Mon hoc

LY THUYET DIEU KHIEN NANG CAO

Giang vién: PGS. TS. Huynh Thai Hoang
Bo mén Diéu Khién Tw Pong
Khoa Dién — Dién Tw
Dai hoc Bach Khoa TP.HCM
Email: hthoang@hcmut.edu.vn
Homepage: http://Iwww4.hcmut.edu.vn/~hthoang/

15 January 2014 © H. T. Hoang - DPHBK TPHCM




Chwong 2

PIEU KHIEN PHI TUYEN

15 January 2014 © H. T. Hoang - BPHBK TPHCM




Noi dung chwong 2

*x Giol thiéu

*x Phrong phap ham mo ta

* Ly thuyét én dinh Lyapunov
* Tuyén tinh héa hoi tiép

* Diéu khién trwot

* U'ng dung

15 January 2014 © H. T. Hoang - HCMUT




Tai lieu tham khao

* App
* Non
* Non

ied Nonlinear Control, E.Slotine and W.Li
inear Control System, Isidori
iInear Systems, Khalil

15 January 2014 © H. T. Hoang - HCMUT




15 January 2014 © H. T. Hoang - BPHBK TPHCM




Khai niém vé hé phi tuyén

* Hé phi tuyén la HT trong dé quan hé vao—ra khong thé mé
ta bang phuwong trinh vi phan/sai phan tuyén tinh.
* Phan I&n cac doi twong thwe té mang tinh phi tuyén.
A Hé thdng thay khi (TD: bon chiva chat 1dng,...),
& thdng nhiét ddng hoc (TD: 16 nhiét,...),
& thong co khi (TD: canh tay may,....),
é thong dién — tiv (TD: ddng co, mach khuéch dai,...)
A Hé thdng vat ly ¢é cau truc hén hop,...
* Tl‘{y theo dang tin hiéu trong hé thdng ma hé phi tuyén co
thé chia lam hai loai:
A Hé phi tuyén lién tuc
4 Hé phi tuyén roi rac.
* Noi dung mon hoc chi dé cap dén hé phi tuyén lién tuc.
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Tinh chat caa hé phi tuyén

* Hé phi tuyén khéng thda man nguyén ly xép chong.

n

* Tinh 6n dinh cda hé phi tuyén khdng chi phu thudc
vao cau truc, thong sb cua hé thdng ma con phu
thudc vao tin hiéu vao.

* Néu tin hiéu vao hé phi tuyén la tin hiéu hinh sin thi
tin hiéu ra ngoai thanh phan tan s6 co ban (bang tan
sO tin hiéu vao) con co cac thanh phan hai bac cao
(Ia bdi s cua tan sob tin hiéu vao).

* Hé phi tuyén c6 thé xay ra hién twong dao dong tw
kich.

I e
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Cac khau phi tuyen co ban

Khau relay 2 vi tri Khau relay 3 vi tri
Yy 1y
Y, Y, E—
u D D u
Y. Y,
y =Y, sen(u) - Y sgn(u) (néu|u[>D)
0 (néu|u|< D)
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Cac khau phi tuyén co ban

Khau khuéch dai bao hoa  Khau khué&ch dai c6 mién chét

_ {Ym sgn() (n€ulul>D)  (K(u—Dsgn)) (n&u|ul>D)
Ku (méu|lul<D) ~ 0 (néu|u < D)
(K=Y, /D)
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Cac khau phi tuyen co ban

Khau relay 2 vi tri c6 tré

Khau relay 3 vi tri c6 tré

1y
Y
m l Ym
u D
-D D
1 | | ............
-Y
|Y,sgn(u)  (n€ulul> D)
=Y sgn@i) (néulul< D)
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Cac khau phi tuyén co ban

Khau khuéch dai bao hoa c6 tré
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M6 ta toan hoc hé phi tuyén ding PTVP

* Quan hé vao ra clia hé phi tuyén lién tuc cé’thé biéu
dién dw¢i dang phwong trinh vi phan vi tuyén bac n:

d"y(t) g(d”lgzgt), 0] dmu(t) LGN )]
dt" dt dt dt

, (1),

trong do: u(t) la tin hiéu vao,
y(t) latin higura,
g(.) la ham phi tuyén

e
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Mo ta hé phi tuyén diing PTVP — Thi du 1

u(t)

e

| a: tiét dién van x4
| @in A: ti€t dién ngang ctia bon

g: gia tOc trong trudng
y(1) Qour  k: hé sO ti 1é vSi cOng sudt bom

—  Cp: hé so xa

* Phuong trinh cin bang: Ay(t)=q,,(t)—q,,,(t)

trong do: q,,(t) = ku(t)
Qous (1) = aCp 28y (1)

— ()= %(ku(t) —aCpr2g9(1)) (hé phi tuy&n bac 1)
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Mo ta hé phi tuyén dung phwong trinh vi phin — Thi du 2

J: moment quan tinh ctia cinh tay may
M: khoi lugng clia cdnh tay mdy
m: khoi ludgng vat ning; [: chiéu dai cdnh tay mdy

[ : khodng cdch tif trong tAm tay mdy d€n truc quay

B: hé s6 ma sat nhét; g: gia tdc trong trudng

u(t): moment tac ddng 1&€n truc quay cia canh tay may
A1): gbc quay (vi tri) cia canh tay may

* Theo dinh luat Newton
(J +mI*)O(t) + BO(t) + (ml + Ml,.)g cos @ = u(t)

(ml+MlC)gcos6’+ 1 :
(J+ml)

= 0(t)=- 5 (1) —

) ) u(t)
(J+ml) (J+ml)
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M6 t3 hé phi tuyén diing PTVP — Thi du 3

0. goc banh 14i
. huéng chuyén
Hwo’ng chuyén d?n%,cua tau
Yy k: hé sO
W(t) - . 7,hésd

x PTVP mo t4 dic tinh dong hoc hé thong 14i tau

() = —[i + i]w) _ [L](wa) L)+ (i](as’(r) +5(1)
01, 01,

T 7

(hé phi tuy€n bac 3)
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Mo t3 todn hoc hé phi tuyén diang PTTT

* Hé phi tuyé€n lién tuc c6 thé mo td bing PTTT:

trong do: u(r)
y(t) |

{X(f) = f(x(2),u(?))
y(t) = h(x(2),u(?))
a tin hi€u vao,

a tin hi€u ra,

x(t) |

a vector trang thai,

x(1) = [x,(2), x5(2),...,x,,(H)]*

(), h(.) 12 cdc ham phi tuyén

15 January 2014
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Mo ta hé phi tuyén diang PTTT— Thi du 1

ﬂq. *x PTVP:
u(f) l “ y(t) = %(ku(f) —aCp 2gy(t))

| y(t) QOut
:kﬁ v ——— * D3t bi€n trang théi:

x (1) = y(¢)

x(2) = f(x(),u(?))
y(8) = h(x(2),u(?))

trong do: £ ) :_aCD\/2gx1(t) N k u(t)
’ A A

h(x(1),u(?)) = x,(¢)

S
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Mo ta hé phi tuyén dung phuwong trinh trang thai — Thi du 2

*x PTVP:
. B 2o (ml+Mi)
o= om0 Gomey £ Gy Y
x Dit bié€n trang th4i: {xl(t):e,(t)
X, (1) = 6(1)
J— {x(t)=f(x(t),u(t))
Y(8) = h(x(2),u(t))
trong do:
[ x, (1) 1
fleuwy=) i+ Mic)g s (1) - X (f) + u(t)
(J +ml?) S JEm T (JemP)

h(x(2),u(?)) = x,(?)
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Cac phwong phap khao sat hé phi tuyéen

* Khdng cé phwong phap nao cé thé ap dung hiéu qué
cho moi hé phi tuyén.
* Mét s0 phuong phap thwong ding dé phan tich va
thiét ké hé phi tuyén:
A Phuwong phép tuyén tinh hoa (da hoc & mén Co
s¢ tw dong)
A Phwong phap ham mo ta
A Phwong phap Lyapunov
A Piéu khién hdi tiép tuyén tinh héa
s Diéu khién trwot

e
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(Phwong phap tuyén tinh héa diéu hoa)

15 January 2014

Phwong phap ham mé ta
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Thi du hé théng diéu khién c6 khau bao hoa

* Xét hé thong diéu khi€n nhu sau:

r()=0 e(?) _/},— u® [ Gs) ¥(2)
Ham truyén cla doi tugng: G(s)= 2 -
s(s+1)
t u=f(e)
10
Khau khuéch dai biao hoa: —2 > ¢
—10
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Thi du hé théng diéu khién c6 khau bao hoa

* Hé th6ng LB
co dao SELOLL ABRB B
dong tu
kich

Time affzet; 0

x Lam thé ndo dy bdo sy xudt hién ctia dao ddong ty kich
nay?
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Phuong phap ham mé ta

* Phuong phdp hAm md td md rong gan ding ham truyén
dat cda hé tuyén tinh sang hé phi tuyén.
* PP hAm md t4 12 phuong phdp khio sdt trong mién tan

s6 c6 thé 4p dung cho cdc hé phi tuyé&n bic cao (n>2) do
dé thyc hién va tuong doi gidng tiéu chuian Nyquist.

