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Chudi Fourier (Fourier series-FS)

»  Tin hiéu x(t) tuan hoan, chu ky T, , tan s0 Fy = 1/T,
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Bién doi Fourier (Fourier transform-FT)

Tin hiéu x(t) khong tuan hoan

X(t) = TX(F)ejz’ﬁtdf

X(f)= Tx(t)e‘jz’ﬁtdt

X(w)
X(t)
AT
-1/2 /2 t \ \/ \/ \
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Bién d6i Fourier cia mét so tin hiéu co ban
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7ADTFT XM= [X(wk"do

 Dinh nghia o0 o
' X (@)= > x(n)e

 Han ché tinh toan et

— Chiéu dai x(n) vé han .

— X(w) lién tuc }?ff} _ Z X (nT)e=-2mfnT
» Cira s0 hoa tin hi¢u e

— Ham cira so =

— Anh huéng jEL (f) = Z N {HT}E_E”}?C”I
e Tinhtoan DTFT n=0

— Tailtﬁn s0
— Trong khoéang tan s6 = khong thé
TX(f)=X(F)+X(f —f)+X(f+f)+- -, _% %

CuuDuongThanCong.com https://fb.com/tailieudientucntt

<f =


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Cua soO hoa thot gian

A (11
W(J . length-L
§ / rectangular
x(n) window
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008

012 L-1 012 L-1
le— L samples — <— [ samples —
le— (L-1)T sec — «— LT sec —
T - ., dw’
xe(n)=x(nwn) X (w)= [ X ()W (w-w)

J-m 21T
« (Giam dd phan giai tan s6 € chiéu dai ctra s
e (GAay ro ri tan sO € hinh dang ctra s Af = 1/Ty

L-1
Wi(w)= > w(n)e™l®n Iy =LT
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Cua sO chir nhat

w () = 1, if0=sn=<L-1
~ | 0, otherwise

21T
A W) AWy = —
L
mainlobe
\\\‘ T
relative
, . A, R=13 dB = sidelobe
sidelobes causing e level
frequency leakage N ‘
-
—TL _2_-]1_- ﬂ 2_:]-[ 4_7”: Tt ()]

L L L

W (@)= ] — g~ JLw _ sin(ewlL/2) E—jtﬂf_L—l}-’E

] — e-Jw sin(w/2)
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Tin hi€u tuan hoan lay mau

x(t)=e ™Nl _o <t <o

x(n)= Ezﬂjh.‘rﬂ' _ ejmln, _0 < 1< 00

) = ETTTfl = 2TT,IFU'[,F5

1 =

X{f}= J x{tje—Enjr:dt — J E—En_}'ff—fl}rdt — 5{f . ;Fl}
X{m}=}?(f}=%}({f}= %w—m _fl2<f <f)2
X(w=2mdlw-w,) -mT=<=w=T ao(ax)= o(x)

X(”]=J Xf{tﬂéjm”@= f 2116 (w — w ) el dw _ jwn
=TT 21T -1T 27T
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Anh huong cua cura s6 chir nhat

x; (n)= e/ n=0,1,..., L-1

X (w)=Ww — w))

O(w—w,)
A
W(o-w,)

frequency
leakage

-
)
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Anh hudng cta ctra so chit nhat (2)

x(t) = A e?™Nt L A,e?MRT o <t < o0
X(f)=A0(f —f1)+A0(f —[z2)
x(n) = A1ed0n L A,/ _o0 < p < 0
X(w)=2mA 0w —w)+2mA0(w —w>3), —-TT=<=W=T

x;(n) = A/ L A,pd2" . <pn<—1
Xi(w)=AW(w—-—w;)+A:Wiw — w>)
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Anh hudng cta ctra so chit nhat (2)

A 0(0-m,)) A50(m0—05)
. A
A0 —
[\ A, W(o-,) [\ A, W(o-o,)
Aw = |w; - w)] |:
j"ml-._-_ : ,.._jf = |.f2 _.fl| '
_ﬂf\/\/\ {\f\/\/\ Hf\.{\/v\ o
0 (
| :".'F = ﬂf‘n = .II;_I_S : “
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Cac cua soO khac

» Tang d6 phan giai tan so: bap chinh rong
hon (va thap hon) c¢=1

1
ﬂf‘u-'=lf% =|!’_‘T—L
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Ctra sO Hamming

2TTh
0.54—0.46.:us( & ) if 0<n<l—1
win)= L—-1
[ 0, otherwise
| A W)l
rectangular L
on A | | c=2
w(r) rectangular Hamming .

