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Khai niém
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é;p Hé thong diéu khién dung mdy tinh s6

k ()
- o [
Cht(kD

* “M4dy tinh s6” = thi€t bi tinh todn dya trén cd s ky thuat vi xut
1y (vi xtt 1y, vi di€u khi€n, mdy tinh PC, DSP,...).

c(?)

* Uu di€m clia hé thdng diéu khién so:
A Linh hoat
x D& dang 4p dung cic thuit todn diéu khi€n phtc tap

A M4y tinh s6 c6 thé diéu khi€n nhi€u d6i tugng ciing mot lic
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¢=3 Hé thong didu khi€n rdi rac

(ke u(kT) up(?) c(t
Cht(kD

* Hé thong diéu khi€n rdi rac 1a hé thong diéu khi€n trong d6 c6

A

L4y mau

/ * A ° VAl ol ‘k ’/{’ N\ / 7('
tin hi€u tai mot hodc nhi€u di€ém la (cac) chudi xung.
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é":;;. LAy méu dit licu

* LAy miu 1 bi€n ddi tin hiéu lién tuc theo thdi gian thanh tin hiéu

rd1 rac theo thd1 gian.

x() — X' (1)
* Biéu thifc todn hoc mo td qua T
trinh 14y mau: (1)
X +00 . /\/
X (s)=> x(kT)e™" )
k=0 0
* DPinh 1y Shannon G
| SRNIARESS
f=522, | T

0

* Né&u c6 thé bd qua dudgc sai sd lugng ti hda thi cdc khau chuyén
ddi A/D chinh 1a cdc khau 18y miu.
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¢>3 Khau giit dif liéu

* Khau giit dit liéu 12 khau chuyén tin hiéu rdi rac theo thdi gian

thanh tin hi€u li€n tuc theo tho1 gian

* Khiu giit bic 0 (ZOH): giir tin ~ x°(?) JOH xg (1)
hiéu bing hing sO trong thdi
: e C AR N X 0y
gian gitta hai lan 1y mau. ® . ‘ ‘ |
‘ ‘ [T
N A A s~ A O
* Ham truyén khiu gitr bac 0.
1 —TIs XR(t) Pl s
—e P R | —
GZOH (S) — q f \\\~_~L__,,_ t

* Né&u c6 thé bd qua dudc sai s6 lugng ti héa thi cdc khau chuyén

0

doi D/A chinh 1a cdc khau giit bac 0 (ZOH).
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Phép bi€n d6i Z
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¢>3 Dinh nghia phép bi€n d6i Z

* Cho x(k) 12 chudi tin hiéu r&i rac, bi€n ddi Z cia x(k) 1a:

X(z) = Zi{x(k)} = +f;x(k)z—"

k=—o0
Trong do:
— 7z =¢" (s1a bi€n Laplace) 5
— X(2) : bi€n d6i Z ctia chudi x(k). Ky hiéu: x(k)<«—— X(2)

* Néu x(k) =0, V k < 0:

~+00

X(2)=Z{x(k)} = x(k)z™"

k=0

* Mién hoi tu (Region Of Convergence — ROC)
ROC 1a tAp hop tat cd cdc gid tri z sao cho X(z) hitu han.
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.

é?;;u Y nghia ctia phép bién d6i Z

* Gid st x(¢) 12 tin hiéu lién tuc trong mién thdi gian, 14y miu x(¢)

v6i chu ky 18y miu T ta dudce chudi rdi rac x(k) = x(kT).

* Bi€u thic 14y mAu tin hiéu x(¢)

+00
X (s)= > x(kT)e "
k=0
* Bi€u thic bién d6i Z chudi x(k) = x(kT).
400
X(z)=), x(k)z™*
k=0

* Do z=e¢" nén v€ phdi ctia hai bi€u thic 14y miu va bién d6i Z
12 nhu nhau, do d@6 bdn chat ciia viéc bi€n d6i Z mot tin hiéu

chinh 1a rd1 rac hda tin hi€u do .
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#>% Tinh chét ciia phép bign adi Z

Cho x(k) va y(k) 1a hai chudi tin hiéu rdi rac c6 bi€n ddi Z 1a:

