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Q Gidi thiéu

0 Bap ng v&i ngd vao bang 0
Q Dap wrng xung don vi

0 Dap wng véi ngd vao bat ky
Q Tinh 6n dinh cla hé thdng




GIOI THIEU




&) Gidi thigu

3 Mbn hoc tap trung khao sat hé thong tuyén tinh bat bién lién
tuc (Linear Time Invariant Continuous system — LTIC)

3 Quan hé vao ra clia hé LTIC c6 thé mé ta bang phwong trinh
Vi phan

(1) — y(f)
— Hé thong >
d"y d™ty dy dmf dmf df
+a +oeta > +a,y=h b o+ —+ by f
dt” "t dt™? Dy T %Y T B gem T B Tyt b at P

n: bac cla hé thong, hé thong hop thirc (proper) néu n>m.
a,, b;: théng so cua hé thong




Vi du hé théng tuyén tinh

d Mach RLC — Hé thdong dién

ic(h] ir(H| i)
i(t]*| C=— R L S v(t)
Input Output
i(t):Cd\(;(tt) viv) | j v(z)dr

LM 1 v 1 s 14O

dt? RC dt LC C dt




Vi du hé théng tuyén tinh

Q Hé thong giam sbc — Hé thong co ij{r‘j
M: khoi lvgng tac dong 1én banh xe, I_‘M
B hé sO0 ma sat, K do cirng 16 xo i

f(t): lwc do soc: tin hiéu vao l |
y(t): dich chuyén cua than xe: tin hiéu ra . . (1)
\J
d?y(t) = dy(t)
M +B + Ky(t) = f(t
e & y(t) = ()




& Dap rng cua hé LTIC

dmf+b dm™f
at™ " dt™?

n n-1
d r}/ + an—l d n—¥
dt dt

_|_...+ai%+a0y:bm —|—---—|—bl%+bof

3 Ky hiéu D thay cho d/dt, phwong trinh trén dworc viét lai:
(D"+a ,D" ' +---+aD+a)y=(bD"+b D™ +.--+bD+h)f
\ J \ J

Y

Q(D) P(D)
= Q(D)y=P(D)f

0 Dap ng cla hé LTIC gom 2 thanh phan:
» Dap wng tw do: la ‘dép rng ‘do nang lwong tich triv bén
trong hé thong (diéu kién dau) khi tin hiéu vao bang 0.
> De@p trng cwong bure: la dé‘ap rng dq téc‘nhén bén ngoai hé
thong (tin hiéu vao) khi diéu kién dau bang 0




PDAP UNG TU DO




& Dap rng tw do

d Dap ng tw do la dap trng khi tin hiéu vao bang 0 (zero-input
response).

 Xét hé thong mé ta béi PTVP:
(D"+a D" +---+aD+a,)y=(b D" +b_ D™ +---+bD+b))f
< Q(D)y=P(D)f
Q Goi y,(t) 1a dap tng tw do cha hé thong (f(t)=0), suy ra

Q(D)yo (t) =0
3 y,(t) cé dang Ce”*

— Dy, (t) = Cle",D?y,(t) = CA%e",...,D"y,(t) = CA"e"
- C("+a A" +..+al+a)e" =0 = CQ(1)e" =0
= Phwong trinh dac trung: Q(4) =0
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&) Dép tng ty do (tt)

d Tuy theo nghiem cua phwong trinh dac trweng, dap ng tw do
cua hé thong cé dang nhu sau:

> Neéu Q(4)=0cb6 n nghiém don:
y, (1) =C.e" +C e +..+C_ e~ +C e™

> Néu Q(A1)=0 c6 nghiém bdi (gid s A, la nghiém bdi r):

yo(t):(c +Ct+ +Ctr1)eﬂit_|_c er+1t_|_ +Ce/1t

r+1
> Néu Q(1)=0 c6 nghiém phurc (gia st A= at|p):

Y, (t) = Ce” cos(ft + 0) + C,e™ +...+C e™
Q Cac hang so C , @ duoc xac dinh tr diéu kién dau.

