Ch-5: Lay miu (Sampling)

Lecture-9

5.1. Ly thuyét 1ay méu
5.2. Bién doi Fourier roi rac (DFT)
5.3. Bién doi Fourier nhanh (FFT)



5.1. Ly thuyét 1ay méu

5.1.1. Lay mAu trong mién thoi gian
5.1.2. Lay mAu trong mién tan so



5.1.1. LAy miu trong mién thoi gian

[ Co6 vo so tin hiéu co6 thé khoi phuc tir cac mau biét trudc.
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0 Néu tin hiéu c6 biang tan gii han thi c6 thé khoi phuc lai duy nhat
tir cac mau biét trude néu duge 1lay mau tuan theo PL 1lay mau



5.1.1. LAy miu trong mién thoi gian

a) Lay mau bang chudi xung don vi - dinh 1y lay mau
b) Lay mau bang bd giit mau bac khong
¢) Khoé khin trong viéc khoi phuc tin hiéu thuc té



a) LAy mau bang chudi xung don vi - dinh 1y 1ay mau

0 Xét tin hiéu can lay mau f(t) voi bang tan hitu han 1a B Hz
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0 Tin hiéu f(t) duoc lay mau bang cach nhan voi chudi xung don vi
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a) LAy mau bang chudi xung don vi - dinh ly iy miu

0 Pho cia tin hiéu di dugc lay mau ¢ F(o)
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p(t) & P(w) = %r—n Z d(w—nw,); E=1/T, o ,=2nF,

—> f(t)(—)la(m)Zi[F(OJ)*P(@)]— Z F(o—no,)

F((D) o
LNSNLNSNI



a) LAy mau bang chudi xung don vi - dinh 1y 1ay mau

0 Khéi phuc tin hiéu - Pinh 1y 1ay mau: DL Nyquist, DL Shannon

Low-pass Filter
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=) o, =24nB =) F >2B; F =2B Nyquist rate

Tin hiéu c6 phd gidi han 1a B Hz c6 thé khoi phuc chinh
X4c tir cac mau ciia nd co duoc khi lay mau déu din véi
toc do F>2B mau/s. Noi cach khéc tan s6 1ay mau nho
nhat 1a F =2B Hz




b) Lay méu véi bd giit mau bac khong

d Lay mau vo1 b gitr mau bac khong

p(t)—n; 5(t-nT)) -
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b) Lay méu véi bd giit mau bac khong

0 B0 khoi phuc tin hiéu cho bo gitt mau bac khong
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Reconstruction Filter
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b) Lay méu véi bd giit mau bac khong

0 Khéi phuc gan dung cho bd giir mau bac 0
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d) Khé khin trong viéc khoi phuc tin hiéu thue té
O Gia st tin hi€u ¢6 bang tan hiru han

F(m) 4 Ideal Filt
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d) Khé khin trong viéc khoi phuc tin hiéu thue té

d Bang tan tin hiéu vo han — hién tuong alias

f{m]

Recoversd spectrum

Giai phap: Anti-aliasing Filter

Anti-aliasi _
f(t) — t1.a s Sampling > (1)
Filter




d) Khé khin trong viéc khoi phuc tin hiéu thue té

w0,
Lost tail gets 2
folded back | |
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5.1.2. Lay mau trong mién tan so

0 Xét tin hiéu f(t) c6 thoi gian hitu han va phd nhu hinh vé
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0 Lay mau F(w) trén thang tan s6 véi chu ky 1lay mau 13 o,
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5.1.2. Lay mau trong mién tan so

0 biéu kién khoi phuc lai tin hiéu goc khi 1ay mau pho cuia tin hiéu
T,2t = o,<2n/71

0 Lay mau pho tin hiéu da dugc 1ay mau

- } F(o)
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5.2. Bién doi Fourier roi rac DFT

