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Dynamic Model Based Motor Control for Wheeled Mobile Robots

CHEN Xiao-peng!?, LI Cheng-rong?, LI Gong-yan”, LUO Yang-yu?
(1. Beijing Institute of Technology, Beijing 100081, China;
2. Institute of Automation, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: A novel motor control law based on dynamic model (DMMC) is proposed for wheeled mobile robot to control
its two driving motors synchronously. First, kinematic model and dynamic model of the mobile robot, of which the mass
center position is arbitrary, are derived, and the nonlinear differential equation of speeds and torques of the two wheels is
derived. And then, system state equation of the mobile robot is derived based on the nonlinear differential equations of
speeds and torques, electrical equations and electrical-mechanical equations of the two driving motors. Finally, the pole
placement method is used to form a type I state feedback control law. Simulation shows that the DMMC controller can

respond to the input instructions quickly without static error.
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2 #zh#88 A 315 =% 594 (Dynamics anal-
ysis for mobile robots)

K1 Baiblas AL E K

NIz BLES NPRRE AR r, 2o RN S H e 2
W CELEE AL 4R 2 /) (R RS
Horpalt RIE R s I S B B S H, Al RIE
B ZE, NED, Ak sl e b
CRLFE BN FFA5D 4 Jp, oA WL H 4l )
FornE T T, EARALED NN ¢ ¢ /o
FRSZBN) X TT ARSI A Fas By PI%E
Y J7 2 B R MR By BLgs N SR %
q:[xc ye 6 ¢ @r}T’ :‘E}EVZ[(API ¢r]T
21 BH;FANEHNFELIE

B s bl as N2 NI, WIAR %m0 LLAR ] A 3 5
Rk e B, Gy A9 TUO AR AR AR AR R IR R TA
K

Rxc I 0 2
r
Ve=| %o | = | 4 d [] e))
0 -1 1

FE AL Rt SRR R R IR T8 S5 8 5

Fig.1 Geometrics of mobile robot e cos —sin@ O
, N o . ye| = sin@ cos® 0 |Vr
1 & 7253 Wk e X S L E AL I (&l 8 0 0
HZ IR A, 5L AR BR RN xoy, IEAAAA
b3 A XOY. BEARMIR R Y #J7 ) WA 6 b0 4R . lrcos+dsin® [1cos§ —dsinf o
MR T, Y EISHLEs AR LR A& 1T, 5 :erll lrsin@ —dcos® [;sin6+dcosO b
TR R 7 T L X BT ) TR )RR X -1 1
5 I AR R x R 0 0 TR O FER B HL B o @
MR P, E SRR B 4. ey R REAEIR
WAL LB S R IR 1, AR I, 4 Sl “
FEHEFEAE R R P AR (e, o). ML NFER (R4
B KAL) FEN m, 58 (L) 2 & Horp
r(lrcos® +dsin®)  r(lksin®—dcosf)  r 1 0 T
S(q) = L+ L+ L+14 4)
r(licos® —dsin@) r(l1sinB +dcos ) r
L+ L+ L+

1 3) 5 B UE) ™ SCHE g i A AF e H 2 Oy e B

A(q)g=0 (5)
N I:':'
sin@ —cos6@ d 0 O
A(g)=| —cos® —sin® [ r 0 (6)
—cos® —sin@ —I. 0 r

22 BH}NBIATNFERLE

I3 IAE x y~ 2 J7 18] S HHLAI T 17 % B8 S L%
NEAT T3 00 B, BLEs Nl A2 xv y J7 100 P47 S 2
J5 ) Jy R A R LR b 0 0 R P =P
FAF, ToRAE ) IR
m)'c'c—(ﬁx1+}7}r)cose+Fysin9:0
myc — (Fq+ Fy)sin® — Fycos 0 = 0

J6+Faly— Fuly + Fd =0 (7
ho+Far="1

J;'(ﬁr'i‘ﬁxrr: 7A-‘r



328 I N

2008 47 H

B P A% BT H AR HETE 2K

Mg=Et—A"(q)A ®)
/\l:l:'
M = diag{m,m,Jz,J1,J;}
T

00 0 1 0
E:

0 0 0 0 1 9
A':[Fy Axl Fxr]T
T:[Al Tr]T

=l @), (6) 15
A(q)S(q)=0 (10)

JrFE (8) Wi e Lh 8T (g), IR (10) RN, 1k

T=5"(9)Mq (11)

