International Journal of Navigation and Port Research
Vil28, No.d pp. 323~331, 2004 (ISSN-1598-5725)

Measurement of 3D Spreader Position Information using the CCD Cameras and a

Laser Distance Measuring Unit

Jung-Jae Lee* - Gi-Gun Namvx - Bong-Ki Lee*** - Jang-Myung Leex+ix

= % Department of Electronics Engineering, Pusan National University, Busan 609-735, Korea
*xx (Graduate School, Pusan National University, Busan 609-735, Korea
wxxx Department of Electronics Engineering, Pusan National University, Busan 609-735, Korea

Abstract . This paper introduces a novel approach that can provide the three dimensional information about the movement of a spreader
v using two CCD cameras and a laser distance measuring unit in order to derive ALS (Automatic Landing System) in the crane used
utr a harbor. So far a kind of 2D Laser scanner sensor or laser distance measuring units are used as comer detectors for the geometrical
matching between the spreader and a container. Such systems provide only two dimensional information which is not enough for an
wceurate and fast ALS. In addition to this deficiency in performance, the price of the system is too high to adapt to the ALS. Therefore,
;0 overcome these defects, we proposed a novel method to acquire the three dimensional spreader information using two CCD cameras
und a laser distance measuring unit. To show the efficiency of proposed method, real experiments are performed to show the improvement
f accuracy in distance measurement by fusing the sensory information of the CCD cameras and a laser distance measuring unit.
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1. Introduction

Recently, international trade has been increased
continuously. Especially export and import container cargos
have been increased through the sea. However most of the
port systems are manually operated up to now, which limits
the flow of cargos. The only automated part of the port is
the cargo database. So labor coast increases every year due
increasing freight management cost. Also, there is always
tne danger of casualties.

At the present time, the unmanned automatic control
svstems for container ports have been investigated around
1ae world (Choi et al., 2002 ; 1. Murata, 1993 ; Gutierrez,
-993).

including the loading, transporting and carrying.

Amsterdam port system is completely automated

The points that have been researched about the port
system are AGVs' (Liu 2002), automatic gate systems,
lnading device systems as well as others. This research
“ocuses on the loading device system which is a typical
vlectro-mechanical system and is the most difficult part for
uilding the automated container terminal.

Our major goal is to obtain accurate spreader position
nformation in order to pick up containers with ALS

Automatic Landing System) as a part of an automated port

system. For implementing the ALS, several methods using
the corner detectors with several laser distance sensors
have been developed (Korea Institute of machinery, 2001).
In this research, a novel approach to measure the distance
between the spreader and the container has been proposed
by using two CCD cameras and a laser distance measuring
unit, which guarantees better economic efficiency and
performance than the conventional ones. It has been known
that when the cameras are utilized to measure the distance
at the outdoors, there are several problems such as
susceptibility to dust, illumination and physical shocks.
However, these drawbacks are overcome by miniaturizing
cameras and developing high performance image processing
systems. Actually in Hongkong, small and durable cameras
have been used for detecting the matching status between
the spreader and the container.

In this research, two CCD cameras and a laser distance
measuring unit have been utilized for the measuring the 3D
spreader position information. The image data have been
pre-processed by the image reduction, edge detection and
Hough transformation. With this image processing, the
method for calculating the height, the skew angle and the
three dimensional movement information, such as sway

angle and angular velocity between the spreader and the
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container, has been proposed in this paper.

2. The crane

Fig. 1 shows a yard crane used in our research, which
has 3D (three dimensional) motion capability. The x-axis
represents the direction of crane movement on the yard.
The y-axis and z-axis represent horizontal movement of
the trolley and vertical movement of the spreader,
respectively. The height can be defined as the distance
between the spreader and the container.

Two CCD cameras are located at the diagonal corners of
the spreader so that the images of the container corners
can easily be captured. The laser distance sensor is placed

in the center of spreader as shown in Fig. 2.

Fig. 1 Overview of a yard crane

CCD Camera

€CD Camera \Laser Distance Measuring unit

Fig. 2 Front-view of a spreader

3. Image processing for detecting container corner

3.1 Edge detection

An edge is detected at the locations where the intensity
of image changes from a low to a high value or vice versa.
In other words, when there is a differential intensity, it is
considered as an edge. In general, a partial derivative is
used to detect an edge. Fig. 3 shows the edge forms
resulted by a first order derivative and a second order
derivative at the intensity gradient graph.

