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Minimum-Time Algorithm for Intercepting an Object by the Robot on
Conveyor System
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Abstract : This paper focuses on planning strategies for object interception by the robotic manipulator on a conveyor system in
minimum time. The goal is that the robot is able to intercept object with minimum time on a conveyor line that moves at a given
speed. The search algorithm for minimum time solution is given in detail for all possible cases for initial locations of robot.

Simulations results show the validity of the given algorithm.
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Fig. 1. Conveyor and robot system.
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Fig. 3. Object motion curves and robot motion curves.
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Fig. 4. Initial positions of the robot.
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Table 1. The result of proposed algorithm.

{ Tnitial
* _ Point
i 7

2]z ]
se [ww | I apap | | oy
- g | AE A%
(mm/s) | F Al ZKms) (mm)
(mm) (mm)
©| 3 2348 413 2347 0.05
®| 2 223 438 224 1
400 A 2 -138 658.8 -136 2
®| 1 244 1059 236 0.79
®| 2 979 1246 98.4 0.5
@ 2 174 1433 732 0.8
D 2 | 924 512 928 | 042
@ 2 -168.7 386 1684 0.31
@ 1 499 588 472 2.69
600 ®| 2 1722 953 171.8 0.42
®| 2 280.7 6786 2786 2.14
@ 1 391.7 1319 3914 0.3
E 2. o1 gadE 4
Table 2. The result of binary search algorithm.
2] A Al
&g | e = 2RolE A o)
L. | FE AE
(mm/s) | F A1ZK(ms) (mm)
(mm) (mm)
@ 7 2313 421 2316 035
®| 10 | 2242 438 2248 0.6
400 ® 6 -1375 658.8 -136.5 1.02
®| 8 219 1058 232 1.33
®| 11 98.1 1247 98.8 0.75
@| 10 1742 1431 1724 1.82
@ 8 90.6 513 922 1.58
@ 8 | -1656 386 1684 | 278
S 7 4375 590 46 225
600
®| 8 1719 953 1718 007
® 9 279.7 1131 2786 1.08
@ 9 3922 1320 392 0.18

KO- S8 - AARZS =2X W 11 &, M 9 5 2005. 9

V.48

B ERdAe Awololde] olFEA 2 —ET
o FHAAR daelFS ARKIAT. 2Zio)
AE 53] H8iA 283 X9 e *@.— v g
oS w=A FAgo e g daEE HH3) s
AN AABRE SiEEFS t&%ﬁ—? Age 9
A

].

1 Mo to
o Ef

3
2=

Hn

oA o)zl & gueE EE} F4 B 435 Hof
th AN GagEe ZRE o83 A 2R o
2le] EA7F Ao M*&OM ol FHE AL o EAE
7 AIZE W] g53te] T ol oo s F$- A
Agte] WA At o]2id FANA Al HaAZ FE
o] Basitt weba & dugFe oy e A7) 99
A WA= B B duglFo] Aed 4 Jeqt
I Alg Pk

Ato2s

[11 R. Sharma, J. -Y. Herve, and P. Cucka, "Dynamic robot
manipulation using visual tracking," Proc. of IEEE Int. Conf
Robotics and Automation, Nice, France, pp. 1844-1849. May
1992.

[2] P. K. Allen, A. Timcenko, B. Yoshimi, and P. Michelman,
"Automated tracking and grasping of a moving object with a
robotic hand-eye system," [EEE Trans. Robotics and
Automation, vol. 9, pp. 152-165, Apr. 1993,

[3] M. Jarabek and David W. Capson, "Robot position servoing
using visual gap measurement," /EEE Instrumentation and
Measurement Tech Conf, St, Paul, Minnesota, pp. 26-30, May
1998.

W] AitE 299, PR, ol FEA £ 919 v A
2 Ao} AAR A d=5H7| A, pp. 96-101,
2002.

[5] N. P. Papanikolopoulos, P. K. Khosla, and T. Kanade, "Visual
tracking of a moving target by a camera mounted on a object: a
combination of control and vision," IEEE Trans. Robotics and
Automation, vol. 9 pp. 14-35, Feb. 1993.

[6] N.P. Papanikolopoulos and P. K. Khosla. "Feature based robotic
visual tracking of 3-D translational motion" Proc of the 30th
IEEE Conf Decision and Control, pp. 1877-1882, Dec 1991.

[7]1 D. P. Tsakiris, "Visual tracking strategies" Master's thesis Dept.
of Electrical Eng., Univ. of Maryland College Park, 1988.

[8] V. Rajan, "Minimum time trajectory planning" /EEE Int. Conf-
Robotics and Automation, pp.759-764, 1985.

[9] K. Shin and N. D. McKay, "Selection of near-minimum-time
geometric paths for robotic manipulators”, J/EEE Trans
Automatic Control, vol. 31 Issue. 6, pp. 501-511, June 1986.

[10] E. A. Croft, R. G Fenton, and B. Benhabib, "Time-optimal
interception of objects moving along predictable paths,” /EEE
Int Symp Assembly and Task Plavining, pp.419 - 425,10-11 Aug.
1995.

(1] B35, &5, "ds5d PPRE o83 B4 £3

Az P AlsE B ARAGE FA o
Edl3] =F3 A9 A23Z, pp. 653-656, Nov. 2002.

[12] D. Hujic, E. A. Croft, G Zak, R. G Fenton, J. K. Mills, and B.
Benhabib, "The robotic interception of moving objects in
industrial setting: strategy development and experiment" /EEE

w2l



Journal of Control, Automation, and Systems Engineering Vol. 11, No. 9, September 2005 801

"Detection and handling of moving objects," /EEE IECON, pp.
1332-1337, 1998. .

Trans Mechatronics, pp. 225-239, Sept. 1998.
(13] D. Rembold, U. Zimmermann, T. Langle, and H. Worn,

Al ©] Ab
—_ o

1996 sHefstw A7)3Ea (5
AD. 19981 BAhEt . 7] Eea) &
HAAE HF : A717]7) 2 A==,
2003 MEoNeha AFE|EET ua}
FEERE2 4F). Bk 2R
B, AR HEL

198513 AR ) Shal(F5FAD, 19884 Univ.
of Michigan(3-8FAD. 1993'd  Purdue
Univ,, US.A(F 3D, 19861 AAFEA
A2 A7, 199340~1999' AP AR}
FAATY. 19999~ A  AlFehstu,
Hude #AAEok= RTOS7|8F 25 A

°)7], Fev= A2, HFE uA



