Vol 4 (3) (2023)

AYNAY oo iee

TU DONG HOR il
e ~®m

Measurement, control and automation

Website: https:// mca-journal.org

ISSN 1859-0551

B6 diéu khién mé hinh du béo ci tién ap dung cho mé hinh cau
truc voi hiéu déng con lac kép
Advanced Predictive Model Controller Applied to Crane Model
with Double Pendulum Effect

Nguyén Thi Hién!, Hoang Thi Mai', Lwu Thi Hué2, Bui Thi Khanh Hoa', Nguyén Danh Huy'-" va Nguyén Tung Lam!

'Pai hoc Bdch Khoa Ha Noi
2Pai hoc Pién Luc
*Corresponding author E-mail: huy.nguyendanh@hust.edu.vn

Abstract

This study proposes a predictive model controller based on Lyapunov for a double pendulum crane system with variable sling length. The
dynamics of the system are built by applying the Euler-Lagrange method. Based on the dynamic equation, a quadratic sliding mode control
moves the load to the desired position while reducing the vibration when the rope length changes. However, the input states of the unit control
and the control force are not strictly controlled. The controller ensures stability through the Lyapunov inequality constraint. Simulation is
performed to validate the accuracy and efficiency of the controller. Due to the position accuracy requirements, slight oscillation angle, and
transit time of the crane, the controller must be of high quality and suitable for each system to adapt to the nonlinear external influences, in
addition to causing undesired oscillations.

Keywords: Double pendulum bridge crane, Second order sliding mode control, Lyapunov-based model predictive control.

Ki hiéu
Ky hiéu Don vi Y nghia
0, rad Goc lic ctia méc treo so véi phucng
thang diing
6, rad Goc lic ctia tai so vi phuong
thang ding
M kg Khéi lugng clia xe con
my,my kg Khéi lugng méc treo va tii trong
I m Chiéu dai day treo
I m/s Gia toc day treo
I m Chiéu dai day cap
x m Vi tri clia xe con
X, X m/s, m/s? Van toc, gia tdc ctia xe con
01,0, radls, Vin tbc clia goc lac
61, 6,, rad/s® Gia toc clia goc lic
g rad/s? Gia toc trong trudng
L, Mg Hé s6 ma sat
Cic tir viét tat
SMC Sliding Mode Control

LMPC Lyapunov-based Model Predictive Control

Tém tit

Nghién ctfu nay dé xuit mot bd didu khién dy bao mo hinh dya trén
ham Lyapunov cho hé théng cau truc con lic d6i v6i chiéu dai day
treo thay ddi. Pong Iuc hoc ciia hé théng dudc xay dung bing cach
ap dung phuong phap Euler-Lagrange. Dya trén phuong trinh dong
luc hoc, bo didu khién trugt bac hai dudc xay dung cho hé thdng di
chuyén tai trong t6i vi tri mong muébn dong thdi giam rung lac khi
chidu dai day treo thay ddi, cc trang thdi dAu vao ctia by diéu khién,
ciing nhu lyc diéu khién khong dudc kiém sodt chit ché. Do d6 bd
diéu khién du bdo md hinh dya trén ham chic niing phu trg Lyapunov
dugc @& xut nhim giai quyét vin d trén, cho phép thiét lap cac gidi
han luc diéu khién ciing nhu bién trang thdi. B diéu khién dam bao
&n dinh thong qua rang budc bét déng thic véi ham chifc ning phu
trg Lyapunov. M6 phong dugc thuc hién dé xac thuc tinh chinh x4c va
hiéu qua ctia bo diéu khién. Do cdc yéu cau tinh chinh x4c vé vi tri,
g6c dao dong nhd, thdi gian dap ting nén bo didu khién phai c6 chét
lugng cao va phit hop véi titng hé thdng dé thich nghi véi nhitng tac
dong phi tuyén bén ngoai gy ra nhiing dao dong khong mong mudn.