* Ap dung dé€ khio st ch& dd dao dong trong hé phi tuyén
c6 thé bién d6i vé dang gom c6 khau phi tuyén ndi tiép
v3i khau tuyén tinh theo sd do khdi nhu sau:

r(t)=0 e(1)

15 January 2014
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Pap ng cua hé phi tuyén khi tin hiéu vao hinh sin

e(t) = M sin(wt) u(t) =u(t)+uy(f)+...

F(1)=0 1 o l» Gio y(@) = Ysinat +¢)

* P& kh3o kh3 ning ton tai dao dong tuin hoan khong tit
trong hé, & dau vao khau phi tuyén ta cho tic dong séng di€u
hoa: e(t) = M sin(wxt)

x Tin hiéu ra khau phi tuyén khong phdi 1a tin hiéu hinh sin.
Phan tich Fourier ta thdy u(¢) chita thanh phan tan sd cd ban
o va cdc thanh phan hai bic cao 2w, 3w...

u(t) = % + i[Ak sin(kawt)+ B, cos(kwt)]
k=1
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Pap ng cua hé phi tuyén khi tin hiéu vao hinh sin

Cac hé so Fourier x4c dinh theo cdc cong thic sau:

A, =% [u(t)d(ar)

A, =% ][u(t) sin(kaot)d (et

1 T
B, =— [u(t)cos(kart)d(awt)
T _,

*x Gid thi€t G(s) 12 bd loc thong thip, cdc thanh phan hai
bac cao & ngd ra clia khau tuyén tinh khong ddng ké so
v4i thanh phan tan s6 cd ban, khi d6 tin hiéu ra cia khau
tuyén tinh gan ding bang: y(r) ~ ¥, sin(wt + ¢,)
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Khai niém ham mo ta

e(t) = M sin(wt)

u(t)

* Xét khau phi tuyén : NM) | —

* Do khi t/hi€u vao cua khau phi tuyén 12 tin hi€u hinh sin:
e(t) = M sin(wt) t/hi€u ra u(f) xap xi thanh phan tin sd co
ban (do ta bd qua cdc thanh phan hai bac cao):

u(t) = u,(t) = A, sin(wt) + B, cos(wt)

nén ta c¢6 thé coi khau phi tuyén nhu 14 mdt khau khuéch
dai c6 hé so khuéch dai la:
N(M) = A, + JB,
M
* Tong quiat N(M) 12 mdt ham phtic nén ta goi 14 hé so
khuéch dai phitc cua khiu phi tuyén. N(M) con dudc goi

]a ham mo t4 cta khau phi tuyén.
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Pinh nghia ham mé ta

x Him mo t4 (hay con goi 1a hé sd khuéch dai phic) 12 t
s gifta thanh phan séng hai cd ban cda tin hiéu ra cda
kh4u phi tuyé€n va tin hiéu vao hinh sin.

A +jB
M

N(M) =

A = % ]iu(t) sin(at )d (wt) B, = % Tu(t) cos(at)d(wt)

* Trong cic cong thic trén u(r) 1a tin hi€u ra cua khau phi
tuyén khi tin hi€u vao 12 Msin(wt). Néu u(?) 12 ham 1é&

thi: N7 |
4, = —ju(t) sin(wt )d (wt) B, =0
T
0
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Ham mo ta cua cac khau phi tuyén co ban

Khiu relay 2 vi tri
4 fle) au(H)=F @)
Vo Vi
0 '*’; T 27T -:Ef
oL
_V, Y3 R
0 M €
| >
: Ham md ta:
4%,
N VA= s
d Msin( )
2T
v o

15 January 2014
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Ham mo ta cua cac khau phi tuyén co ban

Khau relay 2 vi tri (tt)

Do u(r) l1a ham leé nén: B, =0 pu(H=F ar)
2% . .
4, == [u(t)sin(t)d(et) "’
T, T 2r &
2% ’
= —ij sin(wt)d (wt) ~Vaf---m - 4
T o
= 2V cos(at) = pudf
T wt=0 T

Do d6 ham mo6 ta cua khiu relay 2 vi tri la:

A, +jB, 4V
NM) = IM] 1:72]\;

15 January 2014 © H. T. Hoang - DPHBK TPHCM 30




Ham mo ta cua cac khau phi tuyén co ban

Khau relay 3 vi tri

4 fle)

y ulB)=flat)

15 January 2014

v

— W
&
L
[ ]
i v
I
|
I M &
l I >
I i
: |
H -
Msing an)

Ham ma ta:

N(M):ﬂ 1—
7

(I = I

DE
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Ham mo ta cua cac khau phi tuyén co ban

Khau relay 3 vi tri p uD=Aa)
Do u(t) 12 ham 1é nén B, =0 Vi [—‘
T
oA 0| & m—a |
A == [u(r)sin(wr)d(wt) RN Ll
7T 0
Grea 2, i
=— _[ V. sm(wt)d(wt) =——"-cos(wt) =—"cosa
T (04 T wl=ca T
< D D*
Theo do thita c6: D=Msinag=sina=—=cosa =,/l-—
M M
2
= A = A 1— D_2
T M
Do d6 ham mo ta cua NM) = A, +jB, 4V, - D?
khau relay 3 vi tri la: M i M?
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Ham mo ta cua cac khau phi tuyén co ban

Khau khué&ch dai bao hoa

A A
w(e)=fax)
_____ Tl'"r:l-i':_
i i\ 2 @
D D ¢ o] amxa\: 1]
i | |
! Y, pmmm———- | |
E M ¢
b > Ham md ta.
N I .
] N = 7 [2a + sin(2a)]
byl
: . il
Mzing o) siner =, (I = 1)

15 January 2014
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Ham mo ta cua cac khau phi tuyén co ban

Khiu khuéch dai bao hoa (tt)

Do u(t) 1a ham le nén B, =0
/2

A :g]zu(t)sin(a)t)d(a)t) _4 Ju(®)sin(wr)d (o)
7T T

/2

— 4[}( V";)M sinz(a)t)d (ot) + (_)[ V. sin(wt)d (a)t)}

T o

o

_yvM( sin(2a)t)j 7/2
T| 2D 2 ot=c

_ 4{VmM (a B sin(2a)j +V cosa} _ M{Q(Qa + sin(2a))}
r| 2D 2 7| D

—V  cos(wt)d(wt)

wot=0

Do d6 haAm mo t4 cda khau khuéch dai bdo hoa 1a:

4+ _ V., 20 +sin(2ar)] (sina = j\l;j

N = 7D
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Ham mo ta cua cac khau phi tuyén co ban

Khéu khué&ch dai c6 ving chét

15 January 2014

4 fle) & (=1 a)
___KiM=D)
0 // R AN S
g A T
: |
I L
[ .
[ i
: 0 VoM
T e Ham méd ta:
| 'y 2o+ sin 2a
I ' N = 5{1— J
| T
i Siﬂc‘l‘=£, (A = I
! A
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Ham mo ta cua cac khau phi tuyén co ban

Khau khué&ch dai ¢6 ving chét (tt)
Do u(t) 1a ham l€ nén B, =0

—ju(t)sm(wt)d(wt) —iﬂ_‘- K[M sin(wt) — D]sin(wt)d (wt)

— 4EM Ka)t = sm(Zwt)j +— cos(a)t)T
T 2 M

200 + sin(2a)j

(04

:KM(I—
T

Do d6 ham md ta cua khau khuéch dai c6 vung chét la:

N(M)—A+]B K(1_2a+sm2a] (sina:Dj
M T M

15 January 2014 © H. T. Hoang - DPHBK TPHCM 36




Ham mo ta cua cac khau phi tuyén co ban

g

Khiu relay 2 vi tri co tré

A fle) a ule)=fla)
.'_
Vi Vo
[
[ & oy 2 @
T |
L () i |

15 January 2014

Mo e
| > Ham md ta:
' 41 .
Nilfy= —"icosg— jsina)
\ i /
. . L
Main{ ) 510 & = 7 A = I
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Ham mo ta cua cac khau phi tuyén co ban
Khau relay 2 vi tri cé tré (tt)

T+o

f u(f)sin(wr)d(or) _3 j V. sin(ot)d(wt) =

L
4

T+

L
r

Do d6 hAm md td ctia khau relay 2 vi tri ¢6 tré 1a:

A+ jB, 4 :
+ /B _ AV, (cosa — jsina)
M M

N(M) =

15 January 2014 © H. T. Hoang - DPHBK TPHCM

f u(t)cos(wt)d(wt) = _2 j V_cos(wt)d(wt) =

4V,
T
4V,
T
( . D
SINa = —
M
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Khao sat ch& do dao dong déu hoa trong hé phi tuyén

x Xét hé phi tuy€n ¢ sd do nhu sau:

r(1)=0 e() N(M) u(?) G(s) y(1)

* Diéu kién d€ hé thdng c6 dao dong 1a:

1
N(M)
*x Phuong trinh trén dudc goi 12 phuong trinh cin bing di€u hoa.

Phuong trinh ndy sé dugc dung d€ x4c dinh bién dd va tin so cla

dao dong diéu hoa trong hé phi tuyén.

