D/A

A/D

F Y

Tiét 1,2



>~

Picéu khién s

Hé thong diéu khién tu dong (a) co phan hoi:

C- 1a tin hi€u can diéu khién;

U- 1a tin hi€u diéu khién;

R - 1a tin hi€u chu dao, chuan hoac tham chiéu;

bTPbK

PI
©* lién tuc
—(0O— R

R—h TBEDK > u
F
|
TBPL —=
L1

h 4

ve

Tiét 1,2



Tiét 3,4
LAY MAU TIN HIEU (LUQNG TU HOA)

s w0 f(t)
Tin hiéu: E T

f
* Tuong ty >
« Roirac
* Tin hiéu so

o Lién tuc

4f

f

2f

T
R
Lwong tir hoa: iV
* Luong tir hoa theo thoi gian g
* Luong tir hda theo mirc -
 Luogng tir hda hon hop
oT 1T 2T 3T 4.1T 5T 6T 7T t



Tiét 3,4
MOT SO HAM CO BAN

Ham bac thang don vi: 0 t<0
1(t) = .
1 t=0 (a) t
. : Ka(t
Ham xung Dirac dit) o t=0 o o0
S(t) =——= =
dt o t#*0
Theo didh I . .y O t Y
1e0 dinh ly Nyquist, chu ky lay S =1 S =K
mau T ci bd bién déi A/D phai (1) Kot
cO gia tri 4 .
. 4 K 4
1 | !
T=3 — 4
o R\ ) .
e SRR AR AR AR IR AR AL
1a tan sb cuc daij cia song diéu hoa hinh . ﬂ - 3T 4T = ET "
sin cua tin hiéu dau vao ©



Ap dung

MOT SO HAM CO BAN

Vi du: Cho ham s6 kich thich dau vao £(¢)

1+c0s(2.1004)
1

f(t) =cos” (100m) =

Tur biéu thirc f(Htréntacd £ =100H- =T = ~og = 0058
Chu k¥ trich mau lan lwot 1a 0; 0,005; 0,01; 0,015; 0,02

Gia tri lan lwot 1a: 1; 0; 1: 0: 1

Vi du: Cho ham so:

(r)——+§ — )xsm[{Zﬁ—l)Zm}
T = =m0

- 2'..;":'rw:-: e 2(2?? _1}

Str dung Matlab
Cac ham co ban

Tiét 3,4



Tiét 3,4
BO BIEN POI A/D

Pé chuyén doi tir tin hiéu twong tw thanh tin hiéu so

ta phai thwe hié hai bué f f -
ap al ll’c 1en qua al puwocC >_ | A/D L

* Chuyén d6i tin hiéu tuong tu thanh tin hiéu lay mdu ~——
thong qua qua trinh lay mau tin hi¢u: x(t) [] xX’(t) ~

Bo dém

 Chuyén tir tin hiéu lay mau thanh tin hiéu s6 thong JIJLCtk
qua qua trinh lugng tir hoéa theo muirc: x’°(t) [ x*(t) }—’

Xeét b lay mau cO dau vao la tin hiéu lien tuc x(t) va | | o
dau ra la tin hiéu roi rac x*(t). Qua trinh lay mau c6 thé t— &
mo ta boi biéu thirc toan hoc sau:

x*(t) = x(t).s(t) s(t) = ZOO 6(t — kT)

Gia sir X(t) = 0 khi t < 0 ta duoc: k=me _<

+00 +00 f

x*(t) = x(0). 2 5(t — kT) = 2 x(0)8(t — kT) = 2 x(kT)8(t — kT)
k=0

k=—o00 k=0

D/A




BO BIEN POI A/D

+co

x*(£) = x(b). Z 5(t — kT) = Z x(£)5(t — kT) =Z x(kT)8(t — kT)
k=0

k=—co k=0

Bién doi Laplace hai vé ta duoc
+ o0

X*(s) = Z x(kT)eKTs

k=0
Pay la bicu thic toan hoc md ta qua
trinh lay mau

M6 ta bd bien doi A/D duoc bicu thi &
so dO khoi trudce/sau

AD ——

Tiét 3,4

1T

2T

3T

4T
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Tiét 5,6

BO BIEN POI D/A
So d6 cau tric bd bién doi D/A
0
_ 1 f f -
Ui = —QAj. Upef 4bit 0O —* D/A —
1 -
n n n
_ u AjUrer  Urer —i —
ur__RzlziR_ o o L o
1=

2 -1 R ] 2R y>

n
AjUyref .
u ' 20 = Uref m
=1

max Y NG Aln
. I :
Trong do: i [ 1 :\'{ """""" { :\1 o Ve
n 1 s6 bit phan giai i T E—
U, 12 0i4 tri cuc dai dién ap dau ra a, a, a,

Uref

2™ 1a 46 phan giai



Khau gitt dir liéu 1a khau chuyén
tin hi€u roi rac theo thol gian
thanh tin hiéu lién tuc theo thoi
gian. Khau git dit liéu c6 nhiéu
dangj khac nhau ,don gian nhat va
duoc str dung nhiéu nhat trong céac
hé thong diéu khién roi rac 1a khau
gitt bac 0 ( Zero- Order Hold-
Z0OH)

BO BIEN DOI D/A
O o700 —288
R(s) C(s)
x*(t) &
| L
ol T 2T 3r 4T 5T 6T 71 8T 9T
xplt) &
L T e
| | | i : i 1 I -

T 2T 3T 4T 5T 6T 7T 8T 9T

Tiét 5,6

A
rt)
1¢
i
5 -
A
c(t)
’
t
0 T




Tiét 5,6

BO BIEN POI D/A

Ta tim dugc ham truyén cua khau ZOH . Béy
rang néu tin hiéu vao cua khau ZOH 14 xung
dirac thi tin hiéu ra la xung vudng co do rong

bang T. Ta c6

Biéu thtrc todn hoc trén & ham truyén cua
khau luu gitr bac 0. Trong cac hé théng diéu
khién thuc té, néu cd thé bo qua duoc sai sb
lugng tir hoa thi cac khau chuyén doi D/A
chinh la cac khau gitt bac 0 (ZOH).

St dung Matlab
Cac ham co ban

— DA —

T
2/ Khau lwu gitr | f

R(s) =1, vir(t) la ham Dirac

Ts
C(T} :L{{T(}')}: L{”(f)—”(! _ T)} :% —%E_E _ 1—:’

Theo dinh nghia: G, (s) = % Do do:
s

C(s) 1-e* 1-:z7

Gzon(5) = R(s) s z

bac 0 (H,) 1

oT 1T 2T 3T 4T 5T 6T 7T t

10



Khi giai phuwong trinh sai phéan bac
cao nguoi ta thuong gip nhidu
kho khan, vi vdy nguoi ta thuong
ding bién doi Z dé bién phuong
trinh sai phan tuyén tinh cua hé
gian doan thanh phuong trinh dai
s6. Piéu nay hoan toan tuong tu
nhu trong truong hop hé lién tuc
ding bién doi Laplace dé bién
phuong trinh vi tich phan thanh

phuong trinh dai so.

Tiét 7,8
BIEN DOI Z

Ta c6 phép bién d6i Laplace cua tin hiéu lién tuc
fO=F(s)=Lix(t)}=[ f(t)e " dr
0

Dai voi tin hiéu roi rac thi phép bién d6i Laplace nhu sau:

f(A')é}F*(s-) =L{f(k)}= [ f(k).e*dt=] f F(kT)S(t —kT)e™ dt
0

o £=0

— F()=3 [ fTWS( kD) dt =3 f(KT)| 5t —KT)e " dt

= F'() =2 LKD)} =X F (D)™

Dt 3:]11:
T

thitacOF (s)=> f(kT).z™"
k=l

11



Tiét 7,8
BIEN DOI Z

Mién hoi tu 14 tap hop tat ca cac  Cho f(k) 14 chudi tin hiéu roi rac. Bién doi Z cua ham £ (k) tong quat 1a:

gia tri z sao cho F(z) hitu han e _
D)=Z{f ()= Y. F(h):
f=—a0

Gia su f(t) 1a tin hiéu lién tuc trong

mién thoi gian, 1ay mau f(t) véi Trong do: s
chu ki lay mau T ta dugc chudiroi (PO £() = f() = F(2)
rac f(ky=fkT). Z{f (5))- £ ) > ) > F(R) > F(2)
Biéu thirc lay mau f(t); Néu f(k)=0.7k <0 thi bieu thitc dwgc dinh nghia thanh:

F (s) =§ f(kT)e™™ -
. o D)=Zif k)= 2 f(k)=""

Biéu thitc bién ddi Z k=0

F'(5)=2 f ()=

Ban chét ctia viéc bién ddi Z mot tin hiéu chinh 14 roi rac héa tin hidu do 12



Tiét 7,8
BIEN DOI Z

Két luan o
Cho x(k) 1a chudi tin hiéu roi rac .Bién d6i Z 1a x(k) 1a :

X(2)=2{x(k)}= 3 x(k)*

k=—nc
Trongdo: z= e!s (s la bién laplace)
Ky hiéu : x(k)t—z——}){(z)
Néu x(k)=0, Yk < 0 thi biéu thirc dinh nghia tr¢ thanh :

x(z)—z{x(k)}—zx(k)z-k

Mién hoi tu ( Region of Convergence — ROC) : tap hop tat ca cac gia tri z sao
cho X(z) hiru han.

13



Tiét 7,8
BIEN DPOI Z
Két luan
Gia str x(t) 1a tin hiéu lién tuc trong mién thoi gian , lay mau x(t) voi chu ki lay
mau T ta duoc chudi roi rac x(k)=x(kT).

