Ch-4: Biéu dién tin hiéu dung bién d6i Fourier
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4.1. Biéu dién tin hiéu khong tuan hoan dung bién ddi Fourier

4.1.1. Bién do1 Fourier
4.1.2. Pi1éu kién ton tai bién do1 Fourier
4.1.3. Bi1én do1 Fourier cua mot s6 tin hi€u co ban



4.1.1. Bién doi Fourier

A Tin hi€u khong tuan hoan dugc xem nhu tin hi€u tuan hoan co
chu ky dai v6 han

Xét f(t) 1a tin hiéu khong tuan hoan:

r(t)
t

s | s

va fp,(t) 1a tin hiéu tuan hoan duoc tao thanh do su 1ap lai1 f(t) voi

chn kv T.-
p 1 (D
N

2T, T S s T, oT,

0

Ta c6 quan hé gitra 1(t) va f,(t) nhu sau: f(t)= Tlim [fTO (t)]
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4.1.1. Bién doi Fourier

0 Biéu dién f-,(t) dung chudi Fourier

1 1,2 - 1 ¢s oo 2 sinn,.S
D ,=— j f. (e dt=— j e dt= 0
T, -T2 ° T, S I, no,
T,D, 2sin@S 27
L o =Nw, =N—
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4.1.1. Bién doi Fourier

2 Tiép tuc ting T, T,D, 2sinwS 27

d Khi Ty o0, T D, = ham lién tuc

. T Tp/2 no,t [~ Jot 34__
lim [T,.D,]= lim [ j o (e dt} = j _ f(t)e? dt=F(w)
0 Pho cua tin hiéu khong tuan hoan:

D(@)=lim [D ] = lim £ %) _ 1

T,—>® n T,—>® TO 2 T

F(w) Aljglo [Aw] =0

= Pho cia tin hiéu khong tuan hoan co tinh chat phan bo

» Him mat d6 pho tin hiéu, F(®), dugc xem 1a pho tin hi¢u



4.1.1. Bién doi Fourier

[ Tich phan Fourier

. ; N no,t . - | nA®
() = Jim £, (0 = Jim >, D™ = lim 3 ——FmAw)e™" Ao

> f{(t)= ZL j " F(o)e™do
4

0 Tém lai ta co két qua: f(t) <> F(o)

! Phuong trinh phén tich — Bién
doi Fourier thuan |

F(o)=[ f(te dt

l o - | Phuong trinh tong E@_—Tsi&_
f(t)=—| F(w)'"do| 1 4. 5 s
2qr J - 0i Fourier ngwoc I

L e e e e e e -

Cho phép phan tich/tong hop tin hiéu f(t) thanh/tir cac thanh
phan tan so, el®t



4.1.2. Dieu kién ton tai bién doi Fourier

A Tin hi¢u {(t) c6 nang luong hiru han déu ton tai F(®) hiru han va
nang luong sai $O béng 0.
0 Diéu kién Dirichlet:
« Didu kién 1: jT £(t)|dt<oo
= Piéu kién 2: f(t) co hiru han cuc dai va cuc tiéu trong khoang thoi
gian htru han

= Diéu kién 3: f(t) c6 hitu han s6 gian doan trong khoang thoi gian
hiru han va gidn doan phai c6 d0 16n 1a hitru han



4.1.3. Bién doi Fourier cua mot so tin hiéu co ban

Q f(H)=5(t):
Fo)=| 8(me™dt=]" d(t)dt=1 ==> |0(t) <> |
5(t)

11

<

o 0
a f(t)=etu(t); a>0:

© o © | (et > 1
F((D):J._ooe tu(t)e ] tdt:J‘O e (at] )tdt:__e ato)t| _

atjm , atjo

=> e u(t); a>0 <>

atjm




4.1.3. Bién doi Fourier cua mot so tin hiéu co ban

F@l=———
> a + @’
/F(w)=—tan"'(w/a)

F () , £F (o)
+ 12 00 1 .
T
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4.1.3. Bién doi Fourier cua mot so tin hiéu co ban

0 f(t)=u(t):

1

F(w) = j u(t)e *dt _j e gt =——e 4| =9
jo 0
l‘u(t)
S etu u(t) = lime™u(t)
o
400 1 . — ]
= F(a))—hm e *u(t)e 'dt =lim —hm[ az Ja;}
—° >0 g+ Jo 0 a +w
= F(w) =lim—; 4 2+_1 ---------- o
a>0 g% + @ jw 'Dlentlchbangn .

