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Abstract: The trajectory tracking control problem for a nonholonomic mobile robot with unknown system parame-
ters and bounded external disturbances is investigated and a robust adaptive tracking control scheme is proposed in this
paper. The main difficulty of tracking control of a nonholonomic mobile robot is that the kinematics is underactuated.
To deal with this difficulty, an additional controller variable is created through variable transformation by using the tra-
verse function method. With the additional control variable, the kinematic model of the nonholonomic mobile robot is no
longer underactuated, thus, facilitating the control design for the nonholonomic mobile robot extensively. Finally, nonlinear
adaptive control and parameter projection techniques are adopted to derive the tracking controller and parameter estimator
through the Lyapunov function approach. It is shown with rigorous proof that with our proposed control scheme, the ref-
erence trajectory can be followed globally with an arbitrarily small tracking error. Simulation results also demonstrate the
effectiveness of our proposed controller.

Key words: nonholonomic mobile robots; trajectory tracking; robust adaptive control; transverse function approach;
backstepping technique
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Fig. 1 Diagram of a nonholonomic mobile robot



5 4 1 WREEAE: W RASHRAE R TR ML AU IR 493
Big1 SEC-FbECHNEEN, IFAELEE df1(€)

WHE, v, bFID, [ < r < FRlb < b < bROL.

£ 1 BB AFERIE ST 1 A 3ANES)
B HEE A 2SI EIE, Lz shilas ARG KK
ARG ASCF FIBAER B 7, SINHBh R, (15 R
G RIS

BT B 1, ASSCHE ] H AR T AR
A

B H bR Wi AR &, 5w A RS
A T TR S AN (D)-2) 7T LLUR EE
TSRS HEIILER = (24, Ya, Pa)-

3 H & M # 88 ¥% vh(Adaptive controller
design)

FEX—H5r, 518, A8 R A Bk ) 7 V2o AT
RERFAR e, TP T RO A% €, 78R3
PUEE NIZBN AR RIS RS, 28, it B
TN FIRS S EAG TSR IRER S NS H AL
3.1  AR$REEH(Coordinates transformation)

FINFHIRSZE (v, y, o) BB, (I

A2 1200
T _|Z R f1(6)
¢ = — f3(), (5)
Hr:
__|cos ¢ —sin ¢
() = [sin ¢ cos @ ] ’ ©)
[i(§) (1 =1,2,3)@KRT Mm%
F(©) = vsin ),
3
f2§:5131n§(1_;js f3)7 (7)
f3& =escos &,
Hr: g Mley RIEFEL, e 20 < &y < 7/2,
|fil e, |fo] e, [f3] e 3
Xz, yMpRFAT1F
T o W{l (")R((;S) fl(f)
H ¢ [ " o0 fz(ﬁ)] "
(rb~"us — a{§§§)£>, )
b =rbus — a‘g’f)é, (10)

Hrp:
Uy = 0.5(W1 + CUQ), Uy = 0.5((4)1 - w2),
MiFE

_ cos ¢ o0&
©- (siw) S EAGN
23

AR U 5z, §, QAN G AR (x, v, ¢)
ST DL R A B AT By, o FIESRAR ).
3.2 EEHI#R BT (Controller design)
FZ(9)-(10)RARF 23 BRI (1), W (2)(9)-
(10)2RGH™ M R TE . Bk, A3C0T DA P
EREHE R A TS RG] UEREMER S € S
FEHIIE. AT R B AW R R — g 2
A, T Bt B B8 g, uag MBS ERE, T 451
Bahtlas Nz s, fF T DUREMER S e S
NI (24, Ya, Pa). 228, Wit BIENEEHIZRT, 15
(9)-(10)H BJwy Fluo 53 ) T R 42 ) B u g A
Uzd

BB EHEEURERREN
Te =T — Tds Ye = Y — Ya, ¢c:¢_¢da (12)
PR 2R v X R 2

m=%£%+%d, (13)
ﬁEPQe = [me ye]T’ )r\“JXj‘Vrl;k%!“ﬁf?%‘
Vi=q® Ty OR(¢) | f:(£) ;s
g (Q[ 1" 00 (o] <0

Go(rb  us — f4€ — da),
Hr: qq = [za ya]"s da = [z (t) yi(1)]".
Ule = Uy — Urd, U2e = U2 — U2d, (14)
oA g g Fllugg 73 501l 52 90 Fug Flu I RE LR I 25, AT

’U,ld_éflo —1/ o
- [ s

f1(€)
f2(§)
Usg = O3 (—kade + F1€ + ), (16)

rflrdb WG, BIG, = r R0y = rb !, #—25T]

] X (—kage + ¢a) +da), (15)