0 Matlab: dsolve('PTVP','DK_dau_1''DK dau 2',...,'DK_dau n’)

11




Vi du tinh dap wng tw do

QTim y(t):  (D? +5D + 6) y(t) = Df (1)
Vi didu kien dau Y(0) =0; y'(0) =-5
d Giai: _
Q Phwong trinh dac treng: A°+54+6=0 =
=y, (t)=Ce? +C,e™ -
3 Xac dinh cac hang sb tw diéu kién dau:

y/(0) = -5 ~-2C,-3C,=-5 {cl =-5
— —
y,(0) =0 C,+C,=0

= Yy, (t)=-5e* +5e™
Matlab: >> dsolve('D2y+5*Dy+6*y=0'"y(0)=0''Dy(0)=—5')
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Bai tap tinh dap rng tw do
A Tinh dap tng tw do Y, (t) cia cac hé thong sau:
a) (D? +4D + 4) y(t) = Df (t)
Véi dieu kién dau y,(0) =1 y'(0) =0
b) (D? +4D +40)y(t) = (D + 2) f (t)
Vi didu kién dau Yo (0) =0; y'(0) =16.78

c) (D°®+5D°+7D +3)y(t) = (D +2) f ()
Véi dieu kién dau y,(0) =0; y'(0) =1, y"(0) = -2
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DAP NG XUNG DON VI
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& Pap rng xung dorn vi

0 DPap rng xung don vj la dap &ng cda hé thong khi tin hiéu
vao la xung dirac.

0 Xét hé thong mé ta bdi PTVP (chu y bac 2 vé bang nhau)
(D"+a ,D" ' +---+aD+a)y=(bD"+b D" +.--+bD+h)f

0 Dap ng xung don vi cla hé thong trén cé dang:

h(t) = b,6(t) +[P(D)y, (1)]u(t)

Trong do Yy (1) 1a dap (ng tw do cha hé thong véi cac diéu
kién dau nhw sau:

Yo' 7(0) =1
Y 2(0) = y"2(0) =... = y¥(0) = y,(0) = 0
A Ching minh: Xem phu luc 2.1 (Lathi, 1998)
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Vi du tinh dap wrng xung dorn vi

3 Vi du: Tim dap &ng xung don vi clia hé thong:
(D? + 3D +2)y(t) = Df (t)
4 Giai:
2 =-1
A Phwong trinh dac trung: 4> +31+2=0 = ;
=y (t)=C,e' +C,e? :
3 Xac dinh cac hang sb t diéu kién dau:
y (0)=1 -C,-2C, =1 C, =1
=X =X
y (0)=0 C,+C,=0 C,=-1
U Dap rng xung:
h(t) = b,6(t) + [P(D)y, (t)]u(t) = D[e™" — e ]u(t)
= h(t) = (—e " +2e")u(t)

= yn (t) — e_t o e_Zt
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Bai tap tinh dap rng xung don vi

Q Tim dap ng xung don vi clia cac hé thong:

(@) (D*+4D+4)y(t)=(D+3)f (1)
(b) (D°+3D*+16D +12)y(t) =(D*+ D +1) f (1)

(c) (D?+2D+5)y(t) =21 (t)
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PAP UNG VOI NGO VAO BAT KY
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Pap (rng v&i ngd vao bat ky

Q DBap wng voi ngd vao bat ky f(t) dwoce tinh dwa vao dap irng
xung vai tin hiéu vao ot):

o(t) — h(r)

h(t)
> > t

0

10

O(t—nAt)— h(t—nAr)

4 4 h(t-nat)
S(t-n A1)
T >t /\: t
0 nAT 0 nAt

[ f(RAT)ATIS(t — nAT) = [ F(nRAT)ATIA( — nAT)

TH(n At)at|3(t-n At) |

[ Hi(n A9AT h(t-n AT)

/\;‘

NAT

NAT
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Pap (rng v&i ngd vao bat ky (tt)

i F(nAT)O(t —nAT)AT — i f(nAT)h(t —nAT)AT

4 ¥(t)
 f(t]
f(nAT ) |-
] e 0] t=nAt
AT t= NAT

lim > f(nAT)S(t —nAT)AT — lim > f(nAT)h(t —nAT)AT

o[ f@se-ndr=f1) > [ f@)ht-1)dr

2Tich chap |

v =[_ f(Oh(t-1)dr= f(1)*h(1)
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Tich chap (Convolution)

(f) y(t)
— h(t) -~

0 C6 thé mé ta hé thdng tuyén tinh bang dap trng xung h(t).
Q DBéap &ng clha hé thong vaéi tin hiéu vao bat ky f(t) 1a tich chap
gitra tin hiéu vao f(t) va dap wng xung h(t).

y(t) = F@®)*ht)= [ f()h(t-7)dr
3 Néu hé thong nhan qua: h(t)=0 vai t<0:

y(t)= f(O*h) = [ f()h(t-r)dr
Q Néu tin hiéu vao ciing nhan qua: f(t)=0 vai t<0:

y(t) = f () * h(t) = [ f()h(t-7)dz
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Cach tinh tich chap