Z{x(k)}= X (2) Z{y(k)}=Y(2)
* Tinh tuyén tinh: Z{ax(k)+by(k)} = aX (2) + bY(z)

* Tinh d&i trong mién thdi gian: 2 {x(k = ko)} =z "X (z)

* Tilé trong mi€n Z: Z{akx(k)}z X(a'2)

* Pao ham trong mién Z: Z{kx(k)} —_~ dX(z)

x Pinh 1y gi4 tri dau: x(0) = 211_1)130 X(2)

* Dinh Iy gi4 tri cudi: x(o0) = lim(1 - z7) X (2)
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E’A. 2 Pe 9 » N ?
#> g Bién do6i Z cua cac ham cg ban

S
26 September 2006 © H. T. Hoang - DPHBK TPHCM

* Ham dirac: Ak)
1 néuk=0 11
o(k) = .
0 néuk#0
0
Z{o(k)} =1
* Ham nic don vi: u(k)
1 néuk=0 11
u(k) = .
0 néuk<O k
.—HO
7
Z{u(k)} =
z—1
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E’A. 2 Pe 9 » N ?
#> g Bién do6i Z cua cac ham cg ban

\ ,« : r(k)
* Ham dbc don vi: .
KT néuk>0 1
"®)=10 nduk <o 1
O|
1z
Z{u(k)}=——;
(z-1)
* Ham mi: x(k)
-akT A >
x(k) = e / néuk >0 1
0 néuk<O0 . ] To o
0
z
Z{x(k)} = —
z—e
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Ham truyén ciia hé roi rac
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é"};l Tinh ham truyén tit phuong trinh sai phéin

| e e f—

* Quan hé vao ra cla hé rdi rac c6 thé md td bing phuong trinh

sal phin

ac(k+n)+aclk+n-1)+...+a, clk+1)+a,c(k)=
byr(k +m)+br(k+m—-1)+..+b r(k+1)+b, r(k)

trong d6 n>m, n goi 1a bic cia hé thong rdirac

* Bi€n do6i Z hai vé& phuong trinh trén ta dugc:

a,2"C(z)+a,z"'C(2) +...+a, zC(z)+a,C(z) =

byz"R(z)+bz""'R(z)+...+b, zR(z)+b R(2)
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é?j;u Tinh ham truyén tit phuong trinh sai phéin

* Lap ti s0 C(2)/R(2) , ta dugc ham truyén cia hé rdirac:

G(z)=

C(z) byz" +bz"" +..+b, z+b,

R(z) ayz"+az""'+.+a,z+a,

* Ham truyén trén c6 thé bi€n doi tuong duong vé dang:

G(z)=

C(z) z"™[by+bz"'+..+b, z™" +b,z"]

R(z) ay+az +..+a_z " +az

26 September 2006
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ggﬁ'"}u Tinh ham truyén tit phuong trinh sai phén - Thi du

x Tinh him truyén ctia hé rdi rac mo td bdi phuong trinh sai phan:
c(k +3) + 2c(k +2) = Sc(k + 1)+ 3c(k) = 2r(k +2) + r(k)

* Gidi: Bi€n d6i Z hai v€& phuong trinh sai phan ta dudc:
22C(2)+2z°C(z2) - 5zC(2) +3C(2) =2z°R(2) + R(2)

C(z) 2z° +1
R(z) 2z +2z°=5z+43

= G(z)=

C(z) _ z'(2+z7)

< G(z2)=
() R(z) 1+42z7'=5z72+3z7
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ggﬂ'"};u Tinh ham truyén cia hé réi rac tor s¢ d6 khoi

* CA&u hinh thudng gip cla cdc hé thdong di€u khién rdi rac:

m

* Ham truyén kin cta hé thong: G,(z)=

Cz)  G(2)G(2)
R(z) 1+G.(2)GH(z)

trong do:
G.(z) : ham truyén cda bd dicu khién, tinh tt phuong trinh sai phin

G(z)=(1- ZI)Z{ G(S)} GH(z)=(1- ZI)Z{ G(S)H(S)}

A A

26 September 2006 © H. T. Hoang - DPHBK TPHCM 19




ggﬁ'".,;;u Tinh ham truyén ciia hé roi rac tit s¢ @6 khoi. Thi dy 1

*x Tinh ham truyén kin cia hé thong:

R(s) C(s)
—| ZOH -
<o e

Ge)= i 2
Gidi: G(z)=(1-z")Z { GES)} == Zl)z{s(si 2)}
~(1-2)3 (z i(11><_ze—2:).253°‘5>
= 00
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!{%’?@ Tinh ham truyén ciia hé roi rac tit s¢ @6 khoi. Thi dy 1

* Ham truyén kin ctia hé thong:

0.948
G(z) z—0.368
G (z)= = '
¢ (2) 1+G(z2) ¢, 0.948
z—0.368
0.948
= G =
H2) =580
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g;% Tinh ham truyén cia hé roi rac tit s¢ @6 khoi. Thi dy 2

*x Tinh ham truyén kin cia hé thong:

R(s)
— oo}
T7=0.5

3e H(s) = 1
s+3 s+1

C(s)

Biétring:  G(s)=

x Giai:

Ham truyén kin ctia hé thong:

G(z)
1+ GH(z)

G.(2)=
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ggﬁ'".,;;u Tinh ham truyén cia hé roi rac tit s¢ @6 khoi. Thi dy 2

e G(z)=(1 —z—l)z{G(S)}

S

| e’
==z )Z{S(S + 3)}

Z(l . e—3><0.5)

(Z _ 1)(2 _ e—3><0.5)

=(1-z")z"

0.777
z*(z-0.223)

= G(z2)=
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é’?@ Tinh ham truyén cia hé réi rac tif s¢ d6 khéi. Thi duy 2

e GH(z)=( —ZI)Z{G(S)H(S)}

A

=(1- zl)z{ Se_ }
s(s+3)(s+1)
z(Az + B)

(Z . 1)(2 . e—3><0.5 )(Z . e—le.S)

(1 . e—3><0.5) . 3(1 . 8—0.5)

=3(1-z")z"

A= =0.0673
3(1-3)
-3%0.5 . —0.5 _ -0.5 . -3%0.5
B:3e (lI-e")—e "(1-e ):0.0346
3(1-3)
N GH(z) = 0.202z+0.104

z*(z—0.223)(z - 0.607)

26 September 2006 © H. T. Hoang - DPHBK TPHCM

24




é’?@ Tinh ham truyén cia hé réi rac tif s¢ d6 khéi. Thi duy 2

* Ham truyén kin ctia hé thong:

0.777
G, (z)= G(z) z%(z—0.223)
14 GH(GZ) 1, 0202z+0.104
z°(z-0.223)(z - 0.607)
~ G(2)= 0.777(z —0.607)

z* —0.832° +0.13522 +0.202z + 0.104
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é’j Tinh ham truyén ciia hé roi rac tit s¢ @6 khéi. Thi dy 3

*x Tinh ham truyén kin cia hé thong:

m

H(s)=0.1

C(s)

0.2
5¢~°

2
S

Biétring:  G(s)=

Bo di€u khién Ge(z) c6 quan hé vao — ra mo td bdi phuong trinh:

u(k) =10e(k) — 2e(k —1)
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ggﬁ'".,;;u Tinh ham truyén ciia hé roi rac tit s¢ @6 khéi. Thi dy 3

*x Giai:
Ham truyén kin cia hé thong:
G (2)G(2)

=G 6HE

Ta co:
u(k)=10e(k)—2e(k—1)

= U(z)=10E(z)-2z""E(2)

U(z)

E(z)

— G.(2)= =10-2z""
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é’?@ Tinh ham truyén cia hé réi rac tit s¢ @6 khéi. Thi du 3

* G(2)=(-27)Z { G§S)}
— (1 _ Z—l Se_O-ZS _ ) Z—l Z—l (0.2)22(2 n 1)
— (1 )Z{ S3 } 5(1 ) 2(2 - 1)3
0.1(z+1)
G(z)=
= () T
* GH(2)= (1—z1>Z{G(S)fI (S)}
=0.1(1- Zl)z{G(S)}
S
~  GH(z)= 0.01(z +21)
z(z—1)
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é’?@ Tinh ham truyén cia hé réi rac tit s¢ @6 khéi. Thi du 3

* Ham truyén kin ctia hé thong:

[102 —2} {O.l(z + 1)}
G, (2) = Go(2)G(z) z z(z—-1)

1+G.(2)GH(z) . {102 — 2} {0.01(2 + 1)}
| z(z-1)?

