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Abstract

This paper proposed a nonlinear three-dimension overhead crane with three moving including the moving of the cart along the x-axis and
y-axis, the winding motion of the rope to track the load to the desired trajectory. However, there are a variety of uncertain components that
affect the overhead crane system. Therefore, the extended state observer and the second-order sliding mode control are proposed to solve
this problem. Moreover, the stabilization of the close-loop is also guaranteed through the Lyapunov function. Finally, the simulation and the
comparison with other methods are provided to highlight the advantage quality of the observer and proposed control method.
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Ki hiéu
Ki hiéu Ponvi Mobta
X,y m Vi tri clia xe con chuyén dong
theo truc x va truc y
¢,0 rad Géc xoay, goc lac ciia tai trong
l m Chiéu dai ctia day cap
me,my,m; kg Khéi lugng tuong duong clia cac

bd phan chuyén dong theo céc
phuong x,y,[ clia xe con

m kg Khéi lugng clia tai trong

by, by Ma sit clia xe day theo cac huéng
chuyén dong x,y

b; Ma st trong cua day treo

Fo s fi N Luyc tac dong 1én truc x, truc y va

lyc tac dong lén day cap tuong ting.

Cac tu viet tat
OoC Overhead cranes
3-DOC Three Dimension Overhead Crane
SMC Sliding Mode Control
SO-SMC  Second-order Sliding Mode Control
ESO Extended State Observer

Tém tit

Bai bdo nay gidi thiéu mot hé théng phi tuyén cau truc ba chiéu, v6i
ba chuyén dong gdm: chuyén dong ciia xe ddy theo truc x v truc y,
chuyén dong quén day nham di chuyén tai trong téi vi tri mong mudn.
Mot b didu khién trugt bac hai két hop véi bo quan sit trang thai mé
rong dudc dé xuat dé gia quyét van dé bat dinh, nhiéu va uéc luong
cdc trang thdi cho hé thdng cau truc 3D phi tuyén. B9 quan sét trang
thai md rong dudc trinh bay va chiing minh hoi tu. Ngoai ra, bo diéu
khién trugt bac hai ciing dugc phan tich va chiing minh &n dinh trong
hé théng vong kin. Cubi cling, md phong dugc thuc hién dé kiém tra
chit lugng bod quan sat, ciing nhu chitng minh hiéu qué ctia phuong
phép dé xuét.

1. Gidi thiéu

Cau truc treo (OC) dudgc st dung rong rai trong cac nha may,
cong truong xay dung dé€ van chuyén céc tai trong ning trong
khong gian lam viéc. Mot hé théng (OC) dién hinh gdm mot
xe ddy di chuyén trong mit phéng, tai trong dudc treo vao xe
ddy thong qua hé théng day cap. Diéu khién cho (OC) ludn
yéu cau chinh xic d€ dam bo cau truc hoat dong chinh xac
va an toan. Do tai trong ctia hé théng thay ddi, su lc Iu trong
khong gian ba chiéu quanh cic truc khac nhau, diéu nay lam
ting thém su phiic tap cho hé théng. Vi thé hé thdng ciu truc
13 mot hé ¢6 md hinh bét dinh va phi tuyén. Cac nghién citu vé
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diéu khién cho (OC) da rit dugc quan tim, mot sd cong trinh
ap dung céc ky thuat diéu khién khac nhau da dudc cong b,
nhu bd diéu khién thich nghi trong [4], [5] da diéu khién tiém
can vi tri cia xe ddy va 6n dinh géc Iic tai trong khi hé théng
bat dinh vé tham s6 va thiéu chinh xdc. Bd diéu khién thich
nghi dua trén thu dong dudc trinh bay trong [6], ddm bao dau
vao — dau ra cda hé théng kin 6n dinh va ddm bao sai sb quy
dao ctia tai trong hoi tu vé& khong theo hudng thang diing va
duy tri giéi han theo huéng nim ngang. Mot phuong phap diéu
khién khac dugc st dung rong rii cho hé théng OC d6 1a bo
diéu khién trugt (SMC) do tinh bén viing ctia bo diéu khién d6i
v6i nhiéu ngoai tic dong, trong bai [7] mot so do diéu khién
chdng rung dugc thiét ké dua trén diéu khién (SMC) d€ dap
ling cdc yéu cau nghiém ngit vé géc xoay va diéu khién vi tri
xe day chinh xdc. Mot b diéu khién (SMC) méi yéu cau phan
hdi trang thdi mot phan [8] dudc thiét ké cho (OC) con lic kép
dua trén dong luc hoc phi tuyén tach roi dudc thuc hién dua
trén dong luc hoc phi tuyén ban dau. Mot bd didu khién hdn
hop dudc d& xuét trong [9] bdi Lé Anh Tuin va cic cong su
két hop bd diéu khién tuyén héa phan hoi tiing phan va bo diéu
khién (SMC). B9 diéu khién tuyén tinh héa d€ triét tiéu rung
lac, con (SMC) stt dung d€ nang tai trong.

