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Tom tat: Bai bdo dé nghi mot phitong phdp thiét ké'bé diéu khién thich ving cho hé thong xdc dinh mot phdn.
Hé thong bao gom hai phdn: mot phdn xdc dinh (biét tdt cd cdc thong §6) va mot phan chita cdc thong sé
chua biét ciia hé thong. Bo dléu khién duoc thiét ké theo tiéu chudn on dinh Lyapunov. Két qud Iy thuyét duoc
dp dung vao viéc dléu khién robot han di dong hai banh xe. M6 phong duoc thuc hién dé kiém chiing do on
dinh ciia bo dléu khién dé nghi.

Abstract: This paper proposes an adaptive control method of partially known system and shows its
application result to control of a two-wheeled welding mobile robot. The controlled system is designed using
Lyapunov stability. The effectiveness of the proposed controller is shown through simulation results.
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1. GIOI THIEU

Robot di dong 1a mot trong nhitng hé phi holonom (non-holonomic) va da ¢6 rat nhi€éu cong
trinh nghién ctu vé né dugc thuc hién nhu trich ddn & phan tai liéu tham khao''®. Hau hét
cac cong trinh nghién ctu nay tap trung vao moé hinh dong hoc ctia robot va chi mot vai
cong trinh gial quyét dén mo hinh dong luc hoc. Sakar''” dé nghi dung hdi ti€p phi tuyén
(nonlinear feedback) dén dam bao do 6n dinh ngd vao-ngd ra va do 6n dinh Lagrange cho
toan hé thong. Fierro!'” phat trién mot luat dléu khién bao géom ca dong hoc va dong luc
hoc (combined kinetic/torque control law) dung phuong phap budc Iui (backstepping
method). Ca hai bai bdo nay chua giai quyét van dé c6 su bién dong thong s6 hé thong
(system parameter uncertainties) ma van dé ndy rat thudng gip trong bal todn dlé2u khién
robot di dong. Fukao!"” dé nghi mot giai phdp diéu khién thich tng dé dléu khién robot di
dong c6 tinh dén cac thong s6 dong hoc chua biét ciia hé thong. Cac thong s6 nay dugc xac
dinh dung luat cap nhat (update law).

Bai bdo nay dé nghi bo dIéu khién thich tng dung diéu khién hé thong xdc dinh mot phan
(partly known system). Hé thong 6n dinh theo tiéu chuén Lyapunov. Bo diéu khién dé nghi
duoc tng dung vao viéc diéu khién robot di dong han hai banh xe. Moment quén tinh cla
hé thong dugc xem nhu la cic thong s6 chua biét va duge udc dinh (estimate) thong qua
luét cap nhat. Mo phong dugc thuc hién cho robot han theo dudng han bién dang cong.

2. PIEU KHIEN THICH UNG HE THONG XAC PINH MOT PHAN
Bai bdo nay khao sat hé thong phi tuyén gém hai hé thong phu cé dang nhu sau

E= (&) +g&)n (1)
A=A h(mn + k(n)u (2)



v6i £eR", nueR", feR", geR™, A,A, la cic ma tran chéo chta cic thong so
chua biét twong tung 6, , 0,,; A,,A,,h,k e R™" . Ngoai ra, k(n)kha nghich (invertible) va
6,>0.

Dinh ly 2.1 Bo dléu khién sau 6n dinh héa he thong (1)-(2) va thoa dléu kién & — 0

u=k" (|- K, (- )~ g" () + A, — A, (] )

v6i luat cap nhat

A

0, =yr,(n, —a)a, “4)
é2i =—7u(n - ai)z hij (77)77j (&)
=

v6i K, € R™", K, € R™™ la céc ma tran xdc dinh duong; 7,7, >0,i=1~mla do loi

thich tng (adptive gains); A,,A,1a gid tri u6c luong cla cdc thong s6 chit biét A, A, .
Ngoai ra ham 6n dinh héa (stabilizing function) ¢ théa min diéu kién sau

g(&a=-K,s - f(s) (6)

Chiing minh: Goi g"la ma tran nghich dao ao (pseudo inverse) cia ma tran g. Chon ham
6n dinh héa nhu sau

a=g (QHKE—f©)] @)

