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Biéu dién tin hiéu bang
tap tin hieu trwc giao




Biéu dién gan dung vector

D

e f < f [
0 5 /\q . /./ez .
C, X X C, X X

Q Biéu dién vector f theo vector X :

—

f=cx+¢e

Q Khi | €] min: f ~
1

= f |.| X |cos@

=h|
X

Khi do: C= f X voi

X[

Qd Hai vector trwc giao: f.X =0




Biéu dién gan ding tin hiéu

0 Biéu dién tin hiéu f () theo tin hiéu X(t) trong mien t, <t <t,

f(t) = cx(1)
. f(t)—cx(t) khit <t<t
0 Sai s6 xap xi: e(t):{o() (®) tk;'l 2
ac

, : 1
Q Sai s6 cyec tiéu khi: €= E—j f (t)x(t)dt

X
/ \ J
t Y

Lz X (t)dt tich v hwéng cua 2 tin hiéu

d Hai tin hiéu trwe giao co tich v hwédng bang O:

[ " £ ()x(t)dt = 0




Vi du biéu dién gan dang tin hiéu

A Biéu dién tin hiéu xung vuodng f (1)

________ R
theo tin hiéu X(t) = sint 1 —<= \\& ()
trongmién 0 <t <27 0 /’ N/ 27

/AR /”
= f(t) = csint R
2r 2r
, N2 1
Qd Ta cé: = j(smt) dt = I— (1-cos2t)dt =~
0 0 2
2r T 2
| fOx(tdt = [sintdt - [sintdt = 4
0 0 T

1 % 4
“E { f(OX(O)dt=—




Bai tap

d Biéu dién tin hiéu xung rang cwa
f(t) theo tin hiéu X(t) =sint
trong mién 0<t<2x

= f (1) = csint




Bai tap

A Biéu dién tin hiéu f (t) & hinh
bén theo tin hiéu X(t) =sint
trong mién 0<t<2rx

= f(t) = csint




Hé so twong quan gitra hai tin hiéu

d Hé so twong quan: C, =

f(t).x(t)dt
,/E E -, '[
“1<c <1
d Hé sb twong quan cho biét sy twong dong gitra hai tin hiéu

A A

. f(t) -~ fiy x(® b f(t)

2 21 YR 2 \'/ 21
0 7[\7// t |0«_ /Z{\/ t |0 \\ K \\ 7

c, =1 c,=-1 C, =

Twong dong Trai nguwoc Khong twong quan
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Ham twong quan gitra hai tin hieu

o0

d Ham twong quan: . (1) = I f(z)x(r —t)dr

4 Vi du: ham twong quan
gitra hai tin hiéu & hinh
bén co gia tri lon tai t=T.

Q Ung dung:
= Phat hién dbi twong
= Po khoang cach

—00

—

v (D)
0
b X(t)
I\|
0 T
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Biéu dién vector trong khong gian vector trwc giao

f =cX +CX +CX,

f.x ] .
(:I: — .f. - |:1,2,3
X
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Khong gian (tap) tin hiéu trwc giao

A {Xl (1), X, (1),..., Xy (t)} trwc giao trong doan [t,, t,] néu

¥ 0 m=#=n
j X_(t)x (t)dt = (tin hiu thuc)
: E, m=n
¥ . 0 m=#=n
j X_ ()X (t)dt = (tin hiéu phrc)
: E, m=n

QN&uE, =1, vn thi {X,(t), X, (1)...., Xy (1)} goi Ia tap tin hiéu
triec chuan
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Biéu dién tin hiéu bang tap tin hiéu trwc giao

f(t)=c X (()+C X (t)+...+C X (1) = icnxn(t)

N

0 Saisé: e(t) = f(t)— ) ¢ x,(t)
n=1
, . , . 1 b .
[ Cac hé so ¢, dé sai so cuc tiéu: C, = =) f(t)x,(t)dt
0 Nang lwgng cla thanh phan sai sd: E, = E, — :'21 E.C’

d Nang lwong cla thanh phan sai s6 — 0 khi N - .

