404001 - Tin hiéu va hé thong

Chuong 1. Co ban vé tin hiéu va hé thong

Chuong 2. Phan tich HT tuyén tinh bat bién (LTT) trong mién thoi gian
Chuong 3. Biéu dién tin hiéu tuan hoan dung chudi Fourier

Chuong 4. Biéu dién tin hiéu dung bién d6i Fourier

Chuong 5. Lay mau

Chuong 6. Phan tich hé thong lién tuc dung bién doi Laplace

Chuong 7. Bap tng tan sO cta hé théng LTI va thiét ké bd loc tuong tu



Ch-1: Co ban vé tin hiéu va hé thong
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1.1. Co ban vé tin hiéu
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1.1.1. Tin hi€u va vi du veé tin hi¢u

 Dinh nghia:
Tin hiéu 12 ham ctia mdt hodc nhiéu bién doc 1ap (thdi gian, khong
gian,...) mang thong tin vé hanh vi hoic ban chat cta cac hién
tuwong (vat 1y, kinh té, xa hoi,...)

0 Tin hiéu 13 ham theo 1 bién thoi gian

= Vi du I: tin hiéu dién ap u (t) va dong dién 1(t) trong mach RC

1(t
- (t)
E L
t
® 0; t<0 ) 0; t<0
u_(t)= i(t)=
) E(1-e"*“); t>0 (E/R)e*®; t>0
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1.1.1. Tin hi¢u va vi du vé tin hi¢u

= Vidu 3: Tin hi¢u dién tim ghi la1 dud1 dang dién ap u(t)

NMormal Heartbeat




1.1.1. Tin hiéu va vi du veé tin hiéu
* Vi du 4: The weekly Down-Jones stock market index
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1.1.1. Tin hi¢u va vi du vé tin hi¢u

A Tin hi¢u l1a ham nhiéu bién:

Anh tinh Anh dong




1.1.1. Tin hi¢u va vi du vé tin hi¢u

0 Xir ly tin hiéu: xt 1y twong tu & xtr 1y s0 = tap trung XL twong tw

/ \ x(f} [MmV]
|
'| — 1
f ﬁ b@ | | >_“ (1] I I 1 F[S]

/() i 10 20 30 40 50 60

2
L"E" . Filtered signal
S =
= Unfiltered signal — -LJ//JVJ, J,VJ /J JJ/J
0 F—— 11— t[s] = 0  t[s]
0 10 20 30 40 50 060 1[] 2[] SEI -ID 5[]' 60



1.1.2. Phan loai tin hi¢u

0 Cé nhiéu tiéu chi dé phan loai tin hiéu:

Tin hicu iéntuc - Tin hi€u ro1 rac
Tin hi¢u tuong ty - Tin hi¢u s6
Tin hi¢u tuan hoan - Tin hi¢u khong tuan hoan

Tin hi€u nang lugng Tin hi€u cong suat

Tin hi€u xac dinh Tin hi¢u ngau nhién

Tin hi¢u nhan qua Tin hi¢u khong nhan qua

Tin hi€u thuc Tin hi¢u phtrc

d Trong do, cach phan loai tin hi€u lién tuc va tin hi€u roi rac la
thong dung nhit (trong mén hoc nay ta chi khio sat tin hiéu
lién tuc)



1.1.2. Phan loai tin hi¢u

0 Vi du: phén loai tin hiéu lién tuc & roi rac, tuong tu & s6

) (1) Af() (a) Af(t) (b)

E ¢ Analog A S— , "‘[I[ ‘.09

= di;/istal >t x UH >t
| time & Af(D) ©) If(t) (d)

O L
discrete-time “ l “l




1.1.3. Néing lwong va cong suit tin hiéu

[ Xét tin hi¢u dong dién 1(t) qua dién trd R:
= Cong suat tire thoi trén R: p(t)=u(t)i(t)=Ri%(t)
= Nang luong ton hao trong khoang thoi gian [t,21,]:

j :2 p(t)dt = j :2 Ri%(t)dt

= Cong suat ton hao trung binh trong khoang thoi gian [t,21,]:

1 ) 1
t)dt =
t,—t, L p(H) t,—t,

ty .
L Ri%(t)dt

0 Ning luong & cong suat trén dién trd R=1Q duoc goi 1a ning
luong va cong suat cua tin hiéu dong dién i(t)
t.
= Nang Iuong tin hiéu trong khoang [t,2t,]: E; = L i (t)dt

= Cong suat tin hiéu khodng thoi gian [t,>t,]: P = : jttziz (t)dt

tz _tl




1.1.3. Néing lwong va cong suit tin hiéu

0 Nhu vay nang lugng tin hiéu va cong suat tin hiéu khong phai 1a
ning luong va cong suat vé mat vat Iy > thong so6 danh gia do 16n
cua tin hiéu

0 Trén thuc té dé xac dinh d6 16n tin hiéu ta thuong xem téng quat
1a tin hiéu phtrc ton tai trén toan thang thoi gian. Khi d6 ning
lugng va cong suat cua tin hiéu f(t) dugc viét lai & dang tong quat
nhu sau:

Nang luong: [E, = [~ RO (dt = R0 dt

, . 1 p12 ) A
«Congsudt: [P = [jm| = | [f(OPdt
)

T—o0 T 172




1.1.3. Néing lwong va cong suit tin hiéu

4 Vi du:
f(t) _ (" n T hAat QN
2 2et? Es -‘.—14dt -[0 de =8 - Tin hiéu
.. E; nang lugng
=t P=lim—=0
-1 |0 T—o0 T -
{0
1| -
A
i | -
Ef:-‘-oo|f(t)|2dt -7 ) Tin hiéu
P_l Lo 2d_l ! 2d_1 m = cong suat
= OFde=—f ed=—

3




1.1.4. Cac phép bién doi thoi gian

a) Phep dich thot gian
b) Phep dao thot gian
c) Phep ty 1€ thot gian
d) Két hop cac phép bién doi



a) Phép dich thoi gian

f(t) = o(t)=1(t—T)

Q T>0 - dich sang phai (tré) T gidy
O T<0 - dich sang trai (sém) T gidy
d Vidu 1:

)t Ar\

f(t) f(t-2)

-1

e(t2)

0 of 1




a) Phép dich thoi gian

0 Vi duy 2: tin hiéu tuan hoan & tin hiéu khong tuan hoan
" f(t) 1a tuan hoan néu véi T>0 > f(t) = f(t+T) véi moi t
1 1)

AVAY VAVASS

2T

® Gia tri nho nhat cua T duogc goi 1a chu ky cua f(t)

= f(t) 1a tin hiéu khong tuan hoan néu khong ton tai gia tri ctia T
thoa tinh chat trén



b) Phép dao thoi gian

f(t) = (®)=f(-t)

0 Boi xung f(t) qua truc tung

d Vidu I:
f(t) f(-t)
A "
0f 1 3 t 3 -1 |o t

3 Vi du 2: Tin hiéu chan va 1¢
" Ham chan: f (-t)=f(t); d6i xtrmg qua truc tung

" Ham lé: f (-t)=-f (t); d6i xtrmg nguoc qua truc tung



b) Phép dao thoi gian

f.(t) f (1)

/ I\ AN

> { \ > 1

3 Phan tich tin hiéu thanh thanh phan chan va 1é

(0=t (0)+£, ()

1 s
f (t)zz[f(t)Jrf(—t)] — Thanh phan chan

- f (t):%[f(t)_f(_t)] — Thanh phan 1é



b) Phép dao thoi gian

0; t<0
QAVidu3: fty=q (a>0) =t )+, (1)

e’:; t>0

Le™: <0
(=1

1e™; 0

Vo1 <
| —5e"; t<0

L (D)= it

s€7; 0

f(t) t.(t)




¢) Phép ty 1€ thoi gian

f{t) = p(t)=fat); a>0

Q a>1 : co thoi gian a lan
0 0<a<1 : dan thoi gian 1/a lan

Vi du:

ft) f(3t)
2

32 | 3 1/2[ 1

R T




d) Két hop cac phép bién doi

f(t) > o(t)=f(at —b);a = 0

U Truwong hop a>0:

" Phuong phap 1:

* Budc 1: Phép dich thoi gian g(t)=f(t-b)
* Budc 2: Phep ty 1€ (t)=g(at)
* Vidu: o(t)=f(2t+1)

f(t)

-2

4

Budc 1
R B
t

e(O=f(t+1)

Budc 2

q
t

y(t)=g(2t)=1t(2t+1)

Il .

