
. 4)
— M H (%) —|M
b)
Hinh BT 9.13.
Hay tim quan hé giira Y(z) va X(z) theo hé¢ s6 M va H(z).
Bai tap 9.14 -
Cho mach s6 dugc biéu dién trén hinh BT 9.14 sau day:

Hinh BT 9.14.

-~

- Hay tim biéu thic cta ¥,(z), Y,(2), Y4(z) va Y(z) theo X(z), -
- Sau d6 rit ra két luan xem c6 thé don gién hod so dé nay dugc khong?
Bai tap 9.15

Cho h¢ théng ¢6 sg d6 cho trén hinh BT 9-15a sau day:

Ho(e"'“') —Ey-.—
(eiw)
X(f)‘*zy ik o
e w ( Sy fo -
v2l€7) X}f;/z(e'l ) v H, (er)‘ :
% (elw)

Hinh BT 9.15a.



Ho(¢*) 12 b0 loc thong thdp 1Y tudng vSi o = g

H,(e'”) 1a b loc thong cao 1y tudng vdi o = g

X(¢'") c6 dang cho trén hinh BT 9.15 b.
| X (ejw)

=7 - [¢] 7T TC 70
2
Hinh BT 9.15 b.
Hay vé dang clua Y,(e'*); Yity(e'™); Yo(€¥) va Y ().

Bai tap 9.16

Hay chitng minh rang cdc so d6 cho trén hinh BT 9.16 sau day la twong duong.

a a
m __|>_,_ — IS M |—
x (n) ‘ yin) — x) { y(n)
x,(n) x;?’-;—— * M
¥ ‘M y(n) — y(n)
Xy(n) Iz(n{ *M
x,(n) ‘
’ _ Xy(n) { M
M = y(r)
Iztn) X, (n) ‘ M

Hinh BT 9.16.

Bai tap 9.17

Gia st chiing ta ¢6 3 so d6 mach s6 cho trén hinh BT 9.17 sau day:



z3 3 } 3

X(z) % ()
3 71 3

X@) J | % (2)
| 3 e 23—

X(z) g(z)

Hinh BT 9.17.

Hay tim céc dau ra Y,(z), Y,(z) va Y;(z) theo ham ctia X{z). Sau d6 so sdnh céc
két qua thu duge.

Bai tap 9.18

Cho day x(n) c6 pho 1a X(e'®) duge bicu dién trén hinh 9.18 a sau day:

x(e'w)

-37C -2 -7 0 JL 25 it w
Hinh BT 9.18 a.

Tin hiéu x(n) nay di qua mot mach s6 ¢6 so d6 cho trén hinh BT 9.18 b sau day:

X(;:)—H(eiw)ﬁt {3' f H (e') ' ‘5 ,1

%(€i«)  %ledw) ACS/EAC)

16-———»-—

Y (eiw)

Hinh BT 9.18 b.

Gia st H(e'®) 12 bd loc s6 thong thdp 1y tudng véi tdn s6 cat o, =

v_,)l;)

Hay vé d6 thi Y, ('), Y.(e'?), Y,(e'), Yi(') va Y (&) ’
Bai tap 9.19 ‘

Cho dép tng xung h(n) cia mot bo loc s6 nhu sau:



1-2 0<n<9
h(n) =
0 1 ¢con lai
Hay tim phéan hoach nhiéu pha 2 thanh phén loai 1 ctia ham truyén dat H(z).
Bai tap 9.20

Cho hé thdng s6 ¢6 ddp ung xung /1(n) nhu sau:

l h
— J<n<
o) = (2) 0<n<l12

0 n con lai
Hay tim phan hoach nhiéu pha 3 thanh phdn loai | ctia ham truyén dat H(z).
Bai tap 9.21

Cho hé thong IIR ¢6 ddp tng xung nhu sau:

h(n) = [—l—j u(n)+(-l—J (n—3)
a b

Hiy tim phéan hoach nhiéu pha 2 thanh phan loai 1 ctia ham truyén dat H(z).
Bai tap 9.22
Cho hé thdng s0 ¢6 ham truyén dat H(z) nhu sau:

H(z)=1+22"+327 4427+ 527 + 627+ 5%+ 427 + 3z% + 227 + 27"
Hay vé cdu tric nhiéu pha 3 thanh phan loai 1.
Bai tap 9.23
Cho hé thong ¢6 ham truyén dat H(z) nhu sau:

H(z)=1+2z2' 4322 +4z° + 523 + 4725 + 3294 227 + z#

- Hay tim phan hoach nhiéu pha 3 thanh phdn loai 1 va loai 2,
- Hiy vé céu tric nhiéu pha 3 thanh phan loai 1 va loai 2.
Bai tap 9.24

Cho dép ung xung A(n) cua bd loc phan chia véi hé s6 phan chia M = 3 nhu sau:

0 1 con lai
" Hay vé cdu trdc nhiéu pha t6i vu nhat cia bd loc phan chia nay.
Bai tap 9.25

Cho dép dng xung /i(n) cua bd loc ndi suy vSi hé s6 ndi suy L = 3 nhu sau:

93]
n
‘N



h(n)=
0 n con lai

Hay vé cdu (ric nhiéu pha t6i vu nhdt cua bd loc ndi suy nay.

Bai tap 9.26

Hay tim cdu tric nhiéu pha loai 1 ba thanh phén va loai 2 hai thanh phin cua bo
loc bién do6i nhip lay mau THwLE. Sau d6 hay so sanh hai loai cdu tric nay va cai
ti€n né cho wu viét hon.

Bai tap 9.27

Hiy cho mot vi du vé bank loc s6 phan tich 3 kénh, sau d6 dung dé thi tan so
dé gidi thich.

Bai tap 9.28

Hay cho mot vi du vé bank loc s6 tong hop 3 kénh, sau d6 dung dé thi tan s6 dé
giai thich.

Bai tap 9.29

Hay cho mot vi du vé bank loc DFT véi M = 3.

Bai tap 9.30

Hiy biéu dién bank loc s6 phan tich va tdng hgp dudi dang nhiéu pha 3 thanh
phan.

Bai tap 9.31

Cho bank loc s6 nhiéu nhip 2 kénh trén hinh 9.6.2.1, tin hiéu vao bank loc nay
c6 phd 1a X(¢'®) cho trén hinh 9.6.2.3. Pdp tng tdn s6 cha cic bo loc s6 H,(z) va
Go(2), H\(z) va G,(2) cho trén hinh 9.6.2.2 (b) (c¢) (d). Hay giai thich va v& pho cua
tin hiéu ra X(e'®) trong ting trudng hgp.

Bai tap 9.32

-2 o0<n<e6
x(n) = 6

0 1 con lai
Tin hi¢u nay di qua bank loc khoi phuc hoan hdo chc trén hinh 9.6.4.3 vdi
M = 3.
Hay dung d6 thi thoi gian dé giai thich dang cla tin hiéu ra x(n).
Bai tap 9.33 ‘

Gia sir cho tin hiéu tuong tu x,(f) ¢6 bé rong phd 12 20 kHz, tin hiéu nay dugc
1dy mdu vdi tdn s6 1dy miu bing tdn s6 Nyquist. Sau khi 14y mau tin hiéu nay dugc
ma hod vaGi s bit Ja 8 bit/1 mau mot cdch thong thuong. ‘
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Gia str rdng tin hiéu nay qua bo ma hoa dai con 2 kénh, sau khi qua bank loc so
phan tich 2 kénh ta ¢6 2 tin hiéu dai con la xy(n1) va x,(n). Nhung do pho nang lugng
cia tin hiéu dai con x,(n) rdt 16n hon cua x,(n) vy ta ma hod tin hié¢u dai con x,(n)
voi s6 bit 12 8 bit, con doi vai tin hiéu dai con xv,(n) ta ma hod vdi so bit 13 4 bit.

Hay tinh t6c d9¢ bit trong hai truong hgp nay. Sau dd tinh hé sd nén tin hiéu.
Bai tap 9.34

Hay vé cdu tric dang cay don phan giai ciia bank loc s6 8 kénh (3 tang). Sau d6
vé cdu tric tuong duong va v& ddp g tdn sd clia cdc bd loc trong bank loc so.

Bai tap 9.35

Hiy v& cdu tric dang cdy da phan gidi c@a bank loc s6 3 tang. Sau d6 vé cau
triic tuong duong va vé ddp ting tan so clia cdc b loc sG ¢6 trong bank 1oc s nay.

Bai tap 9.36

Gia slr cho céc tin hiéu xy(n), x,(n) va xs(n) nhu sau:

n e 1—% O<n<4
0 n con lai
x(n)=28(n)+ 1,50(n - 1) + 8(n - 2) + 0,55(n - 3)
o) = 3rectg(n)
Ba tin hiéu ndy can dugc ghép kénh theo kiéu TDM.
+ Hay vé so d6 bo ghép kénh TDM
+ Hay ding do thi thoi gian dé giai thich nguyén 1y 1am viée ctia b ghép kénh
Bai tap 9.37
Cho tin hiéu y(n) 1a tin hiéu ra cua bo ghép kénh trong bai tap 9-36, ching ta
¢an t4ch tin hiéu y(s1) nay thanh 3 tin hiéu x,(11), x;(n) va xy(n).
+ Hay vé so do bo tdch kénh TDM,
+ Hay ding dd thi thoi gian dé giai thich nguyén 1y hoat dong clia bo 1ach kénh
nay.



Chuong 10

BIEN POI FOURIER NHANH

10.1. MG PAU

Loi ich clia xUr Iy s6 tin hi¢u cang ngay cang duge khang dinh rd rang. N6 duoc
ting dung & nhiéu dang ngay cang khdc nhau vdi nhitng hiéu qua to 16n dic biét
trong céc linh vuc thong tin, truyén dén, nhan dang, ... Ngay nay xir 1y tin hi¢u da
trd thanh mot nganh khoa hoc cht khong phai 1a mot mon hoc. VG&i mie do phét
trién ngay cang cao vé co ban, vé cdc phuong phdp va vé kha niang @ng dung né da
16i cudn duge cdc ky su, cdc nha vat 1y ciing nhu cdc nha todn hoc dén hét tam luc
vao dé€ nghién cttu né.

Trong linh vuc xit 1§ s6 tin hiéu, bi€n ddi Fourier chi€m mot vi trf hang ddu nho
st tdn tai cdc thuat toan hiéu qua bién d6i Fourier rdi rac déng mot vai trd rat quan
trong trong xr 1y so tin hi¢u.

Tir khi Cooley phat hién ra thuat todn tinh nhanh bi€n déi Fourier rdi rac vio
nam 1965 (ngudi ta quen goi 13 bi€n d6i Fourier, tiéng anh 1a Fast Fourier Trans
form vié€t tit 12 FFT), cdc thuat todn ndy ngly cing khing dinh vai trd ctia minh
trong xur ly s6 tin hiéu.

T4am quan trong cta FFT la rdt 16n vi nhitng 1y do sau day:
- FFT di nang cao t6c¢ do, 40 mém déo, do chinh x4c cta xir 1y s& tin higu.

- FFT d@ m& ra mot linh vyc Gng dung rat rong 16n cia phan tich pho: Vién
thong, thién van, chdn dodn y hoc...

- FFT da khoi lai 1¢i ich cta nhiéu nganh todn hoc ma trudc day ngudi ta chua
khai thac hét.

- FFT da dit nén méng cho viéc tinh todn nhanh céc bi€n d6i khac nhu: Bicn
d6i Walsh, bién ddi Hadamard, bién d8i Haar, bién dédi Wavelet,
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10.2. BAN CHAT CUA BIEN DOl FOURIER ROI RAC (DFT)

10.2.1. PANH GIA CACH TiNH TRUC TIEP DFT

Trong chuong 4 ching ta da nghién citu khé chi ti€t bié€n do6i Fourier rdi rac,
bay gid ching ta s& danh gid hiéu qua cua cdch tinh truc ti€p thong qua viéc tinh s&
lrgng phép tinh can thuc hién.

Trong chuong 4 ching ta da c6 cap bién doéi Fourier rdi rac sau day:

X(k) = DFT[x(n)]

N-1 '

S Wy 0<k<N-1

= (10.2.1.1)
0 k cOn lai

x(n) = IDFT[X(k)]

1 N-1 .
— Y X)W 0<n<N-1

=N 5 (10.2.1.2)
0 11 cOn lai

Theo céc biéu thic (10.2.1.1) va (10.2.1.2) & trén ching ta cé nhitng nhan xét
sau day:

- x(n) va X(k) 1a phitc (vé tdng quat),
- Ca hai biéu thic trén chi khdac nhau bdi mot hé s6 nhan ty 1é % va ddu cla

ham mu W,.
Dé thdy rd diéu nay ching ta thir xay dung thl tuc tinh truc ti€p DFT ngugc

nhu sau:
1 N-1 .
x(n)= — Y X(k)W*
N iZ
N-1 *
= i[ X*(/\')W,S":l
k=0
(*: 1a d4u hié¢u lién hgp phic)
dan dén:
Nl kn
N.x®(n)= Y X (k)Wy (10.2.1.3)

k=0

So sanh hai biéu thitc (10.2.1.1) va (10.2.1.3) thdy ring ching gin nhu gidng
nhau. Nhu thé ta c6 thé thdy riing céac thuat toan FFT duogc sir dung cho ca bién déi
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Fourier rdi rac thuan va nguge. Vi thé ching ta chi nghién citu céc thuat todn bién
déi Fourier rdi rac thuan.

Sau day ching ta ti€én hanh nghién ctu hiéu qua cla cach tinh truc ti€p DFT
thuan thong qua viéc tinh s6 lugng phép nhan va cdng phic va thuc.

- Tinh todn sd luong phép nhdn va cong phiic

Nhin vao biéu thie (10.2.1.1) ta thdy ngay rdng d6i véi mdi gia tri cua &, cach
tinh truc ti€p DFT phdi thuc hién N phép nhan phic va N - | phép cOng phiec.
Nhung k£ 1dy N gid tritr O dén N - 1:

X(0), X(1), ..., X(N - 1)

Vay céch tinh truc tiép DFT phai thyuc hién:

N’ phép nhan phic
va ’ N(N - 1) phép cOng phic

(khi N >> = N(N - 1) ~ N?),
- Tinh todn sé lugng phép nhdn va cong s thuc
TOng quit ta thdy ring x(n) 1a phitc va W2 14 phic

= x(n) = Repx(n)] + jIm[x(n}]

W' = Re Wy' ] + jlm[ Wy" ]

Vay ta ¢6 thé viét DFT nhu sau:

N-1
Xk) = Y {Re [x(n)].Re[ W] - Im[x(n)].Im[ Wi ] +

n=0Q
+ jRe[x(n)].Im[ W + jIm(x(n)].Re[ W/ ]

Tir day ta thdy ring s lugng phép nhan va phép cong s6 thuc sé duge tinh nhu
sau:

4N- phép nhan sd thuc
NI4(N - I) + 3] = N(4N - 1) phép cong s6 thuc
(khi N >> = N(4N - 1) = 4N”)
Nhdn xét
- Viéc tinh todn truc tié€p N méu cla X(k)y doi hoi s6 lugng cdc phép todn cd N°
phép.

- Khi N rdt 16n thi N7 s€ 1a con sO qua 16n nhu vay thdi gian tinh todn sé qud
dai va dung lugng nhd clia may tinh phai rdt 16n (xem bang 10.2.1.1).
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Bang 10.2.1.1

N N’

2 4

4 16

8 64

16 256

32 1024

64 4096
128 16384
256 65536
512 262144
1024 1048576
2048 4194904
4096 16777216
8192 67000000

- Nhin vao bang 10.2.1.1 ta thdy rang phdi tim ra cidc phuong phép tinh nhanh
DFT thi ta m6i ¢6 thé sit dung DFT mot cdch hiéu qua. trong qud trinh xur 1y tin
hiéu.

10.2.2. CAC TiINH CHAT CUA W}

H4u nhu tat ca cdc phuong phdp tinh DFT mot chch hiéu qua déu phai dua trén
hai tinh chdt cia W.", d6 1a tinh tuin hoan va tinh d6i xing. ‘
Sau day ching ta s& xét hai tinh chét nay:

* Tinh tuan hoan

kn _ (k'n’+iN ) _ i k'n’
wht = w =W

(hoic ta c6 thé viét: kn = k’n’ theo modulo N)

B&i vi:
n:0+N-1
k:0+N-1

Vay: (ki) =0

(knYpar = (N - DV - 1)
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SN k=02 (N-1)(N - 1)
kn=k'n"+IiN
(ki) pax = K'0" + iN) oy = (N - 1) + (N - 2)N
Vidu 10.2.2.1
Cho DFT v6i N = 8. Hiy dung tinh chit tuan hoan dé tinh X(7).
Giai
V6i N = 8 ta cd thé tinh X(7) nhu sau:

X(7) = x(0) W0+ x(UWg " + x(2)W 2 + x(3Wy ™ + x(4)Wy  +

+X(5IWS T+ (6)WC + ()W

NOWL + (WY + x(2)Wg* +x(3WE + (4w +
+X(SIWE + x(6)W? + x(T)WH

Nhung do tinh chat tudn hoan clia W," ta cé:

‘/Vgo — Wgo

W) =W,

WSH — %(6+8) - W86

u/g?l — W8(5+’_"8) — ng

%28 — W8(4+3<8) — Wg—‘l

W335 — W8(3+-‘l48) — W83

W;Z — W8(2+5.8) — "ng

WS-'U) — W8(1+6.8) — ng

= X(7)= X(OWg + x(DWy +x(2)W + x(3)Wy + x(4)W +
+ X(5IWg + x(6)W + X(T)W,

* Tinh d6i xiing
whn = w N —w w2

=]

%
k'n k" _ k'n
W = w = wh )



Vidu 10.2.2.2
Tiép theo vi du 10.2.2.1. Hiy dung tinh chit d6i xting dé tinh X(7).
Giai °

*

W =W =Wt = (W)
W =W =w2 = (W)
T
W =W =Wt = ()

4
Wy =-1

Wy =1

Tur day ta ¢d gia tri cua X(7) nhu sau:

EY

X(7)=x(0) +"’(1)(W81 )* t -"(2)(W82 )* +.x( 3)(Ws3) x(4)+

+X(5IWS + X (CIWE + x(TIW,
Nhdn xét
- T4t ca cdc thuat todn tinh nhanh DFT déu dua trén cing mot nguyén tic 1a
phan viéc tinh todn DFT ciia mot ddy ¢é chiéu dai N thanh nhi¢u DFT c¢6 chiéu dai
nhd hon bang cdch khai thdc cac tinh chat d6i xing va tinh chat tudn hoan cta ham
—j?v—n/m '

—-kn

mii phitc W™ =e '

- Viécdua nguyén tac nay vao tinh DFT s& dan dén mot s6 phuong phap khdc
nhau ma hiéu qud ctia cac phuong phép d6 c6 thé so sdnh vdi nhau duge.

10.3. BIEN DOl FOURIER NHANH PHAN THOI GIAN (FFT)

10.3. 1. PINH NGHIA

Thuit todn tinh nhanh bién d6i Fourier roi rac duva trén viéc phan day x(n)
thanh cdc ddy con cé chiéu dai ngén hon duge goi 12 thuat todn bi€n déi Fourier
nhanh phan thoi gian.

Dé minh hoa thuat todn nay trudc hét ching ta nghién c¢™u truong hop dic biét
ma N =27 (N la chiéu dai cia day x(n)).

'
jo)
(W8]



10.3.2. THUAT TOAN FFT PHAN THOI GIAN TRONG T« UONG HOP N =27

a) Thii tuc téng qudt

Néu N =27, thi N s& 1a mot s6 nguyén chén.
X . 1R o1a A N e gea o N
Vay ching ta ¢6 thé phan chia diy x(n)y thanh hai diy cé chiéu dai ?la hai

ddy x(n)y nhu sau:

B

- Ddy thd nhat duge hinh thanh bdi cac gié tri chan,
- Day thit hai duge hinh thanh bdi cac gid tri 18.
Vé mat todn hoc ta cé thé viét hai ddy nay nhu sau:

XN2r)y va x(2r+1)y

"

Vay ta c6 thé viét:

N-1

X(k)y = x(n)yWy" 0<n<N-1
n=0 ’
AR Yo
= Y x(2r )NW,;" + Z N2+ W 0< S N - |
r=0 B r=0
~
Yo AR
= S 2, WE+ S v 2r+ YWEWE
r=0 ERY r=0 B
N N .
= Y x2r )Nm* +Wy Z X(2r+ Wy,
r=0 ) r=0Q 3
Ching ta dat:
N
rk _ rk N
G(k)y = Z\(z;)w Zg(I)WV OskSE—l
£} r=0 3 r=0
A N
% rk 4 rk N
Hk)y = 2 M2r+ W =Y h(rWy  0<k< ——1
5 =0 5 =0 5 2
0] day:
X(2r) = g(r)

x2r+ 1) = h(r)
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Gk)y +WRH(k)y O<k<N-1
= Xk = 2 EY (10.3.2.1)
0 k con lai

Hoic ta c6 thé viét:

X(k)y =G(k)y recty (k)+ WX H(K) y rect y (k) (10.3.2.2)
2 2

o] day:

P4

G(k)y 12 bién doi Fourier roi rac cé chiéu dai >
q

2

H(k), 12 bién doi Fourier roi rac ¢6 chiéu dai 5

2

G(k), la bién déi Fourier rdi rac clia cdc méu 1¢ clia x(n)

~

H(k), 1a bién ddi Fourier rdi rac chia cdc mau chin cla x(n)

P

Nhdn xét

+ Nhu vay cidc phép todn dugce ti€n hanh véi G(k)y va H(k), chi trong khoang
: 2 B

Osks(%- 1), tde la:

20 o<k<N_p¢
Glk)y 2
2 =0 k con lai
0 o<k<N_y-
H(k)y 2 .
2 |=0  kconlai

0<k<N-1

9 #0
AR =0  k con lai
Nhu th€ thuc chdt 1a ta da phan mot DFT ¢6 chiéu N thanh hai DFT ¢6 chiéu
dai % Pé thuan loi cho viéc theo ddi cudn sach nady chiing ta ¢é ky hiéu sau day:
(DFT),: 12 bién d8i Fourier i rac ¢6 chiéu dai N.
N . 2 . NS P <2 .. N
(DFT)y ¢ 1a bién doi Fourier rdi rac ¢6 chiéu dai ?

