LOT NOI PAU

Hoc phan Xt 1y sé tin hiéu duoc xem 13 hoc phan nén tang ciia nganh Dién tu, vi
vay Viéc bién soan gido trinh 13 rat can thiét nham phuc vy hiéu qua viéc dao tao ngudn
nhan lyc ciing nhu trang bi cho sinh vién nhitng kién thic vé mot sb tin hiéu trong hé
thdng, cach xu 1y tin hiéu & cac mién bién sd, cac bo loc $6.... Gido trinh duoc ding
lam tai liéu hoc tap cho sinh vién cac nganh Cong ngh¢ k¥ thuat bién - bién tir, Cong
nghé ky thuat Bién tir truyén thong, Cong nghé k¥ thuat Tu dong hoa. Gido trinh bam
sat chuong trinh dao tao cua truong Pai hoc su pham k§y thuat Vinh Long nhim giup
cho sinh vién dat dugc cac muc tiéu cia hoc phan. Bam bao chuan kién thic, k§ ning
va chuén dau ra di ban hanh.

Noi dung gigo trinh bao gdm 7 chuong:

- Chuong 1: Tong quan vé xir 1y so tin hiéu.
- Chuong 2: Biéu dién, phan tich tin hiéu roi rac va hé thdng roi rac trong
mien thoi gian.

- Chuong 3: Biéu dién va phan tich hé théng roi rac trong mién Z.
- Chuong 4: Phan tich tan s6 cua tin hiéu roi rac.
- Chuong 5: Biéu dién va phan tich hé théng roi rac trong mién tan sé.
- Chuong 6: Thiét ké bo loc FIR.
- Chuong 7: Thiét ké bo loc IIR.

Dé hoc tét hoc phan nay, Sinh vién cin c6 kién thirc vé toan hoc.

Ngoai ra gido trinh ndy con giup cac Giang vién thong nhat noi dung giang day
hoc phan Xt 1y s6 tin hiéu, 1am co s& dé x4y dung ngan hang dé thi chung.

Khi bién soan, chung téi da tham khao cac giao trinh va tai li¢u giang day hoc
phan nay ciia mot s truang dai hoc trong va ngoai nudc dé giao trinh vira dat yéu cau
vé noi dung vira thich hop véi ddi tuong la sinh vién caa truong Dai hoc su pham ki
thuat Vinh Long. Trong qua trinh bién soan, chung toi nhan duoc sy dong gop y kién
rat quy bau va sy hé trg cia cac déng nghiép trong khoa Pién — Dién tir va mot sd
d6ng nghiép khac.

Mic du da da hét sic cd gang dé gido trinh duwoc hoan chinh, song chic chéin
khong tranh khoi sai s6t. Nhom bién soan rit mong nhan dwoc sy gop v cua doc gia.

Bién soan



CHUONG 1: MO PAU
1.1 Mot sb khai niém co ban
1.1.1 Tin hiéu — Tin hiéu s6
a. Pinh nghia tin hiéu
Tin hiéu 1a biéu dién vat Iy cua thong tin
Vi du:
- Tin hiéu nhin thdy: cac song anh sang mang thong tin toi mat ching ta

- Tin hiéu nghe thay: sy bién doi cua ap suat khong khi truyén thong tin t6i tai
ching ta

b. Biéu dién toan hoc cua tin hiéu
V& mit toén hoc, tin hi¢u dugc biéu dién bdi ham cta 1 hodc nhiéu bién sé doc 1ap
Vi du:
Tin hiéu microphone Sa(t) duoc biéu dién ¢ hinh 1.1, Sa(t) 1a ham 1 bién s6 va bién
nay la thoi gian t.
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Hinh 1.1: Tin hiéu Sa(t)
Chung ta chia tin hiéu lam 2 nhom 16n: tin hiéu lién tuc va tin hiéu roi rac
c. Tin hiéu lién tuc

Néu bién doc lap cua sy biéu dién toan hoc ctia mot tin hiéu 1a lién tyc, thi tin hiéu
dé duoc goi la tin hi¢u lién tuc

Néu dua vao ham s, chung ta co thé phan loai tin hi€u lién tuc ra lam hai loai: tin
hi¢u tuong tu va tin hiéu luong ti hoa

- Tin hiéu twong tu: néu ham cta tin hiéu lién tuc 13 lién tyuc thi tin hiéu d6 duoc
goi la tin hiéu tuong tu

- Tin hi¢u luong tu: néu ham cua tin hiéu lién tuc 1a roi rac thi tin hiéu d6 duoc
goi la tin hiéu lugng ta

Vi du:

Chung ta ¢6 2 tin hiéu lién tuc c6 bién s6 13 thoi gian t duoc biéu dién trén hinh 1.2



4x(1) 4 x(1)

(a) (b)

Hinh 1.2: (a) Tin hiéu twong tw
(b) Tin hieu lwong tir hoa
d. Tin hiéu roi rac
Néu tin hiéu duoc biéu dién boi ham cuia cac bién roi rac, thi tin hiéu d6 duoc goi 1a
tin hiéu roi rac
Néu duwa vao bién d9, chiing ta c6 thé phan tin hiéu roi rac lam 2 loai: tin hiéu lay
mau va tin hiéu so
- Tin hiéu ldy miu: néu ham cua tin hiéu roi rac 1a lién tuc (khong duogc luong tir
hoa) thi tin hiéu d6 duoc goi la tin hiéu lay mau
- Tin hiéu sb: néu ham cua tin hiéu roi rac 1 roi rac, thi tin hiéu d6 duoc goi 1a
tin hiéu sé
* Nhan xét:
- Tin hiéu s 1a tin hiéu duoc rdi rac hoa ca vé bién sé va bién do
- Tin hiéu lién tuc 1a tin hiéu lién tuc ca vé bién s6 va bién do
Vi dy:
Chung ta c¢6 2 tin hiéu roi rac c6 bién s6 1a thoi gian t (thoi gian t duoc roi rac hoa
Vi chu Ky roi rac Ts) duoc biéu dien trén hinh 1.3
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Hinh 1.3: (a) Tin hiéu lﬁ}’ mau
(b) Tin hiéuso
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1.1.2 Céc hé théng xir 1y tin hiéu
Chung ta c6 thé phan loai cac hé thdng xur 1y theo chinh tin hiéu can xir Iy: hé thong
tuwong tu, hé thong so

Vao Ra

[ »

Tin hiéu twong tu Xa(t) Tin hiéu tuong tu Ya(t)

Hé thdng tuong tur
Vao Ra

»

»

Tin hiéu sb xq(n) Tin hiéu s6 ya(n)

|

Hé thdng sé

So d6 tong quat caa hé thong xir 1y sé dugc cho bai hinh 1.4, hé théng sb nay 1am
nhiém vu xur 1y tin hiéu $6 Xd(t) va dua ra tin hiéu s6 y«(n)

Vao Ra
> ADC > > ADC
Xa(t) Xd(n) T yd(n) ya(t)
Hé théng sb

Hinh 1.4: So d6 téng quat hé thong xt 1y sd
1.2 Hé théng xir 1y s6 tin hi¢u twong tur.
1.2.1 Bién d6i D/IA
a. Téng quat vé chuyén d6i DAC

DAC 14 bd chuyén d6i tin hiéu ngd vao dang s6 thanh tin hiéu ngd ra dang twong ty.
No6i1 mot cach khac mach DAC nhan vao ma s6 nhi phan n bit chuyén doi thanh tin
hiéu dién c6 dién thé Va. Tin hi€u di¢n ap Va ti I¢ v61 ma so nhi phan ngd vao.

So dé khoéi DAC:



Vce

Do

D.
M3 s6 vao < DAC |——V, Diénthéra

VREF

Hinh 1.5: So d6 khéi DAC ,
Khao sat quan h¢ gitra ma so nhi phan 3 bit vao va dién thé ngd ra trén hinh 1.6

VA(VO |t)

D2DiDo | Va(Vol) ——=Gi4 tri toan giai

0 0

Fullscale(FS)

P FRPPFRPPOOOO
PP OORFrR,EF, OO
P OPFPORFOPR
~NOoO Ok~ W

S P NN w s oo

}Buéc nhay (Step Size)
Din

Hinh 1.6: Bang trang thai va biéu db dang song ngd ra DAC 3 bit.

b. Thong s6 k§y thuat cta b chuyén déi DAC

s D¢ phdn giai
Do phan giai cua bo DAC 1a luong (l1a dién ap hodc dong dién) thay d6i nho nhat c6

thé xdy ra ¢ ngo ra tuwong tu trong ing voi ngd vao s0.
Do phan giai bang vai kich thude bac thang (Step Size- dugc thé hién ¢ hinh 1.6)
Quan hé giita ngd ra tuong ty va ngd vao s 1a:
V(A) = K x Di (1.1)

K: Hé s6 ty 1€ (Vol hodc A) phu thudc vao tirng dac diém ctua DAC

Vidul:



Cho bd DAC 5 bit véi dic diém dong dién ra bépg 10 mA tuong Grng voi trang
thai nhi phan ngd vao la: 10100. Hay xac dinh thong s6 ty 1¢ K va gia tri dong dién ra
néu ngd vao cua bo DACla 11101.

Giai:

Ngb ra trong tw = 10 mA; ngd vao sb 101002 = 2010
— thong sd ty 18: K = mZLOA =0,5mA
Véingd vao s6 111012 = 2919
= lour = K x ngo vao $6 = 0,5x29 = 14,5mA
Vidu2:
Cho bd DAC 8 bit biét ring Vour = 1V néu trang thai nhi phan ngd vao 1a
00110010. Hay xac dinh dién &p ra cuc dai cia DAC.
Giai:
Ta c6: ngd vao cuc dai = 28-1 = 255; ngd vao véi trang thai 00110010, = 50; Vour =
v
— Thong sb ty 16 K = % =0,02V = 20mV

= Voutvax) = 0,02 x 255=5,1V
Do phan giai:
FS
1.2
2" —1 (1.2)

n: s6 bit ngd vao ctia DAC

Q=

FS: gia tri ngo ra cuc dai
< DO phan giai phan trim
Mic du 6 thé biéu dién do phén giai bang dong dién hoidc dién ap & mdi bude (Step
Size), nhung cling rat hitu ich néu biéu dién do phan giai theo ty 1€ phan tram cia ngd
ra cuc dai toan giai ( Full Scale).

R % = @xmo -9 L100- znl ¥100 (1.3)

Vidu:
Mot DAC 10 bit co ‘puo’rc nhay = 10mV. Hay xac dinh dién ap dau ra cuc dai (dﬁy
thang) va do phan giai phan tram.
Giai:
Vi 10 bit s& ¢6 2 — 1 = 1023, mdi bude 10mV
= FS=10mV x 1023 = 10,23 V

RO = 10mV
10,23V

x100=0,1%
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1.2.2 Bién d6i A/D
a. Téng quat vé chuyén d6i ADC

ADC 14 bd chuyén d6i tin hiéu ngd vao tuong ty c6 gia tri Va thanh chudi sé nhi
phan n bit

% So do khoi tong quat:

C Vrer
——D Ck: Chudi xung ddng hd c6 tan sé xac dinh
——D VBEF: Pién thé tham chiéu phuc vu cho viéc chuyén
V— ADC d6i A -D
Dn-l

Khao sat quan hé gitta ngd vao va ngd ra:

Giad su ta c6 quan h¢ gitra ngd vao va ngo ra cua 1 mach ADC nhu sau:

Va(Vol) | D,D:Ds
00 Dour

Puong trung binh
111
110
101
100
011
010
001
000

~No o hlwNE O
PR PR ROOOO
Rk OOoOlkrko
R OR Ok or

012 345 6 Va(vol)

Hinh 1.7: Bang trang thai va biéu dd dang song vao ra cuia ADC
Nhan thay rang dudng trung binh khong qua gbc toa do. Nhu vay khi dién ap ngd
vao bién thién tir 0 — 0,9999 V ma sb ngd ra van 1a 000.

Néu cong thém vao Va mdt di¢n thé ¢co gia tri la - 0,5V tac - Y2 LSB luc nay duong
trung binh s€ qua goc toa dd va su chuyén doi s€ xay ra nhu sau:



Va(Volt) D. D:
Do

-05 —» 05 000
05 —» 15 0 01
15 — 25 010
25 — 35 011
35 — 45 100
45 — 55 101
55 — 6,5 110
65 — 7,5 111

Nhu vay d6 chinh x4c s& cao hon sai s6 xem nhu giam di %
b. Mach 1ay mau va gitt (Sample and Hold — SH)

Khi ndi truc tiép dién thé tuong tu voi dau vao cuia ADC, néu dién thé tuong tu bién
thién trong qua trinh chuyén d6i mach dién s& lam viéc sai, ma s6 ngd ra khong tuong
mg v6i dién ap ngd vao. Nguoi ta st dung mach ldy miu va giit dé duy tri dién thé
tuong tr ngd vao khong ddi trong sudt thoi gian thue hién viée chuyén doi

Mot mach 1ay mau va giit c6 thé thuc hién nhu hinh vé& 1.8

Aq Az
Ng.f) vao I /r I —u Va(t1)
trone b JL Dén ngo vao
8 T O ADC

ty

Hinh 1.8: So @6 mach ldy mau va giir
* Hoat dong cua mach nhu sau:

A1 1a mach khuéch dai dém c6 trd khang ngd vao cao, tré khang ngd ra thap nham
tao di€u kién nap nhanh cho tu Ch

Tai thoi diém t; khi xung 1dy mau tac dong tu Ch nhanh chong dat dén gié tri Va

Khi xung ldy mau chdm dat tu Ch duy tri dién 4p Va(t1) tai ngd ra cung cp cho
mach ADC.

1.2.3 Liy miu - Dinh Iy 1dy mau
a. Ly mau

Trong xtt 1y tin hiéu, 1ay mau 1a chuyén d6i mot tin hiéu lién tuc thanh mot tin hiéu
ro1 rac. Mot vi du phd bién 1a viéc chuyén doéi cia mot sobng am thanh (mdt tin hi¢u
lién tuc) thanh mot chudi cdc mau (mdt tin hi¢u thoi gian roi rac).
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Mot mau chira mot gia tri hodc tap hop cac gia tri tai mot diém trén truc thoi gian
(va/hoac khong gian).
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Hinh 1.9: Liy méu tin hiéu

Léy mau c6 thé duogc thuc hién cho céac tin hiéu khac nhau trong hé toa do thoi gian,
hodc v&i cac hé toa do bat ky, va két qua tuong ty thu dugc trong hé toa do 2 hoac
nhiéu chiéu.

Déi voi cac tin hiéu khac nhau theo thoi gian, vi du s(t) 1a mot tin hi¢u lién tuc dugce
ldy mau, va viéc lay miu duoc thyc hién bang cach do cac gia tri cua tin hi¢u lién tyc ¢
thoi diém mdi giay T, T duoc goi la khoang thoi gian ldy mau. Nhu vdy, tin hiéu sau
khi dugc 1dy mau s[n] dugc dua ra boi:

s[n] =s(nT), véin=0,1, 2, 3,...

O day, tin hiéu duoc xac dinh chinh x4c tai thoi diém 14y mau nT. Trong toan hoc,
c6 thé duoc biéu dién bang phép nhan ham tin hiéu s(t) véi ham rang lugc Dirac (hé
qua cua ham delta Dirac):

s(t) X L. (t) - s,(t)
A )

o At

- t Y | t

Hinh 1.10: Tin hiéu sau khi 1ay méu

Tin hiéu sau khi 14y mau 13 s,

s, () =s(t). S5t -nT) (1.4)

N=—o0

Pho tan cua S, la chudi Fourier cua tin hiéu Sa:

sa<f)=s<f>*[$§5(f—$ﬂ (1.5)

Tan s6 léy mau hay ty 1€ léy mau fs dugc dinh nghia la sb luong céc mau thu duogc
trong mot gidy, hoic fs=1/T. Ty 1é 14y mau duoc do bang hertz hodc sb mau/gidy.

b. Pinh 1y 1dy mau


http://vi.wikipedia.org/wiki/T%C3%ADn_hi%E1%BB%87u
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Binh ly lay mau Nyquist-Shannon 1& mdt dinh 1y dugc su dung trong linh vuce ly
thuyét thong tin, dac biét 1a trong vién thong va xur 1y tin hi€u do Harry Nyquist va
Claude Shannon phat minh

Dinh 1y 1dy miu duoc phét biéu nhu sau:

Mot ham sb tin hiéu x(t) khong chira bat ky thanh phan tan sé ndao 16n hon hoic
bang mot gia tri fm cd thé bi€u dién chinh xac bang tap cac gia tri cia nd véi chu ky
lay mau T = 1/(2fm).

Nhu vay, tan s6 iy mau phai thoa man diéu kién fs > 2fm. T4n sb gi6i han fs/2 nay
dugc goi 1a tan s6 Nyquist va khoang (-fs/2; £5/2) goi 1a khoang Nyquist. Thuc té, tin
hiéu trudc khi léy mau sé bi gi61 han béng mot bd loc dé tan sd tin hiéu nim trong
khoang Nyquist.

Trong mot sb truong hop co thé tai tao lai hoan toan va chinh xac tin hiéu ban dau
(tai 1ap hoan hao).

binh ly lay mau Nyquist-Shannon cung cap diéu kién du (nhung khong phai Itc nao
cling can thiét), theo do co thé tai 1ap hoan hao tin hi¢u. Dinh ly ldy mau dam bao rang
céc tin hiéu c6 tan sb gio1 han co thé duoc tai tao hoan toan tir phién ban mau cta no,
néu ty 18 14y mau 16n hon gap doi tan sb tdi da (fs>2fmax). Tai 1ap trong trudng hop nay
c6 thé dat duge béng cach sur dung cong thirc ndi suy Whittaker-Shannon.

Vi du vé séng fa(t) (mau do) dugc thu bang mot mach l1dy mau va giit.

Do khong thé tao ra mot ham delta Dirac 1y twong, cho nén tin hiéu c¢6 phan nao
nhanh hon so vé6i thoi diém 1dy miu thuc té, hay néi cach khac, khi dé tin hiéu bién
d6i nhanh twong ddi so v&i chuyén d6i cia mach ADC. Trong truong hop niy ngudi ta
s dung mot 'mach ldy mau va giir' (sampling and hold). Ham rang lugc Dirac dugc
thay thé bang mot xung chir nhat voi do dai xung to. Viéc 14y mau duogc thyc hién boi
mot mach 1dy mau va giir dé giir gia tri cia mot mau khong doi trong mot do dai cua
xung hinh chir nhat. Trong toan hoc, diéu d6 twong dwong véi mot tich chap véi
mot ham rect:

L= f(nT).rect[t_tnTj_rect[tJ S £ ()5 -nT) (1.6)

0

=—00

Phé thu dugc:

F(f)=t, smc(;zft){F(f)*—Zé(f—nf )} (1.7)

N=—o0

f(t)

Hinh 1.11: Tin hiéu trude va sau khi qua mach 14y mau va gir
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Phé tan nay chira dung mot yéu té cia ham sinc. Piéu nay c6 thé sai léch tin hi¢u
phuc hoi va phai dugc khac phuc bdi mdt bo loc tai thiét (reconstruction filter).

Co the thay cac tan sd 16n hon tan s6 Nyquist fy trong tin hiu lay mau, nhung
nhing tan s6 nay khong 16 rang. Mot phan tin hiéu ¢ tan so f khong thé dugc phan
biét véi cac thanh phan khac co tan sé Nfy+f va Nfu—f v6i N 1a sé nguyén duong khéc
0, su khong rd rang nay dugc goi 1a hién trong chong phd hay ring cua.

Pé xir Iy van dé nay mot cach cang min cang t6t, hau hét cac tin hiéu tuong
tu (analog) dugc loc voi mét bo loc chéng rang cua (thuong 1a mot bo loc thong thip
v6i tin s6 cit tai tan s6 Nyquist) truée khi chuyén doi dé 1dy mau.

Céc bién dang trong thuc té

Trong thuc té, cac tin hiéu lién tuc dugc léy mau béng cach sir dyng mot mach
chuyén dbi tin hiéu tuong ty sang tin hiéu s6 (ADC), day la 1 thiét bi khong 1y tudng.
Diéu nay dan dén xuét hién mot do 1éch trong qua trinh tai dung lai tin hiéu so véi ly
thuyét, goi chung 13 bi méo.

Céc loai méo c6 thé xay ra, bao gom:

- Ring cua hay hién tuwong chong pho (aliasing): mot dicu kién tién quyét
cua dinh 1y lay mau la tin hi€u phai c6 dugc gidi han bang tan (bandlimited). Tuy
nhién, trong thuc t€, khong cé tin hi¢u nao trong thoi gian vé han ma c6 bang tan hiru
han ca.

- Jitter: 1 hién tugng xung dong bo (xung diéu khién khoang cach thoi gian lay
mau) bi méo dang hodc bi sai I¢ch mot cach khong dong déu.

- Nhiéu bao gdom ca nhiéu do nhiét hoic nhiéu trong mach analog...

- Ldi do van ‘Eéc tang vthé' (Slew rate), gdy ra boi gia tri ngd ra cua thiét bi chuyén
doi ADC khong thé thay doi du nhanh.

- Luong tor hoa nhu mdt h¢ qua ctuia d chinh xéac hiru han cac tir dai dién cho céc
gia tri chuyén doi.
- Sai s6 mé héa hay sai sd luong tir (Quantization): la 16i xdy ra trong qua trinh

sd hoa cic gia tri ctia tin hiéu mau. S6 bit ma hoa cang 16n thi sai s6 luong tir s& cang
nho.

1.2.4 Hién tugng Aliasing

Theo 1y thuyét, mot tin s6 Nyquist chi can 16n hon do rong dai tan cua tin hiéu la da
du dé co thé phuc dung lai mdt cach chuin xac toan bd tin hiéu tir nhirng mau: xem
thém Pinh 1y 14y mau. Tuy nhién, viéc phuc dung ndy yéu cau mét bo loc ¢ kha ning
cho qua céc tan s6 khong thay doi trong khi chin hoan toan tat ca cac tan sb khac (bo
loc nay duoc goi 1 bo loc thong thap 1y tudng hay brick-wall filter). Trén thuc té viéc
phuc dung hoan héo nhu vay 13 khong thé co, tic 1a sai so6t va hién tuong chong phd 1a
diéu chic chan phai xay ra.

Tan sO tin higu lon hon tan so Nyquist s& gép phai mot sy "gép lai" cho gén bang
tan sb Nyquist, tro vé cac tan s6 thap hon. Vi du nhu tan sd cua tin hidu méu 1a 20

kHz, tan s Nyquist 1a 10 kHz, va mét tin hiéu 11 kHz sé bi "mep gap" lai con 9 kHz.
Tuy nhién mot tin hi€u 9 kHz c6 thé bi "méo" thanh 11 kHz néu nhu bd loc cé chat
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http://vi.wikipedia.org/w/index.php?title=V%E1%BA%ADn_t%E1%BB%91c_t%C4%83ng_th%E1%BA%BF&action=edit&redlink=1
http://vi.wikipedia.org/wiki/Bit

luong khong tot nhu yéu cau. Ca hai kiéu "méo" ndy c6 thé gy ra nhitng hé qua quan
trong.

Khi mot b loc co chat lugng khong dat yéu cau duogc sir dung, viée ting tan s 1dy
mau (oversampling) 1a can thiét dé khac phuc nhiing 16i ciia cac bo loc chong meéo
dang: ke ca 1 bg loc thong thip (brickwall) cit ngang mot dai thong ¢ mot diém goi 1a
tan sb cat hay tan sb gio1 han, (cho qua tat ca cac tan sb dudi ngudng nay ma khong
thay d6i gi), sau d6 dan dan s¢ giam tan trong mot dai tan chuyen tiép va cudi cung
chin hoan toan cé4c tin hiéu nim trén mot diém nao do6 hodc chan gén nhu hoan toan ¢
dai chan (stopband). The 14, cac tan s6 c6 gia tri gan bang tan s6 Nyquist c6 the bi méo
trong qua trinh lay mau va qua trinh phuc dyng tin hiéu, vi vay do rong dai tan nén co
gia tri thap hon tan s Nyquist, thip hon bao nhiéu thi tily vao tinh chét ciia bo loc.

Vi du:

Mot dia CD ghi 4m c6 tan s6 lay mau la 44100 Hz thi tin s6 Nyquist phai 1a
22050 Hz, né 1a gi6i han trén cua tan s t6i da cua dit liéu, vi tin hidu gbc 1a tin hiéu
am thanh, ma am thanh tai nguoi c6 thé nghe dugc c6 tan s thi da fmax=22050 Hz.
Néu nhu b6 loc chong meo dang (trong truong hop nay la mét bo loc tan sb thap) co
mot dai tan chuyen tlep 1 2000 Hz, nhu vy dé co dugc mot tin hiéu voi nang luong
khong dang ké & tan s6 22050 Hz hodc hon thi tin sé cit khong thé nao vuot qua
20050 Hz.

1.2.5 Luong tir hoa

Luong tir hoa (quantization) c6 thé dugc dinh nghia mot cach khai quat rang: d6 1a
mot qua trinh xap xi mot tap dai luong co gia tri twong ddi 1on hoidc thay doi lién tuc
(hoac thay doi mot cach roi rac trong mot khoang rat nhiéu gia tri) (vi du, cac sb thuc)
bang mot lugng c6 gia tri nhd hon (hodc thay doi mot cach roi rac trong mot khoang
tuong ddi it gia tri) (vi du, cac s6 nguyén).

Ung dung thuong gap nhat cua luong tir hoa 1a luong tir hoa tin hi¢u. Day 1a mot
trong nhleu budc bién tin hiéu twong tu thanh tin hiéu sd, hay néi cach khac 1a qua
trinh 1dy mau (sampling) cac tin hi¢u twong ty va chuyen thanh cac gia tri twong ng
Vai tin hi¢u s6. Muc dich cua qua trinh nay la biéu dién lai mot cach chinh xac nhat
cac tin hiéu twong tu bang tin hiéu so.

1.3 Tong quan vé DSP
1.3.1 Sy hinh thanh va phat trién cua DSP

Xir 1y tin hiéu s6 (tiéng Anh: Digital signal processing) 1a viéc xir 1y nhiing tin hiéu
da duoc biéu dién dudi dang chudi nhitng diy sb. Xt 1y tin hiéu sd va xir 1y tin hiéu
tuong tu 13 2 phan caa Xt 1y tin hiéu.

Cong nghé xir 1y tin hiéu s6 1a cong nghé bung nd nhanh chéng trong nganh cong
nghiép dién tir va vién thong hién nay. Xir 1y tin hi¢u s6 c6 nhiéu tmg dung da dang, vi
du nhu trong linh vuc dién tur y sinh, trong diéu chinh dong co diesel, xur 1y thoai, cac
cudc goi dién thoai khoang cach xa, xtr Iy tiéng noi, xir Iy 4m thanh, va ting cudng
chat luong hinh anh va truyén hinh. Cac cong nghé nén MPEG hay WMV hién nay
déu dua trén tién bd cua cong nghé x1r 1y tin hi¢u $6.
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1.3.2 Su khéc nhau cua 1 by DSP va 1 b¢ xur 1y chung

DSP c6 kha nang thuc hién da tac vu tu diéu khién dén xir 1y tin hiéu voi gia thanh
ré¢ hon bo xur Iy khac

Téc @6 xtr 1y cua kit DSP chi phu thudc chu yeu vao xung nhip cua chip do do co
thé dat duoc hiéu sudt cao hon trong thoi gian ngin

DSP sir dung ngdn ngit 1ap trinh C, ASM tuong d6i phdé dung nén t6 ra mém
deorhown khi 14p trinh

1.3.3 Céc linh vyc tng dung cia DSP

DSP (cong ngh¢ xu 1y tin hiéu s6) 1a mot cong nghé duogc st dung dé thiét lap cac vi
tri loc khac nhau va nham tranh can nhidu. Cac bd loc 4m thanh audio tiéu chuan dua
ra mot dai audio nhat dinh duoc goi 1a dai thong. Pé tranh can nhiéu giira cac kénh gan
ké, may thu tin hiéu analog truyén thong két hop vai cac bo loc dai hep cho phép nghe
duoc tin hi¢u ¢ dai thong hep hon. Vi dai thong hep, audio ¢ dai hep hon tur cac tin
hiéu khac c6 thé anh hudong dén tin hiéu ma ban dang nghe. Chi c6 mot van dé 1a do
cac vi tri bd loc hep nén cac audio & dai hep hon c6 thé di qua va tin hiéu s& phat ra
tiéng nhu bi tac. Mot s6 bo loc CW dai cuc hep di qua audio qua nho dén ndi gan nhu
khong c6 tac dung d6i véi cac truyén dan thoai.

Hién nay c6 mot sé xu huéng trong diéu khién dong co. Trong mot sé truong hop,
van dé can quan tam chi don gian 1a diéu khién téc do, gia toc, mémen hodc cac thudc
tinh khac ciia dong co trén co so tin hidu diéu khién dau vao 1a tir phia con ngudi,
chang han nhu qua bang diéu khién.
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CHUONG 2: BIEU DIEN VA PHAN TICH TiN HIEU
ROl RAC VA HE THONG ROl RAC TRONG MIEN
THOI GIAN
2.1 Tin hiéu roi rac - day
2.1.1 Cach biéu dién tin hiéu roi rac
a. Biéu dién toan hoc
Mot tin hiéu roi rac duoc biéu dién boi mot day cac gia tri thuc hodc phirc
Tin hiéu roi rac gdm 2 loai: tin hiéu 1dy mau va tin hiéu s6
Ky hiéu:
Xs(NTs): Tin hiéu lay mau
Xa(nTs): Tin hiéu s6

Ky hiéu chung cua tin hiéu roi rac 1a x(nTs) véi nTs 1a bién doc lap, n 1a sé nguyén,
Ts 1a chu ky lay mau. B¢ tién cho cach bicu dién tin hi¢u roi rac ching ta sé chuan hoa
bien so6 doc lap nTs boi chu ky lay mau Ts nhu sau:

nT,

n
TS
Nhu vay sau khi chuan hoa ta cé:
Chuan hoa
X(nTs) _— X(n)
Baoi Ts

Chu y: Trong mién bién s6 ching ta chuan hoa bai chu ky ldy mau Ts thi trong mién

tan s chiing ta phai chuan héa bai tan sé lay mau Fs (F, = Ti)

S

Céach biéu dién toan hoc nhu sau:

{bié’u thirc toan Nisn= N,
x(n) = <
0 n con lai

Vi du:
11 0<n<4
Xx(n)=4 4
0 n con lal

b. Biéu dién dé thi

Pé minh hoa 1 cach tryc quan trong nhiéu truong hop ching ta ding biéu dién d6
thi
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4x(n)

A
=

Hinh 2.1: D6 thi biéu dién tin hiéu vi du phan 2.1.2a

c. Biéu dién bang day s6

La liét ké cac gia tri cua x(n) thanh 1 ddy sé nhu sau:

x(n) ={..., x(n-1), x(n), x(n +1),..}
n

N : chi gi4 tri ciia x(n) tai vi tri thir n

Vi tin hiéu roi rac thuc chat 1a cac ddy sd nén tin hiéu roi rac x(n) con goi 1a day
x(n)

Chuy:

Tin hi¢u roi rac x(n) duge dinh nghia chi véi gid tri nguyén, x(n) khong dugc coi
nhu bang 0 doi voi cac gia tri khong nguyén, x(n) khong dugc dinh nghia véi cac gia
tr1 khong nguyén nay
2.1.2 Cac day co ban

a. Day xung don vi

Day xung don vi dugc dinh nghia nhu sau:

1, n=20
=y 130 e

)

45(n)

b1

—— >
v -3 -2 -1 1 2 3..n

Hinh 2.2: D6 thi ddy xung don vi
Chu ¥: Vai tro cta 8(n) trong dwong voi phan bd 8(t) doi véi hé théng lién tuc
b. Day nhay don vi
Day nhay don vi dugc dinh nghia nhu sau:

um={g 220 22)
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F u{n}

I8

—_———e
-3 -2 -10

Hinh 2.3: D6 thi ddy nhay don vi

c. Day chir nhat

Day chir nhat dugc dinh nghia nhu sau:

n

1, 0<n<N-1
rectn(n)= {0, n con lai (2.3)
4 recty(n)
11
3 -2-10 1 2 3 N-1 n
Hinh 2.4: D6 thi day chit nhat
d. Diy doc don vi
Diy déc don vi dugc dinh nghia nhu sau:
n, n=0
r(n) = {0 n<o0 (2.4)
4 r(n)
albo -
cl I o
o
1 ___T*’
— - >
210 1 2 3 n
Hinh 2.5: D6 thi cta diy déc don vi
e. Day ham m thuc
Day ham mii thuc duogc dinh nghia:
(™ n=0
e(n) = {0 n<0 (2.5)

Véi o 1a tham s6. Diy nay ting hay giam phu thudc tham s6 o >1 hay o < 1
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F E.{n} rFy E‘{n}

1lg T
—— T T‘-..*__H__h — -
n 0 n

L

a<l a>1
Hinh 2.6 : D6 thi cua ddy ham mil thyc
f. Day sin
Day sin dugc dinh nghia nhu sau :
s(n) =sin(a,n) (2.6)

. |"2f: \',
hsin |, ——m |
\ }

Hinh 2.7: D thi day s(n) = sin (£'n)

g. Day mii phuc
Day mil phttc dugc dinh nghia nhu sau:

x(n) =exp|(c + jo)n] (2.7)
Nho cong thirc Euler ta co:

x(n) =e”[cog(@n)+ jsin(en)] (2.8)

2.1.3 Céc phép toan co ban cua day

a. Téng cua hai ddy

Tong cua hai ddy nhan dugc bang cach cong ting d6i mot cac gia tri mau dbi voi
cung 1 tri SO cua bién doc lap

Vi du:

Hay tim tong x(n) cia 2 ddy x1(n) va x2(n) nhu sau:
x1(n) = rects(n)
X2(n) = rectz(n — 2)
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Giai:

A ,{1{“}
1
—.—LO—O—O—D
0 n
r 3 Kz(n}

B
-

b. Tich cua 2 day:

Tich cta 2 diy nhan duoc bing cach nhan tirng d6i mot cac gia trj mau déi voi cung
1 tri sO cua bieén doc lap

Vi du:

Hay tim tich x(n) cua 2 day x1(n) va x2(n) nhu sau:
x1(n) = rects(n)
X2(n) = rects(n — 4)

Giai:
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&y (n}

I I D

o] 1 2 3 4 5 6 n

c. Tich véi hang sé

Tich cua 1 ddy v6i 1 hang s6 nhan dugc bang cach nhan tat ca cac gia tri mau cua
day vai chinh 1 hang s6 do

Vi du:

Hay tim tich ctia hang s6 o = 2 va ddy x(n) = rects(n — 1)
Giai:

1 x(n)

¥ 3 x(n)

| ‘[
2 3 n

’?T .
d. Tr3 (dich)

Ta néi rang ddy x2(n) 12 ddy 1ap lai tré cua diy x1(n) khac néu ta co:

X2(n) = X1(n — no) VGi moi N, no 13 s6 nguyén am hodc duong

Vi du:
Hay tim day tré y(n) cta diy x(n) nhu sau:

y(n) =x(n—1)
Vi

1-- 0<n<4
X (n) = { . =0
0 n con lai
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Giai:

ux[n}
1e,
_._’Lh'_.