Biéu thirc 1ay mau x(t):

+00
X (5)=) x{k)e™"
k=0
Biéu thtrc bién doi Z :
+00
X(z)= Z x(k)z_k
k=0

Vi z=e'® nén vé phai cta hai biéu thire (1.9) va (1.10) 1a nhu nhau, do d6
ban chat cua viéc bién doi Z mot tin hiéu chinh 1a roi rac héa tin hiéu do .

14



Tiét 7,8

BIEN DOI Z
Jio) F(p) F(z) 1( | M) a (]—B).Z ; I
—lat-1+e 7 ) !
\pta alz-1z-B) (7-
- ; f : P+ (= 1)(==8) (z-1)
)
] 4 B e (1-at) : 2 z _ZB(]TT)
: -1 (p+a) (z—B)
i Tz
t = el
p \z-1) » a z.smal
" sing
L 3 2(z+]) p+d 2 - Dzcosal +1
2 P 2z-1)
-t 4 _E . g P 7~ 7.sinaT
¢ p+a z-B cosat 2y a4l 2
pta - 2z¢cosal +1
1 T...B
te™ ]
(p+a) \z-B) " a z.B.sincT
Lo L 172 (z4+8) 22 ¢ (jf)anz)erc2 2~ 218.coscT+5°
2 (p+a) . z-B)
I-e® — \I-2)2 iy pta z.(z—B.coscT)
p.(p+a) (z-I)(z-B) ¢ " cosct 2. 1
(Pﬂl) C 7 - 21B.coscT+B°

15



Tiét 7,8
BIEN POI Z
Y -
Vi du bién doi Z F(:) _ Z{f(k:]} _ Z f(k)_:_k
k=
Tim biéu dién todn hoc cua tin hidu trong hinh 4 1. sau d6 tim bién di z.
Giai
(a) Chn ¥ tin hifu 1a nhin qua va giam déu . nd cod gida tri 0.8%véi n = 0. Vivay ta viét
x(r) = 0.8 w(mn)
va st dune bién d6i (4.1)

16



Tiét 7,8
BIEN DOI Z

Vi duy bién doi Z F(2)= Z{f(k)} _ gf(k)_:—k

Xiz) = il‘[ﬂ)i -
Fie=il

=1+087" + 064z +051277 +__.
=1+ (0.827) + (0.87Y +(0.827) + .
Ap dung cong thire chudi hinh hoc vé han (2.8)

., = 1
l+x+x+x + =% x"= — =1
X TX X .Z_.; . |}E.

Véi x=028z" ta cod
)= —— =%
1-0.82z" z—0.8

Két qua c6 hinh thitc cia ca hai bén. Didukién |0.827" | <1 nghia |z|>0.8.
17



BIEN POI Z
3. Bién d6i Z cua cac ham

a. Ham dirac

| | k=0 oy
S)=10 k=0 4

Theo dinh nghia :

Y=

0

Z{5(k)}= > sk *=56(0)z " =1

| k=—nc

Vay : 8(k)—=—1 (ROC toan bd mat phing Z)

Tiét 9,10

18



Tiét 9,10
BIEN DPOI1 Z
3. Bién d6i Z cua cic ham co ban

b. Ham ndc don vi

Ham nac don vi ( [ién tuc trong mién thon gran ) :

1 t=0 uit §
u(t)= =
0 <0 1
LAy mau u(t) véi chu ki ldy miu 12 T ta duoc - |
1 k=0 0
ul(k)= 0 k-0 o
18
Theo dinh nghia : o ‘ ‘ ‘ [_E
i}
oo +oo -
Z{u@= 3wl F Y u(kp =142 =
k=—nc k=0

19



Tiét 9,10
BIEN DOI Z

3. Bién do1 Z cua cac ham co ban

Néu =<1 thi biu thie trén 12 tong cua cap so nhan lui vo han. Ap dung cong
thire tinh tong cua cap so nhan lui vo han , ta dé dang suy ra :

1 z
Ziulkl= —
7z | z
Vav : k - =
ay : ul(k) e

20



Tiét 9,10
BIEN DOI Z

4. Tinh chat cta phép bién doi Z

a. Tinh tuyén tinh

Néu xl(k)—LXI (z)

x5 (k)—"—X;(z)

Thi a;x;(k)+a,%, (k)—2—a,X; (z) +2,X, (2)

21



Tiét 9,10

BIEN POI Z
4. Tinh chat cta phép bién doi Z
b. Doi trong mién thoi gian
x(K) & L]
L ] »

$

®

.
L
I
-

"*-J—.
Y~

SES

Hinh 1.13. Lam tré tin hiéu ky mau

L & . e
1 3 4 S 6

Fh—

22



Tiét 9,10
BIEN DOI Z

4. Tinh chat cta phép bién doi Z

Néu x(k)—é—-}){(z)
Thi x(k—kn)—Lz_k“X(z)
Nhan xét:

Néu trong mién Z ta nhan X(z) voi z Ko thi twong duong voi trong mién thoi
gian 12 tré tin hiéu x(k) k , chu ki 1ay mau .

Vi x(k—1)—Z—2z""X(z)nén z~" duoc goi la todn tir lam trd 1 chu ki 14y

X
maul.

23



Tiét 9,10

BIEN DPOI Z
4. Tinh chat cta phép bién doi Z
c. Ti Ié trong mién 7 d. Pao ham trong mién Z
£ z
Néu: E(k) Z X(E) Neéu : K(k)—-——%X(Z)
Thi: a*x(k)——X(a"'z) Thic (k)2 X2

24



Tiét 9,10
BIEN DOI Z

4. Tinh chat cta phép bién doi Z

e. Dinh li gid tri dau
Néu - x (k)—é—a}((z)

Thi :{(U)z lim X(z)
=00

f. Dinh b gid tri cudi

Néu - }:(k)—é—%X(z)

Thi : x(m): lim(l — Z_I)X(z)

z—]

25



BIEN POI Z
3. Bién d6i Z cua cic ham co ban

c. Ham doc don vi

Ham doc don vi lién tuc trong mién thoi gian:
t >0
r(t) — {t o
0 t<0
Lay mau r(t) voi chu ki ldy mau 1a T , ta dugc :
kT k>0
r(k)=
0 k<0
= r(k)=kTu(k)
Ta tim bién ddi Z cua r(k) bang cach ap dung tin

Ti 18 trong mién Z:

Tiét
11,12

26



BIEN POI Z
3. Bién d6i Z cua cac ham

Taco:

Tiét
11,12

27



Tiét 11,12
BIEN DOI Z

3. Bién do1 Z cua cac ham
d. Ham mii

Ham mii lién tuc trong mién thoi gian
= (T 1
x()={¢ " 1= N
0 <0 :
Liy mau r(t) voi chu ki lay miu 1a T, ta duoc
—kaT x(k)
-t
o() = [e k>0 !

0 k<0 ‘
be{k)ze_kﬂru{k} ——

28



BIEN POI Z
3. Bién doi Z cua cic ham
Theo dinh nghia :
400 +00
Z{x(k)}= Z Z k)_ —k _ _aT:_Z-i-...
k=—o0 k=0

-1 -2
— | +(eaTz) +(eaTz) + ...

Néu | (e?T2)7 ! |< 1 thi bidu thirc trén 1a tdng cuia cip sb nhan 1ii vo han . Ap
dung cong thire tinh tong ctia cap s6 nhan i vo han , ta suy ra :
1 z

Zix(k)t = —
{ ( )} 1_(eaT:)_l Z_e—aT

x| =kaT\ Z . I . z
vay : (kT Ju(k) (o —
Két qua trén ta dé dang suy ra :

k Z 1 z

k > —_—

. U( ) l—az"! z-a

Tiét
11,12
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BIEN DOI Z

Bai tap: Bién d6i Z cho ham s0 sau, va biéu dién d6 thi lién tuc va roi rac.
Nop qua nhom Zalo (5 bai dau)
f©) =t

Tiét
11,12
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BIEN DOI Z

= I

L

T } ]‘.‘_ v.A

o = F
o e ey M
EEES
== =

~Ewonoma |

Tiét
11,12

31



BIEN DOI Z

4. Phép bién doi Z nguoc

Cho X(z) 1a ham theo bién phirc z . Bién d6i Z nguoc ctia X(z) 1a :
(k) = —— [ X(2)2"\dz

21T

C
Vi C la duong cong kin bat ky ndm trong mién hoi tu ROC cuia X(z) va bao
géu: toa do .

Tiét
11,12
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BIEN POI Z NGUQC

1. Phan tich X(z) thanh tong cac ham co ban , sau d6 tra bang bién doi Z

Vidul.l. Cho X(z)= _Tim x(k)

(z—2)(z-3)

Giai. Phan tich X(Z), Ta duoc :

X(z)= +

Tra bang bién déi Z ta duoc -

aku(k) Z , =

Suyra: x(k)= (—Zk + 3K )u(k)

Tiét
11,12

33



Tiét
11,12

BIEN POI Z NGUQC

2. Phan tich X(z) thanh chuoi liiy thira
Theo dinh nghia bién doi Z:

Zx =x(0)z -i—.x(l) +x(2) 2(3):-3+...

Do d6 néu phan tich X(z) thanh tong cua chudi liy thira ta sé duoc gia tri x(k)

chinh 1a hé sb cua thanh phﬁn =k

Vidy 1.2 Cho X(z)=———— Timx(k)

-2)(-3)

Gidi . X(z)=—————=
L P P R
Chia da thire | ta duoc
X(z)= s 1970 4 65:_‘{l +

Suyra : x(0)=0 : x(1)=1 : x(2)=5 : x(3)=19 : x(4)=65,. ..