2
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Vidu10.3.2.1

Gia su cho chiéu dai cita DFT N = 8, hidy trinh bay thuat toan FFT phan thoi
gian d€ phan d6i DFT nay. Sau d6 dung d6 hinh ¢6 hudng dé minh hoa thuat todn
nay cho ro6 rang hon.

Giai

Ap dung biéu thire (10.3.2.1) trong trudng hop N = 8 ching ta ¢6 thé viét:
X(0), =G(0), + W, H(0), '
X(1), =G(1), + Wy H(1),
X(2),=G(2), + WS H(2),

. X(3), =G(3), + W) H(3),

X(4) =G(4), + W H(0),
X(3)g =G(5), +Wg H(l),
X(6)g =G(6), +WIH(2),
X(7)g = G(7), +WJ H(3),

Chi y ring néu thay cdc gid tri cha & tr 0 dén 7 vao biéu thirc (10.3.2.1) ta s&
thdy xudt hién cac gid tri G(4),, G(5),, G(6), G(7),, H(4),, H(5),, H(6),, H(T1,,
nhung cdc gié tri nay khong t6n tai vi chiéu dai cha G(k), va H(k), chi tir O dén 3.
Vay cdc gid tri s€ vong vao trong khodng tr O dén 3 nhu sau:

G(4), - G(O), H(4), - H(0),
G(5), > G(1), H(5),— H(1),
G(6), - G(2), H(6), > H(2),
G(7)y—> G3), H(7);— H(3),

D6 hinh ¢6 huéng dé minh hoa thuat todn nay dugce cho trén hinh 10.3.2.2 sau
day.

Bay gid chiing ta s& dénh gia hi¢u qua ctia phép phan mot DFT ¢6 chiéu dai 1a

. e ex gse s N

N thanh hai DFT c6 chiéu dai la PR

Viéc danh gia hiéu qua nay dua trén co s& viéc so sanh s6 lugng cdc phép tinh
s hoc cdn phai thuc hién cla céch tinh truc tiép (DFT)y va phan thanh hai (DFT),, .

s

Chiing ta da biét rang dé tinh todn N mdu cla x(k)y doi 16i s& lugng cédc phép

todn c6 N? phép tinh thic (tic 12 ¢6 N° phép nhan phic va N’ phép cdng phire).
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x(ﬂ}N ———f

() (DFT) *

N

X(4) — ]

X(6) —

(1)

x(3) (DF 72,
oz

x(5)

x( 7)N

Hinh 10.3.2.2.

Nhu vay dé tinh G(k), ching ta phai doi hoi (%) phén nhan phic va [%)
o A e e ) _ v e (NY
phép cong thic. D¢ tinh todn H(k), , tuong tu ching ta ciling phai doi hdi (Ej

By

phép tinh phtec.
}
Dé két hgp G(k)y, va H(k), , theo biéu thic (10.3.2.1), ching ta phai thuc-hi¢n

2 o]

3

phép todn nhan phttc WiH(k), (k chay tir 0 dén N -<1), tc 12 ching ta c§n phai
thuc hién N phép nhan phitc. Ngoai ra chiing ta con cén phai thuc hién phép todn:
G(k)y + H(k)y , tiic 1a doi hdi N phép cOng phic.

e e

Tém lai dé tinh todn x(k), bing cdch phan thanh G(k), va H(k), , theo biéu

o] 2

thitc (10.3.2.1) ching ta can s6 lugng cac phép tinh phitc nhu sau:

N +2(%) phép nhan phirc (10.3.2.1)
NY
N +2(?] phép cOng phiec.
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Cudi cling ta ¢ thé néi ring d¢ tinh todn N méu cta (k) thi so lugng phép
) L o NY |
tinh phic can thuc hién la | N +2 5 phép.

Vidu10.3.2.2
Hay tinh hiéu qua cta FFT véi N = 8. Khi phan(DFT),; thanh hai (DFT),.
Giai
N¢€u tinh truc ti€p x(k)s ta cdn thyc hién s phép tinh 1a N° phép:
N=8 = N?=64 phép.

Néu phan x(k); thanh G(k), va H(k),thi sG phép tinh cén thuc hien la
{N+2(-[;—/) :\ phép:

NY? 2
N=8 = N+2= =8+2(4)° =

Vay s6 phép tinh ti€t kiém dugce la:
' 64 - 40 = 24 phép.

Nhan xér

N 2 N2
+ Khi N rdt 16n thi N+2(3j zZ(—Z—) ~=5-, te 1> khi N it 16n thi s

phép todn can thuc hién s& gidm rd rét.
N ¥
+ Boivi N=27 = ?:2“('l = Dé nang cao hiéu qua hon nira, ching ta lai

¢hia (DFT)Y thanh hai (DFT)N .
2 4

Vidu 10.3.2.3
Cho day x(n) ¢6 dang nhu trén hinh 10.3.2.3.

X(n)
4
3
zp ]
cfo T T Tecc —
-1 |01 3 4 567 86 n

Hinh 10.3.2.3.



Hay minh hoa cdch tinh X(k); bang cach phan x(n), thanh hai ddy g(r), va li(r),.
Giai
Ta biét ring: () = x(2r)

h(r)=x(2r + 1)

Vay tir hinh 10.3.2.3 ta ¢6 dang ciia g(r) va fi(r) cho trén hinh 10.3.2.4 nhu sau:

a(r)
"-'7‘01[213’?‘? -
h(r)
¢ .
ool 11T, .,
56 ¥

T 01 23 ¢
-Hinh 10.3.2.4
Tir day ta tinh duge G(k), va H(k), nhu sau:
3 .
G(hy, = Y g(rw,”
r=0
GO, =1+2+3+4=10 .
G(=1- ()0 + 2+ 4 + 300 = -3+
G20 = L2 ()0 + 200 + 40 + 3(-)° =0
GB3)s=1- () +2-j) +4(-j) +3(-jf = -3 -
, .
> h(r W,

r=0
HO)=1+1+1+1=4
Lo ()4 W+ WP+ 1) =0

H(k),

H(1), =
H)= 1 (<) + =+ 1P+ () =0
H3).= 1 -(- 1)°+1(-j) + 1( PP+ 1P =0

Tu day ta tinh duoc X(kjs nhu’ sau:

: (K Wy Hik 0<k<T
Xk = {g(“” L, 0<k<7

k con lai

 Vay ta c6 gid tri clia X(k)q nhu sau:



X(0)g = G(0), + W H(0), = 10 + W' .4 = 14
}((1) =G+ WeH() =-3+j+ W .0=-3+
X2)=G2)y+ W H2) =0+ W .0=0

X3) =GB+ WHB)=-3+j+ W .0=-3+
X(4) = GO)+ W'HO) =10+ W, 4=10-4=6
XS) =G+ WJH(Y =-3+j+ W .0=-3+)
X(0) = G2)+ WiH2)=0+ WY .0=0

X7 =G+ WPHR) =-3-j+ W/ .0=-3-

b6 thi cua |G(k)4; 6(k)4'1'€c“r8(11), H(k)4| va ﬁ(kh‘ rectg(n) duge cho trén
hinh 10.3.2°5.
/6ck), 1 [HK), |
10 (& 10 1
4
31 F
— Q- o-—0—0 — —e o—0—0 —
1 3 k -1 3 k
|G k), | rect, (n)
10 ¢ Q o~
|  [H k)| rect,n)
49
3 L
o o o-l-o o —6—
-1 3 k -1 ; k

Hinh 10.3.2.5.
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Ti€p tuc bing cdch tuong tu, ching ta lai chia day g(r)y va h(r)y thanh day co

2 2
chiéu dai la % va ching ta cé:
Ny
A rk
G(k)y = z 8(riWy
B r=0 5
Ny Ny
4 4
= Y g2LW + Y g2l + YW
=0 3 I=0 5
= Y e2DWF + Wi Y g2l + WK
=0 3 310 7
Chiing ta dat:
T 1=0 T =0 "
Blk)y =Y g2+ )Wy = Y b(1)Wi
i 1=0 " 1=0 7

4

Vay G(k)y duogc tinh nhu sau:

2

A(k), + Wy Blk) OSksg—l

- 0 k con lai
hoac:

Gk)y = A(k)y rect y (k)+WE B(k)y rect y (k)
2 4 2 2 4 2

Ta thdy ring Wy =W,*, vay ta c6 thé viét:

o)

Ark)y +W2B(k)y o<k<_g

G(k)y = . : 2 (10.3.2.4)
: 0 k con lai
hé)ac:
Gk)y = A(k)y recty (k)+ W2 B(k)y rect (k) (10.3.2.5)
2 4+ 2 4 2
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boi voi H(k)y taclng co:

5

N

H(k), = Z/z(; )W"

2 r=0
N %71 )
= Zh(z/ WRE+ D 2t + 1wt
1=0 Y =0 3
\l | N o
Zh(zl)w”‘ +Wy Zh(zlﬂ)w—"
1=0 a 5 10 B
Ching ta dat:
1’!71 N -1
Clk)y = Z/z(zl)w" = Z (/)W/V"
4 =0 j (=0 4
N N
771 -1
D(k)y = zh(zl+1 Wy = Z AWy
T I=0 3 1=0 n

Vay H(k), dugc tinh nhu sau:

2

c(k)y +WED(k)y O<k<l_|

H(k)y = 3 T 2 (10.3.2.6)
: 0 k con lai
hodc
H(k)y = C(k)y rect y (k) +WEDek)y rect , (k). (10.3.2.7)
: T PR

Vidu 10.3.2.3

Chiing ta quay lai vi du 10.3.2.1 v6i DFT c6 chiéu dai N = 8. Hay dung graphe
c6 huéng d€ minh hoa thuat todn tinh G(h), va H(k),, sau d6 k&t hgp d¢ thanh thu
tuc tinh X(k ).

Giai

Thuat todn tinh G(h), va H(k), duge mmh hoa trén hinh 10.2.2.6 thong qua
graphe ¢6 huéng dang cdnh budm.



a(0)= g(0)=x(0) O——=

a(t)= g(2)=x(d) o=

b(0) = g(1) = x(2) o——=

b1) = 43) = 2(6) o——n

c(0)= h(9) =x (1) o—

c(1)=h(2)=x(5) O—

D’(O):/;(f): x(3) o———m—

G (0),
G (1)
=0  5(2)
DFT, 5(4)/ \W;’
TS -0  G(3)
M
)
O o H(Q
DFT, H‘;\ we (%4
c)
—  H (1)
Wy
D) Hiz)
DFT, | we
2 (1) N H(3)
———0—
Wy

Hinh 10.3.2.6.
t

Ké& hgp hinh 10.3.2.2 va hinh 10.3.2.4 chdng ta ¢6 thuat todn tinh X(k), va

duge minh hoa trén hinh 10.3.2.7.

Bing cédch twong tu ching fa lai ti€p tuc phan cac ddy a(l)y; D)y ; o(l)y va

3

4 1

d(l)y thanh céac diy c6 chiéu dai la —, ..., va qud trinh c th¢ (i¢p tuc cho dén khi

4
nao chi con tinh DFT hai diém.

Vidu 10.3.2.4

Ching ta quay lai vi du 10.3.

2.3 v&i DFT ¢6 chidu dai N = 8.

Hay dung graphe ¢6 huéng dang canh buém dé minh hor thuat toan tinh A(k)s,
B(k),, C(k), va D(k),, sau d6 k&t hop lai d¢ minh hoa toan bo thuat toan tinh X(k);.
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X (0) o] X(O)a
DFT,
X(4) o———= x (1)
X(2) o—= X (2)
| DFT,
x(6) o———s=i (3)
X (1) o] X(4)
DFT,
x(5)_o———>- X(5)
X(3) oo X(6)
DFT,
Z(7) 00—~ — o X(7)
Hinh 10.3.2.7.
Giai

Vi i:— = 2, nén day 1a budc cudi ding dé xay dung thuat todn FFT véi chiéu dai

N = 8. Tuong ty nhu cdc vi du trén ta ¢6 cach tinh A(k), nhu sau:

1
A(k)y = D a(lW,*

1=0

= A(0), = a(OW, +a()Wy

A(1)y = a(OW, +a()W,
vi W, = 1 nén ta c6 thé viét mot cach d6i xtng nhu sau:

A(0), = a(0)+a(1)W;’

A(l)y = a(0)+a(L)W,

z

Nhung W = WS = 1; Wl = W,2 =- 1.



Vay ¢6 thé vict:
A(0) = @(0)+a( D)Wy

A(L) = @O)+a)Wy

Tu day ta thu duoc graphe ¢6 hudng dang canh budm duge minh hoa trén hinh

10.3.2.8.

a(o) ¢(0) x(0) ~ o A (0),
=

a(1) ¢(2) x4) ‘ A1),

ITinh 10.3.2.8.

Bing cdch tuong ty chdng ta ¢6 thé tinh va v& graphe ¢6 hudng dang cdnh budm
doi v3i B(k)s, C(k)s va D(k)s.

K&t hgp cac giai doan tinh A(k),, B(k)., Cik),, va Dik), vd61 dén Geky, va k),
ching ta thu dugc k&t qua cudi clng cua toan bo thuat toan tinh X k)¢ duge minh
hoa bing graphe ¢6 hudng dang cdnh budm duge cho trén hinh 10.3.2.9.

A(0) G(O) ‘
x(0) o) — —o  X(0)
N /\ | /w >
x(4) —
M
G(2)
X(2) \ \ /:/ ) X(2)
x(s) p —- X(3)
we W
c(o) HO)/
W
\ /3«/ /XN
x(5) z° W°5 x()
W
H(2)
Do)
x(3) o—> - =0, X(6)
>@ ,,(/ \/1(4/ \
X(7) >0 >0 >0 X(7)
w: wé , w7

Hinh 10.3.2.9.
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b) Tinh todn hiéu qud

Trong phan trén chiing ta biét ring néu chiing ta tinh todn tryc iép day X&),
theo dinh nghia ctia DFT thi d€ tinh todn tdt cd N diém cua DFT chiing ta cin phai
ddi hoi s phép tinh ¢d N-°. Con néu ching ta thyc hién tinh DFT gidn ti€p theo
thuat toan FFT thi chiing ta s& thu duge hiéu qua rat cao, cu thé 12 chiing ta s¢ ddanh
2i4 hi¢u qua theo so phép tinh can phai thuc hién dé tinh N dicm ctia X(k);.

Budce dau tién ching ta phan DFTy thanh hai DFT ,,, khi d6 s phép tinh (nhan

5

hoac ¢dng) doi hoi phai thye hién la:.

N + 2(%] =N+ 2(27’1):
Budce thit hai chiing ta phan m6i DFT ,, thanh hai DFT ,,, khi d6 s phép tinh

1

2 4
doi hoi phai thuc hién la:

{_(_” vewef 2

= N+N+22(7 2

N

bdi vi dé tinh moi DFT , truc (i€p, yéu cau sO phép tinh la [?j , ¢on dé tinh

"

mdi DFT , gian ti€p qua hai DFT , doi hdi so phép tinh la: %+2(%) .

2 4

Budc thit ba ching ta lai phan m&i DFT ,, thanh hai DFT , , khi d6 s& phép tinh
— ] J—
3 8

doi hoi phai thuc hién la:

-

N+N+4 ﬁ+2[ﬁj :N+N+N+8(ﬁ
4 8 8

= N+N+N+22(212f

Qua trinh ¢ nhu thé ti€p tuc dén bude thie (y - 1) thi s6 phép tinh ddi hdi phai
thuc hién 1a:

N+N+N+...+N+2""[2"""’ “]Z

(-1 ythanh phan

Con dén bude thit y thi s¢ phép tinh ddi hoi phai thye hi¢n la:



N+N+N+. +N+27[271]?

v thanh phin

Vay & bude thit y thi thuc chdt la phan cdc DFT, thanh hai DFT, va DFT, lai
chinh la x(n) tc la: '
-1 ‘
X(k)y = X (W™ =x(n)
n=0

Nhu thé khong cin phdi tinh bude nay, va ching ta ¢6 thé két luan nhu sau:

Sau y lan phan hach, viéc tinh gidn ti€p day X(k)y s¢ doi hdi so phép tinh la: yN
phép, ma:

N=2" = 7vy=log,N
Vay so phép tinh khi diing thuat todn FFT s& chi con la:
Nlog,N ‘ , (10.3.2.8)
Vidu 10.3.2.5
Gia sir ching ta can phai tinh DFT véi chiéu dai N = 8 = 2°
+ Hay tinh s6 phép tinh cdn phai thuc hién khi tinh truc ti€p DFT.

+ Hay tinh s0 phép tinh cén phai thuc hién qua timg giai doan khi tinh gién 1i€p
qua thuat toan FFT phan thoi gian.

Giai

+ Tinh truc ti€p: S6 phép tinh can phii thuc hi¢n la:
N° =064 |

+ tinh gi4n ti€p qua thuat todn FFT:

- Giai doan thtt nhat: S6 phép tinh can phai thuc hién la:
N + 2(%’-) =8+2(4) =40
- Giai doan hai: SO phép tinh can phai thuc hién la:
N : o] 32,2
N+N+4(Z} =N+N+27(27") =32

- Giai doan thi ba: la giai doan cudi cung nén khi phan DFT, thanh hai DFT|,
ma ta lai khong can phai tinh DFT, vay s& phép tinh can phdi thuc hién la:

Ny = Nlog,N = 8.3 =24
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¢) Cdi thién thudt todn

Chiing ta chi ¥ ring theo thuat todn ma ta da trinh bay va nhdt la theo hinh
10.3.2.9 thi ¢t mdi mot giai doan tinh todn ching ta lai ¢é cing mot thuat toén
dang cdnh budm.

Gia st ching ta ¢6 hai giai doan tinh todn k& ti€p nhau i va (/ + 1), thuat todn
canh budm cluia cac giai doan nay dugc minh hoa trén hinh 10.3.2.10.

>< S - 7
"

X: (9) Kien (4)
WN(r+E)
Giaj doan < Giai dog/n <+1

Hinh 10.3.2.10.

Theo hinh 10.3.2.10, ta thdy rang gilra hai giai doan j va (i + 1) chiing ta ¢6 thé
viét nhu sau: ' :

Xa(p) = X,-(l7)+ W/\r/X,'(q)

: ' N
(re-)
Xa(q) = Xi(p)+Wy ? Xi(q) (10.3.2.9)
Nhung ta c6: .

(,+ﬁ, N . i

Wy 2 =WIWZ =W.e " =W

Vay ta ¢6 thé viét lai biéu thie (10.3.2.9) dudi dang khéc sau day:
X (p)=X(p)+WXi(q)

Xio(q)=X(p)-WyXi(q) (10.3.2.10)

Nhu vay theo biéu thic (10.3.2.10) & trén chiing ta c6 thé cai thién thuat ton
cdnh buém cho trén hinh 10.3.2.10 dé mo t& hai giai doan tinh todn k& tiép nhau i
va (i + 1). Viéc caithién nay dugc minh hoa trén hinh 10.3.2.11.

Nhdn xét

+ Theo biéu thic (10.3.2.10) va hinh v& (10.3.2.11) ta thdy rdng viéc cai thién
nay s& lam gidm sO lugng phép nhan phic, cu thé 1a véi chi mot phép nhan W, X(¢)
chiing ta c6 thé str dung dé tinh dong thdi hai gid tri X, ,(p) vd X, ,(q), vay s6 phép
nhah s& gidm di hai lan, con s& lugng phép cong thi van gilt nguyén.

~
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X; (p) > Xie1(p) X; (p) > Xir1(p)
Wy
=

X;() X:+1(q) Xi(q) Xi1(9)
- W:I -1

Hinh 10.3.2.11.

+ Vay dé tinh dugc hét tdt ca cdc gia tri clia X(k)y thi chidng ta cin phai thuc
hi¢n s6 lugng cac phép tinh nhu sau:

N log,N phép cong phuec,
va %N {og,N phép nhan phic.
Vidu 10.3.2.6

Chung ta quay lai vi du 10.3.2.4 v6i DFT c¢6 chiéu dai N = 8.

Hay dung biéu thdc 10.3.2.10 va hinh vé 10.3.2.11 dé vé lai graphe cé hudng
dang cdanh budm cho trén hinh 10.3.2.9,

Giai
el .
Ap dung tinh chdt: W, ? =- Wy tac6 v6i N = 8 nhu sau-
Wy =-Wo; Wy =- Wy Wy =- Wy; Wy =- Wy.

Sau d6 thé vao gia tri trén hinh 10.3.2.9, ta t;hu dugc graphe c¢6 hudng dang
cdnh buém da duge cai thién, graphe nay duge minh hoa trén hinh 10.3.2.12.

Nhdn xét

Nhin trén hinh 10.3.2.9 va hinh 10.3.2.12 ta thdy ring day vao x(n), dugc sip
x&p theo thit ty clia ma nhi phan dao, con day ra x(k)y dugc sdp x€p theo thi tur cha
ma nhi phan binh thudng.

