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& Muc tieu mon hoc

0 Mén hoc cung cap céac kién thirc vé xtr ly tin hiéu
twong tw, nhan manh cac van dé phan tich hé
thong nhw: cac hé thong tuyén tinh; cdc mé hinh
phwong trinh vi phan cda hé thdng va mach tuyén
tinh; chudi Fourier; bién doi Fourier; bién doi
Laplace; tich chap; 6n dinh hé thong; dap &ng tan
sO; cac ng dung nhw bd loc tich cwc, diéu ché
bién do (AM).




& NoOi dung mon hoc

Chwong 1: Gi&i thiéu veé tin hiéu va hé thong

Chwong 2: Phan tich hé thong lién tuc trong mién th&i gian
Chwong 3: Biéu dién tin hiéu tuan hoan dung chudi Fourier
Chwong 4: Biéu dién tin hiéu lién tuc dung bién déi Fourier
Chwong 5: Lay mau tin hiéu

Chwong 6: Phan tich hé thong lién tuc dung bién doi Laplace

U O 0O 0O 0 0O O

Chwong 7: Pap trng tan so6 va bod loc twong tw




Tai liéu tham khao
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Danh gia mon hoc
Q Bai tap (& nha, tai lép) : 20%
a Kiém tra gitra ky 1 20%
Q Thi cudi ky : 60%




Chwong 1

CO BAN VE TIN HIEU VA HE THONG




Noi dung chwong 1

Q Co ban vé tin hiéu

A Phan loai tin hiéu

Q Cac phép toan trén tin hiéu

Q Cac loai tin hiéu théng dung

0 Hé thong va phan loai hé thong




CO BAN VE TIN HiEU




Pinh ngha tin hiéu

a Tin hiéu 1a ham mang théng tin vé mét qua trinh
nao do.
> Doi s (bién doc 1ap) cia ham la thdi gian
hoac/va khéng gian (vi tri).
> Trong chwong trinh, ta quan tdm dén nhirng tin
hiéu la ham cla bién thoi gian.




Vi du tin hiéu

a Tin hiéu dong dién, dién ap trong mach dién
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i0) y u (t) 4i(t)
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_ / t t
[ - -
0 0; t<0
u_(t)=x:
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Vi du tin hiéu

Q Tin hiéu am thanh
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Vi du tin hiéu

Q Tin hiéu hinh anh

12




Vi du tin hiéu

Q Tin hiéu dién tim:

Normal Heartbeat

Fast Heartbeat

Slow Heartbeat

Irregular Heartbeat
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Nang lwong cua tin hiéu

+00
0 Néng lwgng cla tin hiéu: E, = I f 2 (t)dt

4 Vi du:

f(t)
F Y
2 2e
R
] - 1
-1 ]

E = f2(dt=[ @7dt+ [ de'dt=4+4=8
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Nang lwong cua tin hiéu

3 Vi du: Tach tr trong rng dung nhan dang tiéng néi
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Céng suat cua tin hiéu

sng subtciatinhiew: P, = lim[ = [ f3(t)ct
0 Cong suét cla tin hiéu: ¢ = lim ?I_T/z (t)
] . 1 7/2 5
0 Néu f(t) 1a tin hiéu tuan hoan: P, = — f~(t)dt
T J-1/2
Q Gia tri hiéu dung (root mean square - rms) cta f(t) 1a : 4/ P,
f(t)
Q Vi du: 1
o |
e, L, 1
P =~ | f (e =— | t (Hydt =
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PHAN LOAI TiN HIEU
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&) Phan loai tin higu

C6 nhiéu cach phan loai tin hiéu:

dTin hiéu lién tuc va tin hiéu roi rac theo thoi gian
dTin hiéu analog va tin hiéu s

A Tin hiéu tudn hoan va tin hiéu khdng tuan hoan
ATin hiéu nang lwong va tin hiéu céng suat

A Tin hiéu xac dinh va tin hiéu ngau nhién

A Tin hiéu nhan qua va tin hiéu khédng nhan qua
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Tin hiéu lién tuc va tin hiéu r&i rac

A Tin hiéu lién tuc: xac dinh tai moi thdi diém
QTin hiéu roi rac: xac dinh tai cai thoi diém rdi rac

() f(t)
K ‘I".".-._ ‘

—‘ >t

Tin hiéu lién tuc Tin hiéu rdi rac
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Tin hiéu twong tw va tin hiéu so

ATin hiéu twong tw: cé vo sb gia tri bién dod

ATin hiéu sb: co sb gia tri bién dd hivru han.
» Tin hiéu nhi phan: chi nhan 2 gia tri

. f(t) Af(Y) (a) Af(t) (b)

El nalo A7 S~— «1 .