34



BIEN POI Z NGUQC

3. Tinh x(k) bang cong thirc dé qui

(=23

z z z
Giar. Taco: X(z)= = —
( ) (:—2)(3—3) 22—52+6 l—Sz_l-l-lfiz_;1

= (1-5:7"+6:77)x () ==

Vidu 1.3 . Cho X (z)= Tim x(k)

= X{z)— 5:_1X(z)+ 62_2)((2) =1

Bién déi Z nguoc hai vé phrrong trinh trén (dé y tinh chat doi trong mién thoi gian
), ta duoc :
x(k)—=35x(k —=1)+6x(k—2)=6(k—1)
= x(k)=5x(k—1)—6x(k —2)+ 6(k —1)
Vi diéu kién dau : x(k—1)=0;x(k—2)=0
Thay vao cong thire trén ta tim dugc :
x(0)=0;x(1)=1x(2) =5;x(3) =19;x(4) = 65,...

Tiét
11,12

35



Tict
11,12

BIEN POI Z NGUQC

4. Ap dung cong thtrc thing du

x(k)= ZFES[:k_IX(E)} tal cac cuc cua zk_]X(z)

Néu Zo la cuc bac 1 thi

Res[:k_]}((:)l’__ =(z— Eﬂ):k_lX(:)‘ -

=

Néu Zo la cuc bac p thi :

Reﬂ[zk—]X(:)L::ﬂ _ (Pl_l)!;:::[ (z—zﬂ)P 3!1:—1)((:) .

36



BIEN POI Z NGUQC

4. Ap dung cong thtrc thing du

z
(z—2)(z—3)
Giai . Ap dung céng thire thing du, ta duoc :

x(k) =Res[:k_]X(:)l +Res{zk_lX(:)l

Vidu 1.4 . Cho X (z)=

Tim x(k)

z=2 z=3
Ma
Res[:k_]X (:jL: = (: — E)Ek_]X(:) —

_ _k
=(==2)=*" (z—2i(:—3j =2 (zd— 3) 2 =~2"
Res[:k ]X(:]L: —(z—3)zF X (2)]._5
:(z—3):k_l = = = 3= 3k

(:_z)(z—s)'-'=3 (z—2)
Dodé: x(k)=—2F 13k

Tiét
11,12

37



BIEN POI Z NGUQC
Két luan

CAU HOI HUONG DAN ON TAP, THAO LUAN
1. Trinh bay nhitng uwu nhuogc diém cua tin hiéu tuong tu va tin higu $0

2. Trinh bay cac phuong phap chuyén doi tin hiéu tir twong tu sang so va so sang tuong
tu

3. Tim ham truyén G(z) cuia tir cac ham truyén lién tuc sau:

s+5 10
a G{s}= b G{ﬂ — 2
’ (s+1)(s+3) T st (s+])
4. Tim ham truyén G(z) cta tir cac ham truyén lién tuc sau:
S+35 5
a, U = b, G =
s+l s(s+1)

Tiét
11,12
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Tiét
13,14

c 3.MO HINH TOAN HQC HE PIEU KHIEN SO

1. Mo ta hé diéu khién s6 bang phwong trinh sai phan

Cac bo diéu khién s6 can dugc dung trong hé thong, do d6 can phai thanh 1ap quan
h¢ gitra tin hiéu ra va tin hiéu vao. Pé mo ta hé lién tuc, ta sir dung phuong trinh vi phan.
DPé mo ta hé roi rac, ta sir dung phuong trinh sai phan. Phuong trinh sai phan 1a xét xap xi
gan ding phuong trinh vi phin dugc viét & dang thuan loi cho viéc 1ap trinh trén may
tinh.

Phwong trinh sai phan tuyén tinh hé s6 hang bac n duoc viét dudi dang tong
quat nhu sau vai r(k) 1a tin hiéu vao, c(k) la tin hi€u ra:
aoc(k+n)+ack+n-1)+a,c(k+n-2)+...+a c(k)=

byr(k+m)+br(k+m-1I)+..+b,r(k) 2.1)
VOl + N 2 M véi n goi la bac cua hé théng rol rac

+ ¢(j), r(j) (vo1) =k, k+1,.. k+n) la cac gia tr1 ro1 rac cua bién c(k) va r(k) tai
thoi diém lay mau th j.

Dé giai phuong trinh sai phan tuyén tinh ta c6 thé 1ap trinh trén may tinh hoic

dung bién doi Z

39



c 3. MO HINH TOAN HQC ITHE PIEU KHIEN SO

1. M& ta h¢ diéu khién so bing phuong trinh sai phan
Cac bo dieu khien so can duoc dung trong he thong, do do can phai thanh lap quan

he gitra tin hieéu ra va tin hieéu vao. Dé mo ta hé lién tuc, ta st dung phuong trinh vi
phan. Pé mo ta hé roi rac, ta stt dung phwong trinh sai phan. Phuong trinh sai phan la
xét xap xi gan dung phuwong trinh vi phan dwoc viét & dang thuan loi cho viéc lap trinh
trén may tinh. Phwong trinh sai phan tuyén tinh hé s6 hang bac n dwoc viét dudi dang

téng quat nhu sau voi x(k) 1a tin hiéu vao, y(k) 1a tin hiéu ra:

a,y(k+n)+aylk+n-1)+a,y(k+n-2)+..+a y(k)=

3.1
box(k+m)+bx(k+m—-1)+b,x(k+m—-2)+..+b x(k) (3.1

Trong do n, m lan Iwot 1a s6 tw nhién n > m va n goi la bac cua he théng roi rac.
Cac gia tri y(1), x(1) voi i =k; k+1; k+2;...; k+n la cac gia tri roi rac cua bién y(1)
va x(i) tai thoi diém lay mau thi i. Pé giai phwong trinh sai phan tuyén tinh ta c6
thé lap trinh trén may tinh hodc dung bién do6i Z

Tiét
13,14

40



c 3.MO HINH TOAN HQC IHE PIEU KHIEN SO

1. Mo ta hé diéu khién s6 bang phwong trinh sai phan
Vi du: Xét phuong trinh sai phan bac nhat: y(k+ 1) + y(k) = 0, Ap dung tinh
chat dich goc ctia bién d6i Z :

Z{f(k)}=F(z)

Z{f ks m)}=="F(2) - 3 f(R) 2" ‘

Taco: = Y (2)—Zp(0)+="Y(z) =0 =Y (z) = % y(0)

Tiét
13,14
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO
1. Bai tap vé nha

Thue hién bién d6i Z cho phwong trinh sai phan (danh may)
y(k+2) + y(k) = x(k+1) + x(k) han nop 24h/27/10/2022

Tiét
13,14
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c 3.MO HINH TOAN HQC HE PIEU KHIEN SO

. Bai tap vé nha

Bai tip: bién d6i Z cho phwong trinh sai phan

v(k+2) + y(Kk) = x(k+1) + x(k)

y(k+2) + y(k) = x(k+1) + x(Kk)
Thue hién bién déi Z ciia hai vé phwong trinh vi phén trén
Z {y(k+2)} + Z {y(K)} = Z {x(k+1)}+ Z {x(k)}
o 22Y(2) = Thoo ¥y (k). 227* + Y(2) = 2.X(2) - x(0).z + X(2)
o z%Y(z) - |y(0) 2% + y(1).z] + Y(z) = z.X(2) - x(0).z + X(z)
o (22 +1).Y(z) — y(0).2% — y(1).z = (z+1)X(2) - x(0).z
~ (z+1)X(2) — x(0).z + y(1).z + y(0). 2°
a z2 +1

(z+1).X(2) + [y(1)-y(0)]z + y(0).2%
<Y(2)= yz2+1y y

« Y(z)

Tiét
13,14
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Tiét
13,14

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)

Ham truyén dat cia mot phan tit hoic cua hé thong diéu khién 1a ty so gitta anh
leong ra va anh lwgng vao cua phﬁn t hoac he thf:{}ug d6 theo toan tit Z vdi diéu kién
dau bﬁng khong. Quan he gitta tin hiéu vao va tin hieu ra cua he thffmg ro1 rac dwoc mo

ta bang phuwong trinh sai phan:

a,y(k+n)+aylk+n-1)+a,y(k+n-2)+..+a y(k)=

3.2
box(k+m)+bx(k+m—-1)+byx(k+m—-2)+..+b x(k) (3-2)
Bién doi Z hai vé ctia phwong trinh (3.2) ta dwoc:
a,z"Y(z)+ f;'l:’HY(:) + aI:’HY(:) +.4+a,Y(z)= (3.3)

boz" X (2)+bz""X(2)+b,z2" " X(2)+ ..+ b, X ()
44



Tiét
13,14
c 3.MO HINH TOAN HQC IHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)

—_ =
LY b+ "4b,2" P+ +b,

= - ) (3.4)
X(2) ay"+az" a2+ . +a

)

- _m _m-1 _m—1
Dit G(=)= Y(z) _byz" +b: +51_H +..+bm)

M 1—1
X(z) ayz"+az" +a,2" " +.+a,

G(z) duoc goi la ham truyén cua hé thi‘fmg ro1 rac
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c 3. MO HINH TOAN HQC ITHE PIEU KHIEN SO

2. M6 ta hé diéu khién s6 bang ham truyén dat (1 tiét)
Vi du: Cho hé thong roi rac mo ta phwong trinh sai phan f(k)=u(k) sau

y(k+3)+2y(k+2)-5y(k+1)+3y(k) =2x(k+2)+ x(k)
Thuc hién bién doi Z hai vé phwong trinh ta dwoc