Niru luat dIéu khién 4o (virtual control) 7 dat gia tri 7 =« , hé théng phu (1) s& 6n dinh véi

E=—K,& . Dat z1asai s6 gitta luat dIéu khién 4o va ham 6n dinh héa, z=n—«a . Ta c6

E=f(O)+g(é)z+a)
AzZ=Ah(n)(z+a)—Aa+k(n)u

Ta c6 thé chon ham Luapunov theo

1 1
V, :552 +5A122 >0 (8)
Suy ra

Vy=ETE+2"A 2
=—K,&* +2"[g" ()& + Ah()(z + @) — Aya + k(n)u ©)

Néu luat diéu khién dugc chon nhu sau

u=k" (|- K,z - g" (§)E + A — A, h()(z + )| (10)



=V, =-K,& —K,z> <0. Theo b8 dé Barbalat'”, ta c6 thé thdy ring z >0, do d6
n—a va & —0. Boi vi A|,A, chua biét , nén dugc thay th€ bang céc gié tri udc dinh cla

ching A,,A, va luat dliru khién trén trd thanh

u=k (- K.z - g" O +Ad - Ahn)(z + ) (an
Bay gi0 ching ta chon ham Lyapunov nhu sau

1 1 I(~~yp 1(+ 2
V=8 oA +5(A1r1) +5(A2r2) >0 (12)
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Pao ham phuong tinh (12) ta c6

Vl = §T§ + ZTAlé - FlTZlAlrl _FszzAzrz
=V, +z"[Ad — A h(n)(z+a)]-T/A AT, —TTAAT,

= Vo + Z 0,z,0, - Z eZiZiZ hg/ (77)(Zj + a,—) - Z 7/1_1'1 0,0, - 7/2_:1 0,,0,;
i=1 i=1 j=1 i=1 i=1

= Vo _271;1911(91;' _711'21'0"1')_272_26’2;'(921' +72izizhij (U)(Zj +aj)J (13)
i=1 i=1 Jj=1
Dé loai trir 4nh hudng clia cdc thong s6 chua biét 51, =0, —(9::/ , luat cap nhat dugc chon
nhu sau
éli =Yz,

ézi = _72izizhij (n)(z.i + Ot_/.)
=

A

0, =r.(n, —a,)q,

0, =~y (n, —a)d b, (),

J=1

= (14-15)

va v, >V, <0. n

Chd y: Khi A, (i=1,2) 1a dai lugng vo huéng, tic 1a A, — 6, , luat cap nhat trén day c6 thé

viét & dang sau
0, =1).(n,-a)e, (16)
i=1

éz = _7/22(771' _ai)zh{j (77)77/ (17)



3. MO HINH ROBOT DI PONG HAN HAI BANH XE

Mo hinh héa hé théng robot han d dong hai banh xe da dugc dé cap dén trong céc nghién
ctiu trude day ciia ching toi"*. O day chi néu két qua tém tit. Hé toa do robot han di dong
hai banh xe duoc trinh bay trong so do hinh H.1.
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H.1 Hé toa do robot han di dong hai bdanh xe

Phuong trinh dong hoc va dong luc hoc cho bgi™

é, v, cose, -1 e, +!

e, |=|v sine,—i|+| 0 —e {V} (18)
é, o, o -1 |t

r 1 r b

%m+,1’1w 2Z})’I+rblw {‘f}tlmcdw{ 1 —b}[v}z{aw} (19)
Tmer, L2 | 2b -1 -b|w T,

B r 2b r

Véi e,,i=1,2,3 la cdc sai s6 dugc dinh nghia nhu trén hinh H.1; v, 1a van t6c han tham
chiéu; /1a chiéu dai d4u han tinh dén tam robot; néu ¢, dugc dinh nghia la géc gitta v, va
truc x = @, la dao ham ctla theo thoi gian (xin tham khao [2]); v,® lan luot 1a van toc dai
va van toc goc cla robot; 7 1a ban kinh banh xe; m 1a khoi luong dugc tinh theo cong thiic
m=m_ +2m,, trong d6 m_,m 1a khoi lugng cuia than va banh xe robot bao gém ca khai
lugng truc dong co; 7, 1a moment quan tinh cta banh xe va rotor dong co tinh trén truc
quay cua banh xe; b la ban khoang cach gitra hai tam banh xe; / 1a moment quan tinh dugc
tinh theo cong thic [ =m d> +2m b> +1,+2I,, trong d6 d 1a khoang cdch gilta tam
hinh hoc va tam khoi lugng cua robot, /,1a moment quéan tinh cla robot tinh theo truc
thang ding qua tam hinh hoc cla robot va 7, 12 moment quén tinh clia banh xe va rotor
dong co tinh trén duong kinh banh xe. 7, va 7, 1a torque clia dong co dat trén cac banh xe
trai va phai.

