0 TS FHEHEIL DT80
Btz Y ERAWNZI L—X Ty FENIE S R T L
Anti-sway system with an image sensor for efficient container handling
06D5103 JIJE 75t fREZE ARE G

SYNOPSIS

High speed and efficiency are highly important factors in handling containers at ports. It is well known that the ability to handle containers at high speed
strongly depends on the anti-sway system employed. However, it is not easy to realize a high-performance anti-sway system due to a number of problems.
High-speed operation of container cranes is continuously required for crane operators who work as container handlers at ports. Undesirable motion of a crane
spreader can lower the work efficiency due to the prolonged strain to which operators are subjected. To overcome this problem, we propose an image sensor
for spreader position measurement and construct an anti-sway system with the sensor and an anti-sway controller. The image sensor consists of a pair of
landmark attached to the spreader, a CCD camera and PC installed in the trolley of the crane, and has the following several advantages. (1) The image sensor is
safe for the operators due to passively measuring method. (2) It employs a specific landmark robust to change of the spreader height. (3) It uses a robust
template matching method "Vector Code Correlation method", which is suitable for the landmark detection under outdoor light conditions. The employed
anti-sway controller is a mass damper type in which a movable mass is installed on the spreader. The actuator acting on the movable mass applies inertial force
to the spreader, which results in suppressing undesirable sway motion. The constructed anti-sway system is simple and can be easily applied to any crane
system. We verified features of the image sensor through the fundamental experiments such as the position change of a crane spreader using a moving stage
and the illumination condition change. Then, we confirmed that the maximum absolute error at 20m in height is within 3.3 mm in sway motion. In addition,

we also confirmed that the anti-sway system constructed on a model crane could rapidly suppress undesirable sway motion in manual handling.

Keywords: Container Crane, Anti-sway system, Image sensor, Position measurement, Robust template matching
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Fig.1 Schematic diagram of the proposed anti-sway system
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Fig.5 Dynamic model of the anti-sway controller (a) Schematic diagram (b)

Geometrical representation
Table 1 Parameters for anti-sway controller design
Parameter Value
G 0.005324[N"s/m]
Ca 1.586[N's/m]
ka 0.00095[N/m]
Fon 9.88[N/A]
M 0.565[kg]
m 0.095[kg]
/ 040[m]
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Fig.6 Experimental setups for evaluating measurement precision (a) setup
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Fig.7 Template and landmarks under three lighting conditions (a) template
obtained in an ordinary indoor condition (b) landmark in the same condition
as the template (c) in a lighter condition (d) in a darker condition
Table 2 Sensor parameters used in the experiment

Parameter Value
Camera image size (WxH) 640x480 [pixels]
Template size (WxH) 34x34 [pixels]
Pixel size: p 74 [pnvpixel]
Focal length: /* 12.61 [mm]
Distance between landmarks: D 70 [mm]
Processing speed 110 [fps]
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Fig.8 Experimental results when the landmark is swayed (a) measurement
error of x,(b) measurement error of y;(c) measurement error of d
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Fig.10 Experimental result of anti-sway control (a) sway motion of the crane
without the anti-sway controller (b) sway motion with the anti-sway
controller (c) Displacement of the damper mass

Wit VY, BV CHERT BN L 2 5 IR0 %
ektL, 7o b—b~uF o T O—FETHDHT MVEF
FFBAIC L VRIS LTz, 51T, A7 Ly X O Sy,
EHRNOYER « Hig/ NIk LD OIRBEL LT > K=
— 7 N TRHIE LTz, ERs S, ifget - o EARR 223
FEEE &I, FREAGHFOZALROA T L X O S b ~Driffk
PEAGEA SN, S BIT, EREAAE LZBRE T, ZoRkE
N5 VAL —DRELZFEH CErF L RENT-.

FAUNIE S 2T BZHOWTIE, EFLY L—r RIZT T 7
SRR D, TERMRHERH T DFEruIEMRED SRR S 7.
FERL LT, BB AT MIAT Ly X O A HIHIEE
THIETE T, ZOFND, 7 L— W0 bz FEHT 5
B, ALY AT AREWEREE TS EERD.

SEGHR

1) FRE— BB, Vol52(2006) pp.340-348.

2) W. Cheng, etal.: Proc. of the ACC (1993) pp.2562-2566.

3) N. Nomura, et al.: Trans. of the Institute of Elec. Eng. of Japan(D),
Vol. 17 (1997) pp.1341-1347.

4) H. Yoshikawa, et al.: Mitsubishi Heavy Industries, Ltd. Technical
Review, Vol. 38 (2001) pp. 67-72.

5) EHER, FIFIES, EHMe, FIRESC: FHEEHTES:
L, Vol. 41 (2005) pp. 527-532.

6) H.Kawai etal.: Proc. SPIE, Vol. 6794 (2007) pp.67944Z

7 NHFH, EEEE, gHGmE, ACRERE 3 HR B B
PACRE SR FAFRIFRSROUE, Vol 38 (2006) pp.55-56.

8) A, SR, TR A USR58 D-IL, Vol.
83-D-II (2000) pp.1323-1331

9) £ HHIE, HRRE (1994) pp. 5-16.