1+ N(M)G(jo)=0 < G(jo)=- (*)

x N€u (M*, w*) 1a nghiém cta phuong trinh (*) thi trong hé phi
tuy€én c¢6 dao ddng v4i tan s @* , bién ddo M*.
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Khdo sat ché& d§ dao dong déu hoa trong hé phi tuyén (tt)

* V& mit hinh hoc, nghiém (M*, ®*) 12 nghiém cla
phuong trinh (*) chinh 13 giao di€m cla dudng cong
Nyquist G(jw) ctia khiu tuyén tinh va dudng dic tinh
—~1/N(M) ctia khiu phi tuyén.

& '

* Dacz/do\n% tropg hGA,Phl S0
tuyén la 6n dinh néu
di theo chi€u ting cua cemo_ /. o R
~ s ) Bl 1
dac t1nh.— 1/]Y(M) cua Dao dong (4. o RG
khau phi tuyén , §n dinh wl o
~ N N A - -~ Bg
chuyén tu vung khong PR 4
A . N A — .
On dinh sang vung O0n VL Dao d4ng(4s, @)
. ° ~ A khdng dn dinh
dinh cua khau tuyén
tinh G(jw).
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Trinh ty khao sat ché do dao dong trong hé phi tuyén

Budce 1: Xdc dinh hAm mod td cia khiu phi tuyén (néu khau phi
tuyén khong phdi 1a cdc khiu cd ban).

Budc 2: Diéu kién tOn tai dao dong trong hé: dudng cong Nyquist
G(jw) va duong dic tinh —1/N(M) phdi cit nhau.

Buéc 3: Bién do, tan s6 dao dong (n€u cd) 12 nghiém cia p.trinh:

1
Gljo)=———" (*)

. N(M)
Néu N(M) 1a ham thuc thi:
e Tan sO dao dong chinh 12 tan sO cit pha w__ cla khau tuyén

tinh G(jw). G(jo_,)=-7
e Bién d0 dao ddng la nghi€ém cua phuong trinh:
1
——=G(jw
NG G(ja_,)
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Khao sat ché dj dao dong trong hé phi tuyén - Thi du 1

x Xét hé phi tuy€n ¢ sd do nhu sau:

r(0)=0 > e(t) _11_: u® [ ) V()

Ham truyén cla khau tuyén tinh 12

10 1 f(e)
G(s)= vV
s(0.2s +1)(2s +1) m
e
Khau phi tuyén 1a khau relay 2 :
vitrico V, =6. v
Hiy x4c dinh bién do va tan so

dao dong tu kich trong hé (n€u co).
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Khao sat ché dj dao dong trong hé phi tuyén - Thi du 1

Loi giai

4y
* Ham mo td ctia khdurelay 2 vitrila: N@M)= 72_]\;

Im

- §

* Do dudng cong Nyquist <

G(Gw) va dudng dic tinh 1 U Re
—1/N(M) 1u6n ludn cit nhau MM

(xem hinh v€) nén trong hé G jan
phi tuyén ludn ludn cé dao

dong.
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Khao sat ché dj dao dong trong hé phi tuyén - Thi du 1

x Tan so dao ddng 12 tan s6 cit pha cia G(jw) :
£G(ja_,) = argf

10
=—T
jo_.02jo_ +1D)Q2jo_, + l)}

= —% —arctan(0.2w) —arctan(2w) = -7 < arctan(0.2w) + arctan(2w) = g

o (020 )+ Qo)
1-(020_,).Qa._,)

=0 <1-(02w_,).2w_,)=0 < w_, =1.58 (rad/sec)

* Bién d6 dao dong la nghi€ém cua phuong trinh:
1 10
N(M) ‘ ‘ 1.58y/1+(0.2x1.58)% /1 + (2% 1.58)?

M
= —=1.82 M =13.
% — 3.90

m

x K&t luan: Trong hé phi tuyén c6 dao ddng y(¢) =13.90sin(1.58¢)
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Khao sat ché do dao dong trong hé phi tuyén - Thi du 2

x Xét hé phi tuy€n ¢ sd do nhu sau:

r=0 .(T ¢ . j%ll. BN (e Y,

Ham truyén cla khau tuyén tinh 12

. fle
Ges) = 10 f(e)
5(0.2s+1)(2s +1) v
Khau phi tuyén 1a khau relay 3 vi tri. D e
1. Hiy tim diéu kién dé€ trong hé D
phi tuyén c¢6 dao dong. | | v

2. Hiy xdc dinh bién do va tan sd
dao dong kh1 V, =6, D=0.1.
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Khao sat ché do dao dong trong hé phi tuyén - Thi du 2

Loi giai
4V D’

I-—=
M M

A

* Ham md ta cia khdurelay 3 vitrila: N(M)=

N A 2 A Im
* Piéu ki€én dé trong hé

thong ¢6 dao dong 1a dudng
cong Nyquist G(w) va
duong dac tinh —-1/N(M)
phdi cidt nhau. Diéu nay

xay,ra kl}i:

- N(M)

>

0 Re

<|G(jo_,)
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Khao sat ché do dao dong trong hé phi tuyén - Thi du 2

x Tan sO cit pha clia G(jw) (xem cdch tinh & thi du 1)
@ _ =1.58 (rad/sec)

A A * A A A \ \ A .
*x D€ dao ddng xay ra, di€u kién can va du la ton tai M sao cho:

1 10
— <|G(j = =1.82
N(M) ‘ (Jw_”)‘ 1.58\/1+(O.2><1.58)2\/1+(2><1.58)2
= N(M)>0.55 (*)

* Theo bat dang thitc Cauchy

2
2 2 2

N(M)=4V’" 1—D2 SzV’" (Dj - l—D— :2V’"

aM M D 7D
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Khao sat ché do dao dong trong hé phi tuyén - Thi du 2

* Do d6 diéu kién (¥) dudc thda man khi:

2V, >0.55 & Vi > (0.864
7D D
* VAay diéu kién d€ trong hé cé dao dong tu kich 1a: % > (0.864
* Bién d6 dao dong la nghi€ém cua phuong trinh:
1 4V D’
—-——=G(jw_) =182 & NM)=055 < —2.]1-—=0.55
N(M) GUe.,) (M) M M?>

* Khi V_=6, D=0.1, gidi phuong trinh trén ta dugc: M =13.90

* Vay dao dong trong hé la: y(¢) =13.90sin(1.58¢)
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Thi du: Khao sat ché do dao dong trong HTDK ON-OFF

* Xét hé thong diéu khi€n nhiét dd ON-OFF nhu sau:

r(t)=150 e(t) - u(t) G(s) y(1)

300e

\ ] (10s+1)
Thuat toan di€u khién ON-OFF nhu sau:

A Né€u e(H)>10°C thi u(f) = 1 (cap 100% cong suit)
A NEu e(f)< —10°C thi u() = 0 (ngung cAp nguodn)
4 Néu —10°C < e(£)< —10°C thi tin hiéu dk khong doi

Ham truyén cta 10 nhiét 1a: G(s) =

Hay khdo sdt ddp tng cua hé thong.
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Thi du: Khao sat ché€ d6 dao dong trong HTDK ON-OFF (tt)

* Gidi: So dd diéu khién:

r(t)=150 e(t) | u(t) G(s) y(1)

Thuat todn diéu khién ON-OFF c6 thé mo tu=se)
td bing khau relay 2 vi tri c6 tré nhu sau: i
A e(£)>10°C : u(r)=1
A e(f)<—10°C : u(r)="0 1 1
A |e(f)|< 10°C : u(f) khong ddi —10 - ¢
10
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Thi du: Khao sat ché€ d6 dao dong trong HTDK ON-OFF (tt)

N\ VAl al ° / / /?
* Ham mo ta cua khau relay 2 vi tri c6 tré:

t u=fle)
I
Y A
—10 e
Of 10
N(M) = 4, X/Bl _ 4;/; (cosa — jsina) (sina = %)
Tt

* Trong do: ¥, =0.5;D =10

15 January 2014 © H. T. Hoang - DPHBK TPHCM 51




Thi du: Khao sat ché do dao dong trong HTDK ON-OFF

x Pdp tng ciia hé thong & trang thdi xdc 1ap 1a dao ddong quanh
g14 tr1 dat.