E T :i;i%:: .t x ‘HHNN g
‘ fime A A () If(t] (d)

discrete-time

e 1AL I
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Tin hiéu tudn hoan va tin hiéu khéng tuin hoan

a f(t) 1a tuan hoan néu ton tai T>0 sao cho f(t) = f(t+T)
vO'l moli t.
11(t)

anfinn

3 Gia tri nhd nhat cia T dwoc goi la chu ky cua f(t)

3 f(t) 1a tin hiéu khéng tuan hoan néu khéng ton tai
gia tri cia T thda tinh chat trén
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Tin hiéu nang lwong va tin hiéu cong suat

Q f(t) la tin hiéu nang lwvong néu: E, <o

Q f(t) 1a tin hiéu cong suat néu: 0< P, <o

Q Cha y:

> Tin hiéu nang lwong = cdng suat bang 0

> Tin hiéu cdng suat = nang lweng bang oo

= Mét tin hiéu dong thoi khong thé vira la tin hiéu nang
lwong, vra la tin hiéu cong suat

> C6 thé cd tin hiéu khéng phai la tin hieu nang lwong, cling
khéng phai la tin hiéu cong suat.
Vidu: f(t) =t
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Tin hiéu xac dinh va tin hiéu ngau nhién

QA Tin hiéu f(f) 1a tin hiéu xac dinh néu co thé biét gia tri cla tin
hiéu tai moi thoi diém t.

Q Tin hiéu () 1a tin hiéu ngau nhién néu khéng thé biét chinh
xac gia tri cua tin hiéu tai moi thoi diém t ma chi biét ham
thong ké cta né.

Vi du: nhiéu ¢6 trung binh bang x, phwong sai bang 1

d Mén hoc nay chi xét tin hiéu xac dinh

23




Tin hiéu nhan qua va tin hiéu khéng nhan qua

A Tin hiéu f(f) 1a tin hiéu nhan qua néu f(t) =0, V t < 0.

Nhan qua

/
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CAC PHEP TOAN TREN TIN HIEU
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Cac phép toan trén tin hiéu

QChuyén dich trong mién thdi gian
QThay déi (co, dan) thang thdi gian
dDao thoi gian

% Thanh phan chan va & cua tin hiéu
dKét hop cac phép toan

26




Chuyén dich trong mién th&i gian

f(t) = o(t)=1(t—T)

Q T>0 = dich sang phai (tré) T gidy
 T<0 - dich sang trai (s&m) T giay

3 Vi du:

f(t) f(t-2)
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Dao thoi gian
() > e(®O=f(-1

3 DPoi xteng f(t) qua truc tung

4 Vi du:

f(t) f(-t)
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Tin hiéu chan va tin hiéu lé

Q Ham chan: f_(-t)=f_(t); d6i x&rng qua truc tung
Q Ham lé: f (- t)= — f_(t); d6i xtrng qua goc toa dd

f.(t) f (t)
/\ ) \\ }
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Thanh phan chan va Ié cia tin hiéu

A Tin hiéu bat ky co thé phan tich thanh tdng cta thanh
phan chan va 1é:

f(0)=f, (O)+£, (1)

Trong do:

f (t)=%[f(t)+f(-t)] (Thanh phan chan)

f (t)=%[f(t)—f(—t)] (Thanh phan 1&)
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Vi du thanh phan chan va I& cua tin hiéu

) 0; t<0
a Vi du: f(t)= (a>0) =t (t)+1 (1)
e™; t>0
(o=l 0
) Lle™; >0
Véi: < (
f=] 20
0 1 ,-at >O
_ 2€ 5 t
f(t) f(t) £,(t)




Co, gian thang thoi gian

f{t) = o(t)=f(at); a>0

d a>1 : co thoi gian a lan

J O<a<1

3 Vi du:

f(t)
2

: dan thoi gian 1/a lan

f(3t)

372 |

—N m
\t :t

3 -12] 1

f(t/2)
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Két hop cac phép toan

f(t) > o(t)=f(at —b);a = 0

d Trweong hop a>0:

» Phuwong phap 1:
<+ Bwdce 1: Phép dich thoi gian g(t)=f(t-b)
<« Buwdc 2: Phép ty Ié ¢(t)=g(at)