Y (2)+22Y(2)=52Y(2)+ 3Y(2) =22°X(2) + Z(2)

Ge-Y@__ 2=+l =2+27)
] Z(:) :3—|—2:2—5:)_|_3 1+2:—1_5:—2)+3:_3

Tiét
13,14
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Tiét
13,14

c 3.MO HINH TOAN HQC IHE PIEU KHIEN SO

2. M6 ta hé diéu khién s bang ham truyén dat (1 tiét)
3.2.1 Hai khdu néi tiép khéng cdich nhau béi khau ldy mdu

___________________________________________________________

R(s) _ R'(s) G (s)
T | T

Hinh 3.1: Hai khau néi tiép khéng cach nhau béi khéu lay mau

C(s)=R (5)G,(5)G,(s)

Ly sao 2 vé: C"(s)= [R"(5)G,(5)G, (5)| =R (5)G,G, (s)|

47



c 3. MO HINH TOAN HQC ITHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)

Nhu vay:
C(z

G(z) = (2) = G,G,(2)
R(z)

Trong d6: G,G,(2) = Z{G,(s)G, (s)}

: . Gy(s) = :
s+a - s+ b

Vidu: Cho G (s)=

(3.5)

Tiét
13,14
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c 3.MO HINH TOAN HQC IHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)
1 . Gy(s)= :

Vidu: Cho G,(s)= :
s+a s+b

1 . 1
b—aX.Ha) (a—bx.s +b)

1 1
G,G,(2)=Z2G,(s)G, (s) 22{ }22{
(2)=24 A GG A

:z{(b_ais+a)}+{(a_bim)}=z{(bia)(sia)}ﬂ(al)(ﬁm}

Nhu viy: G(z)= E’ 1 . 1 z :( -bT _ —ar)

B e e
—aT T —al BT
—a-—e ° a—b-—e (5—&1:—2"? l:—e )

|

Tiét
13,14
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c 3. MO HINH TOAN HQC ITHE PIEU KHIEN SO
2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)

Bai tap 1: Xac dinh ham truyén tong cua hé hai khau noi tiép khong lay ¢ giita

Gl(s):siz; G, (s)= —

2

A

Tiét
13,14

S0



Tiét
13,14

c 3.MO HINH TOAN HQC IHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)
3.2.2 Hai khdu néi tiép cich nhau béi khdu ldy mau

Xét mot hé thong c¢o6 dau vao gian doan X'(s) Hai khau noi tiép cach nhau bdi khau

lay mau nhw hinh sau:

_________________________________________________________

—_— e ——
L

——
w

\

\

H[S]- P R*(s) G, (s) P G,(s)

Hinh 3.2: Hai khéu néi tiép cach nhau béi khau 1ay mau

ol



c 3. MO HINH TOAN HQC ITHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)
C(2)

"7 RG)

— G1(:)G1 (z)

Trong do:

G,(2)=Z{G,(s)}. G,(z)=Z{G,(s)}

Tiét
13,14

(3.6)
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c 3.MO HINH TOAN HQC IHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)

1 . Gy(s) = :

Vidu: Cho G,(s) = :
s+a s+b

tra bang bien doi Z ta c6

G1<:)—z{Gl<s)}—Z{Sjﬂ}—

- — €

—_ — ]' _ - -
G,(2) = Z{G,(s)f = Z{S +5} -

Nhu vay: G(z )—C(-): -

Tiét
13,14
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c 3. MO HINH TOAN HQC ITHE PIEU KHIEN SO
2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)
3.2.3 H¢ thong héi tiép cé khdu ldy mau trong kénh sai so

R(s)

Hinh 3.3: Hé thong hoi tiép c6 khau lay mau trong kénh sai so

Tiét
13,14
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c 3.MO HINH TOAN HQC IHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)
C(z G(z

G. (=)= () _ (z)
R(z) 1+GH(z)

Xét treong hop H(s)=1 (goi la hoi tiép am don vi) ta co:

C:) G
R(z) 1+HG(z)

G, (z)=

Trong do:
G(z)=Z{G(s)}.GH(z) = Z{G(s).H(s)}

Tiét
13,14

(3.7)

(3.8)

(3.9)
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c 3. MO HINH TOAN HQC ITHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)

Vidu: Cho G,(s)= I . G,(s)= 1

s+a s+b

tra bang bién doi Z ta co

— — ]' — =l -
G(z)=Z{G(s)} = Z{S R a} =

1 1 ( ~bT —af)
GH(z)=Z1G(s)H(s) —Z{ } — — 1
e E) R AR

s+as+b

—
a—

Ciz)_ G _ ——e ™
NhlIVay G, ( )_ R( ) 1+GH(:) N _( 5T _aj')

(b- al —eﬂfl —eﬁf)

Tiét
13,14
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c 3.MO HINH TOAN HQC IHE PIEU KHIEN SO

2. Mb ta hé diéu khién s6 bang ham truyen dat (1 tiet)
3.2.4 He tht’fng hoi tiép c6 khdu ldy mau trong vong hoi tiép

R(s)

Hinh 3.4: Hé thong héi tiép cé khau lay mau trong vong hoi tiép
Treong hop nay khong tim dwgce bieu thirc ham truyén , quan hé gitra tin hiéu vao

va tin héu ra nhw sau:

Tiét
13,14

S



c 3. MO HINH TOAN HQC ITHE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)

RG(z)
1+ HG(z)

C(z)=

Trong do:
RG(z) = Z{R(s)G(s)}:GH (=) = Z{G(s) H(s)

Tiét
13,14

(3.10)
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c 3.MO HINH TOAN HQC HE PIEU KHIEN SO

29 MA #3 hAa Aidn1 khidn cA h3ana ham frinvan dat (1 ¢4

3.2.5 H¢ thong héi tiép cé cdc khdu ldy mau dong bé trong nhdanh thudgn

R(s) | C(s)
p— G(s)
T TT
| H(s) |-
Hinh 3.5: Hé thong héi tiép cé khau lay mau dong b trong nhanh thuan

C(:): G(2) G.11)
R(z) 1+H(2)G(2)

Gﬁ,—(:):

Trong do:

G(z)=Z{G(s)f. H(z)=Z{H(s)}

Tiét
13,14
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

2. M6 ta hé dieu khién s6 bang ham truyén dat (1 tiét)

3.2.6 He thong héi tiép cé cdc khau ldy mdu dong bé va cdc khdu néi tiép & nhdanh

R i c
(i- )T/ G,(s) - G,(s) {Ei

H(s) |t———

Hinh 3.6: Hé thong hoi tiép c6 cac khau lday mau dong bé va cac khau néi tiép ¢ nhanh
thudan

) GG
R(z) 1+G)(2)G,H(z)

G.(2) (3.12)

Trong do:
G,(2)=Z{G,(s)}. G,(2)=Z{G,(5)}. G,H(z)=Z{G,(s)H(s)}

Tiét
13,14
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c 3.MO HINH TOAN HQC HE PIEU KHIEN SO

Bai tap:

M6 phéng Matlab 6
triroong hop trén véi ham
truyén

G1(s)=1/(s+2)
G2(s) = 1/(s+3)
H(s)=1,

R(s) Ia ham bac thang
Step 1

Tiét

Siep

13,14
1 | I
- _— -
1
Transfer Fon Scope
<
&1z}
=] - [ ]
GliziHz)
Sooped
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Tiet
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiet)
a. Ve phai cua phwong trinh sai phdn khéng chira sai phdn cua tin hiéu vao
Xét hé thong roi rac c6 quan hé giira tin hiéu vao va tin hiéu ra mé ta phuong
trinh sai phén :
c(kk+n)+ac(k+n-I)b+...+a, _c(k+1)++a c(k)=Dbyr(k) (2.13)
Chit ¥ - O phuong trinh trén hé so6 a,=1. Néu a, #1 ta chia hai vé cho a,dé
dugc phuong trinh sai phan ¢o dang ( 2.13).

2¢c(k+3) + c(k+2) + 5¢c(k+1) +4c(k) = 3r(k)
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiet)
Dit cac bién trang thai nhu sau:
X, (k) = c(k)
X, (k)= x;(k +1) = x, (k) = c(k +1)
X3(k)=x5(k+1)= x3(k)=c(k +2)

X, (k+)=x, ;(k+D)=x, (k+n-1)=x (k+])=e(k +n)

Thay vao phuong trinh (2.13) ta dugec :
Xp(k+1)+a,x,(k)+...+a, x5(k)+a,x (k)=byr(k)

= Xy (k+1D)=-a x, (k)—..—a, ;x5(k)—a,x,(k) +byr(k)

Tiet
15,16
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiét)
Két hop voi phuong trinh trén vdi cac biéu thirc dit bién trang théi ta duoc hé
phuong trinh sau :
x,(k+1)=x,(k)
X, (k +1) = x5(k)

Xy (k+1)=x, (k)
h.‘-h’.n{k +1)= —ﬂlxn(k) —...—a,1X(k)—a, x,(k)+byr(k)

Tiét
15,16
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Tiét
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3_ YAv cdivna nhivaona frinh frana thai (1 tiAf)

x;(k+1) T [0 1 0 ... 00 I x& ] [0
X5(k+1) 0 0 1 0 0 X, (k) 0

: =l : : : : : +|: (k)
X, (k+1) 0 0 0 0 1 x,(k)y| [0
xp(k+1) | [-a, —apy —a,, o0 —ay —a || x,(k) | [bg]

Pap (g cua hé thong :

