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Development of Camera-Based Measurement System for Crane Spreader Position

using Foggy-degraded Image Restoration Technique
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Abstract : In this paper, a foggy-degraded image restoration technique with a physics-based degradation model is proposed for the
measurement system. When the degradation model is used for the image restoration, its parameters and a distance from the spreader
to the camera have to be previously known. In the proposed image restoration technique, the parameters are estimated from variances
and averages of intensities on two foggy-degraded landmark images taken at different distances. Foggy-degraded images can be restored
with the estimated parameters and the distance measured by the measurement system. On the basis of the experimental results, the
performance of the proposed foggy-degraded image restoration technique was verified.
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1. Introduction

Owing to the increased number of containers transferred
at terminals, the improved handling efficiency has recently
been required. The handling efficiency generally depends on
the processing capability of container cranes. However,
undesirable sway motion of a crane spreader suspended by
four flexible ropes from the top of the crane sometimes
greatly degrades the processing capability(Kim et al., 2000,
Lee et al,, 2005, Lee et al., 2008, Park et al., 2000, Son et al.,
2002). Therefore, the anti-sway system is an important
component for ensuring handling efficiency(Kawai et al.,
2009a).

For the development of the anti-sway system, we have
proposed a camera-based measurement system that
consists of two landmarks affixed to the spreader and a
camera installed in the crane trolley(Kawai et al., 2009b).
The measurement system can accurately measure two
sway motions and a height as the spreader position by
detecting two landmarks from an input image taken by the
camera.

However, under foggy weather conditions at container
terminals, the contrast of the input images is drastically
degraded. This degradation would prevent the measurement
system from achieving accurate position measurement.
Hence, it is imperative to remove the foggy weather effect
from the input images in order to make the measurement

system more reliable.
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To restore the contrast of foggy—degraded images, several
techniques based on a physics—based degradation model
have been proposed(Narashiman and Nayar, 2003, Hiramatsu
et al, 2008). Narasimhan et al.
images using two foggy-degraded images that are taken by

restore the contrast of

the same viewpoint at different conditions. Hiramatsu et al
restore the foggy-degraded images taken by an on-vehicle
camera, using the vanishing point of the road in the images
as a reference point. However, these techniques can not be
employed to the proposed measurement system because the
crane and the spreader are dynamically moved in the
container handling process.

In this paper, we propose a foggy-degraded image
restoration technique suitable for the proposed measurement
system. When we restore the contrast of foggy-degraded
input images using the physics—based degradation model, its
parameters should be estimated from images. Since the
degradation model is defined with a distance from a camera
to an object as a variable, the parameters are estimated
landmark images taken at
After this

is restored by using the

from two foggy—degraded
different spreader heights. estimation, the
foggy—degraded input image
degradation model and the spreader height measured from
the previous frame. On the basis of the experimental results,
the performance of the proposed foggy—-degraded image
restoration technique is evaluated in terms of landmark

detection and position measurement.
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2. Fog Degradation Model

Foggy weather conditions have a number of small
atmospheric particles. The atmospheric particles scatter light
beams from a scene and the sun. This scattering causes the
attenuation of the light beams of the scene taken by a
called

airlight, also come toward the camera. Therefore, the

camera. Additionally, the scattered light beams,
contrast of the input images is degraded (Narashiman and
Nayar, 2003, Hiramatsu et al., 2008).

Fig. 1 shows the scheme of the degradation model. In Fig.
1, we assume that a monochrome camera is used, image
data represents the intensity of a light beam. Under a foggy
weather condition, the intensity of a scene point is taken
into a pixel of an input image, degrading exponentially with
distance from the scene point. The intensity of airlight is
also taken into the pixel parallel to the light beam from the
scene point. Therefore, the observed intensity at a pixel of a

foggy-degraded image is defined with (1).
I=Re P4+ 4 _(1—e 9) 1)

Where, I is the observed intensity at a pixel of the
foggy—degraded input image, R is the intrinsic intensity,
A, is the intensity of the light from the sun, 8 is the
scattering coefficient, and d is the distance from the object.
The this

degradation model is to calculate the R. Therefore, § and

foggy-degraded 1image restoration using

A, have to be previously estimated from foggy—degraded

images before the restoration.

3. Measurement System for Container Crane
Spreader

Fig. 2

measurement system installed on a container crane. This

shows a schematic diagram of the proposed

measurement system consists of two landmarks affixed to
the spreader and a camera installed in the trolley. In the
initial arrangement, the midpoint between landmarks is
located at the image center of the camera. The landmarks
used in this system have a radial pattern that consists of
alternating white and black regions separated by lines
intersecting at the center, as shown in the right side of Fig.
2. This shape allows the proposed measurement system to
detect the central position in an input image captured at an
arbitrary spreader height.

Fig. 3 schematically shows the position measurement for

the spreader. In the proposed measurement system, the

midpoint between landmarks is defined as the measured

point (X, Y, Z). Where X, and Y, represent the

horizontal and vertical displacements from the initial
arrangement, Z, represents the spreader height from the
trolley. The measurement of the position is based on the
central positions of two landmarks (z,,y,) and (z,y,) in
an input image taken by the camera, which are detected by
template matching. From these central positions, the
landmarks, I,
landmarks (z,, y,) in an input image are calculated using

(2) and (3).
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Fig. 1 Scheme of the fog degradation model
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Fig. 2 Schematic diagram of proposed measurement

system

T+, y1+y2)

(xsv ys):(Ty 2 (2)

l= \/(xl_x2)2+(y1_y2)2 3

Then, (X,, Y,, Z,) is calculated using (4) from the ratio
of [ to the actual distance between landmarks Z.