-1 0 1 2 3 4 n

4 v(n)

1
. [ T | AN
.1 0 1 2 3 4 5 n

Nhan xét:

Nho c6 phép tong, tich va tré, chung ta c6 thé dién ta 1 diy dudi dang tong sau day:

e}

X = ) x(9.8(—k) 2.9)

k=—00
Vi §(n — k) 1a diy xung don vi tré
2.1.4 Tin hiéu cong suat va tin hiéu nang luong
a. Day chu ky (Diy tudn hoan)
Mot day 1a tuan hoan véi chu ky N, néu:
X(n) =x(n+ N)=x(n+KkN) véi vn (2.10)
Ki hiéu day tuan hoan: X(n);X(n),
Vi du: Mot day tuan hoan véi chu ky N = 3

“X{n:l

1 ¢

-1 0 1

Hinh 2.8: Day tuan hoan
b. Diy c6 chiéu dai hitu han
Day dugc xac dinh voi ) hitu han N mau (N diém trén truc hoanh) goi 13 diy co
chiéu dai hitru han. N goi 1a chiéu dai day
Vi du: Diy c6 chiéu dai hitu han N = 4
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-1 0 1 2 3 4 n

Hinh 2.9: Diy c6 chiéu dai hitu han
Néu ky hiéu chiéu dai cua ddy x(n) 1a L: L[x(n)] thi ddy rectn(n) c¢6 chiéu dai la:
L[rectn(n)] =[0,N—-1] =N
c. Ning luong va cong suat cua diy

- Nang lugng cia day dugc dinh nghia la:

E, = 3 x(n)° (2.11)
Vi du:
Tinh nang luong cua day u(n) va rectn(n)
Giai:
E, = §:|u(n)|2 =

n=—w

Erea, = i|rectN (n)|2 =N

- Cong suat trung binh cua diy x(n) duoc dinh nghia 1a:

. 1 & 2
= 2.1
R Llinm 2N +1 n§|x(n)| (2.12)

Nang luong cua day x(n) trong khoang hiru han —N <n <N dugc dinh nghia Ia:

N
E, = > x()’ (2.13)
n=—N
Vay:
E, = limE, (2.14)
Va
P, = lim E 2.15
= m o B (2.15)

d. Day nang luong, diy cong suat
+ Day nang lugng

Néu ning lwong cua diy x(n) 14 hiru han (0 < E < ) thi x(n) goi 12 diy ning lwong
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+ Day cong suat

Néu Py 13 hitu han (0 < Px < o) thi x(n) goi 12 ddy cong suit

Vi du:

Tinh cong suat trung binh ctia diy u(n) va rectn(n)

Giai:

im N+1 1

P—Ilm— u(n —Ilm— —
u N—o 2N + Z| ( )| Z Nﬁ"oZN +1 2
P. = _— rect,, (n —I|m =0
e = S Sect, (f = fim S

Tathdy E., =M vivay P, =0
Trudng hop tong quat: néu Ex 1a vo han thi Px c6 thé 13 hitu han hodc v6 han
— rectm(n) 13 ddy ning luong, con u(n) 1a diy cong suat
2.2. Hé thdng thoi gian roi rac (Goi tat 1a hé théng roi rac)
2.2.1 Khai niém
Ky hiéu hé théng

Vao . A ra
—>x(n) Hé thong —>y(n)

Kich thich va dap tng: Day vao duoc goi 1a day kich thich, day ra dugc goi 1a dap
ung cua hé thong voi kich thich dang khao sat

bic trung cua hé théng: Mot hé théng xir 1y sé duge dic trung boi 1 toan tir T lam
nhiém vu bién doi day vao x(n) thanh day ra y(n). Ching ta co6 thé st dung 2 loai toan
ti sau day:

T[x(n)] = y(n)
Hoac
x(n) ——» y(n)

Chung ta c6 thé biéu dién hé thdng nay bing so dd nhu sau:

——| Hethéng ——>

x(n) : y(n) = T[x(n)]
Kich thich Dap ung

Hinh 2.10: So db biéu dién hé théng

Ddi voi cac hé thong tuyén tinh, toan tu T phai thoa man nguyén ly xép chong, vi
vay T dac trung cho 1 hé thong tuyén tinh bat budc phai tuan theo quan hé sau:

T[ax1(n) + bx2(n)] = aT[x1(n)] + bT[x2(n)] = ay1(n) + byz(n) (2.16)
Véi a, b 1a hang s bat ky
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- y1(n) la dap ung cua kich thich x1(n)
- y2(n) la dap ung cua kich thich x2(n)
2.2.2 Bap ung xung (impulse response) cia mot hé thong roi rac
Mot diy bat ky x(n) c6 thé duoc biéu dién bang biéu thirc sau day:

x(n)= k_z x(k)p(n—k)
Gia sir hé thong 1a tuyén tinh, chiing ta co thé viét:
y0)=TB=T] 3kl

k=—c0

Vi x(k) doc lap véi n nén ta co:

00

y(n)=T[x(n)]= > x(kJr[5(n-k)] (2.17)

k=—00
Nén ta ky hiéu hk(n) 1a dap Gng cua hé thdng voi kich thich §(n — k), c6 nghia la:
h(n)=T[5(n k)
Va

o0

y(n)= > x(khy(n)

k=—o0
Pép tng hk(n) duoc goi 1a dap wng xung caa hé théng tuyén tinh
Nhan xét:
Céc hé théng tuyén tinh duoc dic trung hoan toan boi dap ing xung cia nd

hk(n) 1a ham cua k va n, nhu vay ¢ cac gia tri k khac nhau s€ cho cac dap ung xung
khac nhau, h¢ thong tuyen tinh nay s& phu thugc vao bien k, neu bién k 1a thoi gian thi
ta c6 h¢ thong tuyen tinh phu thudc vao thoi gian

2.3 Hé thong tuyén tinh bat bién (LTI: Linear Time-Invariant System)
2.3.1 Khai niém

Néu y(n) 1a dép (ing g v&i kich thich x(n), thi hé thong tuyen tinh goi 1a bat bién
khi y(n — k) 1a dap ung cua kich thich x(n — k), ¢ day k 1a so nguyén duong hodc am

Néu bién sé 1a thoi gian, thi ta n6i hé théng bt bién theo thoi gian
Vi du:
Hé thdng y(n) = 2x(n) + 3x(n — 1) 1 hé théng tuyén tinh bat bién
2.3.2 Tich chap
a. Pinh nghia
Khi hé thdng 1a tuyén tinh va bt bién, thi ta c6 quan hé sau:
T[3(n)] = h(n)
T[6(n — k)] = h(n — k) = hk(n)
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y(n)= Z x(kKh(n)= Y. x(n(n k) (2.18)
= k=—00
Nhu vy hk(n) 1a dap Gng xung cua h¢ théng tuyen tinh. Con h(n) 1a dap @mg xung
cua h¢ thong tuyen tinh bat bién, luc nay h(n) s€ khong phu thugc k, tire la néu bién 1a
thoi gian thi & moi thoi diém khac nhau dap ng xung cua hé thong tuyén tinh bat bién
ludn 1a h(n)

—xm LM

—
y(n)
Hinh 2.11: Hé thong tuyén tinh bat bién

Ta c6 quan hé sau:

o0

y(n)= "> _x(k)h(n—k)=x(n)*h(n) (2.19)
k=—c0
Chu ¥: Tich chap nay chi ding véi hé théng tuyén tinh bat bién
Vi du:
Cho x(n) = rects(n)
Va h(n)={1 , 0=ns=4
0 n con lai
Hay tinh x(n) * h(n)?
Giai:
y(n)= > x(k)h(n—k)=x(n)=h(n)
k=—00

Dé thu duoc y(n) ta phai tinh y(n) theo ting gia tri Cta n, ma n va k giir gia tri tir - oo
dén + oo, vi vay ta khong thé tinh hét dugc, nhung thyuc té ching ta thuong lam viéc
VGi cac ddy co chiéu dai hitu han. Véi mdi gia tri cia y(n) ta phai tinh 1 tong theo k
cua tich x(k).h(n — k) nhu sau:

Néun=-1— y(-1)= Zx(k)h( ~1-K)

=—00

Néun=0— y(0)= 3 x(k)h(-k)

Néun=1— y@)= Zx(k) h(1-k)

Tap hop cac gia tri nay ta c6 y(n)

Ap dung vao vi du nay ta co:

x(K) = rects(k) (ta bién doi n thanh k)
1-== 0s<n-k<4

0 cac gia tri con lai

h(n —k) = { (bién n thanh n — k)
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<k<
vi x(k) = rects(k) ={1 0 <ks4

0 cac gia tri con lai
nén:
© 4
, 4
Néun=-1— y(n)=> x(k)h(-1-k)=1.0+1.0+1.0+1.0+1.0=0
k=-0

, 4
Neun=0 — y(n)= Zx(k).h(—k) =1.1+1.0+1.0+1.0+1.0=1

Néun=1 — y(n)= Zx(k)h(l k)=1.0,75+1.1+1.0+1.0+1.0=175

k=-0

, 4
Néun=2 — y(n)=> x(k).h(2-k)=1.05+1.075+11+1.0+1.0=2.25

Tiép tuc tinh tuong tu ta duoc két qua:

y(3) =25 y(4)=25 y(5) =15
y(6) = 0,75 y(7) = 0,25 y(8) =0
y(9) =0....

Ta ¢6 y(n) cho boi do thi sau:
4 y(n) =x(n) * h{n)

Y

= ]
=

10 12 3 a5
Hinh 2.12: D6 thi y(n)
Céch tinh tich chap bang do thi
- Poi bién s6 n thanh k, x(n) — x(k), h(n) — h(k), cé dinh x(k) lai
- Quay h(k) ddi xtng qua truc tung, dé thu dugc h(-k) tirc 13 ta c6 h(0 — k) (ang

véin=0)

- Dich Chuyen h(-k) theo tung gia tri n, néu n duong dich chuyén vé phia phai,

néu n am dich chuyén vé phia tréi, ta s& thu duoc h(n — k)

- Thyc hién phép nhan x(k).h(n — k) theo tirng mau dbi vai tat ca cac gia tri caa k
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- Cong cac gia tri thu duoc ta s& co 1 gid tri caa y(n), tong hop cac két qua ta s&
co day y(n)

F hl:k:l
x(k)
i

I

-1 0 1

L

-1 0

W —

P T
-

r

2©0)= Y x(k).A(—k)
2 [

=...+t0+1+0
+
- -— > =1
-4 -3 -2 10 1 k
* h(2-k) "
¥(2)= Y x(k).h(2—k)
1 k=—0
‘ =...+05+0,75+1+....
. ]‘ . - =2,25
E -1 0 1 2 ; K

k

Hinh 2.13: Cach tinh tich chap bang d6 thi
Chung ta con c6 thé tinh tich chap tryc tiép tir biéu thic giai tich ciia x(n) va h(n)

n—k
0 cac gia tri con lai
1 0 <k<4
x(k) = rects(k) = { 0 céc gia tri con lai
r A 4
Ta thay rang x(k) = 1 trong khoang 0 < k <4 vi vay: > x(k).h(n—k)
k

=0
Con d6i voi h(n — k) thi chi xac dinh trong khoang 0 <n —k <4, con ngoai khoang
nay h(n — k) = 0, vay néu n chay trong khoang tir 0 — 4 thi k chi lay gia tri 16n nhat 1a
n. Vinéuk >nthi (n—k) <0Oma(n—k)<0ma(n-k)<0 thi h(n-k)=0.Nhu vay:

4

y(n) = x(k).h(n—k) Véi 0<n<4
k=0

S& thay bang tong tir 0 dén n theo k:
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y(n) = x(k)h(n-k) Véi0<n<4

Con néu n chay trong khoang tir 5 dén 7 thi k sé& lay gi tri nho nhét 14 (n — 4) vi néu
k<n-—4(tic k <n-5)thi (n—k) >4, ma (n—k)> 4 thi h(n — k) khéng xac dinh

Viy tong tir 0 dén 4 theo k:

y(n) =Y x(k)h(n—k) V6is<n<7
k=0
S& duoc thay bang tong tir (n — 4) dén 4 theo k
4
y(n)= > x(k).h(n—k) voi5<n<7
k=n-4

Con néu n nam ngoai khoang tir 0 dén 7:

n<0 van>7thiyn)=0

Vay thay vao ta co6:

VGi0<n<4= y(n):Zl.[ __n;k}
k=0

: n <Kk
= y(n):gl—;z+zz

k=0

—_ ——
n+l E(n+1) lniln
4 42
8—n .
= Y(”)=(n+1)(—8 j voi0<n<4
. 2 n—k
V6i15<n<7 © y(n):lel_T
k=n-4
, - 5 n 3-n A I ,
= V6i15<n<7 = y(n)= E(S_EJ_(n —4{7) Vay cuoi cung ta co:
8-n
(””)( 8 j 0<n<4
5 n 3—-n
n)=s—|3—-—=|-(n—-4)| — 5<n<7
v = 3(3-2)-(0-4[ 25" <n<
0 Céc gia tri con lai

Néu cac diy c6 chiéu dai qua 16n va hinh dang quéa phuc tap thi ta phai lap trinh
bang may tinh di¢n tu

b. Tinh chat

+ Tinh giao hoan

y(n) = x(n) * h(n) = h(n) *x(n) = > x(k)h(n—k) = 3 h(k) x(n—k) (2.20)

k=—00
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Vay: Hé thong tuyén tinh bat bién co kich thich x(n) va dap Gng h(n) s& tuong
duong véi hé thong c¢6 kich thich h(n) va dap trng x(n)

x(n) h(n) y(n) = h(n) x(n) y(n)
+ Tinh két hop
y(n) = x(n) * [h1(n) * ha(n)] = [x(n) * h1(n)] * hz(n) (2.21)

Ta thy rang viéc ndi tiép hai hé thong tuyén tinh bat bién co dap tng xung hi(n) va
h2(n) sé€ twong duong véi 1 hé thong tuyén tinh bat bién c6 dap ing xung la tich chap
cua hi(n) va ha(n):

y1(n) = x(n) * y1(n)
y(n) = ya(n) * h2(n) = [x(n) * ha(n)] * h2(n) = x(n) * [h1(n) * hz(n)]
= h(n) = h1(n) * h2(n) = ha(n) * hy(n)

— h > h —> _ — h > h —>
= (n) (n) o = < (n) (n) o
y1(n) yi(n)
* = h *h >
—>x(n) h1(n) * ha(n) —>v(n) —>x(n) 1(n) * ha(n) o

+ Tinh phan phodi
y(n) = x(n) * [ha(n) + hz2(n)] = [x(n) * hu(n)] + [x(n)* ha(n)] (2.22)

Ta thay rang ndi song song 2 hé thong bat bién c6 dap tng xung hi(n) va ha(n) s&
tuong duong véi 1 hé thdng tuyén tinh bat bién c6 dép tng xung 1a tong cua hi(n) va

hz(n)

hi(n !

x(n) ?y(n)' o L™ m T
hz(n)

2.3.3 Céc hé théng LTI dic biét
a. Hé théng tuyén tinh bt bién va nhan qua

+ Dinh nghia

Mot hé thdng tuyén tinh bat bién goi 1a nhan qua néu dap ung ra caa n6 ¢ 1 thoi
diém bat ky n = no hoan toan doc lap véi kich thich ctia né & cac thoi diém tuong lai n
> No

N6i cach khac, doi véi 1 hé thong nhan qua dap @ng ra khong bao gio di trudce kich
thich cua no

+ Pap ung xung cua hé théng tuyén tinh bat bién va nhan qua
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Dinh ly: Mt hé théng tuyén tinh bt bién 13 nhan qua néu va chi néu dap @ng xung

h(n) ctia n6 thoa man diéu Kién sau day:
h(n)=0 véin<O0 (2.23)

Dinh ly dao: Néu dap tng xung h(n) cua 1 hé thong tuyén tinh bét bién bang 0 véi n
<0, thi hé thong d6 1a nhan qua

Nhén xét: Cac hé thong nhan qua 13 hé thdng duy nhat thyuc hién dugc vé& mat vat Iy

Ddi vai cac hé thong tyyén tinh bt bién nhan qua, ta co thé bién dang cong thirc
tich chap dua theo tinh chat: h(n)=0vsin<0

y(n) = x(n)*h(n) = ix(k).h(n —k)

h(n—k)=0 véoi k>n
h(in—k)#0 voik<n

@ Y= Y xh(-K)
Néu viét ¢ dang: _

¥ = () *x() = 3 h().x(n -k
h(k) =0 vsik<0

%y = Y ht)x(n-k)

Néu dap tmg xung c6 chiéu dai hiru han
h(n) # 0 véi 0<n<N-1
h(n)=0 gia tri khac

= y(n)= %h(k).x(n -k)

Vi du:
Kiém tra tinh nhan qua cua 2 hé théng tuyén tinh bat bién dugc cho bai phuong
trinh sau:
y1=2x(n —1) + x(n - 2)
y2 =3x(n—1) + 2x(n — 2) + x(n + 2)
Giai:
bat x(n) = d(n) = y(n) =h(n)
Tacd:  hi(n) =28(n—1) +8(n—2)
h2(n) = 36(n — 1) + 26(n —2) + 6(n + 2)
Ta thay rang:
hi(n) =0 véin<0 = hi(n) 1a nhan qua
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h2(n) #0 véin<0 = h2(n) 1a khong nhan qua
Day nhan qua
Chung ta c6 thé dung khai niém nhan qua ddi véi day
Mot diy x(n) duoc goi 14 nhan qua néu:
x(n)=0 voi n<0 (2.24)
,Déi v6i hé thdng tuyén tinh bat bién nhin qua co kich thich x(n) nhin qua ta c6 thé
viet:

Néu h(n) = 0 véin<o o y(n) = > x(k).h(n—k)
Nhmg  x(k)=0 vik<0 o y(n) = x(K)h(n—K)
Tuong ty ta c6: y(n) = > h(K).x(n k)

o y(n) = ix(k).h(n _K)= ih(k).x(n k)

Cha ¥: D6i v6i hé thong h(n) nhan qua c6 kich thich vao x(n) nhan qua thi ta s& co
dap ung ra y(n) nhan qua.
Tin hiéu va hé théng phan nhan qua
Mot tin hiéu goi 1a phan nhan qua néu:
x(n)=0 véi n>0 (2.25)
Vay chiéu dai caa tin hiéu phan nhan qua la:
Lx(n]=[-,0]=
Mot hé thong roi rac duoc goi 1a phan nhan qua néu dap (ng xung h(n) cua n6 thoa
man dieu kién:
h(n)=0 voin>0
Vay L[h(n)]=[- o, 0]=x
b. Hé thdng tuyén tinh bat bién 6n dinh
+ Dinh nghia
Mot hé thdng duoc goi 1a 6n dinh, néu ung véi diy dau vao giéi han ta c6 diy dau
ra gigi han

Néu X()] <0 Vvé6i n bat ky
Ta co ly(n)| < o0 Vi n bat ky
Vi du:

Cho 2 hé théng tuyén tinh bat blen hi(n) = rects(n) va ha(n) = u(n) cé cung day
kich thich dau vao 1a x(n) = u(n). Xét sy 6n dinh cua 2 hé théng nay
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Giai
Ta co x(n)| =1<o0 véi n bat ky

Xét 2 day yi(n) va yz2(n):

y1(n) = u(n) * rectsa(n) va y1(n) = u(n) * u(n)
1 x(k) = u(k) 1 x(k) = u(k)
| l l I [ | l l I [
10 2 3 4 K 10 2 3 4
4 hy(0-K) 4 hy(0-K)
¢l s 1
— — » *—e »
4 3 210 12 k 4 3 2-10 12 k
W 5 $vn) :
4 4
3 3
5 o 2
14 [ 1s [
_1912345; 10l 1 2 3 45 n
Hinh 2.14: Day yi(n) va y2(n)
Ta thay rang:
ly, ()| <4< oo vGi moi n = Hé thdng 6n dinh
ly,(n)| =0 khin — oo = Hé thong khong 6n dinh

Chu ¥ néu xét dap tng xung cua hé thong ta co:
S, =Y |h(n)=1+1+1+1=4<0 = Hethdng 6n dinh

S, = Z|h2 (n)| =1+1+1+1+...= = Hé théng khong on dinh

Viy ta c6 thé dua vao dap ung xung h(n) dé xét su 6n dinh cua hé thong ma khong
can tinh dap ung ra y(n)
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Pinh 1y: M6t hé théng tuyén tinh bat bién 13 6n dinh néu va chi néu dap ng xung
cua no6 théa man dieu kién sau:

s= 3 |h(m)| <o (2.26)

Vi du:
Xét tinh nhan qua va 6n dinh caa hé thdng c6 dap tng xung
h(n) = {a n>0
0 n<o
Giai:
+ Tinh nhan qua:
Hé thdng co h(n)=0 véin<0 = Hé thdng nhan qua
+ Tinh 6n dinh:
S= Zlh(n)l = Zlal
- Néu |a] <1thi chudi nay s& hgi tu vé s6 hitu han:
1
1-fa|
- Néu |a| > 1thi chudi nay s& phan ky
Vay hé théng nay on dinh néu [a] <1 va hé théng s& khong 6n dinh néu |a] >1
2.4 Phuwong trinh sai phan tuyén tinh hé sé6 hang (LCCDE: Linear Constant-
Coefficient Difference Equations)
2.4.1 Khai niém
a. Phuong trinh sai phan tuyén tinh

Vé mit toan hoc, kich thich vao x(n) va dap ing ra y(n) cua hau hét cac hé théng
tuyén tinh thoa min 1 phuong trinh sai phan tuyén tinh sau day:

Zak (n).y(n—k) :Zbr(n).x(n—r) (2.27)

Vé6i N, M 1a s6 nguyén duong
N Ia bac cua phuong trinh sai phan
Nhan xét: Trong phuong trinh ndy, tap hop cac hé sb ak(n) va br(n) s& biéu dién toan
b hanh vi cta hé thong doi vail gia tri n cho trudc.
Phuong trinh nay chinh 1a anh roi rac cia phuong trinh vi phan tuyén tinh déi voi
cac hé so lién tuc, phuong trinh c6 dang sau:

i & y(t) ibr(t).% (2.28)
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Chung ta ¢6 thé nhan dugc 1 phuong trinh sai phan tuyén tinh tir 1 phuong trinh vi
phan tuyén tinh bang cach thay gan dung cia cac dao ham vao vi tri ctia cac dao ham.
Nhu 1a vo1 dao ham bac 1, ta c6 gan dling sau:

dy(®) _ y(t) - y(t-At)
dt At

Chu y: Chi xem phuong trinh sai phan la gﬁq dung cua phuong trinh vi phan khi
nghién ctru hé thong tuong tu bang con duong so va dung nd dac trung cho hé thong
SO tuyén tinh roi rac.

b. Phuong trinh sai phan tuyén tinh hé s6 hang
Mot phuong trinh sai phan tuyén tinh hé s hang bac N ¢6 dang:

ZN:ak.y(n—k) :ibr.x(n—r) (2.29)

Tap hop cac hé s6 ax va by s& biéu dién mot hé thong tuyén tinh bat bién
Phuong trinh (2.18) c¢6 thé viét dudi dang sau day:

8, y(M)+ > a,.y(n—K) = b, x(n-r)

Néuap#£0 = y(n):i%.x(n—r)—i:l—k.y(n—k)
r=0 4 k=1 Yo
=  y(n)= ib'r.x(n -r) —ia'k y(n-k) (2.30)

Vi du:

Chung ta c¢6 2 hé thdng tuyén tinh duoc cho boi hai phuong trinh sai phan tuyén
tinh sau:

y1(n) = n.x(n)
y2(n) = 2.x(n) + 3.x(n - 1)
Hay tim cac hé sb ax(n) va br(n)?

Giai:

+ Hé thdng yi(n) c6: N=0, M =0 = 1a hé thong bac 0
ao(n) =1;ai(n)=...=an(n) =0
bo(n) = n; ba(n) =... = bm(n) =0

O day ao(n) = 1 1a hiang s6 nhung bo(n) = n phu thudc bién sé n khong phai 1a
hang s6

+ Hé thong y2(n) ¢c6: N=0,M =1 = 1a hé thong bac 0
ao(n) =1;ai(n)=...=an(n) =0
bo(n) = 2; by(n) = 3; b2(n) =... = bm(n) =0
O day ak(n) va br(n) déu 1 hang sé doc 1ap véi n
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Nhan xét:

Hé thong y1(n) va ya(n) deu 1a hé théng tuyén tinh nhung h¢ thng yi(n) khong
phai 1a hé théng bat bién vi hé sé cua no khong phai la hing sé va phuong trinh yi(n)
khong phai 14 phurong trinh sai phan hé s6 hang

Hg thong y(n) 1a bat bién vi hé s6 cua no 1a hang s6 va phuong trinh ya(n) I
phuong trinh sai phan hé s6 hang

2.4.2 Nghiém cua LCCDE

Ciing gidng nhu phuong trinh vi phan tuyén tinh hé s6 hang ddi véi cac hé thdng
twong tu. Cach giai phuong trinh sai phan tuyén tinh hé s6 hang cling gom cac budc
twong tu sau:

+ Budc 1: Tim nghiém tong quét ctia phuong trinh thuan nhat

Phuong trinh thuan nhat 1a phuong trinh khong c6 thanh phan thir 2, tic 1a tim y(n)
ung voi dau vao x(n) = 0, nghi€ém nay ky hi¢u 1a yo(n)

Nhu vay phuong trinh sai phan thuan nhat s& c6 dang sau:
iak.y(n—k) =0 (2.31)
k=0
Thong thuong ta tim nghi¢m dudi dang ddy ham mi nhu sau:
Yo(n) =’
Thay vao cong thuc (2.20) ta c6 phuong trinh da thurc theo o nhu sau:

ZN:ak.a”*k =0

k=0

N "N =0

Hoac: a,.a" +a,.a" +..+a, ,.«
= a"V(a,.a" +a.a"t +..+a a+a,)=0
Va ta c6 phuong trinh:

a,a" +a.a "t +..+a,a+a, =0 (2.32)

Phuong trinh nay goi 13 phuong trinh dic trung cta hé théng va da thirc bén trai goi
la da thurc dac trung, da thirc nay co bac 1a N

Phuong trinh dédc trung (2.21) s€ c6 N nghiém, ky hi¢u 1a as, az, ... , an. Cac nghiém
nay co thé la thyc hoac phtirc. Néu nghiém nay trung nhau thi ta c6 nghiém boi. Néu
cac hé so a1, az, ..., an 1a thuc thi cac cap nghiém phtc s€ 1a cac cap lién hop phic

Gia st ta co cac nghiém don, ta s& c6 nghiém téng quat ciia phuong trinh sai phan
thuan nhat duéi dang sau:

N
Yo(N) = A + Al +..t A, + Aol =Y Al (2.33)
k=1

O day A1, Az,..., An 13 cac hang sb s& dugc xac dinh boi diéu kién dau da cho doi
véi hé thong.

34



Con phuong trinh dac trung cé cac nghiém boi, thi dang cua nghiém yo(n) s€ thay
doi. Gia sur a2 1a nghiém boi bac 1, ta s€ co:
Yo() = A.af + Ay + Aunay + Apnag +..+ Ay yn' g +..+ Ayay
= Yo() =Acy + (A + Ayn+...+ Az(l—l)nl_l)a; +ot A+ Ay

+ Budc 2: Tim nghiém riéng ciia phuong trinh sai phan c6 thanh phan thir 2

(2.34)

Phuong trinh c6 thanh phan thtr 2 tirc 14 phuong trinh g véi dau vao x(n) # 0, cd
dang tong quat nhu sau:

ZN:ak.y(n—k) :ibr.x(n—r) (2.35)

Ky hiéu nghiém riéng la: yp(n)
Thong thuong dang cua yp(n) dugc chon giong nhu dang cua x(n)
+ Budc 3: Tim nghiém tong quét ciia phurong trinh sai phan

Nghiém tong quat cua phuong trinh sai phan s€ 1a tong cua nghiém tong quat cua
phuong trinh thuan nhat yo(n) va nghi€ém riéng ctia phuong trinh c6 thanh phan tha 2
yp(n):

y(n) = yo(n) + yp(n) (2.36)
+ Budc 4: Tim gid tri cac hé sb

Gia tri cac hé s6 cua nghiém cudi cung y(n) s& dugc xac dinh nho diéu kién dau

Chuy:

O budc 2 khi ta da chon yp(n) giong dang ciia x(n) nhung néu yp(n) lai ndm trong
yo(n), tire 1a trong thanh phan yo(n) ¢6 yp(n), nhu vay trong y(n) thi yp(n) la thira va vo
nghia. Trong truong hop nay ta s&€ chon yy(n) doc 1p voi cac thanh phan cua yo(n),
cach chon yp(n) lic nay cling giong nhu cach chon yo(n) khi phuong trinh déac trung co
nghiém boi

Vi du néu yo(n) c6 chira thanh phan Aiai" thi yp(n) s& chon 1a Bnai" chir khong chon
la Aioi"

Vi du:
Giai phuong trinh sai phan tuyén tinh hé s6 hang bac 1 sau day:
y(n) +2y(n—1) = x(n)
Vvé6i didu kién dau y(-1) =0 va x(n) =n
Giai:
+ Tim yo(n)
Ta c6 phuong trinh thuan nhét:
y(n) +2y(n—-1)=0
Chon dang cua yo(n) 1a o”
= a’+20"1t=0
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" Ya+2)=0
Phuong trinh dac trung la:
at+2=0 2 o=-2
Phuong trinh déc trung chi c6 1 nghi¢ém don = y,(n)=Aea =A(-2)"
+ Tim yp(n)
Ta c6 phuong trinh c¢6 thanh phan thi 2:
y(n) +2y(n - 1) = x(n)
yp(1) c6 dang gidng x(n) = n
= yp(n) =Bn+C
Thay vao phuong trinh ta sé tim dugc B va C:
Bn+C+2[B(n-1)+C]=n

Pong nhat cac hé sb cia 2 Vvé ta co:

ol o2
9

+ Tim y(n)
Y(0) = Yo (n) + ¥, (n) = A (-2)" +%n+§

+ Xéac dinh hé s6 A;

Dua vao diéu kién dau y(- 1) =0, ta co:

1 2
“D=A2)*-=+==0
y)=A(-2) 3tg
2
=>A=—
A 9
Vay ta c6 nghi¢m téng quat cua phuong trinh la:
1 2 L
“n+Sp—-(-2)" VOl nEO
vy |3 o] |
0 n con lal

2.4.3 Heé thdng roi rac dé qui va hé thdng roi rac khong dé qui
a. Hé théng sé khong dé quy

Hé thdng tuyén tinh bat bién duoc dic trung boi phuong trinh sai phan tuyén tinh hé
so hang bac N:
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iak.y(n -k)= ibr.x(n -r)

Trong tru:(‘yng hop néu N =0, ta co:

y(n) = —r x(n—r) ; a#0
r=0 %o
Hoac y(n)= ibr.x(n -r) ; ao#0 (2.37)

Dinh nghia: Hé thépg dugc dic trung boi phuong trinh sai phan tuyén tinh bac 0 (N
= 0) duoc goi 1a hé thong khong dé quy

Nhan xét:

Tir cong thuc (2.26) ta thay rang br 1a cac hang s6. Vay thi hé théng khong dé quy la
hé thong ma dap tng ra y(n) cua nd chi phu thude vao kich thich vao ¢ thoi diém hién
tai va qua khu. Ta co thé viét:

y(n) = F[X(n)1 X(n - 1)’ ey X(n - M)] (238)

Tur cong thuc (2.26) tagoi:  h(K) = bk

Ta co: y(n) :ihk.x(n—k) (2.39)

Phuong trinh (2.28) la biéu thirc cua tich chap giira h(n) va x(n) khi h(n) 1a nhan qua
va c6 chiéu dai hiru han: L[h(n)] = M + 1: hitu han, h(n) chinh la dap ung xung cua h¢
théng khong dé quy. Vay ta c6 thé noi rang: Hé thong tuyén tinh bat nhan qua c6 dap
rng xung chiéu dai hitu han duoc mé ta boi tich chap (2.28) 1a hé théng khong dé quy
(hé théng c6 dap tng xung chiéu dai hiru han: Finite — duration Impulse Response
system, viét tat FIR system)

Vi du:

Hay tim dap @ng xung cua hé théng khong dé quy cho bai phuong trinh sai phan
Sau:

y(n) = x(n) + x(n -1) + x(h —2) + x(n — 3)
Giai:
Trong trudng hop nay N = 0, M = 3, vay hé théng nay 1a khong dé quy va
L[h(n)] = 4.

