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Abstract: Automation is a trend for large container terminals nowadays, and container positioning techniques
are key factor in the automating process. Vision based positioning techniques are inexpensive and rather
accurate in nature, while the effect with insufficient illumination is left in question. This paper proposed a
vision-based procedure with image sensors to determine the position of one container in the horizontal plane.
The points found by the edge detection operator are clustered, and only the peak points in the parameter space of
the Hough transformation is selected, in order that the effect of noises could be much decreased. The
effectiveness of our procedure is verified in experiments, in which the efficiency of the procedure is also
investigated. Copyright © 2014 IFSA Publishing, S. L.
Keywords: Container horizontal positioning, Automated container terminal, Machine vision, Image processing,
Hough transform.

1. Introduction
Following the trend of vessel enlargement,
automation is a tendency of the large container
terminals in the world, especially those located in a
port which wants to be the hub port in the next few
decades. It is widely recognized that, larger the
vessel, lower the transportation cost per container. As
a result, the capacity of the largest container vessels
nowadays is up to 18000TEUs, which will rise to
22000TEUs in the coming years. These vessels call at
a limited number of terminals all over the world,
which consequently act as transshipment stations
between other terminals and the largest vessels.
Therefore, the ports of these terminals become the
hub ports in the container global transportation.
Automation is a tendency for the container
terminals which serves the largest vessels in the
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world. It is a challenge to meet the handling demand
of the large container vessels with restricted human
resource: the terminals should operate 24 hours a day
and 7 days a week; the number of equipments used in
the terminal will be more than hundreds; the decision
making process of the containers, such as the storage
positions, the handling sequences and the equipments
to be used, will exceed the bound of human abilities.
Automation is a promising way to overcome this
challenge. It offers great support in the decisionmaking process, and aids in controlling the handling
equipments in the terminal. With the help of
automation, a terminal serving the largest vessels
could be operated well by a relatively small group of
people.
Container positioning techniques are a key factor
in the automation of container handling
equipments [1, 2]. These techniques are used on the
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quayside and yard cranes to obtain the positions of
container during the handling process. Besides the
vision-based technique, some other techniques are
also used in determining the position of containers,
including GPS, RFID, laser [3], magnetic scale [4],
and infrared rays. However, these techniques are
either not accurate enough or expensive in
implementation. Vision-based positioning technique
seems the only way which could reach to high
positioning accuracy with comparatively low cost.
Although a promising container positioning
technique, the vision-based technique is defective in
practical application. The performance of this
technique is poor with insufficient illumination, i.e. at
night, while supplementary illumination with spot
light could easily bring reflection spots into the
image, which is serious noise for image processing.
Therefore, the application of vision-based technique
is still limited in automated container terminals.

2. Literature Review
Vision based techniques are widely used for
decision supporting in automation systems, including
auto-driving system [5], Robot navigating system [6],
and guidance of agricultural machines [7]. This
technique is always required in improving the
automatic level of some system, as in urban traffic
system, agriculture system, and container terminal
handling system. For instance, the vision system for
container code recognition [8] is already a successful
application of vision based techniques for automated
container terminals. Howbeit the vision based
container positioning technique is just not
that mature.
N. Miyata et al. proposed in their patent [9] a
container positioning method with two cameras fixed
on two adjacent edges of the container spreader. This
method guided the crane operator in unloading one
container onto the stack or down to the ground, or
loading one container adversely. Each camera detects
an edge line of the container stacked beneath the
spreader, or one guide line drawn on the ground,
based on which the operator gets the horizontal
position of the spreader tuned and finishes an
accurate loading or unloading.
H. Kawai et al. [10] proposed a position
measurement system of container crane spreader
using one image sensor. They placed the sensor at the
bottom of the trolley, and drew two landmarks on the
top of the spreader. By recognizing the landmarks
using Vector Code Correlation (VCC) method, the
vertical distance of the trolley to the spreader could
be measured from the image. The displacement of
sway motions could be measured at the same time. In
their further research [11], they combined their
method with a mass damper anti-sway system, which
is installed on the spreader and to reduce undesirable
sway motion. It is verified in experiment that the
proposed sensing system has a sufficiently high

measurement accuracy and reliability such that it is
applicable to anti-sway system design.
Hee-Joo Yoon et al. [12] presented a method of
container detection and depth extraction using stereo
vision. They detected the edge lines and corner holes
from the image, based on which they extracted the
candidate region of one container. In addition, they
estimated the distance from container to spreader
using geometric features. They tested their method in
experiments using miniature in indoor environment.
The literatures provided different ways in
measuring the position of one container using vision
systems. These methods performed well in the
experiments, but may be defective in application at
automated container terminals.
• No method is to detect the horizontal position of
the container to the crane, which is an essential
decision basis when an operator is controlling the
crane in the driver’s cab at the crane.
• Few literature mentioned the effect of their
method when the illumination is extremely poor,
for instance at night or in a dark day when the sky
is overcasted.
This paper proposed a vision-based container
positioning procedure with a single CCD camera.
The positions in the two perpendicular directions
could be determined with one image, and the
influences of noises could be decreased during our
image processing method.