Phuong trinh (18) twong tng véi hé phu da bi€t con phuong trinh (19) twong tng véi hé phu

chita c4c thong s6 dong hoc chua biét. Ca hai phuong trinh trén dugc dung dé thiét k& bo
dIéu khién cho robot han va duoc trinh bay trong phan ké tiép.



4. AP DUNG PHUGNG PHAP PE NGHI PE PIEU KHIENROBOT HAN DI PONG

Mo hinh dong hoc sir dung cdc van téc 1am c4c luat diéu khién (control input) ctia hé thong.
Véi

e Vv, cose, -1 e, +!
a, v _ .
a:|: :|,§= e, ’77=|: :|,f: vr51ne3—l ,g= 0 —e,
a, 0]
e, o, 0 -1
phuong trinh (6) tré thanh
-1 e, +! k, 0 0]¢ Vv, cose,
a .
0 -—e [ 1}:— 0 k, O [&|—|v,sine, —I (20)
0o -1 [ 0 0 kyl|é& o,
vataco
{v}:{al}:{l (o, +kse;)+v, cose3+k”el} 21
[0 a, o, +k e,
cung v6i qui luat chuyén dong cho ddu han nhu sau
[=v sine, +k,e, (22)

V6i k;; > 0dugc chon tlty yéu cau ctia h¢ thong dugc dicu khién (controlled system).

Mo hinh dong luc hoc st dung torque 7, ,7,,1am cac luat diéu khién ctia hé théng. Nhan

rw?

hai v& ctia (19) chomatran [I 1, 1 —1], va dat 6, nhu sau

2
0, =m+21,0,="1+20]
r b r

w?o

0, = %mcd (23)

Phuong trinh (19) tré thanh

6, 0 |v 0 dbo|v| (1 1|z,
. |=0; + (24)

0 6,|® -o 0 |o| |l 1|7,
Trong robot han di dong, cac banh xe dugc dan dong thong qua cac bo hop s6 va khoang
céch tir ddu han dén tam robot thay ddi trong qud trinh 1am viéc. Do d6 khé c6 thé do hay
udc lugng chinh xdc cac gid tri moment quan tinh va khong cach gitra hai tam dong hoc va

dong lyc hoc clia robot, d. Vi ly do do, trong bai bdo nay, gid tri 6, dugc xem nhu 1a cdc
thong so chua biét. ap dung dinh 1y 2.1 & trén vé6i

6, 0 , 0 b 1 1
A=l T A =6, u= ), = “l k=
0 6, 7, -0 0 1 -1



dé thiét k€ luat diéu khién cho robot, ta duoc két qua sau

1 AL A A
T :5[_k21(v_a1)_k22(a)_a2)_(1+l)el +e;+0,¢,+06,,¢, _sz(ba)_")]

(25)

Thy :E[_kn(v_%)+k22((0_a2)_(1_1)e1 _€3+é11d1 _éIZdZ _éza)(baH‘V)

VGi gid tri cua o dugce tinh nhu theo phuong trinh (21) va dao ham cua ching theo thoi gian
nhu sau

(26)

{0’51 =~k v+[k, (e, +1)+k;l+v, sine;Jo+lw, +k,w,e, +k v, cose, +V ke sine,
G, =0, +k;(0, - o)

Luat cap nhat hoa cho céac thong s6 khong biét dugc tinh toan tir cdc phuong trinh (14) va
(17)

én =y,(v—a)a,
élz =yp(@-a,)a, (27)

0, =—y,0[(v-a,)bo (o - a,)v]