Q Tinh tich chap: f(t)* h(t) = [ f(2)h(t - 7)dr

> Xac dinh h(t—t) theo bién t bang céach:
= |4y doi xirng ham h
= d&i phai (trdi) mot khodng t néu t>0 (néu t<0)

h(t) Vh(\«r ‘ hit-17)
L N

» Nhan f(t) v&i h(t-1)

1§ hit—7
gy R N I _ f(oh(t-7)

t

> Lay tich phan trén toan thang t




Tinh tich chap — Vi du 1

Q Tinh tich chap sau day: e ®y(t)* u(t)

e u()* u(t) = +foe“""u(r).u(t —7)dr

= 'tfe_afu(r).u(t —7)dr

t

7=0
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Bai tap
U Tinh tich chap sau day:
(@) e “u(t)*e"u(t)

(b) u(t)*u(t)

(¢) e “u(t)*e“ult)

(d) tu(t)*u(t)
(e) (sim‘ ) u (1) *u(tr)
(f) (cost)u(t)*u(r)
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Tinh tich chap - Vi du 2

[ Tinh tich chap f (t)* h(t) cua hai ham sau:

f(t) . h(t)
2
1
¢ ‘ ;

0 2 0o 1
Q Thay t bang 7 vao hai ham f(t) va h(t)
Q Xoay va dich ham h(z) — h(t—17) ot h(t—2)
0 V& hai ham Ién cuing 1 db thi | 7 (2)

¥
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Tinh tich chap - Vi du 1

 Xét cac gia tri cua t:

2
QKhit<O0: e Tz . (z)
> f(t) va h(t—t) khdng chdéng nhau .
> Dién tich nam dwdi f(t)h(t—r) 1+t tO 2
bang O
A KhiO<t<1:
> f(t) va h(t-t) chdng nhau 1 phan n(t-7) 2] 0
> Dién tich nam dwdi f(t)h(t—7) la: |
t T

[ 2dr = (2r), =2t 1 >

0
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Tinh tich chap — Vi du 1

0 Khi 1<t <2 ht-2) 2|

> f(t) va h(t-t) chdng nhau hoan toan 1 -
> Dién tich ndm dwai f(t)h(t-c) 1a: .

1+t t 2

i(7)

t
IZdT = (22'){11+t =2

-1+t

0 Khi 2<t <3 ot
> f(t) va h(t-t) chong nhau 1 phan

f(7)
1 h(t-7)

‘

> Dién tich nam dwai f(t)h(t-1) 1a:

2 , —1+t 2 t
[2dr = (2r), =4-2(-1+t)=2-2t

-1+t

—1+t
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Tinh tich chap - Vi du 2

0 Khi t>3:
> f(t) va h(t-t) khon

» Dién tich nam dw
bang 0

g chong nhau
o1 f(t)h(t-1)

0 Két qud: tich chap gom 5 khoang:

y(t) = 1(t)* h(t) =

0 (t <0)

2t (0<t<]
2 (1<t< 2
2-2t (2<t<3)

0 (t>3

\

f(7)
h(t—7)

2 -1+t t
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Tinh tich chap-Vidu 3

Q Tinh tich chap f (t)* h(t) cua hai ham sau:

f(t) 4 , h(t)
3
2

AN : :

0 2 ' 2 0 2
Q Thay t bang 7 vao hai ham f(t) va h(t)
0 Xoay va dich ham h(z) = h(t-7) qt - Nt=7)
Q V& hai ham Ién cung 1 d6 thi 19
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Tinh tich chap -Vidu 3

0 Xét cac gia tri cua t: 31 ,,x”h(t_f)
a Khit<—2: Sl T
> f(t) va h(t-t) khdng chéng nhau C .
> Dién tich nam dwdi f(t)h(t-1) —2+t 2+t 2
bang O
0 Khi —2<t <0 -

> f(t) va h(t-t) chong nhau 1 phan

> Dién tich nam dw@i f(t)h(t-7) Ia: "ot 24t 2

2 2 32ty 3t?
[3r+2dr=3-—+2r| =- +62+t)=—"-+6
) 2 : 2 2
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Tinh tich chap - Vidu 3