= Chuoi Fourier: f(t)=> ¢ x,(t), ( <t<t,)

n=1

x.(t) goi la cac ham co s& cua chudi Fourier.
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Chuoi Fourier lwong giac
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Tap tin hiéeu lwong giac

 Xeét tap tin hiéu:
{1, cos(@yt), cos(2ayt),..., cos(n@yt),....; sin(@yt), sSin(2@,1),..., sin(n@,t),...

* n: sO nguyen duong

* Nw, : thanh phan tan so thu' n - hai thu'n
* T,=2m/wm, : chu ky cua hai cg ban

» Trong khoang thai gian: t, <t<t,+T,

o1, +T, f+Ty
cos(napt)dt =0 J dt =T,
[ sin(hayt)dr =0 J‘r'_ﬁ?casz{nmnr)dr =T,/2
-.rll +T. Ir| +hy 2
“sin(nayt) cos(mayt)dt =0 Jf sin“(nayt)dt =1,/2

l-fl I

— Tap tin hiéu lwong giac la tap co s& truc giao.
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& Chuoi Fourier lwong giac

0 Ap dung céng thirc phan tich Fourier tdng quat trong truérng

hop ham co so la ham lwong giac, ta duoc:

f(t)y=a, + Z a. cos(Nw,t) + Z b, sin(naw,t)
n=1 n=1

Trong do:

1 tl +TO

8 = [ f(t)dt

0 t

o t,+T,
a, = — j f (t) cos(na,t)dt
0 t

1

o t,+T,
b, == [ f(t)sin(ne,t)dt

0 t

(t, <t<t +T,)
(0, =27/T,)
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& Chuoi Fourier lwong giac dang rut gon

0 Két hop cac thanh phan cosine, rut gon ta dworc:

f(t)=C, + ZCn cos(Na,t +6.)
n=1

(t, <t<t +T,)
(w, =27/T,)

Co =9
C, = \/aﬁ + Db’
6 = tanl[_ o,

" a

n

|

1 tl +TO

8 = [ f(odt

0 t,

o t,+T,
a, = — j f (t) cos(nw,t)dt
0 t,

7 t,+T,
b, == | f(t)sin(ne,t)dt
0 t

1
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Vi du phan tich tin hiéu thanh chuoi Fourier Iwong giac

0 Phan tich ham f(t)=e*2 \‘ ft
trong khoang 0<t<r 1
thanh chubi Fourier \\ t
0 v ]
d Giai:

QTansocoban: @, =27/T,=2x/m=2

d Cac hé sb Fourier:

T

a() _ l]ze—t/Zdt _ _%e—t/2
7T 0 7T

=2 (1-e7*) =0.504
7T

0
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Vi du phan tich tin hiéu thanh chudi Fourier lwong giac (tt)

a, = EI e "'? cos(2nt)dt
T

T T

— [L e’ sin(2nt)} + LJ- e’ sin(2nt)dt
7 o 27y

| I 1T
= | — cos(2nt e '“ cos(2nt)dt

0.252 1
> a,=—5 ——5§
4n 16n

—a = 0.504( 2 j

1+16n°
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Vi du phan tich tin hiéu thanh chudi Fourier lwong giac (tt)

b, = EJ e "'? sin(2nt)dt
4 0

= {— L g cos(Znt)} - LJ‘ e ''? cos(2nt)dt
n , 2my
_0.292 —[ : —e'” sin(2nt)} ! - je‘”z sin(2nt)dt
n 47m o 8T g
L 022 1y,
n l16n

b =0.504 "
1+16n
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Vi du phan tich tin hiéu thanh chudi Fourier lwong giac (tt)

