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A Capturing Algorithm of Moving Object using
Single Curvature Trajectory

A
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(Byoung-Suk Choi and Jang-Myung Lee)

Abstract : An optimal capturing trajectory for a moving object is proposed in this paper based on the observation that a single-
curvature path is more accurate than double- or triple-curvature paths. Moving distance, moving time, and trajectory error are major
factors considered in deciding an optimal path for capturing the moving object. That is, the moving time and distance are minimized
while the trajectory error is maintained as small as possible. The three major factors are compared for the single and the double
curvature trajectories to show superiority of the single curvature trajectory. Based upon the single curvature trajectory, a kinematics
model of a mobile robot is proposed to follow and capture the moving object, in this paper. A capturing scenario can be summarized
as follows: 1. Motion of the moving object has been captured by a CCD camera., 2. Position of the moving object has been estimated
using the image frames, and 3. The mobile robot tries to follow the moving object along the single curvature trajectory which
matches positions and orientations of the moving object and the mobile robot at the final moment. Effectiveness of the single
curvature trajectory modeling and capturing algorithm has been proved, through simulations and real experiments using a 2-DOF

wheel-based mobile robot.

Keywords: single curvature trajectory, mobile robot, capturing, moving object

L A&

‘23 roboty 0] 2= 8017} §-2] >N Q1A= A1zt
AL 19703 tREEolth 197030 vho] 22X 2 Al M (micro-
processor)?] 54C 2 3 AF¥stm A 2HEE Ao
o 4 U Eda, so-o0ddied AdE T ZRAME
2R £2F 35 mEA BEUTH2). JH3=, 4
A, JATAT, G4, AFH 7w dEE 2522 1A
Hoh #4 o Ao %3k Aoj7t 7R, 25l
 FARAE Q48] ARl wEbs Axg 534
HE ZdAsle= o]&8t A58 Zhintelligent robof)o] 533
7ol o] 25 T3]

212 ool wakd aA 21 wiyE o] Bl(manipulator)
¢ Sbd(mobile) 2RO v ¢ vk A" AYE
& 2t 2% iy EolHe vlsf mrtd 2XE o]Fe] 7}
sot7] mizel 2hEitdel Al glARL 2R AL o)
SRR BXe] AASA, % 3 VSN, FEds, o
TH2EAT ol s TREe AREE 1 6}]0]: ki3
o webA Eukd 2R tig A 2R A Fal
U A2 A, AAFA, FA = A 2 5 9
tHa5l. 2R FRFRAEL Z7HAA ExA-A
HAe| Amg dAlsket 2 540] A Ik o
o Az AAE o H2FHPAL, JLFHAY, J4FY
22 ns HeH, o] 2258 FHAA ¢, A=
FABAE AL ok A, SERE Tk 2R
FHA e} FHARES vl Al lon, FFATF 43

r(m

* A=) 2K Corresponding Author)

BT 12004.9.30,  A=EA :2005.9.29.

é]tg/\% ol . FakfEknl Mxlgskak

(woodc@pusan.ac.kr/jmlee@pusan.ac.kr)

B AT ARENF ds T ATAEITRE $4, <19 Ahge)
AFARE FHRHAS

iy

w9} FYAZHe while] FAle] FT), 3y
A Zol7] Y8l FAEEE Eold, AnkHow Fa
QAL Zrai) oAt Zhs FF A4 2 X u
A Blge] Z7HE ol HMAHORE FaA F3
Jal7h 258 Sojus @S et Jejma AzA
o % 1o et AHY ojelrbq et Ed® 7}
A 8} Aol Fx7F "Arhe). o
o] ZF3jol °1ow AZADE 7)o
Fol, Tt FahAL o F3
S )75l m A7} B 7]
Hlel 2Rl Ui ATE 2Rol| Yatd MM} 29
N@UMLENE B A 2Ho, FAR] o8 BAY
= A HE@RA B2, A e, dZFol)] Tt Y&

meh B ereldt muld 22 585 U
of 24e RET 2o FAAHoT BAREANLL
ANSIL, o 5EAE F4 L Toleh A=A 2R 1
A7 Bky, AR AT A BN GUREAHo
FHAE, FRA), FYLA O olHE 54 wol=
A Lolngic. mrpel 2o 4RE CCDAMBE o] 85

Path A? B?C?

r

-

Time?

Accuracy?

Distance?

EERR- UL DR ERE
Fig. 1. Trajectory planning for a mobile robot.
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Fig. 2. Kinematics model of mobile robot.
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Table 1. Computed single-curvature and double-curvature trajectory.

Single Curvature | Double Curvature
Trajectory Trajectory
Initial position P=0, 0, 90°) P=(0, 0, 90°)
Final position P=(5, 4, 109.6°) P=(5, 4, 90%
Path distance (m) 7.18m 7.18m
Rotation radius (m) 375m 1.88 m
] . @1 =109.65°
Rotation angle(deg) 109.65 92 = 109.65°
.. ICC1=(1.87,0)
Position of ICC (3.75,0) ICC2=(3.13,4)
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Table 2. Hardware specifications of the moving object.

List Specification
Size (mm) 246 * 191 * 113 (L*W*H)
Weight (kg) 095kg
Distance between wheels (mm) 184 mm
Radius of wheel (mm) 19 mm
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Fig. 15. Photograph of the mobile robot.
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Table 3. Hardware specifications of the moving object.

List Specification
Size (mm) 660 * 430 * 465 (L*W*H)
Weight (kg) 19.5kg
Distance between wheels (mm) 400 mm
Radius of wheel (mm) 105 mm
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Table 4. Computed velocity of the mobile robot for each trajectory.

Single-curvature Double-curvature
Lists Trajectory Trajectory
(=3.75m) (r=1.875*2m)

w(mss) | Time(s) | vi(m/s) | ve(m/s) | vi(mi/s) | ve(m/s)
0.1 72.8 0.105 0.095 0.089 0.111
0.2 379 0211 0.189 0.179 0221
0.3 269 0316 0.284 0.268 0332
0.4 21.9 0421 0.379 0357 0443
0.5 193 0.527 0473 0.447 0.553
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Fig. 16. Real experiments of the mobile robot driving.
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Table 5. Rotation radius, driving error, time, and distance along the
single-curvature trajectory.

v(m/s) | R real(m) | Error(m) Time(s) | Distance(m)
0.1 3.88 0.13 74.0 7.31
02 413 0.38 395 7.54
03 437 0.62 28.8 7.75
0.4 4.61 0.86 24.0 7.98
05 498 123 215 832
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Table 6. Rotation radius, driving error, time, and distance along the
double-curvature trajectory.

W R1 real R2 real Error Time | Distance
(m/s) (m) (m) (m) S (m)
0.1 2.02 2.06 0.51 772 7.67
0.2 225 225 1.02 416 8.08
03 247 2.38 1.44 321 8.12
04 285 . 2.89 243 28.8 8.80
0.5 312 315 3.01 262 933
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7 T T H T 7 T i 7
6 |- . . b e '(avﬂmx\: |
Trajectory of Mobile Rabot Pain
O me 3 +-0
5 \ Pathi-2 f u_a.++
A o
++++++++“W
— N 4+ »*
N I R o) RN
< + i )
2 4 R h
2 . * . . .
b &+ Wt Trajectory of Moving Object
- 5 ¥ <
> 3 g K3 {v_obj=0.3 m/s) y
+
. ; 0
3 +
* -
Lt
v
START "c‘
o
1 o
7
[} Ll I i

X position [m]

I3 18 AA 4 9 2 A4 A=
Fig. 18. Real tracking and capturing trajectory. .
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