<« Vidu: o(t)=f(2t+1)
f(t) g(t)=f(t+1) Y(O)=g(2)=H2t+1)

| Budc 1 Budc 2
T = — 1
t t t
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Két hop cac phép toan (tt)

f(t) > o(t)=f(at —b);a = 0

d Trwworng hop a>0:

» Phuwong phap 2:
<« Buwdc 1: Phép ty 1é g(t)=f(at)
<+ Bwdc 2: Phep dich thoi gian o(t)=g(t-b/a)

<+ Vidu: o(t)=f(2t+1)

ft)

-2

Buwoc 1
e
; |

g(t)ﬂ=f(2t)

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

Buoc 2
—’ﬂ_
t t

=372 1 372
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Két hop cac phép toan (tt)

f(t) > o(t)=f(at —b);a = 0

d Trwworng hop a<0:
<+ Bwdc 1. Xac dinh g(t)=f(|a|t-b)
< Bwé&c 2: Dung phép dao th&i gian ¢(t)=g(-t)

<« Vidu: o(t)=f(-2t+1)
f(t) gO2HD)  y(=g(O=f-2trD)

| Budc 1 Buwdc 2
T 1= A ="
t t t

-2 4 372 1 372 372 | 372
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Bai tap

Cho tin hiéu f(t) nhw hinh dwéi day, hay xac dinh va vé

cac tin hiéu sau:

(a) f,(t)=f(4t+2); (b) f,(t)=f(t-2)+f(-2-t); (C) f5(t)=f,(4-t/2).

A

t1(t)

2

2
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CAC TIN HIEU THONG DUNG
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Cac tin hieu thong dung

Q Ham nac don vi u(t)
A Xung don vi 5(t)

J Ham md
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Ham nac don vi

u(t) -
{_ 1; t>0
1 u(t)=-
— -1 \O, t<0

3 u(t) thwéng dung dé biéu dién mot tin hiéu véi nhiéu mé ta
khac nhau trong cac khoang th&i gian khac nhau

3 Vidu 1:

1; 2<t<4 )
f(t){o; oo D f(O)=u(t—2)—u(t—4)

u@:—2) u(t-4) f(t)
1 | l--

RIS il
2 "t 4 t 2 4 t
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Ham nac don vi

d Vidu 2:

) f(t
t; 0<t<?2 2(_)_ -
f(ty=d —2(t—3); 2<t<3 N\
0; t<0 or t>3 >t

— f(t)=t[u(t) — u(t — 2)] - 2(t = 3)[u(t — 2) — u(t — 3)]
Qd Vidu 3: fg)

1 2 3 4

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

d(t)

5(1:) — O, t * O A1/8 1
4 Dinh nghia : .
[“sdt=1 E] &=0 .
= —e2 0| &2 0 ’
Q Tinh chat 1: Néu f(t) lién tuc tai t, thi: [f(©)3(t — t,)=f(t,)d(t — t, )
i R
© o f(t,)3(t-t,)
TS(t-to) T
> t > t
to t,
vide 2 L so-1=Ls-1)
: o—1)==08(w-
o ®°+9 5
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Xung don vi

Q Tinh chét 2: LAy mau j°° ft)5(t — t, )dt = fit, )

Viduy: [ sin (%tjé(t - 2)dt=sin(%tj

Q Tinh chat 3:

=1

t=2

[ SOr0a-uomof”, - [ uor o
= f(c0)— | f'(t)dt =F(o0)~f(D)]; = f(0) = [IRORO

du(t)

= I_too o(t)dt = u(t)

= 5(t)=
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Ham

mu

d s=c+jo : Tan so phirc

e’ =e” (coswttjsinmt)

e*"' =e” (cosmt-jsinmt)
1

a Vi du: Re{e“}ze"tcosmtza(eSt +e*)
o<0 A o>0
o=0

> t
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A

d)o>0,w=0

A

LHP

Vi tri cia bién phirc s=c+jw trong cac vidu a, b, ¢, va d

RHP
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Bai tap

Bai 1: Tinh nang lwgng cua cac tin hiéu nhw hinh 1

Bai 2: Hay viét ham m6 ta cho céc tin hiéu trén hinh 1
Bai 3: Hay vé cac ham f(-21), f(2t+1), f(-21-3), sau d6 viétham mé ta

cua chung; voi f(t) dwoc cho nhw hinh vé dudi day
f(t)