1. Gidi thiéu

Hién nay véi sy phat trién nhanh cia nén khoa hoc ki thuat cac d6i
tugng diéu khién trong cong nghiép cang phiic tap. Hé thdng ciu truc
1a mot trong sb d6 va dudc ting dung nhiéu trong nganh céng nghiép,
van tai nhu: trong nha mdy luyén kim, trong céc cing bién, kho bai,
xdy dung 14p dit... do chiing chi phi 1dp dit thip, thay thé va bao tri hé
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théng dé dang. Hé théng ciu truc c6 nhiéu md hinh khic nhau nhu:
hé théng cau truc con lic don, hé théng ciu truc con lic kép.... Hé
th6ng ciu truc con lic kép 1a mot hé théng hut cd ciu chip hanh, ¢
kha ning di chuyén theo phudng ngang ciing nhu ning/ha tai trong
theo phuong thing diing. Do thiét ké co khi ctia co ciu ciu truc, ciing
nhu ddy cép st dung cho cong viéc nang/ha tai trong la ddy mém nén
qua trinh van chuyén tii trong sé khong tranh khéi bi rung lic. Piéu
nay lam gidm hidu suit, d6 an toan cho ngudi va cic thiét bi xung
quanh. Vi vay nghién ctiu diéu khién cho hé théng nay da thu huit su
quan tdm 16n clia cdc nha khoa hoc trong nhiéu thap ki qua. Nghién
cifu cho thiy c6 mot sb phuong phap diéu khién dién hinh cho hé
théng cAu truc nhu: diéu khién tuyén tinh (Linear Control)[1], bd diéu
khién tuyén tinh v6i nhuge diém khoé dép ting dugc cho hé ciu truc
khi tinh dén ma sat hay su thay ddi ctia day treo. Bo diéu khién phi
tuyén (Non-linear Control) [2] khic phuc dugc nhudc diém bo diéu
khién tuyén tinh tuy nhién yéu cin tham sb clia mé hinh cin phéi xac
dinh dudc chinh xdc. Bd didu khién tbi wu (Optimal Control)[3], bd
diéu khién tap trung vao t6i uu vé thoi gian di chuyén, ning lugng
cung cip, tuy nhién khéng tip trung cai thién chét lugng diéu khién
(d6 rung ldc, do qua diéu chinh...). B6 diéu khién bén viing (Robust
Control)[4] di dam bao hé thdng lam viéc 6n dinh ngay ca khi hé
thdng bi nhiéu tic dong. B didu khién thich nghi (Adaptive Control)
dam bao hé théng 6n dinh khi m hinh c6 tham s6 bét dinh [5]. Piéu
khién trugt (Sliding mode control)[6][7], diéu khién hién dai/diéu
khién thong minh (Modern Control/IntelligentControl)[8][9][10], cac
b diéu khién théng minh c6 khé ning thich nghi va khong bit budc
phai c6 md hinh chinh xac dbi tugng diéu khién. Tuy nhién khi thiét
ké cdc bo diéu khién & trén déu chua xem xét dén gidi han ctia dau vao
diéu khién va cdc bién trang thai. Phuong phéap diéu khién du doan
(MPC) c6 thé gizi quyét van d& nay. Bo diéu khién du bio md hinh
phi tuyén [11], cc rang budc phi tuyén dudgc tinh gin ding dé tiét
kiém thdi gian tinh toan. Ngoai ra, d€ gidm thoi gian tinh todn, Jason
Bettega va cong su [12] da sit dung MPC c6 tham chiéu dén phuong
phép dong luc hoc trong thiét ké bd diéu khién. Mot bd diéu khién du
bdo da muc tiéu bén ving [13], gitip ting ving kha thi ma khong lam
mét cédc thudc tinh quan trong nhu do 8n dinh cia hé théng.

Trong bai bdo niy, nhém tic gia d& xuit bo diéu khién du bdo mo hinh
dua trén ham phu trg Lyapunov (LMPC), véi diéu kién 6n dinh cho
bo diéu khién trugt bac hai. Bo diéu khién nay khong chi cé thé xi ly
g6c lic ciia tai trong mot cach hiéu qua ma con dam bao sy 6n dinh
toan cuc ctia hé thdng. Céc két qua clia bai bao dudc tém tit nhu sau:

* Quy dao ctia xe con va ciia tai trong bim quy dao mong muén.

» Tai trong dudc diéu khién chéng rung.