0 Khi O<t <2: at __h(t-7)
> f(t) va h(t-t) chong nhau hoan toan , (@
> Dién tich nim dwai f(t)h(t-r) 1a: \
2 4
2 ° —2+ '
IB(—T+2)dT:{—%+2f] =06 2 2+t
i 0 31 _h(t-7)
0 Khi 2<t <4 . , f(2)
> f(t) va h(t-t) chdng nhau 1 phan e
= T
> Dién tich nam dwai f(t)h(t-7) la: Tort 5 ouy .
2 ) 2 ,
j3(—T+2)dZ'= —T—+21' :3t__12t_|_24
—2+t 2 ot 2
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Tinh tich chap - Vidu 3

a Khi t>4:
> f(t) va h(t-t) khéng chéng nhau

> Dién tich nam dwdi f(t)h(t—1)
bang 0

h(t—7)

2 —2+t

2+t
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Tinh tich chap —

Vidu 3

» Két qua cua tich cha

y(t) = 1(t)* h(t) = 1

p (gdm 5 khodng)

() vai <=2

—%r2+6 voi —2<t<0
6 vei 0<5r<?2

%IZ—IZI+24 voi 2<t<4

HO voi 124

‘
«~---p!

, V(1)
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Bai tap

A Tinh tich chap cua cac ham sau day:




Bai tap

A Tinh tich chap cua cac ham sau day:
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Tinh chat cua tich chap (tt)

U Tinh giao hoan:

f()* h(t) = h(t)* f (1)

£ty h(t) P y(t)<>=h(t)—-

ft) = v(®

A Tinh phan phbi:

(1) * hy(t) + T(0) " hy(t) = 1(t)* [, (1) + h,(1)]

T
f(t) —>¢ %—» y(t) = 1 (t)—>

h](t)—l—hz(t) - v (t)
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Tinh chat cua tich chap

A Tinh két hop:

[T(0)* hy(1).

*hy (1) = T(O[h (1) * h, (1)]

f(t) —» hl(t)

——th |

h,(0

— y(t) - 1 (t)—>

Q Tinh bat bién:

h, (t)*h,(t)

v (t)

Néu f(t)* h(t) = y(t)
thi  f(t=T)*h(t) = y(t-T)
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Tinh chat cua tich chap (tt)

4 Tich chap voi xung dirac:

f(1)* 5(t) = f(t)
A Tinh chat db réng:

f,(1) f, (1) RORRAL

[ L A\ TN
—T - . — — — T T,
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Cach do dap rng xung cua hé thong

u(t)

V\ji}—
r

T/\m‘r}
0~ 7

— W) o 4 |5
dt
1(t) T o(1) ht)
0 q 0 ¥ (I
el
—_— —> (1) —*
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Pap (ng chung ctia hé théng khi tin hiéu vao bat ky

0 DPap ng chung cla hé thong bang tdng cua hai thanh phan:
> dap &ng v&i ngd vao bang 0 (zero-input response)
> dap &ng véi trang thai dau bang 0 (zero-state response)

y(t) = Yo (t) + T(t)* h(t)

Trong do:
> f(t) la tin hiéu vao
> Yo(f) 1a dap rng v&i ngd vao bang 0
> h(t) 1a dap trng xung cla hé thdng
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Vi du tinh dap (rng ctia HT khi tin hiéu vao bat ky

0 Cho hé thong mé ta béi phwong trinh vi phan:
(D* +4D +3)y(t) =21 (1)
Q Biét diéu kién dau la: y(0) =1 y'(0) =3
0 Tinh dap ng cta hé thong khi tin hiéu vao 1a:
(@) f(t)=u(t) b) f(t) =eu(t)
a Giai:
Q Dap wng tw do:

B :>yo(t) ce'+Ce™

A =
PTDT: A°+44+3=0 :{ :

, Y, (t) =3e" —2e™

, C,+C, =1
PbK dau: =

_c,-3c,=3
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Vi du tinh dap (rng ctia HT khi tin hiéu vao bat ky (tt)

Q Pap wng xung:
h(t) = b,o(t) +[P(D)y, ()]u(t)

Trong do: Y, (t)=Ce ' +Ce™

voi: = —
yn(O):O _C1_3C2:O C22_05

= vy (t)=15e"-0.5e™

= h(t) =[2y,(D]u(t) = (3™ —e™)u(t)
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Vi du tinh dap (rng ctia HT khi tin hiéu vao bat ky (tt)

a Dap wrng cudng burc:

(a) Khi tin hiéu vao la ham nac don vi f (t) = u(t)

yi () =h(t)* f(t)= [h(z).f(t-7)dz
e

(3e" —eF)u(r).u(t—7)dr = (— 3e’ + ;j

=0

o'—'f—r

e—3t

3
Pap wng tong cla hé thong:

w | O

= y. (t)==-3e"+

38

y(t) = v, () + Y, (t) = (Bet 243 e: ju(t)