3. Overview of the Positioning Method
Crossbeam is a main part of a crane, no matter it
is a Quayside Crane (QC) or a yard crane (YC),
which includes Rubber Tired Gantry Crane (RTGC),
Rail Mounted Crane (RMG), Over-Head Bridge
Crane (OHBC), and etc. When loading or unloading
one container in an automated container terminal, one
container is caught by the spreader, lifted up to a
fixed height, moved to a position above the aim
position, then put down to the destination (See Fig. 1.
as an illustration with an RTG). In a manned
terminal, it is decided by the local operator if the
trolley has arrived at the top of the aim position, then
he stops the trolley and puts down the spreader.
However, in an automated container terminal, the
crane is probably controlled by a remote operator,
who couldn’t see the container directly as a local
operator located in the cab. A method is needed for
the operator, to judge if it is a time to stop the trolley
and put down the spreader.
The number of possible handling locations along
the crossbeam, at which the trolley is stopped and the
spreader is put down and pulled up, is limited. During
a container loading process, the trolley first stopped
at one handling location above the road, at which the
spreader is put down and pulled up with one
container, then the trolley moves to another handling
location, at which the spreader is put down to settle
the container on the top of the stack. During a
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container unloading process, the trolley acts in
adverse, taking out one container form the stack.
With one camera installed to every handling location
beneath the beam, it is easy to judge if the trolley has
arrived at the aim handling location. Given the
vertical distance between the crossbeam and the
running height of the spreader (h in Fig. 1), the actual
sizes of obstacles in the image could be calculated.
Moreover, cameras are installed on one side along the
crossbeam and only one corner of the container are
taken into image, therefore the container’s position in
the horizontal plane, including both the relative
longitudinal and latitudinal positions to the
crossbeam respectively, could be determined with
one single image.
trolley
crossbeam
camera
spreader

ρ , θ Parameters of a line in polar coordinates.
V ( ρ ,θ ) Number of votes the integral grid ( ρ ,θ )
wins during a Hough transformation.
s
Significance coefficient in determining peak
grids in the accumulator
l
Range of peak points
Start
Edge points detection and
selection

Edge points clustering

Hough Transformation
h

container

Edge Line Segments and corner
point determination
End

stack

Fig. 2. Flowchart of the image processing procedure.
aim position

Fig. 1. An Illustration of camera positions on RTG.

The automated container terminals run 24 hours a
day and 7 days a week. Vision-based systems may
work well in daylight, but in the dark days and at
night, lack of illumination would put great trouble to
the camera work. Supplementary illumination with
point light could offer enough illumination, but is
likely to bring light spots into the image, especially in
rainy days when the surface of the container is wet.
In the next section of this paper, we propose a multistage image processing procedure, which could filter
noises caused by the light spots and other reasons,
and detect the edge lines of the container correctly.
The procedure goes as described in the flowchart
below (Fig. 2).

4. Details of the Positioning Method
Our method starts with an image taken by a CCD
camera, a matrix of RGB value for every pixel. The
notations used in the method are listed below.
xp Total number of pixels in the x direction.
yp Total number of pixels in the y direction.
N Number of edge points selected from the
image.
r
ratio of edge point selected.
d
The distance threshold judging if two points
are in the same group.
k
Ordinal number of groups found by
clustering.
Sk Number of points in the k-th group.
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4.1. Edge Points Detection and Selection
Edge detection is a technique to find the points in
an image around which the changes of grey tones or
RGB values is more intensive than others [13].
Generally, an operator is used to calculate a pixel
value for every pixel in the image, and a threshold is
later settled to screen out the points with a larger
pixel value and forms the edge of the image. The
threshold is a key factor in edge points detection,
which decides the number of edge points to be
analyzed later on. However, we find that it is quite
hard to determine a proper threshold value. A small
threshold may bring out too many points from the
image, which is a heavy burden for later analyze. On
the contrary, a large threshold may ignore some
points located really on the edge line, especially
when the gap of pixel values on different edge lines
are rather large unfortunately, as is shown in Fig. 3
and Fig. 4.