L L L

()(,w )/sv Zs) = (TIS7 Tys7 Ef )

Here, p is the pixel size and f is the focal length of the

camera.
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Fig. 3 Schematic diagram of position measurement for the

spreader

4, Foggy-Degraded Image Restoration using
Distances

To restore foggy-degraded input images using the
physics—based degradation model that is represented with
(1), we have to estimate the scattering coefficient 5 and the

light intensity A., from the sun. Considering the container

handling process, we employ an estimation technique that is
based on two foggy-degraded images captured at different
spreader heights.

First, a variance of a landmark image that is a partial
image of an input image taken at a certain spreader height
d(=2Z) can be considered with (5).

s

1 X 1 2
o —W_Zl(fj—]—vzll 5)
=

=0

N

o 1 1)
—e ¥ Tv‘; Rj—]—vl;;ﬁ,
= o282

Where, N is the size of the landmark image (width x

height) and ¢ is the variance of the intrinsic intensities on
2007). From (5), the
images taken at different

the landmark image(Mori et al,
variances on the landmark

spreader heights, d, and d,, are given by,

< —20d, ~
aél =e g2 6)
—26d, ~
o =e ol (7
2

By using (6) and (7), 3 can be estimated by,

2
o
1 lni ®)

) "

Second, averages of the landmark images at d, and d,
are also considered from (1).

Z= Eei";d‘ +AOO(1 — eiﬁdl) 9)

‘1

— Bdy

Z: Re +Aoo(1 —67‘3@) (10)

By using (6) and (7), A. can be estimated by,
7216*3(12
A, =—————F7— (11)

—Bd, _—pd,
e —e

Although the A, can be estimated with a pair of

intensities of a pixel in two foggy-degraded landmark
images, we use the average considering the influence of
undesirable noises. Since the crane spreader is usually rolled
up and down in the container handling process, two
foggy-degraded landmark images are easily obtained. And
the spreader height can be measured with (2)-(4) by
automatically or manually detecting two landmarks from the
foggy—-degraded input image. Therefore, this estimation
technique can be applied to the proposed measurement
system.

The

physics—based degradation model is

foggy-degraded 1image restoration using the
processed  before
landmark detection. From (1), the restored intensity of a

foggy-degraded input image is given by (12),
R=1FE""+4_(1—¢"). (12)

Here, as the distance d, we use the previous spreader
height Z, which is calculated from the previous input
image. The previous Z, is actually different from the actual
height where the foggy—-degraded input image is taken, but
the spreader height is gradually changed in the container
handling process. Hence, we regard the previous Z, as the

actual height.

5. Experiment

To evaluate the performance of the proposed
foggy-degraded image restoration technique, we conducted
an experiment with foggy visibility. In the experiment, we
placed a camera and a movable board assumed as the crane
spreader into a clear and sealed box. Additionally, a
humidifier was installed into the box, which is used to make
the inside visibility of the box foggy. Then, we took 450

input images while actuating the humidifier and moving the
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spreader from 590 mm to 1534 mm of the distance with
some stationary condition. Table 1 and Fig. 4 show

parameters of the proposed measurement —system,
foggy—degraded input images and the template, respectively.
From comparison of the visibility of the spreader in Frame 1
with one in Frame 450, the visibility was clearly degraded

according to the spreader height.

Template

Framel Z, = 590[mm] Frame4350Z,

Inputimages

1534[mm]

Fig. 4 Input images and template

Table 1 Parameters of measurement system

Input image size
(widthxheight)
Template image size
(widthxheight)
Focal length @ f
Pixel size @ p
Distance between
landmarks : D

640x480 pixels

34x34 pixels

12 mm
0.0074 mm/pixel

88mm

Table 2 Estimation results for the parameters

Parameter Estimated value

&) 1.155 % 107°

A, 125.3

In the experiment, we estimated the scattering

coefficient 8 and the light intensity A, from the sun with

upper landmark images that were manually extracted from
Frame 1 and Frame 450. Table 2 shows the estimation
results for the parameters. Then, while restoring the input
based on the

images estimated parameters, the

measurement  system detected two landmarks and
measured the spreader position.

Fig. 5 shows the experimental results for the landmark
150 and Frame 450 of the
The detected landmark

positions are depicted as rectangles in the input images. For

detection in Frame

foggy—degraded input images.

comparison, the results without the proposed image
restoration technique are shown in Fig. 5(a), where the
landmark detection failed due to poor visibility. In contrast,
the landmark detection with the proposed restoration
technique succeeded in all input images, as shown in Fig.
5(b).
Fig. 6

position obtained from the measurement system with the

shows experimental results for the spreader

proposed image restoration technique. Since the landmark
in all

succeeded in all

detection succeeded input images, the position
also

Additionally, no large fluctuation in the measured values is

measurement input images.

observed in stationary conditions. These results mean that
the proposed foggy-degraded image restoration technique
allows our measurement system to successfully measure the
spreader position.
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Fig. 6 Experimental results for spreader position

measurement with the proposed image restoration

Frame 150 Frame 450

Frame 150 Frame 450

(a) Landmark detection without image restoration (b) Landmark detection with image restoration

Fig. 5 Experimental results for landmark detection
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6. Conclusion

A foggy-degraded image restoration technique for the
spreader position measurement system has been proposed.
The proposed restoration technique is based on a
physics—based model representing the degradation of the
image intensity under foggy weather conditions. The model
parameters are estimated by using variances and averages
of two foggy-degraded landmark images. By using the
estimated parameters and a measured spreader height, the
measurement system restore the foggy-degraded input
image. From the experimental results, it is clear that the
proposed foggy—-degraded image restoration technique allows
the proposed measurement system to successfully measure
the spreader position under foggy condition. As future
works, we will evaluate the accuracy of the measurement

system with the proposed under a foggy weather condition.
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