+ Hé théng dam bao 6n dinh bén viing véi bd diéu khién LMPC,
véi cac diéu kién rang budc trang thai ddu vao (géc lic, van tde
chuyén dong ..) va tin hiéu diéu khién (luc tic dung) dudc xem
xét khi thiét ké diéu khién.

2. M6 hinh déng luc hoc ciia hé thong

CAu truc c6 nhidu mo hinh khac nhau, trong nghién ciiu nay, tic gia st
dung md hinh cdu truc con lic kép 2D véi 4 bic t do. M6 hinh dugc
thé hién nhu trong Hinh 1. Oxy 1a khung toa do gbc clia hé thong.
MO hinh cau truc dugc mé ta nhu sau: Tai trong dude méc cb dinh
vio méc treo bing day cap (ndi tit méc treo dén tii) va dudc nang 1én
bing day treo (ndi tit xe con dén méc treo) nhu Hinh 1. Déy cép cau
truc dudc gia dinh 14 khong c6 khéi lugng va c6 chiéu dai khong ddi.
Day treo gia dinh c6 chiéu dai c6 thé thay ddi. Hé théng méc treo va
tai trong dudc thay thé nhu hé théng con lic kép.

Dua vao Hinh 1 vi tri cia mdc treo va tai trong dugc xac dinh nhu
sau:

x1 =[1sin6; +x

y1 =—1ljcos6;

xp =l1sinBy +x + [sin6, (1)
yp =—11cos0; — lrcosH,

vy

v

Hinh 1. M6 hinh ciu truc véi hiéu ing con lic kép.

Phuong trinh ddng Iic hoc ciia hé théng gdm xe con va cdc con lic
dugdc xay dung dua vao phuong phap Euler-Lagrange[14][15], ham
Lagrange dugc xac dinh:

L=T-P @)
trong d6 T va P 1an lugt 1a dong ning va thé ning ctia hé

Pong nédng cia hé duge xac dinh nhu sau:

1o, 1
T = M2+ sy (G 4+37) + 5ma (8+53) 3)

Thé ning ctia hé dugc xac dinh:
P=mgyi+mygy: )

Ap dung phuong phap Euler-Lagrange, phuong trinh chuyén dong ciia
toan bo hé théng dudc thiét 1ap nhu phuong trinh (5):

d (dL\ oL
(5)-5em
Véiq=1[x 1, 6, 6,7

Tit phuong trinh (3)-(5), phuong trinh dong luc hoc ctia hé théng dudc
thiét 1ap nhu sau:

M(q)q+c(q7Q)7q+G(q) =U (6)

véi M(q) € R*** 1a ma tran quén tinh; C(q,q) € R*** 1a ma tran
tuong hé va ly tam; G(q) € R**! 1a véc to trong trudng; U =
[Fe F; 0 0] T 1a véc to luc tac dong 1én hé, F, 1a luc tac dong 1én xe
con, F; 1a lyc tdc dong 1én day treo.

Ma trdn M(q) x4c dinh nhu sau:

My My, Mz My

_ M2y My Mz My,
M(a) = M3 Mz Mz Mz
My My Myz My

Céc thanh phan trong ma tran quan tinh M(q) dugc x4c dinh nhu sau:
My =M +my +my, My = My = (my +my)sin6y,

M3 =M3; = (my +mp)licosB, Mg = My = mylrcos6s,

My =my +my, My3 =Mz =0,

Moy =Myy = mylasin(8) — 62), Ma3 = (my +my)I7,

M34 :M43 = mzlllzcos(el — 92), M44 = mﬂ%.
Ma tran tuong hd va ly tamC(q, §) dudc xac dinh nhu sau:

Cii Cnn Ciz Ciy

|G G Gz Gy
Cla.4) = G Cxn C33 Cy
Cy Cpp Cy3 Cyy
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Céc thanh phan trong ma tran C(q,q) xdc dinh nhu sau:

G =C31 =C33 =Cy
Ciz =2(m1 +m2)c0s91 91, Ci3 =

=Cy4 =0, C11 = Ly,
7(m1 +m2)llsin61 61,

Cia = —malsing, 65,Cop = Ly, Co3 = —(my +my)11 6y,

C24 = 7M2[2COS(9| — 92)92, C32 = 2(m| +m2)l| 91,
C34 :mglllgsin(el — 92)92,
C42 =21’I12]200S(61 — 92)91, C43 = 7M2[1[2Sin(9] — 92)9] .