The value of the first order denvative represents the
existence of an edge and a sign value of the second order
derivative indicates a region that has both a high intensity

and low intensity (Sonka, 1993 ; Rafael, 1993).

However, it is difficult to calculate the derivative for each
pixel since it takes too much time to be implemented in real
time. To save the processing time, a homogeneity operator
such as the Sobel mask is used to obtain the edge
information, which is illustrated in Fig. 4. G, is a horizontal

derivative mask and G, is a vertical derivative mask..
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1 211 -1] 0

0olo]o 202

-11]-21-1 -110 |1
(@) G b G,

Fig. 4 Sobel mask

3.2 Hough transformation for line detection

Hough transformation is a technique which can be used
to isolate features of a particular shape within an image (R.
Q., 1972). To detect lines, Eq. (1) is transformed into polar
coordinates, Eq. (2). After extracting the parameters, P and
6, the inverse transformation can be carried out to obtain a

ine equation in the Cartesian coordinates.

{b) Hough surface
Fig. 5 Line in the Cartesian coordinates and in the polar

(a) x,y Image surface

coordinates
y=ox+f )
p=xcos@+ ysin0 (2)
__cosf P
where sin@ , T sing .
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Note that the points a, b, and ¢ in X-y coordinates
correspond to curves in polar coordinates, respectively; a
‘ine corresponds to a point. Therefore the line can be found
sy using the fact that all the points on a line in an image
‘rame can be represented by a point in polar coordinates.
‘Nhen a point, P and @, is obtained in the polar coordinates,

< values in the Cartesian coordinates can be obtained as,

_ p—Psind
cos8@ —orsinf (3)

where @ and B are previously defined in Eq. (1).

4. 3D distance information between the
container and the spreader

In order for the spreader to grasp the container, the
-omers of the spreader must match up to the corners of the
container. For the purpose, the corners of the spreader are
“ound in the image by using the CCD cameras which are
nstalled diagonally opposite to the corners of spreader, and
capture the two corners of the container by image
grocessing. The distance between the spreader and the
container is obtained through the geometrical analysis of

-he comner image information.

4.1 Extracting Image coordinates with the laser

distance measuring unit

A pin-hole camera model is used to estimate the real
sosition of the corners in the image frame. The pin-hole
-amera model provides the relationship between the number
of pixels from the center in the image frame and the real
distance from the focal axis as it is shown in Fig. 6 (David,
1986 ; Choi etal, 2003 ; Park etal, 2003). Therefore, the
relation between the real coordinates (Fig. 6) and the image
~oordinates (Fig. 7) from the pin-hole camera model can be
derived based on the perspective model. The horizontal
image angle of the CCD camera on the spreader is
6, and its vertical

represented  as image angle is

represented as 4, in Fig. 6. P g ¢ is the center point of

left CCD camera lens and P gpoe is the center point of
right CCD Camera lens in the real coordinates. In Fig. 7,
the center point of CCD camera lens is equal to image
center point in real coordinates. As the result, the center
points of CCD camera lens like P ;ec , P rec in image
coordinate are not changed when the height between the
spreader and the container is changed. In Fig. 6, upper two

lines show the real size of an object corresponding to the

CCD camera image when the distance between the spreader
and the container is short. If the distance to the real object
is not known, for example, as it shown in Fig. 6 as lower
two lines, the real object size can be estimated differently
for the same image size. Fig. 7 shows that the size of
image changes for the same object when the distance to
the object is different. When an object is located at long
distance, it looks like smaller one than the object at short
distance in the image frame. So the distances in the real

coordinate from the left corner point of spreader, P g, to
the center point of CCD camera lens, P g ¢c iS same on

the upper plane and on the lower plane in Fig. 6. However
the distance between the center point of CCD camera lens,

P ;i cc, to the left corner point of spreader, P g, on the

upper plane and the distance between the center point of

CCD camera lens, P ;¢ to the corner point of spreader
left, P, q, on the lower plane in Fig. 7 are different in the
Note that

image coordinates. d, is the number of

horizontal pixels and d,, is the number of vertical pixels.
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Fig. 9 CCD Camera image data

By comparing Fig. 6 and Fig. 7, it can be recognized that
the corner point coordinates of the spreader, P g, are
proportional to the height between the container and the
spreader.

