.7 Bai giang: Xir ly so tin hi¢u
W'y —.

Chuong7 BIEN POI FOURIER ROI RAC (DFT)

VA GIAI THUAT BIEN POI FOURIER NHANH (FFT)

NOI dung:

7.1 Bién dbi Fourier r&i rac DFT
7.1.1 DBinh nghia
7.1.2 Cac tinh chat ctia DFT
7.1.3 Loc tuyén tinh dwa trén DFT
7.1.4 Phan tich phd tin hiéu dung DFT

7.2 Giai thuat bién doi Fourier nhanh FFT
7.2.1 FFT co sb 2 phan chia theo thi gian
7.2.2 FFT co sb 2 phan chia theo tan s

Bai tap
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT
7.1 Bién ddi Fourier r&i rac DFT (Discrete Fourier Transform):

7.1.1 PBinh nghia:

% DTFT dwoc str dung réng rai khi nghién ctru tin hiéu & dang giai tich.

Tuy nhién, n6 ¢6 2 han ché: Y
, Giai phap

» DO dai tin hiéu la v6 cung >< thuc té la hiru han. dwa ra: DFT

> Bién Q 14 lién tuc >< yéu cau xr ly (trén may tinh,..) 1a r&i rac.

< Gia st x(n) 1a tin hiéu r&i rac co6 chiéu dai hivu han L. Céng thirc bién ddi DFT N
diém (N>L) cua x(n) la:

N-1

X (k) =Y x(n)e z*N: k=0,..,N-1 (DFT)

n=0

(IDFT)

N
x(n) = %Z X (k)e!##«/N-" n=0,...,N -1

o DFT d(’)ng vai trd quan trong trong xt ly sb tin hiéu (vi du: phan tich phd, loc tin
hiéu,..) do ton tai cac cach tinh DFT hiéu qua (chang han nhuw giai thuat FFT).
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT(tt)
Vi du 1: Cho tin hiéu: X(r) = 1 ,0<n<L-1
0 ,n:esewhere

a. Xac dinh va vé phd tin hiéu X(Q).
b. Xéac dinh va vé DFT N diém (N>L).
L&i giai:

a. Dung bién dm DTFT: inQL :
1—e " SIﬂQL/Ze_jQ(L—l)IZ

X (Q) = Z x(n)e 1" = 21 e 19" = =

— 1-e'“"  snQ/2
N Q)
~ix@) BNt )= o -1)/2
sinQ)/?2
" PHO BIEN DO S PHO PHA
|
% 157 3.14 'z 5 0 157 314 271 528
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT(tt)

b. Dung céng thirc DFT N diém:

N-1 | L1 1-e 12N ginzkL/ N _.
. —j2zkn/N —j2zkn/N . — jzk(L-1)/N
X(k)_nz_;)x(n)e _nz_:‘,e T e PN gnak/N -
°l o 1 ]1 hh‘
| by
Dc; { ]HLDIHT THTZBTHT 11113g111-1]][4.|}]h-‘ L -ju M " o n '

R | luuﬂlMUI[L‘ﬂﬂuh”ulllh“‘m“““‘wlh"iﬂm‘”nm“‘mm

U]m@jﬂﬂhuﬂmTTﬂm]huﬂﬂﬂ]éﬁmﬂhfmm;‘ﬂ]mUﬂI , | | | |

— 4
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT(tt)
< Biéu dién dang ma tran: N-1 )
X (k) => x(nWy"; k=0,..,N-1
> Dbat: Wy = el2”N |uc do: n=0
N e
x(n) = %Z X (KW, n=0,..,N-1
k=0
- s 1 1 1 1]
x(0 - il
8 o l Wy my e
X ; ) 4 : 72 r4 72(N-1
_x(f\r — 1)_ _X(J]\,T_'l)_ ] 1 H:\—l H}t;(x\’—lj . mjféx\"—l](:v—l)_

» Cobng thirc DFT va IDFT dwoc viét lai nhw sau:

X, =W, X, (OFT)
1 -
Xn = W X (IDFT)

- Cho X(k) tim x(n) dung DFT ???7?
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Chuong 7

L&i giai:

BIEN DOI DFT VA GIAI THUAT FFT(tt)
Vi du 2: Cho tin hiéu: x(n) = {0,1,2,3}. Tim DFT 4 diém ?