* Ta co:
4y av,
N M :_m — 71 — N M :_me_]a
(M) ey (cosa — jsina) (M) y
300e73s 300e-3/@
G(s)= = G(jw) =
105 +1 U =001
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Thi du: Khao sat ché do dao dong trong HTDK ON-OFF

x Bién do va tan s6 dao dong 12 nghiém cla phuong trinh:

-

1
G .a) el
. 1 G(jo) NGO
G(]a)):_— — 4
N(M) welG ()= arg] - 1
k N(M)
(300  aM N
V10007 +1 47,
-1 (D
—tan~ (10w)-3w=—-—7n+a =—m+sin (H) (2)
2
(1) D _aDV1000? +1 )
M 300x 4V,
2) & (3 —tan_l(IOa))_3a)__ﬂ.+Sin_1 7TD\/1000)2+1
e 12007,
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Thi du: Khao sat ché& d§ dao dong trong hé thong diéu khién ON-OFF

x (Giai phuong trinh, ta dugc: @ =0.5(rad /s)

* Thay vao (1), suy ra: M =37.45

x Vay & trang thdi xdc 14p ddp tng cua hé thong 1a dao ddng vdi
thanh phan co bdn 1a:

y,(t)=37.45s1n(0.5¢ + @)
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Thi du: Khao siat ché d) dao dong trong HTDK c6 khiu bao hoa

* Xét hé thong di€u khi€n nhu sau:

1)=150 [ [ [
0 ﬁ- [ = 2 6 0
N A ? A N 13
Ham truyén cua dong cd la: G(s) =
(0.15 + 1(0.015 + 1)
Khi khong c6 khau bao hoa, hiy thiét k& bd + u=fle)
diéu khién PI sao cho hé thdng kin c6 cip
curc phitc v6i &=0.8 va @, =40. 10
Khdo sit dip @ng ctia hé thong néu dién dp —10 n :
diéu khi€n & ngd ra khau PI bi bdo hoa &
mitc 10V, -10
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Thi du: Khao siat ché d) dao dong trong HTDK c6 khiu bao hoa

* Thi€t k€ bd diéu khién PI:
x Phuong trinh dic trung cia hé thong:

1+(KP+KII 13 J:()
s N (0.1s+1)(0.01s +1)

53 +110s2 +1000(13K p +1)s +13000K; =0

* Cip cuc phifc mong mudn: s, =-32+ j24
* Phuong trinh dic trung phai cé nghi€ém s*, suy ra:
(=324 j24)3 +110(=32+ j24)% +1000(13K p +1)(=32 + j24)+13000K, = 0

— 39808 — ;85056 —416000K p + j312000Kp +13000K; =0

—  [Kp=02726
K; =5.6615
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Phuong phap Lyapunov
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Phuong phap Lyapunov

Gidi thiéu

* Phuong phdp Lyapunov cung cip diéu kién di dé ddnh
gi4 tinh 6n dinh ctia hé phi tuyén.

* C6 thé 4p dung cho hé phi tuyén bic cao bat ky.

* C6 thé dung phuong phdp Lyapunov dé€ thiét k& cdc bo
di€éu khi€n phi tuyén.

* Hi€én nay phuong phap Lyapunov la phuong phap dudc
st dung rong rdi nhit d€ phan tich va thi€t k& hé phi
tuyén.
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Piém cin bang cua hé phi tuyén

*x Xét hé phi tuyén mo ta bdi phuong trinh trang théi sau:
x=f(x,u)

* Mot diém trang thai x, dugc goi 1a di€m cin bing néu
nhu hé dang § trang thdi x, va khong c6 tdc dong nao tu
bén ngoai thi hé s& ndm nguyén tai do.

* D& thay di€m cin bing phdila nghiém clia phuong trinh:
S (x,u)

* Hé phi tuyé&n c6 thé c6 nhiéu di€m cin bing hoic khong
c6 diém can bing nao. Piéu nay hoan toan khic so véi
hé tuyén tinh , hé tuyén tinh ludn ludn c6 1 di€m can
bingla x,=0.

x=x,,u=0 = 0
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Piém can bing cia hé phi tuyén — Thi du

* Xét hé con lic mo td bdi PTVP:
, ml*0(t) + BO(t) + mglsin 0 = u(¢)

, . s, o N A Y ~ s,
* Xac dinh cac di€ém can bang (n€u co)

0
1)=0(t
* Thanh lap PTTT. Pit: {xl( ) .( )
x, (1) =0(1)
x PTTT mo t4 hé con lic l1a: x(t)= f(x(t),u?))
d EX0 '
t ): =
rong d6 fleu)y=) _g . x () iz X, (£) + Lzu(t)
] ml ml _
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Piém can bing cia hé phi tuyén — Thi du

* DPi€m cin bing phii 12 nghiém clia phuong trinh:

e

=0

X = f(x,u) x=x, u=0 =)
)
X2e =0
= T g . B
— =8I X, ——5 X,
\ [
— {xze =0
X, =km

* K&t luan: Hé con lic c6

A ~ o N A Y
vO sO di€ém can bang:

[

——

¢

-

1

{21{72}
X, =
0

k+ 1)z
0
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On dinh tai di€ém can biing

* Dinh nghia: Mot hé thong dudc goi 1a On dinh tai diém cin bing
X, néu nhu ¢6 mot tdc dong tic thdi danh bat hé ra khoi x, va dua
dén diém dudgc x, thudc 14n cin ndo d6 clia x, thi sau d6 hé c6 kha
ning tv quay dudc vé di€ém cin biing x, ban dau.

Chd y: tinh 6n dinh ctia hé phi tuyén chi ¢6 nghia khi di ciing vé§i
diém cin bing. C6 thé hé On dinh tai di€m cin bing nay nhung
khong 6n dinh tai di€m can bing khic.

* Thi du:

o N A Y ~ . o N A Y A ~ .
Pi€m can bang O6n dinh Pi€m can bang khong 6n dinh
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On dinh Lyapunov

x Cho hé phi tuyén khong kich thich m6 ta bdi PTTT:
x=f(x,u)

Gid st hé thong c6 di€m can bing x,= 0.

u=0

* Hé thong dudc goi 1a on dinh
Lyapunov tai di€m cin bing
x,= 0 néu véi £ > 0 bat ky
bao gid cling ton tai & phu
thudc & sao cho nghi€ém x(r)
clia phuong trinh (1) véi diéu
kién dau x(0) thda man:

Hx(O)H <o = Hx(t)” <&, Vt=20
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On dinh ti€ém can Lyapunov

x Cho hé phi tuyén khong kich thich m6 ta bdi PTTT:
x = f(x,u),_ (D

Gid st hé thong c6 di€m can bing x,= 0.

* Hé thong dudc goi 1a 6n dinh
tiém cin Lyapunov tai di€ém
cAn bang x,= 0 néu véi £> 0
bat ky bao gid ciing ton tai &
phu thudc & sao cho nghi€ém
x(t) cua phuong trinh (1) véi
diéu kién dau x(0) thda min:

[x(0)<s = limx(r)=0
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So sanh on dinh Lyapunov va on dinh tiém can Lyapunov

On dinh Lyapunov On dinh tiém cin Lyapunov
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Phuong phap tuyén tinh héa Lyapunov

* Cho hé phi tuyén phuong trinh trang th4i:
x = f(x,u) (1)

Gid st xung quanh diém cin bing x,, hé thong (1) c6 thé tuyén
tinh héa vé dang: .
x=Ax+ Bu (2)
* Pinh ly:

A Né&u hé thdng tuyén tinh héa (2) 6n dinh thi hé phi tuyén (1) 6n
dinh tiém c4n tai di€ém can bing x,.

& N&u hé thong tuyén tinh héa (2) khong on dinh thi hé phi tuyén
(1) khong On dinh tai di€ém cin bing x,.

A Né&u hé thdng tuyén tinh héa (2) & bién gidi 6n dinh thi khong
k&t luan dugc gi vé tinh dn dinh cda hé phi tuyén tai di€m cin
bing x,
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Phuong phap tuyén tinh héa Lyapunov — Thi du

m

* Xét hé con lic mo td bdi PTTT:

trong do:

f(xu)=

x(t) = f (x(2),u(?))

X, (?)

— & sinx, (1) —izxz(z) +L2u(z)
[ ml ml 1

* Xét tinh 6n dinh clia hé thong tai di€m can bing:

(a) X

T
b —
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15 January 2014

Phuong phap tuyén tinh héa Lyapunov — Thi du (tt)

* MO0 hinh tuyén tinh quanh diém can bing x, =[0 0]

X = AX + Bii
%)
dn = % =0 djp = ai =1
Oxy (x=0,u=0) X2 |(x=0,u-0)
0 of- B
s :a_fz z—gcosxl(t) :_% dy —5—2 _7
X (x=0,u=0) (x=0,u=0) X2 (x=0,u=0) m
0 |
— A=|_g& _ B
[ ml’

m

S —1 B
= PTDT det(S]A)de{g S+B} 0 <« S2+7S+%:O
2

[ ml

K&t luan: Hé thong 6n dinh (theo hé qud tiéu chuin Hurwitz)
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Phuong phap tuyén tinh héa Lyapunov — Thi du (tt)

* M0 hinh tuy€n tinh quanh diém can bing x,=[z 0]

X=AX+Bii
Clll —_— % = O alZ — % — 1
Ox s ox,| [=]
1 (x:{o},u:m (x—LJ,u-O)
0 of. B
el 1 el el
0 1
—~ A=|g _ B
[ ml?
PTDT Caoead o TBIL 2, B8
= det(s/ —A)=det] & L D =0 < s°+ 12S l
! mi? m

K&t luan: Hé thong khong 6n dinh (PTPT khong thda diéu kién can)
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Phuong phap truc ti€p Lyapunov — Dinh 1y 6n dinh

* Dinh 1y 6n dinh Lyapunov: Cho hé phi tuyé&n khong kich thich mo
ta bGi phuong trinh trang thai:
x = f(x,u)], (D)

Gid st hé thong c6 di€m can bing x,= 0.