I x](k}_

X, (k)
c(kaxlfk)z[l 0 ... 0 0] :
Kn—](k}
X, (k)
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Tiét
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiét)

bit:
- x, (k) | [0
x5(k) 0 0
x(k)=| Ag=| i
X,1(k) 0 0
_:'f.“(k) i | —4, 8,
0
0
By =|: f.'?d:[] 0 ... 0 ﬂ]
0
| by

|

Ta duge hé phuong trinh bién thai:
X(k+1)=A, x(k)+B,r(k)
c(k)=Cyx(k)

0
-a

n-2

(2.14)
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Tiét
15,16

c 3.MO HINH TOAN HOC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiét)
Vi du 2.6. Cho hé thong diéu khién roi rac mé ta bai phuong trinh sai phan
2¢c(k+3) +c(k+2) + Sc(k+1) +4¢(k) = 3r(k)
Hay viét hé phuong trinh bién trang thai mé ta hé thong.
Giai. Ta co : 2¢(k+3)+ c(k+2) +5c(k+1)+4c(k) = 3r(k)
<=>¢( k+3)+0.5¢(k+2) + 2.5¢(k+1) +2¢(k0=1.5r(k)
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiét)
Pit bién trang thai nhu sau
X, (k) =c(k)
X, (k)=x,(k+1)
X5 (k) =x5(k+1)
Hé phuong trinh bién trang thai mo ta hé thong da cho I :
x(k+1)=A x(k) + B,r(k)
{c(k} = C x(k)

Tiét
15,16
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Tiet
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiet)

(k)
Trong do: x(k)=| x,(k)
| X;3(k) _
0 1 0 | [0 1 0
0 0 ] 0 0 1
A,= =
—a; —a, —a; | |-2 =25 -05
07 [0
By;=|10 |=]|0
by | |1.5]
CJ:[I 0 U]
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiét)
Vidu 2.7. Cho hé thong roi rac mo ta boi phuong trinh sai phéan :
2e(k+3) + e(k+2)+5c(k+1 Hde(k)=r(k+2)+3r(k)
<=> ¢(k+3) +0.5c(k+2) +2.5¢(k+1)+2c(k)=0.5r(k+2)+1.5r(k)

Dit cac bién trang thai :

Tiét
15,16
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiét)
Xj(k) =c(k)—B,r(k)
x2(0) = x, (k + 1) = B,r(k)
%3 (k) = %, (k +1) — B,r(k)
X3(k+1) =—a;3x,(k) —a,x, (k) —a;x;5(k) + (k)

Trong do
Bo=by=0
B,=b,—a,p;=0,5x5=0
B,=b, —a,B, —a,B,=0-0,5%0,5-2,5%0=-0,25
By=b;—a,B, —a,B, —aP, =1,5=0,5x(-0,25)—2,5x0,5=0,375

Tiet
15,16
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Xay dwng phwong trinh trang thai (1 tiét)
Hé phuong trinh bién trang thai co dang:
x(k+1)=A x(k)+ Byr(k)
c(k)=Cyx(k)+ Dyr(k)

Trong do :
_ - 0 1 0
x;(k) 0 0 [
k)=| x,(k Az;=
x(k) ?’i_i) d 0 0 0
X3k 2 25 05 |
01 To -
B;=|0 [=]0 CL,:[l 0 D]
| by | |1.5]

Tiét
15,16
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Tiet
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. 1 An nhivrvna trinh trana thiai
2.3.2. Thanh lap phwong trinh trang thai tir ham tryén h¢ réi rac
Cho hé théng mé ta boi ham truyén
- C(z) byz™+bz™ '+ .+b, z+b,

=) R(z) " +a 2"+ +a, +a,

(2.17)

Chit y : O phuong trinh trén hé s6 a, =1Néu a, #1 ta chia hai vé cho ag dé
duoc phuong trinh sai phan ¢o dang (2.17)
Cach I : Bién d6i tuong duong ham truyén vé dang phuong trinh sai phan :
217 (2"+az"'+..+a_, +a )C(z)
=(byz™ +bz™ '+ . +b_ z+b_)R(z)
< c¢k+n)+ack+n-D+...+a, _clk+1)+a,c(k)=
=byr(k+m)+br(k+m-1)+...+b, r(k+1)+b r(k)
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

2 | an nhivrvnna ftrinh tranna thai
Ap dung phuong phap da trinh bay & muc 2.3.1.b ta rit ra duoc hé phuong trinh
bién trang thai.
Vi du 2.8. Hiy thanh lip hé phuong trinh trang thai mé ta hé thong c6 ham truyén
la :
C(z) 7> +3
G(z) 2224745244
Giai. Cdch 1: Ham truyén da cho tuong duong voi :
C(z) 052" +1.5
G(z) 2405224257242

<=> (z‘" +0,52% +2,5¢ + Z)C(EJ =(0,52" +1,5)R(2)

G(z)=

G(z) =

<=>¢(k+3) + 0.5¢(k+2) + 2.5¢(k+1) +2c(k)=0.5r(k+2)+1.5r(k)
Xem tiép i gidi nay da trinh bay ¢ vi du 2.7

Tiét
15,16
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Tiét
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Lap phwong trinh trang thai

Cach 2:
C(z) byz™+bz™"+ _+b_,z+b_

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

Do G(z) =

Nén ta co thé dat bién phu E(z) sao cho :
(bz™ +b,z™ ' +..+b__z+b_)E, (2.18)
R(z)=(Z"+a, 2" +..+a,_z+a,)E, (2.19)
(2.19) <=>e(k+n)+ae(k+n-1)+...+a ek +1)+a,e(k) =r(k)
Ap dung cong thirc da trinh bay ¢ muyc 2.3.1.a, dit cac bién trang thai
x;(k)=e(k)
XH(k)=x(k+1)= x,(k)=e(k +1)
X3(k)=x,(k+1) = x3(k)=e(k +2)

x, (k)=x, (k+1)=x_ (k+n-1)=x, (k+1)=e(k +n)

n-1
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Lap phwong trinh trang thai

Ta dugc phuong trinh:

xk+1) ] [0
X5(k+1) 0
X, ((k+1) 0
xy(k+1) | |-a

Tu (2.19) ta co

= c¢(k)=bge(k+m)=be(k +m)=be(k+m—-1)+..+b,_e(k+1)+b
= C(k) - blflxnwl(k) + bltI

= ck)=[b, b

n —da

m—1

n

0

—d, 2

0

-a, -—a

_'|_

- xi(k) | [0 ]
X, (k)
+ 0 |r(k)(2.2
Xpo (k)| [0
xp(k) | by

e(k)

m

111(k.) +...F bm—lxl{k) + bmx l{k)

FKl(k) |
x,(k)

x‘n—1{k}

%00

Tom lai ta duoce hé phuong trinh trang thai:

x(k+1)=A,(k)+By(k)
c(k) =Cyx(k)

Tiét
15,16
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Lap phwong trinh trang thai
Vi du 2.9. Cho hé théng mé ta béi ham truyén

C(z 72> +3
G(z)= (): =——
R(z) 27 +z°+5z+4

Hay thanh lap hé phuong trinh trang thai :
Gidi: Ham truyén da cho tuong duong vai
C(2) 0,52 +1,5
R(z) 22+4052+252+2
Pit bién phu  E(z)sao cho :
C(z)=(0,5z" +1,5)E(z)
{R{z} =(2> +0,52° +2,52 + Z]E(z]}
| c(k) = (0,5¢(k +2) + L.5¢(k)
- {r(k):e(k+3}+0,5e{k+2)+2,53{k+1)+2e(k)

G(z) =

Dit bién trang thai
x;(k)=e(k)
Xa(k)=x(k+1)
x3(k)=x,(k+1)

Tiet
15,16
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Tiét
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Lap phwong trinh trang thai
x(k +1)= A x(k) + Byr(k)

|
| c(k) = Dyx(k)

0o 1 o] [0 1 0 |
Aﬂ;: 0 0 ] = 0 0 1
—ay -a, -a;| |-2 -2,5 -0,5]
(k) | 0]
x(k)= | X5(k) | ;Bg=|0|;:Dg=[by b, bg]=[L5 0 0,5]
| X3(k) | 1

Vi du 2.10. Hay thanh lip hé phuong trinh trang thai mo ta hé thong cé ham
truyén la ;

/8



c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Lap phwong trinh trang thai
Vi du 2.10. Hay thanh 1ap hé phuong trinh trang thai mo ta hé thong co6 ham
truyén la :
C(z) 2z2+3
R(z) 2*+22+2%+52+3
Giai. Dit bién phu E(z) sao cho :
{ C(z)=(2z+1)E(z)

R(z)=(z"+22 +2° +5z+3)E,,,

G(z) =

==

c(k)=(2e(k =1)+e(k)
- r(k)=e(k +4)+2e(k +3)+e(k +2)+ Se(k +1) + 3e(k)

Tiet
15,16
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Lap phwong trinh trang thai

Dit bicn trang thai :

X, (k) =e(k)

X,(k)=x;(k+1)

X;(k)=x5(k+1)

X4(k)=x3(k +1)

Ta duoc hé phuong trinh

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

Tiét
15,16
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Lap phwong trinh trang thai

x(k) =

"X, (k) 0 I 0 0
0 0 1 0
}"“2{]{] Ad _ —
x5(k) 0 0 0 1
x4(k) | [ —44 —d43 —d; 4y
0
0
]

0

1 0 0
0O 0 1 0
0 0 1 1

3 -5 2 -2

Tiét
15,16
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Bai tap Chuyén do6i ham truyén sau vé phwong trinh trang thai

SV tw cho Ham truyén so, va chuyén doi sang phwong trinh Sai phan,
Phwong trinh trang thai

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.1. On dinh

' Phan biét sw khéq nhau gitra trang thai
xac lap cua hé thong va tinh on dinh cua
hé thong

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.1. On dinh

 Hé thong 6n dinh la hé thdng ¢ qua trinh
qua do tat dan theo thoi gian.