> Dung trwc tiép dinh nghia:

» Dung dang ma tran:

.0
W, W,
0
W _ W4 Vvil-‘r
lwe wA
4 4
0 3
W, W,
1
1
X4:W4X4:
1
1

= X(k)={6;,-2+2);-2,-2-2]}

5/22/2010

W, W
W, W
Wy W
W, W |
1 1
—j -1
-1 1
i -1

-

Bai giang: Xir 1y s6 tin hiéu

RPN
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.1.2 Cac tinh chat cua DFT:

a. Tuan hoan:
> X(k) tudn hoan voi chu ky N, ngha 1a: X(k+N) = X(k), vk
b. Tuyén tinh:
% () <= X, (k)
X, () <= X, (K)

} = &% (n) +a,%,(N) «———a X, (k) +8,X,(K), Va, &,

c. Dich vong:

X((n_no))N ¢ DFT N X(k)e—jZﬁknO/N
X(n)ejZﬂkon/N < DFT N X((k_ko))N

< Khai niém dich vong: x’(n) = x((n-ny))y = X[(n - ng)modN] x((n-2))
x(1) x'(1) )

x(n) <=1 X (k) = {

|
4‘
: X(n) . 3
X(2) x(0) X(2) X0 | 2 2
[ ] e L
x3) XG) ; 0123 0123
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x(n) «2FL s X (k)
y(n) <15 Y (k)

Chuong 7
7.1.2 Cac tinh chat cua DFT:

d. Tich chap vong:

Bai giang: Xir 1y s6 tin hiéu

BIEN POI DFT VA GIAI THUAT FFT (tt)

}: 2(n) = x(n) ® y(n) <25 7 (k) = X (k)Y (k)

x(n) X(k)
DFT ,
N diém
IDFT
N diém
DFT
y(n) N diém Y(k)

» Tich 2 DFT ~ tich chdp vong trong mién thoi gian.

** Khai niém tich chap vong:

N -1

>

x(n)® y(n) =3 x(m)y[(n-m)modN]

5/22/2010
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Bai giang: Xir 1y s6 tin hiéu

'_:%g}»«:t

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.1.3 Loc tuyén tinh dwa vao DFT:

> Ngé ra hé théng LTI: tich chap théng tthc‘yng gitra tin hiéu vao va dap rng xung
Tich 2 DFT <=> tich chap vong trong mién thoi gian.

> Xét bo loc FIR ¢c6 dap ing xung h(n), chiéu dai M.
Tin hiéu ngd vao x(n), chiéu dai L.

Khi dé, tin hiéu ngd ra y(n) c6 chiéu dai L+M-1.

Tin hiéu vao ) Hé théng Tin hi_éy ra
x(n) = | y(n)=h(n)*x(n)
X(€) " Y (Q)=X()H(€)

= S mAu can dé biéu dién phd Y(Q) Ia: N>L+ M — 1 = can lay DFT N diém.
= LAy DFT N diém cho 2 chudi x(n) va h(n).
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.1.3 Loc tuyén tinh dwa vao DFT (tt):

» So doé thwe hién:

= Chén zeros vao 2 chudi x(n) va h(n) dé cé chiéu dai N.

x(n) | Chén M-1 DFT X(k)
Zeros N diém
IDFT y(n)=x(n
N diém
Chén L-1 DFT
h(n) Zeros N diém HK)

> Bang céch tang chiéu dai tirng chudi (thém zeros), tich chap vong sé cho ket
qgé twong tw tich chap tuyén tinh, hay noi cach [(héc, D,FT c6 thé dwoc dung
dé loc tuyén tinh (tinh dap rng ngo ra cua hé thong tuyéen tinh).

> Trwdng hop, tin hiéu ngd vao dai, dung phwong phap cdng chéng Iap.

Viéc tinh toan cho trng khéi sé thwc hién nhw trén.
10
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.1.4 Phan tich phé tin hiéu dung DFT:

> Xét chudi tin hiéu can phan tich x(n), -0 <n < .

> Quan sat tin hiéu trong L mau, nghia la 0 < n < L-1.Tin hiéu quan sat ltc do:
1 ,0&n<L-1
xx(n) = x(nw(n), w(n) =

O ,otherwise
< Hién twong ro pho:
> Gia str x(n) = cos yn, -0 <n < oo, LUC dO, xx(n) =cos 2yn, 0<n < L-1.
= Phd cia tin hiéu (biéu thirc gidi tich) dung DTFT:
X(Q)=7n6(Q-Q,)+15(Q+ Q)

XX(QY) = %[W(Q -Q,))+W(Q+ QO)]

trong d6, W(Q) Ia bién d&i DTFT ciia ham cira sé w(n). "
W (Q) = sinQL /2 o I2(L-1)12

sinQ /2 —
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.1.4 Phan tich phd tin hiéu dung DFT (tt):

14 —

At XX(Q)
IX(Q)! ol A

':
=
ﬁl
v
1® ™ & & =

= Phd cla tin hiéu dung DFT: dan thém N-L zeros vao x(n) roi lay DFT N
diém-> phd XX(k).

s Nhan xét:

» Pho XX(Q2) khdng nam tai mét vi tri nhw X(Q2) ma bj trai ra trong
mién tan s6 do dac tinh cua ctra s6 w(n)—> hién twong ro pho.