The image features for the container corners are located
opposite to one the other since the CCD cameras are
located oppositely as it is shown in Fig. 8. In this figure,
the points, P gs and P g are the left and the right
corner points of spreader in the real coordinates, while the

points, P g and P gpe, are the left and the right omer
points of container in the real coordinates. Tile point, P gec
is the center of spreader and the point, P go¢, is the center
of contamer in the real coordinates.

In Fig. 9, the points, P ;¢ and P are the left and the
corner points of right spreader in the image coordinates,
while the points, P . and P g, are the left and the right

corner points of container in the image coordinates.
If the height between the spreader and the container is
known then the corner-point coordinates of the spreader in

the image frame can be obtained as

Xis Xsrs ~Xsice 0 Mil{___ Xice
Vs |_ 1 0 Ysis = Vsice | 10O, N Yuce
Xips | 2dse | Xsps ~ Ysree 0 _f{L Xirce
Yirs 0 Vsas ~ Ysnee ) 1200, Ymee @

where, @, is horizontal image angle and €, is vertical

image angle of CCD camera defined in Fig. 6.

4.2 Measuring the height without the laser

distance measuring unit

When the laser distance sensor is not available, the
height between the container and the spreader can be
derived by using the images of the CCD cameras. From the
Eq. (4), the height between the container and the spreader
can be obtained
corner-points for the spreader.

the coordinates of  the
That is, the relationship
between the container and the spreader is necessary for

if we have

measuring the height. In this paper, we derive corners of
the spreader from the image coordinates hased on the fact
that the corners of the spreader and the container are
exactly matched when the spreader holds the container. In
other words, if the comers of spreader are exactly matched
up with the corners of container then the distance error
disappears at the moment.

The symmetrical images are utilized for obtaining the
corner coordinates and the sizes of the spreader and
installed
diagonally, that is, oppositely to each other w.r.t the center

container. Since the two CCD cameras are
of the spreader, the coordinates of the spreader corners are
diagonally opposite in the image plane. When the skew
angle is zero, the x-coordinate values at the left corner of
the spreader and the height can be calcudated as follows:

Xus= XpoH{dy— Xpc )2 (5)

d = (eoss = Fspee My,
* 2(xILS‘ ~ Xuce Jtan®, ©)
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Fig. 10 Container comers and spreader corners with skew
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Fig. 11 CCD camera image data with skew angle
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Fig. 10 illustrates the situation where the skew angle, 6,
between the spreader and the container exists, while Fig 11
shows the skew angle, ., in the CCD camera image.

When there is existence of the skew angle, the height
cannot be obtained by using Eqg. (6). However note that the
sizes of the spreader and the container are equal in the real
coordinates. Also we know the corner—points of container in

the image coordinates, which are P ;. and P e, and
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orner-points of the spread in the real coordinate, which are
Py and P g Therefore we can assume that the corner
-oordinates of the spreader are rotated by the amount of
“he skew angle @, w.r.t the spreader center point in the
veal coordinates, P gg¢.

The virtual spreader which is
~otated in the world coordinates for the left corner is
defined by

|:st15 :| _ i:cos(es ) - sin(@s ):":xszs ~ Xssc } " l:xssc :|
Ysvis sin (os ) Cos(es ) Ysis — Yssc Yssc (7)

Using the left corner as the world coordinates in Fig. 11,

P syis(x svrs, ¥ svis),

and the x—coordinates for the left corner of spreader by Eq.
7), the height d . can be obtained by following equations.

Xpyps = Xpe + (de ~ Xire )/2 (8

(xsw.s — Xsice )djx
z(xIVLS —Xnce )tan 0, 9)

sc

4.3 Derivation of the distance error
spreader and container

between

The image coordinates of the container need to he
changed to real coordinate since we need a distance error in
the real coordinates instead of in the image coordinates.
Eq. (10) changes the image coordinates into the real

coordinates.

Xsic Xie ~ Xuce 0 M XsLee
Ysze | 2d,, 0 Yie = Yuce | 9n " Yseee
Xsgc Xirs ~ Yirce 0 tané, Xsrce
Ysrc 0 Ve = Vmee )\ 9y Ysree (10

Now the container center point in the real coordinate,

P el scey ¥ sce)s becomes

Xsce = (xSLC + Xgre )/ 2

1

Yscc = (ySLC + Ysre )/2 (12)

Therefore, the distance errors of the x-coordinates, d g,
and the y-coordinates, d g, can be derived respectively as
tfollows:

dg, = Xscc = Xssc

13

dEy = Yscc ™ Yssc

(14)

5. Sway information measurement

When the trolley starts to move, it has acceleration, while
it has deceleration when it tries to stop. The acceleration
and deceleration may cause the spread swings, sway
angles, as the result of moment of inertia. To remove out
the spread swings, the data of sway angles are to be
measured. The conceptual diagram of the sway angle is
shown in Fig. 12. 8¢, represents the sway angle and L
represents the wire length which is a major factor for sway
period.