O Muc dich: thi€ét 1ap mo1 quan hé gitra cac mau trong mi€n tho1 gian
vO1 cac mau trong mién tan so
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5.2. Bién ddi Fourier roi rac DFT
0 Bién do6i DFT thuan:
= Do f(t) chi ton tai tir 0 dén T, (twong tng v4i N, mau):

f(t)sz fkT,)3(t —KT,) = F(oo)=N°Z_1 f(kT, )e %

= Mit khac trong doan -0 /2 dén o /2 (twong ing véi N, mau):

F (o) = Ff;o)

= Dit Q=0,T.=21/N,; F =F(ro,): mau tht r cia F(w); f, =T f(kT,):
mau thu k cta f(t); ta co:

N,-1 _
= F(rw,)=T, F(ro,)=T, > f(kT,)e """
k=0

N()_l : 14 2
F=> fie ™| (Bién déi DFT thuan)
k=0




5.2. Bién doi Fourier roi rac DFT

0 Bién doi DFT nguoc: nhan DFT thuin véi e™" sau d6 lay tong:

No_1 . No_1 No_1 . .
Z Fre]mQ r_ Z Z fke—JrQOk eJmQOr
=0 =0 | k=0 1

N, -1 . N,-1 N,-1
= Z FreJmQ r_ Z fk Z eJ(m—k)QOr

=0 k=0 | =0 1
N, -1 N, -1
0 : 0 - O; k#m
= Y el = FreJmQOr:{N fio = Nofinik =
=0 =0 olk = Nolm,k =M
1 N,-1 ..
fi=— D Fe!™*%| (Bién di DFT ngugc)
No o




5.3. Bién d6i Fourier nhanh FFT

Dua ra bo1 Turkey and Cooley nam 1965, N, phai 1a lay thua cua 2

Giam khoi lwgng tinh toan: Ng — Nglog Ny

N —1 N —1
1 0 . 0 . AL
fk = N 2 Felr kR, = > fe Iredk N{lan No
0 r=0 k=0 Cong: N,-1

Tong cong cho cac hé so: NN, phép nhan va N,(N,-1) phép cong

d bat: Wy =g 127Ny _ g0,

O Cac biéu thitec DFT duoc viét lai:

No_l k 1 No_l k
r —Kr
Fe= D fiWR | |fk = > Rwy
k=0 0_r=0




5.3. Bién d6i Fourier nhanh FFT

3 Chia f, thanh 2 chudi: chin va Ié theo so tht tu:

fo, f4, f6,..., fNO—Z fl, f3, fs,..., fNO—l

v

sequence g, sequence h,

Biéu thirc DFT duoc viét lai:

N

Z fszZKr_I_ Z f2k+1W(2k+1)r
k=0

Taco: Wy, =W
2 0

No __

No_
\ kr rs kr
= Fr= ) Wi +Wy > foWi =G, +W H,
k=0 k=0



5.3. Bién doi Fourier nhanh FFT
Z fsz FWN Y W = [Fr =G + Wy H,
k=0 (0<r<Ny-1I)
A Do G, va H, 1a DFT N,/2 diém nén n6 c6 tinh tuan hoan:
G _I_M :Gr &Hr_'_% — Hr

'+

Mat khac: W”TO :WTOWI{I- — e_J'”W'\'I'0 — _WIQO

r+-0
= F. Ny Gr+&+W H, . :>|:r+ﬁ_(; WNH
N
Fr =Gp +Wy Hp; 0<r<—-—1 G
\ N
Fri =Gy Wy Hy; 0<r <=1 H

Q Ap dung tinh DFT N,=8 diém:



5.3. Bién doi Fourier nhanh FFT
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5.3. Bién doi Fourier nhanh FFT
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5.3. Bién d6i Fourier nhanh FFT
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5.3. Bién d6i Fourier nhanh FFT

Fr =Gy Wy Hy3 0<r<le

NO
ot =Gp =Wy Hp; 0<r<=5t—1

FrJrN0 /2

[ So phép toan nhan va cong dung dé tinh DFT dung giai thuat FFT:

= SH phép toan nhan: mlogz Ny
2

= SO phép toén cong: [N log, N