» Hé thong khéng 6n dinh 1a hé thong co
qua trinh qua do tang dan theo thoi gian.

» Hé thong & bién gi¢i 6n dinh 1a hé thong
c6 qua trinh qua dd khéng dbi hoac dao
dong khéng tat dan.

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.1. Dieu kién 6n dinh

. Diéu kien can va du dé hé thdng lién tuc tuyén
tinh &n dinh Ia tat ca cac ngh|em cua phuwong
trinh dac tinh déu cé phan thuwc am.

+ Diéu kién can va du dé hé thong lien tuc tuyen
tinh khéng 6n dinh 1a c6 it nhat mét nghiém cua
phwong trinh dac tinh cé phan thwe dwong.

» Diéu kién can va du dé hé thong lién tuc tuyén
tinh & bién gici on dinh la co it nhat mét nghiém
cua phwo’ng trinh dac tinh c6 phan thuwe bang
khdng va tat ca cac nghiém coén lai déu co phan
thwe am.

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.1. Diéu kién on dinh - Tiéu chuan Routh
Phuong trinh ddc tinh: @, p" + ﬂ]p”_l +--+a,p+a, =0
Nghiém cla phwong trinh dac tinh: P, = &, + Jﬁ@; i=1..n
Diéu kién can va dua vé tinh 6n dinh cua
hé théng diéu khién lién tuc tuyén tinh
Hé théng én dinh & \;/Q'I_ < ()
Hé théng khong én ginh <= Jlar, >0

Hé thdng & bién gi¢i 6n dinh <> ﬂ!gi_ =0 A a, <0

JES

Tiét
15,16
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Tiet
15,16

c 4. THIET KE BO PIEU KHIEN SO

4.1. Dieu kién on dinh

Néu thé hién nghiém sé cua P
phu’o’ng trinh dac tinh Ién
mé&t phang phtic — dwoc ////////
goi la mat phang P thi cac
nghlem s6 ¢6 phan thyc On dinh
am nam bén trai mat
phang phwc cac nghiém Z
so c6 phan thuc dwong
nam bén pha| mat phang
phu*c con cac nghiém co
phan thye bang khéng
nam trén truc ao. Nhw vay
bén trai mat phang phtrc
la mién 6n dinh, bén pha|
mat phang phire [a mién
khéng 6n dinh, truc do 1a
bién gidi.

Khéng 6n dinh

\\\\\\\\\\

Bién gig1 6n
inh

\

N
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c 4. THIET KE BO PIEU KHIEN SO

4.1. Diéu kién 6n dinh

. Diéu kien can va du dé hé thong lien tuc tuyén
tinh on dinh 13 tat ca cac nghlem ctia phuong

trinh dac tlnh déu nam bén trdi mat phang phuc.

+ Diéu kién can va da dé hé thong lién tuc tuyen
tinh khéng 6n dinh 1a co it nhat mot nghlem cua
phwong trinh d3c tinh nam & bén phai mat
phang phwc

» Diéu kién can va du dé hé thong lién tuc tuyén
tinh & bién gi&i 6n dinh la cé it nhat mot nghiém
cla phuwong trinh dac tinh nam tren truc_ 4o va
c?]c nghiém khac nam & bén trai mat phang
phurc.

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.1. Diéu kién on dinh

1 T
p—?lnz:}z—e 6 <0 o [z] < 1

s g-- - f - i I
T _JAT __ JBT
Z=et M =zl 00 =
a, T
2=

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.1. Piéu kién on dinh hé diéu khién so

. Dleu Kién can va du de hé thong diéu khién sb
on dinh 13 tat ca cac nghiém cua phwong trinh
dac tinh déu c6 modun nhoé hon 1.

. Diéu klen can va da dé he thong diéu khién s
khéng 6n dinh 1a c6 it nhat mdt nghiém cua
phwong trinh dac tinh c6 modun I&n hon 1.

- Diéu kién can va da dé hé thong diéu khién sb &
bién gi¢i on dinh 1a c6 it nhat mét nghiém cua
phwong trinh dac tinh c6 modun bang 1 va tat
cé cac nghiém con lai déu c6 modun nho hon 1.

Tiét
15,16
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Tiet
15,16

c 4. THIET KE BO PIEU KHIEN SO

4.1. Diéu kién on dinh hé diéu khién so

Neéu thé hién nghiém sO cua :
phwong trinh dac tinh Ién 1
matghén g phtrc — duoc
oi la mat phang z thi cac

nghiém s6 cé modun nho N Bién gidi
hgn 1 nam bén trong Khong on dinh én difh
dwong tron don vi; cac 7

nghiém s6 c6 modun I&n <’’’ _

hon 1 nam bén ngoai . %Sﬁ:h/f, :

dwdng tron don vi; con www
c4c nghiém c6 modun W%
bang 1 nam trén dwdng

tron don vi. Nhw vay bén
trong dwong tron don vi la
mien On dinh, bén ngoai
dwong fron don vi la mién

khong On dinh, dwong
tron don vi la bién gioi.
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c 4. THIET KE BO PIEU KHIEN SO

4.1. Diéu kién on dinh hé diéu khién so

l—e’

« Hé théng cé ham truyén dat: G(z)= (: —E_T)(Z—E_ET)

Cac cuc cua G(z) la:

1l.z=eT>|z|=eT<1 > Hé théng da cho 6n dinh
2.z,=e?T > |z,|=e?T<1

1
z*+4

+ Hé théng c6 ham truyén dat: G(z) =

Cac cuc cua G(z) la:

1.2y=)2> |z|=2>1 > Heé théng da cho khéng &n dinh
2.2,=-2 2> |z,|=2>1

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.1. Diéu kidn An dinh ha Aidn Lhidn A

On dinh

Khéng 6n dinh

_

z—-1 v+1

; Phép bién dbi lwéng tuyén tinh
z+1 —v+1

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.2.Vidu
1
Xét tinh 6n dinh cua hé thdng co G(z)= -
ham truyén dat: z2+z+0.5

Pathicdactinh:  A(z)=z"+2z+0.5

Thue hién phép bién ddi lwdng tuyén tinh:

2
A v =[ L) 2 o
= —v+1 —v+1

—v+l

_ 2
0.5V +v+2.5 > A(WV)=0.5v"+v+25

(1-v)

Tiét
15,16

94



C 4. THIET KE BO PIEU KHIEN SO

4.2.Vidu
= AW)=0.5v"+v+25

051 25

* Lap bang Routh: ™

_____

= Hé théng da cho 6n dinh

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.3. Tiéu chuan JURY
+ Hé thdng c6 da thirc dac tinh bac 2:
A(z) =ayz2+a,z+a,

o A(Z)LZ1 > ()
° A(Z)L:_] > ()

. la,| < a,

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.3. Tiéu chuan JURY

+ Hé thdng c6 da thirc dac tinh bac 3:
A(z)=ayz’+a,z>+a,z + a,

o A(Z)L:l > ()
° A(z)l:z_] <0
. la,| < a,

2 2
. ‘a3 ~a; ‘ >|a,a, — a,a,

Tiet
15,16
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C 4. THIET KE BO PIEU KHIEN SO

4.3. Tiéu chuan JURY
Vi du

1
Z2+z+05

G(z)=
Az)=22+z+0.5

e  A(®)_,=25>0 V¥

. A(z)_,=05>0 V¥

s 10.5]<1 v

- Hé théng da cho 6n dinh

Tiét
15,16

98



C 4. THIET KE BO PIEU KHIEN SO

4.3. Khao sat bang Matlab

z) Y(s)
ar Wi(z) —"—»{ Wa(s) [ W3(s) [—»
N W4(S) PR
20(z+0 1) 0,1 10(s +3) 0,1(s+0.1)
= W ‘-'_;W 2) = s W.(s) =
wil2)= +0,6)° () s+ 1 2{5) s+1 5) S+ 2

Tiét
15,16
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15,16

C 4. THIET KE BO PIEU KHIEN SO

4.3. Khao sat bang Matlab

a. Tim ham truvén dat ciia hé thong.

== WI=tf{[20 2],[2 2.4 0.36],0.1) > W21=c2d(W2,0.1)
2 W2=H([10 3011 1])

= W2l =
W1 W2 -
7 -7.145
N - 102-7.14
___________________ R 7 = 0.9048
27 424 74+ 0.36 il

L , . , Sample time; 0.1 seconds
_ Continuous-time transfer function, _ , ,
Sample time: 0.1 seconds Discrete-time transfer function.

Discrete-time transfer function.
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C 4. THIET KE BO PIEU KHIEN SO

4.3. Khao sat bang Matlab

== W3l=c2d(W3.0.1
= W3=t{[0 0.1][1 1]) c2d(W3,0.1)

W3l =
W3 =
0.009516
0.1
o 7 - 0.9048
s+ 1

L . . Sample time: 0.1 seconds
Continuous-time transfer function.

screte-time transfer function.

== WA=tf{[0.1 0.017,[1 2])

W4 =

0.1s+0.01

Continuous-time transfer function.