> Nhuw vay, viéc clra s6 hda (cat cut tin hiéu) sé lam sai l1&ch két qua
woc lwgng pho.

12
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
< D¢ phén giai tan so: o
» Xet tin hiéu gobm 2 thanh phan tan so6: x(n) = cos Qn + cos Q,n, -co <N < oo,
Luc do, xx(n) = x(n)w(n) = cos n + cos n, 0<n<L-1.
» Pho cuaa tin hiéu (biéu thire giai tich) dung DTFT:

X(Q)=m(Q-Q)+m0(Q+Q)+715(Q-Q,)+ 76 (Q+Q,)

XX(Q) = %[W(Q -Q)+W(Q+Q)+W(Q-Q,) +W(Q+Q,)]

12

IX(Q)! .
ol
_______________ 7 6t
I O |
), -2, 10 Q; (2, % i 3 i
] 27 . )
> Néu: [ -Q,K | W(Q-2)va W(Q- Q) sé chéng lén Ién nhau
or - khéng phéan biét dwoc 2 vach ,phé
> Néu: |Q,-Q,p5= : W(Q-Q,)va W(Q- Q) dugc hién thj tach biét
L nhau = phéan biét duoc 2 vach phd

13
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
> Gidtr:|zq_ 27 |duoc goi la do phén gidi phd. Nhw vay, ham cua sé co chiéu
L gaiL chi phén biét duoc céc thanh phan tan sé cach nhau
27

mot doan it nhat la: AQ = T
> Pho tin hiéu dung DFT: (2, =0.2xn; Q, = 0.22n)

25 60

! =25 0 L=100
20
40
15
30
10
20
& 10
n L i 1 i 1 L D PR R F
-3 -2 -1 0 1 2 4l -

Q Anh hwéng cua dac tinh clra sb:

» D¢ cao blp phu: &nh hwéng dén mirc rd phd. Muon gidm ro phd, chon
loai ciia sO ¢6 bup phu thap.

» D0 rong bup chinh: anh hwédng dén dd phan giai. Mudn tang dé phan giai,
chon loai cua so c6 db rong bup chinh hep.

14
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
0 Quan hé giira tan so6 twong tw va tan so so:

> Cdc biéu thiec lién quan dén qua trinh 1ay mau:

Tin hiéu tuong tw x(t) duoc lay méu & téc do f, trong khoang thoi gian T,

va s6 mau thu dwoc la N. Luc do: X(t) o T, ‘
N 1 //\/\
T,=NxTg=—/] | fg = — N:TO]‘S Lo
fS TS ! ! . ] >
0T, 2T, 3T, ... t

> Quan hé tan so:

Tan sb twong
tw (rad/s)

= Xéttin hiéu twong tw:  x(t) = Acos ot = Acos 2nrft

= Lay mau tin hiéu nay: x(nT,)= Acos onT, = Acos on/T,
= Dang tin hiéu roirac:  x(n) = AcosQn = Acos2rFn

= Dong nhat hai biéu thir, taduoc: Q = @ T, hay: _Q = —

f
: . B S
\ Tan sb s6 (rad/ﬁ

15
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.1.4 Phan tich phd tin hiéu dung DFT (tt):
Vidu 3: Cho tin hiéu sau: x(t) = sin2nt + sin3xt + sindnt + sind.57t  (t:ms)
Tin hiéu nay duwoc lay mau & toec doé f, = 10Khz. DBé viéc phén tich phé dung DFT

cho 4 dinh tach biét thi thoi gian Iay méu la bao lau T,?
Loi giai:
> Céc thanh phan tan so: f, =1 Khz; f, =1.5 Khz; f, =2.5 Khz; f, =2.75 Khz,

» Khodang cach tan sé nhd nhat can dwoc phan biét:

Af=2.75-2.5=0.25Khz o

x aa : FAQ> "

» SO mau toi thieu can phai lay: N

f i o @

stzloKhZ:4o . a-2

Af  0.25Khz : °
> Thoi gian lay mAu: N> f;
: A

TO:N)(TS:N: 40 :4(|T]S)
fo 10000

16
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)

7.1.4 Phan tich phd tin hiéu dung DFT (tt):

Vidu 4: Cho tin hiéu sau: x(t) = sin2nt + sindnt + sin2nf,t ; 1Khz<f;<3Khz (t:ms)

Tin hiéu nay duworc lay méu & tée do f, = 10Khz trong khodng thoi gian 20 ms. Tin
hiéu sau do duwoc phén tich ph6 dung DFT. Xéac dinh tam gia trj cda f, dé két
qua cho 3 dinh tach biét?