Né&u tén tai ham V(x) sao cho trong mién ©cR" chia di€m cin
bing V(x) thda:
1) V(x)>0, VxedDl|{0}
i) 7(0)=0
1) Jp(x)<0, Vxed
Thi hé thong (1) 6n dinh Lyapunov tai di€m O.
(N&u V(x)<0, Vx#0HT 6n dinh tiém cin Lyapunov tai di€ém 0)

* Chud y: Him V(x) thudng dudc chon 12 ham toan phudng theo bién
trang thai.
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Phuong phép truc ti€p Lyapunov — Pinh 1y khong 6n dinh

* Dinh 1y 6n dinh Lyapunov: Cho hé phi tuyé&n khong kich thich mo
ta bGi phuong trinh trang thai:
x = f(x,u)], (D)

Gid st hé thong c6 di€m can bing x,= 0.

Né&u tén tai ham V(x) sao cho trong mién ©cR" chia di€m cin
bing V(x) thda:

1) V(x)>0, VxedDl|{0}

i) 7(0)=0

1) p7(x)>0, Vxed
Thi hé thong (1) khong 6n dinh Lyapunov tai diém 0.
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Phuong phap tryc ti€p Lyapunov— Thi du

* Xét hé con lic mo td bdi PTTT:

, x(t) = f(x(1),u(?))
trong do:
X, (1)
= : B 1
N mo SEZ] 8 G () — B0+ u()
0 ] ml ml _
*x Xét tinh On dinh clia hé thong tai di€m can bing u(£)=0:
_._
0
@ | x=l, (b X,
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Phuong phap tryc ti€p Lyapunov— Thi du

1 * Chon ham Lyapunov
@) .- m V(x)=2[sin(0.5x, )] >+ éxi
0 * RO rang:
‘ V(x)=0,Vx

V(x)=0 khix=0
*x Xét V(x)

V(x) = 2%, sin(0.5x, )cos(0.5x, )+ ixz)'cz
g

g ) ml
. B 5
— V(x)=———x;<0,Vx
mgl

* K&t luan: Hé thong 6n dinh Lyapunov tai di€m cin biinge, =[0 0]
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Phuong phap tryc ti€p Lyapunov— Thi du

(b)
|:7Z':| * Chon ham Lyapunov chitng t6 riang

hé thong khong 6n dinh (SV tu 1am)
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Thi du 2:

x Cho hé thong mo td bdi phuong trinh trang thai:
X]=—X1 +Xy + xz(xl2 + x%)
Xy) = —X| — X —xl(xl2 + x%)

* Xdc dinh trang thdi cAn bing cia hé thong va ddnh gi4 tinh 6n
dinh ctia hé thong tai trang thdi cAn bing.

x Giai:
x Trang thai cAn bang 1a nghiém phuong trinh:

—x +x,+x,(x'+x)=0 N x,=0
—x,—x,—x,(x/ +x7)=0 =
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Thi du 2 (tt)
* Pdnh gid tinh 6n dinh: Chon him Lyapunov:
1
Vix)= E(Xf +;,)

*x Ta co:
V(x)>0,Vx#0
V@ 0)=0

Vix)= X, X, + X,X,
= xi[—x1 + X2 + X2 (X2 + x3)]+ x2[—x1 — X2 — X1 (X% + x3)]
= V(x)<0,Vx#0

= Hé thong 6n dinh tiém c4an Lyapunov tai diém cin bing
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Thi du 3:

x Cho hé thong mo td bdi phuong trinh trang thai:

X1 =X + x1(xf +x3)
Xy = —X1 +)€2(xl2 +x§)

* Xdc dinh trang thdi cAn bing cia hé thong va ddnh gi4 tinh 6n
dinh ctia hé thong tai trang thdi cAn bing.

x Giai:
x Trang thai cAn bang 1a nghiém phuong trinh:

x, +x,(x; +x5)=0 N x,=0
—x, +x,(x} +x7)=0 =
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Thi du 3 (tt)
* Pdnh gid tinh 6n dinh: Chon him Lyapunov:
1
Vix)= E(xlz +;)

*x Ta co:
V(x)>0,Vx#0
V' 0)=0

V(x)=xX% +Xx,X,
= x1[22 + 21 (X7 +x5)]+ X[ =1 + X2 (xF +x3)]
= (o] +2,)(x] +x7)
= V(x)>0,Vx#0
= Hé thong khong On dinh tai di€m cin bing

15 January 2014 © H. T. Hoang - DPHBK TPHCM

78




Piéu khién hoi tiép tuyén tinh héa

(Feedback linearization control)
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Dit bai toan

* Xét doi tuong phi tuyén SISO bac n mo ta bdi phuong trinh trang thai:

{k=f(x)+g(x)u (1)

y =h(x) (2)
Trong do:

X = [x1 X, ... X, ]T eR" 1a vector trang thai cua hé théng

ueR latin hiéu vao
yeR latin hiéura
f(x)eR", g(x)eR" 1a cac vector ham tron mo ta dong hoc cua hé théng

h(x) e R 1a ham tron mo ta quan h¢ gitra bién trang thai va tin hi¢u ra

* Bai toan dit ra 1a dicu khién tin hiéu ra y(¢) bam theo tin hiéu dit y (¢)
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Y twéng thiét ké bo diéu khién hoi tiép tuyén tinh héa

y?)

Di€u khién u
tuyen tinh hoa

* Hai vong diéu khién

>

>

Vong diéu khién trong: B dicu khién hoi tiép tuyén tinh hoa,
bién doi hé phi tuyén thanh hé tuyén tinh.

Vong diéu khién ngoai: Bo diéu khién bam, thiét ké dua vao ly
thuyét dieu khién tuyén tinh thong thuong.
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Quan hé vao ra ciia doi twong phi tuyén

* Néu doi tugng c6 bac tuong doi bang n, bang cach lay dao ham cia
phuong trinh (2) z 1an, ¢o thé biéu dién quan hé vao ra cua do1
twong duot dang:

Y = a(x)+b(x)u

Trong do: a(x) =L’ h(x) b(x)= LgL’}_lh(x) # 0
Vi L) = () - F’;ff) a’;(x)}[fl(x) e
(Pao ham Lie cua ham 4(x) doc theo vector f(x))
i oL h(x)
L' h(x) = fax S(x)
oL h
L, Lh(x) = =2 x(x) 2(x)
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Luit diéu khién hoi tiép tuyén tinh héa

* Luat diéu khién hoi tiép tuyén tinh hoa: u(x)= %[— a(x)+v(?)]
X

P EE EE EE EE S S S S B EEE EEE EEE BEE EEE BEE EEE BEN BEN BEN BEE BEN NN EEE BEN BEN BEN NN EEn B B B e Em oy

1% : |
—u =——[—a(x)+V]

b(x)

4 n Y V(s 1 Y(S)
_>y():V—> ﬁ () > >

— Po6i twong phi tuyén véi tin hiéu vao u(?) duoc bién doi thanh doi
tuong tuyén tinh véi tin hiéu vao 1a w(¥)

— Thiét ké bo diéu khién tuyén tinh cho ddi tugng da tuyén tinh hoa
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B6 dicu khién bam cho doi twong da dwoc tuyén tinh hoa

Y(s)

Y,(s)

* Saiso: e=y,—y
* B0 diéu khién bam: g
Gia thiét: Tin hiéu chuan (tin hiéu dit) kha vi bi chin dén bac n

* Dac tinh dong hoc sai sO: (s" +ks"" +k,s" +..+k)E(s)=0

x DPa thirc dac trung: A(s)=s"+ks"" +k,s"° +..+k,

x Chon k; (i=1,n) sao cho A(s) la da thic Hurwitz, tirc la tat ca cac
nghiém cua phuong trinh A(s) =0 déu nam bén trai mat phang phtrc.
— Hé thong kin on dinh va e(f)—0 khi t—o0. Chu ¥ vi tri cuc ctia A(s)=0

quyet dinh dap ing qua do trong qua trinh tién vé 0 cua e(?).
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Chil

* Thuit toan diéu khién bam v(¢) dot hoi tin hi€u dat y (¢) phai kha vi b1
chan dén bac n.

* Tin hi¢u dat c6 dang xung: dao ham tai thoi diém tin hiéu dat chuyén
trang thai 1a vo cung 16n 1am cho tin hiéu diéu khién vo cung 16n.
Trong truong hop nay can phai cho tin hiéu dit #(¢) qua bo loc thong
thap bac n dé dugc tin hiéu dit moi kha vi hitu han. Tuy nhién viéc
thém bo loc & dau vao co thé 1am cham dap (g cta hé thong.