5.1 Measurement of sway angle by CCD camera

It is necessary to calculate the sway peroid to obtain the
wire length since the sway motion of spreader can be
analyzed by means of a pendulum dynamics equation. The
spreader is connected to the trolley by four wires with the
same lengths. Therefore the sway angle is usually very

small.

Cotainer

Fig. 12 Conceptual diagram for sway

If the trolley and hoist are stopped, then the sway period

of spreader, T gy, is represented by

r =2m
8

where L

(15)

is the wire length and g is gravitational
acceleration. The wire length can be obtained from the lift
motor rotary encoder in the trolley.

The distance of the spreader movement is also necessary
to calculate the sway angle with the sway period of

spreader, T gy. For that purpose, the corner points of the

container are derived from the image data at each sampling

instance. The distance of the spreader movement is
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obtained by comparing the current corner points of the
container with the previous ones. That is, the distance of
the spreader movement is calculated at each sampling
instance, and Eq. (16) represents the total the distance of

the spreader motion.

TS W

dS = stt
=0

(16

where d,, is the distance of spreader movement at each

sampling instance.

The trace of the spreader sway can be approximated as a
bisector triangle (refer to Fig. 12), since the sway angle is
small. Now the sway angle, 6y, can be calculated by
using the data of wire length and the distance of spread

movement as follows:

. (ds14
95w=arcsm( SL ]

Also the sway acceleration, a,4_, , can be defined as

17

__8g
oy = 10O (18)

6. Experimentation and result

6.1 Experiment

The experimental crane for this research is shown in Fig.
13. Its depth and width are 540 mm and 3530 mm,
The 1640 mm. The

experimental container has the size of 240 mm x 600 mm

respectively. crane height is

with the height of 130 mm. The laser distance measuring
unit is Laser Range Finder LEM™, the CCD cameras are
LG Color CCD Cameras.

The horizontal angle of spreader CCD camera, 6 ,, is 22.68
degrees, and its vertical image angle, 8 ,, is 17.95 degree.

For the image data, the number of horizontal pixels, dj, is

375, and the number of vertical pixels, d,, is 221. The

distance between the CCD camera center point and the
corner point of the spreader, d g, is 40 mm.

The laser distance measuring unit is placed in the center
of the experimental spreader and its working range is from
0.2 to 30 meters with high accuracy, even though it can be
used ti measure the distance upto 100 meters. During our
experiments, the laser distance measuring unit provided the
distance to the container with the accuracy of 0.1 mm

unless it cannot provide measurements due to environment

obstacles.

Fig. 13 Experimental crane

Fig. 14 Experimental program environment

6.2 Experiment results

We performed several experiments to verify the proposed
algorithms.
experiments are performed and the results are averaged.

For the verification of each algorithm, 20

As the first experiment, when the spreader has a zero skew
angle and real error values are d g 30 mm d g, 20 mm,
and d,.: 300 mm, an experiment is performed to measure
the error. We compared the height data measured by the
Laser distance measuring unit and CCD cameras and by
only the CCD cameras and the experimental results are
shown in Table 1.

As the second experiment, when the spreader has 4
degree skew angles and real values are d g 30mmd g,°
20mm, and . 200mm, a new experiment is performed to
measure the error. The measured height by the Laser
distance measuring unit with CCD camera and by only the
CCD cameras are compared and shown in Table 2.