Loi giai:
» Céc thanh phan tan so: f, =1 Khz; f, =2 Khz; f, Khz
> SO mau dir liu thu dwoc:

N = f . xT, =10x10° x 20x10™° = 200
» Khodang cach tan sb nhd nhat c6 thé phan biét dwoc:
fs  10Khz
N 200

> Tam gia tri cda f,:

f, e[f, +Af; f,—Af] =[1+0.05,2—0.05] =[1.05Khz; 1. 95K 7]

Af = = 0.05Khz

17
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.2 Giai thuat bién doi Fourier nhanh FFT (Fast Fourier Transform)

> FFT la thuat toan cho phép tinh DFT mét cach hiéu qua (giam dé phtrc tap/ thoi
gian tinh toan).

7.2.1 FFT co’' s6 2 phén chia theo théi gian:
> Gid st tin hiéu x(n) c6 chiéu dai N = 2v.
> Chia x(n) thanh hai chudi con: g(n) = x(2n): gébm cac mau & vj tri chan
h(n) = x(2n+1): gém céc mau & vij tri 1é
> L4y DFT N diém
1

N N -1 N -1
X (k)= x(MW" = > x(nNW," + x(n)w "

n=° zgl Rngl
N/2-1 N/2-1

= Z g(I)WN2k| + h(I)W,\EZHDK
=0 =0
N/2-1 " kN/2 1 "

= > g(HW, Wy > h(DW, = G (k) + W H (k)
=0 =0

18
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Bai giang: Xir 1y s6 tin hiéu

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.2.1 FFT co’ s6 2 phén chia theo thoi gian (tt):
Trong do: G(k): bién déi DFT N/2 diém cta chubi g(l)

H(k): bién déi DFT N/2 diém cua chubi h(l)
> Nhuw vay, X(k) co thé duoc tinh tir cdc DFT N/2 diém G(k) va H(k) Cu thé la:

X(0) = G(0) + WOH(0); Wk+N
X(1) =G(1) + W'H(1); _Wk

Wk+N/2

X(4) = G(0) + WH(0)= G(0) - Wg°H(0);
X(5) = G(1) + W,BH(1)= G(1) - W,'H(1);

----------- G(k) va H(K): N/2 didm
Tinh X(k) doi héi N diém
>Dung tinh chat tuan hoan:
G(k+N/2) = G(k)
HKeNR) = HK)

19
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S
Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)

7.2.1 FFT co’ s 2 phén chia theo thdi gian (tt):

> So db thuc hién (N = 8)
x(0) \ ZX(D)
X(1)
\\/Z._. x(z)

vv’v XE3)
XXX
X

x(4)

x(2)

x(6)

x(1)

X(4)

x(5) - X(9)
1
x(3) W /AE:: X(G)
x(7) - X(7)
W -

> Tiép tuc thurc hién cho g(l) va h(l) nhw x(n) cho dén khi chi con tinh DFT 2
diém = can log,N lan chia.

5/22/2010

= Bai giang: Xir 1y so tin hi¢u

20




':%HIQ

Chuong 7

Bai giang: Xir 1y s6 tin hiéu

BIEN POI DFT VA GIAI THUAT FFT (tt)

< So’dé FFT 8 diém phan chia theo thoi gian:

x{D):_b—>~<o O O \ O @X(0)
x(4) > @ evo / O @X(1)
SIS\
x(2) @ > >0 OX(2)
x(6) ®—>—@ b—@ >—@ QX{3)
W;{] IVEZ <]
x(1) @ > @ ® b € ©X(4)
e LT
x(5) > @ o—> OX(3)
GBI GV/AN
x(3)@ >0 b >0—b @X(6)
ANV
x(7) > @ » >0 >-@ @X(7)
we - g . !