* Két qua diéu khién khong tot, thAm chi hé thong khong on dinh néu
mo hinh dung dé thiét ké by di€u khién hoi ti€p tuyen tinh hoa khong
mo ta chinh xac dac tinh dong hoc cua do1 tuong
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Trinh tw thiét ké hé thong diéu khién hoi tiép tuyén tinh héa

* Buwdéc 1: Biéu dién quan hé vao ra cua d6i twong phi tuyén dudi dang
y" = a(x)+b(x)u
* Buwdc 2: Viét bicu thire bo diéu khién hoi tiép tuyén tinh hoa:
1
u(x) = Sla) )]
* Budc 3: Viét biéu thirc bo diéu khién bam:
v=y" +[ke" " +k,e"? +..+ke]
vOl. o= y, —
* Bwoc 4: Chon cac thong s6 ctia bd diéu khién bam sao cho
A(s)=s"+ks"" +k,s" +..+k,
la da thirc Hurwitz, dong thoi théa man yéu cau vé chat lugng qua do

* Buwéec 5: Thiét ké b loc thOong thép tin hiéu vao dé dam bao tin hiéu
chuan y (#) kha vi b1 chan dén bac n.
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Pieu khién hoi tiép tuyén tinh hoa — Thi du 1

* Cho d6i tuong phi tuyén mo ta boi phuong trinh trang thai:
X, =—2x, +3x, +sin(x,)
{xz = —x, cos(x,) +ucos(2x,)
Yy =X
* Hay thiét ké bd dicu khién hoi tiép tuyén tinh hoa sao cho hé kin co
cap cuc phuc tair —3+ ;3
* Giai:
* Budc 1: Tinh dao ham cua tin hi€u ra
y =X
—  y=-2x,+3x, +sin(x,)
y=-2x, +3x, + x, cos(x,) = (=2 +cos(x,))x, +3x,
— y=(—2+cos(x,))(—2x, +3x, +sin(x,)) —3x, cos(x,) + 3u cos(2x,)
— y=4x,—6x, —2sin(x,) —2x, cos(x,) +sin(x, ) cos(x, )+ 3u cos(2x,)
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Pieu khién hoi tiép tuyén tinh hoa — Thi du 1

—  y=a(x)+b(x).u
vOl  a(x)=4x,—6x, —2sin(x,) —2x, cos(x,) +sin(x, ) cos(x, )
b(x) =3cos(2x,)
* Budc 2: Viét bicu thirc bo diéu khién hoi tiép tuyén tinh hoa
1

= @ (—a(x)+v)

Thay (2) vao (1), ta duoc hé tuyén tinh:
y=v
* Budc 3: Viét biéu thire bo dicu khién bam tuyén tinh
v=y,+(ke+k,e)

VOl e=y, —y
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Pieu khién hoi tiép tuyén tinh hoa — Thi du 1

* Budc 4: Tinh thong s6 bo diéu khién bam
Thay (4) vao (3), ta dugc dic tinh dong hoc sai so:
y=y, +(ke+k,e)

— e+ke+k,e=0

Phuong trinh dic trung dong hoc sai so:
s’ +ks+k,=0 (5)
Phuong trinh dic trung dong hoc sai s6 mong mudn:
(s+3-j3)(s+3+3,)=0

= §°+65+18=0 (6)
Can bang (5) va (6), ta duoc:
k=6
k, =18
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Pieu khién hoi tiép tuyén tinh hoa — Thi du 1

= Feedbackl inearization_Example1

File Edit “iew Simulation Format Tools  Help
O = ES B < » |Nomal | i =M= &
ooon
oo
v 1
Set Point o >
Tracking X
Control Feedback 2nd order
Linearization nonlinear system
Feady 125% ode5

Mo phong hé thong diéu khién hoi tiép tuyén tinh hoa

15 January 2014 © H. T. Hoang - DPHBK TPHCM

90




Pieu khién hoi tiép tuyén tinh hoa — Thi du 1

W Feedbackl inearization_Magneticl eviation/Feedback Linearization |:||E| E'
File Edit Mjew Simulation Format  Tools  Help
O =S [ 2 |N|:|rma| ﬂ@ BE e
(1% I+
| X
! — | s D)
u
C—1—»
" a(x)
— f(u)
b(x)
Ready 125%. odeS

M6 phong khoi hoi tiép tuyén tinh hoa
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Pieu khién hoi tiép tuyén tinh hoa — Thi du 1

W Feedbackl inearization_Example1/Tracking Control |Z||E| [Z|
File Edit Wiew Simulation Format Tools  Help
O = E S <2 g |N|:|rmal j@ BE R
—qu!dt—hdufdll—b

yd v
' bdufd} > b
v
Ready 125%: odes

Mo phong khoi diéu khién bam

15 January 2014 © H. T. Hoang - DPHBK TPHCM

92




Pidu khién hdi tiép tuyén tinh héa — Thi du 1

Két qua mo phong khi tin hiéu dat 1a xung vudng
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Pidu khién hdi tiép tuyén tinh héa — Thi du 1

Két qua moé phong khi tin hiéu dit hinh sin
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Pieu khién hoi tiép tuyén tinh héa — Thi du 2

* Xét hé con lic mo td bdi PTVP:
ml*0(t) + BO(t) + mglsin 0 = u(¢)

* Hay thiét ké bo dieu khién hoi tiép tuyén
tinh hoa sao cho dap g cta hé thong co
_ n m POT<10%, t,q<0.3 sec khi tin hiéu vao la
0 ham nac
* Gidi:
* Dit cac bién trang thai la x, =6;x,=6 ,tinhiéurala y=60=x,

*x Buoc 1: Tinh dao ham cua tin hi€u ra

y=1x = y=1x,

)72562

. g . B 1
— =——SIn(x, ) ——x, + u

y=oosmn) =t
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Pieu khién hoi tiép tuyén tinh héa — Thi du 2

—  y=a(x)+b(x).u

, - |
VOl a(x)= —%in(xl)—%xz b(x) =
m

ml?

* Budc 2: Viét bicu thirc bo diéu khién hoi tiép tuyén tinh hoa

1
= @ (—a(x)+v)

Thay (2) vao (1), ta duoc hé tuyén tinh:
y=v
* Budc 3: Viét biéu thire bo dicu khién bam tuyén tinh
v=y,+(ke+k,e)

VOl e=y,—y
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Pieu khién hoi tiép tuyén tinh héa — Thi du 2

* Budc 4: Tinh thong s6 bo diéu khién bam
Thay (4) vao (3), ta dugc dic tinh dong hoc sai so:
y=y,+(ke+k,e)
— e+ke+k,e=0
Phuong trinh dac trung dong hoc sai SO:
s’ +ks+k,=0 ()

Theo yéu cau thiét ké:

POT—eXp[ o7 J<0.1 — £>0.59 — Chon &=0.7

J1=&7
4

:§_<o,3 = w,<19.05 = Chon @ <25
@

n

Ly

15 January 2014 © H. T. Hoang - DPHBK TPHCM 97




Pieu khién hoi tiép tuyén tinh héa — Thi du 2

Phuong trinh dic trung dong hoc sai s6 mong mudn:

s’ +2Ew s+ w. =0
= 57 +355+625=0 (6)
Can bang (5) va (6), ta duoc:
k=35
k, =625
* Budc 5: Thict ké bo loc tin hiéu vao

Chon b loc thong thap bac 2 dé tin hiéu y (¢) kha vi bi chin dén dao
ham bac 2. Ham truyén cua bo loc la:

1
(0.1 +1)?

G (s)=
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Pieu khién hoi tiép tuyén tinh héa — Thi du 2

=] Feedbackl inearization_Pendulum

File Edit View Simulation Format  Tools  Help

O EEsS & BER < 2 |N|:|rmal j b ik = E &

S[(=)/e3

oooo 1
oo e
den(s) v
Set Point Lowpass u
Filter Tracking —P|X
Control Feedback Pendulum
Linearization
Ready 125% nde5

Mo phong hé thong diéu khién hoi tiép tuyén tinh hoa
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Pidu khién hoi tiép tuyén tinh héa — Thi du 2

Két qua mo phong khi tin hiéu chuan 13 xung vudng
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Pidu khién hoi tiép tuyén tinh héa — Thi du 2

Két qua mé phong khi tin hiéu chuan 14 tin hiéu hinh sin
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Pieu khién hoi tiép tuyén tinh héa — Thi du 3

HE nang b1 trong tu truong u(?) 14 dién ap cap cho cudn day [V]

+ (tin hi¢u vao)
R, L u([) - . r eA . ’ ‘A

— . - y(¢) 1a v1 tri vién bi [m] (tin hiéu ra)

() i(?) i(?) la dong dién qua cudn day [A]

0.4m Q@ % d-0.03m M=10.01 k% 1? k.hmﬂluzo’ng vién ]31
M 2 =9.8 m/s* 1a gia toc trong truong

R =30 Q la dién tré cudn day
Y L =0.1 H la dién cam cudn day

* PT vi phan mo ta dic tinh dong hoc hé nang bi trong tur trrong:

LD e PO
) | dt y(1)
LD L iy = u(e)

U dt

* Yéu cau: Thiét ké bo diéu khién hoi tiép tuyén tinh hoa dé diéu khién
v1 tri vién b1 bam theo tin hi¢u dat c6 dang xung vudng hoac hinh sin
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Didu khién hdi tiép tuyén tinh héa — Thi du 3