= F(w) = 7z5(a))+_L
jo

ut) © 8(w)+1/ ja)
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4.1.3. Bién doi Fourier cua mot so tin hiéu co ban

- f(t) xung cong don vi:

rect(ﬁ): {O ‘t‘>r/2

| ‘t‘<r/2

oo _ /2 _ 1 _ 7/2 eja)r/2 _e—ja)r/Z
F(w)= j rect(edt=| e dt=——7=~e!| = _
—0 —7/2 Ja) s Ja)
j2sin(%)  sin(9) ¢ - on
& Flo)=—— = Tﬁ =rsinc(4)= reCt(;) (—)TSIIIC(T)
Jo o
1 ) (1) F(w) AT
<>
> ®
—/2 T2 —4r/t 2n/t 2n/t " 4n/t
F(o)] At

LF(0)

o |_| I_l KT 21/t 4n/t o

—4n/t 2n/t | 2nit 4ni —4n/t —2n/t Jr I_l I—l i
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4.2. Céc tinh chat ctaa bién doi Fourier

0 Tinh chat tuyén tinh:
f,(t) © F (0); f, (1) © F(0)=>[a f, (ty+a,f, (t) <>a F (0)+a,F (o)

A Phép dich thoi gian:
f(t) <> F(w)= j°° f(t)e ' dt
= £, ()=f(t—t,) <> F(0)=]  ft—t,)e " dt

[ ey e g

= |f(t-t) <_>|:(a)):e—iaid: | Linear phase shift _ |




4.2. Céc tinh chat ctaa bién doi Fourier

Vi du:

14 f(t)

F(®)| A1

—1/2

A (1)

/2

 J

—4n/t 2n/t | 2m/t 4nit
ZF(o)

p— T

% 2/t 4n/t

—4n/t 27w/t 2/t 4n/t

LF(OJ) A
21t

3n

2n/t 4n/t

—4n/t 21/t
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=27 -
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4.2. Céc tinh chat ctaa bién doi Fourier

0 Phép dich tan s6 (diéu ché):
f(t) > F(o)y=| _ f(t)e ™" dt

=> f ()=f(t)e" <> F(0)= j“’ f(t)e e dt = j‘” f{t)e " 'dt = F(o - ,)

= [f(H)e'™ > F(o—o,)

Vidu: {(t)coso,t <> %F((D —w,)+ %F(aﬁa}o)

f(t)sinw,t <> .—12F(o) —,) — iz Flotw,)



4.2. Céc tinh chat ctaa bién doi Fourier

0 Tinh d6i ngiu:

f(t) <> F(o)= j“; f(t)e ' dt

1 o | . |
flt=—| F(w)e'do — f(—t)zLJ‘ F(w)e ™dw
27 27 ¥

= f(— ) [ Fyedt = 2nf( - o) | Fyedt
277 o

— [F(t) < 2nf - o)

Vidu: 0(t) 1 = 1 2nd(—0)=2nd(m)

t . T , T Q)
rect (—j <> TSINC (—j —> s1nc(000t) <> —rect| ——
T 2 o, 20,
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4.2. Céc tinh chat ctaa bién doi Fourier

1 Phép ty 1€ thoi gian:

f(t) > F(o)=| i f(tye ' dt =>f,()=fat) > F,(w)= i flat)e ' dt

a>0:F (0= | " foye '+ du ILFPJ
a a \a 1 (o
1 .0 1 o —>|f(at) <> —F(—j
a<0:F(w)=—| flrje * dr= F( j la| \a
—a 7 —a \a
 Phép dao thoi gian:
f(t) <> F@)=[_fie™dt = (=1 <> F(~0)

1 1 2a
_|_

Vidyu: e e —— —=—
a+jo a-jo a’+w




4.2. Céc tinh chat ctaa bién doi Fourier

A Tich chap trong mién thoi gian:
f,(t) <> F (0); f,(t) <> F,(0)
= ()=, () *£,(t) & Fo)=[  f,(t)*f,(He dt
= F(o)= j [ j £ (o), (t— r)dr} e ' dt
= Lo f (r)[ Lo f (t—r)e‘l‘”tdt}dt = [, (OF,(@e " dr
=E ()| f,(e " dt=F(0)F,()
— [ *F,0 < E(0F, )
Vidu: rect() < lsinc:(“)—T

)
Correo3)eeH=EA() 0 Fine (4)

= A(+) <> Isinc® (<L)