Vidu10.3.2.7 -

Hay minh hoa viéc sdp x€p tht tu cua diy x(n)y theo ma nhi phan dao va day
x(k)y theo mé nhi phan binh thudng trong trudng hgp N = 8.

Giai
Vi N =8 = 2% vay ta phai dung 3 bit dé mi ho4.

Bing 10.3.2.]1 s& mo ta mi nhi phan ddo va ma nhi phan binh thudng ding dé
sdp x€p thi tu cha diy x(n)y va x(k)y.
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Hinh 10.3.2.12.

Bang 10.3.2.1

Ma nhi phan diao

RON
x4y

x(2)
x(6)
AYED)
x(s)
(3)
(/)

(_.

000
100
010
110
001
101
011
L1

¥

Truc ddo

Ma nhi phan

000
001
010
011
100
101
F10
[l

¥

Truc ddao

- X0)y



10.3.3. CAC DANG KHAC CUA THUAT TOAN

Sau day chiing ta s€ trinh bay ngt s& thuat todn 1a bién dang ciia thuat toan FFT
phan thoi gian.

a) Thudt toan Cooley

O day Cooley di sit dung cdc khéi niém dai s6 nhj phan d€ biéu dién cic day
x(n)y va x(kj)y. Nhu vay vé mit ban chét cta thuat todn Khong khédc gi thuat todn
FFT phan thoi gian dd duge trinh bay & muc trén.

Ching ta ciing xét trudng hgp N = 27. Vay ching ta ¢6 thé biéu dién n va £ theo
ma nhi phan va thap phan nhu sau:

Biéu dién so' n:
Nhi phan: n = (n,_,0y .4, ..., 1, 1)
Thap phan: n = (2" "', + 2" ny 5+ oo + 20+ ny)
Biéu dién so'k:
Nhi phén: & = (k,. 1,1\',:3, ey ko, ko)
Thap phan: k = (2" 'k, + 2" 2k, 5+ ... + 2k, + ky)
Tir day dan dén viéc biéu dién cac ddy x(n)y va x(k)y nhu sau:
X(n)y = X(Hy |, By 5, oo, By, Hy)
Xk)y=X(ky 1, ky s, ok, ky) (10.3.3.1)
Vay biéu thitc cta DFT N diém c6 thé viét nhu sau:
' 11 1 .\
Xtk 1 kyoay o ki k)= Y Do Z.\‘(n.f‘_,,ny_z,...,nl,no).W,f}" (10.3.3.2)
np=0m=0 ny_1=0
Bay gi& chiing ta khai trién tich kn trong biéu thic WX theo n, céch khai trién
nhu sau:
Tir ddu tién chia WE" s& 1a WS v6i ¢y = k27 'n,
Tir thit hai ciia WS s& 1a WS v6i ¢, = (2k, + k)27, .

z

Tt cudi ciing ciia Wi" s& 1a Wi véi:
Cy =27k 2Tk, F 2k, + kgny

Theo cach khai trién trén thi biéu thic cia DFT N = 27 diém s& dugc viét lai
nhu sau:



Xk, C Y Y3 {1t g WSO W W

1ny=0n=0 iy = =0

(10.3.3.3)

Biéu thic (10 3.3.3) & trén thé hi¢n y giai doan trung gian dé tinh duge cédc
diém cla X (k,_ |, k, .5 ..., ki, ky).

y giai doan nay c6 thé viét nhu sau:
1

. — . o
X\ ko, 11y, ooy 11y, 1) = Z.\(ny_l,117_2,...,111,110)4/,\/

ty—] =0

1
¢
Xo(ko, kypony g oo ny, ny) = ZX(ko,n],_z,...,nl,no)/V !
11773=O

! C.,_
X ko Ky, coos by by ) = XX (kg ke g W

-Nhu vay ta thdy ring:
Giai doan dau tién (i = 0) chinh 1a day x(ny, .\, 11y .5 .o, 21y, 1y):
NIy Hy Ca ey My, M) = Xo(1y 1, By oy sy 1y, 11y)
Giai doan cu6i dung (7 = v) chinh 1a day X(k, .|, ky _, ,..., ky, k,):
Xky oy ky v ki ko) = Xky, by by oL by )
Vidu 10.3.3.1
Chiing ta quay lai cdc vi du & trén v6i DFT ¢6 chiéu dai N = 8 = 2° diém.

2 . . . i, ., . .-
Hay dung thuat todn Cooley dé thiét lap cac giai doan tinh DFT ¢6 chiéu dai
N = 8 diém. Sau dé vé& do hinh c6 hudng dang canh buém dé minh hoa thuat todn

N

nay.
Giai
Néu N = 8 = 2%, tic 1a y = 3 vA gid tri cha n s& chay tr O dén 7, nhu vay phai
can 3 bit nhi phan n,, n,, n, dé biéu dién s& » nhu sau:
Nhi phan: n = (n,, ny, ny)
Thap phan: n =4n, + 2n, + n,
Vay ta ¢6 thé viét:
X)) =x(n, ny o)
Thay cdc gi4 tri cta # vao ta cé:

A0) = (0 0 0)
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l)=x0 0 1)
M7)=x(1 11)
P6i v6i k cling bién dai tir O dén 7 ta ¢6:
Nhi phan: k = (k, A, k) |
Thap phan: k = 4k, + 2k, + k,
Vay ta c6 thé viét:
X(k) =Xk, k, k)
Thay cac gia tri cua k vao ta c6:
X(0)=X0 0 0)
X(1)=X0 0 1)
CXT)=X1 11
Vay biéu thitc cia DFT 8 diém c¢6 thé viét nhu sau:
7

X(k)= Z.\'(H)ng”

n=0

' 111 ‘
= Xkkiky)=Y Y .3 x(n, n ng)we

1p=0 m=0 n,=0 :
Bay gi® ching ta khai trién tich kn theo n va chi y rdng tich niy dugc hinh
thanh bdi ba thanh phan theo 4n,; 21, va n,, cu thé nhu sau:
+ Thanh phan th nhat: "
k.4n, = (4k, + 2k, + ky).4n, = 16k,n,+ 8kyn, + 4k,
- %k.illll - ngkgng ) Wsﬁklng ] W84koug, '
bai vi: W22 =1 va W™ = 1
Vay ta co:
WES o pypskon
+ Thanh phan tht hai:
k2n, =4k, + 2k, + ky).2n, = 8k2111.+ dkn, + 2kon,

k2n _ &kan (2k)+ko ).2m
= Wy =W, A

bdi vi: WH = |
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Vay ta co:
WL’.Elll — W8(3k1+1\'0)2nl
8
+ Thanh phan thi ba:
k.ng = (4ky + 2k + ko).
Vay ta c6:

Wk.no _ W(lkg_ +2ky +kg o
8 - 8

Dé viét cho gon lai, ching ta s€ ky hiéu nhu sau:
C, = kg.4n,
C,=(k; + k.20,
- C, = (4k, + 2k, + ky).n,
Tu day ta c6 thé viét X((k, k,, k,) nhu sau:
I .
Xky, ki ky)= D > z.\'(n.z,nl,no).Wst(’ .Wscl .WSLz
1Hy=01 =0 12=0
V.;‘a chiing ta ky hiéu cdc giai doan tinh todn nhu sau:

Xo(Hy, 1y, 1) =X(1y, 1y, 1)

1
X (ko, 1y, ny) = z.r(n:,nl,no)Wgco

na =0

1
Xo(ko, Ky, o) = ZXI (kor”p”o)qu

m =0
1 .
Xi(ky, kyy ky) = z:Xz(I"O’I"I’HO)VVS(’2
ny=0
X(k,, /-\'1, ko) = Xa(ko, ky, k)
D6 hinh dang cdnh buém mo ta thuat toan Cooley duge cho trén hinh 10.3.3.1:
* Cai thién thuat todn Cooley

Ciing gidng nhu cdc biéu thie (10.3.2.9) va (10.3.2.10)y qua mdi gian doan i va
(i + 1) ta c6 thé viét:

Xap) = X(p) + WyXi(q)

N
Xi@) = X(p) + Wy 2 X,(q) = X(p) - WiX,(q)

Theo hinh (10.3.2.10) va (10.3.2.11) chiing ta ¢6 dd hinh dang cdnh budém cua
thuat toan Cooley dugc minh hoa trén hinh 10.3.3.2.
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X,(000) x,(}ooa ) le( 000) X3(000)

ac(o)l — > o x(0)
x> > X{4)
N % v
w
i Cr > X(Z)
WZ

X(6)

W‘

X(1)

N Hinh 10.3.3.2.

b) Thudt todn Singleton

Ching ta thdy rang trong thuat todn FFT, d6 hinh dang cédnn budm & timg giai
doan 1a khéc nhau. Singleton da x40 tron mot cach hgp 1y dé dua dé hinh dang cdnh
budm & tirng giai doan la tuan hoan nhu nhau.



Xudt phdt tir d6 hinh dang cdnh buém cho trén hinh 10.3.3.2 ching ta ¢6 thuat
todn Singleton cho trén hinh 10.3.3.3.

2(3) 050 \‘/ o a ‘Q oX(3)
RIS Q(&
et XX "'&"’\
DEVZANNG o ,

8 8
I(o) G . O—P;—C > / > X(O)

x () o—sa - .‘ -. / o X(1)
Z(2)or—0 D o»—0 ' O oX(2)
PYOL "»"\ o0 \ 0 X(5)

X(6)

x(3)6 : Olv O = O 0
i O O X(7)
x(7) G Cat 8

Hinh 10.3.3.3.

4
3

0
N
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k]

10.3.4. THUAT TOAN FFT PHAN THOI GIAN TRONG TRUONG HOP N = B’

a) Thii tuc tong qudt

Néu N = B’ thi ching ta c¢6 thé phan ddy x(n)y thanh B ddy c6 chiéu dai la %

tiec 1a thanh cac ddy x(n), nhu sau: -
B

xo(n) = x(Br)

x(n)=x(Br+ 1)

Xpga(n)=x(Br+B-1)
Vay ta c6 thé viét x(n) dudi dang sau day:
X(n)y = xg(n) +x(n) + ...+ x5.,.(n)
va X(k)y c6 thé viét nhu sau:
| N-1

Xk)y= Y x(n)yWy'

n=0-

N-I N-l Nl
. k . k _ k
= Y x (MW + Y x ()W + o+ Y g ()W

n=0 n=0

n=0
Thay x;(n) vao va ddi bién s6 ta co:
%-1 %-1 %—1
Xk)y= Y X(BrWR™ + 3 x(Br+ DWW 4 o+ Y (Br+B- WP
r=0 r=0 r=0 -
N N N
E—] E—] E"‘l 5
= 3 ABIOWEE + Wy S x(Br W + o+ WS B B- Wit
=0 r=0 r=0 T

X(Br) = g(r)

X(Br+1)=g(r)

Xg(Br+ B -1)=gz,(r)

N Brk _ rk
ma W™ = Wd
B

Va trong mién £ ta ciing dat:
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2 ,_
Gc.(/\')ﬁ: Z 81(")W{/\}j

Yo

B &N
Gpy(kly = Z ga(")Wzl\k/I
g =0 B

Tir day ta ¢6:

Golk)y +WaGy(k)y +.. +WER G, (k) 0<k<N-]
Xk)y = B B B (10.3.4.1)
0 k con lai

Hoac ta ¢6 thé viét:

X(k)y = Go(k)y rect,(k)+ WEG (k) recty(k)+ ... +
5 5

+ WEVEG, (k)yrecty(k)  (10.3.4.2)
b

Nhdn xét
P U . N e e N
Sau d6 ching ta la1 ti€p tyc chia ddy g;(r), thanh B diy c6 chiéu dai la — va

B
qué trinh ¢ thé€ tiép tuc cho dén khi chi con tinh DFT ¢6 chiéu dai B di¢m.

Vidu 10.3.4.1
Gia str cho bién ddi Fourier rdi rac véi chidu dai N = 9.
+ Hiy trinh bay thuat todn FFT phan thoi gian trong trudng hgp N = B'.
+ Hay v& d6 hinh dang cdnh buém dé minh hoa thuat todn nay.
Giai
N=9=3 =B=3viy=2
Ap dung céc biéu thic (10.3.4.1) va (10.3.4.2) ta c6 thé viét:
X(k)y = Gylkyrecty(k)+ WEG (k) recty(k)+ WEG,(k)yrecty(k)

"

Go(kh = Zgo(")erk = Zgu(")W:rk

r=0 r=0
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Gi(k) = Z"ﬂ'l(")W;A + Zgl(’.)m)yk
r=0

r=0

Ga(kly =Y s (rIWSE + 3 g (W)

roQ r=0

Nhu vay tir DFT ¢6 chiéu dai N = 9 ching ta tach thanh 2 DFT ¢4 chicu dai

LAY
2
Do hinh dang cdanh budm minh hoa thuat todn nay dugce cho tren hinh 10,341
sau day:
sau day ’ Ga(o) X(o)
x(0)= g(0)
o
X(3) = g (1) X(1)
0
x(6) =g (2 X(2)
2(2)

LA

—DX(3)

x[1)=z[0) Q a

SosZ KKK

z4)=g (1) . » X0
0SS ‘W‘

x(])= g,(z) / /"‘\ \ X(5)

2(2)=g(0) G‘(i) / \ \ X(6)

x(%) = 72(1)

Hinh 10.3.4.1.
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b) Hiéu qud cua thudl todn

Ciing giong nhu phéan trén ta thiy ring dé tinh truc ti€p ching ta can N? phép

nhan va phép cong.

2 . s . N )
O budc | ching ta chia ddy X(n)y thanh B ddy g(r), c6 chiéu dai R Vay dé
N

tinh truc (i€p mot DFT ¢6 chiéu dai % ching ta can doi hoi (%j phép nhan va
e - - A g s N o 2. N ) 7 ~ ~
phép cong phitc. Vay deé tinh todn B DFT G,(k), céan doi hoi B. 3 phép nhan va
B
phép cong phiic. Theo biu thirc (10.3.4.1) hoidc (10.3.4.2) d¢ tinh mbi mot diém
ctia X'k)y ching ta cén (B - 1) phép cong va dé tinh mdi mot diém N cua X(k),
chiing ta cAn N(B - 1) phép cong.

Con d6i v6i phép nhan ta thdy ring: dé tinh todn tr thanh phan thit 2 dén thanh
phan tht B, mdi thanh phan ching ta cdn phai thuc hién mot phép nhan W, véi
G.(k)y , vay d& tinh mdi mot diém & clia X(k)y ching ta cdn (B - 1) phép nhan va dé

E -
tinh m&i mot diém N cla X(k)y ching ta cdn N(B - 1) phép nhan.

O budc 2 va céc bude ti€p theo chdng ta ciing ly luan tuong tu, budc cudi clung

fa budce vy.

+ Budce | ching tacan N(B- 1)+ B(%) phép tinh

A

+ Budc 2 ching tacan N(B- 1)+ B{%(B—l)a»B(;\ij Jphép,,u’nh

-

NV
j phép tinh

BZ

=NB-1)+NB-1)+ B”*(

2

+ Budce y ching tacan N(B-1)+N(B-1)+... + N(B-1) + B(EN-) phép tinh.

v
l1

¥ ldn
1)
/

2. - N . 3

O budc y ta thdy ring 5= I, tic 1a ta tinh DFT 1 di¢.n ma ching ta khong
can phéi tinh DFT 1 diém.

Tdng két lai qua y bude, dé tinh tdt ca cdc gid tri cta X(k)y ching ta cdn doi
hoi:

N(B - 1)y phép nhén phitc



va N(B - 1)y phép cong phic
Vay hiéu qua cha thuat todn c6 thé danh gia nhu sau:

N' N
N(B-l)yy (B-1l)y

Nhu thé ta thdy rdng khi N cang 16n thi hi¢u qua cang ca. .
Vidu 10.3.4.2
Cho DFT ¢6 chiéu dai N = 9.
Hay tinh hiéu qua cta thuat toan FFT.
Giai
N=9 = N =38l

N(B-1)y =9.(3-1) =36
3:3} = N(B-1)y =93-1)=36
Vay k&t qua la:

N
(B—1)y

=2 225 1an .
4

10.3.5. THUAT TOAN FFT PHAN THOI GIAN TRONG TRUOGNG HOP
N =B,B, ‘

a) Thii tuc tong qudt
Néu N = B,.B, va Chﬁng ta ¢6 day x(n)y thi ching ta cé thé phan ddy x(n)y nady

- . N =
thanh B, ddy c¢6 chiéu dai 1a B, :E’ tte 12 phan thdnh B, ddy x(n),, nhu sau:
1 2

Xo(n) = x(B,r)
Xy(n)=x(Br+1)

Vg, (n)=x(Byr + B, -1)
Vay ta ¢6 thé viét a(n)y dudi dang sau day:
X )y = Xo(M)+ X (1) +..+ X (1)

va X(k)y c6 thé viét nhu sau:

N-1
X(k)y = Y x(n)y Wy

n=0

39]



N-1

N-1 N-1

k . k . k.

= (W > MW+ Yg ()W
n=0 n=0 n=0

Thay x(n), (i=0 = By - 1) vao va d6i bicn sg (4 c6:

B)-1 n By-1 ' ,
X(k)N = Z _‘.('Bl’.)WAlfll/x + Z .\'(Bll'+l)WA(/Bl,+UA +
r=0 r=0
By -1 o "
+ Z "'(B["+BI _I)WA(/BII+ 11
r=0
Byl Bk By-1 .
= Z "'(Bl")WNI’ +W/\/; Z .\'(Bll‘-i—l)WA‘fl'A .
=0 =0
By -1 ! p
+ W/\(/ 1—1) Z .\'(B]I'+B] _I)I,VA{’)II
r=0
Dit
"'(Blr):go(")
.\'(B”"Fl):g[(,‘)
."(Bl’.+Bl -1):8181_1(,-)
ma ta ¢é

Birk _ rk_ rk
I/VN - WN - WB:
B

va trong mién £ ta cling cé:

By -1
Colk)y =Gythly, = 3 g (rpwt
E r=0 -
By -1
Gl(/\’)lv :(;1(/\')32 = Z gl(-,-)WBr;.
E r=0

Bs -]

= Z 85 ~1(”)W3r§

r=0

Gy, <1(k)£ =Gy, 1K),
5

Tu day ta ¢6:

Go(k)y +WEG. (k WPk <k<N-
X(k)N :{ 0( )32 N 1( )Bg N Bl—l( )Bg O_ _"N 1 (l().3.5.l)
0

k con laj



Hoic ta ¢6 thé viét:
X(k)y = Go(k)g, recty (k) + WaGo(k)g, recty(k)+ ... + WP "Gy - (k)y, rect (k)
| (10.3.5.2)
Nhdn xét

Trong trudng hop téng quét néu N = B,.B,...B,, thi chiing ta vin ap dung cach
tinh trén nhung phan tirng giai doan nhu sau:

N =B,.B)

By =B,.B...B,
= B,.B,

B, =B,.B,..B,

Vidu10.3.5.1

Gia sir cho bién d6i Fourier rdi rac véi chiéu dai N = 6.

* Hay trinh bay thuat todn FFT phan thé’i gian trong trudng hgp:
+N=B.B,=32;B=3;B,=2
+N=B.B,=23;B=2;B,=3 A

* Hdy v& d6 hinh dang cdnh buém dé minh hoa cdc thuat to4n nay.

Giai

+ Truong hgp B,=3;B,=2

Trong trudng hgp nay ta phan ddy x(n)s thanh 3 ddy c6 chiéu dai 1a 2: x,(n), nhu
sau: ’

Xo(n) = x(3r) = go(r),
x(n)=x(3r+1)=g(rh
Xa(n) = X(3r + 2) = g(r)
Ap dung c4c biéu thirc (10.3.5.1) hodc (10.3.5.2) chiing ta cé thé tinh: X(k)s nhu

sau:

Go(k)y +WEG (k)y +WZG,(k), 0<k<5
X(k)s =

0 ‘ k con lai

o 1
Go(k), = 280(")2 Wzkr = Zgo(")z Wsm

r=0 r=0

]
O
8]



1 ! . "
Gi(k) = Zg‘(r)ZWf" = Zgl('.)ZWG“

r=Q X r=0
' : | & . 3%
Gi(k), = Zgz(")zwzr = Zg:(""):w(: '
r=0 r-0

D6 hinh dang cdnh buém dé minh hoa thuat todn nay cho trén hinh 10.3.5.1.

90(0) = I(O) o

DFT,
90(7) = x(3) 00—
Z(") =x() g

DFT,
9,(V = x(4) o >
52(0) =x(2) o ]

DFT,
?2(7) =2(5) o

Hinh 10.3.5.1.
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+ Truong hop B, =2; B, =3
Trong trudng hop nay ta phan day (n), thanh hai day cé chiéu dai 1a 3: x(n);
nhu sau:
Xo(n) = X(2r) = g.(r)s
N(n)=x(2r + 1) =g(r)
Ap dung cdc bidu thic (10.3.5.1)hoac (10.3.5.2) chidng ta c¢6 thé tinh X(k), nhu

sau:

X(k)g = {Go(k)3+W6kG1(/\')3 0<k<o

k ¢on lai

g day:

A

Gy(k) = Zgo( ")3W3kr = ZS(»(")a szkr

r=0

Gk =3 g (r W =Y g (ry Wi

Dang d6 hinh cdnh budm dé minh hoa thuat todn nay dugc cho trén hinh
10.3.5.2.

b) Hiéu qud ctia thudt todn khi N = B,. B, ...B,

M” >~ N ) .
bé tinh toadn G,(k), ching ta can [—B—) phép nhan va phép cfng, ching ta
B 1

phai tinh B, diy G,(k)y , vdy mudn dé€ tinh todn (4t cd G,(k), thi ta cin B,[lj
o ‘ 0 B
¥
phép nhan va phép cong.
D& tinh méi gid tri clia X(k)y ta cdn (B, - 1) phép cong’'va phép nhan.
Nhung & = 1 + (N - 1), vay d€ tinh tdt cd cdc gid tri cla X(k), ching ta cén
N(B, - 1) phép cong va phép nhén.

