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Container position detection method and apparatus, 5 and container
landing/stacking control method in cargo crane TECHNICAL FIELD This
invention relates to a container position detection method and apparatus in
a cargo crane. More 10 specifically, the present invention relates to a
container position detection method and apparatus, or a container
landing/stacking control method in a cargo crane, which lands or stows a
hoisting accessory itself or a suspended container held by the hoisting
accessory, or stows a container held 15 by the hoisting accessory on a
specified position on the' ground. BACKGROUND ART When a hoisting accessory
(generally referred to as 20 a spreader) is landed on a container in order
to hold a container stowed on the ground by a cargo crane such as a bridge
crane for container yard, or when a container is stacked (including a time
when a container is stowed on a specified position on the ground) , it is
necessary to adjust 25 positions of the hoisting accessory or the container
held     30 January 2003 2 by the hoisting accessory with respect to the
container stowed on the ground or with respect to a specified position on
the ground in predetermined accuracy. Particularly in the instance of
stacking the container, it is necessary to 5 stack the container so that
horizontal displacement does not occur in the upper and lower containers.
In order to perform such operation, it is necessary to detect the specified
position on the ground where the container is to be stowed, or the relative
position of the 10 container on the ground which is an object to be held by
the hoisting accessory, or an object which a container held by the hoisting
accessory is stacked thereon (in the explanation below, the specified
position on the ground and the container on the ground to be held or
stacked is referred 15 to as an "target container" ) and the hoisting
accessory or 



a container held by the hoisting accessory (in the explanation below,
referred to as a "suspended container") , and it should be controlled so
that there is no displacement in the relative position. 20 Explanation
below is given, assuming that an operation of stacking a container held by
a hoisting accessory on a container stowed on the ground, unless otherwise
specified. However, it is a matter of course that the similar technique can
be applied to the operation for larding the hoisting 25 accessory on a
container stowed on the ground or the operation    30 January 2003 3 .w for
stowing a container held by the hoisting accessory on a specified position
on the ground. In the explanation below, explanation about edge detection
of the suspended container is also applicable to the edge detection. of the
hoisting 5 accessory itself, unless otherwise specified, and explanation
about the edge detection of a target container is also applicable to the
edge detection of a target mark which is installed on the ground to
facilitate loading in the first stage, unless otherwise specified. 10 As
the conventional technology for detecting a position of a target container
in the cargo crane, there are known one in which a distance between a
hoisting accessory and a side of a container is measured by a ultrasound
horizontal distance detector fitted to, the hoisting 15 accessory, so that
the position of the target container is detected from the measurement, as
disclosed in Japanese Patent Application Laid-Open No 5-170391 (Patent No.
2831190) , and one in which a picture of the lower part of the hoisting
accessory is taken by an image pickup unit such 20 as a CCD camera fitted
to the hoisting accessory, and an edge of a target container is found by an
image processing technique from the image data thereof, and the position of
the target container is detected based on this finding. In European Patent
Application No. 0440915A1, there 25 is disclosed a technique in which a
corner of a target  



30 January 2003 4 container connected to a hoisting accessory is 'malted by
an image pickup units such as a CCD camera fitted downwards to the hoisting
accessory, the relative position between the hoisting accessory and the
target container is then 5 detected by the image processing technique,
thereby positioning at the time of connecting the container to the hoisting
accessory is automatically performed by position control of the hoisting
accessory based on the relative position. 10 The one which measures the
distance between the hoisting accessory and the container side face by the
horizontal distance detector has a problem of interference between the
horizontal distance detector and the container. When it is tied to position
the horizontal distance detector 15 at a .measurement position, at a stage
where the horizontal displacement between the target container and the
suspended container is large, there is the possibility that the horizontal
distance detector collides with the target container , and hence it is
difficult to actually put it  to 20 a practical use. The one which picks up
an image of the lower part of the hoisting accessory by the image pickup
unit such as a CCD camera, and extracts the edge of the target container by
the image processing technique from the obtained image 25 data does not
have the possibility of interference and   30 January 2003 5 Y collision,
but has a problem in processing the image data picked up by the CCD camera
or the like in the environment of the actual crane operation, to thereby
extract the target container without any error. In the actual operating 5
environment, influences of a change in the weather condition, a change in
the intensity of sunlight, or shadows caused by the crane itself , the
suspended container or the adjacent container stack, as well as non
uniformity of the container painting or, a difference in reflectivity on
the surface of 



