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Applications of High-Order Sliding Mode Control to

Robust Qutput Tracking of Nonholonomic Mobile Robots
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Absiract: This paper proposes a high order sliding mede (HOSM) controller for mbust output tracking of nonholonomic
mobile mbots. It can reduce the chattering of sliding mode and has certain robustness with respect (o uncertainties of robot. Nu-
mencal simulations show the effectiveness of the proposed control strategy.
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Fh7SE & ( Dynamic model including dynam-

ics of robot and driving motor)

ZEME 1 RS IEA KR EERS W
HLEhH 2 MR A S H R T8y

{é = S{q)v,
Hi+ Bt + kv = n.

(0
H

v R E L EE 863 {0 REHLEE A SR80S - 19) R B AR E AL S (60974015) . TR B BRI G (00058 BT A HE T RIMEE

W R B M 2000 - 07 - 24; WOBEMCTE E HH:2001 - 01 - 08


http://www.cqvip.com

254 EHERS LA 19 %

H - Rl (mD ID)
S Bkl mp - 1)
B - Fr (mD ‘Iﬂ)
T2DB - hr\mbp - Rl
; Keﬁ(l D)
K ="
R 41 _-p/’

g = (x,y.), m AUBAGE, I, WVLEE A
HE,.R,D,A,0 4 BIWE 1R, I r, bk, RRE
PR A MRS, N ARSE
M, 3 R sk WE H, by HHRHLER B

4 Y

E1 B A R R
Fig. 1 Figure of the mobile robot
3 BRERZEMSPBEEH IR I (Design of
HOSM controller for deterministic systems )
3.1 BA/HHEMAA (170 linearization)
BT LB REHRESRHEET R

g = S(q)u,

{ﬂ = w, {2}

w = HYu - Kv - Bw).
Hbg=(zx y e = {n vy) T w R EEEAE
BEEw=(w w)! = o, REHLEAMTOR
BRHASE S

» x + heosf
Y:(yz):(y+hsin9)' (3)

Kb b 0, %2 F 40 R0 % IR ES (R 3 (3) 20K
915
Y =D(8)v,
V =D,(8)v,0 + D{(Bw,
Y = (D8 wy - Di{Dvi)e + 2D:(0) vy +
Dl(ﬁ)H’l(u — Kv - Bw).
4
P = (D) w; - D) ud)e + 2D2{ ) vaw,
K}
Y=P+D(0)H(u- Kv - Buw).
BRETH Z = T{q.v,w) SEKERE L H

(v RHBIE R A)
Zy=Y, Z,=Y,2,=Y(i=1,2), zy = 0.
(4)
# = HD{(8) v - P) + Kv + Bu. (5)
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cos? ~ hsind
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Da(6) = ( cosd - hsinﬁ}‘
B RET R DTPNFRE
1) TR
Zl = Zz.
Z, = Z,, {6)
Zy=uv.
A B 2R R SISO T R4

o) &t it
24 = %S(q)v.
4 Z; = 0(f = 1,2,3), IaRFHETEN

i = %stq,ml-l(e}z2 - 0. (7)
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3.2 B ESRHEIEHE i ( Design of HOSM controller)
T B (710 R BB A B, At
7[R B U B4 R B 2 il
(1,1)8r: HRMEREAN S = 6 + mo +
mis, Wl 5 = §, BBBLERRN
2 = ksgnlE) - k3, bk > 0,
{51, 1) Pri B m s
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(3,3)Br: ERMUHBRERE S =0, M= =5 +
a8 + S, BEBER Y
3 =< ksgn(3) - k3=, ky,kp > 0,
1203, 3) Br B i R sl mohy
b= Zg4- 20 — 6 — kisegnlT) — 6,3, (11)
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TS B S Bir A e T e
4 BHIHERBTE TaMBEENIEIT
{ Design of HOSM controller in the presence
of parameter uncertainties)
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{1) = w, (13)
w = ﬁ—](u—l_('tl—ﬁu').
Hrg=(x y 00 = (2, 0)" 0 RPEIE
B¥EEw= (v w) =o; M
_ (L+a)(l+ &) 0
= H( 0 (1+a)(1+c))'
- (1 + a)(l+5) 0
B = B( 0 c1+a)(1+c))‘
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WHEH' = H' ' -AH',B=B+BA,, K=K-
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(H'=AH D u-(K-8:K)v~(B+23;B)w] =
H'Y (- Kv - Bw) - A,H (- Kv - Bw) +
H ' (A Kv — AjBw) + H'w - A H ', (14)
Wit RAS T AIERESNRERGEEA

F=fle)+Af( )+ Cladu+AC(xdu.  (15)
TRBA B, WA A A0 Sh R % B IT AT & {9 .
4.1 THERZMWAHHLEMEL (10 lineariza-
tion of uncertain systems)
MDA KE S HAEER(13),(14). 1
Y = Dy(0)v,
Y = Dy(6)var + D1( 6w,
Y = (Dy0)w, - Di(0)ed)o +
20,00 09w + D(O)H (u-Ky-Buw) =
P+Dy[H " ~Kv-Buw)-AH ' (-Kv—Buw)+
H Y ARy Bw)+ H w2 H ],
Hp Dy(6),0,(6), P R EE X ERS LEHE
AUt HR B R (3), B AR (4) 5L E
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Zy = Zs,
_ . » (16}
Zy = v=D1ADi'v+ DA DT P+
D H (A Ky - BAsw).
i (goo,w) = T°1(2Z), 0 HFHBBIETIEA.