Tdng cong ta cdn s& phép tinh & cdc budc tinh todn nhu sau:

+ Budc 1 ching ta cdn N(B, - 1) + BI[—;X] phép tinh

1

\ N i
+ Budc 2 chiing ta cdn N(B, - 1)+ B, E(BZ ‘1)"‘33(8[\; ) phép tinh
. ! I

)

= N(B,- 1)+ N(B, - 1)+ BIBZ(B—AI;——J phép tinh.
1 2



. , N i
+ Budc y ta cén: N(Bl~1)+N(Bz~1)+...+N(B~,—l)+Bl...BY[B 3 )

ma: Bl...BY[B N
, B,

vy lan

1---Dy

] chinh 1a DFT | diém va day chinh 1a x(n),

N(B, ~1)+N(B, ~1)+...+ N(B, ~1)=NB, =N +NB, ~N +...+ NB, =N =

= N(B,+B,+..+B )+yN = N(B, +B, +..+B, —)

Viay dé tinh todn tat

ca

Cac

cua

gia tri X(k)y ching ta cén:
N(B; + B, +...+ B, —v) phép tinh (phép cong va phép nhan). '
Chi ¥ rang néu B, = B, = ....= B, = B thi chiing ta cdn Ny(B - 1) phép tinh va
néu B = 2 thi ta can Ny phép tinh.
6,(0) _
3(0) = x(0) o> x(0)
g GOM A
G,(2) \/ ;
5 2
()= xl4) —— ' x)
(4
6,(0) ‘ ‘
g(0)= x(l) 00— — ‘ o X(3)
Yy :
| 61y N\
4 G’% \ J
Z(Z) = xX(5) 00— > o ' X(5)
5(0) = x(09) /_) Xx(0;
9 .
go(f): z(2) X(1)
90 = ) X(2)
g.(0) = x(1) x(3)
g(1) = x(3) /\\ A(4)
4
Z(Z): x(5) \X(5)
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10.4. BIEN BOI FOURIER NHANH PHAN TAN SO

10.4.1. PINH NGHIA

Thuat todn tinh nhanh bién déi Fourier rdi rac dva trén co s& phan day X(k),
thanh cdc day con c¢6 chiéu dai ngdn hon dugc goi 1a thuat todn bign doéi Fourier
nhanh phéan tan sd.

D¢ minh hoa thuat todn bién déi Fourier nhanh phan tdn s6 nay trudc hét chiing
ta xét trudng hgp N = 27 sau day:

10.4.2, THUAT TOAN FFT PHAN TAN TRONG TRUONG HOP N = 27

a) Thii tuc téng qudt

N€u N = 27 thi ching ta c¢6 thé phan diy x(n), thanh hai diy x,(n) va x,(n) nhu

sau:

N
xn)=x(n) voin=0,1,2, ..., (?_l]

xa(n) = .\'(n+%) véin=0,1,2, .., [—[;—lj

Vay ta c6 thé tinh X(k), nhu sau:

N
N-1 . i ] N-1 )
Xk)y =2 x(n)Wy" = > x(n W+ > i nwy
n=0 n=0 _N
ﬂ,l ﬁ_l 1\)
2 o 2 N k(u+j_)
= Z.\‘(n);WN + Z.\'(11+—)WN -
n=0 n=0 2
N N
— — N
2 n 2 k("‘*‘z)
= > xy(nWy" + X x,(nWy

n=0

‘Chiing ta biét ring:

n=0

Ny ,
W2 =e ™ =(-1)}
Viy ta co:
N
X(k)y = 222)[.x,(n)+(—1)k.x‘3(n)]W,$" (10.4.2:1)

Néu klachinthi(- 1) =1



Néuklaléthi(- 1) =-1

Vay ching ta cé thé phan X(k)y thanh hai trudng hop & ehdn va & 1é nhu sau:
Vi k chin tacd X(2r).

Vi k1€ tacd X(2r +1).

Cu thé nhu sau:

N
3

X(2r) = Z[xl(n) + ()W

n=0

N

-l

= Z [.\'(n) +x(n+ %)}Wl\:}'"

n=0

= {i,\'(n)+.\‘(n+%)}wl\;" : (10.4.2.2)

2

N
-1

2
X2r+1)=> [_\'1()1)—.\72(11)]W,\','(2r+1)

n=0

N

Z

= Z {\'(”) —x(n+ ﬁ):‘w}cwl\.’?m
n=0 2

-1

n

= Z':_\‘('n)—.\'(n+%)]WA’,'W,:‘,'" (10.4.2.3)
n=0 5

va ta thay ring:

| N ... B
X(2r)va X(2r + 1) 1a cac DFT 5 diém, vay ta c6 thé dat:

g(n):.\'(n)-i-x(n+%) -n=0+(%_1)
/1()1):.Y(II)—,\7(}I+%—) n=0+(%-1)’

Thay vao biéu thic (10.4.2.2) va (10.4.2.3) ta ¢6:

N
|
X(2r)y = Y g(my Wy =Gr)y
30 3 2 B
LAY
X(2r+1)y = S h(nm)y WaW' = H(r), - (10.4.2.4)
N =0 E "y 5 .
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Ching ta c6 thé dat:

)y =hn)y Wy

N

) -
= H(r)y =Y I (n) W (10.4.2.5)
R R T ¥

Vidu 10.4.2.1

Gia su cho chiéu dai coia DFT N = 8, hdy trinh bay thuat toan FFT phan tan s¢
dé phan doi DFT nay. Sau d6 dung d6 hinh dang cdnh buém dé minh hoa thuat toin
nay.

Giai

V6i N = § ching ta phan day x(n), thanh 2 ddy x,(n) va x,(n) nhu sau:
x(n) = xfi), véin=20,1,2,3
X(n)=x(n+4) voin=20,1,2,3

Sau d6 4p dung biéu thifc (10.4.2.4) ta ¢6 d6 hinh cdnh budm cho trén hinh
10.4.2.1 dé minh hoa thuat todn nay.

0)

(X(0) ?‘( > L o X(0)=6(0)
9(1)

x(1)a— H—> DFT_N_ . 5 X(2)=G(1)

2
X
(") L o X(#) =G(2)
| o X(6)=6(3)
>0 X(1) =H(©)
DET, |0 XB) = H(2)
x,(n) 4 7

L, o X(5)=H{)

Hinh 10.4.2.1.

Ti€p tuc bang cach tuong tu, ching ta lai xdy dung tha tuc tinh nhanh cac DFT
LA diém.
2



Ching ta chia day g(n), thanh hai ddy g,(n)y va g,(n),, va hinh thanh cédch

2 4 4
tinh G(r), nhu sau:
4&1
G2y = X[ g(n)+a(nWg"
I n=0 B

IV
!

= Z gln)+g(n +—-)]WI"
n=0 4

N

T
G+ = Z [g,(n)- gz(n)/W”(Z[H)

n n=0 2
Nfl
—Z/g(n)—e(w-)]W” wy
n=0 2 4

Ching ta dat:

a(n) = g(n) + g(n + —IZ—)

b(n) = g(u)-gln + —1‘%)

Ta c6:
N
31 .
G(21) Za(n),v v = Ay .i
n=0 4 4
#71
G(2U+1), = Zb(n)NW”W'"_B(I)N , (10.4.2.6)
4 a=0 402 4
Chiing ta c6 thé dat:
b(n), =bn)yWy
3 P
o
j—l
= B(l)y = S0 (n)y Wy ‘ (10.4.2.7)
voEom Ty

D61 vai diy /'(n), chung ta ciing chia lam hai day h(n)y va hy(n)y, va hinh
B 4 3

thanh cédch tinh H(r), nhu sau:

A
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IV
2in

.—41
H(zl)ﬂ = HLZ:[lzl'(n)+lzg(n)]W.N

n=0

3
N
e N
= Z[/I'(M)+/1'(JJ+—)JW’”
n=0 4 ;
Ny
4
H2I+1), = Z[lzly(n)—/1;__(11)]\4/(\,:”“"
1 =0 3
N
. N
= Z {/1'(11)—}1’(H+Z):IW&WZI
n=0 2 :
Chiing ta dat:
c(n)=h'tn) + h'(n + Z)

din)=n'tn) - '(n + —)

Ta co:
N
:-1
H(2)y = Y c(n)y Wi =C()y
PR ¥
N
n
H(20+1)y =D d(n)y WyWi' = D(1),
4 ow0 4 3 4 '3
Chiing ta c6 thé dat: ‘
d'(n)y =d(n)yWy
3 PR
N
:—1
D)y = Y.d(m)y Wy
4 4

=
: n=0

Vidu 10.4.2.2

FFT phan tan s6 dé phan doi DFT — diém.

Giai
Ding céc biéu thic (10.4.2.6), (10.4.2.7), (10.4.2.8) va (10.4.2.9) ching ta c6
d6 hinh dang canh buém minh hoa thuat todn FFT cho trén hinh (10.4.2.2) sau day:

(10.4.2.8)

(10.4.2.9)

Tiép tuc vi du 10.4.2.1. Hay v& d6 hinh dang cdnh buém dé minh hoa thuat toan
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a(0)
> > o0X(0)26(0)=A(0)
a(1) DFT

x(1) X Ly oXW)=6(2)=A0)
:\\\ // b(0)
x(2)a— O—>——0

Do L oX(2)=6(1)<B(0)
b(1) Wu DFT

X(0)

Nz

N
x(3) > 4 Lo oX(6)=6(3)=B(1)
-1 w;
. “« c(0)
x(4) ho) jo) o> o X(1)=H(0)=C(0)
\ hy " i) / 1 DFT
o h(1) \ c) 4| oxt8)=HD=CU)
..1 W’
N
h(2 ’ d(o)
P70 @ hiz) | | o X(3)=H(f)=D(0)
\ h(3) Y A N dif) W | DF T
x(7) he 4 1, oX(7)=H(3)=D(1)
"1 W’ -1 w’
N N

Hhinh 10.4.2.2.

7
Tuong tr chiing ta lai xay dyng thu tue tinh nhanh DFT — diecm wwong te nhu

cdce thu tue da tinh & trén. Chang ta chia cde day: a(n)y , /7’('/1)‘,\., o)y va d'(n)y
4 4 4 4
thanh cdc day c¢6 chicu dai e va qud trinh c& 1€p tuc cho dén khi nao chi con lai
DFT 2 diém thi ta K&t thiic qué trinh tinh todn. Vi du 10.4.2.3 sau day s¢ minh hoa
toan bo thuil toan FFT phan (an so vai N = 3.
Vidu 10.4.2.3

Tiép tuc vi du 10.4.2.2. Hay vE do hinh dang cdnh budm dé minh hoa thuat toan
FET phan 1an s6 do1 vor DFT 7 dicm.
Gidi

!
Vi N=3 :>—4~:2 diem, vay la co:
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vav ta ¢co:

N
4

ADy = u(n w

3 n=0 i

2-1
Ay = Y a(mwl
n=0 4

A0)y = a(0)+a(1)Wy

A1), = a(0)+ a(L)W,

A(0), = a(0)+a(1)

A(1), = a(0)— a(1)

bai véi B(l),, C(1),, va D(1), cling tuong tu.

Vay ta ¢6 do hinh dang cdnh buém minh hoa thuat toan FFT phan tin s cho

trén hinh 10.4.2.3.

4(0)

x(0) >
\ q9(1)
. X(1) o~ >

Nhdn xét

S X(0)=6(0)A0)

X(4)=6(2)=A(1)

X(2)=6(1) = 8(0)

\1X(6)=6(5)= B(1)

Hinh 10.4.2.3.

X(1)=H(0)=C(0)

So X(5)=H(2)=C(1)

-1
X()=H(1)=D(0)

X{)=H(3)=D(1)

-1

+ Nhin vao d6 hinh dang cdnh buém ta thdy rdng thuat todn FFT phan tdn so va
FFT phan thoi gian c6 s6 lugng cac budc gidng hét nhau, vi vay s phép todn (phép
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nhan va phép cong) la gidng hét nhau dan dén hiéu qua cha hai thuat todn nay la
gidng hét nhau.

+ DaGi v6i thuat todn FFT phan tdn s6, ddu vao cta do6 hinh dang cdnh budm,
day x(n) s& sap x&p thi tv theo ma nhi phan ty nhién (ma 8 4 2 1), con dau ra clia do
hinh cdnh budm, day X(k) s€ siap x&p theo luat dao bit cua ddu vao. Con ddi vdi
thuat toan FFT phan thoi gian thi ngugce lai, day ra X(k) sé sdap xép thir ty thco ma
nhi phan tu nhién, cdon day vao x(n) s€ sip x€p thep quy luat dao bit.

+ Nhu vay hai thuat todn FFT phan thoi gian va phan tén sd cling khong ¢6 gi la
khédc nhau, nén ta dang thuat todn nao cling hiéu qua giéng nhau vé moi phuong
dién.

+ Ngoai ra thuat todn FFT phan tan s6 ciing ¢6 cdc dang khdc nhu thuat todn
FFT phan thdi gian, nhu 14 sir dung khdi niém dai s nhi phan dé biéu dién cac day
X(1)y va X(k)y (thuat todn Sande) hodc nhu la thuat toan Singleton,...

+ Duya trén co s& tinh ddi xing va tinh tuan hoan cla ham W." c¢dn ton tai mot

vai thuat toan khdc nita nhu thuit todn Winograd.

BAI TAP CHUONG 10
Bai tap 10.1
Cho h¢ thdng s0 sau:
D\ -
yk(n)

xn)

~k

- Hay tim /i, (n) va vi(n), Z

- Ban ¢6 ¥ kién gi tai diém n = N.
Bai tap 10.2
-Cho h¢ thong sau day:

() )
+ +
ac (’1) \J p yk(n)
z-
27T
Zcos (Tk)
O——
7] Wa
- Hay tim H(z), Y(z), -1

- Ban ¢6 ¥ kién gi tai diém n = N.
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Bai tap 10.3

Cho hé thong sO sau:

{3) -
x (n) NG
2-1
A ]
N
- Hay tim vi(n), Wk
N
- Ban ¢6 ¥ kién gi tai di€ém n = N.
Bai tap 10.4
Cho hé thong so sau:
»{+
N
‘/k
- wh
-1
A s , -1
- Hay tim v,(n), N
- Ban c6 y kién gi tai diém n = N.
Bai tap 10.5
Cho day x(n) c¢6 dang trén hinh BT 10.5.
x(n) [
2
10 I
R 0 O
-1 0 1 2 3 4 5 6 71 8 n

Hinh BT 10.5.

Hay trinh bay céach tinh X(k) theo thuat todg FFT phan thoi gian.

Bai tap 10.6 \ '

Hay vé& d6 hinh dang cdnh budm d6i v&i thuat toan FFT phan thoi gian 16 diém
Bai tap 10.7

Hay v& d6 hinh dang canh budm d6i vGi thuat toan FFT phan thdi gian 17 diém
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Bai tap 10.8

Cho do6 hinh dang canh budm nhu hinh BT 10.3 sau day:

X;(p) o— —O0—> Xi (p)

Xi(q) o o= >0 X;41(9)

Hinh BT 10.%.

Chimg 16 rang:
RelX . () < 1y ImlX , (p)] <1
- RelX , ()< L Im(X, ()] <]

NEu |X, (p) < = va X (q)

1| —

Bai tap 10.9

Cho day v(n) ¢6 dang nhu trén hinh BT 10.9.

x(n)
3 Q ? ?
2.
19 .
-2 -1 0 1 2 3 4 5 ¢ 7 8 2 43 n

Hinh 81 10.9.

Hay trinh bay cach tinh X(4) theo thuat todan FET phan thor gran.
Bai tap 10.10
Hay trinh bay va v& do hinh dang canh budm cia thuat todin Coolev trong
trudng hgp N = 16
Bai tap 10.11
“Hay trinh bay thuat todn Cooley trong trudng hgp tong quat N = B, Sau d6 4p
dung vao trudng hop N = 3° =9 (B = 3, v = 2 ), va v& d6 hinh dang cdanh budm
trong trudng hgp nay.
Bai tap 10.12
Hay trinh bay thudt toan FFT phan thoi gian trong trudng hgp N = 25 = 5°. Sau

d6 hay minh hoa bang bang do hinh dang cdnh budm va hay tinh hi¢u qua cta thual

todan so vai cach tinh trye 1cp.
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Bai tap 10.13
Gia sir chidng ta can tinh bi€n déi Fourier roi rac voi chiéu dai N = 15.
* Hay trinh bay thuat todn FFT phan thi gian trong truong céc hgp sau day.

N =B,.B,=53;B,=5B,=3

5

N =B,B,=3.5 B, =38,
* Hay v& d6 hinh dang canh budm dé minh hoa cdc thuat rodn nay.
* Hay tinh hiéu qua cua cac thuat todn so véi cach tinh truc ti€p.
Bai tap 10.14
Gi4 sir chdng ta can tinh bién d6i Fourier roi rac véi chiéu dai N = 30
* Hay trinh bay thuart todn FFT phan thoi gian trong trudng cac hgp sau day:
+ N =8,8,8,=235B,=2B,=3 B,=5
+ N =8B,.B,.B,=3.2.5B,=3,B,=2,B,=5
+ N =8B,.B..By=523;B,=5B,=2,B,=3
+ N =8B,B,.By=532:B,=5B,=3,B,=2
+ N=8B,.B.B,=3.258,=2,B,=3,B,=5
+ N=B,B,.B,=352;,B,=3,B,=5,B,=2
* Hay vé& d6 hinh dang cdanh buém dé minh hoa cdc thuat todn nay.
* Hay tinh hi¢u qua cua céc thuat todn so v6i cdch tinh truc ti€p.
Bai tap 10.15
Cho day x(n)s ¢6 dang cho trén hinh BT 10.15 sau day:
JC(n)6 T ’
3t

2 4

| T - T
0o 1 2 3 5 ¢ n
Hinh BT 10.15

=
1

A

Hay trinh bay thuat toan FFT dé tinh X(k), theo kiéu N = B,.B,.
Bai tap 10.16

Hay trinh bay thuat todn Cooley trong truéng hop N = B,.B,... B,. Sau d6 ap
dung vao trudng hgp N = 2.3 va hdy vé d6 hinh dang cdnh budm dé minh hoa thuat
todn trong trudng hop nay.
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Bai tap 10.17

Hay trinh bay thuat todn Cooley trong truong hgp N = 16.

Sau dé vé do hinh dang cdnh budm dé minh hoa thuat toén nay.

Bai tap 10.18

Hay trinh bay thuat todn Singleton phan thdi gian trong trudng hop N = 16.
Bai tap 10.19

Hay trinh bay thuat todn FFT phan tan s& trong trudng hop N = 16. Sau dé vé
d6 hinh dang cdnh buém dé minh hoa thuat todn nay.

Bai tap 10.20

- Haiy trinh bay thuat todn FFT phan tan s& sir dung khédi niém dai s6 nhi phan d¢
bi¢u dién cdc day x(n)y va X(k), (thuat todn Sande) trong cdc trudng hgp: N = 8 va
N = 16. Sau d6 vé& d6 hinh dang cdnh buém dé minh hoa thuat to4dn nay.

Bai tap 10.21

Hay trinh bay thuat todn Singleton phan tan sd trong cédc truong hgp N = 8 va
N = 16.
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Chuong 11

BIEN POI HILBERT
VA HE THONG PHA TOI THIEU

11.1. MG DAU

Thong thudng, cdc chi tiéu ky thuat da cho dé téng hgp cdc bo loc so thu‘c té

chi lién quan t6i modul cta d4p dng tin sd lH(e’“’ )l (tc la dap tng bién do).

Con argument cia dép tng tan so, arg[H(ej“’ )] (tdc la ddp tdng pha ¢(o))sé

duge x4c dinh bdi cdc diéu kién rang bugc vé tinh 6n dinh va tinh nhan qua.

Trong céc chuong trude khi téng hop cée bo loc s6, ching ta dd t6ng hop theo
pha tuyén tinh bdi vi khong ¢6 cdc diéu kién rang budc vé pha. Con khi cédn thiét
phai ¢6 cdc chi tiéu k§ thuat vé pha (ddp @ng pha) thi ching ta khong thé chon pha
mot cach tuy y duge. Trong trudng hgp nay can phai tim quan hé giita phan thuc va
phin do cta ddp tng tan s6 H(e'”) (hedc quan h¢ gitra ddp tng bién do va ddp Gng
pha).

Bi¢n d6i Hilbert sé 1am nhiém vu thiét 1ap quan 1’16 gitta phan thuc va phan ao
cuia dép ung tan s6 H('“).

11.2. BIEN DOI HILBERT

11.2.1 PHAN HOACH PAP UNG XUNG

a) Phan hoach mot ddy bdt ky

Ching ta biét ring mot ddy bat ky ¢6 thé duge biéu dién bing (6ng cua hai day
chdn va lé nhu sau:

Goi:
h(n): ddp Gng xung cta hé thong,
h(n): phan chidn cta /i(n),
llo(n}K‘ phén 18 cta hfn).
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410

Ta co:

Jicny =i (o) + (i)

) day:

hfn) =
Vidull.2. 1.1

Cho day /s nhu sau:

>

-2
Hay tim /A1 Vi hi(n) bang do thi
Giai

Loi gidi cho trén hinh 11211,

©

9] —

]
lo(iy = - (ficr) + Tl

Phin) - hi-n)|

o1
he(n)
[}
o 1 .
h, (n)
- | T .