Z

z2+0.82-0.2

— G, (2)=
) 174 0.082—0.02
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Phuong trinh trang thai
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¢>3 Khiiniém

*x Phuong trinh trang thai (PTTT) cua hé rdi rac 1a hé phuong trinh

sal phan bac 1 c6 dang:

trong d6:
.
x(ky=| 2%
56,

x(k+1)=A,x(k)+ B r(k)
c(k)=C x(k)

all alz e o0 aln
ay,, Qdy ... a4
21 o) 2
A, = "
a, A, ... a, |
C=lc, ¢, ... ¢]
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#>3 Thanh lip PTTT tit phuong trinh sai phan (PTSP)

x Truong hop 1: VE phdi cia PTSP khong chira sai phin cuda tin
hi€u vao

ac(k+n)+ack+n-D)+...+a, ,c(k+1)+a,c(k)=byr(k)

* Dit bi€n trang thdi theo qui tic:
A Bién dau tién dit bing tin hiéu ra: x, (k) = c(k)
A Bién thit i (i=2..n) ditbang cichlam  x (k)=x,(k+1)
sém bi€n th i—1 mot chu ky lay mau X (k) = x, (k +1)

‘xn (k) — xn—l (k + 1)
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¢>3 Thanh lgp PTTT ti PTSP

* Phuong trinh trang thaz:

trong do:
_xl (k) |
x(hy=| 2%
X, (k) |

Truong hop 1 (tt)

x(k+1)=A,x(k)+ B,r(k)
c(k)=C,x(k)

0 1 0 0
0 0 1 0
A, = 5
0 0 0 1
. & . an—l . an—2 . ﬂ
| 4 dy dy dy |

c,=[1 0 ... 0 0]

26 September 2006
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¢>3 Thanh lgp PTTT ti PTSP

Thi du truong hgp 1
x Vi€t PTTT mo td hé thong c6 quan hé vao ra cho b3i PTSP sau:
2e(k +3) + c(k +2) + 5c(k +1) + de(k) = 3r(k)
(x,(k) = (k)
X, (k) =x(k +1)
()= x, (k +1)

(x(k+1)=A,x(k)+ B,r(k)
ic(k) =C x(k) o

N

x Dit cdc bién trang thai:

* Phuong trinh trang thaz:

trong do: ol Tol
o 1 oo 1 o0° B, = zg) = 0
A4,=l 0 0o 1|0 0o 1 @ 15
T T O O O T R R o
4 4 4| i C,=[1 0 0]

26 September 2006 © H. T. Hoang - DPHBK TPHCM




¢>3 Thanh lap PTTT tit PTSP

x Truong hop 2: V& phdi cia PTSP c6 chita sai phan cda tin hiéu
vao

ac(k+n)+aclk+n-1)+..+a, c(k+1)+a,c(k)=
byr(k+n—-0)+br(k+n-2)+..+b, _,r(k+1)+b, ,r(k)

* Dit bi€n trang thdi theo qui tic:

A Bi€n dau tién dit bing tin x, (k) = c(k)
hicu ra x, (k) = x,(k + 1) = Br(k)

A Bién thtt i (i=2..n) dit biang
cdch 1am sém bién tha i—1 X3 (k) = x,(k +1) = fyr(k)
moOt chu ky 1dy mauva trr 1~
lugng ti 1€ vGi tinh hi€u vao x, (k)=x_,(k+1)— B _r(k)
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¢>3 Thanh lgp PTTT ti PTSP

Truong hop 2 (tt)

* Phuong trinh trang thaz: {

x(k+1)=A,x(k)+ B,r(k)
c(k)=C,x(k)

trong do:
) ) 0 1 0 0 |
x,(K) 0 0 1 0
x,(k ; :
SOk I I IS AR
A (k)_ G cer — l
| 4y dy dy dy
C,=[1 0 0 0]
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¢>3 Thanh lap PTTT tit PTSP

Truong hop 2 (tt)