In measuring skew angles, existence of the laser distance
measuring unit does not make any difference since the
skew angle measurement is obtained from CCD camera
image data. That is, the height, d ., between the spreader
and the container is not related to the measurement of the

skew angle.
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Table 1 The first experimental results (Unit © mm)
d sc d Ex d Ey
Real Value 300 30 20
With laser distance measuring 3002 319 206
unit . 31. I
Without laser distance
measuring unit 205.3 33.7 19.2
Table 2 The second experiment results (Unit : mm)
é
s d d dg,
( de oree ) s¢ Ex Ey
Real Value 4 200 30 20
With laser distance
measuring unit 42 2001 | 306 | 204
Without laser distance
measuring unit 42 1984 | 286 | 21.1

Table 3 The sway angle measurements (Unit : degree)

0 Sw 0 Sw
Real Value 2 3
Measurement Value 14 2.1

For the sway angle measurement. the wire length is kept
15 1200mm and the test sway angle was 2 degrees for the
‘irst measurement and it was 3 degrees for the second. The
sxperimental results are shown in Table 3.

As it is shown in the table, the measurement of sway
ingles is not accurate since the influence of the
tisturbances is not considered in this algorithm. Therefore
"he sway measurement algorithm will e improved later in

‘his paper.

3.3 Comparison to other method

In the conventional method for docking where six laser
distance measuring units are utilized to match the spreader
1o the container as shown in Fig. 15.

For the classification of the docking status, it is defined
as "ON” for a laser sensor which has the measuring
distance value over the standard; it is defined as "OFEF”
when the distance is shorter than the standard.

Fig. 16 (a) shows the case that all of laser distance
-neasuring units are "ON", Therefore the spreader can land
:n the container at the moment. In the Fig. 16 (b), right
‘wo laser distance measuring units are "OFF”. In this case,
“he spreader has y-axis misalignment error. Therefore the
spreader has to be moved to the right for docking. However
“his
~ompensation. While the spreader is moving left and right,

algorithm cannot provide the distance wvalue for

‘he laser distance measuring units may check the status of

each sensor for docking. When all of laser distance
measuring units become "ON” like Fig. 16 (a), the spreader
may be stopped for docking. So this conventional algorithm
cannot control the spreader acceleration for the anti-sway.
Fig 16 (c) shows the case that the spreader has the skew
angle error which may result the y-axis error as well as
the x—axis error. Fig. 17 illustrates the spread arrangement
algorithm of the conventional method.

n

Standard
Distance

M Laser Distance Measuring Unit

Fig. 15 Docking system with only laser distance measuring

units

B Over the standard distance
O  Under the standard distance

(a) (b) (c)
Fig. 16 Classification of the spreader arrangement state

( START )
|

»y
Measure distances
by laser distance

Measuring units

Control the ‘
motor Choose ON, OFF
4 from the distances

Fig. 17 Experimental flow chart using 6 laser sensors
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C START )

Input the image data by the
CCD camera

'

Input the height data by
laser distance measuring
unit
Control the
‘ motor

Calculate distance error

Compare the error will
the allowance error

q END )

Fig. 18 Experimental flow chart using CCD cameras

and laser distance measuring unit

Table 4 Comparison of the measuring performance

Sway Angle Precision
The conventional method 1.85° 0.9mm
The proposed method 02 1.1mm

To show the superiority of the proposed algorithm, we
performed the same two experiments with the conventional
algorithm (Fig. 17) and the new algorithm (Fig. 18)
measuring the sway angle and the distance when the crane
wire is 1500 mm and the y-axis distance error is 50 mm.
The experimental flow for the proposed algorithm is shown
in Fig. 18. Table 4 shows the experimental results.

As it is shown in the table 4, the proposed method
provides a high sway angle, while it has 0.2 mm larger
height error. However the height error is not critical for the
docking, while the sway angle should be accurate. If more
of laser sensor are installed along the spreader, the sway
angle measurement becomes possibly high. However the
system becomes too be expensive to be applied for the port
automation. Therefore the proposed method which utilizes
essential as well as

cheap CCD cameras becomes

economnical with the development small CCD cameras.

7. Conclusion

This paper demonstrates a new algorithm for deriving the

3D movement information between a spreader and a
container of the ALS in automated port system. The edge
found by the

pre-processing from the image data of the CCD cameras. It

lines of the container are image
is experimentally recognized that the image preprocessing
is very important for the precise measurement of the sway
angle as well as the distance. The data of 3D movement
and sway information for a yard crane spreader can be
used to contro] ALS (Automatic Landing System) and to
decrease accident possibilities for the beginner operator.
This algorithm does not exactly reflect the distance
information of 3D movement since the image data was
scaled—-down to improve processing speed. However, with
the recent development of computer speed, the original
image data canbe utilized to measure the 3D movement and
sway information, which will verify the superiority of this

research further.
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