Dé tim h(n) ta thay x(n) = §(n) thi y(n) = h(n)
Ta co:

h(n) =38(n) +8(n— 1) +8(n—2) + 8(n — 3)

h(n) = recta(n)
Vay hé thong nay 13 hé thong FIR
Nhan xét vé dap (ng xung cua hé thong FIR:
Ta c6 phuong trinh sai phan tuyén tinh hé s6 hing cua hé théng FIR la:
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y(n) = b, X(n—k)

Nhu vay dap tng xung h(k) cua hé théng FIR chinh 13 hé s bk va ta co:

b, v6i0<k<M
y(n) = (2.40)

0 cac gia tri khac

+ Tinh 6n dinh cua hé théng FIR:
Ta thay rang hé thong FIR 14 hé théng ludn ludn 6n dinh, béi vi:

0 M M
S = 3 hto|= 3 o] = S
k=00 k=0 k=0
Néu bk 1a s6 hitu han thi tong S s& luon ludn hitu han:
s =3 h(k)| <o
k=00

Vay hé théng FIR ludn thoa man diéu kién 6n dinh cua hé thong tuyén tinh bat bién
b. Hé thong sé dé quy

Trong truong hop néu N > 0 ta c6 phuong trinh sai phan tuyén tinh hé s6 hang bac
N nhu sau:

y<n>=f20%-X<n-f>-f§%;V<n-k> a0
=ibr-><(n—r)—iaky(n—k) ; a=1 (241)

Dinh nghia: H¢ théng duoc dic trung boi phuong trinh sai phan bac N > 0 duoc goi
la hé thong d¢ quy

Nhan xét:

Tir (2.30) ta thy ring by va ax 1a cac hang s, vay hé thong dé quy 1a hé théng ma
dap tng ra y(n) ctia né phu thugc vao kich thich vao ¢ thoi diém hién tai va qua khar va
phu thudc ca vao dap tng ra ¢ thoi diém qua kha

y(n) = F[y(n—1), y(n — 2),..., y(n — N), x(n), x(n — 1), ..., X(n — M)] (2.42)

Néu ta giai phuong trinh (2.30) vo6i kich thich vao x(n) = 8(n) ta s€ tim duoc dap
tng xung h(n). Ta thay rang dap tng xung cua hé théng dé quy sé& co chiéu dai vo han.
Va néu ta giai phuong trinh v6i diéu kién dau y(n) = 0 véi n < 0 thi hé thong s& 1a nhan
qua va h(n) s& la ddy nhan qua. Vay hé théng dé quy 1a hé théng ma dap ung xung h(n)
cua no co chiéu dai vo han (Infinite — duration Impulse Response System: IR system)

Vi du:
Hay tim d4p wng xung cua hé théng dé quy cho bai phuong trinh sai phan sau:

y(n) =ay(n - 1) + x(n)
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vé6i diéu kién dau y(n) =0 véin <0

Giai:

Trong truong hop nay N = 1, M = 0 vay hé thong nay 1a hé thong dé quy. Néu ta
thay x(n) = 8(n) ta s€ c6 y(n) = h(n). Phuong trinh nay don gian ta c6 thé dung
phuong phap thé dé tim h(n)

Vata co: h(n) = a".u(n)
tao=(L) utm
\2)
14
0.75|\

0.25 TT
— ?
12 3 4 n

Hinh 2.15: Do thi cua h(n)
Paiy 1a hé théng dé quy va ciing 1a hé thdng IR,  L[h(n)] = [0, +oo] = o0
Xét tinh 6n dinh cta hé théng:

5= h)| = Jal

n=0
Néu [ <1 thi S s& hoi ty: S =1L|a| va hé théng IIR nay s& én dinh

Néu [a] >1thi S s& phan ky, hé théng nay s& khong 6n dinh
Vay hé thong 1R ta phai ludn xét tinh on dinh cua n6. DAy la nhugce diém cia bo
loc so IR so véi bo loc FIR xét vé quan diém do on dinh
+ Diéu kién on dinh:
Diéu kién can va du cho sy 6n dinh cia 1 hé théng IR nhan qua dugc biéu dién boi

1 phuong trinh sai phan tuyén tinh hé sb hang 1a gia tri tuyét d6i cua tat ca cac nghiém
ok Cia phuong trinh dac trung phai nhé hon 1

la <1 v&i moi k (2.43)
thi
s =3 h(n)[ < o0
n=0
Vi du:

Hay tim h(n) va xét tinh 6n dinh cua hé thong IR dwoc mé ta bai phuong trinh
sai phan tuyén tinh h¢ so hang sau day:
y(n) —3y(n—-1) + 2y(n - 2) = x(n) + 2x(n - 1)
vé6i didu kién dau y(n) =0 voin<0
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Giai:
+ Tim yo(n)
Ta c6 phuong trinh dic trung: a?-3a+2=0
— =1 va o2=2
Vay yo(n) = Ar.1" + A2.2" = h(n)
Xac dinh hé s6 A1, Az theo diéu kién dau y(n) = 0 véi n < 0 va dit x(n) = 8(n)

n=0: y(0) — 3y(-1) + 2y(-2) = 06(0) + 26(-1)
— y(0)=1

n=1: y(1) — 3y(0) + 2y(-1) = 6(1) + 25(0)
— y(1) = 3y(0) +2y(0) =5

Mat khac thay yo(n) vao ta co:
yO) =Ar+A=1
y(1) = A1+ 2A2=5
— Ar=-3 va Ax=4
= h(n)=-3+42"=2"2_3 n>0
Vi |a1| =1va |a2| =2 >1 nén hé théng IIR nay khong 6n dinh
c. Hé théng dé quy thuan tay
Hé thdng dé quy thuan tay 1a trudng hop riéng cua hé thong dé quy khi M =0

Néu N >0 va M = 0 ta c6 phuong trinh sai phan tuyén tinh bac N nhu sau:
N
y(n) =byx(n) - Zak y(n-k) , a=1 (2.44)
k=1

Nhan xét:

Ta thiy bo va ax 1a cac hdng sd, vay hé thong d¢ quy thuén tiy 1a hé thong ma dap
tng ra y(n) cua nd phu thude kich thich vao chi ¢ thoi diém hién tai va phu thuge dap
ung ra chi ¢ thoi diem qua kh

y(n) = F[X(n)1 y(n - 1)1 Y(n - 2)’--'1 Y(n - N)] (245)

Hé thdng dé quy thuan tay ciing 1a hé théng IIR, tic 1a dap (ng xung h(n) caa né co
chiéu dai vo han
2.4.4 Biéu dién hé thong bang so do khoi

a. Cac phan tr thuc hién

Dé dé hiéu so dd khdi thyc hién hé thong, chung ta viét lai phuong trinh sai phan
cua cac h¢ thong sau:

Hé thdng khong dé quy:

40



y(n) =byx(n)+ ibrx(n —r)

%r_/
Fi[x(n=2),...x(n—=M)]

Hé thdng dé quy:

N

y(n) =byx(n)+ ibrx(n —r) +Z(— a, )y(n—k)

Rlx(-D)...x(-M)]  Fly(n-1)..y(n-N)]

Hé thdng dé quy thuan tay:

y(n) =byx(n)+ (-2, )y(n—K)

k=1

— D — Phan tur tré
x(n) x(n—1)
(03
. Phan tir nhan voi hang s6

x(") &) ax(n)

Phan tir nhan véi hang sb

\
\ 4

a.x(n)

Phan ti¥ cong

xi(n)

InglsE

,._.
1l
f

Hinh 2.16 : Céac phan tir thuc hién hé thong roi rac
b. Thuc hién cac hé thdng roi rac

Mot hé théng tuyén tinh bt bién nhan qua va on dinh 1a h¢ théng thuc hién dugc vé
mat vat 1y, du cho 1a hé thong d6 1a khong d¢ quy, dé¢ quy hay d¢ quy thuan tay

Duya vao phuong trinh sai phan tuyén tinh hé s6 hang cho ting hé thdng nay ching
ta c6 thé xay dung so do khoi tong quat cua ching
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ol I S >
T >+ >
x(n) o L y(n)
| | Fi[x(n-1), x(n - 2), i
o x(n— M)] ;
DX, X(— 1), ooy x(n—M)]
b. |
| -,
x(n) ho ' y(n)
| | Falx(0- 1), x(n-2) Ry - 1), y(n-2), | |!
| x(n = M)] L y(n—N)] 5
FIy(n—1), ..., y(n — N), x(n), X(n — 1), ..., x(n — M)]
C. I e |
> | »(F) N
xo)! o ¥ o)
; I Faly(n- 1), y(n-2), | |!
! ..., Y(n—N)] !
Fly(n— 1), ..., y(n — N),x(n)]
Hinh 2.17: a. Hé thong khong dé quy
b. Hé théng d¢ quy
c. Hé théng dé quy thuan tay
Nhan xét:

- Hé théng khong dé quy, so dd cia nd khéng c6 nhanh phan hdi, vi vay n6 ludn
ludn On dinh, tirc 1a hé thong so6 FIR 1uén on dinh

- Hé thong d¢ quy, so' d6 ctia nd gom 2 khoi F1 va F», F1 giong hé thong khong dé
quy con F2 1a nhanh phan hoi. Do ¢6 nhanh phan hoi nén ta phai xét do on dinh caa hé
IR

- Hé thdng dé quy thuan tay, so do cta né chi ¢ bo va khdi F2, do F2 1a nhanh phan
hoi nén no cling 1a hé thong 1IR va ta phai xét d6 on dinh cta né.
2.5. Twong quan cua cac tin hi¢u

Trong viéc xur 1y tin hiéu, chung ta can phai so sanh cac tin hiéu véi nhau. Vi du
nhu tin hi€u rada, rada s€ phat tin hi¢u dé tim muc tiéu 1a x(n), tin hi¢u nay sau khi dap
vao muc tiéu (nhu may bay chang han) sé phan xa tro lai rada, rada thu tin hiéu nay
nhung bi tre di 1 thoi gian D = neTs (Ts 1a chu ky lay mau), tin hiéu ma rada thu lai s€
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bi suy giam vai hé sb suy giam A, ttc 1a rada sé& thu lai tin hiéu Ax(n — No). Ngoai tin
hiéu phan xa tir muc tiéu nay, rada con bi nhiéu cong can thiép x(n). vay tong cong néu
trong khong gian c6 muc ti€éu ma rada phat hién dugc thi rada s€ thu dugc tin hi¢u:

y(n) = Ax(n — ng) + x(n)

Con néu khong c6 muc tiéu trong khong gian hoic rada khong phat hién duoc muc
tiéu thi rada chi thu dugc nhiéu cong x(n) va:

y(n) =x(n)
So sanh hai tin hiéu x(n) va y(n) ta s€ phat hién duoc c6 muyc ti€u hay khong va xac
dinh duoc thoi gian tré D = ngTs, tir d6 xac dinh dugc khoang cach ctia muc tiéu

Mot phuong phép so sanh hay dung nhat d6 1a twong quan
2.5.1 Tuong quan chéo (crosscorrelation)
Gia st ta c6 2 ddy x(n) va y(n), toi thiéu 1 trong 2 diy c6 ning luong hitu han.

twong quan chéo cua x(n) va y(n) dugc dinh nghia nhu sau:

ry(n) = ix(m)y(m—n) n=0,=+1,+£2, ... (2.46)

Vi du:
Cho hai tin hiéu x(n) va y(n) sau:

x(n) = rects(n)

1-2 0<n<4
y(n) = 4 .
0 n con lai
Hay tim tuong quan chéo cua x(n) va y(n)
Giai:
Theo dinh nghia ta co thé giai bang do thi
F H{n]
| I I [
ol 1 2 3 4 n
T vin)
1 L J
> I W T > »
0 n
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T v(m-1)

INN

-4 0 m

rwy(0) = 2,5 ry(l) = 2,5 y(2) = 2,25 ry(3) = 1,75 ry(4) =1

ry(5) =0 ry(-1) =15  ry(-2) =0,75 ry(-3) =0,25  r1xy(-4) =0
Hinh 2.18: Tuong quan chéo cua x(n) va y(n)

2.5.2 Tu tuong quan (autocorrelation)

Trong dinh nghia twong quan chéo néu ta c6 x(n) = y(n) thi ta c6 dinh nghia tu
tuong quan

Ham tu twong quan dugc dinh nghia nhu sau:

f ()= 3 x(m)x(m-n) (2.47)

Vi du:
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Cho day: x(n) = rectz(n)
Hay tim ham tu twong quan rxx?
Giai:

*{m) x(m - 1)

o1 n

Hinh 2.19: Ham ty twong quan rxx(n)
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BAI TAP CHUONG 2

Bai 2.1
Pép tng xung cta 1 hé théng tuyén tinh bat bién duoc cho bai h(n):
o, n=0 I<x<1
h(n) = { 0, n<o0

Hay tim dép ung ra caa hé thdng nay véi kich thich x(n) = rectn(n)
Bai 2.2
Cho 2 hé théng tuyén tinh bat bién hi(n) va ha(n) ghép ndi tiép véi nhau:
hi(n)=2"  vd&i moin
n)=(3] v
Hay tim dap @ng xung h(n) caa hé théng tong quat
Hay nhan xét tinh nhan qua cua hé thong hi(n), h2(n) va hé théng tong quat
Bai 2.3
Cho 2 tin hiéu roi rac x1(n) va xz(n):

x,(n)= % rect,(n) +u(n—2)

x(n) =2 u(n

Hay tim dap ung ra caa hé thong tuyén tinh bat bién h(n) = rects(n)

Nhan xét tinh bat bién nhan qua va tinh on dinh

Bai 2.4
Hay tinh tich chap x(n) = x1(n) * X2(n) voi:
n, 0<n<4
X, (n) = {0, n con lai
X2(n) = rects(n)
Bai 2.5

Hay tim dap ung ra y(n) cua hé thng tuyén tinh bét bién sau:
x(n) = rectz(n + 1)
1-2 0<n<3
R
, n con lai
Bai 2.6
Hay giai phuong trinh sai phan bac nhat sau dy:
y(n) =x(n) +ay(n-1)
Véi diéu kién dau  y(-1) = 0; x(n) = u(n)
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Bai 2.7
Hay giai phwong trinh sai phan tuyén tinh hé sé hang sau day:
y(n) —3y(n -1) + 5y(n - 2) = x(n) — x(n — 1)
Véi diéu kién dau  y(-1) = y(-2) = 0, x(n) = (-1)"u(n)
Bai 2.8
Hiy tim dap wng xung h(n) cua hé théng duge moé ta béi phuong trinh sai phan sau
day:
y(n) —4y(n -1) + 4y(n — 2) = x(n) - x(n — 1)

Bai 2.9
Hay tim dap @ng xung h(n) caa hé théng tuyén tinh bat bién c6 so d6 sau:
ha(n) ha(n)
—* hi(n) ha(n) 6—)—»
hs(n)

hi(n) = 6(n — 4) h,(n) = % rect,(n—3)
h2(n) = rects(n + 4)
ha(n) = 5(n + 2) hy(n) = % rect, (n—1)

Bai 2.10

Hay vé so d6 thyc hién cac hé thong dugc mé ta boi phuong trinh sai phan tuyén
tinh hé so hang sau day:
a. y(n) — 2y(n -1) + 3y(n —2) = x(n) + x(n — 1) + 2x(n — 4)
b. 2y(n) + 6y(n —3) + 3y(n —4) = x(n)
Bai 2.11
Hay tinh tuong quan chéo cua céc day sau day:
x1(n) = {é.. 2,3,1,1}
0
x2(n)=4{1,1,1,2, 3}
o

Hay cho nhan xét?

47



CHUONG 3: BIEU DIEN VA PHAN TICH HE THONG
RO1 RAC TRONG MIEN Z

Trong chuong 2 ching ta da khao sat tin hiéu va hé thdng roi rac trong mién bién sé
doc lap. PBay la cach khao sat truc ti€p, nhung nhi¢u truong hop cach khao sat truc tiep
nay gap phai nhitng kho6 khan hoac phic tap va khong hiéu qua

Ngoai phuong phap khao sat truc tiép nay chung ta co thé dung nhiéu phwong phap
khao sat gian tlep khac thong qua ky thuét bién doi. Cac bién d6i nay lam nhiém vu
chuyén mién bién sé doc lap sang cac mién khic va nhu vy tin hi¢u va h¢ thdng roi
rac s& duoc biéu dién trong cac mlen méi vé6i cac bién s6 méi. Néu can ching ta &
bién doi nguoc lai dé dwa vé bién sé cii

Phuong phap khao sat gian tiép nay s¢€ lam don gian rat nhiéu coéng viéc khi ching
ta dung phuong phap khao sat truc tiép trong mién bién sé doc lap

Trong chuong nay chung ta s¢ dung bién d6i Z (Z — Transform: ZT). Bién doi Z
dong vai tro nhu bién doi Laplace trong viéc phan tich tin hiéu va hé thong lién tuc

3.1 Bién d@6i Z (ZT)
3.1.1 Pinh nghia bién di z hai phia va mot phia
a. Bién di Z hai phia

Bién doi Z hai phia cua day x(n) dugc dinh nghia nhu sau:
X(Z)= Y x(n)Z™" (3.1)
Z: 1a bién s6 phuc

Nhu vay X(Z) 1a biéu dién X(n) trong mién Z (tic trong mat phang Z, vi Z 1 bién s
phtrc va X(Z) 1a ham phuc cua bién sé Z

Ky hiéu ZT:
ZT[x(n)] = X(2) (3.2)
x(n) ——— y(n)

Theo dinh nghia ta thay rang bién d6i Z 1a chudi lily thira v han, no ton tai chi doi
véi cac gia tri cua Z ma tai do chuoi nay hoi tu

Vi du:

Tim bién d6i Z cta céc tin hiéu c6 chiéu dai hitu han sau:
X1(n) = 6(n)
X2(n) = &(n — No) n>0

X3(n) =28(n +2) + d(n) + 36(n — 1)
Xa(n) =30(n+4)+d(n+ 1)

48



Giai: Theo dinh nghia ta c6:

X,2) = 3 %Mz =12° =1

N=—o0

X (Z)=D %,(MZ"=1Z™=2"

N=—o0

X,(Z)= 3 x(N)Z ™" =227 +1+3Z "

X, (Z)= > % (Z " =32*+Z*

Nhan xét:
X1(Z) ton tai v&i moi gia tri cua Z, tire 12 ZT[x1(n)] hoi tu trong toan bo mat phang Z
X2(Z) ton tai V6i moi gid tri cua Z, trir Z = 0, tire 1a ZT[x2(n)] hoi tu trong toan by mat
phang Z, trir goc toa do

X3(Z) ton tai v&i moi gia tri cua Z, trir Z = 0 va Z = oo, tic 12 ZT[x3(n)] hoi tu trong
toan bd mat phang Z, trir goc toa do va oo

X4(Z) tén tai voi moi gia trj cua Z, trir Z = oo, ttc 1a ZT[x4(n)] hoi tu trong toan bod
mat phang Z, trir oo

Vi du:
Tim ZT cta céc tin hiéu c6 chiéu dai vo han sau:
-0,5n
e ™ n= -2
x:(n) = =
s(n) { 0 n<?2
—-0,5n
e ™ n=>0
X.(n) = =
s(n) { 0 n<o
Giai:

Xs(Z)= D x(MZ " =>e"Z " =ez%e"Z +) (e *°.Z7)
n=—0 n=-2 n=0

1

l_e_—O'SZ_l VOi |Z|:e_0'5 va Z#OO

=eZ?+e"Z +

Xo(2) = Sz =S e 0z =3 (@05 z :T%Szl V6i [Z]>e®
N=—x n=0 n=0 -

5

b. Bién d6i z mot phia
Bién ddi Z mot phia dugc dinh nghia nhu sau:

X(Z2) =Y x(z " (3.3)
Ky hiéu:
ZTYx(n)] = X*(2) (3.4)
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Sy khac nhau giita bién d6i Z mot phia va hai phia:
- Khéng biéu dién duoc tin hiéu x(n) d6i véi mién bién sé doc 1ap 4m (n < 0)
- Bién d6i Z 1 phia va 2 phia ciia tin hiéu nhan qua 1a nhu nhau
- B6i véi tin hidu nhan qua thi bién doi Z 1 phia 1a duy nhat, vi tin hiéu nhan qua =
Ovoin<O0
Vi du:Tim bién d6i Z mot phia cia cac tin hiéu x1(n),..., Xe(n) & 2 vi du bién doi z
hai phia
Giai:
Theo dinh nghia bién d6i Z mét phia ta c6:

XH(Z)=) x(zZ"=1z°=1 v6i moi Z
n=0
X3(Z)=D %MZ"=1Z"™=2" VOiZ #0
n=0
X3(Z)=) %(nNZ " =1+Z" VOiZ #0
n=0
X3 (Z)=> %z " =0 Vi moi Z
n=0
X3Z)=D %(n)Z" =% Véi [Z|>e™
] l-e7°Z
XAZ) =Y x(MZ "= i o
A T1_e 0571 Vol |Z|>e ’
Nhan xét:

Néu x(n) 1a nhan qua thi ZT[x(n)] = ZT[x(n)]
Néu x(n) 12 phan nhan qua thi ZT*[x(n)] = 0 nhung ZT[x(n)] # 0
Néu x(n) 12 khong nhan qua thi ZT'[x(n)] 1a khong duy nhat
Vay:
x1(n), X2(n), Xs(n) 1a cac day nhan qua
Xs4(n) 1a céc day phan nhan qua
x3(n), Xs(n) 1a cac khong nhan qua
c. Mit phang Z
Z 1a bién s6 phtc vi vay ta c6 thé viét duéi dang phan thue va phan ao
Z =Re[Z] +jIm[Z] (3.5)
Mt phang Z duoc tao bai truc tung Im[Z] va truc hoanh Re[Z]
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4 1m(Z]

0 Re'fz]

Hinh 3.1: Mit phang Z
Ngoai ra c¢6 thé biéu dién Z trong toa d6 cuc va z dugc viét dudi dang nhu sau:
Z=re® (3.6)
41m(zZ]

-

0 RETZ]

Hinh 3.2: Mit phang Z trong hé toa do cuc
Ta c6 quan h¢ gitra Re[Z], Im[Z] va r, ® nhu sau:
Re[Z] =r.cosm
Im[Z] = r.sin®
Ngodi ra trong mt phdng Z con c6 1 vong tron tmg véi: [Z|=r=1. Vong tron nay
goi la vong tron don vi, trén vong tron don vi Z dugc danh gia nhu sau:

Z=¢°

H Im[Z]

I
4
Ll
!J Re[Z]

Hinh 3.3: Vong tron don vi
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3.1.2 Sy ton tai cia bién do6i Z
a. Dinh nghia mién hoi tu cua bién d6i Z
Tap hop tat ca cac gia tri ciia Z ma tai d6 chudi X (z) = ZT[x(n)]= ix(n)Z*n hoi tu

n=—o0

duoc goi 1a mién hoi tu cua bién d6i Z hai phia
Ddi vai bién doi Z mot phia ciing c6 dinh nghia trong tu
Vi du:

Cho tin hiéu roi rac sau day:

(n) = { 2" ©w <n<?2
=10 n con lai
Hay xac dinh bién doi Z hai phia, mot phia va xac dinh mién hoi tu ctua chung

Giai:
Tin hiéu x(n) khong 13 nhan qua c6 chiéu dai L[x(n)] =[- «, 2] = o
+ Theo dinh nghia bién doi Z hai phia ta co:
0 0 -1
X(Z)= DY x(MZ™"=>2"Z"=422+2Z2" +1+ Y 2'Z""

Dbibiénn=-mtaco

X(Z)=4Z72+2Z7 +1+).2"Z"
m=1

pit: X,@2)=32nzn- 22 _ Z v6i |2] <2
' < 1-277  2-7
X,(2)=4Z7+2Z27"+1 VOiZ #0
Vay:
X(z)=ZZZ+4z-2+2z—l+1 V6i [Z|<2 vaZ #0

Nhu vay mién hoi tu cia X(Z) 1a mién nam bén trong vong tron ¢ ban kinh = 2
trir goc toa do

+ Theo dinh nghia bién doi Z mdt phia ta co:
0 2
XNZ)=D X(M)Z "= 2"Z"=4Z2+2Z" +1 VOiZ #0
n=0 n=0
Vay mién hoi tu cia XY(Z) 14 toan bo mit phing Z trir gb¢ toa dd Z = 0

b. Tiéu chuan Cauchy
Tiéu chuan Cauchy mot chudi c6 dang:

ixn:x0+x1+x2+... (3.7)

n=0
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Hoi tu néu diéu kién sau day duoc thoa:

im |, <1 (3.8)

n—oo

Vi du:

Xét sy hoi tu cua chudi: Du(n) =1+1+1+...
n=0

u(n) =1véimoin>0
Giai:
Ung dung tiéu chuan Cauchy ta c6:
limfu(n)r = fimfih =1

Chudi nay khong thoa méan diéu kién hoi tu Cauchy vay chudi nay phan ky

Vi du:

. A x:. = (1Y 11

Xét su hoi tu cua chuoi: Z(—j =1+ +=+...
3 379

Giai:

Ung dung tiéu chuan Cauchy ta c6:

5

Chudi nay théa man diéu kién hoi tu Cauchy vay chudi nay hoi tu

1
n

lim 1
3

c. Ap dung tiéu chuan Cauchy

Pé ap dung tiéu chuan Cauchy chiing ta c6 thé chia chudi X(Z) thanh hai chudi nhu
Sau:

X(Z)= SxM)Z " =3 xMZ "+ 3HMZ " =X,(2) + X,(2)

+ Ap dung chudi Cauchy cho chudi X1(Z)

1

1
limlx(mz " <1 — |im|x(n)|% Z <1
1
bat R, = lim|x(n)[»
Ta co: R._ Z‘l‘ <1
Vay R <[Z]

Khi d6 X1(Z) s& hoi tu voi R,_ <|Z|tie 1a bén ngoai vong tron, tam 1a gbc toa do co
ban kinh R. trong mit phang Z
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% 0 RETE]

Hinh 3.4: Mién hoi tu caa chudi X1(2)
+ Ap dung chudi Cauchy cho chudi Xi(Z)

X,(2) = ix(n)Z‘n = ZO“X(n)Z‘” —x(0)

o

Doi bién sb l=-n
Ta c6: X,(Z) = Zolx(—|)z' —x(0)
=
Néu x(0) 12 sb hitu han ta ap dung tiéu chuan Cauchy cho chudi X»(Z) nhu sau:
!m\x(—nz'ﬁ <1 - lim x(—I)% z|<1
e
Dit: R, = Llig; x(—I)'}
Ta co: ! Z|<1
Vay R >Z

Khi d6 X1(Z) s& hoi tu véi R,_>|Z|tic 12 bén trong vong tron, tam la gbc toa do c6
ban kinh Ry« trong mat phang Z

Im[Z]

7.

Re[Z]
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Hinh 3.5: Mién hdi tu cua chudi X2(2)
Ma ta co: RC[X(Z)]=RC[X,(Z)]~RC[X,(2)]
Néu: Ry <Rw

Thi mién hoi tu ciia X(Z) 1a hinh vanh khin c6 ban kinh trong Rx. va ban kinh ngoai
Rx+, tm 1a goc toa d9, trong mat phang phuc Z: Rx-<Z < Ry+

Nhan xét:

- Pi voi tin hidu nhan qua c6 chiéu dai vo6 han L[x(n)] = [0, ], mién hoi tu cua
bién doi Z hai phia X(Z) nam ngoai vong tron ¢6 ban kinh Rx.

- Dbi véi tin hiéu phan nhin qua cé chiéu dai v6 han L[x(n)] = [0, o], mién hoi tu
cua bien doi Z hai phia X(Z) nam trong vong tron cé ban kinh Ry+

- Néu Ry. > R+ thi RC[X (Z)]= @ va tir 46 X(Z) s& khong ton tai
- Chudi X(Z)= > x(n)Z " ¢6 tén la chudi Laurent, 1a 1 ham giai tich. Vi vy trong

n=—w0

mién hoi tu RC[X(Z)] bién d6i Z X(Z) va tat ca cac dao ham cua né 1a lién tyc cua Z
3.1.3 Cuc va khong (Poles and Zeros)

Trong thyc té chung ta thuong gip cac bién doi Z cho duéi dang mot thuong sé cia
hai da thirc cua Z (hodc Z) nhu vay X(Z) 1a ham hitu ty cua Z:

X(Z) = % (3.9)

a. Binh nghia khong

Tai cac diem Z = Zor ta ¢6 X(Zor) = 0 thi cac diém d6 goi la cac khong cua X(2).
Vay nghiém cua tir o N(Z) chinh 1a khong cua X(Z)

Néu N(Z) 1a da thirc caa Z bac M thi X(Z) c6 M khong
b. Binh nghia cuc

Tai cac diém Z = Zpk ta c6 X(Zpk) = 0 thi cac diém do6 goi 1a cac cuc cua X(Z). Vay
nghiém ctia mau s6 D(Z) chinh 1a cuc cia X(2)

Néu D(Z) 14 da thirc ctia Z bac N thi X(Z) c6 N khong
c. Biéu dién X(Z) dudi dang cuc va khong
Néu N(Z) 1a da thirc cia Z bac M:  N(Z) = bo + b1Z + ... + bmzM
Ta c6 thé viét:
M
N (Z) = bM (Z _201)(2 _Zoz)---(z _ZOM) = bM E[l(Z - ZOr)
O day Zorla cac nghiém ciia N(Z)
Néu D(Z) 1a da thirc cia Z bac N:  D(Z) = a0 + a1Z + ... + auzZM
Ta c6 thé viét:
N
D(z2)=ay(Z _Zpl)(z _sz)---(z _ZpN) =ay kH:1(Z _Zpk)
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O day Zpk 12 cac nghiém cua D(Z)

M
N(2Z) bM }_Il(z Zy,) C%(Z_Zm) (3.10)

X(2) =
= X(Z) D(Z) a, g(z_zpk) kH,l(Z_ZPk)

Ta c6 thé biéu dién X(Z) theo da thuc cua 21

M
ZMTI(1-2,Z7Y) Mi-z,2%
X(Z)=C— —czM N T (3.11)
ZNTI(L-2,27) g(l—Zka‘l)

Vico ZM N vay néu M > N thi ta c6 (M — N) Zeros & Z = 0, con néu M < N thi ta
cO(N-—M)PolesdZ=0

Néu X(o0) = 0 thi ta c6 Zero tai Z = oo, néu X(o) thi ta ¢6 cuc tai Z = o

Chuy:

Tir biéu thtre (3.10) va (3.11) ta thay rang X(Z) c6 thé duoc biéu dién chinh xac boi
cac cuc va khong

Trong mit phang Z cac cuc s& duoc ky hiéu bang dau (x), con cac khong duoc ky
hiéu (0)

Vi du:

Cho X(n) = d8(n) + 38(n — 1) +26(n — 2)

Hay tim X(Z), mién hdi tu va cac cuc,cac khong cua X(Z)
Giai:

X(Z)=ZT[x(n)]= ZX(n)Z "=1+3271+22"

N=—o

Mién hoi tu: toan bd mit phang Z, trir Z = 0

Cuc va khong:

X(2)=Z?%2Z?+32+2)=Z?*(Z+1)(Z+2)

Z+1)(Z+2

x(2) =" ;(2 )

X(Z)c6d2 Zerostai Zor=-1vaZop=-2vaco lcucképtai Z=0; Zp1 =Zp2=0
4+ 1m[zZ]
Zm Znz
- E - I 0 Re[Z]

Hinh 3.6: Vi tri cac cuc va khong cua X(2)
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3.1.4 Tinh chat cua bién d6i Z
a. Tinh tuyén tinh
Ta c6 hai day x1(n), X2(n) va bién d6i Z ciia n6 nhu sau:

ZTx (]=X,2) = Yz

RC[X1(2)]: R, <Z|<R,
2T, (] = X,(2) = 3%z

RC[X2(2)]: R,, < |Z| <R,
Gia str ta c6 diy x(n) 1a t6 hop tuyén tinh ctia 2 ddy x1(n) va x2(n) nhu sau:
x(n) = axa(n) + bxz(n) Véi a, b 1a cac hang sé
Bién ddi Z cua x(n) sé la:

00

ZT[x(m]=X(2) = 3 [ax () +bx, (M2 "

N=—o0

= X(2)=a 3 x(MZ " +b 3 %, (2" =aX,(Z) +bX,(Z) (3.12)

RCIX@)]: R <[Z|<R.

Vay: RC[X(Z)] = RC[X1(n)] ~ RC[Xz(n)]
b. Tré

Gia sir ta c6 ddy x(n) va ZT[x(n)]=X(Z)= 3 x(M)Z""
RCIX@)]: R, <[7|<R,,

Néu nhu ta c¢6 y(n) 1a ddy tré cua x(n) nhu sau: y(n) = x(n — No)
ZTlym]=v(2)= Yymz" = Yxin-n)z"

Doi bién sé: I=n-np — n=Il+ng

Taco: Y(Z)= 3 x(Z "™ =z S x()Z =2 X (2)

|=—00

Véi:  RCIY(2)]: R, <[Z|<R,,

Vay: ZT[x(n-n)]=2"™X(2) (3.13)
Chi y:

Néuno>0: RC[Y(2)]: R, <|Z|<R,, vaZ#0

Tuc 14 ta c6 thém 1 diém cuc Zp = 0
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Néuno<0: RC[Y(2)]: R, <[Z|<R,, vaZ# o

Ttc 14 ta c6 thém 1 diém khong Zo1 = 0

c. Nhan vo1 ddy ham mii
Gid s ta c6 ddy x(n) va ZT[x(n)]= X (Z)= Y x(n)Z™"
Véi: RC[X(Z2)]: R, <[Z|<R.

Nhan day x(n) nay véi day ham mii a" ta co6:

y(n) =a"x(n)

= zTyml=Y@) = Saxmz =Y x(n)(%)_ _xZ

Nn=—o0 a

viy  zTlau(m)]= x@]

va: RC[X (gﬂ JaR,_ <[z]<laR..

d. Pao ham cua hién doi Z
Theo dinh nghia bién doi Z ta cé:

ZT[x(n)]= X (2) = 3 x(n)z™" R, <[Z|<R,,
Thi ta co:

dX(2) <& .

% = n;O(— n)x(n)z " R, <[Z|]<R,
Nhan ca hai vé véi — Z ta co:

~-Z —d);(zz) =7 i(— n)x(n)z"* = ix(n)Z’”n

Tir day ta co thé viét:

__, (@)
ZT[nx(n)]=-2 7

¢. Day lién hop phuc
Gia sir chiing ta c6 2 day: x(n) va x (n) (lién hop phirc)
LAy bién doi Z ca hai day ta co:

ZT[x(n)]= X (@) = 3 x(z~"
ZT[X*(n)]= ix *(n)Z™"
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Ma ta co:
[X(@)] = {Zx(n)z }
X*(Z) = ix*(n)(z*)”

x'@2)=3Sxoz)]  maz)-z
vay  ZT[x'(n)]=X"(2")
f. Tich chap cua 2 day
Néu ta c6 diy x(n) 1a tich chap cua hai ddy x1(n) va x2(n) nhu sau:

X(n) = x1(n) * x2(n)

- X@)= X7 = Y xm - i{ixl(k)xz(n—k)}z-

k=—o0

n=-o0 N=-o0

- Y X0 Y xm-kZ”

k=—00
Ddi bién sb:
m=n-K 2 n=m+Xk

Ta co
X(2)- _ixl(k{ :ixz(m)z-m}z-k - YMZ* Yxmz "

Vay:  X(Z) = X1(2).X2(2)

Voi RC[X(Z)] = RC[X1(n)] ~ RC[X2(n)]

g. Tich cua hai day

Gia st ta c6 day x(n) la tich ctia 2 day x1(n) va x2(n) nhu sau:
x(n) = xa(n) + x2(n)

Thi trong mién Z ta c6 quan hé sau:

X (Z) = %§ xl(v)xz(%)vldv

Véi: RCIXu(2)]: R, <[Z|<R,

RC[X2(2)]: R, <|Z|<R,,

— RC[X(Z)] = RC[X1(n)] ~ RC[X2(n)]
= RCIX(2)]:  max|R, R, |<z|]<min[R_R, |
Quan hé (3.13) con goi la tich chap phuc
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Chu y: Dudng cong kin cua tich phan ¢ phai dugc chon trong mién giao cua hai
mien hoi tu cua X1(Z) va X2(Z) (chinh 1a mién hoi tu cua X(2))

h. Tuong quan cua hai tin hi¢u

Ta c6 ham tuong quan cua 2 tin hiéu dugc dinh nghia nhu sau:

ly = ix(m).y(m -n)

o0 o0

2T[r, (]=R, (@) = ifxy(n)z‘" = [ 2 x(m)y(m- n)}z'”

N=—00[ M=—00
Ddi bién: l=m-n, n=m-|

Ta co:

R,(2)= 3 Y xmy®z ™ = Y xmz" Y yhz )" = X(Z)YG]

Mm=-o0|=—0 |=—x

Vay  R,(2)= X(Z)Y(%) (3.19)

Vé6i:  RCIX(2)]: R, <[Z|<R,,

Rchﬂ Lz L
Z)|'R, ¥R,

= RC[R, (2)]=RC[X(2)]~ RC{Y(

)

—> max RX_,i <|z| < min Rx+,i
R,. R,

3.2 Bién d6i Z ngwoc
3.2.1 Dinh ly Cauchy

Dinh ly Cauchy 14 dinh ly quan trong trong ly thuyét bién s6 phuec, 1a co s¢ dé xay
dung cong thic bien d6i Z ngugc

Phat biéu

N[~

1
— ¢ Z"dZ =

1 véin=0
T { (3.20)
(o}

0 véin #0
(:j day c la duong cong khep kin bao quanh gbc toa do cuia mat phang phic Z theo
chiéu duong (nguoc chiéu kim d@ong ho)
3.2.2 Bién d6i Z nguoc
Theo dinh nghia bién doi Z ta cé:
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X(Z)=3x()z"

n-1

Nhaén hai vé véi 2 va lay tich phén theo chiéu dai cua 1 duong cong bao quanh

g4c toa d6 va nam trong mién hdi tu cua X(Z), ta co:

—§X(Z)z" 1z ——§Zx(|)z Snlgz
774 [ s
O day tich phan 13y trong mién hoi tu caa X(Z) tic 1a X(Z) hoi tu khi lay tich phan
—>—§X(Z)z "4z = Zx(l) §z gz

c

Theo dinh ly Cauchy ta c6
1oy, )L Voi—-l+n=0 hay | =n
'§Z dz_{o voi -l +n#0 hay | #n

Véi 1= n ta c6 biéu thuc bién ddi Z :
X(n) = Zi fx@zdz (3.21)

Buong cong c la duong cong khep kin bao quanh gbc toa d6 cua mat phang phic Z
theo chiéu duong va phai nam trong mién héi tu cua X(Z).

