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Guidance angle based trajectory tracking for wheeled mobile robots
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Abstract: Firstly, the mobile robot model is built based on the Lagrange function. Then the guidance angle is designed
by analyzing the relationship between lateral and angular errors. The kinematics tracking controller is developed with the
Backstepping approach by taking the guidance angle as a virtual input. The parameter selection criterion for the controller is

also investigated. Finally, by taking the external disturbances into account, the torque controller based on the dynamic model

is obtained. Simulation results show the effectiveness of the proposed method.

Keywords: wheeled mobile robot; trajectory tracking; guidance angle; Backstepping

[ N

E1I=
RAB P NZ PR e RS, T

0

s A s HLEE Nz sh i G s 17 3 2
RVBUE  BRARER BRI BRIER. AN[F] T B A2 BRI [ e,
B ER R AN R AT 2 TR0 R, TR I R AT I 1]
R, BIFERE S8 I [ 2135k 58 AL B, (ML & A SR
2% LU 0] 2l Z B R 2. STk [1-2] 40 9ol B 45
AR G2 R BEVE T BB ER R A, Sl 1AL
FLER AT 20 T A RS, SCR (3] e vt T AR bR
RN BB BRI SCHK [4-7] 2 T A2 S5 M 45
il - ASOR 42 HhI R B 3 Y. Backstepping 55 7 VE BT T L
MR PR R, SCHL T AR S A IR R, 1K
AR I 0] SR [8] Hh A T I8 By A A 4 ekl
AT AT B R SCHR [8] H A 42 A A7 A0 42 il 7
K NS 2 B L, BTG R 220 0, ZEAs R

It BHA: 2014-02-07; {&EIBHER: 2014-04-23.
E&WmA:
TEHERIN:

0 eI, LB S A R B T GV S P A R

5% SCHR [9-10] 6F B4 B 5 1) BBURTT 560 83 %, AR SC
B AR LE P B 7T 7 S R e R B HL s A P
SRRV, %7 N B R A A, TR AR A
RO 5 58 22 BE AN 51 01y RS, B 00
WAL, %51 T A W ) TR A, Lkt
AT SEBRER. ASSCH SR S S RN, 45
Backstepping /7 i 1B i T S T B 2Bl N iE 5%
R PR B B, O Y T S HOR I 24
Jii, A B8 B S B [t e A B 30 g o
W b S5, B 7 ELRRE T BTV 47
HIESEYEed
1 WERR

ZHN IR BN 1R, N IKE)
B, 3 ) EhOBRST ) R 3R AR FRMLBK Bl LA R L)
SR R S BB N I BN, TS BB S 1N

E XK AREFF RS H (61074092); 1LZRA HARFHAIES T H (ZR2010FMO019).
Tk (1985-), 3, Witk R shHLEs NEshiEdl. B M arst, Bk (1953-), B, #dz, 4

U, IR R G ARZME R e S M PR 20 AT RN S5 S5 S



636 F Ll

* e 30 &

SR IC S AR . B PO IREh R Rl 4

A
Y

v

% X
1 BRABIHNBARSER
FBLE 545 ARFR &R HAT T
q= [‘T7 Y, 07 ¢T‘7 ¢l]T'

v (z,y) AP RAEBE AR R OXY T 1 AR bR,
O AHLES N TIEH A, ¢, FH @y 23 3R A7 5e R AC B e il
[0 F BE. A5 256 1132 2038 A2 2078 3l G T 3 IR AR B,
AR LR GAF:

Zsinf —gcosh =0, (1)
icosf + ysind + bl = ro,, (2)
@cosh+ysind — bh = rgy. 3)
LRH LR A
A(q)q =0, “)
o
sinf —cosd 0 0 O
A= |cosf sinf b —r 0
cosf sinf —-b 0 -—r

T TR B H TR SR S LS N3
SRR, AR SCHR [12] X0 — 2R BK Bl el e b R o0 E
BRI SIHLAs ML T 30 )2 B, 220 T 4258 1)
Prisswiit s ailing =

IR AP N AE SR sl a2 H, 153
GRS NI AR A O

L= gme(@ 4 32) + g, + o + 0 + 5+

2
51602 +1,,6% + §Iw(qb§ + ¢7). )

