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d Ly thuyét 1ay mau
3 Bién dbi Fourier r&i rac (DFT)
3 Bién dbi Fourier nhanh (FFT)
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Khai niém vé 14y mau

d Lay mau la bién ddi tin hiéu lién tuc thanh tin hiéu rdi rac.
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Biéu thirc toan hoc mé ta qua trinh lay mau

3 Vé mat toan hoc, tin hiéu lay

mau bang tich gitra tin hiéu f(t)
lién tuc va chudi xung dirac:
f(t)=1(t).0r (1) 0
= f(t) Y.5(t—nT) 5i(t)
LU L]
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la tan sb lay mau




Pho cua tin hiéu dwoc lay mau

Q Phan tich ;7 (t) thanh chudi Fourier (xem chwong 3):

5o (t) = %(u 33 cos(na)st)j

— f(t)= f(t).07 (1) == (f(t)+22 f(t) cos(na)st)j

— E(a)) = %(F(a)) + +ZO?[F(C()— Nog) + F(o+ an)j

v

n=1
, F(®) ‘E(a))
A
AN ANY/(INIAN
—2nB 2nB —2nB 2nB W

Phé cuda tin hiéu gbc Phé cuda tin hiéu dwoc lay mau




Pinh ly 1dy mau

Q Tin hiéu lién tuc f(t) co pho gidi han 1a B Hz co6 thé dwoc khoi
phuc chinh xac t&r cac mau rdirac f (t) néu tan sb lay mau
thda diéu kién: Fe > 2B

> Tan so Nyquist (tan so lay mau toi thiéu): Fo = 2B

X~ x s 1
> Khoang cach Nyquist (khoang cach lay mau téida): T = —
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‘F(a)) ‘E(Cf))
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Phé cuda tin hiéu gbc Phé cuda tin hiéu dwoc lay mau




& Vi du

0 L&y mau tin hiéu f (t) = sinc®(5at) (B=5Hz)
Khao sat 3 tan s6 lay mau khac nhau: Fg=5Hz, 10Hz, va 20Hz
} (1) ) F()

. 2 Al Q
sinc” (5t 0.2A| ——
( ) (207[) + 0.2
t /\ 1,
-0.2 0.2 —10r 10x
Tan s6 lay mau | Khoang cach lay mau | o
FS T T F (C()) Gh| Chu
5 Hz 0.2 A(38=) | Undersampling
10 Hz 0.1 2A(52) | Nyquist Rate
20 Hz 0.05 AA(58=) | Oversampling




Vi du (tt)
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Khéi phuc tin hiéu

Q Ham truyén bo loc ly twdng khéi phuc tin hiéu:

A

AN

),
H(w) = Trect(ﬁj

A F(w) } F(w)

—27nB

v

2nB —2rB  2nB c:)S

Phé cuda tin hiéu gbc Phé cuda tin hiéu dwoc lay mau

A Phé cla tin hiéu khéi phuc dung bd loc ly twéng:

Fr(®) = H(w).F(0) = F(0)
& fo(t)=h(t)* f(t)= f(t)
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Khéi phuc tin hiéu (tt)

H(o)

T

~2nB 2rB () —t=
Pho tan sb6 cla bo loc
khéi phuc tin hiéu ly twédng

Tin hiéu lay mau

(1)

Tin hiéu khoi phuc chinh Ia

ndi suy gitba cac mau

L Lh(t)
-1 1
28 N
\\./Av o 7~

Bap rng xung cua bd loc
khoi phuc tin hiéu

Tin higu khai phuc
fr(t) =h(t)* (1) = (1)
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Khé khan trong khéi phuc tin hiéu

A_

F(w) H(w)
/

[ e |

—2nB

2nB clos |

Phé cuda tin hiéu 1dy mau bang tan sé Nyquist

0 Néu tan so lay mau ding bang tan s6 Nyquist (F=2B)

— Khong c6 khoang trong trong phd cua tin hiéu lay mau

— Mubn khéi phuc lai tin hiéu gbc khéng bi méo dang thi bd loc
khéi phuc phai la bé loc thdng thap ly twdng = khéng kha thi
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Khé khan trong khéi phuc tin hiéu