= y(t) = (8-5e")/3.u(t)
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Vi du tinh dap (rng ctia HT khi tin hiéu vao bat ky (tt)

a Dap wrng cudng burc:

(b) Khi tin hiéu vao la f (t) = e u(t)
SV tu l[am




Bai tap tinh dap (rng caa hé théng
Q Tinh dap &¥ng cla cac hé thong sau day:
(a)(D*+3D)y(t) = (2D +1) f (t)
piéu kien dau: y(0)=-1,y'(0)=0
Tin hiéu vao: f(t) =sin(4t)u(t)
(b) (D? + 2D + 5) y(t) = f (t)
Piéu kien dau: Y(0)=-2,y'(0)=1
Tin hiéu vao:  f (1) =2(u(t) —u(t —4))
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Dap wrng voi tin hieu ham mu phirc

* Xét tin hiéu vao la ham mi phue f (t) = €¥ va diéu kién dau
bang 0, dap rng cla hé thong la:

y(t) = h(t)* f(t) = ]?h(z')es(t_r)df _— Th(r)e—”df

* Dat. H(s) = [h(r)e~dr

— y(t) = H(s)e®
* V&i moét gia tri cu thé cla s, H(s) 1a hang s6
—> Khi tin hiéu vao la ham md, tin hiéu ra ti 1é v&i tin hiéu vao.

* H(s) dwoc goi la ham truyén clta hé thong.
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& Ham truyén cta hé tuyeén tinh bat biéen

* Dinh nghia ham truyén: Ham truyén ctia mot hé thong la ti so
gitra tin hiéu ra va tin hiéu vao khi tin hiéu vao la ham ma e¥
_output signal
~ inputsignal |jnyt—es
* Néu hé thdng mé ta b&i phwong trinh vi phan:
Q(D)y(t) = P(D) 1 (t)

Thi c6 thé chirng minh dwoc ham truyén cda hé thong la:

H(g) = 2
Q(s)

* Goiy chirng minh: thay f (t) =e® vay(t) = H(s)e® vao
phwong trinh vi phan.

H(s)
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TINH ON PINH CUA HE THONG
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Khai niém én dinh

0 Hé thdng 1a 6n dinh néu hé thdng cé thé tré tw vé trang thai

can bang t trang thai dau khac 0.
0 Nhac lai dap tng vai tin hiéu vao bang O:

y,(t)=C,e” +C,e? +..+C e™

— Hé thdng 1a 6n dinh néu va chi néu moi ché dé dac trung — 0

Khi t—oo0.
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&) Pidu kién én dinh cia hé théng LTIC

0 Hé LTIC Ia tiém can 6n dinh néu va chi néu tat ca cac nghiém
dac trwng nam bén trai mat phang phirc (LHP)
0 Hé LTIC Ia khdng 6n dinh néu va chi néu co6 cac diéu kién sau:
> (i) C6 it nhat mét nghiém dac trwng nam bén phai méat phang
ohtrc (RHP)
> (ii) c6 nghiém dac trwng lap trén truc ao.
0 Hé LTIC & bién 6n dinh néu va chi néu, khdng cé nghiém dac
treng nam bén phai mat phang phrc (RHP), va cd mét sb
nghiém don trén truc ao.
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Lién hé gitra dap (rng va vi tri cwe caa hé thong

Q Tinh &n dinh cta hé thdng phu thudc vao “nghiém” clia PTDT




Vi du danh gia tinh &n dinh cta hé théng

* Danh gia tinh 6n dinh cha cac hé thdng md ta bdi cac
phwong trinh vi phan duwdi day:

(@) D(D+2)y(t) =3f(t)
(b) (D+1)(D+2)y(t)=(2D+3)f (1)
(c) (D?+1)(D*+9)y(t)=(D*+2D +4)f(t)

(d) (D+1)(D*-4D+9)y(t)=(D+7)f(t)
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Panh gia tinh én dinh dwa vao dap (rng xung

= Xét dap ung cua HT LTIC vai tin hieu vao f(t)
() =h()x f(0) = k@) fa-vdr = [y0|<]_|h@)|f@-1)dr
= N&u f(t) bi chn:
f-D|<K <o =|yn)|<K,.[ |n(r)dr

= N&u hé théng 6n dinh:

[t < K, <0 = [y S KK, <o )| e1Bo

0 Két ludn: Hé LTIC 8n dinh néu fw\h(r)\dr hbu han
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