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Adaptive dynamic feedback tracking control for nonholonomic mobile
robots with uncalibrated camera parameters

LIANG Zhen-ying', WANG Xi, JIN Zeng-ke
(School of Mathematics and Statistics, Shandong University of Technology, Zibo 255000, China)

Abstract: The problem of uncertain nonholonomic mobile robot tracking control based on visual servo is studied. Based
on visual feedback and state input transformation, an uncertain model for a class of nonholonomic kinematic systems is
proposed. In three different cases, adaptive dynamic feedback controllers are designed to track the desired trajectory of
the uncertain system by two new transformations. Adaptive dynamic feedback controllers are designed to track the desire
trajectory of the uncertain system for two cases. The convergence of the erroe system is proved rigorously using the
extended barbalat theorem and the Lyapunov method. Simulation results demonstrate the effectiveness of the proposed
method.
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BT AL (23) I, 1 FE AN T AL 46
§3 = €23 — kieyuor,
N3 = e4q1 + koesugy,
Forp ey Ml by JEIEMG 2.
ea3 = kieruor + &3,
eq1 = —kzeauor + 13, (24)
€23 = U1 — Uiy + 4P + €qlUoy,
€41 = Up — U, — TP — €2Ugy.
1% F¢ Lyapunov BRI %L
V=
1(k et +et+ed)+ 1(53 +n%) + 1( 2+ Aa?).
5 0% 1 3 5 n B p
(25)
Horp ko R IEE S, o RHH, H a2 a it a e S
HoRE EXHE = o — & Bk Ha = —4. W1g
V=
— akiefud, — aksesud, + plkoeo — e1x3+
e3r1 — G(e1223 + e3za1) + (wals — am3)+
uor (k17383 + k31m3) + Guor (k172383 —
ksxza1ms) + p] + af(e1z3 + e3x41)p+
uor (€183 + e3n3) + uorp(k172383 — k3wains)+
ug, (kre2sés — kseans) + Ad] + &s(ur—
U1y + eqlgr + Gejug, + klegug,, + kl&eggugr—k
kieytior) + n3(ug — uzr — eauor+
Gesug, + kzeiud, — ksdequl, — ksestio,).
EBEEIE v b P& kol (T
& = A" Ye1wa3p + e3ma1p — eruorést
e3torn3 + torp(k172383—
ksxa1ms) — ug, (k1easés — kseans)],
p = —ksp — koeo + e173 — e3x1 + a(e1ra3+

esta1) — (xa€s — xam3) — uor (k1z3és+

ksxins) — auor (k1223€s + k3za1ns).

(26)
Up = Uor + P,
uy = —kznz + w1, — equo, + aeug—
kzlu%reg — kldezgugT - kleluor, (27)
uy = —kynz + ugy + eaug, + aezuo,—

2 A 2 g
kguwel - k3a641u07, + ]{33€3U07«.
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e

V = —kaetug, — kaeiug, — ks&§ — kang — ksp?
(28)

H k(i =1,2,...,5) ZIEH.

25 B PR, A3 B LA T g B

T3 LB~ FiE4s T, FHIL,
e B I B B A SO ] (14) A (15); 0 T
15100 2, 106 B 3 SR N Bl A S iR i A (18) 1 (19);
XF TG L 3, 16 4 H & N AN B 25 S A5 il 4 (26) AN
Q7). Kk, p IR R Z e (i = 0,1,...,4)[F15 R4
(10) #rir s k.

A3 T A E FE R S (8), v LA F iR
Ug~ Ut~ up KA PRER IR 1] R SR, 75 S P/ v, 425
FRIEH 2 RG3) B @) P LS NBIT T v v1s
vg, HIEN (@) M (5), AT LAHES 4T

Uo
~ sin(By — A1)’
vy = [ug sin B1 — uy cos By — ug (w2 sin f1+

x4 co8 B1)]sin(B2 — B1)/2L sin B,

v3 = [ug sin By — uy cos B — ug (2 sin Ba+

x4 08 B2)]sin(Bs — B1)/2L sin B,

51 = V2,

52 = U3.

(29)
L (29), AP 38 wo ~ up ~ up F A NHLAR A HIEE
Hill 8% Vo~ V1 ~ Vo, EILXTALAS N I3 ).

3 iR

FEATTH 0 FIRTE B 1 ~ 1550 3 HEAT 15 5.

TR RZE RS0 KRS Ne; (i = 0,1,
o), R TE N AR (14) A1 Bl 2 A R (15).
Bl es NI Nz, = cosf,y, = sinb;
W a, = g,uw — 0luy, —
0.5,ug, = 1.2,k = 1,ky = 2, ks = 1,kg = 2,ks =
1 BT 46 1% 72 18 [e0(0), €1(0), €2(0), e3(0), e4(0)] =
[—0.14,0.1,0.25,0.01,0.1); ¥ #3235 A = 1. BRELR
Zei(i = 0,1,...,4) PP E 2 B o, #% il i\
ui(i = 0,1,2) BB &I 3 o, 4 F01E 5 7 ) fig
=TS8 as b3S R T p, I v1 v vs
(477 FL 4 . LA NAEAR TR A AR 5 (1 R R 2K Gl
Kl 6 FE T B 7.