JIRE(3)s (1) JB ] 5, SR G 8y e ke B
T35 i R AR AL
23 BEHFAEENEEEE NS TR

xF @) ARk, IFAAAR an, 75

v=—(S"(9)MS(g))"'S"(q)M5(q)v+ (S (q)MS(q) '
(12)

F(12) B8 T BN S0, S

R B L2 A B 55 ) A R

N C .
13)
Y C S

Je (3N g5 J7 B Hrp
19, = (Jz+md2)r2—|—mrzl%—|—fr(ll+lr)2
(Jz +md)mr* + (L2 + 113)mr? + (Jz +md?) (S, + o) r2 + N1 Je (L + 1)?
2, = (Jz +md?)r? —mr*Ll;
(Jz +md?)mr* + (Jl2 + N2 )mr? + (Jz + md?) (Jy + Jo)r2 + Lo (L +1r)?
35 mdr? (Jz +md*)r* —mr?1l;
YT L2 (Ut mdymrt + (F2 + "2 Ymr? + (Jz +md?) (Jy + Jo)r2 + Lo (L + 1)
4 mdr? 2(Jz +md?*)r? +mr?ly (1) — L) + Jo (I + 1)?
T ) (T md?)mt+ (RI2 + R Eym £ (Jy +md?) (S + )+ S (b + )2
53, — mdr’ (Jz +md*)r* +mr? 3 + Jo (L +1,)?
(Li+6)? (Jz+md2)mr* + (L2 + 113)mr2 + (Jz 4+ md?) () 4+ J)r2 + N (1 + )2 (14)
13, — (Jz +md*)r* —mr?1l;
(Jz +md?ymr* + (Ji2 + K12 mr? + (Jz + md?) () + J)r2 + A (L + )2
2, = (Jz +md?)r? +mr* 12 + (1L + I)?
(Jz +md2)mr* + (Jl2 + J13)mr? + (Jz +md?) (), + Fo)r2 + T (L + )2
33, — mdr? . (Jz +md?)r? +mr* 2 + Ji (L 4 I)?
(L+6L)? (Jz+md®)mr* + (L2 + 43 )mr? + (Jz +md?) (J) + Jo)r2 + e (L + 1)
G- mdr® 2(J7 4 md®)r + mr2l(l — 1) + Sy (L + 1)
(L+5L)? (Jz+md®)mr* + (L2 +13)mr? + (Jz +md?) () +Je)r2 + e (L + 1)
5, — mdr3 . (Jz +md?)r? —mr*LL,
(Li+5L)? (Jz+md2)mr* + (L2 + 12 mr2 + (Jz +md?) (Jy + Jo)r2 + T (1 + )2

TR T R A A R B sh ML g A3
R AKX G MNP N RGE S

1) BEASIK B 5 10 I B AN i %6 H AL BT it
I IR A K, &5 5 — LTIt N it 1 5 Ak,
I H 5 MR 1 i %, IF ez e
LAt AE R (OLARK 14 LSS A
BB H G Ty Jis Jov me ry ds LS D) R
WHG MR L I B TE G, X L R A
KIS EBA RASAE, WIRES T RASZ, &
gi)E TR RE.

2) AR O ATE P RO, Bl d#£0, RE

TR E R I TT I, RGEA S G AR
Atk R Ge, A HLR S ) R 2 5 W A e 1 0
FE, AR R ) R S AR Ik R, A e
JEE 23 00 A 0 TR T B, A R R A 2 ) A e
T 3 R

3) O IEAE W R B, Bl d=0, TR
fi] B
. A . (15)

@rzlarrfl-i-z)vrfr

XN R L2 R g, Wi E

AR e T DA S 3 2R 400 B it R o)

{ (f’l = 111f1+211f}



5 30 55 4 0] BRI NG 45 - 5 T2 g 2 Y

(¥ 5& A2 BhHLAS A AL ) 329

3 DMMC ;% (DMMC algorithm)
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4 {HFEZR (Simulation results)
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Fig.2 Results of two simulation methods

Rl 2 2 A of 5 0 B0 007 L RS e ) DA o R i
2k 1, A I T 52w it 2 1. b sk 2o &
FEHIN SN B Ry N, R B
Toft 75305 B tH A L P RTAL , DMMIC S92 18 2 S B
T IR N, BREREN 0.