Ky thuat diéu khién cau truc con dugc 14y cam hiing tir sy phat
trién ctia diéu khién bu ngugc [10], [11], ky thuat diéu khién
da dua trén bo quan sit nhiéu dugc sit dung dé€ udc lugng va
bl céc tic dong ctia nhidu vio hé théng. Mot ky thuit diéu
khién khac nita cho hé thdng cau truc hoat dong kém hiéu qué
bing phat trién phuong phép tai tao nhiéu hodc dau vao chua
biét dua trén bo quan sat khoang [12]. Bo diéu khién (SMC)
tich hop v6i bd quan sat nhiéu dugce dé xuét trong [13] dam
bao hiéu suit diéu khién (OC) dat yéu cau khi (OC) lam viéc
trong diéu kién khong thuin 16, bd quan sit nhiéu dudc thiét
ké thém cho can truc dé€ udc tinh va sau d6 loai bd anh hudng
ctia nhifu. B6 quan sat md két hop vé6i bo diéu khién (SMC)
d€ udc lugng viing chét ctia bo truyén dong va bét dinh ctia hé
théng dudc phat trién trong [14]. Trong [15] dé xuit phuong
phép diéu khién phan hoi phi tuyén, ciing véi bd quan sit nhiéu
thdi gian hitu han, cic nhiéu bét dinh sé bi suy gidm va loai bé
bdi bd quan st nhiéu.

V6i hé théng (OC) mot sb bién trang thdi ctia hé thong rit khé
do hoic khong do dugc nhu géc lic hay van tde lic clia con
lic. .. Bo diéu khién (SMC) dua trén bd quan sat Luenberger
dé uéc lugng céc trang thai ctia hé thong cau truc 3D dugc dé
xuét trong [2]. Trong [16], [17] dé xuét hai bd diéu khién bén
vitng phi tuyén lam giam hién tuong nhiéu ctia dau ra va dau
ra nhanh chéng 6n dinh, ddng thdi sit dung bo quan sét trang
thai d€ uéc lugng van toc.

Nhu vay c6 thé thiy cic bd quan sat & trén chi 1am mot trong
hai nhiém vu: mot 1a uéc lugng cac bién trang thai ctia hé théng
hoic udc lugng nhiéu. Nhung hé théng ludn ton tai dong thoi
ca hai: hé théng chiu su tic dong ctia nhiéu, md hinh bat dinh
va mot sb bién trang thdi clia hé thdng khong do dudc hoic
khé do. D€ khic phuc nhitng han ché ciia cac phuong phap
diéu khién hé théng cau truc 3D véi chiéu dai cdp thay ddi, bai
bdo nay dé xuit mot phuong phap diéu khién trugt bac hai két
hop v6i bd quan sat trang thai md rong (ESO) dé diéu khién xe
con bam quy dao mong mudn va chong rung lic cho tai trong,
ddng thai nhiéu téng va mot sd bién trang thdi ctia hé thong
dugc udc luong. Didu nay gitip hé théng khit nhidu va giam chi
phi cho bo diéu khién khi hé théng khong can st dung mot sd
cam bién. Bing cich st dung ciu triic nay va so sanh né vdi

cdc cong trinh ¢6 lién quan trudc d6, dong gép ctia bai viét c6
thé dugc tém tit nhu sau:

1. B6 diéu khién trugt bac hai lam gidm dang k& hién tugng
chattering, ddm bao xe con chuyén dong bam theo quy dao,
ddng thai tai trong dudc nang véi su rung lic nhd.

2. Cic bién trang thai cia hé théng khé do hoic khéng do
dugc dudc ude lugng, dong thdi nhidu va bat dinh clia hé théng
(nhiéu téng) ciing dudc udc lugng biang bd quan sat trang thai
md rong. Su két hop gitta SO-SMC va ESO dam béo hé thong
bén viing va 6n dinh, ddng thdi cac bién trang thai ctia hé thong
va nhiéu déu dudc udc lugng. Didu nay 1am gidm su cong kénh
va giam chi phi ctia hé thong diéu khién.