Ky hiéu bién d6i Z nguoc:
IZT[X(Z)] = x(n)
Trong thuc té chiing ta c6 3 cach bién d6i Z nguoc :
- Phuong phép thang du : tinh truc tiép tich phan dung 1y thuyét thing du
- Phuong phép khai trién thanh chudi liiy thira theo Z hoic Z!
- Phuong phap khai trién thanh tong cic phan thic toi gian
a. Phuong phap thang du
Theo ly :thuyét thang du cua ham bién sé phtce thi tich phén vong trong biéu thirc
theo bién do6i Z nguoc co6 thé dugc danh gia bang tong cac thang du nhu sau :

,2, ] (3.22)

x(n) :%{ X(2)Z"dz :ZRes[X (z)z™*

Zok : 13 cuc ctia X(Z)Z™! nam trong dudng cong khép kin ¢

Res|X (2)2",.,, | 1a thing du cuia X(2)Z" tai cuc Z = Zy. X(Z)Z™ ¢6 bao nhicu

cuc (don hoic boi) thi phai tinh da biy nhiéu thing du, sau d6 14y tong cua tat ca cac
thang du nay ta s€ c6 x(n)

Néu X(Z)Z™! 14 1 ham hitu ty cta Z thi ta co thé viét:
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x(2)z" =Y 2) (3.23)

z-2,F
Zpk : 1a cuc boi bac sk cua X(Z)Z™!
Chu ¥ : Trong truong hop nay w(Z) khong co cuc tai Z = Zpk va ta c¢6 thé viét ;
W(Z) = X(2)Z"HZ - Zpk)™ (3.24)

Tur day ta c6 cong thirc tinh RES[X (2)2™ .., J nhu sau:

1 d¥y(2)
Z_Z"k]_(sk—l)! 4zt ‘ (3.25)

Z=Zy

Res[x (2)z™

Néu Zpk 1a cuc don, tic 1a sk = 1, thi biéu thire nay c6 dang dic biét sau day :

_1d%(2)

n-1
Res[X(Z)Z T

~y(2),,, =vizy) (3.26)

Z=Zy

Sau khi tinh tat ca cic thing du ciia ham X(Z)Z™'4 tat ca cac cuc ¢ trong duong
cong khép kin ¢ va cdng chung lai ta thu dugc x(n)

b. Phuong phap khai trién chudi liy thira

Ta biét rang trong mién hoi tu cia X(Z) thi X(Z) 1a ham giéi tich cta Z, nhu vay ta
c6 the khai trién X(Z) thanh chuoi lity thira ¢6 dang:

X@2)=Ya,z" (3.27)

Ma theo dinh nghia bién ddi Z ta cé:
X(Z)=>Y x(n).z™

Ca hai chudi nay déu hoi tu trong mién hoi tu caa X(Z). Bong nhat cac hé sb cua 2
chuoi nay ta c¢6 x(n) = a. Ttrc 1a cac hé s6 ctia Z™ chinh 1a cac gia tri cta x(n)

Vide  Cho X(2)=—2_

Z+2
Hay tim x(n) véi mién hdi tu ciia X(2): RC[X(2)]: [Z|>2
Giai:

X(Z): RC[X(2)]: |Z|>2 : mién ngoai vong tron ban kinh 2. Vay x(n) 1a day nhan
qua
Z 1
Z+2 1+27°

Ta tién hanh chia tir s6 ctia X(Z) cho mau sb cia né thi ta s& co chudi liy thira theo
Z-l

X(2)=
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1 | 1+2271
1+271 1-2Z1+4z2%-8Z3
-2Z1
271472
R
+472% + 8273
-8Z3
-823 - 162+
1624

Vay: X@)=3(-2yz" véi [z]>2
n=0

Ta duogc day x(n) nhu sau:  x(n) = (-2)"u(n)
c. Phuong phap khai trién thanh phuong thirc tdi gian

Trong thyc té chung ta thudng sir dung cac bién d6i Z hitu ty, ta c6 thé viét bién doi
Z dudi dang sau day:

% (2)-N@
D(Z)

Phuong phap nay chinh 1a viéc tién hanh khai trién cac bién doi Z nay thanh céc
phan thuc t6i gian, sau d6 tim bién d6i Z nguoC cua cac phan thirc nay, ket qua cuoi
cung la tong cua cac bién d6i Z ngugc cua cac phan thuc toi gian nay

Phuong phap

Gia su: N(Z) 1a da thirc bac M

D(Z) 1a da thirc bac N
+ Néu M > N, ta tién hanh chia da thic N(Z) cho D(Z) két qua thu duoc dudi
dang tong quat sau :

P(2)

X(2)=S(2Z)+—== (3.28)
Q(2)
S(Z) 1a da thtrc bac M — N ¢6 dang:
S(Z) = BunZMN + BpnaZMNT+ L+ BiZ + Bo (3.29)

Bac P(Z) bé hon bac Q(Z) va Q(Z) = D(Z), vay Q(Z) la da thuc bac N
+ Néu M <N thi S(Z) =0 va
P(Z)

==/ 3.30
XD=55) (330)
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P(Z)

Chung ta khai trién thuong s6 thanh cac phan thirc toi gian trong cac truong

hop sau:
- Truong hop X(Z) chi ¢6 cuc don, X(Z) dugc viét dudi dang:

P(2)
X(Z)= 3.31
()Q(Z);(ZZ) (3.31)
Zpkla cuc don cua X(Z) (Zpk la cac nghiém don cua X(Z))
P(Z)
vei  A=l2-7,)°7 (3.32)

"),

- Truong hop X(Z) ¢6 1 cuc boi

Gia sir X(Z) ¢6 1 cuc boi bac s 14 Zp1, cac cuc con lai 13 cyc don thi ta s& khai trién
X(Z) dudi dang sau:

_P@) . 3.33
" Q(2) Z(Z Z) Z(Z—Zpl)J (439

k=1 j=1

V&1 Zp 1a cuc boi bac s, Zpk 1a cac cuc don

Ak va cj dugc tinh nhu sau:

P(Z)
A=2-2,4)0 5
1 g . P(2)
C=r—v—2-2,f==2
i (S— j)!dzs—J |:( PI) Q Z) . (3.34)
- Truong hop X(Z) c6 L cuc boi
Gia st X(Z) ¢6 L cuc boi s1, Sz, ..., sn, cac cuc con lai 1a cuc don thi ta khai trién

X(Z) duéi dang sau:

N_

)= P@) _ G (3.35)
Q(Z) & Z );“ﬂ& Z ) '

V&1 Zpk 1a cac cuce don, Zpi 1a cac cuc boi bac s

Ak va cjsi dugc tinh nhu sau:

_(z-7.\P@)
Ak_(z Zpk)Q(Z)Z:Zpk

i :(S: j)!dd;"j {(Z 7ol (—iﬂ
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Sau khi khai trién X(Z) xong ta s& tim IZT cua timg phén thirc roi tong hop két qua
ta s€ c6 x(n)

|IZT ciia cac phan tir s& duoc tim béi cac cong thic sau:

z

IZT =(z,, J'u(n)
_Z_Zpk ( pk)

21| 2 _—(z Fu(n-1 3.37
7_7 — \&pk U( _) ( : )
L Pk

Truong hop téng quét ta co:

IZT

e R YA ( (339)

[ VA }_ n(n-1...n—m+1)

Véi  [2]>[Z,

'ZT{(Z = )] - M= 7, ) ugen - (3.39)

m!
Vi (2] <(Z |
Vi du.

Z+2
222 -7Z+3

Hay tim x(n) bang phuong phép khai trién thanh phan thic t6i gian
Giai:

Cho X(2Z) =

Z+2  7-2
. -
2?-7Z+3 2(2_3(2_3)

Ta co: X(2)= 5

Vay X(Z) c6 2 diém cuc 1a: z =% Va Zp =3

pl

Theo cong thuce (3.31) ta co:

X (2) =§(—)Z _Akz

A1 va Az dugc tinh theo cong thic (3.32)

(- \P@) (5, 1) Z+2 ‘__1
A=(z Zm)—Q(Z)Z_Zm—[Z -3

2) 2(2 —;j(z _3)
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1
Vay X(Z)=—2 +———
Z_; Z-3

101\ g o 1\ (1Y)
— x(n)=7(§) u(n-1)+3"'u(n-1) =3 1u(n—l)—(EJ —(Ej u(n-1)
3.3 Phén tich hé thong LTI trong mién Z
3.3.1 Ham truyén dat
a. Dinh nghia

So sanh quan hé giira dau vao, dau ra va dap (tng xung trong mién n sau d6 chuyén
sang mién Z

Mién n Mién Z
X(n) S v xo L "9~z
y(n) = x(n) * h(n) Y(2) = X(2).H(2)
_ ix(k)h(n k) X(Z) = ZT[x(n)]
& H(Z) = ZT[h(n)]
h(n) = 1ZT[H(Z)] Y(2) = ZT[y(n)]
_Y@)
"2)= X(2Z)

Ham truyén dat cia mot hé thdng roi rac chinh 1a bién d6i Z cia dap Gmg xung va
duoc ky hiéu la H(Z):

H(Z) = ZT[h(n)]

H(Z) :% (3.40)

b. Phuong trinh sai phan mo ta ham truyén dat H(Z)

Quan hé giita dau vao - dau ra cia 1 hé thong roi rac tuyén tinh bat bién va nhan
qua dugc cho béi phuong trinh sai phén sau :

iak.y(n —k) = ib,.x(n -r)

LAy bién doi Z cac thanh phan cua phuong trinh nay ta co:
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z{iak.y(n ~ k)} - ZT{ibr.x(n ~ r)}
> ZN:ak'y(n_k)}Zn 23 ipr(n—r)}z”

n=—oq_k=0

Str dung cac tinh chat tuyén tinh va tré caa bién dbi Z ta co:

iak.ZT[y(n —k)]= ibr.ZT [x(n-1)]
iak.Z‘kY(Z) = ibr.Z‘rX(Z)
Y(Z)iak.Z‘k = X(Z)ibr.z-r

vz &7

= H(2)= =10 (3.41)
X(2) D az*
k=0
Vi du:
Hay tim ham truyén dat cia mot hé théng khong dé quy
Giai
Trong trudng hop hé théng khong dé quy thi N = 0 vy ta c6:
M
> bz
H(Z)="0
, M
Néu ao = 1 thi: H(Z)=Y bz (3.42)
r=0

c. Biéu dién ham truyén dat bang cac diém cuc va diém khong

Ham truyén dat H(Z) cua 1 hé théng roi rac co thé duoc biéu dién bang cac diém
cuc va diém khong nhu sau:

M

ML-Z,2%)

X(Z)=crl— - -
]

g(l_zpkz ) kH:l(Z_Zpk)

N

11(Z -Z,,)
VA (3.43)
3.3.2 Su két ndi cua cac hé thong LTI

a. Phan tir tré

Goi x(n) 1a dau vao, y(n) 1a dau ra, quan hé gitta dau vao va dau ra cua phan tir tré
trong mién Z nhu sau:

y(n) =x(n-1)
Liy bién ddi Z taco:  ZT[y(n)] = ZT[x(n -1)]
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= Y(2)=ZX(2)

b. Phan tir cong

Goi xi(n) 13 cac dau vao, y(n) 1a dau ra, quan hé giira dau vao va dau ra cua phan ti
cong trong mién Z nhu sau:

Y0 =Y % ()
LAy bién d6i Ztaco:  ZT[y(n)]= ZT{% X (n)}

=Y(@)=Y2@)

c. Phan tir nhan véi hang sé
Goi x(n) la dau vao, o 1a hang s0, y(n) 1a dau ra, quan hé giira dau vao va dau ra cua
phan tr nhan vai hang so trong mién Z nhu sau:
y (n) = ax(n)
LAy bién doi Z ta co: ZT[y(n)] = ZT[ox(n)]
2 Y(2) = aX(2)

—> zZ1 — > Phan tir tré

X(2) Y(2) = Z'X(2)

+ > Phan tir cong
Y@ =) z()

i=1

Hinh 3.7 : Céc phan ta thuc hién trong mién Z

Phén tir nhan vai hang sé

X(2) ) Y(Z) = aX(2)

a
I

»

> | > Phan tir nhan voi hang s6
X(2) Y(2) = a.X(2)
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Vi du:
Cho hé thdng rai rac c6 so do khdi nhu sau :

Y

(O e
X(2)

Y(Z)=

H2(2)

Hinh 3.8: So dd khéi hé thdng
Hay tim ham truyén dat H(Z) chung cua ca hé théng
Giai:
Taco Y1(Z) = X(Z) + H2(2)Y(2)
Y(Z) = H1(2).Y1(Z) = Hi(Z2)[X(2Z) + H2(2)Y (2)]
= H1(2)X(2) + Hi(2)H2(2)Y(2)

Y(Z) _  H(2)
X(Z) 1-Hy(Z)H,(Z)

2> H(Z)=

3.4 Giai phwong trinh sai phin tuyén tinh hé s6 hang nhé bién d6i Z

Viéc giai phuong trinh sai phan thuong di kém véi diéu kién dau khac 0. Vi vay ta
can ung dung bién do6i Z 1 phia dé giai phuong trinh

Vidu:
Giai phuong trinh sai phan sau :

y(n) —3y(n -1) + 2y(n -2) = x(n)
1

vgi x(n) = 3"2, y(—2)=—g, y(—l):—§

Giai:

L4y bién d6i Z 1 phia 2 vé ciia phuong trinh :
ZTHy(n) — 3y(n -1) + 2y(n -2) = ZT*[x(n)]
ZTHy(n)] +ZT*[- 3y(n -1)] + ZT[2y(n -2)] = ZT*[x(n)]
Y3(2)-32Y*(2)+ y(-1)]+ 2z Y (2)+ 2ty (=) + y(-2) |= X (2)

Thay diéu kién dau ta co:

Yl(Z)(1—3Z‘1+ZZ‘2)+1—§Z‘1—§: X1(2)

9
Ma:  X'2)=37 1_1=l Z
1-327% 92-3
y)Ez=2) 2 11z z-2
Z 3Z 9 92-3 Z(z-3)
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_Z
(z-1(z-3)
Dung phuong phap khai trién thanh phan thic t6i gian dé tim y(n) = 1ZT[Y1(2)]

YZ)_ A A
z (z-1) (z-3)

Vay : —Y42)=

Tim cac hé s theo cong thuc (3.34) taco: A = —% , A=

N |-

1 2 172
Y(2)=—2 -
@) 2(Z—1)+22—3

Tim IZT[Y(Z)] theo cong thirc (3.37) va (3.38) ta cd y(n) nhu sau:

y(n) = —%1”u(n)+%3"u(n) - %(:«:n —~1(n)

Vay

3.5 Hé thong 6n dinh va nhin qua
3.5.1 Sy 6n dinh caa hé thng tuyén tinh bat bién

Trong mién n, mot hé thdng tuyén tinh bat bién 1a 6n dinh néu thoa mén diéu kién
sau:

3 |h(n)| < o
Ta chuyén sang mién Z, ham truyén dat H(Z) s& dic trung hoan toan cho hé thdng
H(Z)= 3 h(mz R, <|Z|<R,,

So sanh diéu kién 6n dinh trong mién n véi cong thire tinh H(Z), ta thay rang muon
diéu kién 6n dinh trong mién n thda man thi ham truyén dat H(Z) phai hoi tu voi |Z|=1

tac la trén vong tron don vi trong mat phang Z. Vi vay mién hoi tu (mién vanh khin)
cua H(Z) nhat thiet phai chtra vong tron don vi

AIm[Z]

Hinh 3.9: Mién hoi tu cua H(Z) chira vong tron don vi
Phat biéu:
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Mot hé thdng tuyén tinh bat bién 1a 6n dinh néu va chi néu vong tron don vi nam
trong mién hoi tu ctia ham truyén dat caa hé thong

3.5.2 Su 6n dinh caa hé thdng tuyén tinh bat bién va nhan qua

Trong thuc }é ching ta chi gap Qhﬁ:ng hé théng nhan qua vi vay chung ta s& nghién
ctru dieu Kién on dinh doi véi hé thong nhan qua

Ham truyén dat H(Z) dwoc cho boi cong thuc:

H(Z)= Y h(nz " v6i RC[H( 2)] R, <2

1
Véi R, = lim|h(n)|n theo tiéu chuan Cauchy

Trong thuc té, hé thong thuc hién duoc vé mit vat 1y 1a hé théng tuyén tinh bat bién
nhan qua va 6n dinh. Viy dé xét h¢ thong nay ching ta ket hop ca hai diu kién nhan
qua va on dinh

Ta thay rang doi vé6i hé thong tuyén tinh bat bién va nhan qua thi ham truyén dat
phai c6 mién hdi tu nAm ngoai vong tron ban kinh Rp.

RC[H(2)]: R, <[Z|

Con dbi vai cac hé thong 6n dinh thi mién hoi tu ciia ham truyén dat H(Z) phai chira
vong tron don vi. Vay d6i voi hé thdng tuyén tinh bat bién nhan qua va 6n dinh thi
ham truyén dat H(Z) phai c6 mién héi tu nhu sau:

RCI[H(2)]: R,. <|Z|
Rn-<1 (3.44)
biéu kién:
Mot hé thong tuyen tinh bat bién nhan qua 1a on dinh néu va chi néu tat ca céc diem
cuc cua ham truyén dat H(Z) nam bén trong vong tron don vi
Vi du:
Cho mét hé thong tuyén tinh bat bién nhan qua c6 ham truyén dat H(Z) sau:
72-7+1

72741
2

H(Z)=

Xét su 6n dinh cua hé théng?
Giai:
H(Z) ¢6 2 diém cuc:
1 .1 . 1 .
o JE va Z,= j—

Pay 1a 2 diém cyc phtc ndm trong vong tron don vi. Vi vay hé thong nay 1a on
dinh
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BAI TAP CHUONG 3

Bai 3.1
Hay tim bién d6i Z hai phia va mién hoi tu cta ddy sau day:
3" .
x(n) = (Z) moi n

Bai 3.2
Cho day: x(n) =u(n) —u(-n—1)
Hay tim X(Z), X%(Z) va mién hoi tu X1(Z) (bién d6i Z 1 phia)
Bai 3.3
Cho: x(n) = 2"rects(n)
Hay tim X(Z), mién hoi tu, cac cuc va cac khong
Bai 3.4
Cho hai day:

a. X(n) = a"u(-n)

b. x(n) =-a"u(-n—1)
Hay tim X(Z), mién hoi tu, cac cuc va khong
Bai 3.5
Cho: X(Z) = szl

Hay tim x(n) ding phuong phap khai trién thanh phan thuc téi gian
Bai 3.6
Hay tim Z ngugc tng véi day nhan qua cta X(Z) nhu sau:

4 1
X(Z)=—s b 7|1
D=7z 2>
Bai 3.7
2
Cho: X(Z)= 26182
4775741

Dung phuong phép trién khai thanh phan thic téi gian, tim bién ddi Z ngugc nhan
qua cua X(Z)

Bai 3.8
1
1-321+ 27
Dung phuong phap trién khai thanh chudi liiy thira, tim bién d6i Z nguoc cia X(Z)

Cho: X(2)=
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Bai 3.9
Mot hé thng tuyén tinh bét bién c6 phuong trinh sai phan nhu sau:
y(n) =3y(n—1) - 2y(n - 2) + x(n)
V6i didu kién dau 1a:  y(-1) = y(-2) =0
a. Hay tim ham truyén dat H(Z) caa hé thdng
b. Hiy nghién ctru tinh 6n dinh va tinh nhan qua cua hé thdng
c. Hay tim dép wng xung h(n) caa hé thong
Bai 3.10
Hay dung bién ddi Z 1 phia dé giai phwong trinh sai phan sau

1 1
a. y(n)==5y(-1)+7y(-2)
biéu kién dau: y(-1) = y(-2) = 1

b. ¥(n)= 2 y(n-1) x(n)

biéu kién dau: y(-1) =1
Bai 3.11

Dua vao vi tri cac diém cuc trén miat phang Z dé xac dinh d6 6n dinh cta cac hé
thong c6 ham truyén dat nhu sau:

a. H(2)=1+2"-222+2"

1-7
b. H,(2) =
(1+222)(1—o,3zl)
c. Hy(2) = 1
T (Z+05)22 -2 +1)
Bai 3.12
h Z
Cho: X(Z)=
D= iz

Dung phuong phap trién khai thanh chudi liiy thira, tim bién d6i Z nguoc cia X(Z)
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CHUONG 4: PHAN TICH TIN HIEU ROI RAC O MIEN
TAN SO ROI RAC

Trong chuong nay ching ta s& nghién ctru cach biéu dlen tin hiéu va hé théng roi
rac trong mién tan sd roi rac wx hay ngan gon ta goi 13 mién k. Thuc chat cach biéu
dién nay la ta lay tirng diém roi rac trén vong tron don vi trong mat phang 4 dé biéu
dién. Dé chuyén cach biéu dién tin hiéu va hé thong roi rac sang mién tan sb roi rac
chung ta s& ding mot cong cu toan hoc goi 1a bién d6i Fourier roi rac (Discrete Fourier
Transform: DFT). Viéc biéu dién trong mién tan sé roi rac dat biét hiéu qua khi xuat
hién cac thuit toan tinh nhanh DFT, con goi 13 bién d6i Fourier nhanh (Fast Fourier
Transform: FFT)

4.1 Phan tich tan s6 cia tin hiéu roi rac
4.1.1 Chudi Fourier roi rac caa tin hiéu roi rac tuan hoan
a. Tong quan tin hiéu tuan hoan
Gia str chiing ta c6 diy tuan hoan c6 chu ky N la:
X(n) = X(n+IN) véi N 1a s6 nguyén (4.1)

rF i—'{n}

i
———»
—
—
— ¢

o
o
L
e, )
S—
—
&
;
L 2

Hinh 4.1: D3y tuin hoan c6 chu ky N = 4
~ Ta thay rang 1 ddy tuan hoan c6 thé duoc biéu dién boi 1 chudi Fourier, tirc 1a 1
tong cua cac day sin va cos hoac boi tong cua cac diy ham mii phurc ¢6 tan so co ban
2z
N
Gia str chiing ta c6 day ham mi phic nhu sau:
2 _
e(n)=e'N" vsik=0,,.,N-1 (4.2)
Ta biét rang:
eo(n)=e’=1

e (n) = ej%n'k —el?™m =1
Vay:  eo(n) =en(n)

e1(n) = en+1(n)

e2(n) = en+2(N)

e3(n) = en+3(n)
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Nhu vay chung ta c6 thé biéu dién day tuin hoan c¢6 chu ky N duéi dang sau:
- 18~ i
X(n) =WZX(k)e N (4.3)
k=0

X (k) la day tuan hoan c6 chu ky N, hé sb %dfmg dé tinh toan X (k) duéi dang gon
hon

Tinh X (k)

2z

Nhan 2 vé phuong trinh (4.3) véi e v ta co:

27
~ —j=>=mn
X(ne N =

L4y tong theo n tir 0 dén (N — 1) ta cé:

Sxme v =TS Kge v
n=0 N n=0 k=0
N-1 2z N-1 N1 .27
-jrmn i 1 5 (k=m)n
— X(ne N =) X(K) = N
Ta co:
Nflej%"-r _ N Véir=IN (I: s6 nguyén) (4.4)
~ 0 Vi r con lai
Vay:

2z
—m

_ N-1 L.
X(m)=> %(ne '
k=0
Hoic ta c6 thé viét:
~ N 27,
X(k)=> x(n)e ' (4.5)
k=0

Chiing ta s& 13y cach biéu dién X (k) trong cong thirc (4.5) dé lam dinh nghia cho
bién doi Fourier rdi rac cta cac diy tuan hoan
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b. Binh nghia bién doi Fourier roi rac
Bién doi Fourier roi rac cua ddy tuan hoan X(n) c6 chu ky N duoc dinh nghia nhu
Sau:

~ N-1 —jz—”kn
X (k) = Zi(n)e N (4.6)
n=0
s
bat: W, =e N
Ta co:
kn jzlkn
W' =e N 4.7)
WN—kn — ej%kn
- N-1
Vay: X (k) = Zi(n)wﬁ” (4.8)
n=0
Ky hiéu:
DFT[X(n)]= X (k)
Hoac:
DFT -
X(n) X (k)
Vi du:

Cho diy tuan hoan X(n) nhu sau:

Vi chu ky N = 10. Hay tim X (k)

Giai:
Ta co: X(n) = X(n+110)
Ap dung cong thirc (4.6) ta c6:
o (e qglae 2jsine”
X() = 2RO =Y e 0 =T =t
n=0 n=0

1-e ' 2jsin ”zkejlok




bat:

A _ - )
Tac: X(k)=e 10" Agk) = [X (el @] = |X (k)lei®

Chu ¥: A(k) 1a thuc nhung c6 thé 1 duong hodc 4m, vy ta c6 ham dau cua A(k) 1a:

1, néu A (k)dwong

Sgnlado] = {—1, néu 4 (k) am

Viy ta co:
][

Ar

p(k) =—75+5 1= SonlA®)]

& |;('{|<]]|

[ ]

.
~
.
~
~
.. .
5 ~
5
. .
., N
.
o -
[
-
. .
- s
. ~ -

anyt0 [ L L¢ ko

Hinh 4.2: Modun va pha ciia X (k)
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c. Pinh nghia bién d6i Fourier roi rac nguoc

Bién d6i Fourier roi rac nguoc dugc dinh nghia nhu sau:

1 N-1 __ ]z—ﬂnk
X(n)==> X(kye (4.9)
N =
Hoac:
- l N-1 __
X(n) = WZ X (K)W, " (4.10)
k=0

Nhu vay ta da 1dy cach biéu dién tin hiéu tudn hoan X(n) c6 chu ky N boi téng cac
day ham mil lam dinh nghia cho bién dbi Fourier roi rac nguoc
Ky hiéu:
IDFT|X (k) |=%(n)
Hoac:
N IDFT
X (k) X(n)
Chu y:
Trong nhitng trudng hop can nhan manh chu ky cua ddy tuan hoan N ta ding ky
hiéu sau:

X(n), va X(K),
d. Céc tinh chat
+ Tinh tuyén tinh
Cho 2 diy tudn hoan X (n), X,(n)co6 chu ky N va day X,(n) =ax, (n) +bX,(n)
Néu ta co: DFT[X(n)]= X,(k)
DFT[X,(n)] = X,(K)
Thi: DFT[X,(n)] = X,(k) =aX,(k)+bX, (k) (4.11)
+ Tinh chat tré
Cho X(n) 1a dy tudn hoan c6 chu ky N va DFT[X(n)] = X (k)
Néu ta c6 diy X(n+n,) la day tré ciia diy X(n) ciing tudn hoan véi chu ky N thi:
DFT[X(n+n,)] =W, * X (k) (4.12)
+ Tinh d6i xting
Cho X(n) la day tudn hoan c6 chu ky N va DFT[X(n) ] = X (k)

Néu ta c6 diy X*(n) 1a day lién hop phic cia diy X(n) ciing tudn hoan véi chu Ky
N thi:

DFT[R* ()= X" (k) (4.13)
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+ Tich chap tuan hoan
Cho 2 diy tuan hoan X (n), X,(n)co6 chu ky N va diy X,(n) =X, (n) *X,(n)
Néu ta co: DFT[X(n)]= X,(k)
DFT[X,(n)] = X,(K)
Thi: DET[X,(n)] = X,(k) = X, (k).X, (k) (4.14)
+ Tich cua hai day

Néu chung ta c6 tich ctia 2 day tuan hoan X,(n), X,(n) c6 cung chu ky N 1a 1 day
X,(n) tuan hoan ciing ¢6 chu ky N nhu sau:

X3 () = ¥, (n).X, (n)
Va: DFT[X(n)] = X,(K)
DFT[%,(n)] = X,(k)

SR MK, (k=) (415)

: = - =Y T 1
Thi:  DFT[%(M)]= X;() = Xy (K)(F)y X, (k) =
+ Tuong quan tuan hoan
Néu chiing ta c6 2 diy tuan hoan X(n) , X,(n) co cung chu ky N thi ham tuwong
quan chéo cta 2 day nay s€ dugc tinh toan trén 1 chu ky va dugc cho bdi cong thirc:

E ()= % ()X, (m—n)

Va: DFT[X(n)] = X,(K)
DFT[X,(n)] = X,(K)
Thi: DFT[ T, (] = Ry, (k) = X, (k). X, (k) (4.16)
4.1.2 Chudi Fourier roi rac cua tin hiéu khong tuan hoan c6 chiéu dai hiru han
a. Téng quan

Néu chung ta c6 1 ddy khong tuan hoan c6 chiéu dai hitu han M va 1 diy tuan hoan
c6 chuky N

Néu M = N thi diy c6 chiéu dai hitu han M x(n)m chinh bang chinh xac 1 chu ky
ctia day tudn hoan chu ky N = M X(n),
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4 xin),,
i
4 %(n),
NN

Hinh 4.3: Diy c6 chiéu dai hitu han x(n)m (M = N = 4)
Néu M < N thi diy c6 chiéu dai hitu han M x(n)m s& c¢6 thé bang chinh 1 chu ky cua
day tuan hoan chu ky N X(n),, khi chiing ta coi day c6 chiéu dai hitu han M x(n)m 14 1
day c6 chiéu dai N bang cach kéo dai ddy nay thém N — M mau c6 gia tri khong

& x{”}'m
[ ]
. it
0 n
4 %n)y,

- —e
——
|
- —e
—e
o

[ ]

[ ]

.

[ ]
e
——e
| o

L ]

L

[ ]

[ 3

L J

-8 0 8 n

Hinh 4.4: Diy c6 chiéu dai hitu han x(n)m (M = 4, N = 8)

Vi vay néu N > M ta c6 thé viét:

00

X()y = 2 (x(m+N)),

Hoac: X(n), =x(nmod N)=x(n),
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R& rang diy x(n)n ¢6 chiéu dai hiru han N nhan dugc bang cach trich ra 1 chu ky

cua ddy tuan hoan X(n), co6 chuky N, tirc la:
_ (x* (M), 0<n<N-1
x(n)y = { 0, n con lai

Pé nhan dugc 1 diy x(n) ¢6 chiéu dai hitu han ching ta c6 thé st dung 1 diy chir

nhat
; _ {1, 0<n<N-1

recty(n) = 0, n con lai

Vay ta co:
X(n)yy =X (), rect, (n)
Chung ta ¢ tinh doi ngau gitra mién n va mién k. Vi vy trong mién k, d6i véi day
X(k) ta cling co thé viét:
X (k) = X (k,mod N)= X (k),

Xy, 0<n<N-1
0, n con lai

X(w =1

X (K)y =X (k) rect, (k)

Bién ddi Fourier roi rac ddi voi day tuan hoan c6 chu ky N chi tinh trong 1 chu ky
roi két qua dé duoc tuan hoan héa tir -co dén +oo v6i chu ky N. Vay ta co thé lay dinh
nghia ctia bién d6i Fourier roi rac d6i voi day tuan hoan c¢é chu ky N dé lam dinh
nghia cho bién doi Fourier roi rac doi véi diy c6 chiéu dai hitu han N nhung khong
duoc tuan hoan héa ma chi lay tir 0 dén N —1

b. Pinh nghia bién d6i Fourier roi rac

Bién doi Fourier roi rac (DFT) d6i véi cac day khong tuan hoan c6 chiéu dai hitu
han N dugc dinh nghia nhu sau:

+ Bién d6i Fourier thuan

N-1
x(NWX _
X () = Z:, (W, 0<k<N-1 @17)
0 K con lai
Ky hiéu:

IDFT[x(n)]= X (k)
Hoac:
x(n) —2FT 5 X (k)

+ Bieén d6i Fourier ngugc

1N—1 o
() NS XEOWT 0<k<N-1

0 K con lai

(4.18)
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Ky hiéu:
IDFT[X (k)] = x(n)

Hoac:
X (k) —1BFT . x(n)

X(k) 1a phd rai rac cua tin hiéu x(n), biéu dién dudi dang modul va argument ta co:
X (k) =|X (k)le!*®
o(k) =arg[X (k)] (4.19)

Vi du:
Hay tim DFT cua ddy c6 chiéu dai hitu han x(n) sau day:

x(n)_{an, 0<n<N-1
~ L 0, nconlai

Giai:
Theo dinh nghia DFT ta co:
N-1 ¥
a"w _
X () = ZO : 0<k<N-1
0 K con lai
Vay:
N-1 N
>aw ) _1-(aw)
X(k=15"") = :
1-aW;
Ma W =1 vk
Vay:
1-a" ,
X k = — X k e]?’(k)
(=1 =X
N N
|X (k)| _ 1- a2 _ 1- azﬂ
1-acos k| +a’sin? 2k \/1—23005k+az
n n N
1—aN(1—acoszl\7|Tk — jasin 2[\7|Tk)
x0= 2z, ) 2
(1—acos”k} +a?sin? Tk
N N
asinz—”k asinz—”k
o(k) =arg[X (k)] =arctg M —-arctgl —— N |=arctg
Re[X(k)] 1—acosW”k acoswﬂk—l
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c. Tinh chat
+ Tinh tuyén tinh
DFT la 1 bién doi tuyén tinh, néu ta c6 2 day c6 chiéu dai hitu han X (n), X,(n) va
diy X,(n) 1a to hop tuyén tinh cua 2 diy nay, tirc la:

X;(n) =%, () +bX, ()

Néu ta co: DFT[x(n)] = X,(k)

DFT[x,(n)] = X,(K)
Thi: DFT[ x,(n)] = X,(k) =aX, (k) +bX, (k) (4.20)
Chi y:

Néu chiéu dai cta x1(n) va x2(n) 1a khac nhau
L[x1(n)] = N1
L[x2(n)] = N2

Thi ta phai chon chiéu dai cta diy xa(n) nhu sau
L[xs(n)] = N3 = max(N1, N2)

Va tat ca cac DFT[x,(n) ], DFT[x,(n)], DFT[%,(n) ] déu phai tinh trén N3 mau. Gia
su N1 < N2 thi day x1(n) phai dugc kéo dai thém N2 — N1 mau khéng va DFT[ x (n) ]
phai dugc tinh trén N3 = N2 mau va DFT[ x,(n) ], DFT[ X,(n) ] ciing dugc tinh trén N3 =
N2> mau:

N,—1

X,(K) = 3 X (MW = X, (K, 0<k<N;-1
n=0
N,-1

X,(K) = X (MW, = X, (K),, 0<k<N;-1
n=0
N,-1

Xy(K) = 3 X (MWL = X, (K),, 0<k<Nz-1
n=0

+ Tinh chét tré vong
Duya vao tré tuyén tinh va tré tudn hoan ta co thé két luan tré vong
Ta co: x(n — No): tré tuyén tinh
X(n—ny), : tré tuan hoan chu ky N
X(N — no)n: tré vong véi chiéu dai N

Ta thay rang néu trich ra 1 chu ky (tir 0 dén N -1) cua tré tudn hoan chu ky N thi ta
s& duoc tré vong x(n + No)w, so sanh véi tré tuyén tinh x(n — No) thi ta thay rang néu céac
mau tré tuyén tinh vuot ra ngoai khoang tir 0 dén N — 1 thi n6 s& vong vao bén trong
khoang d6 dé 1am sao diy c6 chiéu dai hiru han x(n)n xac dinh trong khoang [0, N — 1]
thi tré vong ciia né x(n — no)n xac dinh trong khoang [0, N — 1] chit khong duogc vuot ra
ngoai khoang do
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Vay: Tré vong tuong ung Véi viéc hoan vi vong cac mau cua diy x(n)n trong
khoang [0, N — 1] va ta c6 thé viét:

x(n)y = i(n)N recty (n)
x(n+n,), = X(n+n, ), rect, (n)

Vi du: Cho day x(n) = x(n)n sau:

(4.21)

1-— 0<n<4
x(n)=x(n), = 4

0 n con lai
Hay tim tré tuyén tinh x(n — 2) va tré vong x(n — 2)s
Giai:
4 x(n) =x(n),

tx(n-2),

. T -—u »
0 n

Hinh 4.5: Tré tuyén tinh - Tré vong

Chung ta da xét ban chét cua tré vong trong mién n, do tinh doi ngau trong mién k
ta cling c6 ban chat tuong tu, tuc la:

X (K)y, = X (k) rect, (k)
X (k —ky)y, = X (k —k, ), rect,, (k) (4.22)

— Tinh chat tré trong mién k:
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Néu ta co:
DFT[x(n)n] = X(K)n
Thi:
DFT[x(n—n, ), |[=WE* X (k) (4.23)
Vi du:
Cho day c6 chiéu dai hiru han sau:

1D 0<n<4

x(n), = 4
0 n con lai
Hay tim DFT[x(n — 3)4]
Giai:
Trude tién ta tim DFT[x(n)4] sau d6 ap dung tinh chat tré trong biéu thuc (4.23)
X(K)4 = DFT[x(n)4]

X (0), = nZi;x(n)zlwf-n :1+%+%+% _ 2%

X)), = nZi;x(n)4W41'n :1+%W41 +%W42 +%W43 :%— j%
X(2), :nZ;:x(n)“Wf'n =1+%W42 Jr%W44 +%W46 =%
X(3), = nZ:‘X(n)“W“M :1+%W43 +%W46 +%W49 - % + j%

Ap dung tinh chét tré ta co:
2z

DFT[X(n-3), ] =W X (K), = X (K), =€ " " X(K), = (= J)*x(K), = () X (K),

Vay:

. 1
X'(0), =2=

0), >

. (1 .1 1 .1
XM, =il=—iz|==+i=
@, 1(2 sz >t 15
. L1 1
X'(2),=j==-=

(2), 5=

. 1 1) 1 .1
X@),=i-+j=|==-j=
3), J[2+12j , 15

+ Tinh d6i xing
Cho x(n), 1a diy c6 chiéu dai hitu han N va DFT[ x(n), 1= X (K),
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thi:
DFTX (n), ]= X" (), (4.24)
+ Tich chap vong
Tich chap vong cua 2 day khong tuan hoan x,(n),, %,(n), c6 chiéu dai hitu han N
la 1 ddy khong tuan hoan ciing c6 chiéu dai hitu han N x,(n), dwoc cho béi quan hé
sau:

X;(N) :Exl(m)N.xz(n—m)N (4.25)
=%, (M) (¥ X (M) (4.26)
Néu ta co: DFT[ x,(n)y]1= X,(k),
DFT[ (M) ] = X,(K)y
Thi: DFT[ X;(n) 1= X5(K)y = X, (K) - X, (K) (4.27)
Vi du.

