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Study on High Speed Control of Mobile Robots
— Time-Optimal Trajectories between Two Points with Nonzero Velocity —

Makoto IWAMURA and Naohiro IMABETSUPU

This paper discusses the problem of high speed control of mobile robots with two independently driven
wheels. Firstly, the time-optimal trajectories between two points are numerically analyzed based on an optimal
control algorithm. Then, using Pontryagin’s maximum principle, we prove that all optimal controls that steers the
robot from an arbitrary initial state to a desired state in minimum traveling time are necessarily bang-bang.
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Fig. 1

A skid-steer type mobile robot
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Fig. 2 Notation for the geometry of the mobile robot
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Table 1 Ratio of bang-bang interval to total time [%]
Case01 98.0 | Casell 91.3 || Case21 98.0
Case02 970 | Case12 972 || Case22 992
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Case 04 937 || Case 14 922 || Case24 95.8
Case05 942 || Case15 954 || Case25 914
Case 06 945 || Case 16 97.1 || Case 26 91.1
Case 07 94.6 || Case 17 99.6 || Case27 932
Case 08 943 || Case 18 943 || Case28 98.3
Case 09 96.7 || Case 19 91.3 || Case29 942
Case 10 969 || Case20 933 || Case30 945
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0[] £R2DIE, vy =0, o =0 3] DEHEL,
vi #0 7203 yo #£0 [0, 3] DEEITTT 51503, Hi
FHOLEIE531 TRLZK)ICA#EE L LDT, DT
Vi #0 703 yo #0 [1,13] DEHRICOVWTEZS. C
DEE X3 1E X R [tz,t3] TREHE 75 DT, 3 =0 [tg,t3]
&b, 958, AR &V xu—x5=0[0,n &£45
DY, WE, x4+x5 =0 [tg,t5] DHEEEHFEZTLDT

(7)

X =0,x5=0][t,t5] £%%. 2D EE, K (19),20) XD,
31=0,5=0u,t) L%5D i3=0 4,65 TH>D
T, ZIUIXM [t,15] TRy FMEIRT B &R ER
5. W2, RRERELE L THRETH 2.

PLEIZX D, 53 DA I3 REEDBELM 2 i
T AL BN &3 5.

54 BSEOBERBOFEY  AnoEmERAET
2L, 207 BRE RS E R v b o i AR
B 2 RolEHIE A ORI, s TTHE R E T 5 i)
M 72554 & 463 Bang-Bang flflic 2 2 £z 3.

6. & H O [

AT, 2HnZ BB e Ry P 2R E L,
HERTHREZAT 2 - RNLERFEFD S L TOmRK
REEHIER I WO L 22, 7, Wlgo Tl
IR IRAZERET 5 2 LSRR R B 1T 7OV A
L, SRR 2 s dil i & L-CEsb L 72,
ZLTC, BFHEPREL T3 REEAREE T
D DG U TR 2 Koo 7o, sl T
JE2 6T 254 Roltili A 113 Bang-Bang Hilf#lic 7 %
P E N, % 2T, Pontryagin D KFHIZ I
T, FEM R NT 21770 o 7450, FREREIE D &0, R
il A7 13 %51 Bang-Bang Hilffll & 72 % 2 L2V S e,
CoOfERE, B ZIEETHICBEIREEY 2L, —H
f#IEd % 2 L S ERHETHEZ 7 v 77— T 250
7, BEaRy ORISR T ICE T 2 WuEALIC
i Tens tEZLND,
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