Bai viét dugc cu tric nhu sau: Phan 2 trinh bay mo hinh dong
luc hoc ctia hé théng va bd quan sat trang thdi md rong. Bo
diéu khién SO-SMC dugc trinh bay trong phan 3. Phan 4 cic
két qud mo6 phéng xdc minh tinh hiéu qua va do tin cy cia
phuong phap dé xuét. Cudi ciing két luan, nhan xét dudc thdo
luan trong phan 5.

2. M6 hinh va bo quan sat trang thai mé rong
cho cau truc 3D

2.1. M6 hinh déng luc hoc

Hé thong cau truc trong khong gian ba chiéu (3-DOC) gém
mot con lic don va mot xe ddy chuyén dong dudc minh hoa
trong Hinh 1. Theo phuong phap Euler-Lagrange, phuong trinh
dong luc hoc cia 3-DOC dudc 1ap tuong tu nhu trong [1] va
[2] nhu sau:

/7“ Bridge

7
8

Trolle}y 2 ; N ]l;

Cargo

Hinh 1: Mo hinh cdu truc trong khong gian ba chiéu.

M(q)i+Bq+C(q,4)q+G(q)+D=F ey

trong d6 q = [x,y,1,¢,0]7 1a vecto trang thai; x,y 1a vi tri ctia
xe con, 1 1a chidu dai cia day, ¢, 6 1a géc lic cla tii trong
theo cdc phucng truc x va y. M(q) € K> 1a ma tran quin
tinh; B € KR>3 1a ma tran hé s6 tit dan; C(q,q) € R 1a
ma trn tuong hd va ly tim; G(q) € R>! biéu thi véc to luc
trong trudng; D € R>! 1a véc to nhiéu téc dong vao hé thong;
F = [fs, fy, £1,0,0]7 1a luc tdc dong 1én hé thong. Céc ma tran
va véc to trong phuong trinh (1) duge xac dinh nhu sau:
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mpp 0 myz mg mys
0 mp m3 0 mos
M(q)= |m3; m3zx mz3 0 0 [,
nayq 0 0 g4 0
ms; msy 0 0 mss
by 0 0 0 O
0 by 0 0 0
B=|0 0 5 0 of,
0O 0 0 0O
0O 0 O 0O
0 0 ci3 ci4 ci15 0
0 0 23 0 25 0
C(qq=1[0 0 0 cu c35(, Glq=|g
0 0 c43 maq mys 84
0 0 c¢53 msqy mss 8s

Céc hé s6 ctia M (q) dudgc cho béi:

my| = my +m; m3 =m3; =msin@cos6;

mi4 = maq; = mlcos@cosO; mis =ms; = —mlsin¢sinO;
moy = My +m; my3 = mzpy = msinG mys = mS52 = mlcos 6,
ma3z = my +m; mMyq = mi?cos? 0. mss = ml

Céc hé sb ctia ma tran C(q,q) :

€13 = mcos ¢ cos O¢ — msin@sin 00,

€14 = mcos @ cos Gl—mlcosq)sineé mlsin¢ cos 0¢;

cis = —mlcos¢s1n6¢ msmq)smel —mlsin ¢ cos 00;
c23 = mcos 00; czs—mcosel—mlsmee

C34 = —mlcos 9, C35 = —mlO,

cy3 = m100529¢; cas = mlcos?0i — mi*cos@sin69;
C45 = —ml?cos 0 sin 9¢5;

cs3 =mlB; csa = mi%cos0sin00; css = mll

Véc to G(q) c6 céc hé sb khic khong va bing:

g3 = —mgcos¢pcos; g4 = mglsingcosH;
mglcos ¢ sin 0

Cubi cung D 12 nhiéu khong x4c dinh tic dong vao hé théng :
D = [dy,dy,d;,dy,dg)" .

85 =

2.2. Bo quan sat trang thai

Trong hé théng 3-DOC phi tuyén mot sb bién trang thai rit
khé do dudgc hoic khong thé do dude nhu van tde ciia gée lic.
Trong khi d6 céc bién trang thai niy ludn can dugc biét khi
thiét ké diéu khién cho hé théng. Vi vay bo quan sat trang thdi
mé rong (ESO) dugc thiét ké khong nhiing quan sat cic bién
trang thai ma con udc luong thanh phan phi tuyén bt dinh va
nhiéu ctia hé thong.