Fig. 3. The image of a plastic box.
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through some points in the x-y space, there must be a
cross point in the parameter space, each line going
through the cross points corresponds to a point on the
line in the x-y space. Consequently, in case that a line
is presented by polar coordinates as in Equation 2, an
accumulator could be built up in the (θ , ρ ) space.
With θ limited in [0°,180°) and ρ limited to
[− xp 2 + yp 2 , xp 2 + yp 2 ] , every point vote for a
series of integral grids in the accumulator, and the
grid wins the vote is treated as the parameters of the
line to be detected.

Fig. 4. Pixel values calculated with Sobel operator.

ρ = x cos θ + y sin θ
In order to take out edge points as few as while at
the same time including the points located really on
the edge line, in this paper we selected the edge
points according to no threshold but the number of
points selected. A list of fixed values is used during
the calculation of pixel values with Sobel operator,
and only the N points with largest pixel values are
kept for further analysis. The value of N is defined as
in the following equation.
N = r ⋅ ( xp + yp)

(2)

According to the classical Hough transformation,
the parameter of the line detected is determined
according to the integral grids in the parameter space
which win the most votes. However, it is found in
some trial experiments that, the number of such grids
could be far more than 1 in some groups, and they are
located near to one another, sometimes even arranged
in a curve, as shown in Fig. 5 and Fig. 6 below.

(1)

4.2. Edge Points Clustering
Clustering is a mean to group a set of objects in
such a way that the objects in the same group are
more similar to each other [15]. The edge points
selected in the last stage are located around the edge
liens and noise segments, hence we clustered these
points into groups using a connectivity based
algorithm. This algorithm cluster points by distance,
which is calculated using the pixel location of the
points in the image. In case that the distance of two
points is less than a threshold value d, they are judged
to be in the same group. After this step, it is to be
detected further if there is any line in each group of
edge points, in case that the scale of the group is
large enough.
The clustering contributes to the whole procedure
in two aspects. The main contribution is, lines are
detected within the groups only, hence the influences
of noises to line detection could be greatly decreased.
The secondary contribution is, points in small groups
will not be considered in the line detection process,
hence the procedure could be speeded up.

4.3. Hough Transformation
Hough transformation is a classical technique to
detect a line using a group of points by a voting
procedure [14]. The basic idea of Hough
transformation is, for a given point in an x-y space,
all the possible lines cross it forms a line in the
parameter space. Therefore, if there is a line going

Fig. 5. A cluster in the x-y space

Fig. 6. Image according to the accumulator.

In order to detect true lines during a Hough
transformation, we use a peak point selecting strategy
when selecting the potential integral grids from the
accumulator. A peak point is an integral grid with
enough number of votes, and this number must be
larger than the vote number of every grid nearby. In
other words, a grid ( ρ ,θ ) is judged a peak point only
when the following equations hold.
V ( ρ ,θ ) ≥ s ⋅ Sk
V ( ρ ,θ ) > V ( ρ + Δρ , θ + Δθ ), −l ≤ Δρ , Δθ ≤ l

(3)
(4)
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4.4. Edge Line Segments and Corner Point
Determination
It is possible that more than two lines are detected
using Hough transformation, among which only two
lines are the real edge lines of the container. We
determine the edge lines by crosspoints. We first
calculates the crosspoints of two detected lines (real
crosspoints), so as those of one detected line and one
border line of the image (virtual crosspoints). Then
we choose the real crosspoint nearest to the predefined corner as the corner point of the container,
and the lines running through the corner point as the
edge lines of the container. Finally, we select as the
container’s edge segments on the edge lines, between
two real crosspoints, and between one real crosspoint
and another virtual crosspoint around the midpoint of
which there are pixels selected at the first stage.

5. Experimental Results
Two experiments are conducted in this paper for
different purposes. In the first experiment, the
effectiveness of our positioning method is verified by
detecting the edge line segments and corner point of
one container image taken with the help of point light
in a rainy night. In the second experiment, we run
the detecting procedure at different parameters
values, in order to investigate their effects on
computational costs.

Fig. 8. The clusters found.

Four lines are detected from the clusters in all, as
are shown in Fig. 9. The image of one cluster drawn
according to the accumulator during Hough
transformation is shown in Fig. 10. Fig. 11 shows
the detected edge line segments and corner point
of the container.