5 %5i£ (Conclusion)
AW TTIR E A = — 2 HOTE
M T B AL NI IE 3 Bl )2 07 B

AT A S HLAS NG g i a) AR e M o
Fis =R AEULAEA BRI AL sh &0 R4t &

HHLEE N RGORES TR, IF4 B AL#E i DMMC
?zJE DMMC 7238 i 4 70 bl R GOR S 5 R AR vk
B MRS, EHCH A A R E
%—IM@JE/\Jﬁ(%ﬁi)ﬁlﬁﬁm,ﬁ@ﬂﬁ, (GEID
Rt . BTG 3 s T R LA Y,
KBRS St A S Fi i et , vkt —
Pem T REMIREFBESTERE . A SCRH W Rl
HLI7VE I DMMC #0750 7 S0k il o) S5
IEFEAS V2 S AL NP5 P m] 42 561
HER R RS . LS4, BiES
H—

. A ZHAEBM SRR TE. LS

Nt



332 I N 2008 47 B

e E R C IPIR I G Ll RN DA RIS TP s tions ASME, 1987, 109(2): 73~79.

{f%’j‘:m ( ﬁn % %g*ﬂﬁiﬁ% }3}:4:‘\ {j% ), EEA{E];}%%{ [3] Otten D. Building MITEE mouse III: Part 1[J]. Circuit Cellar Ink

EE’%%{I}M ?%Hc @J ’ }ﬁiﬂ U\%ﬁ\'%ff%! @J ’ %%Ilﬁiﬂﬁ‘ [4] ?gzi:u]l nlf’ llzlgygl?r’l L(ll\j[),: 53;;31'9].3 A. Mobile Robots: Inspiration to

ﬁ?ﬁa QJ ’ E'n 'TZIS 'Iﬁ% aﬁﬁ; E 15 ﬁ//l‘ %9'4(’?% . & ﬂﬁﬂ /% éJKL ;@ﬁ Implementation[M]. Natick, MA, UK: AK Peters, Ltd., 1999.

i/l‘l ?jg‘ﬁ(m*%@%%ﬁ . [5] Sarkar N, Yun X, Kumar V. Control of mechanical systems with
E éj;;I’f/E gﬁﬁ%;{%ﬁ& i&?’“ﬁ , T'f DSP F rolling constraints: Application to dynamic control of mobile

robots[J]. The International Journal of Robotics Research, 1994,

S, FEAESERR RS LR B R e
BERIZERL CLN s 2 2 A MR 5 o AN HEAA 1 (6] %7 MEEE . BUACHS TR M1, db5t: WA IR

LT, B 5 m S5 ) B 1k #t, 2006.
Katsuhiko Ogata. Modern Control Engineering[M]. Beijing: Ts-
’2% ;_% i I-'alﬁjk (References) inghua University Press, 2006.
EEE N
[1] HuangL, Yu W, Jhajharia S K. Speed control of differentially driven BIT:
wheeled mobile robots — tracking and synchronization[A]. Proceed- FRBeMs (1982-), 55, WL, YRIT. WFITAUE: ML AR
ings of the IEEE Instrumentation and Measurement Technology B, HLAE ).
Conference[C]. Piscataway, NJ, USA: IEEE, 2003. 1407~1412. FaR (19612, Y, W4 )5, WFoi. UFoiask. 2 aesE
[2] Borenstein J, Koren Y. Motion control analysis of a mobile robot[J]. i, EE R, ERENLEE .
Journal of Dynamic Systems, Measurement and Control, Transac- Zzh#& (1979-), B, EHAA. WFoTmisEl: HEHLM .
(455 325 5O
[10] FhEEYT, SRR, XEEZR. B el 58K M1 Wang Lei, Shen Ting-zhi, Zhao Yang. An improved adaptive
b5t ER R A, 1997, 52~62. genetic algorithm[J]. Systems Engineering and Electronics, 2002,
Sun Zeng-qi, Zhang Zai-xing, Deng Zhi-dong. Intelligent Control 24(5): 75~78.
Theory and Technology[M]. Beijing: Tsinghua University Press, s
1997. };2~62. v e : ’ ﬂE % 1 jl\ :

R E 978, B, WAL TS WL AR B
WL P A .

[11] Srinivas M, Patnaik L M. Adaptive probabilities of crossover and

mutation in genetic algorithms[J]. IEEE Transacitions on Systems,

Man and Cybernetics, 1994, 24(4): 656~667. TAE (‘;967:) ’ %H?; » L +. B %Q'ﬁ el Az g)
(20 B, R, H. — e R S ), Fo DL, R

R THSHEFHEAR, 2002, 24(5): 75~78.