Q Chubi Fourier lwong giac:

f(ty=a, + Z a, cos(Na,t) + Z b, sin(Nw,t)
n=1 n=1

-+00 9)
— (1) =0.504| 1+
® { nzz;l+16n

—(cos(2nt) +4n. sin(2nt)} (0t <)

Q Chubi Fourier lwong giac rut gon:

C, =a, =0.504
C, = \/aﬁ +b = 2 0, = tanl(_ b”j = —tan "' (4n)
J1+16n2 a,
f(t)=C, + 3. cos(nayt + 0.
n=1
+00 ) L
= f(1)=0.504| 1+ Z cos(2nt — tan 4n)} 0<t<n)

=1+ 160
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Tinh tuan hoan cua chuéi Fourier lwong giac

Q Xétham: ¢@(t)=C, + iCn cos(Naw,t + 6,)
n=1
dTacé: ot+T,)=C, + iCn cos[na,(t+T,)+6,]
n=1
=C, + iCn cos[naw,t + nw, T, + 6]
n=1
=C, + iCn cos[nNaw,t + N2z + 6, ]
n=1
=C, + iCn cos[nw,t+ 6] ,Vt
n=l1

= @(1) la tin hiéu tuan hoan v&i chu ky 1a T,
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Tinh tuan hoan cua chuéi Fourier lwong giac

o oD

 Nhan xét:
» Chudi Fourier la tin hiéu tuan hoan
= trong mién [t,, t,+T]: o(t) = f(t)
= ngoai mién [t,, t,+T,]: ¢(t) = f(t)
> Do chudi Fourier 14 tin hiéu tuan hoan nén c6 thé dung
chudi Fourier dé biéu dién tin hiéu tuan hoan.
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& Chubi Fourier Iwong giac cua tin hiéu tuan hoan

Phwong trinh
tbng hop

f(t)y=a, + Z a. cos(Naw,t) + Z b, sin(naw,t)
n=l1 n=1

f(t)=C, + ZCn cos(Nw,t +6.)
n=1

Phwong trinh
phan tich

1
aozT—jf(t)dt

0T,
0 T,

0T,

a = Tij f (t) cos(na,t)dt

Co =&

C, = a2 +b]

Hn — tanl(_ bn
an

|

b = Ti j f (t)sin(ne,t)dt
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& chuy

0 Né&u f(t) 1a ham 1&

a, =0
a =0
= — j f (t) sin(no,t)dt
T T, /2

a Néu f(t) 14 ham chan

= j f(t)dt

T Ty/2

= — I f (t) cos(na,t)dt

T T,/2

b =0

n
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Chuoi Fourier lwo'ng giac cua tin hiéu tuan hoan — Vi du 1

A Phan tich tin hiéu & hinh dw&i day thanh chudi Fourier

+ (V)
1
B I I N S
dr  Ar o o E | m ' ' '
41 3n 21 T > > T 27 31 41

Qd Giai:
Q0 Tan s6 co ban: @, =27/T, =27/2x =1

O Cac hé sb Fourier:

/2 /2
a, = 1 1.dt = it

272— —/2 7T

—7/2 2
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Chudi Fourier lwong giac cuaa tin hiéu tuan hoan — Vi du 1

2 /2 1 /2
a, = f (t) cos(nt)dt = — jcos(nt)dt = —sinnt
272- —7z/2 nz —/2
g
0 n=24,6,38...
—~a =2sinnf= )2 n=15913.
Nz 2 N nrx
—i n=371115
~ N7
b,=0 (Do f(t) la ham chan)
0.5 n=0
_ 0 n=371115,..
=C=py T 9“:{ 37,1115
— n=1335,... —7 N=2 000,
L7
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Chudi Fourier lwong giac cua tin hiéu tuan hoan — Vi du 1

Cn,k )
c -0 n=246,.
i n=13,5,...