I/

af 1 2 3 4

f(t) fit-2) hinh 1 ft+2)
1 ot ’ _ _ e (t-2) _ _1_“;, ¢ (1+2)
< S
— 1 = o | = > 1
-1 |ﬂ 0 1 -3 0
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CO BAN VE HE THONG
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&) Pinh nghia hé théng

3 Dinh nghia: hé thdng “xt Iy’ cac tin hiéu vao va “tao” cac
tin hiéu dau ra

Tin hiéu vao —» System [—— Tinhiéura

— @ —

Hardware Software
(electrical, (Algorithms)
mechanical,

hydraulic,...)

d Hé théng lién tuc: Tin hiéu vao lién tuc - tin hiéu ra lién tuc
[ Hé thong roi rac: Tin hiéu vao rdi rac = tin hiéu ra rdi rac

3 M hinh toan: Méi hé thdng déu dwoc mé ta bdi 1 phwong
trinh toan mé ta quan hé gilra ngd ra v&i ngd vao
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Vi du don gian vé hé thong

A Vidu 1: mach dién

i(t)

R

e(t) q’D

A t :
¢ Loy SOIRCED 4y (1)=e(n)| el

d Vidu 2: co hoc

m

e KON o, a0, a0 1Y
dt’ dt dt

48




Két noi bén trong hé thong

3 Ghép ndi tiép: Input —>{System 1f——{System 2[—— Qutput

System 1
1 Ghép song song: Input{ Output
System 2
3 Ghép hoi tiép: Input System 1 ® » Output
System 2|<—
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Cac tinh chat co ban ctia hé thong

d Tin
d Tin
d Tin
d Tin
d Tin
d Tin

N cO Nho

h kha nghich
h nhan qua
h tuyén tinh
n bat bién

h 6n dinh
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& Tinh c6 nho’

d Hé thdng khdng nhé: ngd ra khéng phu thudc vao ngd
vao trong qua kh& (ngd vao trwdc thdi diém hién tai
dang xet).

Vi du, mach thuan trg:

u(t)=Ri(t)
d Hé thdng cd nhé: Ngd ra phu thudc vao ngd vao trong

qua khur. ‘
Vi du, mach dién cé phan tt L, C:

uc()=¢ j; 1. (t)dt

i, (=1 u, (Hdt
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&) Tinh kha nghich

d Hé thong kha nghich: ngd vao phan biét = ngd ra phan
biét. Khi dé ton tai mot hé thdng nghich dao dé khi ghép
lién tang hai hé thong thuan va nghich tao thanh hé
thong don vi.

Vi du:
t
1) — 3020 WO 3 (O — WO
O Hé thdng khdng kha nghich: khéng phai 1a hé thong
kha nghich.
Vidu:  y(t)=f(t)
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Tinh nhan qua

0 Hé thong nhan qua 1a hé thdng ma tin hiéu ra & hién tai
khéng phu thubc vao tin hiéu vao & twong lai

= y(t) khndng phu thudc f(t+t,) voi t,>0.
> Vi du: y(t)=f(t—-2)+f(t)

Q Hé thong khéng nhan qua 1a hé thong ma tin hiéu ra &
hién tai phu thudc vao tin hiéu vao ¢ twong lai

= y(t) phu thudc f(t +t;) voi t,>0.
> Vi du: y(t)=f(t-2)+f(t+2)
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Tinh tuyen tinh

A Tinh chat ti 1é

© o B ko ke

For any k=const

A Tinh chat coéng

fi(t) y1(t)
D) f,t)+h(t) V1(£)+Y(t)
0 2

Q Tinh xép chéng (két hop 2 tinh chat trén)
K f3 (£) +Kyf5(E) Ky 1(B)+Kyy,(0)

d Hé tuyén tinh: thda man nguyén ly xép chong

[ Hé phi tuyén: khéng thda man t/c ti 1& va t/c cdng
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Vi du danh gia tinh tuyén tinh caa hé théng

1 Vi du 1: Banh giéa tinh tuyén tinh ctia hé thong
y(t) = ti(t)
] Ta co:

f,(t) = y,(t) =t (V)
£,(t) = y, (1) =th, (1)
R(t) =k £, (0 + K, (1) = () = D) = ktf,(6) + K, (0
= y(®) =ky,(H)+k,y, ()

— Hé thong tuyén tinh
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Vi du danh gia tinh tuyén tinh caa hé théng