5. KET QUA MO PHONG
Mo phéng va thi nghiém dugc thuc hién véi cac so liéu cho & bang B.1. va B.2.

B.1 Thong s6 dung trong mo phong

Thong s6|  Gia tri Pon vi |Thong s6 |  Gia tri Don vi
a 0.105 m d 0.01 m
0.025 m m, 16.9 kg
m, 0.3 kg I, 0.208 kgm’
1, |3.75x10™ | kem’ I, | 4.96x10™ | kgm’
B.2 Gi4 tri ban dau dung trong mo6 phong
Thong s6|  Gia tri Ponvi |Thongso | Gid tri Pon vi
X, 0.28 m V. 0.40 m
X, 0.27 m Vo 0.39 kg
1% 0 mm/s w 0 radls
. 0 dé ¢ 15 do

Puong han tham chi€u dung trong mé phong cho & hinh H.2. Van t6c han & day la
7.5mm/s . Céc gid tri k;va k, =4.2,k, =8,k =3.4,k, =k,, =10dugc chon bang va

Yu=rn=7 =1



= 1.015,0.910

(0.730,0.854) S )
(0.677,0.801) o
N (0.865,0.719)

(0.621,0.666) _[rR=0.191 (0.812,0.666)

(0.430,0.591) (0.621,0.590)

R=0.191

(0.280,0.400) | (0.430,0.400)
H.2 Buong han tham chiéu

Két qua mo phong cho & hinh H3-12. Chuyén dong ctia robot khi né track theo dudng han
tham chi€u cho & H.3. Thoat dau, robot hiéu chinh nhanh chéng vi tri tuong d6i ctia né véi
dudng han tham chi€u nhim 1am giam thi€u c4c sai s6 ban dau. C4c sai so (tracking errors)
dugc thé hién & hinh H.4. Véi cdc gid tri ban ddu cho & bang B.2, sau khoang 1.5 giay
robot c6 thé theo diing dudng han tham chi€u cta né nhu thé hién trén hinh H.5. Khi di tir
dudng thang sang dudng cong, vi su thay d6i ctia dudbg han tham chi€u @, nén tai céc
diém chuyén tiép xdy ra sai s6. Tuy nhién cdc sai s6 nay nhanh chéng gidm vé zero nhu thé
hién ¢ hinh H.6 va H.7. Cic sai s6 udc dinh duoc cho & hinh H.8-10. DPau han (torch slider)
phéi chuyén dong theo qui luat (22) dé dat dugc yéu cau cta bo dIéu khién. Hinh H.11 biéu
dién van toc cua dau han theo phuong vuong géc véi duong han tham chiéu va khoang cach
tir dau han dén tam robot cho trén hinh H.12.

Nhu thé hién trén mo phong, bo diéu khién dung phuong phdp dé nghi trong bai bdo nay
cho két qua tot.
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6. KET LUAN
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robot

Bai bao nay dé nghi mot bo diéu khién thich tng ding dé diéu khién hé théng xac dinh mot
phan va tng dung vao viéc dléu khién robot di dong han hai banh xe. Hé¢ théng 6n dinh
theo tiéu chuan Luapunov. Moment quén tinh ctia hé thong duoc xem nhu la cdc thong s6
chua biét va dugc udc dinh thong qua luat cap nhat. Mo phong duge thuc hién cho robot
han track theo dudng han tham chi€u c6 bién dang cong bat ky. Vi két qua mo phong, tac
gia hy vong phuong phdp dé nghi trong bai bdo nay c6 thé st dung dugc dé dléu khién

robot han di dong hai banh xe.

7. HUONG NGHIEN CUU

- Thuc hién thi nghiém dé kiém chiing tinh kga thi ctia phuong phép trén dé nghi.



- Nghién cttu cach u6e dinh (estimante) thong s6 cua duong han tham chiéu. Huéng
suy nghi c6 thé 1a thi€t k€ mot bo quan sat phi tuyén (nonlinear observer) hay mot
luat cap nhat (update law) cho thong s6 nay.

- Tong quat hoa 1y thuyét trén cho hé co khi phi holonom xdc dinh mot phan.

- Xét bai todan bao goém ca cac thong s6 dong hoc va dong luc hoc chua biét.
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