Véc to trong truong ciia hé thdng dugc xac dinh nhu sau:
T
G(q) = e

v6i G11 =0, Gp1 = (m) +myp)g(1 —cosb),

G3 = (m1 +m2)gllsm91, Gy = m212g51n92

C6 thé thiy ring, hé cau truc con 1ic kép 2D 1a hé hut co cAu chip
hanh, ma muc tiéu chinh ciia bai todn 1a x4c dinh tin hiéu diéu khién
[F. F]T dé diéu khién cic bién trang thdi bim theo quy dao yéu ciu.
Vi vay dong luc hoc ciia hé théng dudc chia thanh hai hé thdng con:
mot hé thdng danh cho céc bién trang thai dii co cAu chip hanh q, =
[x 11]T va hé théng con lai khong c6 co cAu chip hanh q, = [6; 6,]7
nhu sau:

M (q) Gu +M2 () du
+C12(9,4)q. +G1(q) =
My (q) Ga +Ma22 (q )(Iu+
+C22(4,9)4u +G2(q) =

[Gi1 Gy Gy

+C11(q ) da

7
21(9,9) da @

trong d6 cic thanh phan trong (7) xac dinh nhu sau:

Mir(a) = [0 2| M) =M ()= [

map  mp mp3 M4
M (q) = {Zii } Cii(q,4) = {z; zz] ;
Crlad - [ Hea@a- [ .
Cxn(q,q) = {gi; Ziﬂ ,Gi(q) =[G Gzl}T,
G2 (q) = [Gs G4I]T7Ua = [F Fl]T

Thuc hién khir bién §,, trong hé phuong trinh (7), ta dugc md hinh
dong hoc tuong duong ctia hé nhu sau:

M(q)a+Ci (4,4) da+ C2(9,9) 4y +G1(q) = Uy (8)
V6i M =M1 —Mi2 My, Myy, Ci = Cii — M2 My, Cay,
Cy =Cp;p— MMy, €, Gy = G — M ;M Gy,

3. Thuét toan dé xuét
3.1. Bé diéu khién trugt bac hai (SO-SMC)

Dé.it € =(qa— qar [x Xr ll - llr} va € =qQu —Qur = [91 62}?
(do qu = [0 0]7) 1a cdc véc td sai léch. Theo [1] mit trugt dugc thiét
ké nhu sau:

s=é +le+0e ={qs—qur+A(qa — ar) + 0qy )]

trong d6 A = diag(A1,A,) va o = diag(oy, ) véi A; > 0, € R.
Pao ham cta mat trugt theo thoi gian:

s:é1+lé1+aé2ZQa_(iar'i‘l(qa_qar)"‘aqu (]0)
Phuong trinh dong hoc cho maét trugt duge xay dung nhu sau:

§+As=0 (11)

Phuong trinh (11) 14 phuong trinh vi phan cép 1, v6i moi gid tri duong
A = diag(21,4,) tity ¥, thi s luén &n dinh theo ham sb mi.
Thé (9) va (10) vao (11), thu dugc:

Qa - Qar + A(qa - qar) + aqu
+A(qa*‘lar+lel +0ﬂ]u)=0 (12)

Két hgp hai phuong trinh (8) va (12), bd diéu khién trugt dugc dé xuét
nhu sau:

Ueg :él qa +62qu +él
M 22— dor) + 0+ A A~ G| (13)

trong d6 K = diag(ky,ky) voi k; la cdc hing sb thuc duong. Thanh
phan diéu khién kéo miit trugt vé gbc 1 uy, = —Ksign(s) Nhu vay,
tin hiéu diéu khién cho hé cau truc U, = U,q + Uy, dude xdc dinh nhu
sau:

U, =Ci4q + C2q, + G — Ksign(s)

—M| 22 (8 — dar) + A%€1 + 0y + A 0Qu — ar (14)
Véi luat diéu khién (14), phuong trinh dong hoc miit trugt liic nay trd
thanh:

s+As=—M 'Ksign(s) (15)
3.2. Phan tich tinh 6n dinh

D€ phan tich tinh &n dinh ctia hé théng, xét ham Lyapunov :

V= %sTs.