Hinh 11.2.1.1.

{1



b) Phdn hoach ddy thuc hién duoc vé vdt ly (ddy nhan qud va thuc)

Ching ta biét rang madt hé thdng thuc hién duge vé vat Iy thi ddp Gng xung fi(n)
cua nd phai 1a nhan qua va la thue, tic la:

hn)y=0 vé n<0O
= h(-n)=0 v6i n>0

Vay theo biéu thitc (11.2.1.1) ta cé:

2h,(n) . n>0
hi(n)=<sh,(n) n=0 (11.2.1.2)
0 n<0
va
20.(n) >()
h(in) = of 8
0 1<
Hoac la:

hn)=hyn)= % h(n) n>0

hin)=-h(n)= % ht-n) n<0 (11.2.1.3)

n,(0)=1y(0)

n=0
hy(0)=0

Vidu ll.2.1.2

Cho dap Gng xung cua mot hé thong thuc hién ,:dugc ve vat ly Ai(n) nhu sau:

hon — 1—% 0O<n<4
0 n con 'lai
Hay tim /1,(n) va h(n) bing do thi..
Giai
Loi giai cho trén hinh 11.2.1.2.
Nhdn xét
Tir vi du 11.2.1.2 ta c6 c4c nhan xét sau day:
+ h(n)=h(-n)

+ hy(n)=- h(-n)

+ h(n)=h,(n)+ hyn)



+ h(n)= %/1(/1) + %/1(— n)= %[lz(n) + (- )}

+ hofn)= %h(n) - %h(» ny= %[h(n) - hi-nlf

h(n)
1

- NP~ - S ~ W~ jiwm
h
h(-n)
1¢
R 2 I N B
' n
| heln)
')ﬁ&
RS N 2 0 I I B T
n
ho(n) '
o LTI?Q -
45&1 -

Hinh (1.2.1.2.

Néu ching ta dat ham S(n) nhu sau:

- ] voil 1 >0
Stn)=<0 vl n =0

-1 vé n <0

Po thi cua S¢n) duge cho trén hinh 11.2.1.3.
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Scn)

T -
=L

Hinh t1.2.1.3.

Tir day ta coé:

() =h(n).8(n)

hon) = hy(n).Scn) + h(0).6(n)
¢) Bién doi Fourier ctia ddy thire va nhdn qud
Ta bi¢l ring:

(') = FT{h(n)]

v
= Y ifnje ™
nooo

H() = RelH(7)] + jIm[1(”)]
ma:
1
+ /1{,(/1):5[/1(/1)+/1(—/1)] '

Vay bién doi Fourier cta A,(n) duge tinh nhu sau:

FTh(n)] = %FT[/I(II)I + %FT[/[(—H)]
= Ligey + Lo
2 2 ‘
FT[/i(n)] = Relll(¢)]

A+ hy(n) = %I/z(n) - hi-n)|
Vay bién doi Fourier cua hi,(n) duge tinh nhu sau:
FT{ho(n)] = %[H(e"‘”) CH(e))

= jim[H(e!”))
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Vay ta c6:
FT[h(n)} = FT[h(n) + hy(n)]
= FT[h(n)] + FT[ho(n)]
= Re[H(“)] + jIm[H(e'“)]
=H(e'”).

11.2.2. BIEN DOI HILBERT (HILBERT TRANSFORM: HT)

a) Cdc dinh nghia

Bay gid chiing ta tinh todn bién déi Fourier clia cdc ddy chén va céc day 1& nhu

sau:
g | . FT[h.(n)] = FT[he(n).S(n) + h(0).8(n))

= FT[ho(n).8(n)] + FT[1(0).8(n)]

FT(ho(n)] = FT[h(n).S(n)]

Vay ta cé:

FT(ho(n)] = jim[H(e')]
= FT[h(n))*FT[S(n))
= Re[H(“)1*S(e'®)

= jIm H(€'®) = Re[H(?)]*S(e’”) = S(e/)*Re[H(e'®)) |
= ;_n_fnRe[H(ef‘*" )]S(e”“’"m" ).do’

hoac:
_ ] T R T
Im[H(¢'°)] = pye jRe[H(e’”’ )18‘(6?’(“’"“’ ').de’
LI '

Tinh bi&n 26i Fourier cta A (n) ta c6:

FT(h,(n)] = ET(hy(n))* FT[S(n)l + h(0).FT[(n)]

JIm[H(e“)]  S() 1

= Re[H('”)] = Im[H()] * S(e/°) + h(0)

=  Re[H(e")] = jzl j nn[H(ef‘*" )]S(ef(“’“‘“') )de’ + h(0)
. n_n
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Tur day ta c6 cédp bién ddi Hilbert nhu sau:

Im[H(e'“)] = 5— f Re[H(e’“’ ]S(e"‘*"“’)dm } (11.&.2.1)
Ty

-7

Re[H(e/®)] = jzi { hn[H(ef"*" )]S(ef“”—‘“ )do' + h(0) (11.2.2.2)
TC_"

Va ta ¢6 thé ky hiéu nhu sau:
Im[H(e'”)] = HT{Re[H(e'“)]}
Re[H(e'”)] = IHT{Im[H(e'“)]}

Diéu nay c6 nghia 1a d6i v6i mot hé théng nhan qud, ching ta ¢ thé tinh phin
4o cla ddp dng tdn s6 clia hé¢ thong theo phédn thuc clia né, hodc nguoc lai ta ¢ thé
tinh phén thuc theo phan ao va mot hing s6 A(0).

Vay ta c6 thé n6i ring bién déi Hilbert cho ta quan hé giita phan thuc va phin
do cua ddp Ung tan sO cia mot hé thong nhan qua.

Chiing ta c6 thé viét bién ddi Hilbert du6i dang phép chap lién tuc va tuin hoan
sau day:

m[H(e/®)] = -j{S(e/®)*Re[H(®)]} (11.2.2.3)
Re[H(€?)] = j{Im[H(&®)]*S(e!®)} + h(0) (11.2.2.4)
b) Bién doi Fourier ctia ddy S(n)

Chiing ta thdy ring diy S(n) 1a day khong c6 tong tuyet dadi, .vay ching ta
khong thé tinh truc tiép bi€n ddi Fourier clia ddy S(#) d’ﬁ‘dc Vay dé tranh khé khin
ndy, ching ta sit dung thu thudt quen thudc 1a coi ddy S(n) nhu 13 giGi han cua mot
diy khdc ma bi&n déi Fourier clia n6 ¢6 thé tinh dugc mot cach d& dang.

Gia sir ta c6 day ham mi sau day:
So(n) = a”.u(r;-])
G day: O<axl |
Ta fao day S,(n) bing céch sau day:
- Si(n) = Sofn) - Sof-n)
Vay rd rang la:

S(n) = lirr%Sl(n) ~

D6 thi minh hoa cac day Sy(n) va S,(n) dugc cho trén hinh 11.2.2.1.
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u(n-1)

. [ 98 teg--_

So(n)
1

——o—o—e—e—O—M—bTT?_?L? ;-*

SEn)-
1

—--9L?TTT

Sy(n)

199200 .-

=888} ] l

| -1

[Tinh 11.2.2.1.

Bién ddi Fouricr clia ddy S (#) duge tinh nhu sau:
FT{S,(n)] = FTIS.(n)] - FT[S.(- 1]

Vi S(n) la thye nén ta co: S
FTIS.(-)] = Sq (')

Vay ta co:
Sy = Sy - Sy () = 2jIm[S (e

Bay gio ta tinh Sue?):

Syl ¢ = FT{Sym)
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ke sl o9
= Y Se(n)e” " =Y a"u(n-1)e” " .
n=—w 3

n=—u

- jo
Jjo —jﬁ) n _ ae /
= So(e )—- Z((le - —_—

el 1-ae™®

S(n) = limS,(n) = S(e*) =lim|$,(e ]
a—>l a1

= s )= limlsoe )-S5 (e )= 2ﬂm[lim So(e” )}
a—l Aol
Bay gi® ching ta tim limS,(e’”):

fjm

véi oz 0
o

; e
e
fimSife*)=1

—-e

Tu day chiing ta tim duge S(e’”) nhu sau:

S(e!®) = —jcotg% (11.2.2.5)

Ta thdy ring S(e’“) 1a thudn 4o bdi vi S(n) 12 ham 1é. RS rang 1a S(¢/“)-1a ham

khong lién tuc tai gc toa do. Dé tranh sy bAt lién tuc nay, ta cdn phai tinh gidi han
tai gdc toa do. Vay ching ta phai viét bién déi Hilbert dusi dang sau day:

Im[H(e'“)]

517; }Re[H(ej“")lS‘(ej‘ 0= )y’

—o }dm'

’

0) 14
do

- jRe[H(eJ‘D )]|:— Jjeotg @

1 = . ® -
=—— | Re|H(e’® )|cot
2n _jn [ : ] &
j : bét lién tuc tai géc toadd: 0 =0

T day ta c6 thé bién d6i Hilbert dudi dang sau day:

-,
do’ +

Im[H(e'®)] = —Q—hm{ { Re[H(ef“’ )]L,Otg

£—>0

’

® do)’} (11.2.2.6)

+ ]_r Re[H(ef“" )]cotg o-

w+e

Va tiép tuc ta c6:
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i | T o o-o
Re[H(e'”)| = h(0) + 2—1mz [ Im{H(e’ )|cotg 3 do’ +
T

g0

+ Tf Im[H(ej“" )Lotgm_m’

»+g

d())'} (11.2.2.7)

11.3. HE THONG PHA CUC TIEU

11.3.1. CAC BO LOC SO PHA CUC TIEU

a) Pdp itng tdn so

Chadng ta biét ring ddp tng tdn sd clia mot bo loc s6 ¢6 thé duge viét dudi céc
hang sau day:

H(e'?) = FT[h(n)|

_ 'H(efm J jarg[H(ejm )]

e
= [H(e® Jer#
3 day:
o) = arg[H(ej“’ )]

Né€u cédc h¢ s6 clia bo loc s6 la thuc (ddp tng xung A(n) 1a thuc), thi chiing ta ¢6
thé viét:

H(e'’) = H'(e”®)
tic la:

‘H(ej“) )

e

arg[H(e'*)] = - arg[H(e?®)]

Chiing ta biét ring mot bo loc thuc hién dugec vé mit vat 1y nhdt thiét phéi 1a
nhan qua, tic 1a ddp d¥ng xung cla né phai thoa man quan hé sau day:
h(n)=0v6in<0
va néu h(n) 12 thuc va nhan qua, thi Re[H(¢/”)] va Im[H(€'°)] s& quan hé véi
nhau thong qua bién ddi Hilbert.

Bay gid chiing ta coi logarit phitc cta ddp itng tin s6 1a H(e™) nhu sau:
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A . .
H(e!®) = ln[H(efm )] (11.3.1.1)
Vay theo quan niém mdéi nay, ching ta thu dugc mot bo loc méi ¢6 dép tng tan

sG 1a H(e™) va c6 dap ting xung méi 1a h(n), va ching ta c6 thé viét:

H(e) = FTP:(n)}

hn) = Jﬁ[ﬁ(e!@ )J

D6i véi b loc méi ndy, ching ta c6 thé phat biéu diéu kién 6n dinh nhu sau:

z

H=—0

A

h(n) < oo (11.32.1.2)

Né&u diéu kién (11.3.1.2) nay thoa main, thi bo loc méi nay sé 6n dinh, va néu

A
xét trong mién z thi tdt ca cdc diém cyc clha ham truyén dat H(z) phai nim trong

vong tron don vi.

Hon nita n€u bd loc nay la nhan qua thi ddp dng xung }\z(n) phai tuan theo quan

hé sau day:
W) =0 véin<0 (11.3.1.3)

A
Bay gid chiing ta s& nghién ctu k§ H(z) dé kiém tra tinh én dinh ctia bo loc

mdi trong mién z.
¥

A
b) Ham truyén dat H(z)

Tuong tu trong mién tdn s§ o, trong mién z ta cling ¢6 quan hé (11.3.1.1) nhu
sau:

A
H(z) = In[H(z)] (11.3.1.4)
B¢ loc s6 H(z) 1a 6n dinh thi tat ca céc diém cuc ctia H(z) phai nidfn'trong vdng
tron don vi.
Bay gid ta viét H(z) dudi dang phan thic hitu ty sau day:

N(z)

H(z) =
(z) D(z)

Vay:
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H(z)= In[H(z)] = In[N(z)] - In[D(z)] (11.3.1.5)

Dé bo loc mdi IAJ(Z)lé on dinh thi t4t ca cic diém cuc cla IAJ(Z) phai nan trong
vong tron don vi.

Ma ta biét rang:
Cé4c nghiém cla D(z) la cic diém cuc cla H(z)
Cé4c nghiém cla N(z) la cac diém khong cta H(z) |

Ma: )
Tai cdc nghiém cua D(z) thi In[D(z)] 12 khong xdc dinh
Tai cdc nghiém cua N(z) thi In[N(z)] la khong x4c dinh.

_ Vay ta c6 thé néi rang:

Céc nghié;n cha D(z) chinh 12 céc diém cuc cla [Ai(z).
Céc nghiém cla N(z) ciing chinh la cdc diém cuc cha I/il(z)..

Va tdng qudt ta c6 thé néi ring cdc diém khong va diém cuc clia H(z) chinh la

A
cdc diém cuc cha -H(z).

A - kd
Vay dé cho bo loc méi H(z) la én dinh thi tdt ca cdc diém khong va diém cuc
clia H(z) phai ndm trong vong trdn don vi. ‘
¢) Pinh nghia bé loc s6 pha cuc tiéu

n - . ~ a2 ~ - P P P
Né&u bo loc méi H(z) la 6n dinh va nhan qua thi ching ta'cé the 4p dung bién

i

ddi Hilbert vao phdn thuc va phin 4o clia H(e’) nhu sau:

H(e™) = In|H(e® )] = ln{’H(ej‘” Je' “'g{H“jnf ’}} (11.3.1.6)

L= H(e") = ln[H(ej“’)] + jarg [H(ejm )]

Vay:

Re|:1f1(ej°° )} = ln[H(ej‘” )]

hn[ﬁ(efw )] 2 . (11.3.1.7)

‘Tir day ta c6 cap bién déi Hilbert nhu sau:
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’

®—-0
2

arg[H(e"" )] = ——2% T ln[H(ejm' )]cotg do' (11.3.1.8)

-T

o-0
do’

ln[H(ej“’ )] = ?1(0) + 2L T arg[H(e»"“" )]cotg (11.3.1.9)
T n

Nhdn xét
+ D€ cho cdc biéu thic nay cla bi€n déi Hilbert ¢6 gid tri thi tat ca cdc diém
A
cuc clia H(z) phai ndm trong vdng tron don vi, tic 1a cac diém khong va cdc diém
cuc clia H(z) phai ndm trong vdng trdn don vi.

+ Vay néu céc diém khong va cdc diém cuc clia ham truyén dat cia mot hé
thong tuyén tinh ndm bén trong vong tron don vi thi logarit cia modul va argument
cha ddp Gng tdn.sG s& quan hé v4i nhau theo bién ddi Hilbert. Cdc hé théng nay
dugc goi 1a hé thong pha cuc tiéu.

+ Tuong tu ta ¢6 thé néi rang: mot hé théng duge goi 1a hé théng pha cuc tiéu
néu tat ca céc diém cuc va cac diém khong clia ham truyén dat /{(z) ndm trong vong
tron don vi.

+ Ky hiéu ham truyén dat cta hé thong pha cuc tiéu 1a: H,,,.(z).

Vidul1l.3.1.1

- Cho mot hé théng tuyén tinh cé cdc diém khong nhu sau:

+ Hiy xét xem hé thong nay c6 phéi 1a h¢ théng‘ pha cuc tiéu hay khong?
+ Hay tim H(z) va h(n). :

Giai ﬁ

+ Vi trf cha cdc diém khong duge cho bdi hinh ;/é 11.3.1.1

- T hinh 11.3.1.1 ta thdy ring z,, va z,, ndm trong vong tron don vi, vay hé
thdng ndy 12 h¢ théng pha cyc tidu.

+ Ta c6 thé tim H_; (z) dudi dang sau day:
Hoin(z) = (1 - znz™) (1 - zgpz't)
=1-(zq + 202) 20 + 20yZo; 27

12l
2 4
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Im (2]

RelZ]

Hinh 11.3.1.1.

Tir day ta c6 A(n) nhu sau:

11.3.2. BO LOC THONG TAT (ALL - PASS FILTER)

a. Phdn hoach mot bé loc

Néu chiing ta ¢6 mot bo loc nhan qua va 6n dinh nao ddy ma ham truyén dat
clia né 12 H(z), thi ching ta thdy ring tat ca cac di€m cyc cfa bo loc nay phai nim
trong vong tron don vi, cdn cac diém khong cla né cé thé ndm trong hoac nim
ngoai vong tron don vi.

Gia st bo loc H(z) c6 M diém khong ndm ngoai vdng trdn don vi, cac diém
khong nay 1a: z,,, Zgs, ..., Zow- VAY ta ¢6 thé phan hoach H(z) thanh hai phdn H (z) va
H,(z) nhu sau:

H(z)=H,(z).H,(z) (11.3.2.1)

Trong d6 H (z) chi chita cdc diém cuc va c4c diém khong ndm trong vong trdon
don vi, con H,(z) chi chtta cac diém khong nim ngoai vong tron don vi. Tac 1a H,(z)
chi chita cdc diém khoéng: z,,, Zgs, -.-» Zom. cON H (z) khOng chtra cac diém khong

nay. Vay H,(z) s& 1a bo loc pha cuc tiéu.

Viy ta ¢ thé viét H,(z) nhu sau:

M
Hy(z) = [[(1-z,z7")
i=1
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M
= H(z)=Hz) [[(1-z,2z7") | (11.3.2.2)

i=1
Va trong mién tin sO o ta ¢é c4c quan hé sau day:
[F(e™ || (e )

(e )| = |, ge" || (6™ (11.3.2.3)

Viéc phan hoach b loc H(z) nay duoc biéu dién trén hinh 11.3.2.1.

Hinh 11.3.2.1.

Vidu l1.3.2.1
Cho bd loc s¢ FIR pha tuyén tinh ¢6 ham truyén dat H(z), H(z) c6 4 diém
khong: z,,, 2o, Zo3, Zos NhU sau:
. T . T
i -j

1 i ' -J
e 4§Zo::5" iz =2e Y5 zg= 2e

+1a

1
2

Zoy =

Hay tim H(z), H(z) va H,(z).

Giai _
Vi trf cdc diém khong clia H(z) dugc cho trén hinh 11.3.2.2.

/

Hinh 11.3.2.2.

Dua vao hinh 11.3.2.2 ta thdy ring:



Zo; VA 25, Ndm trong vong tron don vi,
Zo3 VA 7o, Ndm ngoai vong tron don vi.
T day ta co:
H(z) = (1 -25,2") (1 - 25oz") (1 - 2g327") (1 - 25427")
=H,(z).H,(z) ‘
Hi(z)=(1-252") (1 - 25527
Hyz)=(1-z52") (1 - z0,27")
b) Dinh nghia bo loc thong tdit
Bay gid néu chiing ta cin tdng hgp mot bo loc pha cuc tiéu voi diéu kién 1a:

’H(ej“’ )I = lem(ej“’)

H(e'”) c6 thé 1 pha tuyén tinh, ¢6 thé khong phdi 12 pha tuyén tinh.
Theo céch phan hoach bo loc & biéu thie 11.3.2.1 ta cé thé viét:

H(z) = H,,,(z).H,(z) (11.3.2.4)
Va tir day ta c6 thé viét:

[H(e™) (11.3.2.5)

= lein(ejm)

.lHap(ej“’ )

(') =1 v6i moi 0. T day

ap

=|H,,,,(e" ) thi: |H

Vay mudn dé bdo dam ’H(ejm)
dan dén dinh nghia cta bo loc s6 thong tdt nhu sau:
Pinh nghia ciia bé loc s6 thong tdt

B0 loc s6 ¢6 ddp tng bién d¢ bing mot d6i véi tdt ca daj tdn s6 duge goi 1a bo
loc s6 thong tdt (All - pass filter).

Nhdn xét

- Vi dép ting bién d¢ cla cdc bo lgc s6 thong s6 déu gicng nhau (‘Hap(ef“’) = 1),
nén ching chi phan biét véi nhau duy nhét bdi dap Ung pha.
- Tir biéu thitc (11.3.2.4) ta c6 thé viét:
H(e'®) = Hyo(z).H,(€°)
= |Hge®) =1
(™ )| = |H (e

arg(H(e'*)] = arg[H,,n(z)] + arg[H,(¢'°)] (11.3.2.6)

hoic:
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9(0)) = emm(m) + eap(m)

Ta ¢6 thé néi ring mot bd loc nhan qua bat ky ¢6 thé duge thay thé bing hai bo
loc, mot bo loc pha cug tiéu va mot bo loc thong 14t ghép néi tigp vSi nhau.

Sd d6 minh hoa cho trén hinh 11.3.2.3.

—] Humin (%) ap Ra

Vao

Hinh 11.3.2.3.

Vidu11.3.2.2

Gia st chiing ta ¢ mdt bo lgc s6 ma ham truyén dat H(z) ctia né ¢6 dang sau

day:
__l.
a
H(z) = i O<ax<x

l~az™
- Hay tim cic diém khong va cdc dieém cuc cua H(z).
- BO loc nivy ¢6 phai 1a bd loc thong tat hay khong?
Giai

Ta dé dang thdy ring H(z) c6 mot diém khong va mot diém cuc nhu sau:
| N . .
Zy, = — : nam ngoai vong tron don vi.
a

Z,; =« : ndm trong vong tron don vi.