/ window / window Hamming :'-
Py L,

012 L-1 T

0.08
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Tinh toan DTFT

b X(o) $ X(w)
W\h + - : M -
-T -0, 0 @ = M o 0w = znim,h ®
ordinary DFT
le—— Nyquist — X [.I(] = X{{,Uk] le—— Nyquist —
interval interval
cos(wn) {w, —w,} & {w, 2 - w,}

Wp — Wy
N
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7.2 DFT

* Pinh nghia: DFT N diém
 Quan hé ciia DFT véi bién do6i Z
 Dang ma tran

e Chen zero

* Giam modulo-N

* DFT ngwoc (IDFT)

» Piéu kién khéi phuc ding

X(K)=> x(ne "™ k=012,.,N-1
n=0
1 N-1 _
x(n):N X(ke!?*N  n=012,..,N-1
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DFT N diém

X(m) _ 21Tk
A Ao, = 27N k=N

X 0

W
-

Wy @ @y .- n Wy 21

X(k+N)=X(wk+~n)=X(wk +21)= X(wk)= X (k)
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DFT va bién doi Z

L-1
X(wi)=X(zi)= D x(n)zg"
n=0
42

<3 Z) zy = e/ = ¢
2t/N \
. o £ =
=2n/N

<5 ;= 2y, = W,

21k /N
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DFT dang ma tran

X=DFT(x)= AX x=

L=1
Xk = Z AgnXn

n=I(

—-Jt0e _ .=2mikn/N _ pa7kn
e, Jwh _ e J — H Y

W N =@ -2Tj/IN

Wy
WS Wy
grd
Ws 27/8
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Ma tran DFT

1 1 1 1 1 1 1 1]
A_| 1 W Wi wi g (1 —j -1
Tl wi owi; wh Tl 1 -1 1 -1
1 Wi wi owi 1 j -1 —j
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Chen zero
e KhiL<N

}Iﬂ=[Hﬂ,xl,...,HL_l,P,ﬂ,...,[-]J] XH([U] — X{:u_]-}

o

I} zeros

:{ﬂ = [P:U:---:q:xﬂ:xl:--':x.t—l] .X_L] ([U] - E_‘}MHX{LU]

"

1) rzeros
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i

Gi1am modulo-N

KhiL>N
— N - N - N e N —

= Xo X, X, X,

X - N T N
X(n+N)=X(n)
o » N
o PR X(n)= z (MmN + n)
= | XXX, 4x, %0
X(n)= > x(mN +n), —00 < N < 00
FHl==—00

A = Wkn
0<=k=sN-1, 0=sn=N-1
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Vi du
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Tinh khong duy nhat ctia DFT

Xp + X4
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Xp + X4
X] + X3

o o X

Xp + Xy
X] + X5
X7 + Xpg
X3 + X7

Xp + X4
X] + X3
X» + Xg
A3
0

=
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IDFT

— IDFT(X)= A~!X

A*X = (AX*)*= [DFT(X*)]"

IDFT (X) = % [DET(X*)]”

N-1 N-
P ]. - Pl ]. 1
Xn=— > WF™Xy X(n)= = > X(wy)e/ws"
N o k=0
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T X=x onlyif N=>1L
L |x

l DFT
?
mod-N X| N
reduction DET L]
Y
L - IDET X+#x if N<L
X
L1
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~ 1 o~
X = IDFT(X) = §A*K=
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* Tinh truc tiép DFT N — diém cua x(n):
Tong quat: X(k) va x(n) 1a so phirc:

X (k)= :IZ;{XR (n)cos % +%(n)sin %}
X, (k)= —?IXR (n)sin % -, (n)cos %}

Tinh tryc tiép can:

e 2N? phép tinh ham luong giac

* 4AN2phép nhan thuc mEm) Chiphi tinh toan 16n
e 4AN(N-1) phép cong thuc
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(.3 FFT

e Lichsu
» Phuong phap chia dé tri
* Danh gi14 hi€u qua
FFT phan chia mién thoi gian
— CoOng thirc
— So do hinh buém
FFT phan chia mién tan so
— Cong thurc
— So do6 hinh buém

IFFT
— Quan hé vo1 FFT

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

N =28

N/2-DFT

N-DFT

N/2-DFT

1

no. of additional
multiplications

— + —m
2m 2

1 1
ENB = EN]DEE (N)
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I-DFT 2-DFI' 4-DFT 8-DFT

SV
e

= >l == -
stage | stage 2 stage 3

m = B = log> (N ) stages
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Nf2=1

X (k)= Z uf”” em+ > Wy Vx@n+1)
n={ n=(}

k N/2 k
n=0,1,...,— —1
(n) = x(2n+1) WEN —w!