Céc hé sO Btrong vector B, xdc dinh nhu sau:

b
131:—0
dy
b, —a,f
B, = | — 4P
2 &
b, —a,p, —a, 5

by =

)

b—af,_ —ap, ,—...—a, b

Ay

P, =
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¢>3 Thanh lgp PTTT ti PTSP

Thi du truong hgp 2
x Vi€t PTTT mo td hé thong c6 quan hé vao ra cho b3i PTSP sau:
2c(k+3)+c(k+2)+5c(k+1)+4c(k)=r(k+2)+3r(k)
(k) = c(k)
* DPitcdc bién trang thdi: < x,(k)=x(k+1)— Br(k)
X3 (k) =x,(k +1) = for(k)
x(k+1)= A,x(k)+ B,r(k)
{C(k) =C x(k)

* Phuong trinh trang thaz:

trong do: .
- : A
0 1 0| [0 1 0 B,=|p,
A=l 0 0 1 |=l0 o0 1 B,
B B 4 o2 225 -05
4 4 4| i C,=[1 0 0]
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¢>3 Thanh lap PTTT tit PTSP

Thi du truong hgp 2 (tt)

* Céc hé so ctia vector B, xdc dinh nhu sau:

by 1
=—=—=0.5
P a, 2
<ﬂ2:b1_a1'81=0_1X0'5=—0.25
dy
y; - by—aqp,-a,p 3-1x(-0.25)-5x0.5
\ ? a, 2
0.5 ]
— B,=|-0.25
1 0.375
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¢>3 Thanh lap PTTT tit PTSP ding phuong phép toa d pha

* Xét hé rdi rac mo ta bdi phuong trinh sai phan
a,c(k+n)+ack+n-1)+...+a, c(k+1)+a,c(k)=
byr(k+m)+br(k+m-1)+..+b_r(k+1)+b r(k)
* Dit bi€n trang thdi theo qui tic:
A Bién trang th4i dau tién 12 nghiém clia phuong trinh:

Xk +m)+Lx, (k+n—1)++2x (k+1)+ 22 x, (k) = r(k)
dy dy dy

A Bién thit i (i=2..n) dit bang cdch Iam sém bién tht i—1 mot
Chu ky lay mau. x2 (k) _ xl (k 4 1)
X3 (k) =x,(k+1)

xn (k) — xn—l (k + 1)
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#>3 Thanh lap PTTT tit PTSP ding phuong phép toa do pha

* Phuong trinh trang thaa: {

trong do:
_x1 (k) |
x(ky=| 2%
X, (k)

x(k+1)= A, x(k)+ B,r(k)
c(k)=C,x(k)

0 1 0 0 |
0 0 | 0
A, = ; E B, =
0 0 0 1
. & | . ) . ﬁ
- 4y d dy dy |
C,= |:bm Dy b—o 0 O:|
dy 4 dy
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#=3 Thi dy thanh 1ap PTTT tit PTSP ding PP toa do pha

x Vi€t PTTT mo td hé thong c6 quan hé vao ra cho bdi PTSP sau:
2c(k+3)+c(k+2)+5c(k+1)+4dc(k)=r(k+2)+3rk)

x Dit bién trang thdi theo phuong phdp toa dd pha, ta dugc phuong

trinh trang thai:
{x(k +1)=A,x(k)+ B,r(k)

c(k)=C,x(k)

trong do:
0 1 0 0 1 0 0
A, =| 0 0 1 |=]| 0 0 1 B, =0
4 D 4 Iy 25 —05 1
4 a ap, | ) o

Cd{bz O b"}:[l.s 0 0.5]

dy, 4a, d
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#>3 Thanh lap PTTT hé rdi rac tt PTTT hé lién tuc

*x Thanh 14p PTTT mo6 td hé rdirac cé sd do khoi:

r(t) e(t) e(kT) ep(?) c(t)
e .

x Budc 1: Thanh 1ap PTTT mo ta hé lién tuc (hd):

ep(1) c(?) xX(1) = Ax(z) + Beg (1)
foal—
* Buodc 2: Tinh ma tran qua do
D(t) = ' [D(s)]

vOi1 D(s) = (SI — A)'1
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#>3 Thanh lap PTTT hé rdi rac tt PTTT hé lién tuc

* Buoc 3: Roirac héa PTTT mo6 ta hé lién tuc (hd):

e(kT) . c(k]»’)

— ZOH
(A, =D(T)

N\

{x[(k +D)T]=A,x(kT) + B, ep(kT)

T
véi (B, =[®(r)Bdr
c(kT)=C ,x(kT) .