10 the container affect the operating environment. Therefore, practical
extraction of the target container cannot be realized without eliminating
these influences. This invention has been proposed in order to solve the
problems related to the edge detection of the target 15 container by the
image data processing of the image pickup unit such as CCD cameras, which
occur due to the influences of the environmental conditions under the
actual operation. and the conditions of the target container. It is an
object of the present invention to provide a container position 20
detection method in a cargo crane which promotes operation automation of
the cargo crane, by reliably and positively performing edge detection of
the target container by processing the image data obtained by the image
pickup unit such as a CCD camera installed in a hoisting accessory, while
25 eliminating the influences of various situations and    30 January 2003
6  conditions in the actual operating environment, and by using the edge
detection result to accurately and positively perform the detectior. of the
relative position between the target container and the suspended container,
and a container 5 position detection apparatus which is used for executing
the method,or a container landing/stacking control method. DISCLOSURE OF
THE INVENTION  The basic points aimed at by the unit which achieves 10 the
above object are that, (1) the shape of the detection object is hexahedron,
(2) each side of a shape (forming a rectangle) when a target container or a
mark representing the target position of the container stowage is seen from
above,,and each corresponding side of the suspended container 15 are held
so as to become substantially parallel with each ether, by an other method
which is not described herein in detail, (3) rough relative height of the
suspended container and the target container has been already known by an
other measurement unit, and (4) the horizontal distance of the 20 target
container and the suspended container is held in a 



predetermined range by a method described later. Use of the fact that the
target container is hexahedron means that when the image data of the target
container obtained from the image pickup unit such as CCD installed 25 on
the hoisting accessory is processed, and when a line   7 30 January 2003
approximating an arrangement of a pixel group which causes a 1uminance
change or a hue change larger than a value set in advance can be fitted
thereto, the pixel group arranged so as to be approximated by such a line
is assumed to represent 5 a ridge line of the container that is, the edge
of the container, to thereby detect the position of the target container.
However, a luminance change may occur in portions other than the edges of
the container due to nonuniformity of color or rust of the target container
itself, 10 or shades of surroundings, and the line extracted by the above
method may not be fixed to one. When the edge of the target container is
determined from a plurality of lines which are candidates representing the
edge , the above described (2 ) , ( 3 ) and ( 4 ) , or either 15 of these
is used. That is, the image pickup unit such as CCD camera installed on the
hoistsing accessory is arranged so as to be able to image the target
container and the suspended container at the same time. In this manner, a
line representing an edge corresponding to the side of the 20 suspended
container obtained by the above-described image processing, and a line
representing an edge equivalent to the corresponding side of the target
container can be compared with each other. If the line representing the
edge of the target 25 container is corresponded to the line representing
the   30 January 2003 B corresponding edge of the suspended container , the
both lines have a substantially parallel positional relation. On the other
hand, since the roughly relative height of the suspended container and the
target container is detected 