N/2=1

Gkk)= > WwW,g(n)

n=»0

N/2=1 ‘ 2
Hk) = > WX,h(n)

n=0

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

So dd hinh buém

X(k)=G(k)+WyH(k) k=0,1,...,N—-1

X (k) = G(k)+WKH (k)

K=01,..., g—1
X(k+N/2) =G(k)-WXH(k)
N/2-DFT N-DFT
I I
N/2 G x(0)
i
X
k
T X(1)
Y
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FFT phan chia mién thoi gian

Xo ™ &
X g1
X2 £
X3 g3
Xy h,
X5 h]
Xg h,
X7 b——» hy

>
>

a, " Po F——*> Ft".l
ay ———qy ———
by shamel s b—cod 5,
e, —Juy | U,
dy —— Yo — V}
di ——— Yo ——{ ¥}

le———  bit reversal/shuffling ———}«— |-DFT —>
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Py=p,
=9, - etc.

=
DFTI-merge
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FFT phan chia mién thoi gian (2)

[-DFT 2-DFT 4-DFT 8-DFT
P, z Ay G—{} \ / X,
QD I‘ﬂu Al Gl X]
R, B, |W,° G, X5
e Sﬂ %U z B, w:ll G, X,
DFT-merge T, C, H, H’gj X,
Uy | W' z C, H, | W X;
V, D, |w, H, |W? / /\\ X,
Yo Wy z D, | W, Hy |Wg / \X-;

l«——stage | -l stage 2 »l«——stage 3 —
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Qua trinh dao bit

000 | Xy ~ %o = Xg = Xy | 000
001 - X, | 100
010 = X5 | 010
011 = Xg | 110
100 = X, | 001
101 = x| 101
[ 10 = X3 | 011
111 | X4 > X, > X > X, | 111
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Vi du

[«— shuffling —»|«2-DFT »}« DFT merging .
4 - 4 - 4 3 3 8 8 -
I =

3 2 -1 5 5 S+ ™ Se+j4j\2
2 -1 >< 2 s _ |5 2 2 2+6j
0 3 - 3 1| j 5-j 5-f 5-j+j\2
-1 -3 -3 5 -5 -4 1 -4 12

2 0 -2 ] -1 ) -1 14 | (1=)A2 N2 5+j-j\2
3 2 XT HE 1| 6| 5| |6 -2-6j
1 = 1 - 1 i 1| B j 1 [ -(14+)N2 N2 5-j-j\2
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x(0)
x(2)
x(4)
x(6)
x(1)
x(3)
x(D)
x(7)

FFT 8 dic¢m phan chia theo thoi gian

u(0)

U(0)

P —

U@ \\\/ / X

[(3) ></

X@3)
(0) :><>O<><4 o

40, / ><><\ X(5)

Vo) / /\\,X(a)
V(3) / \( X(7)

w
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FFT 8 diém phan chia theo thoi gian (2)
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FFT 8 diém phan chia theo thoi gian (3)

2(0) //ﬂ:” A0
x(4) A
x(2) \///?{

x(6) .

x(1)

(D)

x(3) »

2(7) > - ﬁ,f,_ X(7)
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FFT 8 diém phan chia theo thoi gian (4)

=N ;\ N

XX Z
w
> — 1 > X(2)
>< w A‘
> > >S5 ” 419)
> > '0 X(4)
e N \
i . . . X(5)

0 ! \
D O AN o
- '»}
—>< -?,..UU /& '?,-U“ / N 1
' 2 - -~ X(7)
w -1 w -1 W -1
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FFT 8 diém phan chia theo tan sb

wO)
wld) |
w(2) U2,
x(3) u) >
w4 2O,

x(5H) vd) =

v(6) L&),

x(7) v(3) >

x(0)
x(1)
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FFT 8 diém phan chia theo tan so6 (2)
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FFT 8 diém phan chia theo tan so6 (3)

AN NZAD =< N
) N/ : ﬁolé : e
//\._. X(6)

x(3) ? / > 5 >0
-1 7 -1
x(4) e = — X(1)
Y H\/. ><:
x(5 g > > — AB
) / AE w ;Oél ” -1 w |
x(6) : = > = X(3)

X(7)
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Tém tat chuong 7

Anh hudng cta qua trinh cira s hoa tin hi¢u?

So sanh cac ham cira s6?

Piéu kién ctia s6 diém N khi thyrc hién DFT?

Piéu kién t6i uu cua so6 diém N khi thyc hién FFT?
Danh gia hi¢u qua cua FFT so vo1 DFT?

Xac dinh DFT N diém?

Xac dinh IDFT N diém?

Thuc hién FFT N diém phan chia mién thoi gian?

T'hue hién FFT N diém phan chia mié€n tan s6?

I'huc hién IFFT N diém phan chia mién thot gian?

T'huc hién IFFT N diém phan chia mién tan so?

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