Vi cdc diém cyc nam trong vong tron don vi nén bo loc nay 13 6n dinh.

Vi trf ctia cdc diém cuc va diém khong dugc minh hoa trén hinh 11.3.2.4.

*Irn {z]

Qo N

Relz]

x
¢
j

Hinh 11.3.2.4.



D¢ xét xem bo loc ndy ¢6 phai 1a bo loc thong a1 khong chiing ta hiy tinh

He'”):

Jeo
& —d

1Hie'") = 7

| —ue

= (ll(er"" )\ =1 vdi moi gid tri ¢cla o

= bd 1g¢ niy 1a bo lge thong at.
Nhdan xét
+ Chiing ta ¢6 the vict /1, (z) dudi dang phan thic hitu ti nhu sau:

|
al —2z)

- }{J]w(z) = N(Z):—L_
Diz) (z—u)

l Jo
af - —e)

Nyt :
. ]]((,/f“) _ _((_”z - ﬁ"'_'.*
Dee™) (e —a)

+ Bay i ching ta sC binh luan v¢ ddp Gng pha chia bo Toe s6 thong tit nay.

ul‘g[N(("'m )] =6 ()
zn‘g[l)( e )] =0,(0)

= 0,,(0)=0,(0)-0,(0)
al’g[llup (()-i"’ )] = eilp(m )J .

Quan h¢ trén duge minh hoa trén hinh 11.3.2.5.
Imlz]

!
+ D01 vai cdc gid tri cua o trong khoang [0, ] (uong Gng véi nia trép clia vong
tron don vi thi pha 9, (o) = 8,(e) - 6,(0) luon ludon am (ke la 8.(e) luon 16n hon

Relz]

IMinh 11.3.2.5.

0,(m)).
+ Ma ta bidt rang:
0(0) =6,,,(0) + 9,(0)
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Vay pha 6, () luon luon am it hon 6(e) boi vi 6, (o) luon am.
+ N&u 1a goi:

B(o)

0]

la tré pha,

thi ta ¢co:

0,.(er) &)
< -

0] O]

Vay ta ¢6 the noi rimg /7,,,(¢') ¢6 tr¢ pha luon luon nho hon (ré pha cda bt ky
bo loc nao ¢6 chira it nhat mot diém khong nam ngoai vong tron don vi. Vi vay
I, Ta mot bo loc ¢6 tré pha cuc tiéu. Ciing vi vay ma ta goi la bo loc pha cuc
tidu.

¢) Dang cua bo loc so thong Lal

Bay gidr gid st ching ta ¢ bo loe sd thong 1at, bo loc s6 nay ¢é mot dicm
khong la z,, nam ngoai vong tron don vi va mot diém cuc 1a Zoi ndam trong vong ron
don vi nhu sau:

ma: Fo= )

Vi tri clia z, va 7, duge minh hoa trén hinh 11.3.2.6.

l

Im[l] §
B o4
7

Tp1y
/

Relz]

Hinh 11.3.2.0.

Theo hinh 11.3.2.6 thi ching ta ¢ thé viét quan hé gifta z,, va 7, nhu sau:
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ny
L) T T S T = T M :/-l'l"/ m
. ’—/Uw I3
<01 TG 0Ol
I L _ | R (Y
In= g == ¢ =1y ¢
o . ,7/0[,‘ J
= pl Il’l( 1
Vay ta ¢co:
J |
SplT ; N 1
Zar| vil zd‘:i
z
— ll«
19,” =8,

bay la bo loc thong tat nén ddp dng tan so phai bang 1 vai 1t ca oL e La:
| jrow
o) =1 vo

Vay ta phai vict ham truyen dac 77, (2) dudi dang sau day:

I I
(7)) = (11.2.2.
btzg) "2
hodc:
(7)) = - I|| (11.3.0.8
L=z,

Vidu 11.3.2.3

Gid st ta ¢6 bo loc sO thong tat ¢é mot diém khong va mot didm cuc nhu sau:

- — . = l
*-'_—b*—'[‘\__i) '
¥
- Hay xdc dinh vi trf cua = vz,
- Hay tim ham truyen dat 7/ (z) cta b toc nay.
Giai
Vi trf ¢ua z,,, va z,, duge cho (rén hinh 11.3.2.7
Imlz]
© %
-1 ! Rel2]
IHinh 11.3.2.7.



Ham (ruyén dat /1,(z) duye tinh theo (11.3.2.7) hoac (11.3.2.8) nhu sau:

,. 1
z + 5
1,(7) = ———=—=
I+ 2

2

X &t 16ng quat hon nita néu bo loc thong (a1 /1, (z) ¢6 hai didm cyc nam (rong

vong tron don vi va hai diem khong nim ngodi vong tron don vi nhu sau:

. )/U(|| . . ’/U/M
Zor =Tom¢ s =
_ 02 L
Zo2 =loa¢ T2y Tt
ma:
1 1
I‘/’I K > o = > e/)I :e()l
o I
| |
Fog =% Ty =—1 6, =0,
o Fp2
Toe la:
E | 0 iR
2o = Kol vao o 2y =2
( )—l N 4 S
22 = Koz Vb 7oy S22

Trong trudng hgp (10ng qudt thi:
7, vd z,, khong phii la lién hop pht;rc
7o va z,,» khong phai la licn hgp phiec.

Trong trudng hgp ndy vi Ui clia cde dicm cuc vi cde dicm khong duoe minh hoa
trén hinh 11.3.2.8. Im (z]

PZ,,
/
/
/
/'\'qu
7 e~ 1 Relz]
P2 -~ _
o
Z52

Minh 11.3.2.5.
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Tuong tu cic hiéu thae (11.3.2.7) va (11.3.2.8) ching ta ¢6 the vidt 11,(z) dudi
cdc dang sau day:

R R B
Hyz)= — 2 oMz Zto) (11.3.2.9)
(1= (zo)" . T

hodc:

-1 * -1
(z —zl,,)(z )

I,(z) = (11.3.2.10)

(1 - zl,lfl ol - 21,27_1)

hoac khai trién dudi dang sau day:

-2 ¥ Lk —1 Lﬁ:{;
—(z],1 tZpp)z o

4 .
. (2] = - - (11.3.2.11)
(Zpl /)Z )z +Z/)IZ/)ZZ

Vay theo (11.3.2.11) thi trong trudng hop (6ng qudt cdc hé s6 cua f/,(z) 1a
phic. Nhung néu z,, va zpw Ia licn hgp phire, z,, va z,. ciing la licn hgp phic:

P

2/71 :Z,72~ /pl '“Z/ﬂ’ 20 _Z()Z’IOI =Zgy-

Khi d6 ching ta ¢6 thé vict I1,(z) dudi dang sau day:

ap

5 ~1 k3
_(Zpl +Z/)I)Z +Z/)lzpl
y 5 thhaas

II(”( )= 3
(ZI,l )z t7,2,02

ma.
2
pl +Z/7] _2RL[ pl] Zpli,‘l = ’Z/zll
Vay ta -6 dang cua //,(z) nhu sau: "
: —QRC[ZP, ].z 'y 7

I1,(z) = -— — (11.3.2.13)
‘ 1—2Rc[zl,,].z" + )zl,,llz.z_2

2Re[ pl] va

b ,,l‘ la céc so thuc, vay trong trudng hgp nay cac hé so cua 11, (z)

13 cac s6 thuc va ldce dod ta ¢6 thé 1y luan lai /7, (z) nhu sau:

-2 ~1
z +d 2 +dy
=2

1,(2) =
-1
I+a 27 +u,z

) = —QRC[ZPI ]

2
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Phan tinh sau hon nira, chiing ta ¢d the vict /1 (z) dudi dang ~han thie hitu ty
sau day:
N(z)
D(z)

H(z) =

D(z) = l+alz"l +(IZZ_2

D(z") = 1+ujz+a,z?

= z_z.l)(z~l J=z72 +,,lz“1 +ay, =Niz)
-2 -1
D
o = 2P (11.3.2.15)
D(z)

Trong mién tan sO lién tuc o ta c6 thé viét dap Gng tdn s6 I1,.(¢") dusi dang
sau day:
ev;j(nl)(f)—jm)

H, () = .
P( ) D(f"lm)

(11.3.2.16)

D(e,’w) — ’D(ejm )ejarg[D((,jm)] - ‘D(pjm )‘,./‘P((")

Die™ ) = ’D(e—jm )e»"a'g[D("*jm '] = lD(e’_”"" ) /P

Chiing ta biét rdng khi cdc hé s& clia D(z) 1a cdc s6 thyc thi chiing ta ¢6 quan h¢
sau day:

‘D(ejm)

=|pre )

arg [D(ej“’ )] = - arg [D(e_j‘” )1: ql>(o)) =—@(—0)

= 'H (ejm)’ =1

ap

. oy jarg| Hypy e ;
H,(¢")=|H,,(¢) e oyt L|H A

j
ap (f)j )

ap ( ¢ ap

= arg[HL.,p (el® )]: Pgp(©) = arg[e""z“’ ]+ o-0)- o)
=-20+ 2¢(—0)
=2[p(~0)- o)

Vidu11.3.2.4

Gia str chiing ta ¢6 mot bo loc s6 thong tat ma cdc diém cuc va cdc diém khong
cua nd co6 dang sau day:
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1

n n n
L7, b 90 4
=S¢ T TR0 s T TS

pa L

+

ro | —

z

~

pl

- Hay xdc dinh vi tri clia cace dicém cuc va cde diém khong

- Hay tim /7 (2).
Giai
Vi tri clia cdce diem cue va cac diem khong duge minh hoa trén hinh 11.3.2.9.

Imiz] /.

A,

/
2},4 /
5

i ’ -7 \ <7[/4 1 /\’e[Z]

x
sz N

AN
AN

o %oz
AN

Hinh 11.3.2.9.

I11,,(z) duge xdc dinh theo bic¢u thite (11.3.2.14) nhu sau:

772 +ulz—l +u,
Ildl,(z):

-1 -2
[+az27 +usyz

| b \/5

d, :-2Rc[zl,|]:—2.;coszz*-q—— -
2 rl\z I
ombf (3] -2
_ 2 . 1
z 2-{2 g
= 1, (z)= = 4
V2o,
I— z 4+ oz
2 4

Vidu 11.3.2.5

N&u chdng ta ¢6 mot h¢ thong ¢6 ham truyén dat H(z) duge cho bai bicu thic

sau day:
Hz)=M1y(z). H4z)

a day:



Hz)=( -z,,.2 (1 -z,..27"

vai:
n s
j 1 ]
gy = e fozp = —e ?
-1 .y -1 -1
(z " —zg HZ  —2y)
II'Z(Z): ()lI ()ZI
(l—Z],.l.Z J(1=z,,.2 )
LT R
. = o
vGi: 7o, =20 %, 25, =2¢ ¢
T l mn
i -
_ 4 - 4
zZ,,=—¢€ Z.,=—¢
| > )2
Plas, 2

- Hay xét xem b0 loc s& nay ¢6 phai 1a bQ‘ch s0 pha cuc tiéu hay khong?
- Hay tinh 71(z), ¢ "),

- Hay v& d6 thi h(n) va h,,(n).

Giai

Dua vao cdc vi du'trude ta tinh ngay duge:

V2

I ‘
Il,(z):l—Tz Yzt =1,,,(2)

4

2 4
1,(z)= =M, (z)
? Vo0,
|- z 4+ 7 °
2 4 ;
V2
= Hiz)=2"%- hz_l+l
2 4

Vay bo loc s H(z) nay khong phai 14 bo loc s6 pha cuc (icu, béi vi cic didm
khong cta H (z) s& tu tri¢t tieu vdi cdc diém cuc cla 1,,(z), cudi cung /(z) chi ¢
hai di¢m khong nam ngoai vong tron don vi.

Tur day ta cd dap Gng tan so /(') nhu sau:

I‘I(yj(:” j=e 2jo ﬁ(} Jeo 4 _L
2 4

h(n) va h,;(n) dugc minh hoa trén hinh 11.2.2.10.

Trong trudng hop (0Ong quél néu:

,(z)coM diémi cuc niam (rong vong (ron don vi.

N

va I,(z)c6M diém khong nam ngoai vong (ron don vi.
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hmin(n') ﬁh(ﬂ)
10 1J 1
15 |
2] Y% ,
- ——0—O6—m o— o—o—o
-1 g l’ 2 3 4 5 n -1 0 17 2 3 4 5
vz ]
- -¥YZ
-1 2 11z

Hinh 11.3.2.10.

ta ky hi¢u M diém cuc va M diém khong nhu sau:

0, .
z.=r.e' P.i=1+M

Di ‘pi

O0i « ; _ 1 -
Zgp =rpel M i=1+M

pi =

=1 *
Zoi =Zpi

Tir day ta ¢6 dang ctia H,,(z) nhu sau: k

M 7 l—Z_-l
Hg(2)=[[—F—7— (11.3.2.17)
=1 1—(20,) z™! ,
M -1 * .
hoac Ho(2)=T] 2 (11.3.2.18)
. ap il Z_l AL, )

Néu céc diém cuc va cdc diém khong khong phai 1a lien hop phic thi céc he s6
clia H,,(z) s€ 1a phic.

Néu i 1a s6 chén, cic diém cuc va cic diém khong 1a lién hop phic timg doi
mot nhu sau:
* . * *
ZP}:ZPM’ sz‘:Zp(M_‘l), A Y B A Y

= 24y
P P
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* * *
Zpl =ZoM> 202 :ZO(M—I)’ ZOM =Z M

07—+1)
2 (
Vi tri clia cdc dim cuc va cdc diém khong ndy duge minh hoa trén hinh

11.3.2.11.
Imlz]

Relz
= el(x]
Hinh 11.3.2.11.
Khi d6 ching ta c6 thé viét:
M
2 7zt —z:; Mo 7! —z:,-
HGP(Z):H -1 - H -1
i=1 1~zp,-.z i=(ﬂ+1)1—zp‘-.z
2
oM
7 (z*l—z*.)(z‘l—z )
=1 pi i
i=1(l-z,2" Y- z iZ B,
. M
2 z? —(z*~+z -)z"l+z*-z :
_ pi T pi picpi
- 1—‘[1 * -1 * =17
=V l=(z ) +2, )2 " +7,2,.2
ma
* *
Zpi T2y =Zp +2p,=2Re[z,]
* * 2
z pi=Z [ 4 pi :|Zpi(
Mo 2
2 —2Re[zp,»]z'l+‘z ( :
= H,(z)=]] > (11.3.2.19)

i

1 1-2Refz i [ 4]zl 2



Trong trudng hgp nay cdc hé¢ s6 cia H,,(z) 1a sO thuc, va ta c6 thé viet H,(z)
dudi dang sau day:

! M

’ 2zt 4a,z " +ay,
H,(z)=]] 1'1 2’2 (11.3.2.20)
=t 1+vayz " +ay .z
g day:
a, = - 2Re[zpi]
2
ay; = |Z,

Vidu 11.3.2.6

Gi4 sur chiing ta c6 mot bo loc s6 thong tat ma cdc diém cuc va cdc diém khong
cua nd cd dang sau day:

-

Hay tim H,,(z)?

Giai

Trong trudng hop nay M = 4 vay theo biéu thic (11.3.2.20) ta c6 thé viét H,(z)
dudi dang sau day: ‘

2 . -1
Zz +(11’-Z +02i

2
H,(2)=]]

- )

Tinh cdc hé s0 a,, va a,; nhu sau

1 T 2
=-2R =-2.-¢c0s— =- —
ay, elz,] 2cos4 5
2 1 1
an =l =] =1
2
a;, = -2Rez,,] = -2. — cos o2 2.£=-i
. 6 3 2 J3
2 |2]* 4
a22=‘zp2! _g —5
2 V2 a1 2 2l
- 2 4 V3 9
= H,,(2) 5 5
TR NE B T B
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Bién ddi ti€p, chiing ta c6 thé viét H, (z) dudi dang sau day:

2 +blz—3 —'rbzz—2 +b3z_l +b,

H,(2) =
’ 1+bz™" +b22—2 +b32_3 +bhyz?

Nhdan xét
- Néu M chin va céc diém cuc va cdc diém khong 1a lién hgp phitc ting doi
mot, thi cdc hé s6 cua b loc so thong tat §& 1a s6 thyc va ham truyén dat H,(2)
dugc viét dudi dang sau day:
2™ ab ™V by ™MV by, 27 by, (11.3.2.20)
-(M-1 =M - :

H,(2) = - -
1+biz " +byz " +...+by_jz

- Trong trudng hop tdng quat néu céc didm cuc va cdc diém khong khong phai
lien hop phitc timg doi mot, thi ham truyén dat H,(z) cia bo loc s6 thong tat s&
duge viét dudi dang sau day:

-M ¥ o(M-1) | g F —(M-2) * -1 *
27 ab, MV by My by 27 by, (11 2.22)

bz byt by MY 1 M

H,(2) =

- Vi Hap(ej‘”)’ =1 nén bo léc s6 thong tat ¢6 thé dugce coi nhurr bo bién ddi pha

(b0 di pha).
d) Bo loc s6 pha cuc dai
Pinh nghia bé loc sé pha cuc dai:

Né&u ham truyén dat cia mot bo loc khong ¢6 bt ky mot diém cyc va mot diém
khong nao nim trong vdong tron don vi, thi bo loc s d6 duge goi 1a bo loc s6 pha

cuc dai.
Vay néu xét theo vi trf clia cdc diém cuc va cic diém khong th1 bd loc s pha
cue dai va bo loc s6 pha cuc tiéu 1a nguge nhau.
Chiing ta ky hiéu ham truyén dat ctia bo loc s8 pha cuc dai 12 H,,,(z).
Vidull.3.2.7
Gia st ching ta c6 b6 1oc s6 FIR pha cuc ti€u nhu sau:

Hll]ln(z) = (l - ZOLZ_I)(l = 2022.1)
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- Hay tim #,,,,(11).
- Hay tim /i, (n), H,,,(z) v&i dicu Kicn t//mm((,_lm )l ~ t””m((,_,(., ).
Giai

bé cho ddp dng bi¢n d0 khong thay doi QII”,“](«J(")

— S0 PP 2 .
= '//I,mh )l) thi ching ta
phai chuyén cdc di¢m khong cta /,,,(z), cdc dicm khong ndy nim trong vong tron
don vi, ra ngoai vong Lrong don vi heo duong bin kinh véi khoang cach nguge lai,

tae la:

] N |
- Zyjm = —5 VaZow T 3
Zo Zoo

Zoiw VA Zoay 12 cde dicm Khong cha 1,,.(7).

Vi trf cdc diém khong cta /1,,,(z) duge minh hoa trén hinh 11.3.

[N]
]

Vi trf cdc diém khong cua H,,,(z) dugec minh hoa trén hinh 11.3.2.12 b.

/
{Im (2] Imlz] S
| 4 / Zogm
/
/
/
-1 Relz] -1 N T Refz]
AN
AN
N AN
N 2 ®
o2m  \

Ilinh 11.3.2.12.

Chiing ta tinh duge /{,,(z) va h,, (1) nhu sau:
[[[11111(2) = (l - ZUJZ-]) (l - ZUJZJ)

-l 2
=1-(z2y + 202077 +24).2002

-

V2

=1-22 0yl
2

|
4

= /lmm(”) = 6(”) - —\/2;2__6(” - l) + %5(” - 2)
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Tir day ta tim duge H ,.,(z) va (1) nhu sau:

H,.\(z) = k(1 - ZmMZ_l) (1 - Z«):MZJ)

: 1 2
= H,x(2) = K[1 - (Zoxm + Zoam)Z™ + Zgim-Zg2n2 "

. T
I —J7
Zogm =2 4 zgyp =20 4

= Hmax(z) = k(l - 2.\/52'1 + 42.3)

Bay gid chiing ta tim ty 1¢ k sao cho dam bao diéu kién: IHmm(eJ(”) = ‘H“m(e‘"’" )'
. Hmin(ejm) = l_'\/_zeijm'*'leij:m
2
H_ (e)=k(1-2:2e77 + 46772
Chiing ta cé thé x4c dinh £ tai © = 0 nhu sau:
Tal ©= 0 = |Hmin (ejo )| -= ‘Hmax(ejo )‘
V2 1
1= _k‘1—2\/§+4|
= k= !
-4
= H,(2)= Loz +4z_2)=—l——£z_l +772
4 4 2
= Hai1) = l(‘.‘)('n)——\/gf)(n-—1)+(‘3(n—2) ‘
4 2
D6 thi cua by, (1) va hy,(n) duge cho trén hinh 11.3.2.13.
/7rm'n (n) hmd.r,(n)
1
1&
o
: 4
o —o—o—=- —o —s—o—o0—0
-1 0 l1 2 3 4 5 n -1 o |1 2 3 4 5 n
z -¥72
2 Hinh 11.3.2.13. 2 2
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Nhdan xét

- bé dam bdo diéu kién [Hmm(eJco )‘ = le.M(eJ"J )l va tranh khong phai st dung hé

sO ty 1& k, ching ta c6 thé tim H,,,(z) dudi dang sau day:
=1 -1 -1 -1
H,ol(2) = (27" =2qp 27" —Zg3pq )
R | N B
=72 (Zowy YZoam 17 Y ZoamZoam

L N2

=7 ‘-7 " 4+—=
2 4

- Ching ta ¢6 thé hinh thanh mot bo loc pha cuc dai (hoac mot bo loc nao ddy)
tr mot bo loc pha cuc tiéu véi cling mot dép ing bién do.