L 7N

0 n=371115,..
-7 n=31L15,...
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Chuoi Fourier lwong giac cua tin hiéu tuan hoan — Vi du 2

A Phan tich tin hiéu & hinh dw&i day thanh chudi Fourier

1 1(0)

4 Giai:
QTansocobdn: w,=27/T,=27x/2=n

O Cac hé sb Fourier:

1| ,
a, = EJ f(t)dt =0 (do f(t) la ham I&, tich phan can doi xirng)
-1
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Chudi Fourier lwong giac cuaa tin hiéu tuan hoan — Vi du 2 (tt)

1
a = % jl f (t)cos(nzat)dt

—a,=0  (dof(t)lale)

b = % jl f (t)sin(nzt)dt = 2 ! f (t) sin(nzt)dt

1/2 1
=2 j 2tsin(nat)dt + 2 j (2 — 2t)sin(nat)dt
0

1/2

4 1 1/2
= — [— tcos(nat) + — sin(nizt)}
Nz Nz o

1
+ i [— cos(nat) + tcos(nat) — L Sin(ﬂﬂ‘t):|
Nz Nz t=1/2
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Chudi Fourier lwong giac cuaa tin hiéu tuan hoan — Vi du 2 (tt)

2 Nz 4 . (nrx
— b = ——cos(—j + > sm(—)

Nz 2 N’z 2
4 (nnj 2 (nﬂj 4 .(nn)
+——COS| — | ———CO08| — |+ ——sIn| ——
N 2 Nz 2 /4 2
0 n=24,6..28...
b — 8 . (n
= B, = n272'2 S1n 7 — bn = 3 n27z-2 n= 1,5,9,13
8
— 7 n=3,71115
0 n=0246.. 0 n=2,4,68,..
: Cn B 4 28 2 n = 1)3)5379000 Hn - < 7[/2 n - 1,5,9,13,...
7N k—7z/2 n=3,71115,...
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Chudi Fourier lwong giac caa tin hiéu tuan hoan — Vi du 2 (tt)

Cn-L 8/m2
0 n=0,2,4,6.,..
: C =1 8
8/91? 812572 /4072 — 5 N=1357,..
' - » —2 o— )
0 T 31 5t m
a
+ /2 /2 )
" T 5 ] O n= 2’49698)---
T
0l l MET l TR 0,=97/2 n=159]13,..
) ) - 7/2 n=3,71115,...
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Bai tap
O Phan tich tin hiéu & hinh dwéi day thanh chubi Fourier

4 (1)

3 2 1 0 1 2 3 4
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Lo gia
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Lo gia
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Chuoi Fourier ham mii phirc
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Chuoi Fourier ham mii phirc cta tin hiéu tuan hoan

4 Tap tin hieu ham ma phire trwec giao:

e, n=04142,.; @, =27/T,

T, la chu ky cta tin hiéu tuan hoan.

3 Chudi Fourier ham ma phrc cla tin hiéu tuan hoan:

Phwong trinh
tdng hop

f(t) = i D,e"™

N=—00

Phwong trinh
phan tich

_ 1 — Jnayt
Dn_T—jf(t)e dit

0T,
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Chuoi Fourier ham mii phirc cta tin hiéu tuan hoan — Vi du 1

O Phan tich tin hiéu dwi day thanh chudi Fourier ham mi phire:

} ()

L
2

0 1

N [—

N [—

4 Giai:
QTansocoban: @, =2x/T,=27/1=2x

O Cac hé sb Fourier ham mi phtrc:

1/2
1

D, =+ j f(t)dt =0 (do f(t) 1& ham 18)

—1/2
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Chuoi Fourier ham mii phirc cta tin hiéu tuan hoan — Vi du 1

1/2 1/2
D = ! | fe "”mdt——— je,nde je’””dt (n = 0)
1—1/2 —1/2
_ 1 e—jnzm‘o _ 1 e—jn27zt‘1/2
j4nz -2 jAnrx 0
= — ! 2-e" —e ") =- : (2—-2cosnr)
J4nrx j4nrz

-

0 (n=0,£2,+4,...)