2) RAMAES AL, Bz, = g—ismu.

4.2 FRMBERE XL H R4 % H R (Ouput
tracking via HOSM control )
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5 HEHE (Numerical simulation)
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Fig. 2 Output tracking
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6 45 (Conclusion)

7% 3O R B I R A 00 B R R T HLER A
AOSA H BRBE [ 5 AN BRI s e A (H i
847 H.30 TNAIL 85 A 00y o BB PR B L XY AR BHIR L 1R
RmEREELTHBOER. B, ZiH st
FRERE BREARE - ENEHEE.

£ 2% 3Tk ( References )

(1] Youwg KD, Utkn ¥ T and Ozgumer U. A control engineer’ s puids
10 shiding mode [1]. TEEE Trans. on Control Systems Technalagy .
1999,7(3) ;328 - 342

[2} Levant A. Shding order and sliding accuracy in sliding mode control
[7] Int. T Control, 1993,58(6) : 1247 - 1263

[3] Chiacchiarini H G, Desages A C, Romagnoli T A, et al. Vanable
structure cootrol with a second onder sliding condihon: application to
a steam generator [J]. Auotomatica, 1995.31(8);1157 - 1168

[4] Jang Y A. Hesketh T and Clements D J, High arder sliding mode
control of uncertamn linear systemns [A] Proc. of the 14th IFAC
World Congress [ C]., Beijing, 1999, G:437 - 442

(5] Banolim G, Femara A and Gracomini L. A robust control design for
a class of uncertain nonlinear systems featuring a second-order sliding
mode [I7, Tnt. J. Control, 199%,72(4):321 331

(6] Bartolini G, Ferara A and Usa E. Chattering avoidance by second-
order stiding mode control [Y]. TEEE Trans. Automat. Contr.,
1998,43(2): 241 ~ 246

[7] HuY M and Chas HM. High order sfiding mode control of nontinear
affine systems [J]. Chinese Joumal of Autwmation, 2000, 28{2):
284 - 289

[8] Fremso G and Luigi G. Robust Control via Variable Structure and
Lyapunov Techniques [M]. London: Springer, 1996

[9] Emab H and Olgac N. Robust output tracking control of nonlinear
MIMO systerns via sliding mode technigue | J]. Awomatica, 1992,
28{1):145 - 151

[10] Canudas de Wit C, Siciliana B and Bastin G. Theory of Robot Con-
trol [M]. London: Sprnger-Verlag, 1998

[11] Sadkar N. ¥im X P and Kimar ¥V Control of mechanical systems
wath rolling consiraints; application to dynamic control of mohile
mbots [J]. Int. J. Robot. Res., 1994,13(1):55 - 69

[12] Wang CL and Huo W. Stabalization of a class of uncertain nonhola-
nomic dynamic systems with applications 1o mobile mbats [11,
Robotics, 1993,20{6) :442 - 447 (in Clunese)

[13] HuYM, Zhou QT and Pei H L. Theory and applications of non-
bolongmic control systems [ 1], Control Theory & Applications,
1996,13¢1):1 - 10 {1n Chinese)

(147 Dong W J and Huo W. Time-varying stabilization of a class of un-
certan nonholonsmic dynamic systerns (1], Jounal of Automation,
1999.25(3) ;402 - 405 {in Chinese )

[15] LiQX, HuYM, Pei HL, ct al. Robust cutput tracking for mo-
bile rebot [J]. Control Theory & Apphications, 1998, 13(4): 515 -
524

[16] YangJM and Kim J K, Shding mode control for trajectory tracking
of nonholonomic wheeled mobile robots [ J]. IEEE Trans. on
Robotics and Automation, 1999,15(3) :578 — 587

[17] ©hao H M and Hu ¥ M. Dynanmcal siding mode control with ap-
plications to eutpul tracking of mobile robots [J]. Control & Dedi-
sion, 2001, 16(5) ;565 - S68 (in Chinese)

(18] Hu ¥ Mand Huw W. Robust and adaptive control of nenholonomie
mechamcal systems with applications 1o mobile robots [A]. Leung
TPand Qn H S, ed. Advanced Topics in Nonlinear Control Sys-
tems 1 M. Singapore; World Scientific Publishing Co. Lid., 2001

ASLAHE R
RU® 1976 4k MAFHAT A2 HHENIRRML

£ AFA P AR RS LA SRS EH .

HHARERA 1960 SF 4 4r B T 1982 £F, 1985 4E 70 1991 SEKE L,
EALRR L B TR T A RN AW G SR,

AAPREBEIA2AdR IR RAE ML ESW. B EERE
PR AR RV F W R B AL A R P e i AL B R A S B

A A AL I i i B R T SRS

Bffg 1061 4 AP T 1983 SEH 1990 FEEEE LT NF
BT At L0 R MEAHRFIEHASR, T
HRGEL S EHEHEEEH.


http://www.cqvip.com