3721 372




d) Két hop cac phép bién doi

f(t) > o(t)=f(at —b);a = 0

U Truwong hop a>0:

" Phuong phap 2:
* Buoc 1: Phép ty 1€ g(t)=f(at)

* Budc 2: Phép dich thoi gian @(t)=g(t-b/a)

* Vidu: o(t)=f(2t+1)
f(t) g(H=1(2t)

Budc 1
T -
t

) 4 1

w(t)=g(t+0.5)=f(2t+1)

Budc 2
—_—

Na i

t

=372 1 372




d) Két hop cac phép bién doi

f(t) > o(t)=f(at —b);a = 0

U Truwong hop a<0:
* Budc 1: Xac dinh g(t)=f(|ajt-b)

* Budc 2: Dung pheép dao thot gian ¢(t)=g(-t)

* Vidu: o(t)=f(-2t+1)
£(t) g(t)if(2t+1)

| Budc 1
KL
t

-2 4 3721 32

w()=g(-0=1(-2t+1)

Buoc 2
L}
t t

-3/2 1 3/2




1.1.5. Cac tin hi¢u thong dung

a) Ham budc don vi u(t)
b) Xung don vi1 o(t)

¢) Ham mi



a) Ham bwoc don vi u(t)

u(t) -
{_ 1; t>0
1 u(t)=-

_H -t \O, t<0

3 u(t) thong dung trong viéc mo ta mot tin hiéu véi nhiéu mo ta khac
nhau trong cac khoang thoi gian khac nhau

d Vidu 1:
1; 2<t<4
f(t)= ) f(=ut-2)-ut-4)
0; t<2ort>4
u(p—2) u(t-4) f(t)
2 g 4 t 2 4 t




a) Ham bwoc don vi u(t)

d Vidu 2:

f(t)=+

Kt;

0<t<2

“2(t—-3); 2<t<3

;

t<0 or t>3

= f{t)=t[u(t) — u(t — 2)] = 2(t = 3)[u(t —2) — u(t = 3)]

4 Vidu 3:

f(t)

1 2 3 4

= f{t)=(t — D[u(t — 1) — u(t — 2)J+[ut — 2) — u(t — 4)]
& f(t)=(t— Du(t — 1) — (t = 2)u(t — 2) — u(t — 4)



b) Xung don vi 6(t)

 Pinh nghia :

o(t)=0;t#0
| s@ydr=1

3 Tinh chat 1: Néu f(t) lién tuc tai t, thi:

()

e e

O(t-tg
T ( );t

Vi du:

®>+

to

®>+9

)

d(t)
1/¢ 1

EI -0
>t >t

—/2 0] €/2 0

f(t)o(t —t,)=t(t,)o(t —t,)

t(t,)o(t-t,)

: 8(0)—1)=%8(00—1)

T >t

0




b) Xung don vi 6(t)

0 Tinh chdt2: || T f(0)s(t - t,)dt = fit, )

Vi du: _ s1n( jé(t 2)dt—s1n(7;tj =1
t=2

Q Tinh chat 3:

[ SOr0a-uomof, - [ uor @

= £(e0)— [ (0t = f(e0) ) =F0) = [ fO3(0d
du(t)

) I _too o(t)dt = u(t)

= p(t)=




¢) Ham mu

3 s=c+jo : Tan s6 phuc

4 S c 1 S s*
Q Vidu: Re{e¥}l=¢ tcosmt=§(e ‘+ett)

o<0

e’ =e° (cosmt+jsinmt)

* o
e’ ' =e” (cosmt-jsinmt)

a) =0

A

o>0

oc=0

b) o =0

> t




¢) Ham miu

c) o<0;w+#0 d)o>0,w+#0

A A

LHP RHP

Vi tri cua bién phirc s=c+jw trong cac vidu a, b, ¢, vad