5.1. Effectiveness Verification
The image used in the experiment is shown as
Fig. 7 lay below. It is an image of 256 pixels in width
and 192 pixels in height, carrying a corner of one
container, on the upper surface of which there are
rusts, stickers, raised strips and light spots. In this
experiment, it is set r = 4, d = 1, s = 0.3 and l = 2.

Fig. 9. Edge Lines detected from clusters.

Fig. 10. Image of one line according to the accumulator.

Fig. 7. The image used in experiment.

The clusters are shown in Fig. 8 below. There
are totally 63 clusters in the figure, each has a
different colour.
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Fig. 11. Edge Line segments and corner point detected.
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5.2. Investigation into Cost of the Procedure
We tested the positioning procedure with different
sizes of images, and different ratio of edge point
selected (r). The Pixel aspect ratio is fixed at 0.75,
hence the size of the images could be measured by
the number of pixels in the width (xp). We conducted
three sets experiments, in which xp equals to 256,
512 and 1024 respectively. In each set of experiment,
the value of r is set 5, 4 and 3 in sequence. The
procedure is coded and run on a laptop with Intel (R)
Core (TM) i5-2520M CPU @ 2.50 GHz, and
3.23 GB memory. The results are recorded in Table 1
to Table 3 respectively. In these tables, the italic
abbreviations EPDS, C, HT and ELSCPD are for the
four stages of the positioning methods respectively,
with the unit of second. The bolded corner_x is for
the x coordination of the corner point, corner_y is
for the y coordination, both in the second of pixel.
The bolded coef_x_1 is for the x coefficient of the
first edge line, coef_y_1 is for the y coefficient of the
first edge line, and r_1 is for the constant term of the
first edge line. Accordingly, The bolded coef_x_2,
coef_y_2 and r_2 are for the coefficients of the
second edge line. During the experiment, the rest
parameters of the position procedure is tuned
properly hence the edge lines and corner point could
be detected successfully.

Table 3. Experiment record when xp = 1024.
xp
r
EPDS (s)
C (s)
HT (s)
ELSCPD (s)
corner_x
corner_y
coef_x_1
coef_y_1
r_1
coef_x_2
coef_y_2
r_2

3
125.45
9.24
1.14
0.21
223.18
183.64
-0.98
0.13
-194.84
0.08
1
201.49

1024
4
200.92
16.89
1.31
0.19
211.47
189.12
-0.98
0.14
-180.76
0.06
0.98
198.03

5
297.25
28.93
1.56
0.18
226.54
178.35
-0.98
0.11
-202.39
0.09
0.99
196.96

It could be concluded from the experiments
above that:
• The stage of Edge Points Detection and Selection
is the most time-consuming stage in the
positioning procedure. The time used in this stage
rises greatly when the image becomes larger and
more edge points are selected.
• Clustering is the second time consuming stage in
the procedure. The changing trend of its time cost
is similar to that of the first stage.
• The deviation of the corner point’s position could
be limited in 5 %.

Table 1. Experiment record when xp = 256.
xp
r
EPDS (s)
C (s)
HT (s)
ELSCPD (s)
corner_x
corner_y
coef_x_1
coef_y_1
r_1
coef_x_2
coef_y_2
r_2

3
6.08
1.48
0.48
0.19
55.31
48.68
-0.99
0.14
-48
0.07
1
52.42

256
4
9.02
1.26
0.36
0.17
46.49
48.88
-0.99
0.11
-41.07
0.07
0.99
52

6. Conclusions
5
11.17
1.65
0.38
0.18
58.77
48.37
-0.99
0.12
-46
0.07
0.99
52

Table 2. Experiment record when xp = 512.
xp
r
EPDS (s)
C (s)
HT (s)
ELSCPD (s)
corner_x
corner_y
coef_x_1
coef_y_1
r_1
coef_x_2
coef_y_2
r_2

3
28.80
2.42
0.71
0.20
110.84
91.12
-0.97
0.14
-94.76
0.07
0.99
97.97

512
4
44.64
5.10
0.39
0.19
103.32
90.72
-0.98
0.14
-88.55
0.05
1
96

5
61.79
7.00
0.46
0.19
113.45
90.67
-0.98
0.13
-99.39
0.08
0.99
98.84

This paper proposed a vision-based container
horizontal positioning method for cranes in
automated container terminals. Cameras are installed
at the bottom of the crossbeam so that one corner of
the container on the spreader could be taken when it
is near every handling location. A vision based
positioning method with clustering and Hough
transformation is proposed to determine the
horizontal positions of the container according to the
image. The effectiveness of the method is verified in
the experiment, so as the time cost and deviation of
the results.
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