- P61 v8i mot bo loc ndo ddy H(z) ¢ chita M diém khong, ching ta cé thé fim

" duge 2 bo loc khéc cé cing dép dng bien do 'H(e»"” )

nhung dap d¢ng pha

arg[HA(e"‘")] thi khac nhau.

11.4. BIEN OI HILBERT DO} VOI DAY PHUC

11.4.1. BIEN POI HILBERT POI VOI TiN HIEU TUONG IU

a) Tin hiéu phdn tich
Gia sir ta ¢6 tin hiéu tuong tu phic x,(¢) nhu sau:

‘x,(1) = Relx,(1)] + j:Iln[.\'H([)]
Refx,(1)]: phan thuc cha x,(¢). ]
Im{x,(1)]: phan do cina x,(1).
Bié&n ddi Fourier cha tin hiéu x,(r) duge tinh nhu sau:

X(w,) = f (e dt (11.4.1.4)

—uy

Ta ky hiéu bién d6i Fourier nhu sau:
X(0,) = FT[x,(1)]

* Dinh nghia tin hiéu phdn tich

Néu X,( w,) triét tiéu vdi o, < 0, tic la:
X(0,)=0v6i0o,<0

thi tin hi¢u tuong tu phirc nay dugc goi la tin hiéu phan tich.
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Vidu I1.4.1.1

Cho tin hi¢u v, (1) nhu sau:

10! N X ~
X)) = ¢, o, 14 hing s§ duong
Hay xét xem v, (1) ¢6 phii [a tin hi¢u phan tich hay khong?
Giai

Trude hét chdng ta phai tim bicn doi Fourier clia x,(1):

or
X(0,) =FT{x )] = [e/ole™/ ! dy
« a o
—oC
o ( '
Jog—ov, )
X(0,)= [0 4 =50, - 0,,)
—oC

J;o Vi 0, =0

‘6(0)“, o) = 1

o

() C)(I i (‘)l/[‘
Do thi coa 8(o, - ©,,) duge cho trén hinh 11.4.1.1.

&(wa - Wa,)

ao,

Ilinh 11.4.1.1.

Theo hinh 11.4.1.1 ta thay ring:
X(0)=0v51 o, <0
Vay x, (1) la tin hiéu phan tich.
b) Bién doi Hilbert doi vdi tin hiéu phdn tich
Ching ta bi¢l ring:
v (1) = Refx ()] + jim[y,(t)]

= .\‘f(l) = Refx,(r)] - jim[v,(1)]

Refx (1)) = %[.\;,(:) + o))
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. 1 L *
Im[x,(t)) = —[x,(¢) - ,\':(I)J = - L[-\'(,(f) - x,(1)]
2j 2j

Duong nhién Re[x,(r)] va Im[x,(7)] 1a thuc, vay ta ¢6 thé bién d8i Fourier cia
~ phan thuc va phan ao nhu sau:

FT{Re[x,(1)]}= §:T [x,(1)] +FT[\ (r)]

FTlx (0] = [x,(1)e*¥d=X,0,

-

*
*
FT [x:'(r )]: [ x,(t)e™Mdtdr = [ [t )e’j“’“’dt}
i *
= { .‘.xa(t)ejm“'df} = {Xa(_ma)}* = X:(—(Da)
=  FT{Re[x(0)]} [X (@, )+ X (- ma)] (11.4.1.2)
= aR((Da)
Vay néu x,(¢) 1a tin hiéu phan tich thi:
X(0w,)=0 v& o,<0
= X(-w,)=0 ®,>0
X:(—ma):O o>0
Titc 12: |
Xa(©) = 7X(0)  V6i 0,20
va
Xrw,) = X (~0,) V6 ©,<0 : (11.4.1.3)
T day ta c6 thé viét:
d. O)d) (Da 20 ‘
X,(o )—{ af ) (11.4.1.4)
0, <0
Hoic ta c6 thé viét dudi dang sau day:
X’l(ma) = 2Ua(o‘)a)XaR(0)a)' (11'4'1'5)

O day:
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1
/ =
L a(ma) {O

D6 thi cua ham U, (o,) dugc minh hoa trén hinh [1.4.1.2.

4 Ua(wa)

Hinh 11.4.1.2.

Tuong tu ta ¢6 thé tinh bién déi Fourier clia phdn 4o nhu sau:

FT{imlx, 0= X, 0,)- Xl (-0, )]

= Xﬂl(a)a)
Va néu x,(t) 1a tin hiéu phan tich thi ta cling c6:

X, (o) = -j%xaaoa) voi >0

Xu(0,) = j%X:(—coa) véi o < 0

Tir day ta c6 thé viét:

2/ X (0,) ® >0

a

0 o <0

a

X (0,) = {

hodc ta c6 thé viét dudi dang sau day:

Xn(ma) = ZJ.L/,,(COH)X", (0)0)

(11.4.1.6)

(11.4.1.7)

(11.4.1.8)

(11.4. 1‘.9)

Tu day ta c6 thé viét bién ddi Fourier cua tin hiéu phan tich x,(¢) nhu sau:

FT[x, ()] = FT{Relx, (0]} + FT{im[x, ()]

= Xq((‘)a) = XﬂR(ma) + jXrII((Da)

Hinh 11.4.1.3 s& minh hoa X,(w,), X.x(@,) va jX,(®,) bang d6 thi.

(11.4.1.10)
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Xal(wy)
0 Wy
J Xag(@a)
(7] w,
jxaz (w“)
. 2 7 o
Hinh [1.4.1.3.
Ticp tuc chdng ta ¢6 (he viét:
2u,(0,) =1+ Sgn(w,) (11.4.1.11)
Sgn(w,): ham dau '
1 vt o, 20
Sgn(w,) =
-1 o, <0
= 2X(0,) =11+ Sgn(w,)]. X @,) (11.4.1.12)

= X.iR((')n) + Sgn((‘)u)' X.il(((")n) = X.]R(O);l) + le[(C)n)
vi ching ta biét rang:
X,(w,) = FT[v,(0)]= FT{Re]v (O]} + jFT{Im[v, )]}

= uR( (Ur/) + ./X(II( (Uu)
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Tuc la:

X, w,) = FT{Re[ v, (0]} = Refv, (1] = IFT[X, (0, )]

X (w,) = FT{tm|v,()f}= l Sen(w, ). X, w,)
J

= _j Sgn( a)(l)'X(lk( (UU)
1
= Im[x, ()] = IFT[X ,(0,)] = IFT[ = San(w,). X, @,)]
j
= IFT|-j Sgn( w, ) *IFT| X, @,)]
: 1
IFT[-/Sgn(w, )} = —
Tl
IFT{X k(@] = Re[x,(1)]

= Iml(0] = #Rela 0] = Rela(0)] # -
T 7

cudi cling ta ¢o:

I [
= Imly0)] = = | Re|v, (1)) ——dr (11.4.1.13)
T, -1

va chiing ta ¢é thé viét:
Im[x,(1)] = HT {Re|v ()]}

Bicu- thite (11.4.1.13) chinh 1a bi¢n ddi Hilbert cha tin hicu Relx,(r)]. Tae i
bi¢n doi Hilbert cta Relx(7)] s¢ La Im[x(1)].

Tuong tu nhu vay ta co:
X w,)=2U w,) X (0, = X0, + X (@,)
= jI1 +Sen(w, ). X,j(w,)
=jSgn(w,). X, (w,) + jX.(@,)
= Xelw,) =jSenfw,). X, (w,)
Tuc 15 trong mién o, 1a co:
= FT{Re[v ()]} = ,/sgn(@‘, ).FT{im[x, ()]}
Vay trong mién f la co:

Refv,(1)] = IFT [ngn((o” )]* [m[.\'l,(r)]
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-ma: IFT[;Sen(o )] = 1
4
Vay ta c6:
1, W 1
Relx,(1)] = —— “Imlx, (1)) = Im[x_(1)] -
Cudi cung ta co:
17 1
Relx, (1)) = -— [ hn[xa(z)]:dz (11.4.1.14)

va chiéng ta c6 the viét:
Refx,(1)] = IHT {Im[x, (1))}

Vay biéu thitc (11.4.1.14) chinh la bié€n d6i Hilbert ngugc cua tin hiéuw
m[x,(t)]. Tdc 12 bién d6i Hilbert nguge chia Im[x,(7)] s& 1a Re[x,(1)].

Va cudi ciing ta c6 thé néi ré‘ng cdc biéu thic (11.4.1.13) va (11.4.1.14) 1i cap
bién do6i Hilbert.

Vidull.4.1.2
Cho mot tin hiéu tuong tu v,(¢) nhu sau:
x (1) = el®
+ Hay tim Re[x,(1)] va Im[x,(1)].
+ Hay tim X,x(@,) = FT{Re[x, ()]} va X, (@, = FT{Im[x )]}
+ Hay tim cap bién ddéi Hiebert. |

Giai

Re[x,(t)] = coso, r—%[ 9 go! %e Jwaor]

. 7. o
mx,(t)} = sinw ¢ = ?[elmao’ —e jmaol]
J

X @,) = FT{Re[x, ()]} =

©
-.‘[efmao[ + e‘j“)aot ]‘,_fma[ dr

—aC

l\)|'—-

o 1%
— i J‘ (,j(mﬂ"m(lo[)dt +— -.‘ e_j(ma +0g0 )t dr
2 2

—o0 —oC

= —21— [(‘3(0)1z -0, )+d(o, ¥o)l,0)]
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.

l oy v 0
X @) = FTml, (0= o= flem e —ermerje o
VA

1
= —[50,-0,)-80,+0,,)]
2

l
= ‘ [6( O)z/ + (I)A/// ) - 8((‘)11 - (l)xlzl )]
2

T day ta ¢o thé viét:

2

] o
-——w,~0,,) vat @ 20
2)

1 .
—8(w, +v,,) vl o <()

/Y{/[((I)(/) :. [

vi ta ¢S thé viét:
)(u/((uu) = _A/Sgn ((Uu)'XuR( (Uu)

Ticp tuc tinh dn cap bicn doi Hilbert ta ¢6:

|
Imlx,()] = —*Refx (0] = HT{Re[v, 1)}
T )

. 5 I
= Sln((l)(ml) = HT[C()S((')‘/()I)] = —* C()S(C)u{)l)
Yy

Tuong wr ta ¢o:

Re[v,(t)] = —i“’ﬂm[,v,K!)[ = lHT{lm[,\‘“(/)]}

i
. 1 .
cos(w,t) = IHT[sin(w, t)} = -—Fsin( w, 1)
m
¢) Bo loc cdu phuoig
Gia st ching ta ¢6 mot h¢ thong tuong tu-tuyén tinh ¢é dap Gng xung L /(1)
nhu sau: A '

1 .
h(t) = — (114115
!
Vay ta co:

[ .
FT(h, (1)) = FT] 7I = -jSgn(w,) = H (w,)
i

H (w,) chinh la dap (ng tin s cla hé thdng nay.

Sar d6 khoi cua hé thong nay duge minh hoa trén hinh 11.4.1.4.
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S ha(t):ﬁ -

Ra

Hinh 11.4.1.4.

Vay x¢t trong mién tan s6 o, la ¢6:

J*.' vt o, 20
Hw,) = ‘1‘ : (114, 1.16)
J

vol o, <0

. = ‘Il',(o)“ =1 vdimoi o,
s L.
—— vl o, > 0
2 '(I
arglH (w,)] =
b ..
5 vii o, <0

Vi ‘//“(0)(, )‘ =1 nén h¢ thong nay chinh la mot bo dich pha thudn tuy di mot

s
boe la £ —.
& 2

N T T T Al o < . NN A Lo
Vi g&c¢ pha 5 chinh 1a mot phan tu cua chu ky, méi chu ky 1a 2x nén b dich

; fo s T A -
pha thuin tuy di g6c¢ i—z— duoc goi la bd loc cau phuong.
i

D6 thi ctta |H (o) vaarg|/] (w,)] duge bicu dién tren hinh 11.4.1.5

Vo))
0 Wa
arg [Ha (wy)]
P
2
7 W,
-
2

Hinh 11.4.1.5.
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Vidu I11.4.1.3

Gia su cho bo loc eau phuong ¢d dap Gng xung /(1) = —, (in hicu vao 1a ¢ (1)
!

A
tin hicura la g (7).

. A
- Hay tim quan h¢ gitta G (w,) va G, (o, ).

Giai
Glw,) =FT|g, ()]
Ga(or,) =FT[ (1))
|
Q1) =HTlg ()] = —g,(1)
T
(-;(I(O)‘,) - [_,/"Sgn((u(l)]‘ (;u(a)u)
=H/(w,). Gfw,)
= (Qx”(o)“ )5 = \~ JSen(o, )\.\G”(o)” )\
|
ray
= Galo, )‘ =G (0,

N y
. s
arg {Gl,(c)” )} =arg|Glw,)) - 3 Sgn(w,)

11.4.2. BIEN DOI HILBERT D0l V61 DAY PHUC

a) Ddy phan tich

Ciing giong nhu trong trudng hop tin hi¢u trong tu phan tich ching ta gia st ¢d
tin hi¢u ron re_lc'phfrc x(n) nhu sau: '

X)) = Re[x(n)} + jim|x(n)]
\'/z}y Re[x(n)| va lmla(n)] la cde diy thuc.
Trong mién tdn s& lién tuc o, ta bién doi Fourier ctia day phic x(#) nhu sau:
X&) = i.\‘(n)e) o= BT x(n)]
e
Nhu ta di biél X(¢'”) la mot ham IL'lfin hoan véi chu k‘y 21,
Vi vay ta chi xét X(e/”) trong mot chuky (-7 <o < n)

+ Dink nghia dav phdn tich
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Néu phd cua day x(n) 1a X(¢’“) triét tiéu trong khodng tdn s6 © am (xét trong

mot chu ky: - <o < xn), toc 1a:
X(e?)=0 véi-mn <0 <0
thi day phirc x(n) nay dugc goi 1a diy phan tich.
Nhidn xét

Né&u mot tin hiéu rdi rac x(n) nhan dugce tir viec 14y mau mot tin hiéu tuong tu
x,(t) v6i tan s6 méu F,, thi ta ¢ thé viét nhu sau:

x(n) = x,t) ) (coiT,=1)
t=nl
Jjo < <
. 0 ® con lai

b) Bién doi Hilbert doi v6i ddy phirc
Chiing ta biét rang:
x(n) = Relx(n)] + jIlmlx(n)]

= .\'*(n) = Relx(n)] - j Im|x(n)]

Re[x(n)] = =[x(n) + .\‘*(11)]

N —

Im[x,(0)] = -j % [x(n) - x ()]

Duong nhién Relx(7)] va Im[x,(¢)] 12 cac day thuc va ta ¢d thé bién d6i Fourier
cua ching nhu sau:

FT{Re[x(m)]}= % {FT[.\'( m]+ FT[x* (n )]
Ta ky hiéu:
Xe(e'®) = FT{Re[x(n)]}
= X () =%[ X(e/®) +X*(e7)] (11.4.2.1)

Néu x(n) 1a diy phan tich thi ta c6 thé viét nhu sau:
X(e'’) =0 véi-n <o <0 (néuxéttrongmot chuky: -7 <o < )
= Xe’?)=0 véiv0<co£ s
X)) =0 v3i0<o <

Titc ta c6:
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X (/) = -21-X(ef‘") VEi0<o< x

X*¥(e’)] v6i -m <@<0

N | =

Tuong tu ta ciing co6:

X(e'®) = FT{Im[x(m)]}
- —j%{FT[.\'(;])]-FT[.\'*(N )]

— X,(é’lw)

—j%[ X(e®) - X (e7)] (11.4.2.2)
X(e/) = -j%X(ef“’) véi 0<o<m
_—_j%X*(e'f“’) véi -m <o <0

. _I(‘)
N X(e®) = 2jX,(e’”) 0o <n
0 -n <o <0

Puong nhién ta c6 thé viét: .
X&) = Xu(€°) + j Xi(e'?)

"Ching ta cé thé minh hoa X(¢/®), Xy(¢’”) va X,(¢’”) cia tin hiéu phan tich x(1)
trég hinh 11.4.2.1.

Yay néu xét trong mot chuky -n <o < n tacd;
Trong khoang 0 £ o £ wthi: "
X&) = 2Xe( ') = 2jX( ')
= X(e¥) = j X()
X&) = -j Xe( ')
Trong khoang -m < o < 0O thi:
X(e?) = Xp(e°) + jX(€) = 0
= X)) = -jX(e)
hoic:
X(e') = jXul )

Cudi cung chiing ta c6 cac quan hé sau day:
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g — X (™) v 0 <o <n

JXe(e') ~t <o <0

hodc ching ta ¢6 thé \;ié'l:
X(e'?) = II((’“")XM("“”) (11.4.2.3)
vai:
-/ 0< o <n,

He'”) = ¢ (11.4.2.4)
J - <0 <0

) duge cho bdi bicu thic

Vay ching ta ¢é h¢ thong ma ddp tng (an so la /(e
(11.4.2.4), ddu vao cha h¢ thong 1a X(¢'”) va dau ra la X(e'”). So d6 Khoi clia hé

1thong nay duge biéu dién (rén hinh 11.4.2.2.

X(e!*)
!
) - 0 T 21 W
IXR(CJ“’)
-2 —?c 0 T 2 v
 JXg (e
/\ J /\
\/~27I T - 0 T \/zm w

Hinh 11.4.2.1.

H (e¥«)

X, (e¥*)

Hinh [1.4.2.2.
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Nhu vay ddp tng tan sG cta heé thong nay ¢6 dap Gng bién do via ddp tng pha

nhu nhau:

\H(e"”" )s =1 v&i moi o

arg [[{(e-“" )] =

T .
— vl 0< o < =
2

s »

5 vl —m< o <0

Pap tng bién do va ddp Gng pha nay duge minh hoa trén hinh | }1.4.2.3.

/H(ej‘*”)/ )
7
—7;_' 0 TC w
arg [H(e*)]
T
2
-7t 0 7T w
-
2

Hinh 11.4.2.3.

Nhdn xét

- Do}H(e*"”) =1 nén hé théng $6 ndy 1am nhiém vu nhu mot bo dich pha thuén

tiy.
- Géc dich pha bang 3 nén h¢ thong s6 nay duge goi la bd loc s0 ciu phuong.
- Bién d6i biéu thie (11.4.2.3) sang dang khdc ta c¢d:

,XI((JM)

Xo(') = .
o He™)

=-H()X () (11.4.2.5)

He¢ thong ¢6 ddp tng tan s6 1a -H(¢/“) s& lam nhi¢m vu bicn doi X(¢'”) thanh

X.(¢’”). So d6 khGi cua hé thong nay duge minh hea trén hinh 11.4.2.4.



~H (e’%) >
X (e7%)

Xy éiw)

Hinh 11.4.2.4.

c¢) Bién doi Hilbert

Trong phan trén, theo bicu thirc (11.4.2.4) ching ta da c6 gid (ri cha ddp tng
tan s6 H(e'”) cha bo loc cau phuong, bay gi0 ching ta s€ tién hanh tim ddp tng

xung /(1) cua bo loc s6 cau phuong nay.

Chiing ta da biét rang:

: hin) = IFT[H(e'")]
= i TII((’ ) A
2n '
0 ) | n )
= Ije»“"”dcv)+—J'(—_/)e' " dey
e To
o . ;T
= — I e d(jon) — f(’""‘"'d( jon)
T ny’
1
= hin) = —[]—cos(nn)]
n
Jisinz(ﬂ) n#0 ; ;
hin) = 3 7n 2 (11.4.2.5)
l() n=0
D6 thi cua ddp tng xung /i) duge minh hoa trén hinh 11.4.2.5.
h(n) k 2
.»\v 1 ﬁ
2
3 2 2
j 5T n
——F—%o—+ o o + & | o %74\:99
o 3 L To »
-2 2
m ST -2 \
3
_2
e

Hinh 11.4.2.5.
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Vay trong mién bi€n s6 1, so d6 khéi cia hé thong nay dugc minh hoa trén hinh
11.4.2.6.

—— h(’l)

—

Re[x(n)] Im[x(n)] = Relx(n) x h(n)
= h(n) x Re[x(n)]

Hinh 11.4.2.6.

V& mit todan hoc chiing ta ¢6 thé viét:

Im{x(n)] = h(n)*Refx(n)]

= i h(k ).Re[.\'('n -k )]

k=—w

Thay biéu thtrc 11.4.2.5 vao ta cé:

. '_vﬂk
5w ST -
T

Im(x(n)]= = p Relx(n—k)] (11.4.2.6)
k=m0 -

Biéu thitc (11.4.2.6) nay goi 1a bién déi Hilbert ctia diy Re[x(n)], tic 1a ta c6
thé viét:

Im[x(n )] = HT {Re[x(’l )]}

(11.4.2.7)
Tuoné tu ta ciling cé:
Refx(n)] = - A(n)* Im[x(n)]
=- Y nk)Imlx(n~k)]
k=—w
Thay bidu thite 11.4.2.5 vao ta ciling cé:
.2 Tk
5w SINT—
Re[x(n)] = -= % p 2 Im[x(n-#k)] (11.4.2.8)
T k=—w Y

Biéu thic (11.4.2.8) nay goi 1a bién doi Hilbert nguge cua day Im[x,(n)], tic 1a
ta cé thé viét:

Re[x(n)] = THT {Im[x(n)]} (11.4.2.9)

Va so d6 khdi ciia hé thong ¢6 ddp Gng xung 1a - A(n) dé thuc hién bién déi
Hilbert nguge duge minh hoa trén hinh 11.4.2.7.