Horb: me AR, my, AR TR, I N ARG
P T LB R B B R, T, N TR SR HAR B
SN, 1, Aot i e s, (ac, yo) A Pe &
FARE, (s Yrw) AT (100 Y ) 73900 00 A 58 R AE 58 S0
(AR FR. 5l BE B (5) T LA 21 R S8 IRk ) H 7
FEH

d oL OL

S — T _— f—
T 54 aq+A>\ £€=0. (6)

Hor: X € R3 4 I H ofe 1 1) i, Fonig gl frp
ZEIMA R Ty, € MER Sy i, P A AR AR R R B)
RERRIHL (5) T I &ARFR IR (6) 1T 13

M(q)i+V(a,4)q+ Tea+ A™X=Br. (1)
Hr: M e RVCCHBIMERFE, V e RS N 5HE
R B K MHBE, 1.0 € RS RRNIEF) 32 BB T
FUANER IS 1, B € R Wi N Wi, m =
[, 7o) T R AT 5 A0 5 FUMLI) o 4 TR N )

h T E AT, MR R R

cosf 0
sinf 0
S(q) = 0 1
1/r b/r
i 1/r —b/r_

15k A(q)S(q) = Off 71 i) — ¢ 3%, st (4) 7l %l

q=S(q)v. ®)
Horb v = [o,w]T, v w23 3 HLES N I8 3) 1 2o i
AN . 3 (8) WA i X I [R] SR 3 W 45 g, 3 (7) 2 3fe
ST I g N g MRIESAAN A1

Mv+ Vv + F.q= Br. 9)
o
M=STMS =
21,
mc+2mw+TT 0
2 ;
0 I+2b21“
.
_ : 0 —6me.d
V=8STMS+VS)=| . et
Om.d 0
B—sTH— 1/r 1/r ;
b/r —=b/r

Fod = ST Teq 2 [01,82)" A FIREN, 4 |6:] < Sazas i
=1,2, 00 A OFNIEEG T = I+ 21, +med® +2m,, b2
3 (8) A1 (9) BIAHs X (7) 7 IG5 RN RS B L ds
NS B2 R 5l ) 2 .
2 FETIBF) AR AR K B0 BR R AR
2.1 BEhHLEE A B9 IR ER B
18 B ML A P B0 B ) R, L G
5 q RN S PR N AT E R ] ) SCAR bR
x, y MO BYEARbR R BB NI S H IR ©,.,
yr T 0,., LT RAE S E RN v, w, A, H
v > 0. ZH S S 26 B 2 W R &R

Ty = vr 080, Y = vpsinb,, 0, = w,.



4

T & F A T35 A0 XB I E AT IRIFIEH] 637

o

2 e AP ER B ()
W 2 fr R, BLP O Jsl o, Wy S s Ay X
i, T E L T 0k Y, GE AR R R PXTY,
FEAMRAA R 2N RoR RS Sl & NV ERER IR 224

Te cosf sinf 0 T, — X
Ye | = | —sinf cosf 0 yr—y | - (10)
0. 0 0 1 0. —0

20 (10) Wy 30t B[R] 3R 43, I Fh 2 (1) AT (8) il 73 R R %
ZEMIR Gy TT R

Te = Yew — U + vy cOS O,

UYe = —TeW + U SN O,

0, = w, — w. (11)
BE T3z By 2 A5 A I B0 R R A ) ) AT IR O 25
E B RIS H L v, gy, 0, BT IETIRA 0
Hlw, (FEREFRTE @, ye M O 7T
22 EHERIT

55T Backstepping J5 VA 4 Hi U8 B R 4 i A 1Y)

Wit LT,

Step 1 ZEHUIE & Lyapunov BR %4
1, 1,
== — 12
Vl Qxe + 2y97 ( )

2 (12) PSR I TSR T, o (1) wr
Vi = —0Ze + Tevy cos b, + Ye Uy sin O, (13)
KX (13) Pt Jm — TR A E IR ZE 4 0 AU BN, HX
04 = arctan(—y./L), (14)
IR ye WA, SEAME 0, WSk, T2 2] 0. HX
AR E A R, BIOG AT ST B 515 A, ok
L>0R51FMSH ML v E A

vg = k1xe + v, cosb,, (15)