Cho 2 diy c6 chiéu dai hitu han: x,(n), = x,(n), = rect, (n).
Hay tinh x,(n), =X (N)y (*)N X,(n), thong qua DFT
Giai:
N-1 ‘
Xl(k)N = XZ(k)N = ZWNn
n=0

B {N, k=0
~ |0, kconlai
Ap dung biéu thtc (4.26) ta co:
X3(k)N = Xl(k)N'XZ(k)N

_{NZ, k=0
L 0, kconlai

Dé tim x3(n)n ta ap dung cong thirc IDFT
1 N —kn
XS(n)N = WZ XS(k)NWN
k=0

B {%X3(n)NW18, 0<n<N-1
0, n con lai

_{N, 0<n<N-1
o0, n con lai
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4 Xq(k)g=Xa(k)g

a8
0 Kk
Xa(k)
16 I 34
0 K
Fy ’(3(”}4
4 & I .
0} 1 2 3 n

Hinh 4.6: D6 thi minh hoa tich chap vong thong qua DFT
4.2 Quan h¢ giiva DFT va ZT
4.2.1 Khoi phuc bién d6i Z tir DFT
Gia sir ¢ 1 day x(n)n c6 chiéu dai hitu han N

Vay ta co:
0 N-1
X(Z)= D> x(n),Z™" =D x(n)Z™"
n=—o0 n=0
Chung ta c6 thé tim X(Z) theo ham ctia DFT[X(n)n]

DFTx(Mn] = X(K)x
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N-1

Do x(n), Wy 0<k<N-1

=9 n=0

0 K con lai
IDFT[X(K)n] = x(n)n

l N kn
szx(k)wwri 0<n<N-1
=0
0 n con lai
Ta c6 ZT[x(n)n] nhu sau:
N-1 1 N-1 v l N N - i
x(z):Z{WZx(k)NWN—n}z—n:WZ Z nz-n

n=0 k=0 k=0 n=0

~ o N-1 1— Wkazle
Xz - QX(knJ—ll_WN_kz_l

Nhung W =1

A

(4.28)

Nhan xét:

- Chung ta c6 thé nhan duoc bién ddi Z cua 1 diy c6 chiéu dai hitu han tir N gid tri
cua X(K)n

- N gia tri cua X(K)n chinh 13 cac mau cia X(Z) dugc danh gia trén vong tron don vi
. r < R N\ 2 A A \ \ . A X . r + R
tai cac diém roi rac Wﬂk , Vay trén vong tron don vi ta lay mau X(Z) tai cac diém nhu

sau:
ok _ e k
Z=e"=e N =Wy

Vi ta c6 thé viét:
X(Z N
(2) =) x(n) W,." = X (K), (4.29)

z=wgk  n=0

Biéu thirc (4.28) cho chung ta cong thirc bién d6i Z cua 1 day co6 chiéu dai hitu han
N tir N “mAu tan s6” ciia X(Z) trén vong tron don vi
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I Im[Z]

a2 \/“Z“
\\4’/’/ Relz]

k=7

Hinh 4.7: “Céc mAu tan s6” trén vong tron don vi véi N = 8
4.2.2 Khéi phuc bién db6i Fourier

Chung ta c6 thé nhan dugc bién d6i Fourier tir bién d6i Z néu vong tron don vi nam
trong miéen hoi tu cua bién doi Z

X)=x@)| _1-eM& X(K),
.2r
Z=el N© g Vg

Ta biét rang:

A

(4.30)

Biéu thtrc (4.29) chinh 13 quan hé cho phép ta tim bién d6i Fourier bang cach noi
suy tur cac gia tri X(K)n.
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BAI TAP CHUONG 4
Bai 4.1
Tinh DET véi chiéu dai N = 16 cta cac diy sau:

1, véin=0,1,2,14,15
X1(n)16 =

0, v&éi3<n<13
%, (1) _{1, voi0<n<4
2VV16 70, voi5<n<15
Hay so sanh két qua va rat ra nhan xét?

Bai 4.2
Cho 1 day xi(n) ¢6 chiéu dai hitu han N va ta tao 1 ddy m&i Xz(n) c6 chiéu dai hiru
han M.N bang cach sau day:

n
%, (n) = {xl (M)' véin = 0 Mod M
0, v@in con lai
Hay tim X2(k) theo ham X1(k)?
Bai 4.3
Cho diy tuan hoan c¢6 chu ky N = 4 nhu sau:

1, n=0
- 2, n=1
X(n) = 4 n=2
3, n=23

Hay tim X (k)?
Bai 4.4
Hay tim DFT cua ddy c6 chiéu dai hitu han x(n) sau déy:
x(n) = d(n)
Bai 4.5
Cho diy tuan hoan X(n),chu ky N = 4 sau day:

3 {1—5, v6i0 <n<4
X(n), = 4
0, vé&incon lai
Hiy tim X(n—2), va X(n+2), sau d6 lay ra 1 chu ky cia 2 diy nay
Bai 4.6
Cho diy c6 chiéu dai hitu han sau déy:

1—=, véi0<n<4
X(n)s = 4
0, v&incon lai
Hay vé x(n — 3)g va tim DFT[x(n — 3)s]?
Bai 4.7
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Cho 2 diy khong tuan hoan c6 chiéu dai hitu han N = 4 nhu sau:
X1(N)s = 6(n -1)

1-2, v6i0<n<4
X;(n)y = 4 PN :
0, vé&incon lai
Hay tinh tich chap vong chiéu dai N =4 cua 2 diy nay
Bai 4.8
Hay tinh tich chap vong véi chiéu dai 2N = 8 cua 2 diy c6 chiéu dai hitu han N = 4
X (M), (%), =x(n); VoI xa(n)a = X2(n)a = recta(n)
Bai 4.9
Cho 2 diy x1(n) va x2(n) c¢6 chiéu dai hitu han:
()_{;tO, v6i0 <n<N;—1
X = =0, n con lai
)_{;tO, vei0<n<N, -1
x2(n) =) _ 0, n con lai
Giasir N1 < N2

Néu chung ta thuc hién tich chap tuyén tinh: xs(n) = x1(n) * X2(n) va tich chap
vong voi chiéu dai Na: x,(n)y,, =X (n)y, (), X, (n)y,

Hay xac dinh s6 mau ma tich chap tuyén tinh trang véi tich chap vong
Bai 4.10

Cho ddy x1(n) ¢6 chiéu dai hitu han N. Ta tao 1 ddy mdi Xz(n) c6 chiéu dai hitu han
N nhu x1(n) bang cach sau day:

X (n) = i1(_ n _1)reCtMN (n)
Hay tim X2(k) theo ham X1(K)?
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CHUONG 5: BIEU DIEN VA PHAN TICH HE THONG
ROl RAC TRONG MIEN TAN SO
5.1 Khai niém.
5.1.1 Pap ung tan sé cua hé thong LTI.

Trong mién thoi gian, mot hé thdng LTI dwoc dic trung bai dap tng xung h(n) cua
no.

~ V6i mot tin higu vao x(n) bat ky, dap ung cua hé théng duoc xac dinh boi cong thirc
tong chap:

ym = > h(d.x(m -1 (5.1)

k:—OO
Hoic phuong trinh sai phan tuyén tinh hé sé bang:
N

M
Z a.y(n — k) = 2 by x(n — k) (5.2)
k=0

k=0
véi cac diéu kién dau xac dinh.
Trong mién z, hé thrénquu’qc dic trung boi ham truyén dat H(z) va dap ang y(n)
duogc tinh thong qua bién doi Z, Y(z), ctia no:
Y(z) = H(z)X(z) (5.3)
Vé6i H(z) ham truyén dat cua hé thong va X(z) bién dbi z cua tin hiéu vao.
Bay gid, dé nghién ctru dic trung cua hé théng trong mién tan sd, ta xét truong hop
kich thich Ia tin hiéu mi phuc, do la:
x(n) = Ae®"; —0 < n < (5.4)
Vi A 1a bién do va 1a tan s duoc gidi han trong khoang [—m, 7 ];

Thay phuong trinh (5.4) vao phuong trinh (5.1) ta dugc:

y(n) = [Aeiw(n"k)]h(k) (5.5a)
k:z—oo
Hay y(n) = A2 _., h(k). e @K], glon (5.5b)

a) Cach tinh ham dap ng tan so.

Ta thdy, thira sb trong diu ngoic cia phuong trinh (5.5b) 1a mot ham cia bién tan
$6 o.

Dy chinh 13 bién ddi Fourier cua dap tng xung h(k) cta hé théng. Ta dit:

H(w) = Z h(k). e-iok (5.6)

k:—OO

RS rang H(o) ton tai néu hé théng on dinh, nghia la:
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o]

z |h(n)| < oo

n=—o
H(o) ciing chinh 1a ham truyén dat H(z) khi z duoc Iy trén vong tron don vi.
H(w) duoc goi 1a dap wng tan sé cua hé thong LTI.
Phuong trinh (5.5) duoc viét lai:

y(n) = AH(w)el®" (5.7)

Ta thay, dap ¢ng voi tin hi¢u vao la ham mi phirc cling la mt ham mu phuc co
cuing tan s6 V4i tin hiéu vao nhung c6 bién d6 va pha thay doi (do nhan véi H(o )).

b) Ham riéng (eigenfunction) va tri riéng (eigenvalue) cua hé thong.
Xét mot tin hiéu vao x(n) sao cho dap ung y(n) thoa diéu kién:
y(m) = B x(n) (5.8)
Véi B 1a mot hang sb dbi vai bién n.
Khi d6 x(n) dugc goi 14 ham riéng cua hé thong va thira s6 8 duoc goi 1a tri riéng
cua hé thong.

Tir phuong trinh (5.7) ta thay tin hiéu ham mi phac x(n): Ae/®® (n chinh 14 ham
riéng cua hé thong LTI va H(w) duoc xac dinh & tan so cua tin hiéu vao chinh 1a tri
riéng tuong ng.

Vi du 5.1: Hay xé4c dinh tin hiéu ra caa hé thong c6 dap tmg xung 1a:
h(n) = (1/2)" u(n)

V6i tin hiéu vao 1a mot ddy ham mii phuc: x(n) = A. edz; —o<n< o

Giai:

Paép g tan so:

S | 1
Hw) = ) h(weon = ———
n=-—oo 1 - Ee_]w

=LA A i , T 1 2 i
Tai tan s0: w = —, ta c6: H (—) =—5=—,e7)%66
2 2 1+j; V5

Tin hiéu ra la:
2 . : 2 .
y(n) = A <E 6_126'60> _elxg = Age](xg_%bo) ;—00 < n < oo

Ta thay y(n) c6 cung tan sd vai x(n) ¢ bién do thay doi bai tan sé g va pha dich
1a —26.6°.
c) bap tng bién d6 va dap ung pha.

N6i chung, H(o) 1a mot ham c6 gia tri phac caa bién tan sb. Vi vay n6 co thé biéu
dién dudi dang cuc:
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H(w) = |H(w)[*® (5.9)
Trong d6 | H(w) | 1a bién d6 va pha, 6 = £ H(w) 1a su dich pha duoc truyén vao tin
hi¢u vao ¢ tan so w.
Dé 1am ndi cac mui bén (sidelobes) hay cac gon song (ripples) trén dic tuyen bién

do, nguoi ta dung giai logarit hay decibel (dB) cho truc bién d9, con truc tan s6 van
theo giai s6 tuyén tinh. Bién do duoc dinh nghia nhu sau:

|H(w) | dB = 2010g,;, | H(w) | (5.10)
Nhan xét:

(1) H(w) 13 mot ham tudn hoan véi chu ky 2. Pay 1a mot tinh chat quan trong cua
H(w). Thay vay, tir dinh nghia (5.6) v&i mét s6 nguyén m bat Ky ta co:

H(w + 2mm) = H(w) (5.11)

(2) Tir cong thirc bién doi Fourier nguoc ta co:
1 (% :
h(n) = —j H(w)e!*"dw (5.12)
2mJ_y

(3) Vi H(w) 1a biép d6i Fourier cua tin hiéu roi rac h(n) nén n6 théa min cac tinh
chat caa bién do6i Fourier da trinh bay trong chuong 4.

(4) Vi H(w) 1a bién d6i Z cua h(n) véi z trén vong tron don vi nén cac phuong trinh
cua H(z) ciling cé thé ap dung cho H(w), néu mién hoi tu cua H(z) chira vong
tron don vi (hé thong on dinh) va thay z = e/®.

Vidu5.2:
~ Hay xéc dinh bién d6 va pha cta H(w)cho mot hé thdng trung binh di dong ba
diém duoc biéu dien bai quan hé vao ra nhu sau:

y(n) = %[X(n +1) +x(n) +x(n—1)]

Va vé& d6 thi cia 2 ham nay véi 0 < w < .
Giai:
Dap ring xung cua hé thong 1a:
111
h =533
) =333
Dép tng tan s (sir dung tinh chat dich trong mién thoi gian)
1 . . 1
H(w) = 3 @°+1+4+e79) = 3 (1 4 2cosw)
Két qua:
Bién do: | H(w) | = g | 1+ 2cosu>|

0:0<oo£2—1T
Pha: 8(w) = ot
1'[:3<(0<1'[
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Hinh 5.1 v& gian do bién do va pha cua H(w), ta thay [H(o)| ddi xung chan va 0 (o)
d6i xang lé. RS rang, tir dic tuyén dap ung tan sé H(o) ta thay hé théng trung binh ba
diém nay 13 mot mach loc 1am tron (smooth) tin hi¢u vao, diéu nay ciing co6 thé hién
trong quan hé vao ra. Noi chung cac hé théng trung binh di dong 1a cac mach loc 1am
tron.

Bay gid ta xét dap ung cua hé théng LTI véi tin hidu vao c6 dang sin. Vi tin hiéu
dang sin la tong hay hiéu cta cac ham mii phuc. Vi vay dap tng caa hé thong LTI doi
véi tin hiéu vao hinh sin ¢6 dang giong nhu dap tng cua hé thong véi tin hiéu vao 1a
ham m phuc.

Thay vay, néu tin hiéu vao 1a: x, (n) = Ael®n

Tin hiéu ra 1a: y;(n) = A | H(w) | e/®@giwn
—jwn

Néu tin hiéu vao la: x,(n) = Ae

Tin hiura 1a: y,(n) = A | H(—w) | e®C®eTon = A | H(w) | e 70@)g-iwn

H(w)

=10 4
20 L
30 L
40 +
50 4

- T

Hinh 5.1: Pap tng bién d6 va pha cua hé théng trung binh di dong.
Trong biéu thirc cua yz(n), ta da dung tinh chat ddi xing
|Hw) | = |H(—w) | va8(w) = —8(-w).
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Ap dung tinh chét tuyén tinh
x(n) = [Xl(n) + x,(n)] = Acoswn
Néu tin hi¢u vao la:
Thi dap ung cua hé thong 1a:
y(0) = 21y () + o] = A|H@) | cosfom +6()]  (5.13)
Néu tin hiéu vao la:  x(n) = Zl]_[x1 (n) — x,(n)] = Asinwn

Dap ng cua hé thong 1a:
1
ym) = 5 11 (m) —y2 (] = A | H(w) | sin[wn + 8(w)] (5.14)

Nhan xét:

- Tur cac két qua trén ta thay dbi véi hé thong LTI, tin hiéu vao 1a tin hiéu sin thi tin
hi¢u ra ciing 1a tin hi¢u sin c6 cung tan so, chi thay bién d¢ va pha.

- Pap tng tan sd H(o), trong duong voi no la dap ung bién d6 [H(w)| va dap ung
pha 6(w), déc trung mot cach day du cho tac dung cua hé théng véi tin hiéu vao hinh
sin ¢6 tan s bat ky.

Vidub5.3:
Hay xé4c dinh dép ung cua hé thong trong vi du 5.1 voi tin hiéu vao 1a:
U
x(n) =10 — SSinEn + 20cosTn; —oo < n < ©
Giai:
Dap ng tan s6 cua hé théng da duoc cho trong phwong trinh

Hlw) =—F—
1-— 76_1(‘)
S6 hang dau tién cua tin hiéu vao 1a mot tin hiéu hang, c6 tan sé o = 0, & tan s6
nay:
1
H(w) = — = 2
=3
S6 hang thir hai t 5 tan s = H(E)—i —j26.6
0 hang thu hai trong x(n) co ta 0 H(Z)=7Fe
Vay dap tng cta hé thdng véi tin hiéu vao x(n) la:
() = 20 — 2 (1T 266°)+40 <n<
= - — —n — 26. — ; —00 (e's)
y(n \/gsm o 7 cosmn n

Vidub5.4:
Mot hé thong LTI dugc mé ta bai phuwong trinh sai phan nhu sau:
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y(n) =ay(n- 1) + bx(n),0<a<1
(a) Xac dinh bién d6 va pha cua dap ng tan sb caa hé thong.
(b) Chon tham sb b sao cho gia tri cuc dai cia [H(w )| 1a don vi, V& dd thi [H( o )|

va

£ H(o)véia=0,9.

(¢) Xac dinh dap tng cua hé théng véi tin hidu vao la:

T TC
x(n) =5+ 1251n§n — 20 cos (nn + Z)

Giai:

Dép tng xung cia hé théng 1a: ~ h(n) = ba™ u(n)

Vi | a | <1 nén H(w) ton tai:

, A . _ b

bap tng tan s6: H(w) = P

Vi 1—ae ® = (1 — acosw) + j.a.sinw

Suyra: |1 —ael®| = /(1 —acosw)? + (asinw)? = V1 + a% — 2acosw

Va 2(1—ae’®) =tan 1 22

1—acosw

5. | 3 _ _ —1 asinw

Dodé: |H(w)| = ———— VA’ |H(w) | = 8(w) = £b — tan™! 2222

(b) Vi tham sé a 1a duwong, miu sé ciia |H(w)|cuc tiéu khi o =0. Vay
| H(w) | s& cuc dai tai w = 0. O tan sb nay ta co:

b

H(w) | = —— 2

V1 + a2 — 2acosw

Ta chon b=1- a, két qua la:
asinw
8(w) = —tan ! ——
1 — acosw

bap tmg bién d6 va dap tmg pha dugc V€ trong hinh 5.2. Ta thdy, day 1a hé thdng
lam suy giam tin hiéu & tan sé cao.

(¢) Tin hiéu vao gdm cac thanh phan tn s6 0, f VAT

Chow——=> |H( )| _W=0'074
9(;) = —tan"ta = —42°
Chow = = |H(g)| =1—;:=0.053
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8(m) =0
Tin hiéu ra cua hé thong la:
1
2
. T 0 TC ;o
y(n) =5 +0.88851n(5n—42 )— 1.06cos(nn+z) ; Vbi—oo<n< o

y(n)=5|H(O)| +12|H(g) | sin[gn+9( )]—20|H(1‘[)| cos[nn+g+6(n)]

|H(w)|
1
— )
[J T
0 T w
[
-10 |
20 |
S0+ S |
-40 4 ~—
|
504

20logio|H(w)|
Hinh 5.2: Pap tng bién d6 va dap (ng pha caa hé thong trong vi du 5.4 véi a=0.9
Truong hop tong quat:

Tin hiéu vao 1a mot td hop tuyén tinh cta cac tin hiéu sin c6 dang nhu sau:
L
x(n) = ZAi cos(win + @;) ; —o <n< o
i=1

Trong d6: A;va @; 1a cac bién do va pha cia thanh phan hinh sin c6 tan s6 w;.

Pép ting caa hé thong 1a:

L
y(m) = " A; [ H(w | cos (wn + 8 +8(w)) (5.15)

R rang, tiy thudce vao dap ung tan sé H(w) cua hé thong, cac tin hiéu hinh sin co
tan s6 khac nhau sé& bi tac dong mot cac khac nhau boi hé thong. Vi du: Mot s6 thanh
phan tan sb hinh sin c6 thé bi nén hoan toan, néu H(w) = 0 & cac thanh phan tan sd
nay. Cac thanh phan tan sé khac c6 thé thu dwoc ¢ ngd ra ma khong bi 1am suy giam
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(hay c6 thé duoc khuech dai) bsi hé thong. Vé mit tac dung, ta co thé coi hé thong
LTI nhu mot mach Ic_)g doi véi cac thanh phan hinh sin ¢6 tan so6 khac nhau thong LTI
deé thu dugc dap trng tan s6 H(w) mong muon.

5.1.2 Bap tng qua do va dap ung xac 1ap vaoi tin hi€u hinh sin.

Trong cac phan trude, ta di xac dinh dap ¢ng cua mot hé théng LTI véi tin hiéu vao
13 tin hiéu ham mil phirc hoic tin hiéu sin ma n6 da duge dua vao hé théng & thoi dém
rat lau truée dé (n = - o). Ta thudng goi cac tin hiéu nay 1a cac tin hiéu ham mil hay
sin thuong xuyén (etemal). Trong treong hop nay, dap tng ma chiing ta khao sat ¢ nga
ra cua hé théng 1a dap Gmg xéac 14p. Khong c6 dap tmg quéa do trong trudng hop nay.

Nguoc lai, néu tin higu sin hay ham mil phirc duoc cung cip ¢ mot thoi diém xac
dinh nao d6, goi 1a thoi diém n = 0, dap ung cua hé thong bao gom 2 thanh phan, dap
ung qua do va déap ang xac lap.

Pé chi rd cac dap ung nay, ta xét mot hé thong duoc mo ta bai mot phuong trinh sai
phan bac nhat (nhu 1a mét vi du):

y(n) = ay(n — 1) + x(n), ala mot hang sé. (5.16)

Tin hiéu vao dugc cung cip & thoi diém n = 0. Ta s& dung thu tuc dé qui dé xac dinh
dap g y(n) va thu duogc:

y(n) = a"tly(—1) + 2 a*x(n—k);n=0 (5.17)
k=0

Véi y(-1) 1a diéu kién dau.
Bay gio. ta gia st tin hi¢u vao 1a ham mii phuc:

x(n) = Ael®";n >0 (5.20)
Thay vao phuong trinh (5.19) ta duoc:

n n
y(n) — an+1y(_1) + Az akejoon(n—k) — an+1y(_1) + A[Z(ae—jw)k] . ejoon
k=0 k=0

a1 1 — an+1e—j(1)(n+1) on
=a""ly(-1)+ A T ae o et - n>0
Aan+1e—ju)(n+1) _ A _
y) =a"ly(=1) = —F———p— N e s n20  (5.18)

Ta ciing d3 biét ring, hé théng 6n dinh néu |a| < 1. Trong trudng hop nay, hai sb
hang c6 chira a(n+1) s€ giam vé 0 khin — o

Két qua ta tach ra duoc dap tng xac 1ap (ki hiéu y,;)

A
— 1; — joT
ya() = lim y(n) = ———7e
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yx () = AH(w)el*" (5.19)
Céc sd hang con lai trong phuong trinh (5.21) 1a dép Gmg qua d6 cua hé thong, d6
la:
Aan+1e—jm(n+1)

Yqa(m) = a""y(-1) — 1~ ac o e ;n >0 (5.20)

Ta thay Yqda — 0 khin - oo

S6 hang dau tién trong dap ung qua do (5.23) 1a dap ung tin hiéu vao bang khong
(zero- input response) cua hé théng, sé hang ther hai 1a dap tmg qua do duoc sinh ra
b1 tin hiéu vao ham md.

5.1.3 Péap ung xac 1ap voi tin hiéu vao tuan hoan.

Gia sur tin hiéu vao 1a mot tin hiéu tudn hoan c6 chu ky co ban 1a N va hé théng LTI
¢6 tinh On dinh. Vi tin hi¢u ton tai vai thoi gian - 0o <n < oo . Pap ung tong cua hé
thong & mot thoi diem n bat ky bang vaéi dap Gmg xac 1ap.

Pé xac dinh dap ung y(n) cia hé théng ta sir dung chudi Fourier cua tin hiéu tuan

hoan, do6 la:

x(n) = Z xk(k)elzn— 'k=0,12,..,N—1 (5.21)

Ta xét tin hi€u vao c6 dang ham mi phuc:
L kn
x(n) = X(k)e“"V;k=10,1,2,..,N—1
Thi  ye(n) = X(OH (2—“ ) PR =012, .. N —1 (5.22)
2 AL 2T . _ .
Odiy:  H(Zk)=H)|,_ L k=012, N-1

Ap dung tinh chét tuyén tinh cua hé thdng LTI, ta thu duoc dap tng cua hé thng
d6i voi tin hiéu tuan hoan x(n)

S 2m 'ZTrk—n
y(n) = Z X(k)H (Wk) @™ ;—co<n<ow (5.23)
k=0

Két qua nay ham ¥ rang dap ung cua hé théng voi tin hiéu tuan hoan x(n) ciing tuan
hoan véi cung chu ky N. Cac hé s6 chuoi Fourier cua y(n) la:

Y(k) = X(KH (%ﬂk) . k=012 ..,N—1 (5.24)

Ta thay, hé théng LTI c6 thé lam thay d6i dang séng cua tin hiéu vao tuan hoan
thong qua viéc thay doi thang bién d6 va su dich pha cua cac thanh phan tan so trong
chuoi Fourier nhung khong anh hudng den chu ky (hay tan so) cua tin hi¢u vao.

5.2 Hé théng LTI va mach loc so.
5.2.1 Loc chon tan 1y tuong.
Trong nhiéu &ng dung thuc té, ta phai giai quyét bai toan tach cac tin hiéu ma phd
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cua
chung khong c¢6 su chdng I4p véi yéu cau 1a tin hiéu mong muén khong bi méo
dang

boi tac dong cua cdc mach loc duge dung. Bai toan nay thuong nay sinh trong
truyén tin, noi ma nhiéu tin hiéu duoc ghép kénh theo cach chia tan va duoc truyen
trén mot kénh chung (ching han nhu cap ddng truc cap quang, hay kénh truyén vé
tinh) & dau cudi thu nhan caa hé théng truyén tin, tin hiéu phai dwoc tach ra boi cac
mach loc chon tan va duogc truyén di dén dich cubi cung cua chang. Mach loc chon tan
phai duoc thiét ké sao cho sy méo dang khéng dang ké khi tin hiéu di qua né.

Xét tin hiéu x(n) c6 bing tan 1 w; < w < w, nghia 1a: X(w) = 0 khi > w, va
W< Wy

Gia st tin hiéu di qua mach loc c6 dap (ng tan s6 la:

CeTlok G <w<w
H = ’ 1 2 5.25
(@) { 0 ;1 khéc (5:25)

O day C va k 1a cac hang s duong.
Tin hiéu ra ctia mach loc c6 pho la:
Y(w) = X(w)H(w) = CX(w)e %K »; < o < w, (5.26)
Ap dung tinh chat dich chuyén trong mién thoi gian caa bién d6i Fourier nhu sau:
x(n — k) © X(w)e @k
y(n) = Cx(n — k) (5.27)

Két qua, tin hiéu ra cua mach loc don gian 1a mot ban sao cua tin hiéu vao duoc
dich k mau va thay doi thang bién do bai thira s6 C. Mot phép tré thuan tuy khong lam
méo tin hiéu. Vi vay mach loc dugc dit trung boi ham truyén (5.28) dwoc goi 1a mach
loc 1y twong. Pho bién do 1a mot hang, dé 1a:

|H(w)| =C; w; < w< Wy
Va pho pha 1a mot ham tuyén tinh cta tan so:
0(w) = —
Pic tuyén caa dap (ng tan s6 duoc minh hoa trong hinh 5.3

V6i C=1, k=4, 0; = 7 Vi w, = %“
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| Hew) |
14
I
g -3mf4 —T/2 ! 0 Trq T2 3nf4 T >
B (w)
T
- ~T/2 - T4 3mfg «
—31‘|:Jf4 0 T4 T2 T )
-1

Hinh 5.3: Bic tuyén bién d6 va pha cua mach loc dai thong 1y tuéng.

Mot cach téng quat moi sy sai léch cua dac tuyén (cta dap ¢ng) tan sé cua mot
mach loc tuyen tinh so voi dac tuyén tan so ly tuong 1a sy méo dang. Neu mot mach
loc ¢ dac tuyén cua dap ung bién do bién doi theo tan sb trong bang tan mong muon
cta tin hiéu thi mach loc tao ra mot sy méo dang bién do. Néu dac tuyén pha khong
tuyén tinh trong bang tan mong mudn thi tin hiéu bi mét sy méo pha vi sy léch pha
theo tan sé dong nghia véi su tré, nén do tré cua tin hidu dugc dinh nghia nhu 1a mot
ham cua tan s6 do la:

do(w)

T( ) = —T (528)

Ta thay rang, mot mach loc pha tuyén tinh c6 d6 tré 1a mot hang sé, doc 1ap véi tan
SO.

Nhu vay, mot mach loc ma n6 gdy ra mot sy méo pha thi c6 d6 tré bién thién theo
tan so. Ta noi mach loc da dua vao mot sy méo tré (delay distortion). Vi vay, su méo
tre 1a dong nghia véi sy méo pha.

Gidng nhu trong mach twong tw, mach loc ciing duoc phan loai theo dic tuyén cia
dap &ng tan so, ta co cac loai mach loc nhu sau:

- Loc thong thap 1y tudng, co dap tng tan sb 1a:
—jok .
H(w) = {Ce ol <o (5.29)
0 ; nguoclai
O diy w, duoc goi 1a tan s6 cat.
- Loc thong cao 1y tudng, co dap ung tan sb la:

H(w) = {Ce7° o] 2 o (5.30)
0 ; nguoclai
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- Loc thong dai ly tudng, c6 dap tng tan s6 la:

H(w) ={

- Loc triét dai 1y twong, co dap ung tan s6 la:

Ceok o, <w < w,
’ 5.31
0 ; nguoclai ( )

H(w)z{ce—iwk 0; o] <o va o] <w. (5.32)

L w < o] <o,
5.2.2 Tinh khong kha thi cua bo loc 1y tudng.
Trong thuc té, ta c6 thé thuc hién mot bo loc 1y twdng hay khong? Dé tra 161 ciu hoi
ndy, ta hdy khao sat dap wng xung hru han cua mot bg loc thong thap Iy tuong c6 dap
ung tan so la:

1 |w|§w
H = ¢ 5.33
() {0 We<WSET ( )

bap ung xung cua bo loc nay la:
W
— ;n=0

T
H(w) = W, Sinwn (5.34)
— ;n#0

T W
D thi cua h(n) véi w, = E duoc vé trong hinh 5.4

R& rang bo loc thong thap ly tuong 1a khong nhan qua. Hon ntra h(n) co chiéu dai
v6 han va khong kha tong tuyét 601 Vi vay, n6 khong thé thuc hién dugc trong thuc
té. Chiing ta cling quan sat thay rang, do rong ciia mui chinh (main lobe) cua h(n) la ti
I& nghich véi bang tan o cua bo loc. Khi bang tan cua bd loc ting, dap ung xung trg
nén hep hon. Khi o= n b6 loc tré thanh bo loc thong tit (All-pass) va dap tng xung
tro thanh xung don vi.

h(n)

«2%%, .! l I.ITI.T | n
-20 20

Hinh 5.4: Bap tng xung caa mot bo loc thong thap 1y tuong.

Néu dap tng xung bi tré no mau, bo loc théng thap 1y tuong 13 bo loc pha tuyén tinh,
do la:
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h(n — ny) © H(w)e @M

Ta ¢6 thé chon mot do tré no kha 16n (Mot cach tiry §) dé cho ¢4 thé coi nhu h(n)=0
V6i - n < no. Tuy nhién, h¢ thong thu dugc s€ khong c6 dap tng tan so ly tuong nira.
Két luan trén cling dung cho tat ca cac by loc 1y tudng khac. Tom lai, tat ca cac bo loc
1y tuong déu khong thé thyc hién vé mat vat ly.

5.2.3 Mach loc thuc té.

Mac du b6 loc 1y twong 1a diéu chung ta mong mudn, nhung trong ng dung thuc té,
khong nhat thi€t phai co sy chinh xdc tuyét doi nhu vay. Ta c6 the thuc hién cac bo loc
nhan qua c6 dap ng tan s6 xap xi voi mach loc ly twéng ma ta mong muon. Dc biét,
khong nhat thict phai c6 bién do [H(w)| la hang trén toan bo dai thong cua bd loc. Mot
luong gon song nho trong dai thong (hinh 5.5) thuong c6 thé chap nhén duge. Tuong
tu, khong can thiét [H(w)| phai bang 0 trong dai chan (stopband), mot gia tri nho hay
mét ludng gon song nho ciling c¢é thé chap nhan.

Bién d6 [H(w)| cing khong thé giam dot ngot tir 1 xuéng 0 & tan s6 cat. Nhu vay
phai c6 mot dai tan quéa do gitra dai thong va dai chan, ta goi la dai qua d¢ hay vung
chuyén tiep cua bo loc (hinh 5.5).

Tir ddc tuyen ciia dép émg bién do ctia mot bg loc thyuc té hinh (5.5) ta dinh nghia
cac thong so sau:

w,: Bién do cua gon song dai thong goi tat 1a gon song dai thong (passband
ripple)

w,: Bién do cua gon séng dai chin goi tat 1a gon song dai chan (stopband ripple)

wWp: Tan sb canh dai thong.

wg: Tan s6 canh dai chan.

ws — wp: DY rong cua dai qua do.