5 by the other unit, a rough value of the actual horizontal distance
between. the both lines can be determined from the relation between a 1ine
of the edge candidate of the target container and the corresponding edge
line of the suspended container on the image data plane obtained by the
image pickup 10 unit such as CCD installed on the hoisting accessory. As
described above, since the suspended container is positioned within a range
of the horizontal distance set in advance with respect to the target
container, only the candidate line j edged to be w=thin. the range of the
value set in advance 15 with respect to the rough horizontal distance
obtained from the image data, is a line representing the edge of the target
container. When the above solution is used, extraction of a line
representing one side of the suspended container is performed 20 first. The
suspended container is held by the hoisting accessory, and the relative
position thereof with respect to the image pickup unit such as CCD ins
Called on the hoisting accessory does not change. Therefore, while the
suspended container is moved close to the target position, a luminance 25
change of the pixel is checked with respect to the image   30 January 2003
9  data obtained from the image pickup unit such as CCD, and fitting
processing of an approximating line with respect to the arrangement of the
pixel group which causes a 1uminance change larger than a preset value is
repetitively performed. 5 when a line can be fitted at a11 times to the
same position within the image data plane, the line can be determined to be
an edge of the suspended container. Here, the image data plane stands for a
plane in which pixels of the image data obtained by the image pickup unit
such as CCD is 10 two-dimensionally distributed. The position of each pixel
is defined by two-dimensional coordinates set in the image data plane.
taken the hoisting accessory is to be landed on the target container, it is
necessary to detect the relative 15 position of the hoisting accessory and
the target container, and it is also necessary to detect the position of
the hoisting 



accessory itself, as explained above about the suspended container.
Actually, it is difficult to arrange the image pickup unit on the hoisting
accessory so that pictures of 20 the ho? sting accessory and the target
container can be taken at the same time. However, since the arrangement of
the image pickup unit on the hoisting accessory is already known, it is
possible to virtually set the position of the line representing the edge of
the hoisting accessory with respect 25 to the plane of the image data
obtained by the image pickup   30 January 2003 to unit. hence, the edge of
the target container with respect to the hoisting accessory can be
detected, in the same manner as that of when the edge line of the target
container is detected by the comparison with the edge line of the suspended
5 container. when the edge detection of the target container is performed
by the image data processing, a change in luminance or hue of each pixel is
checked with respect to the area in a belt-like image data plane being
parallel with a line 10 in the image data plane representing the edge of
the suspended container and having a width corresponding to the horizontal
distance range set in advance between the suspended container and the
target container. Fitting of a line approximating the arrangement of a
pixel group which causes a luminance 15 change exceeding a value set in
advance is performed. The fitted line as an approximation of arrangement of
these pixel groups is a line which becomes a candidate representing the
edge of the target container. A plurality of lines may be detected as a
result of 20 the processing, due to a charge in reflectivity on the paint
of the target container, shadows of the adjacent crane or the like .
Therefore, the parallelism of the respective line detected as a candidate
of the edge and a line representing a side of the suspended container is
checked, to thereby 25 extract the one being substantially parallel. If a
30 January 2003 i1  



plurality of candidate lines is detected even with the parallelism check,
the longest 1ine among these is determined as the edge of the target
container. When containers are to be stowed on the ground, it 5 is assumed
that a shape or a mark having the same effect as that of when the container
position is detected is installed at the position to be stowed, and the
intended function can be achieved by detecting such a shape or mark by the
similar method. 10 Further, the edge detection of the target container can
be ensured by comparing and referring to each other an each edge candidate
line of the target container obtained by the image data obtained by imaging
the 1 over part of the hoisting accessory by two image pickup units
respectively 15 arranged on the opposite ends of the same side of the
hoisting accessory. The arrangement of the two image pickup units on the
hoisting accessory are such that the two image pickup units are in a
substantially symmetrical position, with respect to a midpoint of one side
where these image pickup 20 units are fitted. Pictures of the lower part of
the hoisting accessory are taken by the two image pickup units arranged in
this manner, and a change in the luminance or hue is checked and an edge
candidate line is detected in the respective image data. If the candidate
lines detected separately are 25 compared with each other to select one
which forms   12  30 January 2003 substantially one line, it is the one
which has detected the same side o. the target container . As a =esul t,
more accurate detection becomes possible, as compared wit: the t' me when
the edge is detected by only one image pickup unit . 5 According to the con
tamer position detection method of this invention, when an edge of the
target container is extracted from the respective image data or the two
image pickup units, if the edge line on the side of the target container
where the image pickup unit is ins Called cannot 10 be determined by the
image data obtained by one image pickup unit, the detection result of the
edge position of the target container in the image data of the other image
pickup unit 