Hdr gy > 0. X 14) F1(15), H
V _ k 2 UTyg 16
1= —R1T, — \/ﬁ, ( )

Bk v foE.
Step2 iE X 0,50, 2%
0, =045 — 0. =arctan(—y./L) — 0.. 17
M4 =X (12) M54 & Lyapunov 5K
Vo=Vi + %92. (18)
X (17) PELXT I TRR T, A7

L? +y? + La, Lv, sinf,

0, = s g e 19
B BN w BN
oy = (L? + y2)(wy — k20,) + Lo, sin 967 20)

L2+ y2 + La,
ik, > 00620 8) X i | sk %, 3 1 28 (19) A
(20) 7
Vo = —ky22 + vpyesin(fg — 0.) — k6>, 1)
23 SHGEMFN
FE DX 8] (0, 7t/2) WAL R IE B — AN A S 0., 75 |0,
> Oy, WG, = —ko0, AT K17 A6 AT BRI 1) ¢ 35 22
ty = to = 0,04t >t N 10,| < 0,. HTHIPLE
RS NS5 1T S0, 45 ¢ € [to, ta] IFHTRIBERY, e,
ye M6, A5
210, < 0,1, & cosl, = a, LN o > 0Fl
cosf, >a. HA QDFH
VYo sin(fg — 6,) — kzeg —
_ \/:;i%cosﬁz - \/%sinﬁz — k20§ <
2 L
- e kit s b <

(20— LBy

_2«/y§+L2
v, L

k —77)9§<

( ’ 26+\/y? + L2

- ﬁh@a — LB)y? - (kz - %)937
o BERIES. TRE
Vo < — ka2 — Z\/ﬁ
(k2 - ;L/B)e? (22)
95 I 2 B B AL
Lv, < 4k (23)
N, Vo < 0, BI%¢ — oo A [2e, Ye, 0.]F — 0, H
A (14) AT %1 0, (c0) — 0.

EE1  HEETAADMEMBE L N
IR R ZE I Bl AR, B2 (15) 1 (20) 128 HE: T4
R R A, LA o 2 B0 38 O AL 5 (23) I
PR 28 G0 A2 W A 11).

F1 AT T

1
0. < Sy + 02
Y0z 2ye+25 Z,

Ferb g Al i AL SRR IERL. 6, (] AEHUE X

18] (0, 7c/2) WATHR, 24 0, 1 € J BIAS BIE L AN Ky

WAL 25

3 ET BN AR R B R R AR e
A5 % &) J1 2 # N 3R, P (15) A1(20) K vg

(2a — LB)y2—



638 =

S # 30 %

Mwg ABESLEIERAT, TR vg 1 wq 15 N RE LT,
DL E AR 45 il fan N, idE— 2 R FH Backstepping 77
BB T3l R A, D ve = vg — v A
BUAS YT EE 2kt 5 b5 SIZ o T 82 2 7, % g 400 2
A (15 AN (A1) AT

Te = YW + Ve — k1T 24)
B we = wq — w A B AL L SR A 2, R
HERLF A (20) 4R (19) AT 13

6, = —kofl, — (1 + Lffyg)%' 25)
L ve = e, we] T, va = [vg,wa] T, Vg = [Da,wa]T, € =
l20,0.]T, C — chag{ - %} ) H 2 (24)
M (25), H
Vo = —k12% + 0,90 sin(0g — 0.,) — k262 + €T Cv,. (26)
F493& 9" & Lyapunov %X
Vs =Va+ %vTMve, 27)
F 2 27) BRI sk, 9t di2C 26) #1(9), 7
Vy= — klx + UpYesin(0g — 0,) — k202
vl (Ce+ Mvy+ Vv + 7oqg — BT). (28)
16 s A
T=B Y(Kv.+Ce+Mvs+Vv+¢) (29

Hrp: K = diag{ks, ks}, ks > 0, ky > 0 WEHIBEL
¢ = [p1, o] T FAMESNTA SRS (&0, Y

= [6M1sat(5ﬂi1€”e),5M28at(5ﬂiwe)}T
Iy A 2 2 AN (T

dari|ve|l — prve < €

(30)

dnr|we| — pawe < €.