,______‘E_(_a_)) H()
\AATAUL
g’ 2nB co

Phé cuda tin hiéu 1y mau cao hon tan sd Nyquist

Q Néu tan s6 lay mau cao hon tan s6 Nyquist (Fs>2B)

— ¢O khodng trong trong phd cla tin hiéu lay mau

— Bién dé cua bd loc khéi phuc tai tan s6 cat khédng can phai
giam dét ngot

0 Tuy nhién dé tin hiéu khoi phuc khéng bi méo, bién dd cia bd
loc khoi phuc phai bang 0 bén ngoai chu ky dau tién cla F(a))
khdng c6 bd loc thwe té nao théa man yéu cau nay

— Tin hiéu khéi phuc thwc té bi méo dang
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Hién twong chong pho (spectral aliasing)

— A
F(®)]  phé caa tin hizu khoi phuc
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Phé cua tin hiéu 1ay mau cé bang théng vé han

0 Da s6 tin hiéu thuc té cd thdi gian gidi han

— phd cla tin hiéu cé bang thédng vé han

= ludn cd hién twong chong phd véi moi tan so lay mau
— phd cla tin hiéu khoi phuc bi méo dang

0 Gidi phap: s& dung bd loc chong chong pho (antialiasing filter)
dé gi¢i han bang thdng cla tin hiéu trwde khi lay mau
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(', Bai tap

Q Tin hiéu f(t) = sinc(200xt) dwoc lay mau béi chudi xung don vi

tuan hoan v&i cac tan so lay mau lan luvot nhw sau:
(a) 150Hz, (b) 200Hz, (c) 300Hz.

V& phd cua tin hiéu da lay mau twong rng v&i cac trudng hop
trén. Co thé khédi phuc lai tin hiéu gbc f(t) ttr tin hiéu 1ay mau
dwoc khdng, gidi thich? Cho tin hiéu da dwoc l1ay mau qua bd
loc théng thap ly twdng cé bang théng 100Hz, vé& phd cua tin
hiéu ngo ra bo loc
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& Bai tap

0 Cho hé thong lay mau ly twdng voi chu ky lay mau 1a T..

(a) Theo dinh ly lay mau thi chu ky 1y mau I&n nhat (T, ) la

bao nhiéu, vé Y(w) twong rng.

(b) Néu T.=2n/w,, hdy xac dinh va vé Y(o)
(c) Xéac dinh so dd khoi khéi phuc lai f(t) tr y(t) cho ¢ hai

trwdng hop & cau (a) va (b)

f(t) ? yg)

{F ()

pt) = 3 5(t — KTs)

k=—c0
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Lay mau thyc té

Nt)

o

Py (t) = o7 (1)

TEVINETN!

: .T(t)

M "

il

0 Thuec té, chudi xung dirac dwoc thwe hién bang chudi xung co
bién do hiru han va do rong xung khac 0.

0 Néu tan s6 lay mau I&n hon tan s6 Nyquist thi van co thé khoi
phuc dwoc tin hiéu ban dau tlr cac mau roi rac (Lathi, 1998)
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Vi du lay mau thyc te

a Cho tin higu f (t) = sinc®(5at)
Lay méu f (t) bang chudi xung cong p(t) nhw hinh v&. Hay xac

dinh va vé phd cla tin hiéu r&i rac sau khi lay mau.

0.025_

y Pr (1)

nnngngnq-

Q Giai

01 0 0.2 0.4

Q Chu ky lay mau (chu ky cta py(t)) 1a 0.1 giay, tan s6 lay mau la:
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Vi du lay mau thyc te
Q Phan tich p(t) thanh chudi Fourier:
pr (1) =C, + D> C, cos(hwst + 6,)

n=1
0.05 0.0125
:i j (t)dt:i jdtzi
0.1 01 go10s 4
2 0.0
B =0 j p; (t) cos(nact)dt
—-0.05
0.0125 0.0125
_ 2 | cos(20nzt)t = 4 sn(20n7t) —isin(n—ﬂj
1_O 0125 01 20nz |, Nz 4
2 0.05 2 0.0125
b = | pr(t)sin(negt)dt =—  [sin(20nat)t =0

n
O 1 —0.05 "= -0.0125
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Vi du lay mau thyc te