[ Vidu 2: Banh gia tinh tuyén tinh cia HT mé ta boi PTVP:

% +3y(0) = (1)

( dy, (t)
dt

dy, (t)
dt

— %[kﬁﬁ O +k,y, (O] +3[k,y,(t) + k,y, (O] = k1, (t) + k, 1, ()

Biéu thirc trén chirng té néu f(t) = k. £, (t) + kT, (t)
thi y(t) =k,y,(t) + k,y,(t)

+3y,(t) =1,(t)
Jd Taco:

+3y,(t) =1, (1)

— Hé thong tuyén tinh
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Vi du danh gia tinh tuyén tinh caa hé théng

1 Vidu 3: Banh gia tinh tuyén tinh cta hé thong:
y(t) = (t)

L Ta co:

[f.0)=y,()=£]®)
(0 =y, () =15 (1)
f(t) = k1f1 () + szz () = y() = fz(t) — [klfl () + szz (t)]z

=y #ky, () +k,y,(t)
— Hé thdng phi tuyén
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Tinh bat bién

[ Hé thdng bat bién 1a hé thong ma néu doi tin hiéu vao mot
khoang thoi gian la t, thi tin hiéu ra cling d&i twong rng mét
khoang thoi gian 1a t,.

O Hé thdng thay ddi theo thdi gian 1a hé thong khdng théa man
tinh chat bat bién.

f(t) —>| system |—> yit) = f(t-ty) —>| system |—> y(t-ty), Vi,

f(t) y(1) f(t-t,) y(t-t)
t—/>t 'Ito =, t /Lto t

58




Vi du danh gia tinh bat bien cua hé thong
O Vidu 1: Hé théng y(t)=sin(|f(t)))
y(O=sin([f(t))) = y(t—ty)=sin([f(t—t,)])

f(=ft—t,) = vy, (t)=sin(fit—t,))=y(t—t,) = HTBB
d Vidu 2: y(t)=f(2t)

yO=1(2t) = y(t—t,)=f2(t-t,))=1(2t - 2t,)

f)=t(t-t,) = y@O=t2t-t)=y(t-t,) = HTTD
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Tinh én dinh

0 Hé thong 6n dinh: ngd vao bi chan = ngé ra bi chan (BIBO
— Bounded Input Bouded Output).
Vi du: y(t)=e"™

Giasw: |f(t)<B = [y(t)|<e® = HTbn dinh

O Heé thong khdng 6n dinh: ngd vao bi chan = ngd ra khéng bi
chan

Vidu: y(t)=tf(t)
Giastr: |[f(t)|<B = |[y@®)|=tlt)|[<B|t] = [|y(t—>o0) =00

= HT khdng 6n dinh
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MO HINH HE THONG
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Mb hinh hé théng

2 Hé théng dudc mo ta (dac trung) bdi phuong trinh quan hé cua tin hiéu
ngo vao va tin hiéu ngd ra = mo hinh hé thong

Phwong trinh quan
f(t) vt hé cua y(t) vei f(t)

Vi du: d;?) +4y(t)= f(1)
2

2 Mudn phan tich hé thong ching ta phai tim dudc moé hinh cia hé thong

2 Viéc tim ham quan hé cua y(t) vdi f(t) can phai biét mdi quan hé giira
nhiéu bién trong hé thong

Vidi: ;-1 R=30Q

J (@)

dt*

L3O 300 )= LD
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Bai tap

Bai 1. Cho cac hé thdng dwoc mé té bédi phwong trinh dudi ddy hay cho biét hé
théng nao la tuyén tinh, khéng tuyén tinh? Giai thich?

(i>§£+fﬁiﬂ=42r+IUTﬂ
t

o
(b) (1)

S 13y(0) = £ (1)

dt
Bai 2. Cho mach dién (hé thdng) nhw hinh 2, véi f(t) 1a ngudn ap va y(t) |a dién ap.
Hay xac dinh phwong trinh mé ta quan hé cua y(t) vai f(t) va chirng té hé thong nay
la tuyén tinh bat bién LTI

Hinh 2 R=30
— AA———
C +
£ (")@ g 20
. o

63




Bai tap

Bai 3. Cho mach dién (hé thong) nhw hinh 4, véi f(t) 1a ngudn ap va y(t) a dién ap.
Hay xac dinh phuong trinh mé té quan hé cla y(t) vdi f(t) va ching té hé thdng nay
|a tuyén tinh bat bién LTI; biét R,=R,=2Q va C=0.5F
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