[H (o)

Dai qué do

Dii chin

_.-"I

52 ________ —_ 4 — = |
| I )

| 1

0 “p w i

Hinh 5.5: Bac tuyén dap tng bién d6 cua bo loc thyc té.

Bang tan cua mot mach loc chinh 1a d6 rong cua dai thong. Trong mach loc thong
thap nay, ta thay bién d6 |H(w)| dao dong trong khoang 1 + o1

Trong céac bai toan thiét ké mach loc, ta can xac dinh cac chi tiét ky thuat sau:
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(1) Gon song dai thong cuc dai c6 thé chap nhan.
(2) Gon soéng dai chan cuc dai c6 thé chap nhan.
(3) Tan sb canh cua dai thong.
(4) Tan s6 canh cua dai chan.
, N‘héC lai ring, mot hé thong LTI duoc mo ta boi phwong trinh sai phan tuyén tinh hé
so hang:
N M
y(n) = — Z ay(n —k) + Z byx(n — k) (5.35)
k=0 k=0
C6 thé 1a mot hé thong nhan qua va c6 thé thuc hién trong thuc té. Pap tng tan sb
cua né la:
M, beiok
H(w) = N —
1+ Xy—oaxe™®
Ttr cac chi tiéu duge néu & trén, ta chon cac hé s6 {ak} va {bx} dé c6 mot mach loc
vai dap ung tan so6 H(w) tuong ung.

(5.36)

Mtic do xap xi cua H(w) véi cac chi tiét ky thuat trén tuy thudc vao cac tiéu chuan
chon lya cac h¢ so {ax} va {bk} cling nhu M va N.

5.3 Thiét ké hé thong sé bing cach dit cac cue va zero trén mit phing phic Z.

Day 1a phuong phép thiét ké loc s6 don gian va ¢ thé ap dung cho nhiéu loai bo loc
FIR ciing nhu IIR. Tuy nhién, dé c6 mdt dap ung tan s6 theo y mudn, trong mot sé
truong hop, ta can phai thém vao cac cuc hoac zero theo tha tuc thir va sai.

Nhu ching ta biét, vi tri ctia cac cuc va zeros trén mit phiang phirc mé ta duy nhat
ham truyén dat H(z), khi h¢ thong c6 tinh on dinh va nhan qua. Vi vay no ciing qui
dinh dac tinh so cua hé thong.

Phuong phap thiét ké mach loc s bang cach dit cac cuc va zeros trén mat phang
phtc dua trén nguyén 1y co ban la: dat cac cuc tai cac di€ém gan vong tron don vi va &
cac vi tri twong wng Voi cac tan so trong dai thong, dat cac zeros ¢ cac dieém tuong ung
véi cac tan so trong dai triét. Hon nita, can phai tuan theo cac rang budc nhu sau:

1. Tt ca cac cuc phai dugc dit trong vong tron don vi dé cho b loc 6n dinh. Tuy
nhién, cac zeros co6 thé dat ¢ vi tri bat ky trong mat phang z.

2. Tat ca cac cuc va cac zeros phuic phai xuat hién véi cac cap lién hop phirc dé
cac hé so cua bd loc c6 gia tri thuc.

Véi mot tap cuc - zeros di cho, ham truyén dat H(z) cua loc c¢6 biéu thuc:

Z¥=0 bz~ Hll\:[=1(1 —zz™ )
14+ YN akz1 - [T, (1 —pxz™D)
, O day G la I}ﬁng s6 do loi (gain constant) nd dwoc chon dé chuan hoa dap ung tan
$0. O mot tan so xac dinh nao d6, ky hiéu la wo, G dugc chon sao cho:
[H(wo)[ =1

H(z) =

(5.37)
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Véi wo 1a tan s trong dai thong cua bo loc. Thong thuong N (bac cua bo loc) duoc
chon bang hoac lén hon M dé cho bd loc ¢6 so0 cuc khong tam thuong (nontrivial)
bang hoac nhiéu hon zeros.

Phuong phap nay duge dung dé thiét ké mot sé bo loc don gian nhung quan trong
nhu: loc thong thap, thong cao, thong dai, dai chan, loc rang lugc, bo cong huong so,
bo dao dong so,.... Thu tuc thiét ké ciing thuan tién khi thuc hién trén may tinh.

5.3.1 Loc thong thap, thong cao va thong dai.

a) Loc thong thip va thong cao.

Véi loc thong thap, khi th‘ié't ké cac cuc phai duoc dit & cac diém gan vong tron don
Vi trong vung tan s6 thap (gan ©=0) va cdc zeros phai duge dét gan hay trén vong tron
don vi twong Gtng Vva4i cac diém tan so cao (gan ow=n), nguoc lai cho ,I(_)c thong cao.
Hinh 5.6 minh hoa cho viéc dat cac cuc va zeros cua ba bo loc thong thap va ba bd loc
thong cao.

- Py Py
x x
x x
(a)
T 'y .
S N
(b)
Hinh 5.6: D6 thi cuc zeros cho cac bo loc
() Loc thong thap; (b) Loc théng cao
Pap ung bién do va pha cho b loc don cuc c6 ham truyén dat la:
1—a
H(z) = 5.38
@ =— (5.38)

Puoc vé trong hinh 5.6 véi a = 0,9. o lgi G duoc chon 1a 1- a, dé cho loc co d6 loi
bang 1 ¢ tan s6 o = 0 va d¢ loi ¢ tan so cao twong doi nho.

Thém vao mot zeros ¢ z = - 1 s& 1am dap ung suy giam nhiéu hon & tan sb cao khi
do6 loc c6 ham truyén dat la:

1—al+z1
H,(2) = ——1 4=

Dic tuyén cua dap ung tan s6 cia hai bo loc Hi(z) va Ha(z) ciing dugc V& trén hinh
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5.6 Ta thay, bién d6 caa Ha(z) giam vé 0 khi o =n.

Tuong tu, ta thu duoc cac bd loc thong cao don gian bang cach 1iy ddi xtmng cac
diém cuc - zero cta mach loc thong thap qua truc 4o cia mat phang z. Ta thu duoc
ham truyén dat:

> 1 —agl (5.40)

Dic tuyén cua dép wng tan s6 ciia mach loc thong cao dugc V& trong hinh 5.7 voi a=
0,9.

+ Pap tmg
bién do

 d

1-0.9
-0.9z71

Hinh 5.6: Bap ung bién do, dap ung pha cua bo loc 1 cuc H,(z) = -
1-09 1+4z71

cua bo loc

1cuc—1zero Hy(z) =

2 1-09z1
ANHD)|
1 T | T
| ! |
|
0EF— —— +— ———l—————F
[ ' |
0.6 —— — - f———— - -
| |
04— — — - : ————— R ——
| |
|
o2 ———-'— — - - _——— —— —
| e Tk
O.—é— [
0 01 0.2 03

(a) Pdp tmg bién do
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(b) Dép tmg pha

Hinh 5.7: Pap ung bién d6 va dap (ing pha caa b loc thong cao c6 ham truyén dat

N

Mot bo loc thong thap hai cyc c6 ham truyén dat 1a: H(z) =

Viduy 5.5:

PRIy HEle Xac
. ] . (1-pPz~1)
dinh gia tri ctia G va P sao cho dap tng tan s6 H (w) thoa diéu kién:

. my 2 1
H(O) =1va |H(Z)| = E
Giai:
T . — — _ 2
Tai w = 0 ta co: H(0) = (1+ 2 =1=>G=0+p)
Talw = Eta co:
m  (1-p)? (1-p)? . (1-p)?
. (Z) - (1- pe‘j%)Z - (1- pcos( ) +]psm( ))2 - (1- £ Ip “=)?
S NN
(1-p) 1
5 7= 5 hay 2(1 —p)*=1+p%—+2p
1--22+
V2
Giai phuong trinh trén ta dugc: P=0,23.
R4 i 0458
Két qua H(0) = o231y

b) Loc thong dai.

Céc nguyén tic tuong ty co thé dugce ap dung dé thiét ké mach loc thong dai. Mot
cach co ban, loc thong dai chira mot hay nhiéu cap cuc phic gan vong tron don vi,
trong lan cén cua bang tan ma no6 hinh thanh dai thong cua bg loc.
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Vi du 5.6: Hiy thiét ké mach loc thong dai hai cuc co tAim cta bang tin ¢ w =

R

dap tng tan s6 H(w) = 0 khi w = 0 va @ = T va dap tng bién d6 cua no 1a % tai w =
4T
?.
Giai:
.TC -TC
R0 rang bo loc phai ¢6 hai cyc tai: p; = re’z va p, = re™z va zero tai z=1 va
z=-1. VAy ham truyén dat ctia n6 la:

z-DE+1) _z22-1
(z—ijr)(z+jr)  z2 +r2

Hé sb khuéch dai G duoc xac dinh bang cach tinh H(w) cua bo loc ¢ tn s6 w =
g. Ta co:

H(z) =G

8t
ey 2o2ee(d) s
9 4 1+ r*+ 2r2cos (%T)
Hay 1,94(1-—r2)2=1—1,88r2 + r*

=5 N 2 _ A — 1_2_2
Giai phuong trinh ta duoc r? = 0,7. Vay H(z) = 0,15 10722
AED)
1 T Y T
] 1 ]
] 1 1
O | e | Ty S e S O I
\ ' '
i i ]
05 ---------- Im === mm e = ol == === o= == R L L L L
1 I I
] ]
04keecna- S —— ST (EIG——
] 1 i
(] [ (]
1 ] ]
Dz ................. B —— | T I A ———
1 ]
: : f
0 i i -
0 0.1 02 0.3 0.4 0.5
(a) Dap ung bien do
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# |8(9) (rad)

2 T
I
'
TR .
1
?
op--------- ;
L]
_{| EEEE— :
2 : <
0 0.1 0.2 0.3 04 05
(b) Pap tng pha
Hinh 5.8: Pap tng bién d6 va dap (ng pha cua bo loc thong dai ¢6 ham truyén dat 13
H(Z) = 0 15 [1+0 72]

zero 1én dap ung tan s cua h¢ théng. RS rang, day chua phai 1a phuong phap tot cho
viéc thiét ké mach loc s6, dé c6 mot dac tuyén cua dap ung tan s6 nhu y mudn. Cac
phuong phap thiét ké tét hon, dugc ung dung trong thuc té s& duogc trinh bai trong
phan sau.

5.3.2 Bo cong huang s6 (digital resonator)

Mot bo cong huong sé 1a mot bo loc thong dai ¢6 hai cuc dic biét, d6 1a cap cuc
phtc duge dat ¢ gan vong tron don vi. Ta thay, dap Gng bién d6 lon nhat ¢ tan so
tuong tng

cua cyuc va day 1a tan s6 cong huong caa mach loc.

Dé thiét ké mot bo cong huong sé voi dinh cong huong & tai hay gan tan sé o =
wo ta chon cap cuc phtrc nhu sau:

P,=re/®vaP,=re/®vsi0<r<l1 (5.44)
“|H[:fjl| >
1.5 =f r /@
] T ":00
1 1:' b R
P @
05 bome e RS
) — f
(] A —— e,
0 0.1 D.2 0.3 04 0.9

(b) Bap trng bién do
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: f
28 0.1 0.2 03 04 05

(c) bap tng pha

Hinh 5.9: (a) B thi cuc zeros. (b) Pap ung bién do. (c) Péap ting pha cua 2 bd cong

huong: 1 bo ¢6 r=0.8, bd con lai ¢6 r=0.95.

Ngoai ra, ta c6 thé chon thém cac zero. Mic du c6 nhiéu kha ning chon lra khac
nhau, nhung c6 hai truong hop thuong dugc chon. Mot 1a thém vao mdt zero tai goc
toa d9. Hai 1a chon mot zero ¢ z= 1 va mot zero ¢ z = -1. Su chon lya nay c6 thé khur
hoan toan dap tng cua bo loc tai ® =0 va © = 7.
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BAI TAP CHUONG 5
5.1. Cho mot h¢ théng LTI ¢6 dap tmg xung la h(n) = ()"

a- Hay x4c dinh bién d¢ va dap tng xung | H(w) | va dap tng pha 2 H(w)
b- Hay xac dinh va v& phd bién do va phd pha cua tin hiéu vao va tin hiéu ra lan
luot cho cac tin hi¢u sau day:

3mn
x(n) = COST,—OO <n<o

x(n) = {...,1,0,1,1,1,0,1,1,1,0,1, ...}

+

5.2. Hay xac dinh va v& dap tng bién d6 va dap tng pha cua cac hé thdng sau day:
1

a) y(n) = Z[x(n) +x(n - 1)]

b) y(n) = i[X(n) —x(n—1)]

¢) y(n) == [x(n) + x(n - 2)]

d) y(n) = i[X(n) —x(n —2)]

&) y(n) = 5 [x(n) + x(n = 1) +x(n - 2)]

f)y(n) = [2x(n — 1) — x(n — 2)]

0) y(n) == [x(n) + 3x(n — 1) + 3x(n — 2) + x(n — 3)]

h) y(n) = x(n — 4)
i) y(n) = x(n+4)
5.3. Xét mot bo loc s6 ¢ so d6 khdi nhu hinh 5.10

K(n) A .‘ z'l :"r(n)

a) Hay xac dinh quan h¢ vao ra va dap tng xung h(n).

b) Hiy xac dinh va v& phd bién do, phd pha cua bo loc va tim dai tin hoan toan bi
chan bai bo loc.

c) Khi w, = m/2, xac dinh tin hi€u ra twong (g vai tin hi€u vao la:
Tt
x(n)=3cos(—n+300), —oo < n<oo
3
5.4. Xét b loc FIR: y(n) = [x(n) — x(n — 4)]
a) Tinh va vé dap tng bién do va dap ang pha.
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b) Tinh dap rng cta bo loc véi tin higu vao la:

Tr Tr
x(n) = coszn+coszn,—oo <n< o

¢) Giai thich két qua & cau b bang két qua ¢ ciu a.
5.5. Hay xac dinh dap Gng xéac 1ap cua hé thong c6 quan hé vao ra nhu sau:
1
y(m) = [x(n) —x(n - 2)]
Vi tin hi€u vao la:
s
x(n) =5+ 3cos(—n+ 600) + 4 sin(mn + 45°) ,— 0 <n < ©

2

5.6. Cho cac hé thdng con c6 dap tng xung hi(n), ha(n) va ha(n) duoc lién két nhu
hinh v&:

I

I

| ——» hin) L EY

| 1(n ﬁ

Cho biét:

h,;(n) ={0,1,-2,1,0};

h;(n) = u(n) —u(n - 6);

hy;(n) =6(n) +26(n—1) —8(n—2) — 6(n—7)
a) Tim hé thong H(z) cua hé thong tuong duong.
b) Tim dap (ng xung h(n) cua hé théng twong duong.
) Xac dinh dap ¢ng tan sé H(w)cua hé théng twong duong.
d) Tim dap ung cua hé théng khi tin hiéu vao la:

Tt Tt s
x(n) =3 — 2e7’4" + sin (gn + §)

5.7. Mot hé théng s6 c6 ham truyén dat la:

-2

H(z) = 015 ——"
2= T 0722

a) Xéc dinh dap ung bién do va dap tng pha cua hé théng.
b) Tinh dap ¢ng cua hé thong véi kich thich 1a:
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x(n) = 2sin (g n) + 3 cos (g n) — COS (nn + g)

Nhén xét va giai thich. Chtc niang cua hé thong nay 1a gi?
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CHUONG 6: THIET KE BQ LOC FIR

6.1 Thiét ké bd loc FIR pha tuyén tinh ding phwong phap cira so.
6.1.1 Nguyén tac.
Tir dép ng tan s6 mong mudn H,(w) voi cac chi tiéu trong tng, ta lay bién doi
Fourier ngugc dé c6 dap ing xung hda(m):
1 T
hd(n)ﬁ j Hy(w)e'®" dw,—o00 < n < oo (6.1)
—Tt
Néi chung, hd(n) thu duoc s€ co chiéu dai v0 han h(n) va khong nhan qua, ta khong
thé thuc hién duoc trong thu‘c te. Vi vay, hé thong phai duoc stra lai thanh nhan qua va
bugc h(n) phai h(n) ché chiéu dai cua hda(n). Phuong phap don gian la cat bé ha(n) tu
gia tri n =M-1 va thu duoc bd loc FIR c6 chiéu dai M. Sy "cat ngon" nay tuong duong
véi phép nhan h(n) véi mot ham cura s6 (window). Ham ctra s6 nay dugc dinh nghia

nhu sau:
#0,n=0,12..M—-1
om ={"""=0

Nhu vay, dap tng xung cua bd loc FIR tré thanh: h(n) = ha(n).w(n)  (6.3)

(6.2)

Goi W(w) 1a bién ddi Fourier cia ctra so w(n), tir tinh chat nhan cua bién doi
Fourier, ta thu dugc dap rng tan so caa bd loc nhu sau:

H(w) = =" Hq \W(w - v)dv (6.4)

T

6.1.2 Cac budc chinh cta phuong phap ctra s0.
- Chon 4 chi tiéu k¥ thuat cta bo loc s: 81, 82, wp, ws.
- Xac dinh dap tng xung cua mach loc 1y tuong.
- Chon loai ctra sb.
- Nhan véi cira s6 dé co dap ang xung caa mach loc: hy(n) = h(n).w(n).
- Thir lai trong mién tan s6: Ha(w) = H(o)*W().
- Néu khong thoa méan cac chi tiéu k¥ thuat, ta ting M va trd lai buéc 2.
6.1.3 Cira s6 chit nhat.
Dinh nghia: Cira s6 chit nhat c6 chiéu dai M duoc dinh nghia trong mién thoi gian
nhu sau:
1,n=012.M-1

w(n) = { 0,n #,

(6.5)

Truong hop M I¢, w(n) c6 dang ddi ximg véi tam déi ximg la n: ~—.

Bién d6i Fourier cua ctra s6 chit nhat 1a:
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M-1 1 — g~jonM

M-1
— —jwn —jon _
W(w) Z) w(n)e Z e T oTjon
n=

n=0

. oM
. sin(—5-)
— e joM-1)/2___* 2 ° (6.6)
(2
sm(z)
Ctra s6 nay c6 dap ung bién do la:
[sin (%57) |
|W(m)|=_—w, —MT<Ww<T (6.7)
[sin(7) |
va c6 dap trng pha tuyén tinh ting doan:
M-1 . oM
- (—) , khi sin—=>=0
(M—l) Ihi si wM<O
w{—5—), i sin >
W=(w)|
i) 9
A
1y
=9
R n
-4-3-2-1]12 34 M-1 t 1 } »
- T 4w
(2) AQ=4/M / 2UM
~ ®

Hinh 6.1 (a) Ctra 6 chir nhat c6 chiéu dai M =9
(b) Péap tng bién do cira s6 chit nhat

20
30
40
50
_60
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| Ww) | @B
_ _ M=s1

0 0.5 1 1.5 wirad)
Hinh 6.2 Cac dap tmg bién d6 (db) cua cira s6 chit nhat véi M =9, M = 51

Céc tham sd (cac tham s6 nay ciing dugc dinh nghia chung cho cac loai cira $6
khac):

D0 rong ciia mii chinh DW (duoc tinh bang 2 Ian dai tan s6 tir o = 0 dén wp, tan sb
op trong Qg Vi gia tri zero cua mui chinh), doi vaéi cira so chir nhat:

DW = 4p/M (6.6)

Ti s6 giita dinh ctia mai bén dau tién va dinh ctia mi chinh, ky hiéu ta co:
|[W(wD|

A=
lw(o)|

(6.7)
V6i o, 1a tan sd twong @ng voi dinh cia mui bén dau tién, v6i cira s6 chir nhat w, =
3p/M. Tham s6 nay thuong dugc tinh theo du nhu sau:

|W(w1)|
|w(o)|

Nguoi ta cling thuong xét dén mot dai lugng nguoc lai, d6 1a ti sb cua dinh mui chinh
va dinh mui bén dau tién, ky hiéu h, ta co:
1 [wo]

"3 [WeD] (©2)

Sau day la gia tri cia h twong tng véi cac d§ dai M khéc nhau:

M=6®h=42426; M=9® h=4,10000 M=10® h=4,7014;, M =100 ® h =
4,7106;...va M ® ¥ ~ thi h » 4,712. Ta thay, khi M > 10 tham s6 gan nhu khong doi.

Hinh 6.1.a trinh bay cira s0 chir nhat trong mien thoi gian, hinh 6.1.b 1a dép tng
bién do cua ctra so chit nhat voi M = 9. Cac tham so tuong trng nhu sau: DW = 4p/M =
1,3963 rad; 1 = -13,0643dB; h = 4,1000

* Hién tugng Gibbs 1

Dé gigi han chiéu dai dap tng xung h(n) caa bo loc 1y tudng, ta dd nhan véi ham
ctra $6 w(n). Pap ung tan sé cua bo loc thuc té co duoc tur tich chap. Déi véi bo loc 1y
tuong, dap ng bién do Chuyen dot ngot tur 1 XUong 0 (hodc ngugc lai) ¢ tan s cat.
Nhung d6i véi bo loc thuc té, do tich chap trong mién tan sé s& gay dao dong & dai
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thong va dai chan xung quanh tan sb cit wc. Sy phét sinh cac dao dong nay duoc goi la
hién tugng Gibbs.

Vidu6.1:

Hay thiét ké bo loc FIR pha tuyén tinh véi cac chi tiéu k¥ thuat sau day: 8, =
0.01, 62=0.01, wp =7/4 - ©/10 = 0,7226, ® = w/4 + 1/10 = 0,8482 va ® = (wp+ ws/2 =
/4.

Giai:

- Chon ctra s6 chit nhat W(n) nhan qua va cé tdm dbi xang tai (M- 1)/2.

- Bé minh hoa hién twong Gibbs, ta chon dap ung tan sb cua bo loc thong thip 1y
tudng, ta co:

Hy(w) {e_j‘”k' |‘6>c| < m/4 (6.10)

LAy bién dbi Fourier nguoc, theo pt Y (n)=-ary(n-1)-y(n-2)+bod(n), ta duoc dap tng
xung h(n):

( w0 _M-1
' 2
ha(n) = iwc sin w.(n — k) L M-1 (6.11)
T w(mn—k) ’ " 2

Ta the@y ha(n) co chi;éu dai v6 han h(n), khong nhén qua va c6 tdm d6i xang 1a k
trong mién thoi gian. Néu ta chon k = (M- 1)/2 thi h(n) ¢6 tam doi xuang tai (M- 1)/2.

Nhan h(n) véi cua s6 chit nhat w(n), dap tng xung caa bo loc tré nén nhan qua va
¢6 chiéu dai hiru h(n): h(n) = ha(n) .w(n)

h(n)
wal - ___ —

Hinh 6.3 Dap ttng xung h(n) duoc cét tir ha(n) va cira s6 chit nhat M = 61.
Dép tng tan sé cua hé thdng duoc thiét ké 1a:

1 TC
H(w) = Hy(w) * W(w) = Ef Hy(v)W(w — v)dv

. M
w — — —_ —_—
I e sin(@ —v) 5

2m)_, . (w—V)
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—edo — | 24y (6.12)

Ta thay, khi ting M do gon song dai thong va dai chin c6 bién do khong giam va
trong ca ba truong hop, chi tiéu vé dé gon di dé ra chua duoc thoa min. Tuy nhién, do
rong dai qua do dugc cai thién (thu hep lai) khi M tang. Dé 1am giam nhitng gon song
I6n trong ca dai thong va dai chan, chung ta c6 thé str dung cac ham ctra S6 ma no
chira dyng mot dinh nhon va suy giam dan vé zero thay vi dot ngot nhu ham cira s6
hinh chir nhat. Mot s6 ham cira s6 tiéu biéu thudng dugc dung trong thiét ké mach loc
FIR dugc trinh bay trong béng 1.1 va dang ctia mot s6 cira s6 duoc trinh bay trong
hinh 6.4. Nhitng ham cira $6 nay c6 cac mui bén (sidelode) thap hon so véi ctra $6 hinh
chir nhat. Tuy nhién, vdi cung gia tri M chiéu rong caa mui chinh cua cac ham cua s6
nay ciing rong hon so véi ctra $6 hinh chit nhat. Do d6, cac ham ctra $6 nay co tac
dung 1am tron (smoothing) dap tng tan sé thong qua tich chap trong mién tan sb, va
két qua 1a dai qua d6 cua loc FIR rong hon. Dé giam do rong cua dai qua do, ching ta
tang chiéu dai cira s6, két qua Ia mach loc 16n hon.

Bartlett

Hanning
Blackman

0
Hinh 64. Dang (bao hinh) cua m
s [H()|
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[E(e)|
1.4 ] : : '. : ]
...... L M=61 i i 1 |
0 0.5 1 1_5‘&’; ) 55 3 35

Hinh 6.5: Pap tng bién d6 cua bo loc thong thap duoc thiét ké vai cira s6 chir nhat.

@ M=09,(b) M=61

Bang 6.1. Cac ham ctra $6

M V6i0<n< M7
Bartlett M-I 2n
(triangular) |, ~ 2n . Véi 2N h<M-1
M—1 M -1

2nn + 0.08 sCOS dnn

Blackman |w(n)=0.42 - 0.5cos

Hamming |w(n)=0.54 - 0.46 cos 2 n
. 1 2mn
§ 1 N = _ l - g
H(n)ning w(n) 5 (1 -cos 1 )
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M -1
g
Kaiser
Lanczos w(n) =
1, voi n—M_ll <a Mz_l , O0<a<l
( ~1
n—(l+0t) ]
—| 1+ cos ,
Tukey (l+u) ]
- - M-—1 M -1
Vol a <In- ‘ <
2 |7 2

Ghi cht: Cura s6 Kaiser 1a mot ctra s6 gan toi wu, no duoc thanh 1ap tir ham Bessel
bién dang loai mét bac khong L(x). Trong cong thire dinh nghia cua s6 Kaiser (Bang
6.1), tham sb (co tac dung sira dang ctra s6. Véi mot chiéu dai M xac dinh, d6 rong cua
mui chinh DW trong dap ung bién d6 cua cua s6 s& gia tang theo P. Vi vay, véi cua s6
Kaiser, ta c6 thé diéu chinh DW va hé sé A bang cach thay d6i tham sb. (Tuy nhién, vi
biéu thire dai sb cua cira s6 nay kha pharc tap, khong than thién véi ngudi dung, nén
viéc str dung né ciing c6 h(n) ché.

121



Bang 6.2 Trinh bay cac dic tinh quan trong ctia mot s6 ham cira s6 trong mién
tan so:

Loai cira so D¢ rong xap xi ciia ving qua dj Dinh mui trén (dB)
Retangula 4p/M - 12
Bartlett 8p/M -27
H(n)ning &p/M -32
Hamming &p/M -43
Blackman 12p/M - 18
0 . AT e . J e N e ) S
B0 e Bk o e W o B i i s i e
{: | IO e e } S, O LY Y P R
-150 : : ; i : i
0 0.5 1 1.5 2 2.5 3 35
(a) B loc thong thap FIR duoc thiét ké véi ctra s6 Hanning (M = 61)
[H(@)|(dB)
[] T _I ______ L e e — r o __
1) N U S A SR S I
T11] R - ) (R Rt SN AR S
-150 : | : : : : : -
0 0.5 @ 1 1.5 2 2.5 3 3.5

(b) Bo loc thong thap FIR duoc thiét ké véi cira s6 Hamming (M = 61)

Hinh 6.6 Dap tng bién d6 (dB) cta bo loc thong thap c6 tan sb cit 1a oc = /4 =
0.7854 rad/sample duoc thict ké bang cac loai ctra S0 khac nhau c6 cung chiéu dai
M=61.

6.2 Thiét ké b loc FIR pha tuyén tinh dung phwong phap lay miu trong mién
tan so.

6.2.1 Piéu kién dbi xang h(n)=h(M-1-n).
a) Truong hop M Ié: Gia sir chon M=1, diéu kién ddi ximg 1a: h(0) = h(4); h(1) = h(3);
h(2) 1a tam d6i xtmg (khong c6 mau tuong (mg). Dap tng tan so H(w) 1a:
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H(w) = h(0) + h(De % + h(2)e 2% + h(3)e™3¥ + h(4)e 4V
= e2"[h(2) + h(0)e/*¥ + h(4)e 72V + h(1)e/¥ + h(3)e V]
Vi h(0) = h(4) va h(1) = h(3) nén H(w) co thé viét lai la:

H(w) = e2%[h(2) + 2h(0)cos2w + 2h(1)cos2w] (6.13)
Trong phuong trinh (6.13) thira s6 trong dau ngoic c6 gia tri thuc. Ta ky hiéu la:
H.(w) = h(2) + 2h(0)cos2w + 2h(1)cos2w (6.14)

Bién do cua dap tng tan s 1a:

iH(w)i = iH(w) (6.15)
bac tinh pha cua mach loc 1a
_ (by 0<n<M-1
h(n) = {0 nguoc lai (6.16)

Ta thay, dic tinh pha q(w) 1a mot ham tuyén tinh cta ® trong ca hai truong hop
Hr(®) duong hodac am. Khi Hr(w) do6i dau tur duong sang am (hay nguoc lai), g(w) thay
d6i dot ngot mot luong 13 w radians. Néu su thay ddi pha nay xuét hlen & bén ngoai dai
thong (trén dai chan) ta s& khong can quan tam, vi tin hiéu mong mubn di qua bo loc
khong c6 ndi dung tan sé & trong dai chan.

b) Truong hop M chan.

Gia sir chon M = 4, diéu kién doi xung 1a: h(0) = h(3) ; h(1) = h(2).Trong truong
hop nay, moi mau cua h(n) déu c6 mau doi xing. Tuong tu nhu trén ta tim duoc dap
ung cua bo loc la:

3w W
H(w) = e7i3@/2 [Zh(O) cos( 5 ) + 2h(1)cos (2)] (6.17)
bat: H.(w) = 2h(0)Cou, + 2h(1)Cou, (6.18)
Bién do cua dap (ng tan s6 1a: [H(w)| = [H(w)|va pha la:
—3w
— néu H.(w) >0
O(w) = _3, (6.19)

T+ m néuH.(w) <0

Mot lan nira, pha cua b loc 1a tuyén tinh va nhay mot lwong 1a © & nhitng tan s6 ma
Hr(m) d6i du. Tir hai vi du trén, ta c6 thé ngoai suy cho trudng hop tong quat voi
chiéu dai M bat ky. Tong quat, dap wng tan sé cia mot bo loc FIR co dap ¢ng xung
h(n) thoa diéu kién ddi xang h(n)=h(M-1-n) la:

H(w) = H,(w) e (6.20)
_ (M-3)/2 M—1
H.(w) =h (T) + 2 z h(n)cosw (T —n) ,néuM1Ié (6.21)
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M-1 o
H.(w) =2 z h(n)cosw (T —n), néuM chan (6.22)

Pic tinh pha cta bo loc cho ca hai truong hop M chan va M 1¢ 1a:

(M - 1) ~ I
— > néu M chan
O(w) = M—1) ) 7 (6.23)
- > +m néu M lé
6.2.2 Diéu kién dbi xiing
h(n)=-h(M-1-n). (6.24)

Trong truong hop nay ta goi dap Gmg xung 1a phan dbi xung (antisymmetric). Khi
M 1¢é, diém trung tdm cta h(n) phan d6i xtmg la n = E . Vidy, Néu M = 1, ta c6 h(0)
=-h(4); h(1) =h(3) va h(2) = 0. Khi M chan, moi mau cta h(n) c6 mot mau tuong ung

nguoc dau. Tuong ty nhu trudng hop dbi xang thir nhat, ta co thé chang minh rang,
dap rng tan sb cua bo loc FIR véi dap ting xung phan d6i ximg c6 biéu thirc 1a:

(1)

H(w) = H, ()&l 2 —+m/2 (6.25)
(M-3)/2
) M-1 . ,
H.(w) =2 Z h(n)sinw (T —n), néuMlé (6.26)
(2)-1
. M-1 . .
H.(w) =2 z h(n)sinw (T —n), néuM chan (6.27)
Dic tinh pha ctia bd loc cho ca hai truong hop M 1é va M chan la:
m M-1
E—w( 5 ) néu H.(w) > 0
8@ =15 M—1) ) (6.28)
- e néu H.(w) <0

Cac cong thuc dap ung tan sb tf)ng quat nay dugc dung dé thiét ké cac bo loc FIR
pha tuyén tinh véi dap ung xung doi xtrng hoac phan doi xang.

6.2.3 Xac dinh chon dap tng xung.
a) Trudong hop chon dap ung xung ddi xang.

2mk M-1

Wi = V; k= 0,1,2, . T ; M lé (629)

M o
k=0,1,2, oy T 1 ;M chan
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M_l 7 = N rd
agn, = 2coswk (T — n) , voitatcak

Ta dinh nghia: M-1
VanéuMIé thiay, = 1khin = — (6.30)
]0M M+1
Khi d6, cac phuong trinh tuyén tinh H(w) = z o5 va
P g y (M+1) sm;
1-z~L(M+1) ho b6 | L, 2 ol
H, (z) = 1 -t chobd loc FIR doi xang tré thanh:
(M-1)/2
Z () = Hy(@), k=0,1....,——,MIé (6.31)
n=0
M
()1 M
Z ah(n) = Hy(wy), k=0,1... wy T 1,M chan (6.32)
n=0

b) Trudng hop chon dap tng xung phan di xtng.

Truong hop ndy, ta cin xac dinh cac hé sd twong Gng Véi % diém khi M 1é va
diém khi M chin trén truc w. Vi cac phuong trinh (6.23) va phuong trinh (6.24) ham y
rang H,(0) = 0, doc 13p véi su lya chon cac h¢ so {h(n)}. Vi vay tan s6 o = 0 khong
thé duoc dung dé xac dinh cac théng s cua dap ng tan s6. Khi M ¢ ta co thé xac
dinh H,(w) & diém cach déu nhau trén tryc tan s. Cac diém nay c6 thé dugc chon nhu
Sau:

2k ooz, Mt 6.33

e =012, — (6.33)

Khi M chén, ta can G diém tan sd, vi ta khong thé st dung w = 0, ta c6 thé str dung
wW=p.

Wi =

a;oh(0) +a;;h(1) = H,(

Trong d6: agy = 2; gy = 2; 30 = —V2; a3; = V2. Cac phuong trinh nay dugc
vict dudi dang ma tran:

[A] [h] = [H,] (6.34)

2 27 h_[h(O)]_ -
B ) R )
Giai phuong trinh ma tran trén ta dugc:

h(0) = 7= (V2 - 1) = 0.0732232 = h(3)

b= =
!

trong do:

1
h(1) = m(\/E +1) = 0.426776 = h(2)

\ 7 3w
Dap ng tan so6 cua bo loc 1a: H(w) = H(w) ez
- V2 3
voi Ho(w) = T[(\/E - 1)c057w + (V2 + 1)cos %]
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Pic tuyén dap ng bién d6 |hi(w)| va 20log|Hr(w)| dugc V& trong hinh 6.7. Ta thay
day la loc thong thap.