Céc bién trang thdi ctia bo quan sat dudc dinh nghia nhu sau:

=q;x2=4q )

Tit phuong trinh (1), phuong trinh dong luc hoc ciia hé thong
dugc viét lai du6i dang bién trang thdi nhu sau:

xXx1= (q
X| = Xp
%= M '(q)F-M(q)(C(q,4)q+G(q)+Bj+D)

3

Pit f(a,dt) = ~M(q) (C(q,)d + G(a) + B4+ D), véc
to phi tuyén £(q,q,t) € R5*! bao gdbm ca thanh phan bét dinh
va nhiéu tic dong vao hé thdng dudc goi chung 12 nhiéu tdng.
Liic nay, nhiéu téng dugc coi 1a mdt trang thai mé rong trong
b6 ESO, diit £(q,q,t) = X3.

Gia thiét 1: Gia thiét ring nhiéu ©ng f(q,q,t) va cac
dao ham cda n6 la lién tuc va bi chan.
Phuong trinh trang thai (3) dugc viét lai thanh:

Xl = Xz
Xo = X3 +M71(q)F 4)
x3={(1)

Trong d6 {(¢) 1a dao ham ctia ham f(q,q,t). Bién trang thai
z; dugc dinh nghia 1a bién quan sét cla x;, (i = 1 — 3). Do d6,
sai s& quan sat dugc x4c dinh: ¢; = z; — x;. Dua trén phuong
trinh (4), phuong trinh trang thai ctia hé théng dugc viét theo
bd ESO trong [18] nhu sau:

71= 27— Ajeg
)= 13 +M71 (q)F — Ay Fal, ®))
723 = —NA3Fal,

Trong d6 A1, Az, A3 1a ma tran xéc dinh duong c6 sb chiéu 1a
5 x 5. Faly va Falp 1a ham cta ey dudc dinh nghia bdi:

_&
Fal\(e,11,8) =48 "1" max |e;| < 6
le1|" sign(e;), max|er| > &
€
Faly(e1,72,8) = R max |e;| < &
leg|” sign(ey), max|eq| > &

trong d6 8, 71, % 1a cac hing s6 duong thda man y; € (0,1)
and p € (0,1)

Su hoi tu ctia ESO c6 dudc tif sai sb ctia hé thdng, dugc xay
dung tlt phuong trinh (4) va (5). D€ thuén 1¢i cho viét tinh todn,
coi F trong ESO (5) khong thay ddi véi hé thdng (4). Sai sd
quan sat thu dudgc nhu sau:

€= e—Ajeg
é2 = €3 —AzFall (6)
&3= —C{(t)—AsFal,

Pinh 1i 1: Sai s6 quan sit ¢; clia hé thdng dugc xem xét
dudi gia thiét 1, néu cic hé sb trong ma trin A; di 16n sao
cho min(diag(A1)) > K (|| diag(A2) || + || diag(A3) [l +3)
thi sai so quan sat s€ hoi tu ti€n can vé 0.

Chiing minh. Xem xét tinh 6n dinh ctia ESO theo tiéu chuin

&n dinh Lyapunov, ham Lyapunov dugc dé xuit nhu sau:

1 1 1
EelT e+ EezT ey + §e3T e3 @)

Pao ham phuong trinh (7) dudc tinh nhu sau:

Veso =
Veso = elT € +92T () +e3T €3 (8)
Thé (6) vao (8), ta c6 dudc dao ham ham Lyapunov nhu sau:

. T T T
Veso=—¢€1" Arer+er” ey —ey, AyFaly

—e3T A3z Fal, +62T es —e3T £() ©))
Ta c¢6 Fal; va Fal, 1a ham bic nhit theo e;. Dit
Y= [ef,e},eg,CT(t)]T thi elT e;—el AzFall
— e3” A3 Fal, + el e G 0] <

K (|| diag(A2) || + || diag(As) [l +3) || ¥ [l2 véi K la
hang s6 duong 16n hon 1 va er” Arer < diag(A1) ||| P [|2.
Néu cic hé s6 trong ma tran A; dudc chon di 16n sao cho
min(diag(A1)) > K (|| diag(A2) [l + || diag(A3) ||~ +3) thi
s ton tai V,s, < 0. Vi viy, sai sd quan sat hoi tu vé khong, va
tinh 6n dinh ctia ESO da dugc ching minh. [
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3. Bo di¢u khién trugt bac hai dua trén ESO cho
hé théng cau truc