5/22/2010
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L4a

Bai giang: X ly so tin hi¢u
Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
% Khoi thure hién co ban:

0 _ A-j2z0/8 _
Wy =e” =1 a A =a+W,’b
Wl_e—j27r1/8_\/__ \/—

L= - N2 N2

2 2 _ ,

2 _ -j2n218 b "", P—e B—ﬂ-wub

W, =e — ] W, -1
| DO§ phtre tap

W83:e"2”3’8=—%— % + 1 nhan phtrc

» 2 cbng phuc
< Nhan xét: gp

> Viéc tinh todn DFT N diém dung giai thuat FFT co s6 2 can co:

= log,N: tang tinh toan

= M®Gi tang yéu cau: N/2: phép nhan phirc va N: phép cdng phirc.
- Viéc tinh toan DFT N diém dung giai thuat FFT can co:

= (N/2)log,N: phép nhan phitrc ( >< N2: phép nhan phtrc)

= Nlog,N: phép cong phtrc ( >< N(N-1): phép cdng phurc)

22

5/22/2010



':%HIQ

Chuong 7

Bai giang: Xir 1y s6 tin hiéu

BIEN POI DFT VA GIAI THUAT FFT (tt)

7.2.2 FFT co’ s6 2 phén chia theo tan sé: (chimg minh tuong tw)

< So dé gidi thuat FFT 8 diém phén chia theo tan sé

x(0) O O :>r< ®X(0)
x(1) ®—@ o\/o - > >—@X(4)
N/ XX T
x(2) —o—>— > OX(2)

W /\ w

x(3) O >0 > > > @X(6)

-1 %2 -1 Wgﬁ

x(4) > O - > ®X(1)

LI NS <

x(5) 1 > O - > >—OX(5)

VAN

- RN /\i' L >< o

x(7) > o> >0 — > >—OX(7)
1 Wf -1 W, Wy

5/22/2010
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Bai giang: Xir 1y s6 tin hiéu

'_:%g}»«:t

Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
7.2.2 FFT co’ s6 2 phan chia theo tan sé:

/

< Khoi thure hién co ban: a+b

a
b ui: i i a—W,'b

1 Wy

/

% Nhan xét:

> Sé luong phép nhan phirc va phép céng phirc gidbng nhw FFT phén chia
theo thoi gian.

> Suw khéc nhau co bén gitra hai gidi thuét Ia & thi tw sép xép div lidu ngd
vao, ngo ra.

Q Tinh IDFT dung giai thuat FFT:
1y, | * :

X(n) = > X ()W, :W[DFT(X (k) |

k=0

hay:

x(n) :%[FFT(X*(k))T

24
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Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)

Vidu 5: Cho tin hiéu: x(n)={4, 2, 0, -2, -4, 2, 0, -2}
a. Tim pho X(k) dung giai thuat FFT 8 diém phan chia theo thoi gian

Loi giai: X(k) = {0, 8, 8, 8, 0, 8, |8, 8}

4 > @3 80\/08 Se / O 8OJ((1}
Wy -1 .>©< \\/ /

0@ > 0, ¢ gl O 180)((2)

0 > 290, Og >3 8 8 ox(3)
Wy N Wy -

2 @ > ot 4 o’ ° 0 ox(4)

NI

2 > @0 0 0l p 0 8 ex(5)

2 @ P FG.. » g8 I8 8 @X(6)

2 : g0, 0 > » O >3 ox(7)
w 1 ”, 1 W i

5/22/2010

Bai giang: Xir 1y s6 tin hiéu
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Chuong 7

Bai giang: Xir 1y s6 tin hiéu

BIEN POI DFT VA GIAI THUAT FFT (tt)

Vidu 5: Cho tin hiéu: x(n)={4, 2, 0, -2, -4, 2, 0, -2} o
b. Tim pho X(k) dung giai thuat FFT 8 diém phan chia theo tan sé

Lo giai: X(k) = {0, 8, -i8. 8, 0, 8, |8, 8}
4 0—0\ PALL ﬂo :>< OOX{G)
2 @ / ot 40\/ p—“ox{:n
0 0 0 b{—o »D Box2)
W /\ 2 .
2 =N > @3 »1Zex(6)
-1 Wgo
4 3;9 8 8 ex(1)
AN \/ ><
2 1 “»1 0 P b—oﬁox(S)
VAN ><>< .
0 0
2 el 0 L »2 o> ex(7)
-1 I/VBB -1 I;VS W{J
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Chuong 7 BIEN DOI DFT VA GIAI THUAT FFT (tt)
Bai tap:

7.1 (bai 11.1.4 trang 501)
7.2 (bai 11.1.7 trang 502)
7.3 (bai 11.1.20 trang 503)
7.4 (bai 11.1.22 trang 504)
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Bai giang: Xir 1y s6 tin hiéu
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