\Cd :C

*x Buéc 4: Viet PTTT mo ta hé rdi rac kin (véi tin hiéu vao 1a r(kT))

x[(k+D)T]=|A, - B,C,|x(kT)+ B,r(kT)
c(kT) = C x(kT)
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#>3 Thi du thanh 1ap PTTT hé rdi rac td PTTT hé lién tuc

*x Thanh 14p PTTT mo6 td hé rdirac cé sd do khoi:

20 e(t) . e(kT) eR(t).iI X, . ()

ZOH |—
T

V6ia=2,T=0.5,K=10
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#>3 Thi du thanh 1ap PTTT hé rdi rac td PTTT hé lién tuc

* Giai:
* Budc 1: (") .-l_.-c(t)
X, (s)= XZT(S) = sX,(s) =X (s) = x,(t) =x,(t)

X2<s>=ffff‘;) QX () ZER(s) = () =—2%,(0) +ep(6)

Lol S
. = +| . |er(?)
X,(?) \O —2J X, (1) HL

= A B
e(t) =10x,(£) =[10 O]{xl (t)}
%

X, (?)

\

T
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1
0

=  O@)=

26 September 2006

D) =4 [D(s)]=2"1|°

* BudGc 2: Tinh ma tran qua d6

wore-ar{f1 1 2]

1 s+2 1| |g
_S(S+2) 0 s| 0

r—l 1 —" _Q_l{
s(s+2) || _
0 1 0
L s+ 2
1 o |
—(1-—e
2( )
o2 ]
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#>3 Thi du thanh 1ap PTTT hé rdi rac t¥ PTTT hé lién tyc

*x Bugc 3: Rdi rac héa {x[(k +1)T]=A,x(kT)+ B e, (kT)
PTTT ctda hé lién tuc c(kT)=C,x(kT)
_1 l(l—e‘”)_ _1 1(1_6-2“’-5)_ 1 0.316
g =SS 2 o2 ) [0 0 368}
_O e—2t 1 _O e—2><0.5 | .
T T 1 1(1 . 8—22') O T 1(1 . 8—22')
Bd:_[CI)(T)BdT:I< ) d2'>:j< ) dr ¢
0 0 O 8_27 1 0 6—22'
— _T — —
T 8—2’[ O. 5 e—2><0.5 1
222 Il 2 T2 2| [0.092
e | 205 1| 0316
— — _|_ -
B 2 o L 2 2
C,=C=[10 0]
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#>3 Thi du thanh 1ap PTTT hé rdi rac t¥ PTTT hé lién tyc

* Budc 4: PTTT rdirac md ta hé kin

x[(k+1)T]1=|A, —-B,C, |x(kT)+ B r(kT)
c(kT)=C ,x(kT)

. 1 0316 0.092 0.080 0.316
Va1 [Ad - Bdcd]: - [10 O] =
0 0.368 0.316 —3.160 0.368

* Vay phuong trinh trang th4i cda hé rdirac can tim 1a:
w(k+D]_[0080 0316 5(®)] [0092]
= r
5 (k+1)| | =3.160 0368 x,(k)| | 0316

c(k)=[10 o]{jﬁ1 ((2}
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gg% Tinh ham truyén tot PTTT

* Cho hé rdirac md ta b3i PTTT
x(k+1)=A,x(k)+ B r(k)
c(k)=C,x(k)

* Ham truyén cua hé rdirac la:

C (Z)

G(z)= C,(zl - A )_IB
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éf.;;u Thi dy tinh ham truyén ti PTTT

*x Tinh ham truyén cta hé r&i rac mo ta bdi PTTT
x(k+1)= A, x(k)+ B,r(k)
c(k)=C,x(k)

Ad:{—o.g —oﬂ Bd:m C,=lt 0

x Giai: Ham truyén can tim la

G(2)=C,(zI -A,)"'B,

o5 o a2

2
z2+0.1z+0.7

= G(z) =
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