5
e T | | OR(9) | f1(§)
.| =—k 4+ —=
[ye] 1[% 0 | f2(¢)
(éQUQ + é2u2e) +Q b ;91”16 )
ée = —kao + 0~2u2 + é2u2e- (17)



494 BoHE 5 N A 32 %
SHAL RN R RSB B OMAETHE A0, TR

{ él — Pro.j(é17 ’)/917]—1”1), (18)
0> = Proj(0s, ve, m2u2),

s g, o, AR,
T, = X COS gZ_> + Y, sin qg,
_ OR(9) | f1(£)
T = e w50 | ule)
Proj(-, -) & RLipschitzZELEBLN 55, 41 7] WS %
SCHR [21].
g1 121
Ji:
1) |b(t)] < by + 6 V0 < tg <t < o0.
2) Proj(a, b)ZLipschitzZE4EI].
3) |Proj(a,b)| < |al.
4) bProj(a,b) > ba, H4b = b — b.
f@i‘ﬁ%ﬂ;ﬁ%ﬁ%f@ﬁ

Vo =Vi+ 92
2= 2’)/91 2792 >

A5 ), 718
VQ < —qugCIe - k2¢§ + 7T1élule + 7T292Uze-
BB 2 ENHREMBEHRRELE, = [

Zz]T, 21 = Wy — Wiqg, 22 = Wy — Waq, JlIES]

Z=w— [“’M] . Q1)

Waq

+ ¢e, (19

IR |b(to)| < bur, NI B I F itk

(20)

XRQDPELR IR UFEREM, IR RIEF) 5
F(2), TR

Mzi=—Dz+ " +7+ 74, 22)
A Fmn= (23) frn:
(0 = [erb™! diy dao My Mys magr Mot
mllrb_l mlgrb_l}T’
Y= —wolly —wiq 0 —Ap —Ap
Wilsg 0 —Waq —Alg _All
T
—Agy —Agy —Az; —Asy
—Agy —Ayy —Azy —Agi |
0 A 0 X O
Alk - uikd 91 + u}Akdeg + wkd]jd—f—
801 892 8$d
awkd awkd¢
8% 8¢d @
ow Oowrg , . -
Azk = 83’3“1 (COS d) Ul) + 8gd (Sln (]5 . u1)7
3k — &deu% k= 1 2.
\ ¢

(23)

FAN & A R AT B R

T=—Kz—x"0 =055 —sgnz" - famax, (24)
9=Tyz, (25)
He: KR EIEEERE, 74 o Ta M EFAGTHE.
== (~17~2)T7
== 7r101 + 7r292, (26)

o = 71'191 - 71'292

sgn ZT : 7A-d max — (Sgn zZ1 " Tld max, SgI 27 - 722d max)T-
%X%zd max — Tidmax — %id maxs %id maxmﬁﬁg

%idmax = ‘Zi|, 1= 1,2, (27)
TUJHEAN ZR G5 1) 2R T 1 5 R B8P LARAIE Ky
Vé =

1 ~
‘/2 (Z MZ + 19T 1,19 + 7‘:12dmax + 7:22dmax)7

o FEXT%E%%EME, 9 =09 — 0. f—pAe
Va(t) < —ki1q g — ka¢? — 2" (K + D)z. (28)
SEB MBS AT S R B
EE 1 BRERIEREBIHBRARLD)-), N
(3T S 52 (24) . SHUEHR(25)-(27) AT LAE AR P
WRLMFTA S SHEA T, BT LI DUERE /M R
BRI TR S g (1), ya(£) R a(t), B
lim (1) — za(t) < V2e1, (29)
lim g(t) = ya(t) < V2ey, (30)
lim @(t) — ¢a(t) < eo. 31)

E e R, 0,(0 = 1,2)2H S, Eik, A
K@) A, Vs T B (5 88 2F i, Wx,, y M
DR T, NIR(15)-(16), AT13 Hiuyq, uog FIEHE
A TR, B vy Fuy AT T, MK, T
BB AH. N (28)F- R EBarbalat 5| ¥, 1R A& 5 Ge%
IE¥q., p MRS ER.  IEHE.

MR@-5)(7), AR

-y -DI< Ve o
’¢ - ¢| < €a,
iy
’jf—l'd‘ § ]i—x!+|x—xd\,

17— yal <19 —yl+ 1y —val, (33)
| — ¢al < |6 — @+ |¢ — ¢al-
HT 2 — 24, y — yaMd — pa WS TF, Wz (29)-
GORAL. ST e, Fley, RENEESEHNITN
FRERIRZEATR /.



4

4 PESEH (Simulation results)
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5 45 (Conclusions)
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