Ham Lyapunov 12 mdt ham ludn 16n hon bing khéng. Liic nay, dao
ham ham Lyapunov V theo thdi gian dugc x4c dinh nhu sau:

Vepe =s7$ = —sTAs—s'M ' Ksign(s) (16)

Vi M la ma tran vudng, kha nghich, ddi xting, x4c dinh duong, K, A 1a

ma tran dudng chéo vdi cac hé sé duong, vi viy V < 0. Do d6 theo bs

dé Barbalat tle V =0, khi d6 mat trugt s cling s€ c6 dugc: llim s=0.
) —y00

Liic nay két luan dudc rang mit trugt s 6n dinh tiém can.

Tit phuong trinh (16) c6 thé thiy ring su &n dinh tiém cn clia mit
truct s — 0 chua két luan dudc su &n dinh tiém cin cia sai sb diéu
khién e; va e,. Do d6 d€ xét sy 6n dinh tiém cén clia cdc sai s6 diéu
khién e; va e, khi mit trugt s — 0 ta xem xét phuong trinh mit trugt
sau:

s=eé +Ae;+oe, —0 17)

V& miit thuc t&, dudi tac dong ciia trong trudng, cic goc lic 0y, 6, giy
ra béi tai trong va day treo c6 xu huéng tién vé 0, diéu d6 c6 nghia
lae, =q, —qu = [0 92]T — 0. Khi d6 phuong trinh mét trugt (17)
c6 dugc: €1 +Ae; — 0. T d6 e; — 0, nhu vay quy dao cta xe con,
clia géc lic bam quy dao dit. Tuy nhién, dé c6 dudc khing dinh mot
cdch chic chin vé mit khoa hoc khi mit trugt s — 0 thi sai s6 diéu
khién e va e, déu tién vé 0, viéc chiing minh tudng minh vé mit toan
hoc 14 can thiét. D€ chiing minh diu d6, truc hét véc to trang thi
dugc dinh nghia nhu sau: z = [z; 2 73 z4)7 =[e; ey ¢ é]7.

Tir (7) va (11) bién trang théi z3 va z4 xéc dinh dudc:

—(leél —HLzel +oeéy +7Lae2)
—(2Az3 4+ A%z 4 oz + Aazy) (18)

24 =& = 4y = —My) (Mp1da + C21da + Co2u + G2) 19)
Sau mot s6 phép bién ddi bién trang thai z, dudc biéu dién nhu sau:

7y =A121 +Arz) + As3z3 + Ayzs + As (20)
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vOi A =My MpiA2, Ay = My, Mo Aa,
A3 =2M5,' My A — M5, Cap, Ag =My My — My, Cao,
As = —M,,' (Ma1dar + Ca14ar + Go).

Phuong trinh (18) va (20) dudc viét lai duéi dang ma tran nhu sau:

A 022 022 Lo 02 |z 02,1
| |02 020 02 Do [z 02,1
| <22 —da 22 —a| |za]| T {00 @D
14 Al A2 A3 A4 Z4 A5

hay c6 thé viét lai mot cach ngdn gon nhu sau: z = Az +B.

Hé 6n dinh khi va chi khi det(sI — A) c6 céc diém cuc nim bén trai
truc 4o, nghia 1a néu cdc tham s ctia bd diéu khién A = diag (11,15)
va o = diag (o, ) dude chon théa man rang budc sau:

Vi=1,2 (22)

Ai>0,0,€R
ap <l 1),1

Khi d6 theo tinh 6n dinh clia hé phi tuyén dudc danh gia dua vao

dinh Iy tuyén tinh héa Lyapunov, tuyén tinh héa quanh vi tri can bang

thi z — 0 hay cdc dép ting hé thong sé tién dén gia tri dit q; — qqr,

qu — qu khiz — oo, Nhu vay hé thdng (8) 1am viéc 6n dinh véi bd

diu khién (14).