Qo — 04700 =

p,&,f)/cm

0.25

0.20F
0.15}

0.10

pose error/ m

2 ERITREe(=0,1,...

1.4

1.1}
0.8F
0.5}

u,u, u,/ cm

-0.1
-0.4

0.05 k)
0.4
-0.05t
-0.10
0

5 10 15 20 25
t/s

0 5 10 15 20 25

3R TS (i = 0, 1,2) BHE

0.7
0.5}

0.1

-0.3

2.5
2.0
1.5
1.0
0.5
0
-0.5

v, v, v,/ (m/s)

& 5

1.5

L0 R
0.5F%
0 -
-0.5F
-1.0f

x/cm

-1.5

E6

0.3t e

—0.1W

4 BR1ITa b pHIHELER

0 5 10 15 20 25

TB5 1 THEHI R 01y v2 s 03 I ELR

—— desired trajectory
— actual trajectory

0 5 IIO 1I5 ZIO 25
t/'s
18R 1 T EE AR IRERINIT «



254 # % 5B x K %37%
1.5 ——- desired trajectory 2.5 .
Lok, = actual trajectory - 2.0 -( ........ v
g 05 E R -
S = 1.0F:
-0 S osp oy
0.5} s ok S——
-1.0 . : : -0.5 . . : :
0 5 10 15 20 25 0 5 10 15 20 25
t/'s
E7 &R 1 B ARRERIE y 11 FR2TIEHEIE v v IITEL
R TEBL2, R E RS (10) KRS N e (i = 0,1, 1(5) T desired trajectory
4), MR 18 B HE (18) A1 3h 25 2 542 1 6 (19). 05 h
igiﬁﬂlgg)\ﬁﬁﬁﬁgéiﬂﬂiﬂﬂxr4:: cosf,y, = sinb; § oh
jﬁ%%al = Qg = 05,0() = ?T[,UOT = 0.1,U1r = " -0.5¢
0.5, U9 = 1.2,k1 = 1,ky = 2,kg = 1,ky = 2, ks = “L.Of
13 BRI 35 2248 [e0(0), €1(0), e2(0), e5(0), e4(0)] = TS 10 15 20 2s
[—0.14,0.1,0.25,0.01, 0.1]; #E I 23 A = 1. FRERIR "
Fei(i = 0,1,...,4) KLU 8 iR, 12 64N 12 1752 R R A RIIRERAIE «
wi(i = 0,1,2) (K9 Fron. 10 AT 11 4) 51 1.0
JBoR TS Eas b B A RRE T p, BRI 01« vg- 0. 5
vs I B 45 . WLEs NAE G I AL bR 2 o 1) BR R Bk £ 0
W& 12 F1E 13 s, = -0.5¢}
0.25 p -1.0f —— desired trajectory
0.20 — gtlr 15 — actual trdjectory
E o715 : — 0 s 10 15 20 25
é 0.10 5\ 4 t/'s
S 005 Bl 13 B2 THEHRARREIT Y
8 0 1
o, YA . . . .
—0.05r XTI O3, R ZE R G (10) KRS N e (i = 0,1,
TS T 0 s 20 25 4), 3 P I B A (26) 13 & R B A (27).
s bl NI EIIE Nz, = cosf,y, = sinb;
8 WR2ITERERe(i=0,1,....4) WAL o = as = a0y = O0,up, = 0.1y, =
Lar 0.5, U0 = 1.2,k1 = 1, ko = 2,ky = 1,y = 2,k5 =
1.1}F
g 0.8} ]. E&%ﬂﬁnlﬁ%'fﬁ [60(0),61(0),62(0),63(0),64(0)} =
3 o5t [—0.14,0.1,0.25,0.01,0.1]; #=Hl 35 25 A = 1. JRER
S 02l Fe(i = 0,1,...,4) Bt 14 Fion. 265
-0.1 ui(i = 0,1,2) P an i 15 s, B 16 11 17 43531
TS 10 15 20 25 FRR TS 8. b BN R F p 35 1 01 v
t/s vg B B 25 0. HLgs NAEMR M AL bR 2R Hp (1) BR R L8
B9 fER2 RN w (i = 0, 1,2) B W 18 A1 19 fis.
07 025 ——— e,
0.5} 0.20 —a
g —7 E o5 i :gi
B 1 H S 0.10f: '
< 01t S 0.05
S 2
—0.1-\/\W 2 0
-0.3 :

0 5 10 15 20 25
t/'s

10 BR2Ta b pHIHELER

-0.10

0 5 10 15 20 25
t/'s

14 ER3ITRERe: (i =0,1,...,4) BN
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u,u, u,/ cm

p,&,B/cm

v, v, vs/(m/s)

IS

o —_
N (=)
—

(=]
[\

-0.2

20

25

15 1HR3 TIEEIBAN w( = 0,1,2) BY%hiE

0.7

0.4F

0.1 \/\/\AN

-0.2

0

& 16

25

2.5

2.0 f
1.5

1.OF
0.5F

-0.5

17 BRI TSR v v vs IAEZR

1.5 ——- desired trajectory
1.0 = actual trajectory
0.5
=
L 0
=
-0.5
-1.0
— 1 .5 (] (] (] (]
0 5 10 15 20 25
t/s
E 18 1HR3 THIHEE AMRERIE 2
1.0
0.5p
g 0
2
~ -0.5¢F
-1.0¢ —— desired trajectory
s . — ac}ualtrajelctory
70 5 10 15 20 25
t/s
E 19 1HR3 THIHEEANRERIIEy
4 & ®

BRI T O KA oy = g = a RABNE
PR 7 47 ) 2, 2 AL o A AR S A5 AT (1,2) LS B BL 4%
NIIBER G, R H T — AR BIZE 2 R G A

iff e e TR AR 50 3RO 23l 4t 7B R Al e
FEENHLEE N IR 2 R G B 1E B Bh 2 I w4z il 4. ) H
Lyapunov £2 & P£ 3 18 F147 & ) Barbalat 5] 3, ™ 4% 1iE
BT P R 22 2R 40 0 W Sl 4l 45 RIS AIE T
AR TT 1A RO, 6 T HARAE L, 11 6~ ap ~ a FRR
BRI DL, & 5 4 32— 20 R FH #2228 3R AT I 9.
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