[Fr(w)
! ! : !
o5 DS AL LTI MLyl —
.65 [l ek T Sk N i e R o e
B S e i -
oI R LU AR, L S-S o A} S
’ H ' I
0 ' T
0 1 2 3T 4
Tom lai, tap cac diém tan sb duoc chon nhu sau:
_ 2mk k=12 M-1 M 12
Wi = M ; =1,Z,..... 5 ; e
k
M .
=1,2, oy ; M chan (6.35)

M6t su chon lya khac hoan toan cé thé tranh trudng hop H(w) =0 6 © = 0 (va © =n)
do la:

1 — - . 2
_21‘[(k+7). B k=1,2,.., — Mlé
Wi = VoI M
k=12,.., 5~ 1; Mchén (6.36)
Véi bat ky su chon lya nao trong céac trudng hop trén, ta dinh nghia:
M-1
by, = ZSinwk( 5 n) (6.37)

Thi cic phuong trinh tuyén tinh.(6.32) va (6.39) cho bo loc FIR phan ddi xang tré
thanh:

M-3)/2
Z bih(n) = Ho(wy), k=12, MT_ M 18 (6.38)
n=0
(7)-1
Z bynh(n) = He(wy), k=1,2, ....,%, M chan (6.39)
n=0

Tap tan sb cho boi phuong trinh(6.31) ciing co tl}é dugc dung trong phuong
trinh(6.36) va phuong trinh (6.37) thay vi dung tap tan so cho bdi phuong trinh h(n)=-
h(M-1-n).

Viduy 6.2:
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Hay xac dinh dap (ng xung h(n) cua bo loc FIR pha tuyén tinh, c6 chiéu dai M =
4. Pap tng tan s6 H(w) tai ® = 0 va ® = 7/2 dugc xac dinh nhu sau: H.(0) =
1; Hr(g):o.5

Giai:

Dy 1a bai toan thiét ké mach loc kha don gidn, cac thong s6 chua biét 1a h(0) va
h(1). Tap cac phuong trinh tuyén tinh la:

a:h(0) + a.h(1) = He(0) = 1

20log|H( o)
D — :
20 [ o E
A0 i i :
60 =~======- :
‘ ®

_80 '
0 1

Hinh 6.8. Dic tuyén bién d6 cua bd loc FIR pha tuyén tinh.
Vi du 6.3:

Haly xé4c dinh cac hé s cia bd loc FIR tuyén tinh pha co chicu dai M = 11, dap
ung xung doi xtrg va dap tng tan so théa man dieu kién:
(@) _ {1; k=0,123
"\15/ (0 k=456/7
Giai:
Pay 1a mot mach loc kha dai, hon khong thé tim dwoc néu khéng c6 su hd tro cua

may vi tinh trong viéc giai hé phuong trinh tuyén tinh. Lap trinh trén may tinh dé giai
hé phuong trinh nay, ta c6 thé thu dugc cac nghiém nhu sau:

h(0)=h(14)= 0.04981188 h(1)=h(13)= 0.0412024
h(2)=h(12)= 0.06666674 h(3)=h(11)= -0.03648787
h(4)=h(10)=-0.1078689 h(1)=h(9)= 0.03407801
h(6)=h(8)= 0.3188924 h(7)= 0.4666666

Dép ung tan s6 cta mach loc thu duoc trong hinh 6.9. Ta thay, bo loc nay c6 mot
vot 16 (overshoot) ¢ canh dai thong ¢ phia truéc dai qua do. N6 cling c6 cac mui bén
(sidelobe) kha 16n trong dai chan, mui bén 16n nhat 1a - 11 dB.
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Hinh 6.9: Bic tuyén dap g bién d6 cua bo loc FIR pha tuyén tinh chiéu dai M = 15.
Nhan xét:
Trong vi du trén, ta d& minh hoa bai toan thiét ké bo loc FIR pha tuyén tinh véi dap
g tan sb thay d6i dot ngot tir dai thong (Hr(wr) = 1) sang dai chan, trong dai chan

Hi(w) duge xac dinh bang 0 ¢ cac tan so roi rac. Ta thay bo loc c¢6 ciac mui bén kha
I6m, day 1a diéu khong mong mudn.

Trong vi du sau day, thay cho sy thay d01 dot ngot, ta xac dinh mot gia tri trung gian
cua Hi(w) trong dai qua do. Pap tng tan sb s& c6 cac mii bén nho hon nhiéu trong dai
chan.

Vidu 6.4:

Hiy x4c dinh cac hé sb cua mach loc FIR pha tuyén tinh M = 16 ma dap tng
Xung cua né doi xung va dap ung tan so thoa man dieu kign;

- 0 ; k=0,17
H (55) =10456 k=26
1 ;k=34,5

Giai:

Giai hé thong cac phuong trinh tuyén tinh, ta thu dugc dap tng xung h(n):
h(0) = h(11) = 0,01011716 h(1) = h(14) = 0,02774791
h(2) = h(13) = 0,04067173 h(3) = h(12) = - 0,02017317
h(4) = h(11) = 0,04840164 h(1) = h(10) = - 0,111712
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h(6) = h(9) = - 0,266221 h(7) = h(8) = 0,3362424

Day 1a mach loc théng dai, c6 dap wng tan sé dugc vé trong hinh 6.10 mui bén 16n
nhét trong dai chan giam xudng con -34dB. Cubi cliing, viéc chon céac tan sd wk dé xac
dinh céc chi tidu ctia dap ung xung cua bo loc can dya trén tan sé cat hay tan sb canh
dai thong mp va canh dai chin ws.Ta c6 thé chon chiéu dai M cua bo loc sao cho trong
cac tan s6{or} co tan sb trang hoic gan trung véi wp, ws.

Ngudi thiét ké ciing c¢6 thé chon 1 tap tan sé{wr} tiiy ¥ khong can phai cach déu, sao
cho n6 phu hop nhat vai cac chi tiéu cua dap tmg cho trudc.

|H:( )

1.5

20log|He(w)

Hinh 6.10 Pic tuyén dap Gmg bién do ciia bo 1on FIR pha tuyén tinh chiéu dai M = 16
6.2.4 Cong thirc tinh h(n).

Trude tién, ta xac dinh dap Gng tan s6 mong mudn & mat tap tan sé roi rac cach déu
nhau {wk}:
21 . . 1
W = Tr (k+ a)véia = 0hodca = — 2 (6.40)
. M-1 .- \ M, . .
Vak=0,1,2, 5 khi M 1¢, k=0,1,2,... 3 khi M chan.
Sau d6 tim dap wng xung h(n) caa bd loc FIR tir cac mau trong mién tan sé da chon.

Theo dinh nghia, dp wng tan sé cua bd loc FIR ¢6 chiéu dai M 1a:

M-1
H(w) = h(n)ejen (6.41)

Gia tri cia dap tng tan so tai cac tan s6 {w,} 1a:
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2T
H(k + o) = H [ﬁ(k+a)]
M-1
= Z h(n) e7i2mk+oOn/M  y4ik =0,1,2..M—1 (6.42)

n=0

Do H(k + o) ¢6 tinh d6i xtng, nén cac tan sd chi dinh c6 thé giam xubng con E

néu M Ie, 3 néu chan. Tuy nhién, & day ta mubn khao sat dic tinh tn s6 & M diém nhu
da chi dinh ¢ phuong trinh (6.42).
j2m2m
Pé xac dinh dugc h(n) tir H(k + o), tanhén 2 vé cua phuong trinh (6.42) voie ™
trong d6 m=0,1,2,... M-1, rdi lay tong trén k=0,1,2,...M-1. V& phai cua phuong trinh

j2m2m

h(n)=h(M-1-n) s& rit gon vé M.h(n) e ™  va ta thu duoc:

_j2man — j2mkn
Mh(n)e” M = Hk+ a)e ™M
k=0
1 M-1 .
h(n) = M Z H(k + a)e]21t(k+a)n/M’ n= 0,1,2, ~M-1 (643)

Ta thdy trong truong hop a = 0 thi H(k)=DFT[h(n)] v& h(n)=IDFT[H(k)].

Pé tim cong thirc tinh h(n), ta s& dira vao tinh chat dbi xang cua hon va gia trj cua a.
Ta chia thanh céc truong hop nhu sau:

a = 0,hon doi xirng.
o= %, hon déi xing.
a = 0,h(n)phan déi xing.
a = 1/2,h(n)phan déi xing.
Xét truong hop a = 0, hon d6i xting: h(n)=h(M-1-n)

Vi h(n) thye, nén tir phuong trinh (6.34) ta dé dang suy ra dugc H(K)=H*(M-k), va
vi hon doi Xtirng nén tir phuong trinh (6.34) ta thu dugc:

M—3
M — ok M—1 V.
H(k) = h( ) +2 z h(n)cosi (T —n) e ik M€
2nk M—1 . M-1 .
H(k) = z h(n)cosi(— _n) LeTImeR Mehin 6 49

Ta thiy cac sb hang trong dau { } chinh 13 cdc mau cua H, (w) tai cac tin s6 wy =
2ntk/M. Vi vay biéu thirc c6 dang:
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2tk o M-1
H, = H, (W) e J2mkaM (6.45)

Pé thuan tién, ta viét lai:
2k M
Hy = H; (V)e jtke=Imk/M = G(k) t’ (6.46)
Trong do:

G(k) = H, (Z;k) Simk — (_1)kH, (

21'[k) (647)

M

Vi Hr(%) c6 gia tri thuc, nén G(k) ciing 1 day thuc. Hon nira, tir diéu kién
H, = H * (M — k) dan dén két qua la:

G(k) = —=G(M — k) (6.48)

Khi M ’Che:ln, thi phwong trinh (6.45) doi hoi rang: G(M/2)=0, mat khac mau cta dap
ung tan so tal w = m phai 1a 0.

Tu tinh chétq dbi xitng cua cac mau tan s6 co gia tri thuc G(k) trong phuong trinh
(6.45), ta co thé thanh 13p cong thirc tinh dap irng xung h(n) ctaa bé loc FIR.

Ta bt dau tir phuong trinh (6.43) véi a = 0

M 1

h(n) = 2 H)eZ™ /M =012 . M—1

Mz ]ZTtk

h(n) = Gk)ee M (6.49)
k=0
( ML )

h(n) = %< G(0)+2 Z G(k)cosﬂﬁk(Zn +1) F, Mlé (6.50)
L k=t J
( M—1 )

h(n) = % G(0) + 2 z G(k)cos—(Zn +1) } Mchin  (6.51)

\ J
Tur phuong trinh (6.50) va (6.51) ta c6 thé tinh truc tlep h(n) tor G(k) (hay H (@))

Trong céach tinh ndy, dé xac dinh h(n) ta khong can phai tinh ma tran nghich dao nhu
da lam trong cac vi du 6.2, 6.3, 6.4 ( giai phuong trinh ma tran (6.34))

+ Xét truong hop a = %

Vi h(n) 1a day thuc, nén tir phwong trinh (6.42) ta suy ra dugc H(k+( )=H*(M-1-k(),
hay H(k+1/2)=H(M-k-1/2).

Bang cach lién két tinh chét nay véi diéu kién dbi xing h(n)=h(M-1-n), ta thu duoc:
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1 . M-1
H (k + E) = H, (0, )e "ErO (6.52)

21(2+Kk)

Trong do: wy = k=01,2,..,M—1,

H,(wy) cho bai phuong trinh

M+1

]0 > Sinw( )

H(w) = W cho trweong hop M 1é (6.53)
va phuong trinh
11—z LMM+D)
M+1 1-—z7tL

Ta thiy, phuong trinh (6.49) c6 dang cua phuong trinh (6.43) véi k duoc thay thé
bang (k+ o).

H (z) = cho trudmg hop M chan (6.54)

Dé don gian ta dién ta H(k+ o) duéi dang:

(i)
Hk+ o) =Gk + a)e'2e™ M (6.55)
Trong do6:
2m(k +
G+ @) = (=1 H,(wy), wy = % (6.56)

voik=0,12,..... M—1

_ Tu phuong trinh (6.55) ta suy ra dugc H(k+1/2)=h*(M-k-1/2), tinh chat nay ham y
rang:

G(k+1/2)=G(M-k-1/2) (6.57)
Dua vao tinh chat d6i xtmg (6.57) va tir phwong trinh (6.43) ta co:

]21tcx(k+ ) 1 M-1 1 _— 1)( 1)/M
h(n) = z (k + ) —M == z LiG(k + 2)el2mic
M M £ 2

(M 1)/2
h(nw) = = z ( ) smzﬁﬂ(k + %) (n + %) Mlé  (6.58)
vah(n) = 1(< 2) (k + ) sin=— (k + ) (n + %) , M chén (6.59)

Tuong tu cho truong hop dap tng xung phan ddi xting, ta thiét lap dwoc biéu thuc
tinh h(n) tuong {ing Véi a = 0 va a == . Cudi ciing cong thire tinh dap ting xung h(n)
cho 4 truong hop duoc téng két trong bang 6.3.

* Cac buoc thiét ké bg loc FIR bang phwong phap ldy miu tan sé:

Tir cac phén tich vira roi, ta s& tong két thanh cac budc thiét ké bo loc FIR bang
cach lay mau déap ung tan so.

+ Budc 1: Chon loai b loc, chiéu dai M cua bé loc, tinh chat dbi xang cua h(n),
tap tan so w va chi dinh cac mau cua dap ng tan so twong wng vaéi tap tan so {wy}-
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+ Bude 2: Tinh cadc mau G(k) theo cong thirc twong ¢ng trong bang 6.3.
+ Budc 3: Tinh dap trng xung h(n) theo cong thirc trong rng trong bang 6.3.

+ Budc 4: Tinh dap Gng tan so H(0) theo cac phuong trinh (6.53), (6.54) hoac
phuong trinh (6.26), (6.27), (6.28), kiém tra lai trong mién tan sb bang cach vé dap
mg bién do va dap ung pha. Néu chua thoa cac chi tiéu k¥ thuat, thi chon lai M hay
tap tan s6 {wy} hay cac mau H,.(wy) va trd lai tir budc 2.

Bang 6.3: Cong thurc tinh dap wng xung h(n)

Péi xirng: h(n) = h(M-1-n)

H(k) = G(k)e™™M ; k=0, 1, ..., M-1

G(k) = (-1)H, LZ;fAk] G(k) = - G(M-k)

h(n) = G (U)+ZZ( (1<)cost(n +1
M| ’ ML 2)

k-1

U=M khi M lé va %-lkhll\/{chan

2

[
H| k+
4 A e Y
GLk+lJ=(’—l)kHr E LJ
2 M 2
; N/ 5
GL1<+LJ=LM-1<-1J
2 2

h(n) = Z(IL J sin %[k +%

k=0

! = G(k + l )e'.i-’f Eeiﬁ(lk +1)/2M
2

P | =

b | =

Phan doi xirng: h(n) = -h(M-1-n)

H(k) = G(k)e ™2™ = 2™ 1 =0, 1, ..., M-1

' Y
G(k) = (-1)*H, LZ:AkJ; G(k) = - G(M-k)

(M-1)/2
a=0 ;A{(J(o)u Z (J(k)co‘;ﬁl(ZHJrl)} M le

(M/2)1
;A{(;(o)u > (J(k)co‘;ﬁl(ZnJrl)}, M chin




( ) ( Y k=212 M
HLk +lJ= Gkk +lJ o T2k2)2M
2 2

G[k+%\J—( 1)¥H, { k%\ﬂ
AY4 l\

J ,G(M/2)=0 véi M 1é

(M-1)/2

1 a1
— Gk + )‘;m— l<+— n+—
2 M & 2 2

h(n) = Z(ILI(—’_ J %[lwr \JLHJF \J

k-0

V—MTskthle\aV— *L- 1 khi M chin

Cubi cung 1a khau xay dung ciu trac va thi cong bo loc.
Ghi chu:

Viéc chon tap tan s6 {w} va cac mau H,(w)) twong tng duoc dira trén dap tng tan
so cua bo loc 1y tuong. Tuy nhién, viéc chon H,(wy) thay doi dot ngot ¢ tan so cat sé
lam phat sinh cac gon song trong dai thong va dai chan khong thé chap nhan dugc. Dé
lam giam bién d6 cac gon song, ta phai mé rong dai qua dé bang cach thém vao mot s6
mau H,(wy) 6 gia tri trung gian trong dai qua do (goi la cac tham so qua do). Ta thay
dé thuq hién tot cong viée nay con phu thudc vao kinh nghiém cua nguoi thiét ké. Cac
tham so qua do toi wu da dugc tong ket boi Rabiner (1970).

Do tinh d6i xtng, thay vi phai xac dinh M méu cﬁa H,(wy) ta chi can xac dinh
(M+1)/2 mau khi M I¢ twong Ung voi k=0,1,2...,— * va M/2 miu khi M chin tuong
ung voi k=0,1,2,.., P 1.

Vidu6.5:
Hay tinh cac hé s6 cia mdt b loc FIR pha tuyén tinh chidu dai M=32, ¢6 dép
ung xung thoa diéu kién doi xang h(n)=h(M-1-n) va dap ung tan so théa dieu kién:
1 ;k=012..5
H.(2mk + a ’ 7y
0 ;k=78,..,15
Trong d6 hé s6 qué do la: T1=0.3789791 voi a = 0 va T1=0.3170496 v6i o =
theo (Rabiner — 1970).
Giai:
Ta thay ddy 1a bo loc thong thip va budc 1 da ham chira trong cac diéu kién cua
dé bai. Ta thay, chi can chon % = 16 mau cua H, (wy).
Ap dung cong thic tinh G(k) va sau d6 1a cong thic tinh hon trong bang 6.3,
tuong (ng voi truong hop h(n) d6i xing va M=32 1an lugt cho 2 trudng hop o = 0 va
a= % Két qua dugc trinh bay sau day:
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M=32, a = 0, T1=0.3789791

h(0)=h(31)= -0.0071 h(8)=h(23)= 0.0254
h(1)=h(30)= -0.0031 h(9)=h(22)= 0.0399
h(2)=h(29)= 0.0059 h(10)=h(21)= 0.0028
h(3)=h(28)= 0.0135 h(11)=h(20)= -0.0591
h(4)=h(27)= 0.0081 h(12)=h(19)= -0.0684
h(5)=h(26)= -0.0111 h(13)=h(18)= 0.0318
h(6)=h(25)= -0.0242 h(14)=h(17)= 0.2081
h(7)=h(24)= -0.0094 h(15)=h(16)= 0.3471
|H(w)|
0 : v :

10 i e oo -
E /| . W e b e A
7Y NIRRT . vne T e, -
27 L. s PN . S 3|
771 | ISR (! (S SO . L
SOL e e e e e e e eI UMM ICWSNL .
B : ) i -
T S : 3 EEE 4
g 1 w2 2 = 4

Hinh 6.11 Bic tuyén dap Gmg bién d6 cta bo loc FIR c¢6 dap tmg xung ddi xang
v6i M=32, a = 0, T1=0.3789791

Cac két qua trong vi du 6.5 thu duoc tir chuong trinh firsampled viét bang ngén ngir
Matlab.

6.3 Thiét ké bd loc FIR pha tuyén tinh ¢é dd gon khong déi bang phwong phap
lap.

Phuong phap cta s6 va phuong phép 14y mau tan s 1a k¥ thuat don gian cho viéc
thiét ké bo loc FIR pha tuyen tinh. Tuy nhién, hai phuong phap nay cing c6 vai bét loi
nho. D6 1a thiéu su diéu khién chinh xac cac tan s6 giéi han nhu: tan s6 canh dai thong
wp va canh dai chdn ws. Viéc thiét ké bo loc FIR pha tuyen tinh c¢6 do gon khong doi
dugce xem nhu bai toan gan dung Chebyshev. Két qua sé& 1a ti wu, nhung ching ta phai
tra gia 1a vi€c tinh toan s& kha phuc tap va phai c6 sy tro giip cua may tinh. Theo do,
nhitng sai léch giita dp tng tan sé mong mudn véi dap tng tan sé thue duogc trai déu
trén ca dai thong va dai chan, va sai léch cuc dai s& duoc cyc tiéu hoa. Két qua 1a xuat
hién nhitng gon séng co6 bién do bang nhau trong ca dai thong va dai chan.

Nhu ta da trinh bay trong muc 6.2, véi mét bo loc FIR pha tuyén tinh c6 chiéu dai
M, Hr(wk) dugc xac dinh tir h(n) vaéi 4 trueong hop duoc tong két lai nhur sau:
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+ Trudng hop 1: Pap tng xung h(n) déi xang, h(n) = h (M-1-n), va M 1¢

(M-3)/2
M-1 M-1
H.(w) =h T) + 2 Z h(n)cosw (T — n) (6.60)
n=0
Néu ta dat k = [“Z“_j] va dinh nghia mét tap tham sé6 méi {a(k)} nhu sau:
M-1
() ko
a(k) = M— 1
2h(<T — k) ; k=12,..,(M—-1)/2
Ta co: H.(w) = S:;l)/z agcoswk (6.61)
+ Trudng hop 2: Pap tng xung h(n) d6i xing, h(n) = h(M-1-n), va M chan
(z)-1
M-1
H (w) =2 Z h(n)cosw(T —n) (6.62)
n=0

D chi s tir n thanh k = - va dinh nghia mot b thong sb méi {b(k)} nhu sau:

b(k)—Zh( M ) k=12, .., 6.63
=2h(5—); k=125 (6.63)
Ta co:
M/2 .
H, (o) = z b(9cosw(k - 3) (6.64)
k=0
Pé thyc hién viéc ti wu hoa, ta viét lai phuong trinh (6.61) dudi dang:
(7)-1
w
H.(w) = cos— z b’ (k)coswk (6.65)
k=0

Véi cac hé s6 {b’(k)} quan hé tuyén tinh voi cac hé s6 {b(k)} nhu sau:

b'(0) = %b(l)
b’ (k) = 2b(k) — b’ (k — 1); k=12, % —2 (6.66)

(M M
b (7 - 1) = Zb(g)
+ Truong hop 3: Pap ung xung h(n) phan ddi xang, h(n) = - h(M-1-n), va M 1é
Trong trudng hop nay Hi(wk) ¢6 biéu thie 1a:
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(M-3)/2

M-1
H, (o) = 2 Z h(n)sine (—— - n) (6.67)
n=0
Ta ciing thay ddi chi s6 n cua tong bang k = [%] va dinh nghia tap thong s6 maoi:
M-1 M-1
c(k) = 2h (T — k); k=1,2, T (6.68)
Phuong trinh (6.64) tr¢ thanh:
M-1)/2
H,(0) = 2 Z c(K)sinwk (6.69)
k=1
Nhu trén, dé thuan tién ta sap xép phuong trinh (6.69) dudi dang:
(M-3)/2
H.(w) = sinw 2 ¢’ (k)coswk (6.70)
k=0

Véi cac hé sé{c’(k)} quan hé tuyén tinh véi cac hé s6 {c(k)} nhu sau:
. <M — 3) _ (M — 1)
“\2)7 2

’(M_S)—Z (M—3
C > = 2cC >

M-5

ck=1)—=c'k+1) = 2ck); 2<k< >

(6.71)

1
c'(0) = ZC,(Z) =c(1)
+ Trudng hop 4: Bap ung xung h(n) phan ddi xang, h(n) = - h(M-1-n), va M chan
Trong truong hop nay Hr(ok)co biéu thuc 1a:

M
(z)-1
M-1
H.(w) =2 z h(n)sinw (T — n) (6.72)
n=0
Ta ciing thay ddi chi s6 n cua tong bang k = [% - n]vé dinh nghia tap thong sb.
M M
409 =2h(5-k); k=123 (6.73)
Phuong trinh (6.69) tré thanh:
M/2
1
H.(w) = Z d(k)sinw (k — E) (6.74)
k=1

Nhu trén, ta sip xép phuong trinh (6.71) dudi dang:
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()1

w
H.(w) = sin 5 d’'(k)cos wk (6.75)
k=0
Véi cac hé s6{d’(k)} quan hé tuyén tinh v6i cac hé sé {d(k)} nhu sau:
d(k-1)-d k) =2dk); 2<k<—=—-1 (6.76)

d'(0) — %d’(l) =d(1)

Biéu thirc Hr(wk)trong bén truong hop co thé dugc biéu dién dudi dang tong quat
nhu sau:

Hr(w) = Q(w)p(w) (6.77)
V61 Q(w) va P(w) dugc dinh nghia trong bang 6.4.
Bang 6.4
Truwong hop Loai mach lge Q(w) P(w)
M-1
1 h(n) =h(M-1-n), M le 1 ia(k) cos ok
k=0
M,
2 h(n) = h(M-1-n), M chan cos? Zb‘(k) coswk
k=0
M-3
3 h(n)=-h(M-1-n), M le sinw Z(_u(k) cos ok
k-0
M,
4 h(n) = - h(M-1-n), M chan sin S d'(K) coswo
k-0

Tong quat, Q(w) va P(w) cb thé dugc dién ta nhu sau:

(1 ; (Trwong hop 1)
cos @ ; (Trwong hop 2)
Qw) = Sin(f ; (Trwong hop 3) (6.78)
ksin% ; (Truwong hop 4)
L
P(w) = Z a(k)coswk (6.79)
k=0

Véi {a(k)} 1a cac tham sd dic trung cho b loc ma nd cd quan hé tuyén tinh véi dap
ung xung h(n) va:
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(Trwong hop 1)

(Trwong hop 3)

l_ —1; (Trwonghop 2,4)

Ham sai s6 c6 trong s6 E(w)

Ta thiy Q(0), P(®) la cac ham co6 gia tri thuc, trong do, Q(w) la mot ham cb dlnh da biét
va P(w) 12 mot ham can phai tim. Goi Har(o) 14 dap (ng tan sé mong mubn co6 gia tri
thuc, Har(o) dugc chon mot cach don gidn 1a bing 1 trong dai thong, bing zéro trong
dai chdn (Xem dap ung tan s6 cua bo loc 1y tuong chuong4). Vén dé cua ching ta la
phai tim cac hé s6 a(k) cua P(o) giita dap (ng tan s6 Hi(w) cua bo loc thyc té va dap
ng tan s6 Har(®) cua b loc 1y twong 1a nhé nhat. Pé thyc hién diéu nay, ta dinh nghia
mot ham trong so trén sai s6 gan ding (the weighting function on the approximation
error) W(o). Tt viéc chi dinh Hdr(m) va W(w), sai sb giita bo loc sé thuc té va bo loc s6
Iy twong duoc danh gia ham sai s6 c6 trong s6 E(w) nhu sau:

E(w) = W(w)[Hg;(w) — Hp(w)] = W(w)[Hg,(w) — Q(w)P(w)]

(o)

E(w) = W(w)Q(w) [ c‘;( y P(w)] (6.80)
Vé mit quy udc toan hoc, ta co thé dinh nghia mot ham trong sé bién dang:

W(w) = W(w)Q(w) (6.81)
Va dap ung tan s6 bién dang:

5 Hdr(w)

Hy (w) = 6.82

() = 52 (6:82)

Vay: E(w) = W(w)[Hg(w) — P(w)] (6.83)

Phuong trinh (6.83) duoc st dung cho tat ca 4 loai bo loc FIR pha tuyén tinh da
trinh bay ¢ trén.

Bai toan gan dung ¢ day 1a xac dinh tap hé sb sao cho no cuc tiéu hoa duogc gia tri
tuyét doi cua sai s6 E(w) trong cac dai tan ma ta thuc hién phép tinh gan dung. Ta giai
quyét van dé nay bang cong thirc toan hoc sau:

Min [Max [E() || = Min [ Max| W(@)[far (@) ~ ) a(coswk]]]

Trong d6: S bao gdm dai théng va dai chian cua mach loc mong muén.
Xac dinh ham trong s6 W(o):

Ham trong s6 W(w) c6 thé duoc xac dinh bang cach so sanh dap tmg bién do cua bo
loc thuc te vai dap ung bién do cua bo loc 1y tuong.

Trong dai thong, dap &ng tan s thoa diéu kién:

1-d,£H(0)E 1+d, ; £, hay | |Hy(w) | = |Ho(0) || =d,  (6.84)
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Trong dai chin, dap ang tan sé thoa diéu kién:

—d, EH (W) Ed, 5> wg hay | [He(0)| - [H(0)| [ =d,  (6.85)
O day: &, 12 gon song dai thong, 5, 1a gon song dai chan.
(55-8p) 12 do rong dai qua do.

N6i chung, didz nén ham trong sé c¢é thé dugc chon khac nhau trong dai thong va
dai chan va viéc chon W(w) phu thudc vao gia tri caa di va do.

Ta dat:

0 = max|E(w)| (6.86)
thi:

d = max[d,, d,] (6.87)

Gia str d1 > d2 thi ta ¢6: d1 = d2, khi d6 ham trong s s& dugc chuan hoa bang 1 &
dai chan va bang di/ d2 ¢ dai thong, tic la:

5, NPV
W(w) = —1 ¢ dai thong (6.88)
1 & dai chan

Parks va McClellan (1972) da van dung phép xap xi Chebyshev, cu thé 1a dinh 1y
xoay chiéu (Alternation theorem) dé giai bai toan nay.

* Pinh 1y xoay chiéu: Goi S 1a mét tap hop con trong khoang tan sé [0,7), diéu kién
can va mién di dé cho P(w) = Yk_, a(K)coswk xap i véi Hy,(w) Mot cach tot nhat
va duy nhat theo nghia Chebyshev trong S 1a ham sai s6 E(w) ton tai it nhat L+2 thanh
phan tan so cuc tri trong S. Nghia la phai ton tai it nhat L+2 tan so w; trong S sao cho:

w; < Wy < - |wL+2rE(wi) | = —E(wj4+1)

Va

|E(w) | = Max|E(w) | v6ii=1,23..,L+2..

Ta thay rang, ham sai s6 d6i dau giita hai tan s6 cuc tri ké nhau nén dinh 1y nay
duoc goi la dinh ly xoay chiéu.

Pé 1am 15 dinh 1y xoay chiéu. Ta xét truong hop thiét ké mot bo loc thong thap voi
dai thong 1a 0O£wEw,, va ddi chin 1a wEwfwy,.

Taco: E(w) = W(w)[Hg(w) — Hp(w)]

Vi W(w) va Hy,(w)co gia tri hang (trén timg doan) nén:

dE d dH,
) 30 W) [Har(w) = Hr()]} = —W(w) (©)

dw dw
Ta cho dao ham bﬁng 0 dé tim cuc tri:
dE(w dH,(w
()=0=> r()=0 (6.89)

dw dw
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Tir phuong trinh (1.85) ta thiy ring cac tin s6 w; twong ung véi cac dinh cua E(w)
cling twong ung vai cac dinh cua H; (w) véi d6 sai Iéch cho phép. Vi Hy(w) 1a mét da
thire Iuwong giac bac L, gia st thiét ke bo loc trng véi truong hop 1, ta co:

L
H.(w) = Z a(k)coswk
=y k L
= z o' (k) [z Bk (cosw)?] = z o’ (k) (cosw)¥] (6.90)
k=0 n=0 k=0

Ta nhan thdy H,(w) c6 thé c6 1 cuc tri trong khoang mé 0 < w < m, thém vao do
w =0 va o =T thuong 1a diém cyc tri cia H,(w) va ciing 13 cua E(w). Ngoai ra,
® = W, va w = w; ciing 1a diém cuc tri cia H,(w). VAy c6 nhiéu nhat 1a L+3 tan s6
cuc trj trong ham sai s6 E(w) cho su xap xi duy nhat va tot nhat vai bo loc thong thap
1y tudng. Mit khac, dinh 1y xoay chiéu phat biéu rang phai co it nhat L+2 tan sb cuc tri
trong E(w). Vi vay, E(w) cua bd loc co thé c6 L+3 hoac L+2 cuyc tri.

Dinh 1y xoay chiéu bao dam mét 10i giai duy nhat cho viéc xap xi toi vu Chebyshev.
T cac tan so cyc tri mong muon ching ta cé hé thong phuong trinh:

W(w,) [Hg(w,) — P(w,) = (=1M)§ véin=0,1,..,L+1 (6.91)

Cuia ham sai s6 E(w), néu ta chon W(w) nhu trong phuong trinh (1.88) thi hé phuong
trinh (1.91) c6 thé viét lai:

-1M)8
P(w,) + (A( )) Hy(w,) ,n=012, .. L+1 (6.92)
Hay B0 a()cos(@n (k) + 7ot = Age(wn) (693)

Néu ta xem a| (k) | 1a cac tham sb d3 duoc xac dinh, phuong trinh (1.93) c6 thé
duoc biéu dieén dudi dang ma tran:

[ T -
1 oA 7
| cosw, cos2w, ...cosLlw, - a (0) H,(0,)
W(w,)
-1 -
1 cosw,  cos2wm, ..coslw, z a (1) [=| H,(w))
W(w,)
‘—l L+1 5 };( @
1 cosw,, cos2w,,..coslw,,, —(,;—)—— (@)
i W)L  Jigh s

(6.94)
* Phwong phap Lip va thuit toan chuyén doi Remez:

Khoi dau, chung ta khong biét tap cac tan sd cuc tri jon| ciing khong biét cac tham
s6 aa(k)| va 8. Pé tim cac tham sd nay, chung ta dung thuat toan 1ap, goi la thudt toan
chuyén d6i Remez. Noi dung cua thuat toan nay dugc tom tat nhu sau: trudc tién,
chung ta du doan mét tap tan sd cuc tri on| sau d6 lan lugt tinh 6, P(®) va ham sai s6
E(m). Tir ham sai s6 E(o) ching ta xac dinh tap (L+ 2) tin sb cuc tri moi va tién trinh
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nay duoc 1ap lai cho dén khi dat dugc tap tan sé cuc tri toi vu.
Ap dung thuat toan Remez vao phuong phap lip dé thiét ké bo loc FIR pha tuyén
tinh theo cac budc nhu sau:

+ Budc |: Chon loai b loc 1y tuong va xac dinh dép tng bién d6 [Har(w)|, sau do
chon ham trong So W(o) (dua theo cac chi tiéu k¥ thuat cua b loc thuc té), chon chiéu
dai cua bo loc s6 M, suy ra L theo phuong trinh(6.79).

+ Budc 2: Chon loai bd loc theo cac truong hop trong bang 6.4 va xac dinh bai
toan gan dung E(w) = W(w)[H(w) — P(w)]
+ Budc 3: Sur dung thuat toan Remez dé giai bai toan gan diing nay. Cu thé nhu
sau:
- Chon ra tap hop L+2 diém tan s6 roi rac ban dau, trong dai tan s6 [0,x].

- Tinh &: Ta c6 thé tinh & bang phuong trinh ma tran (6.94), tuy nhién theo cach nay
ta phai tinh ma tran nghich dao, viéc tinh ma tran nghich dao lam hao phi thoi gian va
khong hiéu qua. Vi vay, tor phuong trinh (6.94), Rabiner, Mcclellan,... va Parks (1971)
da dé ra cong thtrc tinh 6 c6 hi¢u qua hon, nhu sau:

YOﬁdr(U)O) + Y1ﬁdr(w1) + et YL+1ﬁdr(00L+1)

o= Yo _ Y1, D"y (6.95)
W(wo) W(wq) W(wg41)
Trong do6:
L+1 "
Vi = 1_[ COSWy — COSWy, (6.96)
n=0
Xac dinh P(w) tr §: Vi P(w)la mot da thire luong giac cd dang:
L
P(w) = Z a(k)xk voi X = cosw
k=0
Ngoai ra, tir phuong trinh (1.90) ta c6:
P(w,) = Hy(w,) — (:1—11)8 , n=012,..,L+1 (6.97)
W(wy)
Ta c6 thé dung cong thic ndi suy Lagrange dé tinh P(w), do la:
P[]
P(w) = 2k (6.98)

bl

r. ) 1
Véi x = cosw, Xi = coswy va Py = H1L<=o
Xk—Xn

Xéc dinh dwoc ham 16i E(w) trén mot tap day dic cac diém tan sé duoc xac dinh
baoi cong thirc sau:

E(w) = W(w)[Hgr (@) — P(w)] (6.99)
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Thong thuong, sé diém tan sb dé tinh E(w) 1a 16M, véi M 1a chiéu dai caa b loc:
Néu | E(w) | > & & mot hay nhiu tan s6 trén hon thi mot tap (L+2) tan s6 cyc tri méi
duogc chon va tién trinh duoc lap lai tir phuong trinh (6.95). Va tap tan so6 cuc tri mai
dugc chon tuong ing Vi cac dinh cia ham sai s6 | E(w) | , nén theo thudt toan nay,
gia tri cua § tang 1én sau moi lan 1ap cho tdi khi né hoi tu dén mot gidi han trén, dat

duoC 1] gidi t01 uu cho bai toan Xép Xi ChebySheV Khi | E(oo) | < § voi tat ca cac tan

.....