Trong phan nay, luc tic dung 1én hé thdng dudc dinh nghia:
Fa = [fu, /3, fi]T. Hé thong 14y cdc bién trang thdi dugc udc
luong bang bd quan sat (5) phan hdi lai cho bo diéu khién, tin
hiéu diéu khién F, dugdc xdc dinh dam bao tinh &n dinh cho
hé théng cau truc 3D. Hé thdng cau truc 3D 1 hé thong thiéu
cd cap chép hanh, c6 ba tin hiéu diéu khién 1a f;, fy, f;, trong

khi d6 lai c6 nam bién can diéu khién 1a x,y,1, ¢, 0. Vi vay dé

diéu khién hé théng can viét lai phuong trinh dong Iuc hoc
(1) dué6i dang hai phuong trinh: mot phuong trinh di co cip
chép hanh, con mot phuong trinh thiéu co cAu chap hanh. Hai
phuong trinh d6 dugc viét dusi dang sau:

M, (q)Qa +Myg ((I)‘lu +Da1qq

+Ca1 (9,9) 4a + Cu1 (4,94u) 44 + G1(q) = Fa (10)
MaZ (q)iia + Mu2 (q)qu
+Ca2 (qv(l)qa+cu2 (q,qu)('lu-ﬁ-Gz((l) =0 (1)
trong d6: q, = [x,y,]]";q, = [0,6]" i
myp 0 mp3 my  mis
Mai(q) = | 0 mp my|; Mul(q) = | 0 ms|;
ms|  mz  ms3 0 0]
o nag1 0 0 . . mayq 0 A
Mot = [t 0O Mt = [0
0 0 c¢y3 Cl4 €15
Cai (qa('I) = [0 0 c3|; Cu (q»‘h) = 0 o5];
0 0 O C34 €35
. _ 0 0 C43 | . N _ C44 €451,
Ca2 ((LQ) - |:0 0 C53 ’ CI.IZ (‘LQu) - |:C54 CSS_ B
b, 0 O 0
Dy=|0 b, 0[:Gi(q)=|0]:Gz2(q)= {g“}
0 0 b g3 83

Thé phuong trinh (11) vao phuong trinh (10), cic bién trang
thdi day di co cAu chip hanh c6 thé viét dudi dang phuong
trinh:

M(q) ¢ +C1(4,4)4a +C2(4,9) 4. + G (q) = Fa (12)
trong do:

M(q) = Ma1(q) — My; (a)Mu2(a)Maz(q):

C1(q,d) = Dar + Car (4,4) — Mu1 (@)M,; (4)Caz (4,);
EZ(qv(D = Cy1 (q,4) — My1(q)M; (q)Cu2 (q,4);

G(q) = G1(q) —Mu1(q)M,) (q)G2(q).

Theo gia thiét 1 thi nhiéu ti;ng cua h¢ th(‘)ngi lién tyc va bi chén
Vi vy tht c cdc ma tran M(q), C1(q, &), C(a, @), G(q) lién
tuc va bi chan.

Dinh nghia qaa = [x,,. v )T va Qua = [¢r, 6,] = [0,0]"
la vi tri va géc lic mong mubn cia hé théng;
Zy = [Zl(l)all@),ll(@]T’ 2o = [21(4),21(5)]" va 23, =
[z3(1),23(2),23(3)]7. Ta c6 z, la udc lugng cia qa, zy la
udc luong clia qu, va 73, 12 udc lugng clia nhiéu tdng
M(q) "' [-Ci(4,4)4.—C2(9,4)du—G(q) —Da].

Dé xay dung thuat todn SO-SMC dua trén ESO, trudc hét mat
trugt bac mdt duge xac dinh:
SOan+a(]a+[3(~Iu (13)

VOi §u = Qa — Qad V2 Gy = Qu — Qud 12 céc véc td sai s6. Do
Qua = [0,0]7 vi vay §, = qu. Cic tham s6 o = diag(, 0, @3)

. B o o]
vaﬁ:[ol B 0

Pao ham mat trugt (13) theo thai gian ta c6:

la cdc ma tran xac dinh duong.
:ﬁa+a‘ia +ﬁqu (14)