=Dy=1_1 ot
Nz
f t _ _eJZI'VZt
-2
nlé
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Bai tap
O Phan tich tin hiéu dwi day thanh chudi Fourier ham mi phire:
1 1)

41
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‘ Lién hé giira chuéi Fourier ham mi phirc va
chuoi Fourier lwong giac

Q Chudi Fourier ham ma phurc:

f(t) _ i Dnejna)ot _ DO 4 i(Dnejna)ot n D_ne—jna)ot)

N=—o0

 Chubi Fourier lwong giac:

F(t)=C, + iCn cos(Nw,t + 6,)
— C 4 Z C [el(nwot+«9 h) . j(nayt+6, )]

+00
=C,+ ). C” gihginat | Cn goithgrina
0 2 2
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‘ Lién hé giira chuéi Fourier ham mi phirc va
chuoi Fourier lwong giac (tt)

3 Suy ra lién hé gira cac hé sb Fourier:

D, =C,
D = o gt
< n 9
D =Sngin
L2
(n=12.3,...)

— Chudi Fourier ham lwong giac va chudi Fourier ham mi phirc
la twong dwong nhau.
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Pho Fourier

Q Chudi Fourier biéu dién tin hiéu tuan hoan thanh tdng cac
thanh phan tan s6. Phan bd gia tri ciia cac thanh phan trén
thang tan sé goi la phd tan sé (thwérng goi 1a phd).

d Phd bién do:

D, =C,;

o : .
EX (ham chan)

D,|=[D_,|=
3a Phé pha:

/D.=6;/D _ =-0 (ham 1&)

n
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Biéu dé phé Fourier

~

S
sl N
N 8
\
©°
s |
Hn () q‘ m
- £
O S o
:@© =
O) _
(@)
C
O-
=
S
QD
| -
S
@)
LL
© QA
2
O A=
Ao
— O
g
O -}

W>
e \B
1//
c 6|\£
m N en o
R ’ I
/ I
I S
\ / 3/
| @ R
£
9
- ‘ol o
- SER
/‘2
- -
44
i -
S
()]
e
-
@)
LL 3t
o) |
>S5 uu
L
Mo
O \
\.I6
5 A
/
.6. =)
— ——
/Tfo
\ 1
B
\
e
p—
1
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Piéu kién ton tai chudi Fourier

3 Piéu kién Dirichlet: j ‘f(t)‘dt < oo = ton tai chudi Fourier.
TO

3 Lweu y: khi n—>o thi ndng lwong chudi Fourier bang nang lwong
cda tin hiéu, tuy nhién chudi Fourier khdng bang f(t) tai nhirng
diém ham f(t) gian doan (hién twong Gibbs)
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Cac tinh chat cta chudi Fourier

A Tinh tuyén tinh:
f ()< D,
£(t)<> D, } m> f(t)=k f,(t)tk,f,(t) <> D ,=k D, +k,D,,
4 Phep dich thoi gian:
f(t) <> D, = f(t—t,) <> e "D
O Phép dao thoi gian:
f(t) <> D, m=p f(—t) > D__
O Phép ty Ié thoi gian:
f(t) <> D, mmmd f(at) <> D_; f(at)= i D gt

N=—00
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Cac tinh chat ctia chudi Fourier (tt)

d Nhan 2 tin hiéu:

f,(t)<> D, }

£ (0> D, =) f{t)=f, ()f,(t) <> D,= > D, D,

k=—00
4 Lién hiép phuec:
f(t) <> D, mwmmd (1) & D":n

4 Dinh ly Parseval :

_ 1 2 14 C 2
P = IfOFdt=37 D, |

n=-—o0
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Pap trng cua hé thong LTIC
v&i tin hiéu tuan hoan
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Nhéc lai: Dap (rng ctia HT v&i tin hidu ham mi phire