N~

* (Giai:
* Dit bién trang thai: x,(£) = y(£),x,(£) = 9(t), x,(t) = i(¢)
(X =X,
X
— Phuong trinh trang thai: < 278 M,
: R 1
Xy = —zx3 +Zu(t)

* Budc 1: Léy dao ham tin hi€u ra, ta duoc
() =x,(t) = x,(t)
2
. . X
) =x,1) =g -—

Mxl ) R 1 ,
=2, = xy +—u(?) |x, +
_2x3x3x1 +X§x1 - x3 L x3 L u( ) xl x3x2

V(1) =

. —
Mx; Mx;
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Didu khién hdi tiép tuyén tinh héa — Thi du 3

= y=a(x)+b(x).u

2
2
Vo a(x) =23 (2Rx, +2Lx2) b(x) = -2
MLx; MLx,
* Budc 2: Viét biéu thirc bo diéu khién hoi tiép tuyén tinh hoa
1
=——(= +
b(x) (—a(x)+v)

Thay (2) vao (1), ta dugc hé tuyén tinh:
yi=v
* Budc 3: Viét biéu thire bo dicu khién bam tuyén tinh
v=y,+(ke+k,e+ke)

VOl e=y,—y

15 January 2014 © H. T. Hoang - DPHBK TPHCM

(1)

(2)

(3)

(4)

104




Didu khién hdi tiép tuyén tinh héa — Thi du 3

* Budc 4: Tinh thong s6 bo diéu khién bam
Thay (4) vao (3), ta dugc dic tinh dong hoc sai so:
y=y,+(ke+k,e+ke)
— e+ke+k,e+tke=0
Phuong trinh dic trung dong hoc sai s0:
s> +ks®+k,s+k, =0 (5)
Chon céc thong so ctia bo diéu khién bam sao cho ca 3 nghiém
cua phuong trinh dac trung cua h¢ kin la —20:
(s+20)’ =0
— 5> +60s” +1200s +8000 =0 (6)

Can bang (5) va (6), ta duoc:
k, =60, k, =1200,k, = 8000
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Diéu khién hdi tiép tuyén tinh héa — Thi du 3

* Budc 5: Thiét ké bo loc tin hiéu vao
Chon bo loc thong thap bac 3 dé tin hiéu y (¢) kha vi bi chan dén dao
ham bac 3. Ham truyén cua bo loc la:
1
(0.1s +1)°

Gp(s5)=
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Didu khién hdi tiép tuyén tinh héa — Thi du 3

L] Feedbackl inearization_Magneticl eviation

File Edit Wiew Simulation Format Tools  Help

O =& » |Nomal | & B E o

oooo . 1

oo -

3 11].[0.1 -
- ¥ — >
Set F‘Dlnt LﬂWllﬂﬁ u
Filter Tracking | X
0.2 Control _Feed_hac_k Magnetic Leviation
Linearization

-

Ready 125%: odes

Mo phong HTDK hoi tiép tuyén tinh hoa hé nang bi trong tir trudong
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Didu khién hdi tiép tuyén tinh héa — Thi du 3

,,,,,,,,,,,,,,,,,,,

0.3---——--- i——————% 77777 : | ‘ 3
2 02---o- [\ 777777 [ ffffffffffff .
> | | ‘ ‘ ! !

0.1 3 3 ! 1 3 ”717 ...... yd(t) B

,,,,,,,,,,,,,,,,,,

8\ T

67777777\777777T7777777777777777777 777777%’ 77777777777777777777777777 -
a4 f SRR WSS S J( ffffffffffffff f
S | |

7 RCEL CN EERERRRRES -

O\ | | | | | i | | | |

0 4 6 8 10 12 14 16 18 20

Két qua mé phong diéu khién hoi tiép tuyén tinh hoa,
v1 tri vién b1 bam rat tot theo tin hi¢u chuan la xung vudng
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Didu khién hdi tiép tuyén tinh héa — Thi du 3

Két qua mé phong diéu khién hoi tiép tuyén tinh hoa,
v1 tri vién b1 bam rat tot theo tin hiéu chuan 1a tin hi€u hinh sin
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Piéu khién trugt
(Sliding Mode Control)
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Dit bai toan

* Xét doi tuong phi tuyén SISO bac n mo ta bdi phuong trinh trang thai:

{k=f(x)+g(x)u (1)

y =h(x) (2)
Trong do:

X = [x1 X, ... X, ]T eR" 1a vector trang thai cua hé théng

ueR la tin hiéu vao
yeR latin hiéura
f(x)eR", g(x)eR" 1a cac vector ham tron mo ta dong hoc cua hé théng

h(x)e R 1a ham tron mo ta quan h¢ gitra bién trang thai va tin hi€u ra

* Bai toan dit ra 1a diéu khién tin hiéu ra y(¢) bam theo tin hiéu dat y ()
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Quan h¢ vao ra ciia doi twong phi tuyén

* Néu doi tugng c6 bac tuong d6i bang n, bang cach lay dao ham ciia
phuong trinh (2) n 1an, ¢6 thé biéu dién quan hé vao ra cua do1
tuong dudi dang:

Y = a(x)+b(x)u
Trong do: a(x) = L:h(x)
b(x) = LgL’}_lh(x) # 0

Vit () = f(x){ﬁ’;i"),.. ah(")}[fmx) f0)
oL h
£ =" o
oL h
L, Lh(x) = =2 x(x) 2(x)
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Dinh nghia mat trugt

* Sai s0: e(t)=y,(t)— y(t)

* Pat: oc=e"V+ke" P +..+k e+k e
Trong d6 k, dugc chon sao cho A(s)=s""+k;s" > +..+k, ,s+k,_,

la da thirc Hurwitz; vi tri nghiém ctiia A(s) = 0 quyét dinh dic tinh
qua do qua trinh e(#)—0 khi o= 0

o =0 goi1 la mat truot,
A(s) goi la da thire dac trung cua mat truot

* Bai toan diéu khién tin hiéu ra y(¢) bam theo tin hiéu dit y (¢) duoc
chuyén thanh bai toan tim tin hiéu di€u khién u(¢) sao cho 6 — 0
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Ham Lyapunov

* Chon ham Lyapunov: V = 1 o

2
* Pao ham ham Lyapunov: V =06
* Dé o — 0 can chon tin hiéu diéu khién u(f) sao cho ¥ <0
* Do oc=e"V+ke" P +..+k etk e
nén c=e" +ke" "V +. .. +k _E+k e

= 6=y -y 4 ke"V+. . +k Eé+k _é
* Chu ¥ rang: ™ = a(x)+b(x)u

= 6=y —a(x)-b(xX)u+ke" " +..+k _é+k e
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Luit diéu khién trwot

* Chon u(¢) sao cho: o =—-Ksign(o) (K>0)

.

[— a(x)+ " +ke" "V +. +k _e+k, _eé+ Ksign(a)]
b(x)

— U =
* Vi luat diéu khién trén, ta c6:
V =06 =-Kosign(o) = —K‘o"
= V<0 Voz0

s .

—e >0
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Quy dao pha ctia hé thong diéu khién trugt

A e b e
o=0 i o=0
e e
Quy¥ dao pha 1y twong cua Quy dao pha thuc té dao dong
h¢ bac 2 chuyén dong trén quanh mat trugt vé goc toa do,
mat trugt vé goc toa do gay nén hién tugng chattering
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Trinh tu thiét ké bo diéu khién truot bam quy dao

* Buwdéc 1: Bicu dién quan hé vao ra cua doi twong phi tuyén dudi dang
y" = a(x)+b(x)u
* Buwdc 2: Chon mat truot o =e"™ +ke" > +..+k, _ée+k, e

Trong do k, dugc chon sao cho A(s)=s"" +k,s" > +..+k, ,s+k,

1a da thirc Hurwitz; nghiém ctia A(s) = 0 cang nim xa truc 4o thi
e(t)—>0 cang nhanh khi 0=0

x Budce 3: Viét biéu thirc bd diéu khién truot:

w=— [ a()+ " + k" 4otk é+k, é+ Ksign(o))

b(x)
trong do K>0. K cang 16n thi o — 0 cang nhanh.