Udc lugng mit trudt dua trén ESO, bién trang thdi z, va z,
dudc dinh nghia nhu sau:

qar) + B(Zu -

Bién trang ¢ khong do dudc va bo didu khién lay gia tri
udc luong cda ¢ 12 zp tit bd quan sat d€ tinh todn cho tin

So = (ia - qar) + Ot(Za - qur) (15)

hiéu diéu khién cho 3DOC. Sai s quan sit: e; =7y —(Qy =
le1(1),1(2),e1(3)]" and ey = 2y — qu = [e1(4), €1 (5)]", Ude
lugng mat trugt dua trén ESO dugc viet lai nhu sau:
80 = (2o — Qar) + (22 — qar) + B(Zu — qur)

= (Za —Qa) + A(2Za — qa) + B (2o — qu) + (s — Gar)

+ 0(qa — qar) + B(qu — qur)

= &+ 0y + ey + Go + 0o + B

=e —Aley+0oe,+ ey +5p

:e23+(a_/\la)ea+ﬁeu+50 (16)

DPao ham cda udc lugng mat trugt theo theo thoi gian dugce xac
dinh:

- qar) + ﬁ(zu

Hon ntia, luu y rﬁng Zo=8,+X, =€+ s =€3a—NosFali,+
Ga » VOi €24, €3a, Aoy, Falj, 12 ba phan tif dau tién cla é,, e3,
A, Fal; tuong ting dudc 13y tit phuong trinh (6).

Liic nay, luat diéu khién SO-SMC dua trén ESO dugc xay dung
nhu sau:

§0 = (Zu - Qar) + a(za - qur) (17)

Fo=— KSign(§0) - M(q) 23, +20(2, — qar) — Gar

+al o(za — qar) + B (24 (18)

— Qur) + B (Zy — qur)
trong d6 z, = [z1(1),21(2),2z1(3)]"7 1a bién u6c luong
clia qa va zy = [21(4),21(5)]" 1a bién u6c lugng cla
Qu. 7, = [22(1),22(2),22(3)]7 1a bién uéc lugng cla
Qo va 7z, = [22(4),25(5)]7 1a bién uéc lugng cia qy,
73, = [23(1),23(2),23(3)] 12 bién udc lugng clia nhidu tdng
dugc xac dinh duya trén bd quan sat trang thai mé rong (5);
K = diag (k, k>, k3) 12 ma tran hang s6 xac dinh duong.

Luat diéu khién (18) bao gdm hai thanh phan: Thanh phan thi
nhit Ksign(sy) ¢6 tic dung gitp quy dao ctia cau truc 3D bam
theo quy dao dit dang mit trudt; thanh phan thit hai l1a phan
con lai sé gitip cdc bién trang thai tién t6i mit truot.

Pinh 1li 2: Bo diéu khién SO-SMC dugc xem xét duéi
gia thiét 1, néu cc tham sb diéu khién o dugc chon di 16n sao
cho min(o, 0, 03) > (|| diag(A1y) || +2 + max(By,B2)) thi
bo diéu khién SO-SMC dua trén ESO véi luat diéu khién (18)
s& dam bao tinh &n dinh. Tic khi d6 miit trugt sy sé tién vé 0
va hé théng cau truc 3D véi bd diéu khién vong kin sé &n dinh
tiém can.

Chiing minh. Ham Lyapunov dugc chon nhu sau:

1 1 1 1
Veme = TSo-l— —ey K181+ —ey K262+ 83TK3e3

270707 2 2 (19
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D& chitng minh dugc thuén tién hon, ta dinh nghia:
(20)

Dua vao phuong trinh (12) va (17), va sau d6 (18) vao, dao
ham ctia ham V dudc xac dinh nhu sau :

2y

(@) [C1 (4,4) 40+ C2 (4,d) 4+ Da + G (q)]]

N . Nk — N -
ma ta CO €33 = Z33 — X3a = Z3a + M  (q)[Ci(q,9)qa +
C2(q,4) gu + G(q) + Dy va st dung (15) va (16), do d6
phuong trinh (21) trd thanh:

V =81 [~ AguFali,— M ' (q) Ksign(8) — (2, — dur)
— o 0(za — Qar) — 0B (2Zu — Qur)]
=—[eza+ (00— Ag)ea + Beu +50)" AvaFali,
—8IM ' (q)Ksign(8o) — 8} 8 22)

Pao ham ctia ham Lyapunov (19) xdc dinh dugc nhu sau:

Vsmc :V+Veso
=— eg(a —Ala)TAzaFalla — [e2a + Pey +S()}TA25,Falla

— 8TV (q) Ksign(30) — 85 ot 89 + Veso (23)
Do Fal;, 1a ham bic nhét theo e, do d6, néu chon o > Ay, thi
—eX (a0 — A1g)T AyyFaly, < 0. Dt x = [el e}, el sT|T, khi
d6 —[eza + Beu+s0)7 < (2+max(Bi,B2)) || % || va el (o —
A1a)! <|| diag(ot — A1a) ||| X || - Ma tran M (q) dugc xdc
dinh dya trén dinh nghia trong phuong tinh (12):

. mMp11 Mup12 Mu13

M(q) = [mm1 Mmoo mp3 (24)
mu31  Mp32  My33

voi  mu = me + my + msind)zcos 0%, my =

msin ¢ cos 0sin O, my13 = msin@cosH, mp1 =

msin@sin@cos O, myyn = m, + msin@?, m,3 = msin@,
my31 = msin¢ cos 0, myzy = msin@, myz3 =m; +m

C6 thé thiy ring M(q) 1a ma tran xdc dinh ducng, vi vy
v6i cdc tham sb diéu khién trong o dudc chon dii 16n sao
cho min(a1, @, 03) > (|| diag(Aia) [|eo +2 4 max(Py, B2)), va
duéi diéu kién trong Pinh 1i 1 sé ton tai Vg, < 0. Khi d6 mat
trugt sg bi chan, do d6 ap dung dinh li Barbalat’s trong [3] vao
bai to4n nay thi mit trudt va hé thong 6n dinh tiém can. [

4. Két qua mo phong

Trong phan nay, mé phéng dugc trinh bay d€ xac minh tinh kha
thi ctia bo diéu khién SO-SMC dua trén ESO cho hé thong cau
truc 3D. Dong thoi bd diéu khién PID dua trén ESO ciing dudc
md phdng thém dé so sdnh v6i phuong phip SO-SMC-ESO.
Tham s6 ctia hé théng va bo diéu khién dudc st dung trong
mo phéng nhu Bang 1. Khong chi thé cic tiéu chi ddnh gid
chét lugng ciia hé théng dudi 2 bo diéu khién SO-SMC-ESO

Bang 1: Tham s6 cda hé thong va bd diéu khién

2 z A 2 A 3eA v
Tham s6 ctia hé théng Tham so0 cua bo diéu khién

o = diag(22, 38, 6),
Bi=—-4B=-T7,

K =diag(0.15, 0.15, 0.1)
Kj=diag(100, 95, 110),
Kp=diag(100, 100, 100),
Kp=diag(105, 95, 115).

my = 12kg, my = 5kg,

m; = 2kg,m = 1.85kg

by =20Nm/s,

by =30Nm/s,

by =50Nm/s,g = 9.81m/s>

Bang 2: Tiéu chi chét lugng diéu khién

Tiéu chi | Phuong phap | IE ITSE | IAE | ITAE
x (m) PID-ESO -0.11 -0.62 | 0.14 | 0.62
SO-SMC- ESO | -0.04 -0.12 | 0.16 | 0.42
y (m) PID-ESO 0.04 036 | 0.14 | 0.59
SO-SMC-ESO | 8.1073 | 0.1 0.05 | 0.25
[ (m) PID-ESO 0.22 -0.79 | 1.73 | 4.6
SO-SMC- ESO | 0.72 036 | 0.73 | 0.38
¢ (rad) PID-ESO -0.02 -0.14 | 046 | 2.315
SO-SMC- ESO | -0.01 -0.03 | 0.11 | 0.49
0 (rad) PID-ESO 0.04 0.17 0.36 | 1.825
SO-SMC- ESO | -0.025 | 0.03 0.30 | 1.307

va PID-ESO dugc cung cip trén cic tidu chi Integral error
(IE), Integral of Time Multiplied Square Error (ITSE), Integral
Absolute error (IAE), va Integral of Time Multiplied Absolute
Error (ITAE) ciing dudc cung cip trong trong Bang 2 cho thay
su hiéu qua ctia phuong phap dé xuét.