0 Xét tin hiéu vao Ia ham mi phiec f(t) = ¥ va didu kién dau
bang 0, dap rng cla hé thong la:

y(®) =h)* f(t) = [h(r)e "dr = e* [h(zr)e*"dr
ADat: H(s)= Ih(f)e‘“df (ham truyén cla hé théng)

= y(t) = H(s)e®
3 Néu hé thong md ta bédi phwong trinh vi phan:

Q(D)y(t) = P(D) T (1)

Thi ham truyén cda hé théng 13: H(s) = -

Q(s)
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Dap trng cua hé LTIC véi tin hiéu tuan hoan

A Tin hiéu tuan hoan cé thé phan tich thanh chudi Fourier:

f(t)= > D, e (w, =27/T,)
0 Dap wng cla thanh phan ham ma ™' 1a H(jnw,)e™*

Q Ap dung tinh xép chdng, dap rng clda hé thong v&i tin hiéu
vao f(t) 1a:

y(t)= > D H(ina,)e"

N=—c0

= y(t) tuan hoan ciing chu ky v&i tin hiéu vao
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& Nhan xeét

y(t) = > D, H(jnw,)e""

0 DPap tng clia hé LTIC gdm cac thanh phan cung tan so vai tin
hiéu vao (khdng xuat hién thanh phan tan s6 moi)

Q MGi thanh phan tan s6 nw, dugc:
> Khuéch dai bién do: hé s6 khuéch dai |H (jne,)
> Doi pha: d6 léch pha ZH (jnw,)

— Hé LTIC cé thé xem la bd loc (Filter)
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Tinh dap trng ctia hé LTIC v&i tin hiéu tudn hoan — Vi du 1

3 Cho hé thong c6 ham truyén:

10
H(s) =
(8) s+10
Q Tinh dap &ng cla hé thong khi tin hiéu vao Ia:

f(1)

b2
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Tinh dap trng ctia hé LTIC v&i tin hiéu tudn hoan — Vi du 1

Q Giai:
» Tacd: T =1 0, =27

> Chudi Fourier ham mii cda tin hiéu vao: f(t) = > D, e™

1 Ty /2 1/2 -
D, =— j f (e "idt = —— je 2ty 4 je 2 g
0 -Ty/2 —1/2
—jn2at 0 _in2at 1/2 | |
= e _ e = — 1 (1 . e]nﬂ' . e—sz + 1)
jndr i |ndrx . N4z
i (0 n=2406%..

D =

n

jn4ﬂ(2—2cosn7z) 1 n=1357..
jnz
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Tinh dap trng ctia hé LTIC v&i tin hiéu tudn hoan — Vi du 1

> Dap ng cla hé théng:  y(t) = Z D H(jnw,)e"

- | 10 -
= y(t) = glnn
Y k;,; jnz N2z +10
n=2k+1
> DO thi dap rng ctia hé thdng:
0.5
ok
05, 15 -1 05 0 05 1 15 2
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Mot s6 cong thirc tich phan thuong gip

stin (85)dX = — Xcos(ax) N sin(ax)
a a’
jxoos (ax)dX = Xsin(ax) N cos(ax)

a a

X> cos(ax) L 2x sin(@x) 2 cos(ax)

2 T 3

| x* sin(ax)dx = -
a a a

X’ sin(ax) . 2Xcos(ax) 2sin(ax)

a a’ a’

j X* cos(ax)dx =
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Mot s6 cong thirc tich phan thuong gip

xe™ ¥
j Xe"dx = ——
a a
2 ax ax ax
Xe 2xe 2e
j x*e™dx = -t
a a a
bcos(ax)e™ + asin(ax)e™
j cos(ax)e™dx = @) — @)
a +b
. bsin(ax)e™ — acos(ax)e™
j sin(ax)e™dx = (@) —— @)
a +b
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