3.3. Bé diéu khién du bao nén trugt (LPMC)

Trong thuc té, cAu tric ctia hé thdng ciu truc rit phiic tap, ngoai viéc
diéu khién xe ddy, chdng rung lic cho tai trong thi viéc kiém soat chit
ché gidi han cho cac bién trang thai va tin hiéu diéu khién ciing rat can
thiét, vi khong phai liic nao bd diéu khién yéu ciu tin hiéu bao nhiéu
thi cd cdu chip hanh ciing ddp ting dugc ddy di nhu vay [16][17][18].
Vi vy cin mdt phucng phap diéu khién kiém sodt chit ché cic gidi
han ciia cac bién trang thdi nhu vén téc ciia xe ddy, géc lic cia tai
trong, va dau ra nhu luc truyén dong, nhung vin dam bao tinh 6n dinh
toan cuc cho hé théng.

Lyapunov-based MPC (LMPC) 1a mdt k§ thuit nang cao tinh 6n dinh
cho hé théng dua trén nén tang 1a phucng phép diéu khién du bio.
LMPC tin dung t6i da vu di€ém cta phuong phap diéu khién du bdo
¢6 ban, nhung dam béo tinh 6n dinh clia vong kin biing viéc xay dung
bd diéu khién phi tuyén dua trén ham Lyapunov. Qua d6 khong chi
dam bio céc bién trang thai bam quy dao mong mudn, ki€ém sodt tin
hiéu diéu khién ma con ddm bao tinh 6n dinh ciia hé théng nhd ham
chiic niing phu trg Lyapunov. Ham chi phi va c4c diéu kién rang budc
cho bo diéu khién LMPC dudc xiy dung nhu sau:

te+Ts 2 2
J= / HAq*(l) + ‘ Au(t) dt (23)
JIk Q R
thoa man dong thdi cic diéu kién rang budc:
) =M (a) (U~ Claraz)az ~ Gla) )
(24)

q?nin < q* ([) < q:;ax
<u

Umin (¢ ) < Umax

v (q(t),U(t)) <V <‘I(f)vusm0(t)>

Trong d6, q* (1) = [q;(7);q2 ()] 1a céc tin hiéu trang théi tinh todn va
dao ham céc tin hiéu trang thdi v6i tin hiéu diéu khién du dodn u(z);
qj;(¢) 1a tin hiéu dit cta trang thai va dao ham ctia chiing tai thoi diém
do; Aq*(r) = q*(t) — q;;(t) va Au(r) = u(r) —u(r — T;) lan lugt 1a sai
léch tin hiéu diéu khién tinh todn tai hai thoi diém lién tiép £ va t — T,
véi Ty 12 thai gian 14y mau, ddm bdo di nho dé dam béo tin hidu diéu
khién khong ting dot ngot; Q va R 1a cac ma tran ddi xing xdc dinh
duong. Céc tin hiéu diéu khién va trang thai dudc rang budc bdi cac

Bang 1. Thong s cia cau truc

Tham s6 Gia tri Pon vi
M 5 kg

my 2 kg

my 2 kg

I 0.2 m

g 9.81 m/s?
M 82

My 75

Bang 2. Thong s6 bd didu khién

Tham sb Gia tri

A diag(0.75,0.75)
a diag(-2,-3)

K diag(0.5,0.5)
N, 10

T 0.2

Unnax [10,10]7

Qunax [0.005,0.005]"

chin trén va chdn dusi tuong dng qp ., Qi V2 Umaxs Upmin. Pao ham
ctia ham Lyapunov cua hai phuong phap SO-SMC va phuong phap
didu khién LMPC déu tinh theo phuong trinh (13).

Rang budc cudi ciing trong (24) dim bao rang dao ham ciia ham
Lyapunov ting véi tin hiéu diéu khién can xay dung (Viypc) luon
nhé hon hoic bing dao ham ciia ham Lyapunov ting véi tin hiéu diéu
khién u = ugme (1) (Vsyc). Didu nay ddm béo tinh 8n dinh cda bd diéu
khién LMPC, ddng thoi te do tién téi quy dao dit ciia hé thdng sé
nhanh hon so véi chi ding bo didu khién MPC. Tin hiéu diéu khién sé
dugc cap nhat sau méi khodng thoi gian Ty b?lng cach xac dinh dugc
nghiém t6i uu:

u*(r) = argminJ(¢)

Trong thuc nghiém, qua trinh t6i wu ham J trong (23) dugc thuc
hién trén bd tinh todn tich hop Nonlinear MPC ctia phan mém MAT-
LAB/Simulink.