Tiét
15,16

== Wal=c2d(W4,0.1)
w4l =
0.1 z - 0.09909

z- 08187
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Tiét
15,16

C 4. THIET KE BO PIEU KHIEN SO

4.3. Khao sat bang Matlab

=> W12=series{W1,W21)

Wi2=

2002°2-1229z-14.29

22°3+0.5903 "2 - 1.812 z- 0.3257

Sample time:; 0.1 seconds

Discrete-time transfer function,

== Wtd I =feedback{ W12, W41 -1)
Wtdl =
20023 - 2866 2"2 +86.33 2+ 11.7

22+ 18952°3-3442°2+ 1191 2+ 1,683

== Whe=series{Wtd |, W31l)

Whe =

1.903 23 -2.728 2"2 + 0.8216 2+ 0.1113

22541714274 -51552"3+43.042°2-909] z-1.523

Sample time: 0.1 seconds

Discrete-time transfer function,
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C 4. THIET KE BO PIEU KHIEN SO

4.3. Khao sat bang Matlab

Viy ham truyén dat cia hé théng Ia -

W 1.903z° —2.7282° +0.8216z+0.1113
h

-

27° +17.14z% —51.552° +43.04z° —9.091z —1.523

b.  Xét sir on dinh ciia hé thong
Tir ham truyen dat xét ra phwong trinh dic tinh:

27° +17.14z% —51.552° +43.04z> —9.091z—1.523=0

=>MS=[2 17.14 -51.55 43.04 -9.091 -1.523]

== x=roots{ M5)

Tiét
15,16

-11.0759
0.9751
0.9129
0.7245

-0.1066

Bing Matlab ta tim duoc nghiém cua phuong trinh nhu sau

z,=-11.0759
z,=09751
z,=0.9129
z, =0.7245

z, =—0.1066

Ta thiy ring |zl| > 1 nén hé khéng 6n dinh.
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Tiét
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Ham truyén dat b diéu khién PID so

« Céc b PID s6 ciing lam chirc nang twong
tw nhw cac bd PID lién tuc
— P: Khau ty I&
— |I: Khau tich phan
— D: Khau vi phan
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Tiet
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Ham truyén dat b diéu khién PID so

BO DIEU KHIEN P BO DIEU KHIEN | BO BIEU KHIEN D

_ . dx(t) X
yn=K, ar x(kT)

y(t) =K, j x(t)dt

d(kT) ()T
YD) =Kp—"—
* Y = Kp. X(1) o
* y(KT) = Kp.x(KT) V(KT) =K, [ x(kT)dr DT A 1
s G (Z) — K ’ Z{y(kT)}=Z{%{x{k?‘)—x[(:’c—l)?‘]}}
CP = I\p (k=1)T kT
YkT)=K, [ x(kT)dt+K, [ x(kT)dt TRRL AR
0 (k=1)T

y(kT) = y[(k -D)T]+K, j x(kT)dt

(k=0T
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Tiét
15,16

c 3.MO HINH TOAN HOC HE PIEU KHIEN SO

3. Khau Tich phan cia PID

f kT
w(O) =K, [x(t)dt  y(kT)=K, [ x(kT)dr
0 0

(k-1)T kT
V(kT) =K, j’ x(kT)dt + K, j x(kT)d

0 (k-1)T
kT

y(kT) = y[(k-DT]+K, [ x(kT)d:

(k-1)T
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Tiét
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Khau Tich phan cuaa PID

Y(z) K, T z+1
X(z) 2 z-1

G,(z)=

K,T
2

y(k)=ylk-1)+ [x(k) + x(k — l)]
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Tiét
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Khau Vi nhan ciia PID

dx(t) X

) =K, “ar X(KT)

dx(kT) X[(k-1)T]
dt '

y(kT) =K,

y(kT) [ %{x(ki‘“) ~x[(k-D)T]}

Z{y(kT)} = E{K—;{x(k?’}—x[(ﬁc —l)T:}}

Y(z)= %[X(z) -z X(2)]
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Tiét
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c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Khau Vi phan cua PID

Y(z) K, z-1
X(z)_ T =z

Gep(2) =

(k) = =2 (k)= x(k ~D)]

109



Tiét
15,16

c 3. MO HINH TOAN HOQC HE PIEU KHIEN SO

3. Khau Vi phan ciaa PID

Y(z) K, z-1
X(z)_ T =z

Gep(2) =

(k) = =2 (k)= x(k ~D)]
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Tiét
15,16

C 4. THIET KE BO PIEU KHIEN SO

4.4. Bai tap vé nha. Khao sat tinh 6n dinh ham truyén so6

- Khao sat bang phwong phap giai nghiém thwec phwong trinh dac tinh
- Khao sat JuRy
- Khao sat Matlab

2
w1 =
Y
X() W) — o[ Wae) | 3s+1
- 7
Ve
S
N Wa(s) fe—ro ,
w4

T 45+ 1
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Tiét
15,16

c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bd dieu khién so6

(1)
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Tiét
15,16
c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bd dieu khién so6

g G{?z(p) R G;l(p) L DIA — Gp(p) e Gpy(P) — Y(p)
(-) (-)

Y, Y
i (P) A/D im(P) M1[p) .

Yy Yo
®  ap el v
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bd dieu khién so6

Gp,(P)

Tiét
15,16

qu'tp:u

- Y(p)

T
X*(p) _ES(p)| e X" (P Ey(P)| u* Y4(p)
»Q — GCE(;U) > > G(“l (p) ﬂé" Hu(p:‘ " Gm(P) >
K ( ) Yim(P) ! Yim(P)
= f\ = M,(p) [+
Ym'(P) ! Y (P
- I{ — My(p)
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét k& hA didn khidn cA

E(p)=X"(p)-Y,(p)
X! (p)=E,(p).G.,(p)
E (p)=X/(p)-Y,,(p)

U'(p)=E, (p).G.,(p)

Y(p)=U (p)-Hy,GGpy(p)
0 V@)=V (P HGG(p) ]
Y'(p)=U"(p).H,GpGry(p) (5)
Y, (p)=U"(p).H,G,M,(p)

Y (p)=[U"(p)-H,GnM,(p)|
@y =U (P HGM () ()
Y, (p)=U (p).H,GpGp,M,(p)

Yi(p)=[U"(p).H,GpG M, (p) |

Y, (p)=U (p).H,G,G,,M,(p) (7)

(2)
(3)

Tiet
15,16
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Tiét
15,16

c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bo dieu khién so6
|
Thay p=?1nz vao cac biéu thire “*”

E;(p)=X(p)-Y,(p) (1) Ey(2) = X(2) = Yi(2) (1)
X/ (p) = E,(p).Ge(p) (2) X1(2) = Ex(2).Gc,(2) (2)
E/(p)=X,(p)-¥,(p) 3) E1(2) = X(2) = Yin(2) (3)
U'(p)=E, (p).G.(p) (4) U(z) = E,(2).Goy(2) (4)
Y'(p)=U"(p).H,Gp,Gr,(p) (5) Y(z) = U(z).H,Gp,Gp,(2) (5)
Y, (p)=U(p)H,GuM (p)  (6) Y, (2) = Uz).H,Gp,M,(2) (6)
Y, (p)=U"(p).H,GpGpM(p)  (7) Y, (2) = U(2).HoGp;Gp,M,(2) (7)
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bd dieu khién so6

E, X,(z) _E.
X(2) @) Gey(2) _{Elgﬂ. Ge4(2)
(-) (-)
Yin@l— HyGpM,(2) fo—
Y
e HoGp1GpaM,(2)

U(z)

» HoGp1Gpa(2) |

Tiét
15,16
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4.5. Thiét ké bo dieu khién so6

X(z)

4@_'

(-)

E,(z)

Y. (2)

Ge2(2)

} E1{2} GC_-] (Z)
(-)
& HoGp1M4(2)

U(

X(z)

(-)

E,(z)

Yml(2)

Gea(2)

X,(z) R

HoGp1GpoMa(2) 1+

Y(z)

» HoGp1Gpa(2) —

G (2)

U(z)

c 4. THIET KE BO PIEU KHIEN SO

1+ Gy (2).H,Gp M\ (2)

HoGp1GpM(2) |

¥

HoGp1Gp2(2)

Y(z)

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiet ke bo dieu khlen 56

G (2)

1+ Gey(2).H G M (2)

HoGp1GpaMa(2) ¢

G(2).G,(2)

U(z)

b

HoGp1Gp2(2)

1+G, (z).H,G,M

0T p

(2)+ G (2).Gp,(2).