Nhdn xét:

- Bo loc cau phuong A(n) nady ciing con duge goi 1a bo bién ddi Hilbert.
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- h(n) 1a khong nhan quava c¢6 chiéu dai vo han.
- h(n) l1a phan d6i xtng, truc phdn d&i xtng ndm tai g&c toa do.

- Dé thuc hién bo loc cdu phuong loai nay ching ta phai han ché chiéu dai cta
dap ng xung h(n) va dua n6 vé nhan qua.

—_—s 1  ~h(n) -
Im{xcn)] _ Re [x(n)]

Hinh 11.4.2.7.

Vidull.4.2.1

Hay ding clra s6 chit nhat v6i chiéu dai N = 11 dé dua h(n) vé nhan qua va ¢é
chiéu dai hitu han.

Giai

Ta ky hiéu A (n) 12 ddp Gng xung nhéan qua va c6 chiéu dai hite han. Vay dé dua
h(n) vé€ nhan qué va cé chicu dai hitu han ta s& ding quan h¢ sau day:

hyn) = - sin” 5 QR(1)y

Thay N = 11 ta c6:

2 .5 -2
hyn)= n(n_s)sm‘ n(nz )

ou(n);

Vay truc d6i xiang s& ndm tai di€ém n = 5. K€t qud h,(n) duoc cho trén hinh
11.4.2.8.

| hy(n)

Hinh 11.4.2.8.
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11.4.3. TONG HOP BO LOC CAU PHUONG (TONG HOP BO BIEN bOI HILBERT)

a) Tong hop bo loc cdu phuong cé ddp ing xung chiéu dai hitu han (FIR)
* Tong hop tric tiép bé loc FIR loai 3

Chiing ta biét rang trong chuong 5, ching ta da nghién ctu cdc phuong phap
tong hgp céc bd loc s6 FIR pha tuyén tinh, ching ta ¢6 4 loai bo loc s FIR pha
tuyén tinh: loai 1, loai 2, loai 3, loai 4. '

Trong truong hop bo loc s6 cau phuong nay chiing ta s& ding cdc phuong phap
téng hgp bo loc s6 FIR pha tuyén tinh loai 3.

Pic di€m cha bo loc s6 FIR loc 3 la:

- h(n) la phan doi xing va nhan qua:
h(n)=- h(N-1-n)

- N 1a 1é (N la chiéu dai ctia bo loc)

Bay gid ta xét k§ hon vé dép dng tan so.

Ddp tng tin sd H(e¢'”) c6 dang sau day:.

iy
22 .A(ejm)

H(e'?) = e

N-1

A(e’®) = Zc(n)sin(con)

n=0

N—l—n)sin(mn) vii 0 <o < N-1

|

E

2
=23 If

n=1

Tu day ta cé:
" D61 vdi bo loc FIR nhan qua, tie 1a pha tuyén tinh ta cé:

N-l

H(e) = jA(e™)e 2

Dai v6i bo 1oc FIR pha khong, titc 1a bd loc khong nhan qua ta cé:
H(e®) = jA(e™)
Trong chuong 5 ta thdy rang, d6i véi bo loc sO FIR.loai 3 thi A(¢/“) 12 phan ddi
xitng trong khoang mot chu ky 27 (0 < ® < 27whodc+m <o < 7) va A(€“) = 0 véi
o =0vao =n. o

Chiing ta c6 thé t8ng hgp bd loc s6 FIR v6i N he s6 h(n) nhan qua dé ﬁhan dugc
gi4 tri clia A(e/®) mot cach gdn ding nhu sau: :
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. -1 0 0 <m
A(e?) =
+1 —-t<o <0

Gi4 tri gdn ding ctia A(e’®) dugc minh hoa bing d6 thi cho trén hinh 11.4.3.1.

A(es®)

Hinh 11.4.3.1.

Nhdn xét

>

+ Chiing ta ¢6 thé coi A(¢’®) nhu mot dép Gng tdn s6 clla mot bo loc ma céc h
s cua b loc nay ky hiéu la a(n). Vay a(n) duge tinh nhu sau: 4

a(n) = IFT[A(€?)]

1 % L
S J.A(e"” )e’™ dw
2n °,

21 [Ie’“’"dm J.e’“’"dm}
T

- 1 [:ejmn o _eju)n n:l

2mjn - 0

1 !
[2—2cosmn]= - j—[1-cosmn]

27r]n mh

2 2 Th
= a(n)=—j—sin" — (11.4.3.1)

n 2

Vay céc hé sd a(n) 1a thuan ao.

So sdnh v&i gia tri cla A(n) trong biéu thitc 11.4.2.5 ta thdy ring:
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a(n) = -jh(n) . (11.4.3.2)
hoac: h(n) = ja(n) (11.4.3.3)

Nhu thé€ ta thdy rdng céc hé s6 a(n) 1a thudn a0, nhung cdc hé s& fi(n) lai la
- thuec.
+ Ching ta c6 thé sir dung tdt cd cic phuong phép trong chuong 5 dé téng hop
cdc bo loc cau phuong.

+ Chiing ta c6 thé sir dung mot bo loc FIR cdu phuong nhan qua vad mot mach

tré mau dé thiét lap mot tin hi¢u phic xudt phét tir mot tin hiéu thue, bdi vi

. Diéu nay duoc minh hoa

rang A(n) 1a nhan quéa va tam d6i xing ndm tai mau

trén hinh 11.4.3.2.

y(n)
Tr& ﬁz‘—’ mé&y
\ T (n)+{4(n) =%(n)
X(n) n)+ n) =
(hdc) ylrn)+1y() =3
B3 loc cav phuing jq

Hinh 11.4.3.2.

Ti hinh 11.4.3.2 ta thdy ring:

N

z(n.)=_v(n)+jy(n)

= y(n) = Re[z(n)]

y(n)=Imlz(n)]
Vay z(n) la ddy phan tich va bo loc s6 nay goi la bo loc s6 phan tich.
* Tong hop gidn tiép thong qua bé loc so FIR nita band

Dbé c6 duge ddp tng tin s6 cha bo loc s& cdu phuong chng ta ¢6 thé dung ddp
ttng tan s& cta bd loc sd nira band.
Gia sir ta ¢6 bd loc s6 nira band 1y tuéng pha khong c6 ddp ung tan so la

H,,(¢“) nhu sau:

1 T
th(eim)= 2
0]
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Do thi caa H,,(¢’“) dugc minh hoa trén hinh 11.4.3.3.

Hup (e‘j.w)

-7 -1 ) Y 7Z w
2 2

Hinh 11.4.3.3.
Bay gid néu chiing ta dich H,,(¢’“) vé€ phia trai va vé phia phai di mot lugng la
T . . . Jo+ =) . ./(w‘g) L. . . -
3 thi ching ta s€ thu duge H, (e 2 ) va H,(e * ) sau dd cong ching lai ta sé&
c6 H'(¢“) nhu sau:

n
-2

. _‘(m+1[-) Mo
H(e®) = Hyfe 2 )+ Hye 2) (11.4.3.4)

Hinh 11.4.3.4 minh hoa sy hinh thanh H'(¢/°).

crw+ X
th(eJ( 'T))
1
-7 _i 0 . w
z Jlw-L)y
Hpp (e z’)
1
(0] l ) w
| H(eiw)
1
T
...]1'_ w
~1

Hinh 11.4.3.4.
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Theo hinh 11.4.3.4 ta thdy ddp Ung tdn sG H'(¢”) c¢6 gid tri nhu nhau trong
khodng (-t <o < 7).

-1 O<wo<n

H'(e'®) :{ (11.4.3.5)

1 ’ -1<o £0
Hon nita ddp ng tdn s& cla bo loc cdu phuong H(e'?) dugc cho bai bidu thitc

sau day:

-] O <m

H(e?) = {

11.4.3.6
J <o <0 ( )

T céc biéu thic (11.4.3.5) va (11.4.3.6)ta c6 duoc quan hé giita H (éj“’) va
H'(¢’’) nhu sau:

H(e'”) = jH(°) (11.4.3.7)
hodc:

H(e®) = - jH'(e!?) ' (11.4.3.8)
Tuong ting trong mién » ta ciing ¢6 quan hé gitta dap tng xung hi(n) va h'(n)

nhu sau:

hin)=jh'(n) (11.4.3.9)
hodac: ,

h'(n)=-jh(n) (11.4.3.10)

Chiing ta c6 thé tinh /’(n) thong qua ddp &ng xung cta bo loc nlra band nhu
sau: ‘
IW(n)=IFT[H'(°)]

n 7!‘
Jlo+=) j(w—=)
=IFT[H,,(¢ 2 )] +IFT[H,(e 2 )]

LT T
= h'(n)=e thhb(n)—ej2 hy(n) -
it Ju
= h(nfe * —e? )
= H(n) =‘—2jh.,,b(n)sin(gn) (11.4.3.11)

K&t hop céc biéu thitc (11.4.3.9) va (11.4.3.11) ta c6 quan hé sau day:
h(n) = 2k fn )sin(-;t—n) (11.4.3.12)

Nhdn xét:

+ Chiing ta c6 thé st dung tdt ca cdc phuong phdp t8ng hgp céc bd loc sd FIR
nira band dé€ tim céc hé s& h(n) ctia bo loc cdu phuong.
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+ Viéc tong hgp bo loc ciu phuong loai FIR s& khong gay sai s6 vé pha ma chi
pay sai sO v¢ bién do.

Vidu 11.4.3.1

Hay dung dap tng xung cua bo loc nita band /() v ding phuong phip ctra 56
chir nhat vdi chiéu dai N = 7 dé tong hop bo loc ciau phuong FIR /1,(1).

Giai '

Vige tong hgp bod loc cdu phuong FIR /(1) duge minh hoa bang d6 thi cho tren

hinh 11.4.3.5. _
hyn(n)

—0 d~

D

o 2

P

| — ) NIA

W p——o N

O
-

‘?'317{
1 iSin[zl(n-B)] (i
o l %; o l | ~

o)

oO—-
]

[~

& o o © o- ©
. ] 3 =
-2 o-=
51 3T 2 ,
t "7—[—- .
wR(n)v .
1 ‘] T T T T T
° ° T3 - ST =
hy(n)
—6—o6—o ° o o T o6 0 o
3 n

Hinh 11.4.3.5.
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b) Tong hop bo loc sé cdu phuwong IIR

Ching ta c6 thé sir dung cdc bo loc sd thong tat IIR dé tdng hop bo loc cdu
phuong. ' :

Ching ta dd biét ring mot bo 1oc sO thong tat chinh 1a moét bo dich pha thuin
tuy, vi vay ¢6 kha nang tao ra mot cap bo dich pha sao cho cédc day ra thé hién dugc
sy khdc pha nhau la 90° (v6i mot sai s6 rdt nhd cho phép duge ). Cap bo dich pha
nay dugc minh hoa trén hinh 11.4.3.6.

¥

—  H,(2)
y(n)
> + —
xcn) _ . 3
(thyc) Jym) -
> Hy (1)
Hinh 11.4.3.6

Nhdn xér

Ching ta biét rang Hap(ej“’)

= 1, vi vay chiing ta c6 thé téng hgp bd loc cdu

phuong loai 1IR khong gay sai sd vé bién dd nhung c6 sai s vé pha (tit nhién sai s6
nay phai nam trong khodng cho phép).

BAI TAP CHUONG 11
Bai tap 11.1 | |
Cho ;iéy h(n) 1a thuc va nhan qua c6 bién déi Fourier 12 H(¢/®). Hiy tim bién-
ddi Fourier ctia ddy /(- n) theo ham cta H(e').
Bai tap 11.2
Hay chitng minh biéu thic (11.2.2.5) nhu sau:

S(e'?) = -jcotg%

Bai tap 11.3
Cho hé thong ¢6 so d6 cho trén hinh BT 11.3.
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xtz1 Y Y(z]
+
1 e
a a,
: p_
a, a,
4 41'>_—

. Hinh BT 11.3.

- Hay xac dinh H(z)?

- Hay tim diéu kién cua cdc h¢ s o, sao cho h¢ thdng nay la hé thong pha cuc
tiéu.

Bai tap 11.4

Cho hé¢ thdng ¢6 sg d0 cho trén hinh BT 11.4 .

N
lfa,
4 a
7\ -1 -
+ - Z z
X (%) Y(2)
a a, I .
L !
—< 4_____

Hinh BT 11.4.

- Hay tim H(z)?

- Hay tim diéu kién cla cdc hé s6 ¢, sao cho hé thdng nay la hé thdng pha cue
tiéu.

Bai tap 11.5

Gia sir ta ¢6 hé thong nhan qua pha khong cuc tiéu ¢6 ddp dng xung la fi(n) va
ham truyén dat la H(z). Gia stt //(z) ¢6 M diém khong 13 z,,; r = 1, 2, ..., M, & day
‘201’ <,202[-<.., <’ZOMI' Tir h¢ thong /i(n) pha khong cuc ticu nay, ta tao ra h¢ thong
md&i g(n) ¢ pha cuc tiéu bing cdch sau day:

glu) = a"h(n)



Ching ta phai chon hé s0 ¢ nhu thé nao dé hé thong méi g(n) 1a hé théng c6
pha cuc tiéu.

Bai tap 11.6
Hay chiing minh ring néu H,(z) viét dudi dang (11.3.2.7) va (11.3.2.8) nhu

sau:
-1_ -1
z -~z
Hy(2) = ——1—
1-(zy,) 2
hodc:
~1 —Z*
v 1
CH () = ——'-1—_1
1-(z, )z

thi dép Ung tan s6 s& c6 dang sau:

Ho(e®) =1 Vo

Bai tap 11.7
Cho hé thdng ¢6 ham truyén dat nhu sau:
H,(2) = (1 - 25271 - 252)( 1 - 2052 )( 1 - 20427
& day: '
Zgy = —et; Zy = 5() 4

n
Zoy = 2€J1; Zoy = 2¢ 4
+ Hé thong nay c6 phai 1a hé thdng pha tuyén tinh hay khong?

+ Néu hé thong nay la pha tuyén tinh thi hdy tim ham truyén dat ctia hé thong
pha cuc tiéu va hé thong pha cu dai ¢6 cung dap tng bién do nhu nhau, sau d6 so
sanh d4p tng xung cua cdc hé thong nay.

Bai tap 11.8
Cho hé¢ thong ¢6 so do trén hinh BT 11.8 sau day:

X (%) 4 y(z)
2-1
b .
A o
J— -

Hinh BT 11.8.
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+ Hay tim ham truyén dat //(z) ctia h¢ théng nay.

+ Hay (im cdc diéu ki¢n cua cdc he s0 « va b dé hé thong nay la bd loc thong
Lat.

Bai tap 11.9

Cho he¢ thong ¢6 so do cho trén hinh BT 11,9,

__4\ - Z~1 ———q’-)——-—’——
X(Z) jﬁ ' Y(Z)

Hinh BT 11.9.

+ Hay tim ham truyén dat //¢z) cia h¢ thdng nay.

+ Hiy tim cdc diéu kién clia h¢ s6 o d¢ h¢ thong nay la bo loc thong (at (o la
sO thie hay phic). ‘
Bai tap 11.10

Cho hé thdng ¢6 so do6 cho trén hinh BT 11.10 sau day:

X(Z) ]
Z-1
)
<4
ay
Z-1
<
<
a;

Hinh BT 11:10.

+ Hay tim ham truyén dat 7/(z) clia h¢ thong nay.

+ Hay tim quan hé gitta cia cdc he 30 ¢y, ¢, va by, b, d¢ he¢ thong nay lia bo loc
thong tat.

Bai tap 1'1.11

Cho hé thdng ¢6 so d6 cho trén hinh BT 11.11 sau day:
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D — I~
X2 I % 1 Y yw
Z_1 Z-1
. oG .
__<}__‘
2—1 2—1
. 5
he’ . T
—

Hinh BT 11.11.

Hay chitng minh ring hé thdng nay 1a bo loc thong tét.

Bai tap 11.12

Gia sir ta c6 hé thong H(z) c6 dang sau:

H(z)=Fyz)+ F,(z)

G day Fy(z) va Fi(z) 1a cdc b 1gc thong tat.

+ Hay ching minh rang H(z) 1a bd loc thong tdt né€u va chi néu F,(z) = cF(z)
vd3i ¢ la hédng s0..

Bai tap 11.13

Cho h¢ thdng c6 dap Gng xung A(n) nhu sau:

1 n=0

—-\5 n=1
hin) =41

— n=2

4

0 n con lai

Hay xét xem hé thong la hé thong gi?
Bai tap 11.14

Cho hé thdng ¢6 ham truyén dat H(z) nhu sau:
H(z)=(1-z") + —l—z'2 lJrlz—I
4 2

Hiy xdc dinh hé thdng nay la hé thong gi?
Bai tap 11.15

Cho hé thong ¢ céc diém khong sau day:
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Zg, = %ejz; Zgy = %e_Jg; Zoa :—%

+ Hay tim ham truyén dat H(z) va ddp ung xung Iz(zz)‘j

+ Hé thdng nay la hé thong gi?

+ Hé thdng nay 6 thuc hién duge vé vat ly hay khong?

Bai tap 11.16

Gia su hi,,,(n) 1a ddp ing xung cua hé thong pha cuc tiéu , hé théng nay cé dép
Ung tan so la H,,,, (¢/°).

Néu ta c6 mot hé¢ thong khac nao d6 c¢6 ddp tng xung 1a A(n), h¢ thong nay ¢6
dap tng tdn s6 1a H (€°).

Hay chitng minh ring:

Néu 'Hmm(ejm)

= ‘H(P"m )' thi ’/I(O)’ < ,hmin (0)1

(goi y: dua vao dinh 1y gi4 tri dau).
Bai tap 11.17

Gia sir ta ¢6 hai hé¢ thdng H(z) va H,(z) déu la hé¢ th6ng pha cuc tiéu. Hay
chitng minh ring:

+ Néu: H(z).Hy(z) = Hyz)
thi H,(z) ciing 1a h¢ thong pha cuc tiéu.

+ Néu: H\(z)+ Hy(z) = Hy(z)
thi H,(z) chua chéc 1a hé théng pha cuc tiéu.
Bai tap 11.18

Cho cdc hé thong c6 cdc diém khong nhu sau:

a)zy =€ ?;zg =e

. -J=
b)zg,=2¢%; zgo=2e *;255=3

B

0)201=;€ 2o =
T

1 - 1 -i7
d)zo = —e4;zgp =€

3 3

1%
e)zm=5€4;202=2

+ Hay xét xem céc hé th6ng nay 1a c4c hé théng gi?
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+ Céc hé thong nay c6 thuc hién duge vé vat 1y hay khong?

Bai tap 11.19
Gia st chiing ta ¢6 ddy phitc x(n) nhu sau:

x(n) = Re[x(n)] + j Im[x(n)]

. . 20 0<o<nm
véi: X&) = .
=0 ® con lai
l n=0
2
1
Relx(n)} = —z n=12
0 n con lai

Hay tim phén thuc va phén 4o cta X(¢'°).
Bai tap 11.20

Cho hé thdng cdu phuong ¢6 so do cho trén hinh BT 11.20 sau day:

H4 (er) 1'\/
Cosw,n (os cw,n
—_—
X (eJ'w)
Sinw,n Sinwyn

>t A ) >

Hinh BT 11.20.

+ Hiay tim H (¢/“) theo ham cta H, (¢').

+ Néu h(n) = d"u(n) O<a<l .

Hay vé& H, (¢°) va H (¢/°) v6i o, = g
Bai tap 11.21

Hay chiing minh biéu thic (1 1.4.2.5) nhu sau:

2™y px0
h(n) = < an 2
0 n=0

y(eiw)
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PHU LUC

1. Cdc truc tan sé dang trong xu ly tin hiéu
+ Téan s& khong chudn ho4 f, Hz

e
1

0. AT

T

F,: bé rong phd cla tin hiéu
F: tan s¢ 18y méu
= Fyy tdn s6 Nyquist.

f

+ Tan s6 chudn hod boi tin s6 14y méiu F,: e néu ldy F, = F,\, = 2F, thi ta ¢6
2 :
I . S
tan s6 cuan hoa —:
2F,

Qo
N+
o

+ Tén s0 goc khOng chudn hod o = 27tf,[rad/s}

[

0 2L F, < [rad/s]
+ Tdn s6 goéc chuén hod bdi tin s6 14y mau F: —. Néu ldy F, = F,, = 2F, thi
3 >
TS . . "
ta c6 tan s6 géc chuan hod: ——, rad:
o
0 7T w [rad]

2. Ma tran nghich ddo
_ {(111 alz}
a, dy
S [“22 ‘(’12}
‘é’ —dy 4y

* arccoshx = ln(.vr+\/.v\'2 -1)

k2

5>
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Loi gidi thiéu

Loi ndi diu

Chuong 6. TONG HOP CAC BO LOC SO €O PAP UNG XUNG CHIEU

6.1.
6.2.

6.3.

6.4.

6.5.

DAI VO HAN (BO LOC SO IIR)
M¢ ddu
Cdc tinh chdt téng qudt cua bé loc
6.2.1. Bo loc s6 IIR thuc hién duge
6.2.2. Ham truyén dat
6.2.3. Pdp ting tin s6 cua bd loc s I1IR

6.2.4. Thoi gian truyén nhém

\Cdc phuong phdp téng hop bé loc so IR tix b loc tuong tu

6.3.1. M& dau

6.3.2. So sanh hé thong tuong tu va hé théng s&

6.3.3. Phuong phap 1: phuong phdp bat bi€n xung

6.3.4. Phuong phép 2: phuong phap bién déi song tuyén
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