Hh: 2¥e >0, sat(- )ﬂ?/b TR R B8 K 4 A (29)
RN (28) 7] 1%

Vs < — k1l 4 vpye sin(6g — 02)—
ko6? — vl Kuv, + 2¢. (31)
R HIE Qo) BN, 17
<I+ 2b22j“’)we =
T
0. (1+ LZLx ) kawe + 02 — go. (32)
XF 6, Fl w, K+ 5 F*’ﬁf Lyapunov B
R R | (RO IR )
Vaub AT [A]3K JfFEEIk (25)$n (32) H
Viub < —ko? — kyw? + & (34)
HELESHY 1R HH 2
£ < ko2, (35)

B AEA BRI T ¢y AL 6 > to > 0, BEFF 2t > ¢ 1Y

710.| < 0.,.
M0, < 0.0, Fa>0Fcosh, > a. HA(3I)
e

Uy

V' S—kx2—72a—Lﬁ 2_
3 1Le 9 /7[/2( )ye
_ T \p2 _ T
(k2 5 )9 v, Kv, + 2¢. (36)

X (36) M b FE 5 5K (22) HIIH, 4
s (2a — Lﬁ)ye <k2 - 7)02

2¢/y2 + L2 2p

k1x2 + veTKv‘e > 2¢e
BF, R SRR 2 ).

EFE2  FEAXQDHBWBE IS N LR
EiR 7218 3l LR X (9) R 1 B0 ) 7 B, MR A
3 (29) A1 (30) eIz A, HL 242 i 2 55 1k s A2
3 (23) R (35) I, PRIER IR 22 28 4547 5.

E 2 USRS R B E R (R A e A
AT ER R R 22T A RS, FL G N 4 1A Ay AN 3 4
4, UIREE PRI R 22 IS, IS 52 A EHR. B
THIHL 7 RE A AN RESSAR, A SR RN R 4L
4 PHELR

TR A ST VIR OE A 1 R A R, A
Matlab 4 5 R 7 3EAT 05 B, HLas N R B 10 2 2% #hids
hEATE, 2% B L v, = 0.5, w, = 0.2; YIIHSFH AL
%r,(0) = 1, y.(0) = 1, 6,(0) = 0.57; HLas AL
R 2(0) = 0, y(0) = 0.5, H(0) = 0; HIUHIE S v(0)
= 0.1, w(0) = 0.

B NS A r = 0.05, b = 0.5,
d =03 m. =30, my, = 1, I, = 16.625, I,
0.0025, I, = 0.005; Hu 1 FH 77 A48 30l 7og
[5sint,4cost +e |1 WS 0, = n/3, by = 3,
ko =3,L =1.1, ks = 30, ky = 30, ¢ = 0.05, It S %
2 3 (23) A1 (35).

B ERER T LA a1 3 R, K 3(a) A ALAR
NI SEBRiz s ETE, n] LU B ESR AL U iR 22 F A1
BN, e AR RS0 TR R R, B
5 R R 72 W 3(b) BT, 423 7 s I IR 1) ) BRI %
ZEWS B — AR/ IX TR TR BRI X R 2 N, 558
2 S5 RF. B4 h B B pLas N R R i 1) 26 1
FEFN AL, T LA NG FE AN, AEda 6 ) 5
(AR SEIINGE 5 stz 5, 5 DL REE R 42 il i
NAHEE, By HAE A 4 il N 50k 775 & SE . B ER
AR 7 (N, B B AL N 8 200 R A7) 30 P88 3 4
TS 5 R sl o, T DLRT R 2L
VE A e o (0 i IO, B A R R 22 R 9D, 425
NFEIRLARFFAE— MR X RN, B R A FHR.