1 2 . (nrx
w7y Cn:an:as‘”(ﬂ
Nz
t ——+ —3in cos(20nxt
= pr()= 3+ 32 sn| " cos(20n)
Q Suy ra tin hiéu sau lay mau la:
ft)=ft)p () == f(t)+zism( jf(t)COS(ZOﬂﬂ't)
n=1 N7T 4
0 Pho cda tin hiéu sau lay mau la:
F(o) =1F(w)+iism( j[F(a)+ 20n7) + F (e - 20n7)]
4 n=1 N7T 4

véi f(t) =sinc®(5at)«—— F (@) = éA(%j
7T
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Vi du (tt)
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Bai tap
Tin hiéu f(1)=sinc(2007mt) duoc lay mau béi tin hiéu Xxung tuan

hoan p(t) nhu hinh vé. Hay tim va vé& pho cua tin hiéu da duoc lay
mau? Cho tin hiéu da dugc 1ay mau di qua bo loc thong thap 1y tuong

c6 bang thong bang 100Hz, hay x4c dinh tin hiéu ngd ra cua bo loc?

SM000gnnn-
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’ng dung cta lay mau: Ghép kénh phan chia th&i gian
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Q Ghép kénh phan chia thoi gian (Time Division Multiplexing —
TDM) cho phép truyén nhiéu tin hién trén ciung 1 kénh




ng dung cta lay mau: Dieu ché ma xung

0 Dieu ché mé xung (Pulse Code Modulation-PCM) la phwong
phap chuyén déi A/D, bién dbi tin hiéu twong tu thanh tin hiéu
sO méa hoa bang 1 chudi xung.

vV 4 Digit | Binary equivalent | Pulse code waveform
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Wu diém cua tin hiéu so

0 Wu diém trong truyén dan: khdi phuc chinh xac tin hiéu
(chdng méo dang, nhiéu,...), cac bo phat 13p lai (Repeater)
khong cdng don nhiéu, co kha nang sira 16i & dau thu.

(a)
—Aﬂ .
(b)
: ©
f —
(d)
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& Vu diém cua tin hiéu sé

0 Wu diém trong x& ly:
> X ly sO c6 tinh mém déo, dé dang thwc hién bang cach
lap trinh cac thuat toan cho vi x& ly, DSP (Digital signal
Processor)
> D& dang ghép kénh s6 (TDM)
> Lwu trir dé dang, gia thanh thap, tim kiém va chinh sra dé
dang
0 Hiéu qua kinh té: gia thanh phan cirng x& ly s6 cang giam
trong khi kha nang tinh toan va hiéu qua tang
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BIEN DOl FOURIER ROl RAC
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Doc thém: Bien d6i Fourier r&i rac

0 Bién dbi Fourier roi rac (Discrete Fourier Transform — DFT)
0 Bién dbi Fourier nhanh (Fast Fourier Transform — FFT)

= Mén hoc “Xir ly so tin higu” sé dé cap chi tiét cac van
de ly thuyet va (rng dung DFT & FFT.
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Bién déi Fourier r&i rac (DFT)

‘f(r)=L . F(w>e~fﬂ’*‘dn_»| ‘F(w>= [~ f(r)e'jﬂ”dr\
2T =0 —oo

e
T 1 i

fk =T1f (kT) No r=0 k=




Bién déi Fourier nhanh (FFT)

Pua ra boi1 Turkey and Cooley nam 1965, N, phai la luy thua cua 2

Giam khéi lugng tinh todn: \Ng — N log ND\

N, -1

Tong cong cho céc hé so: N N, phép nhén va N (N,-1) phép cong

J bat:

_j{z‘?”Nn)

WN =&
0

=€

_J-Q

0

) Céc biéu thirc DFT duoc viét lai:

N
b= Z fkw r
k=0

Nhian: N,
Cong: Ny-1
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Bién déi Fourier nhanh (FFT)

) Chia f, thanh 2 chudi: chin va I¢ theo s6 thir tu:

Jo-Jas Jess IN <2 J15 135 5000 FN -1

sequence g, sequence h,

Biéu thirc DFT duoc viét lai:

.".'l'lﬂ.
N

] 1
_ dkr 3 (2k+1)r
Fo= ) faWy '+, FaksiWy
k=0 k=0

Taco: Wy = Wf;
2 ]