_ + Budc 4: Xac dinh dap tng xung h(n) caa bo |(_)C thuc té. Ta c6 thé thuc hién
béng 2 cach:

.....

hé s6 va dung IDFT dé tinh h(n)

Tir P(w) (theo loi giai t6i wu), ta sé& tinh truc tiép h(n) ma khong can qua budc trung
gian 1a a(n), boi vi ta da co:

H, () = Q(@)P(w) tai cac tin s6 w ===,k =0,1,..., (M —1)/2 cho M l¢ hay
k=0,1,...,M/2 cho M chan.
Sau d6 h(n) co ghé dugc xac dinh bang cach cong thuc trong bang 6.3, tiy theo loai
mach loc duoc thiét ke.
Vi du 6.6:
Mot bo loc thong thap co chiéu dai M = 61 véi tan s6 canh dai thong fp = 0.1 va
tan so canh dai chan fs = 0.11va 61 =62 = 0.0011.
Giai:
BO loc thong thap ¢6 2 dai, goi 1a bo loc 2 dai, gom: dai thong co tan so f chuan
hoa tir 0 dén 0.1 (tan so goc o tuwong Gng tpr 0 dén 27/10), dai chan t& 0.11 den O‘.l
(twong g V41 o tir 37/10 dén w). Cac bién tan cua dai thong 1a (0, 0.1) va cac bién tan
cua dai chan 1a (0.11, 1). BS loc thong thap c6 dép ung bién do trong dai thong 1a 1 va

trong dai chin 1a 0. Ham trong s6 dugc chon trong dai thong 13 1 va trong dai chin
clingla 1, vi 6= 0., chiéu dai cta bo loc 14 61.

Ta s dung ham remez trong Signal Processing Toolbox cia MATLAB. Ham
nay co6 chirc ning thiét ké bd loc FIR d6 gon bang nhau dwa trén thuat toan chuyén
d6i Remez. N6 c6 nhiéu ct phap vai s6 d6i s6 vao va ra khac nhau. O day, ta sir dung
ct phap sau day dé thiét ké bo loc FIR dap g xung d6i xing:

[hn,Err] = remez(N,F,A,W)
Céac dbi sb vao: N =M- 1, v6i M 1a chiéu dai cua bd loc.

F = Vector cac bién tan dugc tinh theo tan sé chuan hoa, duoc xép theo thu tu
tang dan tur 0 dén 1,1 tuwong Gng véi tan s6 Nyquist hay phan nura tan so lay mau. Vay
SO phan tr cua F 1a chan,

A = Vector gia tri dap ing bién d6 tai cac bién tan.
Vay no cé cung kich thudce véi F.

W = Vector cac gia trj cua ham trong s, tng véi mdi dai tn c6 mot gia tri trong
s0. Vay so phan tir cia W bang phan ntra s6 phan tu cua F hoac A.
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Céc d6i s6 ra: hn = Pap tng xung h(n) d6i xtmg c6 chiéu dai M.
Err = Gia tri cuc dai cia ham sai sb c6 trong sb.
Trong vi du ndy, cac dbi s6 vao 1a: N =60, F=[0231], A=[1100], W=[11]

* Luu y: Nhu ta blét tan s6 dao dong cao nhat cua tin hiéu roi rac £= 0.1 (twrong
rng v4i phéan nua tan sb lay mau) Tuy nhién, chuong trinh remez trong MATLAB qui
wdc tan sé dao dong cao nhét 1a 1. Vi vay dai tan phai dugc kéo din ra 2 1an, nghia 1a
thay vi nhap vector F = [0. 1. 11. 1] ta phai nhap F =[0.2. 3.1].

Két qua 1a: hn = d4p tng xung h(n)), duoc trinh bay trong bang 6.1.
err =0.0011 =-16.3919dB

Pic tuyén dap g bién do dwoc vé trong hinh 6.12. Ta thay két qua da thoa man
mét cach chinh xac cac chi tiéu di dé ra. Ta thir ting chiéu dai cua bd loc 1én M = 101,
khi d6 sai s6 giam xudng dén: err = 0.00001 = -81.6402 dB dic tuyén dap tung bién do
ung voi M= 101.

h(0)=h(60)=-0.0012
h(1)=h(59)=-0.0007
h(2)=h(58)=-0.0001

h(16)=h(44)=-0.0147
h(17)=h(43)=-0.0120
h(18)=h(42)=0.00003

h(3)=h(57)=0.0014
h(4)=h(56)=0.0023
h(5)=h(55)=0.0020
h(6)=h(54)=0.0001
h(7)=h(53)=-0.0026
h(8)=h(52)=-0.0045
h(9)=h(51)=-0.0038
h(10)=h(50)=0.0001
h(11)=h(49)=0.0052
h(12)=h(48)=0.0085
h(13)=h(47)=0.0070
h(14)=h(46)=0.0001
h(15)=h(45)=-0.0090
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h(19)=h(41)=0.0157
h(20)=h(40)=0.0257
h(21)=h(39)=0.0211
h(22)=h(38)=0.0001
h(23)=h(37)=-0.0289
h(24)=h(36)=-0.0491
h(25)=h(35)=-0.0227
h(26)=h(34)=-0.0001
h(27)=h(33)=-0.0001
h(28)=h(32)=0.1578
h(29)=h(31)=0.2247
h(30)=h(30)=0.2501
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Hinh 6.12 Pap tng bién d6 cua bo loc FIR c¢6 dd gon bang nhau véi chiéu dai M=61.
6.4 So sanh cac phwong phap thiét ké bd loc FIR.

Vé mit lich str, phuong phap thiét ké bo loc s6 FIR pha tuyen tinh su dung cua So la
phuong phap dugc dé xuat dau tién. Phuong phap lay mau trong mién tan s va
phuong phap xap xi Chebyshev dugc phat trién vao nhitng nim 1970 va trd nén réat
phd bién trong thyc té.

Diém bat lgi chinh ciia phuong phap cira s6 14 thiéu su 4n dinh chinh x4c cac tan s6
gidi han, chuan h(n) nhu @wpva ws. No6i chung, gia tri cia wp va s phu thuoc vao loai
ctra SO va chiéu dai cia bo loc M.

Phuong phap 1ay mau tan sé cung cap mot su cai tién trén phuong phap cira so khi
Hi(o) duoc xac dinh & cac tan s6 wk = 2nk/M va dai qua do 1a 13 boi s6 cua 2n/M.
Phuong phap nay dic biét tién loi khi bo 16c FIR duoc thuc hién trong mién tan sb bai
bién doi Fourier roi rac (DFT). Mot dic diém quan trong 13 Hr(o)k ¢6 gia tri 1 hodc 0 ¢
cac dai tan, ngoai trir dai qué do.

Phuong phap xap xi Chebyshev cung cap su diéu khién toan bd nhitng chi tiéu ki
thuat cia bo loc s6. Vi vay phuong phap nay thuong duoc wa chudng hon hai phuong
phap trén. Chuan h(n) nhu véi mot bo loc thong thap, cac tham sé duoc cho 13 w@p, s,
01, 02, chung ta c6 thé xac dinh cac tham sb M, & va tbi uu hod cac bd loc tuong tng
V6i 82, Vi viéc trai déu sai s6 trén dai thong va dai chin caa bo loc, két qua 1a ta thu
dugc mot bo loc t6i wu, d6 14 mic cuc dai cia mii bén dugc cyc tiéu hoa. Phuong
phap thiét ké

Chebyshev trén co so thuat toan chuyén d6i Remez, yéu cau chung ta xac dinh céac
tan s6

Sp, 8s va ti $6 81/52. Nhung thuan lgi hon néu ching ta xac dinh duoc wp, s, 81, S2.
Va chiéu dai M cua bo loc. Mic du khong c6 cong thirc chinh xac dé tinh chiéu dai cua
bo loc, nhung ta c6 thé xac dinh M mét cach gan dang tir op, s, 81, 82 theo cong thuc
kha don gian cua Rabiner (1971):

_ZOlOglo(\/ 8 62 - 13
14.6Af
Trong do6: Af la 6 rong cua dai qua do dugc dinh nghia nhu sau:
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(6.100)



Ws — Wp
21T
Mot cong thirc chinh x4c hon duoc dé xuat boi Herrman (1973) la:

D,(8,,8,) — f(8,,8,)(Af?
i D88 80

Af =

(6.101)

Trong do:

D, (8,,8,) = [0.005309(log;,6,)* + 0.07114(log;,5;) — 0.4761](log;,5,)
— [0.00266(log;45,)? + 0.5941l0og,,8, + 0.42781  (6.102)

f(84,6,) = 11.012 + 0.51244(log,(,6,; — log,,5,) (6.103)
Céc cong thirc nay that sy hitu dung dé dat dugc mét sy uée luong tot chiéu dai M

cua bo loc dé thu duoc cac tham sd Af, 81, 82 ma ta mong mudn.
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BAI TAP CHUONG 6
Bai 6.1
Hay xéc dinh biéu thuc cuia cira s Hanning va Hamming voi N = 5, sau d6 v& do thi
cua ctra s6 trong mién n
Bai 6.2
Hay t6ng hop bo loc sé thong thip FIR pha tuyén tinh, véi N= 9, w, = % bang phuong
phap cira s6 chit nhat. Sau d6 v& so dd bo loc
Bai 6.3
Hay tong hop b loc sé thong cao FIR pha tuyén tinh, véi N =9, w, = g bang phuong
phap cira $6 tam gidc. Sau d6 vé& so do bo loc
Bai 6.4
Hay tong hop bd loc sé thong dai FIR pha tuyén tinh, voi N = 7, w4 =§ L Wy =§
bang phuong phap cira s6 hanning. Sau d6 v& so dd bo loc
Bai 6.5
Hay tong hop bo loc sé chan dai FIR pha tuyén tinh, véi N = 7, w,, =§ ) Wy =§
bang phuong phap cira s6 hamming. Sau d6 vé& so do bo loc
Bai 6.6
Hay tong hop bo loc s6 thong cao FIR pha tuyén tinh, v6i N = 9, w, = g bang phuong
phap 1dy mau tan s6
Bai 6.7
Hay tong hop bo loc sé thong dai FIR pha tuyén tinh, véi N = 10, w.q = % y Wey = —
bang phuong phap l1dy mau tan s6
Bai 6.8
Hiy tong hop b loc sé chén dai FIR pha tuyén tinh, véi N = 7, w,, =§ L Wy =§
bang phuong phap l1dy mau tan s6
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CHUONG 7: THIET KE BQ LOC SO IIR
7.1 Thiét ké bd loc 1R tir bd loc twong tur.

Trong phan nay, chung ta s& nghién ctru cac phuong phap chuyén doi ham truyén
dat cuia mot hé théng twong t Ha(s) sang ham truyén dat caa hé thong sé H(z). Nhu
viy, trudc do ching ta da thiét ké duoc bo loc trong tw, nhu da néi ¢ trén viée 1am nay
d3 dugc phat trién tir 1au va da dat duoc cac két qua tdt, chung ta sé& tong két so luoc
trong phan sau.

7.1.1 Nguyén tic

Ham truyén dat cua bo loc twong tu (trong mién bién phic s) c6 dang:
S k
z .S

B(s) _ &7 (7.1)
M

AL S a8

k=0

Ha(s) =

trong d6 {ox} {Pk} 1a cac hé sé cua bo loc.

Ham truyén dat cling c6 thé duoc biéu dién dudi dang bién d6i Laplace cua dap ¢ng
xung:

H,(s) = Th(t)e‘“dt (7.2)

Mot bd loc twong ty ¢6 ham truyén dat duge mo ta nhur (7.2) cling c6 thé dugc bicu
dien bang phuong trinh vi phan tuyén tinh h¢ s6 hang:

: _dky(t)_ 4 d*x(t)
2. = dt _kzz(;ﬂk dt* (7.3)

k=0

Vi x(t), y(t) lan luot 14 tin hiéu vao va tin hiéu ra cua bo loc.

MJdi cach biéu hién trong ba cach biéu dién tuong duong cua b loc twong tw nhu
trén s& dua dén mot phwong phap chuyén doi sang mién so.

Ta nhé lai rang mot hé thong tuong tu tuyén tinh bat bién theo thoi gian véi ham
truyen dat H(s) goi 1a 6n dinh néu tat ca cac cuc cua H(s) déu nam ¢ nua trai cua mat
phing s. Vi vay, mot phuong phap chuyén ddi tir mién twong tu sang mién sb phai
thoa cac nguyén tac sau:

Truc 40 in trong mat phang s s& anh xa thanh vong tron don vi trong mat phang z.
Nguyén tac nay bao dam c6 moi lién hé truc tiép gitra hai bién tan so trong hai mién.

Phan ntra trai caa mat phang s sé anh xa thanh phan ¢ phia bén trong vong tron don
vi trong mat phang z. Nguyén tac nay bao dam mot bd loc twong tu 6n dinh s€ duoc
chuyén thanh mét bo loc so6 on dinh.
7.1.2 Thiét ké bo loc IR bang phuong phap tuwong duong vi phan

Mot trong nhimg phuong phap don gian nhét dé chuyén d6i mot bo loc tuong tu
sang bo loc so6 1a xap xi phuwong trinh vi phan bang mét phuong trinh sai phan. Phuong
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phap nay gidng nhu cach giai phuong trinh vi phan tuyén tinh hé s6 hang bang phuong
phap s6 trén may tinh.

Dao ham dy(t)/dt tai t = nTs, véi Ts 1a chu ky l1ay mau, dugc thay bang sai phan i
[y(nTs)-y(nTs-Ts)]/ Ts. Ttre la:

dy(®)
dt

_y("T)—y(nT.-T.) _ y(m)-y(n-1)
t=nT, T T (74)

S S

Véi y(n) = y(nTs)
Hé thong vi phén tuong tu voi dap Gng dy(t)/dt c6 ham truyén dat 13 H(s)=s, trong
duong trong mién s 1a mot hé thdng sb véi dap ang [y(n)-y(n- 1))/T s& c6 ham truyen

datla: Hz)=(1 -z )Ts. Két qua, ta thu dugc su tuong duong trong mién tan s cua
quan hé (7.4) la:

S — 1— Zil (75)

Pao ham bac hai d°y(t)/dt® dugc thay bing sai phan bac hai:

y() dy(t)

—— 3 H(S)=s |——» dt

(a)

y(n) H(Z) — -z y(n)_ y(n_l)

— T - T

§ S

(b)
d’y() _d [dy(t)} _[y(T) —y(0 T, —TH /T, [y(nT, —T,) — y(nT, —2T) /T,
dt? dt| dt T,

S

_y(Mm-2y(h—-DH+y(h—-2)
T.? (7.6)

Trong mién tan sb, phuong trinh (7.3) twong duwong véi:

S2_1—22’1+22_ 1-z1Y) 29
- TZS - TS ()

Tir day c6 thé rat ra moi quan hé twong trong mién tan sé khi thay thé dao ham bac
k bang sai phan bac k nhu sau:

g« —[1z2” k 7.8
= T, (7.8)
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Két qua 1a ham truyén dat cta bo loc s6 IIR c6 dugc tir phép xap xi dao ham bang
sai phan, do la:

H =H.(6) s=(1-27)/T, (7.9)

trong d6 H,(S) 1a ham truyén dat cua bo loc twrong tu dwgc dic trung boi phuwong
trinh vi phén (7.3). Ta hdy xem y nghia ctia phép anh xa tor mt phiang s sang mit
phang z theo phuong trinh (7.5), ta viét lai:

1-z7 1
— =
S = - hay 1-sT, (7.10)
z
Néu thay s = jQ vao phuong trinh (7.8) ta c6:
1 1 Ny QT,
1-jOT, 1+07T2% 111072, (7.11)

Khi thay d6i tir - oo — +oo thi quy tich tuong (ng cua cac diém trong mat phang z 1a
MOt vong tron c6 ban kinh Y2 va tam dat tai di€ém z = '%.

Dé dang chang to rang phép anh xa G bién cac diém trong nira trai trén mit phang s
thanh cac diém tuong trng bén trong vong tron c¢6 ban kinh 2 va tam (1/2,0) trong méat

phing z va cac diém & nira phai cia mat phang s s& chuyén thanh cac diém tuong
ung ¢ bén ngoai vong tron nay, trong mat phang z.

Vong tron don vi iQ

Mit phing z 1 Mit phang s

Hinh 7.1 Phép anh xa s = (1-z"")/Ts bién nira tréi ctia mt phang s thanh mién trong
ban kinh %2, tam z = %2 trén mat phang z.

Diéu nay c6 nghia 1a mot bo loc tuwong tu 6n dinh s& duoc chuyén doi thanh mot bo
loc 6 6n dinh. Tuy nhién, vi tri 6 thé c6 cua cac cuc cua bd loc sb bi gidi han trong
cac dai tan s6 kha nho. Vi vay, phép 4nh xa cling bi gidi han trong pham vi thiét ké cac
bd loc ha thong va cac b loc dai thong co tan s6 cong hudng tuong d6i nho. Vi vay,
phép anh xa nay chi co thé dung dé thiét ké cac bo loc thong thip va thong dai co tan
s6 cong huong kha nho. No khong c6 kha nang chuyén ddi tir bo loc thong cao twong
tu thanh bo loc thong cao sb.
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Viduy 7.1:

Thay thé dao ham bing sai phan ngugc dé chuyén Eiéi mot bo loc thong thap
tuong tu ¢6 ham truyén dat thanh Ha(s) =1 /(s + 1) b loc so.

Giai: 1_,1
Ap dung biéu thtrc 4nh xa tir mién s sang miénz: S = =
S
1 2t /(1+T,
Ta co: H. = (L+T,)

[(1 2‘1/T)J+1 7 [1/(1+T)]

B6 loc s6 c6 mot cyc tai z = 1/(1 +T5). De dat duoc tan sd cong huong thap, ta phai

chon Ts du nho dé cho vi tri cua cyc ndm gan vong tron don vi. Chang han, ta c6 thé
chon Ts= 0.1, ta duoc:

0.09, 0.09
H (Z) = 1
Z —0.909 l 0.909z

Do cyc cua H(z) nam ¢ tai diém z = 0.909 nén dap (ng tan s6 c6 mot dinh tai (Hinh
7.2).

TlH(Djl H(w)l
! 0.1
0.8
0.08
0.6}
0.4} 0.06 . 1
0.2 0.04}t- '
0 2 oozh : i - ] @
0 10 20 30 40  —g T
(a) ()

Hinh 7.2. Cac dap ung tan s6 cua bo loc twong tu (a) va bo loc s6 (b) trong vi du 7.1
Vidu7.2:
Chuyén bo loc thong dai tuong tu ¢6 ham truyén dat la:
H,(s) =1/|(s+0.1)? +9|
thanh b loc s6 1IR bang cach thay thé dao ham bang sai phan nguoc.
Giai:
Thay S =

-1

vao H,(s)ta dugc:

((1_ Z—l)/-l-s +O.1)2 +9 - 1_ 2(1+ OlTS) . Z,l n 1 S Z,z
1+0.2T, +9.01T % 1+0.2T, +9.01T,

2 2
H(2) = 1 T,”/(1+0.2T +9.01T %)

P, =0.91+ jO.27 = 0.949¢e* 1167

151



Ta thiy ham truyén dat théa man diéu kién dé da tharc mau s6 c6 nghiém phuc.

Vi vy, n6 c6 dang cia mot bo cong hudng néu Ts dugc chon du nho (vi du Ts< 0.1),
dé cac cuc nam gan vong tron don vi. Chang han, néu Ts = 0.1 thi cac cuc s& dat tai
cac diém:

7.1.3 Thiét ké bo loc IR bang phuong phap bat bién xung.

Phuong phép nay xuét phat tir cach biéu dién mot hé thong bang xung. Theo do,
mét b s6 1IR c¢6 dap (ng xung hap thu duoc bang cach 1dy mau dap (ng xung ha(t)
cua bo loc twong tu. Ta co :

h(n) =h(nT,),n=012,... (7.12)
trong d6 T 1a chu ky lay mau.

Chung ta da biét rang khi mot tin hiéu lién tuc trong mién thoi gian (tin hiéu twong
tur Xa(t) co pho Xa(F) dugc Iay mau Vi toc do = 1/T(samples/second) thi pho cua tin
hiéu 1y mau 1a sy 1ap lai tuan hoan cta Xa(F) V6i chu ky Fs. Cu thé thi quan hé d6 1a:

- (7.13)
X(F)=F D X, [(f —K)F]

k=—c0

trong d6 f = F/Fs1a tan s6 chuan hoa.

Hién twong chong phd xuét hién néu téc do 1ay mau Fs nho hon hai 1an thanh phan
tan so 1on nhat c6 trong Xa(F). Thé hién dudi goc do lay mau dap ing xung caa mot bo
loc twong tu co dap ung tan so Xa(F) thi b loc s6 vai dap ung xung G s€ coé dap tng
tan s6 la:

H(w)=F, ZH [(w—2kn)F.] (7.14)
Hay H(f)ZFs_ZXa[(f—k)Fs] (7.15)
Tuong duong véi: H(QTS)— ZH (Q—Zk—”) (7.16)

sk—oo

C6 thé thay 16 14 bd loc sb Vi dap (ing tan s6 s& c¢6 cac dic tinh dap tng tan sé cua
bo loc twong tu twong wng néu chu ky ldy mau dugc chon di nho dé tranh hoan toan
hoic cyc tiéu hoa hién tuong Chf)ng phd. Ta ciing thay rang phuwong phap bat bién
xung 14 khong thich hop dé thlet ké cac bo loc thong cao, bai vi hién twong chong phd
s& xuat hién tir qua trinh 1ay mau.

DPé xem xét sy anh xa gira mat phang s va mat phang z dugc ham chua trong qua
trinh lay mau, ta dua vao sy tong quat hoa phuong trinh (6.76) bang cach lién két bién
doi z cua h(n) vai bién doi Laplace ctaa h(n). Su lién két dugc thuc hién nhu sau:

H(Z) Z H,(s —JZKE (7.17)

sk—oo

Trong d6 : H(2) = Z:(; h(n)z™ (7.18)
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Va H(z) T = ZOO: h(n)e ™" (7.19)
Xx=t n=0

Khi s = jQ, phuong trinh (6.81) dugc rit gon thanh phuong trinh(6.76) (thira 6 j
trong G duogc bo di trong ky hiéu).
Tinh chit tong quat ctia phép anh xa:
z=¢e"" (7.20)

c6 thé c6 duoc bang cach thay s = o + jQ va biéu dién bién phirc z dudi dang cuc

Z =rel” =g g1

*. RO rang, taco:
r=e°> Vi w=QT, (7.21)

Két qua 1a khi o thi 0 <r <1, va khi 6 >0 thi r > 1, khi o thi r = 1. Vi vay, nua trai
cua mat phang s dugc anh xa vao trong vong tron don vi cua mat phang z, va nua phai
Cﬁa} mat phang s sé duoc énh xa thanh cac diém ném, ngoai vong tron don vi qﬁa mat
phang z. Pay 1a mot trong so cac dac tinh mong muon cua mot phép anh xa tot. Truc
do cling dugc anh xa thanh vong tron don vi nhu da chi ra ¢ trén. Tuy nhién, day
khong phai 1a phép anh xa mét mot. Vi m, nén phép anh xa ham y rang -
rlTs<Q<z/T, 4nh xa vao céac gia tri tuwong tng trong khoang -mw < m. Hon nira,
khoang tan sé /T, <Q<37/T, trong khoang —ne <  va didu nay néi chung van xay ra
ddi voi khoang (2k -1z /T, <Q<L(2k+ )7 /T véi k 1a mot sé nguyén. Vi vy phép anh
Xa tir bién tan s twong ty Q sang bién tan sé o trong mién sé 1a phép anh xa nhiéu vao
mot, dicu nay the hién anh hudng cua hién tuwgng chong pho do qua tinh lay mau.

Hinh 7.3 minh hoa phép anh xa tir mat phang s sang mat phang z.

jQ :
Mait phang s

o 5 T=

Mit phang z __ .

) WVong tron don vi

Hinh 7.3. Phép 4nh xa z = €*"° . S& 4nh xa diy c6 do rong 2[]/Ts (c < 0) trong
mat phang s thanh cac diém trong vong tron don vi cua mat phang z.
Dé tim hiéu sdu hon nita tac dung ctia phuong phéap bat bién xung 1én cac dic tinh
cua bo loc so IIR, ta hay biéu dién ham hé thong cua bo loc twong tu dudi dang tong
cac phan thirc. Vi gia thiét 1a cac cuc cua bd loc twong tu 1a khac nhau, ta c6 thé viét:

n Ck
Ha(S)ZkZﬂ:S_Pk (722)
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Trong d6 cac cuc cua bo loc twong tu va cac hé sé trong khai trién phéan thic. Két
qua la:

N
h,(t) =Y Ce™* 120 (7.23)
k=1

Néu ta 1dy mau ham mot cach tudn hoan tai cac thoi diém ta s& duoc:

N
h(n)=h,(nT.) =) C,e*""

Va ham hé thdng caa bo loc s6 1R s& co dang:

H(z) = i h(n)z™ = i(ickew}-ﬂ = icki(em 271)n (7.25)

n=0 \ k=1
Vip <0, nén ) (e"t.z7) :% (7.26)
-y 1-esz
‘ H(2) = i—ck 7.27
Va =] 1_ePkTs.Z*1 ( . )

Ta thay bo loc sb ¢6 cac cuc tai: Z, —HTs k=1,2,..,N.

Vé6i ham hé thdng nhu phuong trinh(7.27) bd loc sé 1IR dé dang dugc thuc hién
bang mot dai ghép song song ctia cac bd loc don cuc. Néu mot sé cuc 1a cac gid tri
phirc, chiing c6 thé duoc ghép thanh tirng cip véi nhau dé tao thanh cac bd loc thanh
phan co hai cuc. Ngoai ra, hai thira s6 chta cac cuc c6 gia tri thuc ciing ¢6 thé duogc
két hop lai dé tao thanh cac bd loc thanh phan c¢6 hai cuc. Nén bd loc s6 IIR c¢6 thé
duogc thyc hién bang mot dai song song cua cac bd loc thanh phan c6 hai cuyc.

C,
Mic du sy khai trién dé dua dén biéu thac H(z) = Z—Z_l bo loc twong

tu c¢6 cac cuc khac nhau, nhung biéu thirc trén cting cé thé tong quat hoa ddi voi
truong hop cac cuc kép.

Vidu 7.3.

Chuyén mot bo loc twong tur ¢6 ham truyén dat thanh bo loc s6 IR bang phuong
phap bat bien xung.

Giai:

Ta thiy bo loc turong tu c6 mot zero tai s = -0.1 va mot cap cuc lién hop phl’rc‘ tai
Px=-0.1 + B. Ta khong phai xac dinh dap Gng xung ham dé thiet ke bo loc s6 bang
phuong phap bat bién xung, ma thay vao d6 ta s& xac dinh tryc tiép H(z) boi phuong
trinh (7.27) tu khai trién phan thic. Ta co6:

1/2 1/2 1/2 1/2
H(s)= i3 " =H(Z )_ — g0 gI%%s 771 1 g0l g7 13T 771

(7.28)
s+0.1-j3 s+0.1+j3

Do hai cuc 14 lién hop phirc, nén ta c6 thé két hop ching lai v6i nhau dé tao thanh
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mét bo loc c6 hai cuc don gian c6 ham truyén dat 1a:

Pap uing bién do cua b loc nay dugc veé trong hinh 7.4.a vai hai truong hop Ts =0.1
va Ts =0.5

4 H o)(dB ) HELICDIAB)
10 T i 1 0 T 4 ' H
0 i ' ' 10 : : H H
-101.%. -10) ...
_20 -201. :
301 -301..
-40 -40
-50 2 -50
0

Hinh 7.4
(a) Pap tng bién d6 cua bo loc s6
(b) Pép tng bién do cua bo loc s6

Dé c6 su so sanh, ta v& thém dap tmg bién d6 cua bo loc tuong ty trong hinh 7.4.b.
Tir d0 thi nay, ta thay sy anh huong hién tuong chong phd (dap ang tan sb bi bién doi)
khi Ts thay d6i thi tin s6 cong hudng ciing thay d6i theo. Vi du trén ciing cho thay tam
quan trong trong n mot gia tri Tsda nho dé giam tir udn cua hién tuong chong phd. Do
anh huong cua hién twong chong phd nén phuong phap bat bién chi thich hop trong
viéc thiét ké cac (g thap va thong dai.

7.2. Pac tinh cuaa cac bo loc twong tw thong dung.

Nhu di gidi thiéu, van dé thiét ké bo loc tuwong tu di phat trién tir 1au, vi vay co
nhiéu sach viét vé chi dé nay. V&i muc dich cung cap tai liéu tham khao cho viéc thiét
ké b loc s6 1R, trong phan nay ta sé& trinh bay tom tat cac dic tinh quan trong cta vai
loai bo loc thong dung va cac tham s twong tng. Mat khéc, ta ciing chi thao luan gidi
han & b loc thong thap, boi vi ¢6 cac phuong phap chuyén bo loc thong thap thanh loc
thong dai, thong cao hoac triét dai.

7.2.1. B loc Butterworth
Bo loc Butterworth 1a bo loc toan cuc dugc dac trung boi dap tng bién d§ binh
phuong:

2 1
= - 7.29
|H(Q)| 1+ (Q/QC)ZN ( )

Trong d6 N 1a bac cua bo loc va G 1a tan sb cat. Vi H(s).H(-s) duoc tinh tao bang
V41 nén ta co thé viét:

H(s).H(—s)=1+(_821/ o7 (7.30)

Khoang cach giita cac cuc cia H(s).H(-s) xuat hién trén vong tron don vi 1a bang
nhau. Ta thay rang :
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— 2 . r
Q—Sz = (-D)YN = l@NN }=0.1,...,N-1. Vi thé:
C

S =Q.eln? glEkn/2N =0 1,..,N-1 (7.31)

Cac cuc cua H(s)

oy

Ciac cuc cua H(-s)

o

Hinh 7.5. Céac vi tri cua cac cuc cua bo loc Butterworth N=4.

Hinh 7.5 minh hoa Vi tri ctia cac cuc cua bo loc Butterworth véi N=4. bic tuyén
ng tan sb cta bo loc nay véi vai gid tri khac nhau cia N (N = 1, N=2, N=4, N=1)
dugc V& trong hinh 7.5. Ta thay don diéu & dai thong va ca dai chan. Bac can thiét cua
bo loc dé dap tmg yéu cau vé do suy giam &, tai mot tan s cu thé Qs c6 thé xac dinh
maot cach dé dang ttr phuong trinh (7.29). Tai Q = Qs, ta co:

1 log,,fL/ 6% —1
o, = s > N =
1+(Q, 10, 2l0g,,(Q. /Q,) (7.32)

Nhu vay, bd loc Butterworth hoan toan duoc dic trung boi cac thong s6 N, 32 va.

1 P
 [HE

0.8

0.6

O.4p-

0.2

0

Ol 5[ EE0 s 25 = 300 35
Hinh 7.6. Pic tuyén dap ung cua bo loc Butterworth.
Vidu 7.4:

Xac dinh bac va céc cuc cua ‘b(f) loc thong thip Butterworth c6 tan sé cong huong
100 Hz va d¢ suy giam 40 dB tai tan so6 1000 Hz.

Giai:

Ta c6: Q= 1000w, Qs= 20007

Vai do suy giam 40 dB, ta ¢6 : 62= 0.01. Chon N=7, va cac cuc la :
S, =1000 7 i("/2+ @018 k=0,1,..6.
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7.2.2. BO loc Chebyshev

C6 hai loai bo loc Chebyshev. Loai 1 1a cac bd loc toan cuc c6 tinh chét gon
song don di¢u & d?li thong va tinh gon song déu ¢ dai chan. Cac zero cua bo loc
Chebyshev loai 2 nam trén truc ao trong mat phang s.

‘bac tuyén dap ung bién d6 binh phuwong ctia bd loc Chebyshev loai 1 duoc cho
boi biéu thice sau :

1
+ T2 (Q1Q) (7.33)

M@ —

Trong d6 & 1a thong sb cua bod loc, nd cd quan hé voi dd gon song trong dai thong
(da thirc Chebyshev bac N dugc dinh nghia nhu sau):

T.(%) :{cos(N cos ™ x),|x <1 (7.34)

cosh(N coshx),|x| >1

Pa thirc Chebyshev c6 thé duoc thanh 1ap bang phuong trinh dé quy nhu sau :
Ty () =2xT, () -Ty,(X), N=1,2,... (7.35)
Trong d6 To(x) =0 vai T1(x) = 1
* Cac tinh chat cua da thirc Chebyshev:
1. Ty (x) <1}, vai [x|<1
2. Tn(1) =1, véi moi N.
3. Tt ca cac nghiém cua da thirc déu nam trong khoang.

Hinh 7.7 minh hoa sy anh huong cua thong s6 1én d6 gon séng dai thong twong wng
Vi hai truong hop N chan va N 1€,

2 s 2
[H(Q) [H(Q)
1/(1+¢) WKy F T 1/(1+2) I
O8R-1Y------- = 0.8
o6tY- ... bessscnaannd 0.6
0.4p---F--c--- e ] 0.4
0.2b-- 4 .. b i 2
0 : Q * 0 £ *
0 20 40
Nlé
Hinh 7.7 Bac tuyén tan s6 ctia bo loc Chebyshev loai 1, € = 0.8
Khi N 1&, T,(0) = 0 = [H(0)" = 1, khi N Chén T,(0) = 1, = [H(0)[* = sé canh

1+¢€°
bang tan Q = Q, ta co :
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V1+€? T8y -1 '

Trong do, o, 1a gia tri cia do gon dai thong.

T,()=1=1-6,=

Bo loc Chebyshev loai 2 c6 ca zero 1an cuc. Dép ung bién do binh phuong 1a :
r 1 e
L+ 21" (Q 1 Q) 1T (Qs 1O (7.37)

Trong d6 1 da thirc Chebyshev bac N va G 14 tan s6 canh dai chin duoc minh hoa ¢
hinh sau :

H©@Q)*=

o
IH()I” lH(Q)I”

T 1
1f=—y-=n--=tesncomeees 1—1 ------ " -
08t---F----- 4' —————————— O0Bp--<p--=-- -‘I -----------

p | -CALHILE S UL A HAH R A
04}---}----- e 04f---f---emaneneeee
B e e S e |
L Eq?g[_h_ﬂ;— Q
0 20 40 0 20 40
Nle N chin

Hinh 7.8 Bic tuyén tan s6 cua bo loc hebyshev loai 1

Ta thay cac bo loc Chebyshev duoc dic trung bai cac thong sé Ne N va ti $6 Q, voi
mot tap dac tinh k¥ thuat € va Q ta co6 thé xac dinh dugc bac cua bo loc tir biéu thic:

|og10[ (=67 +41-5, (1+52))/55}

(7.38)
|ogm[(Q 10c +(Qg 1) )J

Néi chung, véi cting cac chi tiéu ky thuat, bo loc Chebyshev ¢6 it cuc hon (bac thip
hon) b6 loc Butterworth. N&u ta so sanh bd loc Butterworth véi bo loc Chebyshev ¢o
cung so Cuc, cung dai thong va dai chan thi bo loc Chebyshev c6 dai qua do hep hon.
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