Cic két qua mo phdng clia hai bo diéu khién SO-SMC dua trén

ESO va bd diéu khién PID dua trén ESO dugdc minh hoa trong
cac hinh tu Hinh 2 - Hinh 7

T I ‘

- sl ""ﬂ"
150 L 1]
........ TSMCO_ESO

_—0_‘_,,..—«"""' = = ZpID-ESO ||

-
I ————Tg

E 1r
0.5

I | I I

24
23
E22

"fk """"" YSMC-ESO
oF
o = = YPID-ESO
P
- ==Y

lFr—T—7T1 |

1 1 | | |

T =

........ lsac-Eso H
= = lpip-Eso
R— H

1 1

! = dsMCe-ES0 ||

" = = Osmc-pso

-~ @PID-ESO

“\=——0pDp_£s0

0 1 2 3 4 5 6 7 8 9 10
Time(s)

Hinh 2: Vi tri ciia xe con va géc lic ciia tai trong v6i bo diéu khién
SO-SMC-ESO va PID-ESO
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% 05
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1]
25
——SMC-ESO
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2
2 02 X axis (m)
0
Hinh 3: Vi tri tdi trong trong khong gian 3D.
—Value of derivative V
0 -~
-500 -
0
-1 0 ,‘— T ———]
-1000 0 / —
-30 II
-1500 2 4 6 &
1 2 3 4 5 6 7 8 9 10
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Hinh 4: Gia tri cia dao ham ham Lyapunov.
N ] T — |
o 0 P i \ T
Z 2 6
= 40 1
-60 2
-80 Q
— 20k
. -
= oFT
20 T
40 f
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Hinh 5: Luc diéu khién tic dong theo phuong x.y,l.
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Hinh 6: van toc quan sat va van toc thuc
T T T T
1 E ‘— = Nhiéu tdng x (qua b quan sat)
I e e I I | 0 td
05k Nhiéu tong x
Wi oL ]
gl T e e L et T M e ey e T M,
UoC I I I I I I I I I -
4 T T T T T
= = Nhiéu tong y (qua b quan sat)
] e e B A Nhiéu tdng y
e — e ——
s SRPRTITL T
I I
T T T T
o [F% = = Nhiéu tdng | (qua bé quan sat)
R Nhiéu téng |
T T T T T 5
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* Nhiéu tong goc 0
b 1 1 1 | | I I I I
0 1 2 3 4 5 6 7 8 9 10
Time(s)

Hinh 7: Nhiéu t6ng quan sat va nhiéu téng thuc

Tir két qua ctia Hinh 2 cho thiy ddp ting dau ra ctia hé théng
v6i bd diéu khién SO-SMC dua trén ESO kha tot, thoi gian
qua do ngan (tir 2s dén 3s) va do qua diéu chinh rat nhd. Con
bd diéu khién PID dua trén ESO thdi gian qua do dai hon, vé6i
chuyén dong theo truc y va chuyén dong ctia day cap thi c6 do
qua diéu chinh 16n. Nhu viy c6 thé thiy bo diéu SO-SMC dua
trén ESO c6 dép ting tot hon bo diéu khién PID dua trén ESO.
Hinh 3 cho théy tai trong di dudc di chuyén téi vi tri mong
mudn. Cic tham s6 K, « va A; di dudc chon hop ly d& dam
béo dao ham Lyapunov (V) xac dinh am theo nhu Dinh ly 2
dugc minh hoa trong Hinh 4. Cac két qua tit Hinh 6 va Hinh 7
cho thiy bd quan sat ESO hoat dong t6t va chinh xac. Bo ESO
da udc lugng dugce dong thdi ci cac trang thai va nhiéu téng
ctia hé thong cau truc 3D.

5. Két luan

Trong bai bdo nay, bd diéu khién trugt bac hai dua trén bd quan
sat trang thdi m& rong dudc thiét ké dé€ diéu khién hé thong
3-DOC. B6 diéu khién dé xuit da gidi quyét dugc vin dé hién
tuong chattering trong diéu khién trugt va vin dam bao xe con
bam quy dao va tii trong dudc nang véi rung lic nho. Pdng
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thoi cling giai quyét dudc vin dé nhiéu tic dong 1én hé thong
va cdc bién trang thai ctia hé théng khong do dudc hét bing
cam bién bing céach sit dung bd quan sat ESO dé uéc lugng
chiing. B9 diéu khién dugc dam bio 6n dinh trong vong kin va
dugc kiém chiing chét lugng thong qua cac két qua mo phong.
Trong thdi gian t6i, cac thi nghi€ém trén mo hinh thyc nghiém
s& dugc thuc hién cho bd diéu khién nay, dé€ xdc minh tinh diing
din va kha ning ting dung ctia bd diéu khién vao thuc té.
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