.'"I'I
—

Mo
A kr r kr
= Fp= 2 LWl + Wy, ), FraWy =G+ W} H,
k=() ) k=0 _ ’
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Bién déi Fourier nhanh (FFT)

‘rﬂ

N k
= F, = ZkaW“ﬂ +Wy, ZkaHW%r = |F,=G,+Wy H,

k=0 (0<r<Ny-1)
J Do G, va H, 1a DFT N,/2 diém nén né c6 tinh tuan hoan:

G+@=Gr &Hr+$=Hr

r

3 Tek r+ ot _ =Tl _ r
Mat khac: w ™ =Wy Wy =e "Wy =-Wy,

]

= Fryn =G Wy H o o |F, 0 =G, WNH‘
N,
F}‘=GI‘+WNH O_FETI
—
Fron=G, —W\ H;; 0<r< -1




Bién déi Fourier nhanh (FFT)

F G +WN 0‘:}*{%_1
Nﬂ
r+%=Gr_WNﬂHr; 0<r<—=--1

o -
G, \
.r: L & ' »
E 'N-ﬂ'-" G] \\/
fo— >
L]

[
1 > F4
Hﬂ
f —— .
Noed | & o b
DFT
Jy =" - N F
— ur? L
L]
1 . F,
L]

¥ w v
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Bién déi Fourier nhanh (FFT)




Bién déi Fourier nhanh (FFT)

o N F
F}‘:GI‘_I_WNﬂHrﬂ OiJ’iTﬂ—l
& ,_
N rr.a
Foon=G,-Wy H,; 0<r<—5-—1 —W.-{i\
_ — Fr+$

% S6 phép todn nhan va cong diung dé tinh DFT dung giai thuat FET:

= S phép toan nhan: &]@gz Ny
2

= SO phép todn cong: Nglog, Nj
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NHAC LAI MOT SO CONG THUC
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& Chuoi Fourier lwong giac

0 Ham f(t) tuan hoan vai chu ky T, c6 thé phan tich thanh chudi

Fourier lwong giac:

f(t)=C,+ > C,cos(nwgt + 6,)

n

0

2

0

n=1
Co = a9
C, = \/arz, +b?
a, =—
Hn — tan]'(&j ;
an
b, =

1+T

— j f (t)dt

t1+T0

| f(t) cos(na,t)dt
b

t,+T,

| f(©)sin(nayt)dt
t
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Tém tat bién doi Fourier cia cac ham co ban

0 Ham dirac: o(t)«——1
Q Ham don vi: 1— 276 (w)
Q Ham nac don vi; u(t) «—— 7o (w) + i
jw
0 Ham ma: e ?u(t) «—— 1_ (a> 0)
a+jw

0 Xung cong don vi: rect(_;[_} >T Sinc(%j

Q Xung tam giac donvi: A t < )T sinc® ol
T 2 4
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Bién ddi Fourier ctia 2 ham thwéng gap

Bién dbi Fourier cia hai ham dudi day suy ra tr bién doi
Fourier cua cac ham co ban va tinh chat doi ngau:

0 Ham sinc: SiﬂC(VVt)( > i rect(ﬂj
W 2W

2 Ham sinc?: SinCZ(\Nt)< > i A(ﬂj
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Mot so tinh chat caa bién doi Fourier

Q Tinh tuyén tinh:
a f,(t)+a,f,(t)«——aF (o) +aF, (o)

0 Dich chuyén trong mién thdi gian:
f(t—t))«—> F(w)e '
Q Dich chuyén trong mién tan so (diéu ché):

f(t)e' «—— F(ow—a,)

f () cos(at) < >;F(a)+a)o)+%F(a)—a)o)

0 Doi ngu thdi gian — tan so:

f)«——F(w) = F{)«—24d(-w)
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Mot so tinh chat cta bién doéi Fourier

Q Tinh ti 1& (co/gian thoi gian/tan so):

f(at)«—— 1‘ F(gj

a \a

0 Do thdi gian/tan so:
f(—t) «—— F(- o)

Q Tich chap trong mién théi gian:
f,()* 1,0« Fl(a))FZ (a))
Q Tich chap trong mién tan so:
1
f.(0) f,() «— = Fi(0)* F,()
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