4. Két qua mo phong

Trong phan nay, nhém tac gia st dung mo hinh ciu truc véi cac thong
s6 dugc cung cip & Bang 1 dé dua ra két qua mo phong nhim xéc
minh tinh hiéu qué cia bai toan theo doi quy dao ap dung phuong
phap LMPC. D€ cho thiy tinh vugt troi ctia phuong phap LMPC,
céc két qua so sanh gitta phuong phap LMPC va SMC dugc cung
chp. Thong s6 ctia mit trugt ciing nhu ctia b didu khién dy bao dugc
dé cap trong Bang 2. Hinh 2 hién thi quj dao theo déi cia cic hé
théng, trong d6 quy dao dit qu = [x, [1,]T dudc thiét ké dudi dang
céac dudng cong hinh chit S. N6 cho thdy quy dao clia cic trang thai
v6i bo diéu khién LMPC da bam t&t hon so véi bd diéu khién SMC.
Khi cdc gid tri dit cta hé théng thay ddi (tai cac diém ubn), thi bd didu
khién SMC sé cin mot khodng thdi gian chuyén tiép d€ hé théng c6
thé bam theo céc gia tri dit, trong khi bo diéu khién LMPC gin nhu
khong can c6 khoang thdi gian chuyén tiép. Nhu vy bo diéu khién
LMPC da diéu khién hé théng bam st quy dao dit.

Cic géc rung dugc thé hién trong Hinh 3, véi cic gid tri dit bing 0
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(rad). Ca hai phuong phép diéu khién déu c6 géc rung nhd, hau nhu
khong xudt hién trong qua trinh thyc hién, hién tugng rung lic cua
SMC xay ra do cdc gia tri ctia x,/; khong bam theo t6t cac gia tri dit,
trong khi d6 ctia LMPC thi cho thiy két qu tot hon 6 rét.

Hinh 4 thé hién céc tin hiéu d4u vao diéu khién cho hé théng theo hai
phuong phap diéu khién SMC va LMPC. Sy khic biét giita SMC va
LMPC la: SMC c6 tin higu diéu khién dao dong khi quy dao dit thay
ddi trong khi tin hidu vao diéu khién ctia LMPC 1a tin hiéu thdi gian
mau.

Tham chi, khi tai trong thay ddi c6 nhiéu tic dong vao hé thbng, c6
thé thiy & Hinh 5 va Hinh 6 sy vuot trdi cia LPMC so véi SMC van
dudc thé hién r5.

Nhu viy cédc van dé 16n ctia SMC da duge LMPC khic phuc kh4 tt
nhu dd rung ciia tai, su tdn tai clia mot khoang thdi gian chuyén tiép
khi tin hiéu diéu khién thay déi theo thdi gian va gi6i han cla tin hiéu
didu khién. Nhd su hidu qua cia LMPC trong thiét ké diéu khién, yéu
ciu bam va gidm rung di dat dudc. Trong Hinh 2 cdc gid tri clia x, [
khong bam theo tbt cac gia tri dit va Hinh 3 cac géc dao dong dudc
gi6i han va ¢ dudc su &n dinh.

5. Két luén

Trong bai bao nay, mot bd diéu khién du bao dua trén Lyapunov dudc
thiét ké dé diéu khién hé thdng ciu truc con lic dbi véi chiéu dai
day treo thay ddi, bao gdbm theo ddi quy dao va chéng rung. Ky thuat
LMPC dugc ap dung dé diit ra cic gidi han cho hé théng va dam bio
sy 6n dinh ctia vong kin. Trong thdi gian t6i, cdc thi nghiém trén mo
hinh thuc sé dudc thuc hién dé kiém chiing bo diéu khién da thiét ké.
Va cac phuong phéap diéu khién tién tién sé dudc tiép tuc nghién ciiu
d€ tich hgp vao LMPC thay thé MPC va SMC nhim néng cao chét
lugng ciia cdc bo diéu khién vong kin.
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