4

T & F: AT 5 AR KB IHIEARTIRIFEH

639

y/m

of
-2

-5 -4 -3 -2 -1 0 1 2
x/m

(a) IB3hHLIL

y/m
(=}
)

0 5 10 15 20 25
t/s
(b) BRERZ

3 HUBEREREGR

1.5 1.5
@ 1.0 3 1.0
g b km S
=05 = 0.5
S
0 0
0 5 10 15 20 25 0 5 10 15 20 25
t/s t/s
B4 SuhFEE
15 2
e 10 ’g—z/\/\/\/\
s |z
S0 =-4
-5 -6
0 5 10 15 20 25 0 5 10 15 20 25
t/s t/s
B 5 HEEHEA
5 4 #®

ARG T 5 B S HLAS N BB PR v . 15
26, BE TR B H 7 BT TR LA N s i
Hor 15 IR B ML N HIE B2 R gl ) 2. i s
BR Rk AR 0 ey 25 vk — AN S LR AR I
A, 45 Backstepping 1 1 3 12 2 22 85 A4 (1) Bk
PRSI, BT T A2 PEr AT, IRt T S50k L
I3 AR IR 45 A AR5 25 RS B AR BN ) RS R, K i 4
A R A3 BIHE T 3)) ) 2 BRI 2 il e, o
D5 B T ARSI AT 2.

£ % 3k (References)

[1] Hou Z G, Zou A M, Cheng L, et al. Adaptive control
of an electrically driven nonholonomic mobile robot
via backstepping and fuzzy approach[J]. IEEE Trans on
Control Systems Technology, 2009, 17(4): 803-815.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

Rossomando F G, Soria C, Carelli R. Neural network-
based compensation control of mobile robots with partially
known structure[J]. IET Control Theory & Applications,
2012, 16(2): 1851-1860.

Park B S, Yoo S J, Park J B, et al. Adaptive neural sliding
mode control of nonholonomic wheeled mobile robots
with model uncertainty[J]. IEEE Trans on Control Systems
Technology, 2009, 17(1): 207-214.

Yue M, Hu P, Sun W. Path following of a class of
non-holonomic mobile robot with underactuated vehicle
body[J]. IET Control Theory & Applications, 2010, 4 (10):
1898-1904.

Das T, Kar I N. Design and implementation of an adaptive
fuzzy logic-based controller for wheeled mobile robots[J].
IEEE Trans on Control Systems Technology, 2006, 14(3):
501-510.

FEW]H, PV, 420KA8, & 8 T &0 IR
BRLAE N & R R R D). ) SR, 2013, 28(5):
664-670.

(CuiM Y, SunD H, Li Y F, et al. Adaptive tracking control
of wheeled mobile robots in presence of longitudinal
slipping[J]. Control and Decision, 2013, 28(5): 664-670.)
Fukao T, Nakagawa H, Adachi N. Adaptive tracking
control of a nonholonomic mobile robot[J]. IEEE Trans on
Robotics and Automation, 2000, 16(5): 609-615.

Fierro R, Lewis F L. Control of a nonholonomic mobile
robot:
Robotic Systems, 1997, 14(3): 149-163.

Breivik M, Fossen T I. Principles of guidance-based path
following in 2D and 3D[C]. Proc of the 44th IEEE CDC.
Seville: IEEE, 2005: 627-634.

PR, A, W I, RS B HLAS N\ A R B A BR R 1
I IR 5 R HT, 2012, 29(6): 741-746.

(Zheng Z W, Huo W, Zhu B. Global path-following control

Backstepping kinematics to dynamics[J]. J of

for nonholonomic mobile robots[J]. Control Theory &

Applications, 2012, 29(6): 741-746.)

Kanellakopoulos I, Kokotovic P V, Morse A S. Systematic

design of adaptive controllers for feedback linearizable

systems[J]. IEEE Trans on Automatic Control, 1991,

36(11): 1241-1253.

S, BN, W22, AF XU RS SR Sl A8 )

FEEHIN]. TR, 2006, 27(2): 272-275.

(Wu K H, Li W, Liu C A, et al. Dynamic control of two-

wheeled mobile robot[J]. J of Astronautics, 2006, 27(2):

272-275.)

Lee H, Tomizuka M. Robust adaptive control using a

universal approximator for SISO nonlinear systems[J].

IEEE Trans on Fuzzy Systems, 2000, 8(1): 95-106.
(TEHRE: R R)