* Buwdc 4: Thiét ké bo loc thong thap tin hiéu vao dé dam bao tin hiéu
chuan y (#) kha v1 b1 chan dén bac n.
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Chu y

* C6 thé thay ham sign() bang ham sat() hodc cac ham tron dé giam
hién tugng chattering

ysign(x) ) sat(x)

] — —1/—
S— T

* Co nhiéu phién ban dicu khién trugt khac nhau tiry theo mo ta toan
hoc cua do1 tugng phi tuyén va yéu cau diéu khién.
* Nguyén tic co ban khi thiét ké luat diéu khién truot 1a:
> DPinh ngh?a tin hiéu truot 1a ham cia sai s6 bam hodc trang thai
cua h¢ thong.
» Chon ham Lyapunov la ham toan phuwong cua mat trugt
> Chon tin hi¢u DK sao cho dao ham cua ham Lyapunov luén am
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Diéu khién trugt — Thi du 1

* Xét hé con lic mo td bdi PTVP:

, ml*0(t) + BO(t) + mglsin 0 = u(t)
* Chom=0.1(kg) /=1(m) B=0.01(N.m.s/rad)
* Hay thiét ké bo diéu khién trugt dé diéu

- |+ M khién goc léch ctia con lac bam theo tin
0 hiéu dat.
* Gidi:
* Dit cac bién trang thai la x, = 6;x, =6, tin hiéu ra 1a y=0=x,

*x Buoc 1: Tinh dao ham cua tin hi€u ra

)>=5Cl

j}:xlzxz

. g . B |
= y=—"sin(x,)———x, + U

yEosmn) s
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Diéu khién trugt — Thi du 1

= y=a(x)+b(x)u (1)
. ] B |
VoI a(x)=—Ssin(x,) —— x, b(x) = —
[ [ ml
* Budc 2: Biéu thic mat truot: oc=é+ke

VOl e=y,—y
DPa thuc dac trung cua mat truot: s+k, =0
Chon cyc cua mat truot tar =500, suy ra: k, =500

* Budc 3: Viét biéu thire bod diéu khién truot

b( ) [— a(x)+y,+ke+ K31gn(0)]

Chon: K =1000
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Diéu khién trugt — Thi du 1

* Budc 4: Thiét ké bo loc tin hiéu vao
Chon bo loc thong thap bac 2 dé tin hiéu y (¢) kha vi bi chan dén dao
ham bac 2. Ham truyén cua bo loc la:

1
(0.03s +1)°

Gp(s)=
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Diéu khién trugt — Thi du 1

] SlidingControl_Pendulum

File Edit Wiew Simulation Format Tools  Help
O =S 2 <2 » |N|:|rmal j 2 =W W
oooo 1
oo P I yd
_ den(s) »ly u
Set Point Lowpass »lx
Filter
Sliding Control Pendulum
Ready 125% ode5

M6 phong hé thong diéu khién truot
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Diéu khién trugt — Thi du 1

W SlidingControl Pendulum/Sliding Control |Z||E|[Z|
File Edit ‘iew Simulation Format Tools Help
O =z EE B = » Mormal - g = S

hdufdt—hdu!d]
Saturation——™—*°

- L pldurd L:I_. ) —" |,

vd Sliding = *
Surface —
Sign
y K
(3 ) —r—w f(u)
X
2 f(u) (D)
Sliding "
) control
flu) signal
b(x)
Ready 125%: odes

Mo phong khoi diéu khién truot
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Diéu khién trugt — Thi du 1

Két qua mo phong khi tin hiéu chuan 1a xung vudng

-£00 i i i | i i i
0

* Tin hiéu ra ctia d6i twong bam theo tin hiéu chuan r(f) rat tot
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Diéu khién trugt — Thi du 1

Két qua mé phong khi tin hiéu chuan 1a xung vuong

2000

1000

uit)

-1000

-2000
0

* Bo diéu khién truot rat bén virng voi sai so mo hinh. Khi khoi lugng
vat nang tang 10 1an (=1kg) chat lwong diéu khién gan nhu khong bi

anh huong
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Diéu khién trugt — Thi du 1

Két qua mé phong khi tin hiéu chuan 1a xung vuong

2000 I I I I
1000
z o

-1000

-2000
a

TOE
AL )

162 184 1BE 1HBZ 1.7 172 174 176 178 18

* Khuyét di€ém cua bd di€u khién truot 1a hién tuong “chattering” (= tin
hi¢u di€u khién dao dong vo1 tan s6 cao). Hién tuong nay co the lam
giam tuoi1 tho cac co cau co khi
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Diéu khién trugt — Thi du 1

Két qua mé phong khi tin hiéu chuan 1a xung vuong

-1000

- j i i i i i i
[

* Khi thay thé ham sign() bang ham sat(), hién tuong chattering bi loai
bo hoan toan, trong khi d6 tinh bén virng va chat luong di€u khién cua
h¢ thong di€u khién truot van dam bao
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Diéu khién trugt — Thi du 2

HE nang b1 trong tu truong u(?) 14 dién ap cap cho cudn day [V]

+ (tin hi¢u vao)
R, L u([) - . r eA . ’ ‘A

— . - y(¢) 1a v1 tri vién bi [m] (tin hiéu ra)

() i(?) i(?) la dong dién qua cudn day [A]

0.4m Q@ % d-0.03m M=10.01 k% 1?1 k.hmﬂluzo’ng vién ‘bl
M 2 =9.8 m/s* 1a gia toc trong truong

R =30 Q la dién tré cudn day
Y L =0.1 H la dién cam cudn day

* PT vi phan mo ta dic tinh dong hoc hé nang bi trong tur trrong:

LD e PO
I »(t)
LD L iy = u(e)

| dt

* Yéu cau: Thiét ké bo diéu khién truot dé diéu khién vi tri vién bi bam
theo tin hi¢u dat c6 dang hinh sin hoac xung vuong
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Piéu khién trwot — Thi du 2

*x Giai:
* Dat bién trang thai:  x,(£) = y(¢),x,(£) = 9(£), x,(¢) = i(¢)
(X =X,
. ox
= Phuong trinh trang thai: < *2 78" 34
X ——Ex +lu(t)
L7 L

~

* Buwdc 1: Lay dao ham tin hiéu ra, ta dwoc
() =x,(t) = x,(2)
2

() = %,(1) = g -

Mxl ) R 1 ,
=2, = xy +—u(?) |x, +
_2x3x3x1 +X§x1 - x3 L x3 L u( ) xl x3x2

: —
Mx; Mx;

V(1) =
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Piéu khién trwot — Thi du 2

—  y=a(x)+b(x).u

x; (2Rx, + Lx,)

voi  a(x)= b(x)=—

* Buwdc 2: Biéu thirc mat truot o =é+ke+k,e
VOl e=y, —y
Pa thirc déc trwng clia mat trvot: s° +ks+k, =0
Chon cap cwc cua da thirc dac trweng la =10, —10
— k =20,k =100
* Budc 3: Viét biéu thirc bo diéu khién truot

U= b(x) [—a(x)+yd +ke+k e+K51gn(0')]

Chon: K =50
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Piéu khién trwot — Thi du 2

* Buwdc 4: Thiét ké bé loc tin hiéu vao
Chon bd loc thédng thap bac 3 gé tin hiéu y4(t) kha vi bi chan
dén dao ham bac 3. Ham truyén cua bo loc la:
|
(0.1s +1)°

G p(s)=
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Piéu khién trwot — Thi du 2

] SlidingControl_Magneticleviation

File Edit %iew Simulation Format Tools  Help
O =EHS&S 2 |N-:urma| ﬂ b o =R &
ooon 1
0o . yd
11].[0.1
" — Py
Set Point Lowpass o x
Filter Lk
0 sliding Control Magnetic Leviation
Ready 125%: ode5

M6 phdng hé thong diéu khién trwot hé nang vat trong tir trwdng
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EEX

File Edit Miew Simulakbion Format Tools  Help

Dﬁn% 2 Marmal "@ H'_F'@'

{11/t cl L]l tF—eled L1 It

Saturation
pluid 2 flu) — o
Sliding _ —
Surface ]
(3} = f{u)
X a(x)
f(u)
Sliding
control
) fu) signal
b(x)
Ready 125%: odes

M6 phdng khoi diéu khién trwot
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Piéu khién trwot — Thi du 2

Két qua mé phong khi tin hiéu chuan 1a xung vuéng

* Vi tri vién bi bam theo tin hiéu chuan y,(t) rat tot
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Piéu khién trwot — Thi du 2

Két qua mé phong khi tin hiéu chuan Ia xung vuéng

| | | | ; | | | |
23.52 23.54 23.56 23.58 23.6 23.62 23.64 23.66 23.68 23.7

* Khuyét diém cla bo dieu khién truot 1a hién twong “chattering”
(= tin hiéu diéu khién dao dong voi tan so6 cao).
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Piéu khién trwot — Thi du 2

Két qua mé phong khi tin hiéu chuan 1a xung vuéng

0.4
031 T j
€02 [ \ 777777777777777 [ 77777777777777 -
> | [
01- I S yqt) -
[ 3 —
0t |
0 5 10 15 20 25 30 35 40
8
B | -

* Khi thay thé ham sign() bang ham sat(), hién twong chattering
bi loai bo hoan toan, trong khi do tinh bén virng va chat lwong
diéu khién ctia hé thdng diéu khién trwot vAn dam bao
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Piéu khién trwot — Thi du 2

Két qua md phdng khi tin hiéu chuan hinh sin

0.4

| | | | | | |
0 5 10 15 20 25 30 35 40

* Vi tri vién bi bam theo tin hiéu chuan y,(t) rat tot, khong cé hién
twong chattering khi str dung ham sat() thay thé ham sign()
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Téng ket chwong

Sau khi hoc xong chuwong 2, sinh vién phai cé kha nang:

* Khao sat ché dd dao ddng trong hé phi tuyén

* Khdo sét tinh 6n dinh cta hé phi tuyén dung dinh ly
Lyapunov

* Thiét ké bd diéu khién hoi tiép tuyén tinh hoa

* Thiét ké bo diéu khién truot
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