4.2. Céc tinh chat ctaa bién doi Fourier

0 Tich chip trong mién tin so:
f,(t) & F(o); 1,(t) < F (o)

— f(t)—— j [F.(0) * F, (0)]e'* do

1 oo jot
=51 [LD F (1)F, (o-t)dt]e’ dw
i F(r)[j F, (0-1)e’do]dt
1

— [ TE@e™[[ F(x)e™dx]dr
27: o0

=£,®)[ F(e™dr = 2xf, (0f, (t)
= 2, (OF,® <> F (@) *E ()
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4.2. Céc tinh chat ctaa bién doi Fourier

0 Pao ham trong mién thoi gian:

f(t) <> F(0) = fit)=L [ Fo)e"do

df(t) ot df(t)
—> it j joF(w)e™do = it < JoF(m)
e 91O o) o)
dt”
2 Pao ham trong mién tan so:
f(t) <> F(w)= j T e tdt = dF(o) _ j " jtf(t)e " dt
0 do
=> tf(t) & Jdlzlg)’)) = [t"f(t) <> (j)’ an(f))




4.2. Céc tinh chat ctaa bién doi Fourier

0 Tich phan trong mién thoi gian:

fit)xu® = [ fout-odr=| flode

=> 1(t) *u(t) <> F(o)[mo(w)+1/jo] = 7F(0)5(0)+F(w)/jo

= |[* fw)dr <> 2EO)3(0)+F(@)/jo)

Vidu: Xac dinh bién do1 Fourier cua cac tin hi¢u sau:




4.2. Céc tinh chat ctaa bién doi Fourier

0 Lién hiép phirc va tinh doi ximg lién hiép phirc:

f(t) & F(o)=| fit)e ™ dt => f(t) =% | : F(w)e' do

= { (t)=[% J::O F(o)e!do] =%J-_+: F (w)e'dw

+

=L [TF(—0)edo

2n J_

= [f*(t) & F (- o)

= [F(— 0)=F" (o)

|[F(w)| : even function of ®
—>

/F(®) : odd function of ®

f(t):Real



4.2. Céc tinh chat ctaa bién doi Fourier

d Dinh ly Parseval:
E, = foo|f(t)|2dt = THOfT (t)dt = j f(t)[zﬂ j F(o)e™ do]'dt
=L F (©)[ j ft)e™ dt]de =L F (®)F(w)dw

21 21

= B =2 |F(oo)|2da) ' Dinh Iy Parseval |

Vi du: f(t)=s1nc(t) < F(o)=2narect(%)
—> E, = #f: 4m’rect’ (2)do = 27:_[_11d00 =4

Tin hi¢u vat 1y 1a tin hi¢u thuc va c6 pho trdi dai vo han trén thang
tan s tuy nhi€n chi c6 mot khoang tan s6 1a chtra phan nang luong
quan trong cua tin hi€u = khai niém vé bang thong tin hi¢u.



4.2. Céc tinh chat ctaa bién doi Fourier

Fo)’
1 95% Energy

> (D

wy, kh1 do6 dugc goi 1a bang thong tin hiéu

Vidu: Xac dinh bang thong cua tin hi¢u: e?tu(t); a>0

_a , I ¢+ 1 1
f(t)=e " u(t) < F(o)=1/(atjo) n=—> E, = —). = do = —

==> 0.95E, = 095 _1 ij - 1 - do = tan™' .
2a 2mY-ova” + mta a

n—> ®,,=12.706a (rad/s)
- st




4.3. Bién doi Fourier cua tin hi¢u tuan hoan

[ Biéu dién tin hi€u tuan hoan dung chuoi Fourier:

— inm y e 1 —inm
fit)=> D,e™™"  voi: D, =] fie " dt
n=-—o0 0 0

 Bién do1 Fourier cho tin hi€u tuan hoan:

f(t) & F(o)= i 21D _o(w—nw,)

A Vidu 1:
y f(t) T, =4S
T [ . . > {
2T, -T, -S S T, 2T,
1 . nm
—> Dn=§s1nc(7) —> F(w)= Znsmc(—)éi(co no, )



4.3. Bién doi Fourier cua tin hi¢u tuan hoan

F(w)

)

0 Vi du 2: x4c dinh pho ctia ham phéan bo luge f(t)= Z o(t—kT)

f(t) o
lt
-
2T T 0 T 2T



4.3. Bién doi Fourier cua tin hi¢u tuan hoan

1 & 21 2nm
=D =— = Fo)= ) —o(o———
i (o) ;O T ( - )
F(o)
} 2
T
41t 27 0 2n 4n
T T T T