HG,G

o T e e

M, (z)

v

HoGp1Gpa(2) |

Tiet
15,16

3¢ dinh ham truyén dat

Y(2)

Y(z)
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bé diéu khién sé

K{L, G (2).G,(2) U(z) . | Y(z)
1+G, (2).H,G, M (2)+ G, (2)G,(2).H,G, G M, (z) HoGp1Gpy(2) |—>
X(z) G (2).Gy (z)'HﬂGPIGPE(:) Y(2)

I+ G (2)-H)Gp M \(2) + G (2).G o, (2)-H )G, G, M, (2)

G(z)= "z _ Gei(2)Gey(2)-H,Gp Gy (2)

X(z) 1+G.(2).H,GM,(2)+ G, (2).Gpy(2).H,Gp,GpyM,(2)

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bd dieu khién so6

H,GpGpol2) = :“z{%@)ﬁm(p)}

= P

H\GpM,(z2) =E]Z{Gﬂ(p;M1(ﬁ)}
z

H,GpGpM,(2) = 21 Z{ GP'(p)‘GP;(p)Mz (F’)}
z

121



Tiét
15,16

c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bd dieu khién so6
* My(p) = K,
* My(p) =K,

HoGp1M4(z2) = K.HyGp4(2)
HoGp1GpaM,(2) = Ko.HyGp 1 Gpa(2)
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C 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bo dieu khién so6

Y(2)
X E,
(z) J:. () Gey(2) v HyGpiGpa(2) >
)
Y
m(z:' K2 o
2 X Gy (z U(z) M3
ﬂ,@ﬂ, Ge2(2) 2 al?) 2, HyGp1Gp2(2) >
1+ K,.G,(2).H,Gp,(2)
(-)
Y mlZ)

Tiét
15,16
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4.5. Thiét ké bo diéu khién so

X(z)

E;(z)

L0 Geyl2)

X(2)

G(z2)

(-)

X,(2) G (2)

u(z)

c 4. THIET KE BO PIEU KHIEN SO

|1+ K, G (2).H,Gp (2)

Y(2)

» HoGp1Gpa(2) >

K, [

G (2).Gp,(2)-H Gy Gy, (2)

Y(2)

1+ K,.Ge (2).HGp (2) + Ky G, (2).G 5 (2).-H G p Gy (2)

_Y@) _

G(‘l (Z)-G(.‘z (Z)-Hqu Gp,(2)

X)) 14K, Gy (2)-H, Gy (2) + K, G (2).G ey (2).H Gy Gy (2)

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bo dieu khién s6 - phwong phap dé quy
f(KT)=Z{f(kT)} =F(z) =Z'{F(z)}=f(kT)

=S Z{f[(k=DT]} =2"F(z) =Z{zF(2)} = f[(k-DT]
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4.5. Thiét ké bo dieu khién s6 - phwong phap dé quy

Y(z)  2z-1

X(z) 2z%-z-1

va tin hiéu dau vao x(kT) v&i k=0, 1, 2, ..., =. Xay dwng biéu thirc xac dinh y(kT)

Cho ham truyen dat cua khau: G(z) =

1. Nhan cheéo:
22°Y(2)=zY(2)=Y(2) =2zX(z) - X (2)
2. Nhan hai vé cho z" v&i n 1a bac cao nhét cla z:
2Y(z) -z 'Y(2)-z7Y(2)=2z"'X(2)-z7 X (2)
3. L&y Z"' ca hai vé. Ap dung tinh chét Z clia ham tré:
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké boé diéu khién sé6 - phwona phap dé auv
3. L&y Z ca hai vé. Ap dung tinh chat Z ctia ham tré:

ZH2Y(2)- Y (2) - 7Y (o) = 27 {227 X (2) - 27 X (2)}
29(kT) = y[(k =DT]=y[(k =2)T]=2x[(k = DT |- (k- 2)T]

4. Xac dinh y(kT). Don gian cach viét:
YT)=05y[(k-=DT ]+ 05y[(k=2)T |+ x[(k—1)T |- 0.5x{(k — 2)T]
y(k)=0.5y(k —1)+0.5y(k —2) + x(k —1)—0.5x(k —2); k=0,1,2,...,0
Biéu thirc dé quy dic tinh thei gian dau ra cia khau da cho
1(0) = 0.5y(=1) + 0.5(=2) + 2x(-1) = 0.5x(-2)

5.  Xac dinh cac gia tri ban dau:

y(-1)=0;y(-2) =0; x(-1) = 0; x(-2) = 0
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15,16
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4.5. Thiét ké bo dieu khién s6 - phwong phap dé quy
Cac buwdc tinh

9(k) = 0.5y(k —1)+0.5y(k —2) + x(k = 1) = 0.5x(k —2); k=0,1,2,...,o0

k=0 ... y(0) = 0.5y(-1) + 0.5y(-2) + X(-1) — 0.5x(-2) = 0
k=1...y(1) = 0.5y(0) + 0.5y(-1) + x(0) — 0.5x(-1) = x(0)

k=2..y(2)=0.5y(1) + 0.5y(0) + x(1) — 0.5x(0) = 0.5x(0) + x(1) — 0.5x(0)
= X(1)

k=3 ...y(3) = 0.5y(2) + 0.5y(1) + x(2) — 0.5x(1) = 0.5x(1) + 0.5x(0) + x(2) — 0.5x(1)
= x(2) + 0.5 x(0)

128



c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké ha diéu khién sé - nhiroona nhan dé auv
Lwu do thuat toan

Nhap x(k),
KI'I'IEX

?

k=k+1

=0;y(2)=0 |y(-2) = 0; y(-1) = 0
=0;x(2) =0 |x(-2) = 0; x(-1) = 0
k=3 k=

y(k) = 0.5y(k-1) + 0.5y(k-2) + x(k-1) — 0.5x(k-2)

g

K> Kinax

(+)

k>K .+ 3

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bd didu khién sb - Vi du
Y(z) . a,

Cho ham truyén dat ctia khau: HG,(z) =
U(z) z-—aq

va tin hiéu dau vao u(kT) voi k=0, 1, 2, ..., .
Xay dwng biéu thirc xac dinh y(KT):

1. Nhan chéo:

zY(z)—a,Y(z)=a,U(2)
2. Nhan hai vé cho z"

Y(z)—az ' Y(z)=a,z U(z)

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bo dieu khién so6 - Vi du

Y(z)—-az'Y(2)=a,z'U(z)

3. LAy Z-' ca hai vé. Ap dung tinh chét Z ctia ham tré:
2{Y(z)-az"Y(2)} =Z " a2 'U(2)}
VKT = a,y{(k =T = ayuf(k = 1)T]

4.  Xéac dinh u(kT). Pon gidn cach viét:
y(kT) =ay[(k—DT )+ au[(k—-1DT]
v(k)=a,y(k—1)+a,u(k-1)
y(0) = ay(=1) + a,u(=1)

5. Xac dinh cac gia tri ban dAu:

y(-1)=0;u(-1)=0
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bo dieu khién so6 - Vi du

Cac bwoc tinh
v(k)y=ay(k-1)+au(k-1)

- ¥(0)=ay(-1) +au(-1) =0

- y(1) = a;y(0) + a,u(0) = u(0)

.. ¥(2)=ay(1) +a,u(1) =a,u(0) + au(1)

. Y(3) = a,y(2) + a,u(2) = a,[a,u(0) + a,u(1)] + a,u(2)

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiét ké bo dieu khién so6 - Vi du
Lwu do thuat toan

/ Nhépu(k) / k=k+ 1
ay, 32

y(1)=0;u(1) =0 |y(-1)=0;u(-1)=0 0

k=2 k=0 (+)

y(k) = a;y(k-1) + a,u(k-1)

g
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiet ké chwong trinh

Ta co6 so do khoi sau khi chuyén déi z

(-)

X(z) Eq(z) Xi(z)
,< ) ,\ Gw(z)

Ei(z) U(z)
Gi(z)
KoaHoG1(z) |
Ks

HoG1G2(z)

Y(z)

Tiét
15,16
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c 4. THIET KE BO PIEU KHIEN SO

4.5. Thiet ké chwong trinh
W(z) = U(z).HoG1G2(z)
U(z) = E1(z2).Gi(z)

Ei(z) = X1(z) — Lin(2)

X1(z) = Exz).Gw(2z)

Ex(z) = X(z) — Wpn(z)

Ion(z) = U(z2).KuaHoG1(2)
Won(z) = U(z2). KeHoG1G2(2)

GG, ()= " Z[Gl ()G, (“S'JJ =

5
K. K (1-—eT'Te a2
_ Dol

(z—e"'%) Cz—al

-I/T
al=e ¢

a2 =K, K_(1-al)

z-1_{ G(s
K, HG(2)=K,, - Z[ lf)

KKK, J (z-1)  a3(z-1)

Tiét
15,16

-1 KK, (1-e""%)z

]:Kbd

KOT -l - —al
C

_ j:mijiﬂjzgﬁf
K®T,

a3’

z (:—1)(:—E_T""T"-“) -

-1 K, K,,J z
z  K®T, (z-e''’)
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4.5. Thiet ké chwong trinh

K,H,GG,(2)=K, il Z[ Gy (S)GE(S)J =
W(z) = U(z).HoG1G2(2) z s
K K K, (1-e""¢) g4

U(z) = E«(2).Gi(2) c-eT%)y

z—al
Ei1(z) = Xi(z) — Ipn(2) a4 =K a2
X1(z) = Exz).Gw(2z)
Ex(z) = X(z) — Wp(2) G (2) =K,
I54(2) = U(z) KeaHoGr(2) G, (5)= o * A

Won(z) = U(z) KaHoG1Ga(2) z -1
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4.5. Thiet ké chwona trinh
Y(2) __%
U(iz) z-a
S ZY(2)—aY(z)=a,U(z2)
S Y()=a:z"Y(2)+a,z"U(z2)

& (k) = apy(k—1)+ au(k-1) (3.1)

1,(2)  ayz—a,

U(z) - z —a (3.2)
iy (k)=aji,, (k-1)+au(k)—au(k-1)

ph

Wpﬁ(:): ﬂ4
U(iz) =—-a (3.3)
<o, (k)=a0,(k-1)+au(k-1)

ph ph
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4.5. Thiét ké chiwrona trinh

U(z)
:Kgl
E(2) (3.4)

Su(k)=K, .e(k)

X, (2) _ Apz+ 4,
E,(2) z—1 (3.5)
S x (k) =x(k=1)+ 45e,(k)+ 4, .e,(k—1)

Ap=Kp+Kp*T/2;
An=-Kp+Kp*T/2;
E1(z)=X1(z)-Iph(z)

e1(k)=x1(k)-ipn(k) (3.6)
E2(z)=X (z)-Wph(z)
ea(k)=x (k)-wpn(k) (3.7)
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4.5. Thiet ké chwong trinh

Viét chwong trinh Matlab hodc Vi diéu khién
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