is referred, thereby a line approaching t'.^.e extension line of the edge
line can be determined as the edge line on the 1S side. where the edge
cannot be determined. When the above method is executed, it is necessary to
install the image pickup unit such as CCD so as to be projected from the
structure which distinguishes the outer periphery of the hoisting
accessory, and to arrange the image 20 pickup unit such that even if the
hoisting accessory holds a container, the hoisting accessory does not block
the field of view of the image pickup unit, and the image pickup unit car.
reliably catch the image of the target container. Further , due to a reason
that the load distribution 25 of the container held by the hoisting
accessory is not uniform,   30 January 2003 IJ or the like, the hoisting
accessory inclines , and as a result, if the direction of the center of the
visual field of the image pickup unit inclines, an error will occur in the
detection of the relative position of the hoisting accessory 5 and the
target container . Therefore, in order to correct the influence of the
inclination of the hoisting accessory, an inclination detection unit is
instal led on the hoisting accessory, and the relative position detection
value is corrected by the detection value thereof . As an other method 10
of detecting the inclination of the hoisting accessory, a tensile force of
the hoist rope is detected,. and the correction can be performed utilizing
that a difference in the tensile force substantially has a proportional
relation with the inclination. 15 In order to perform loading of the
container , it is necessary to detect the relative position of the target
container and the container held by the hoisting accessory in the
longitudinal direction and in the width direction . In this instance, the
processing method of the image data 20 obtained by the image pickup unit
can be applied respectively to the longitudinal direction and the width
direction. However, this method requires two apparatus, and hence it is not
economical. As described above, the line detected as one 25 representing
the position of the edge in the longitudinal  



14 30 January 2003 direction or in the width direction, by the processing
of the image data obtained by the image pickup unit is substantially on the
line, and is a 1ine formed by the pixel group having substantially the same
change in luminance or 5 hue, or an extension line thereof. Therefore, when
this line is detected as one representing the edge position in the
longitudinal direction, in the range of this line exceeding the end portion
of the target container in the longitudinal direction, the distribution
density of the 10 pixel having a change in luminance or hue similar to the
range corresponding to the edge of the target container is very low. A
point on the line at which the distribution density of the pixel abruptly
changes represents a position of the end portion of the target container in
the longitudinal 15 direction. Since the shape of the target container is
hexahedron, if the end position in the longitudinal direction is
determined, a line orthogonal to a line representing the edge position in
the longitudinal direction can be determined 20 as an edge in the width
direction. The similar method is applicable to the situation when the edge
position in the width direction is detected, and by using the result, the
edge position in the longitudinal direction is detected. That is, by
detecting either one edge in the longitudinal 25 or width direction, the
other edge can be detected, and hence,   30 January 2003 i5 the equipment
such as the image pickup unit can be saved. The automatic control of a
cargo crane utilizing the method and apparatus which detects the relative
position of a hoisting accessory or a container held by the hoisting 5
accessory and a target container by the processing of image data obtained
by an image pickup unit installed on the hoistingaccessory, as described
above, will r~owbe explained in detail. This control includes a function of
holding the horizontal distance of tr.e suspended container and the target
10 container within a range set in advance. 



The automatic control in the cargo crane is to ~roid a container stacked on
the ground at a first target position, moves the container to a second
target position, and stow the container on an other container stacked on
the ground, 1~ whi ch is in the second target position, within an allowable
rnisregistration. The container in the first target position may be on a
carrier such as a trailer, and the posi tion to stow the container in the
second target position may be on the ground o. on a carrier such as a
trailer. 20 When the position to stow the container in the second target
position is cr~ the ground or on a carrier such as a trai ler, it is
assumed that a shape or a mark having the same effect as tr.at of when the
relati ve position wi th respect to the target container is detected is put
on the ground 25 or in the vicinity of the carrier or the like.   i6 30
January 2003 The posi tion of the target container put on tree ground is
indicated by a distance from a reference point on the ground. On the other
hand, as for the cargo crane, the position of a suspended cargo is de
tected as a distance from 5 the referencepoint set on a cranemac:~ine . In
this instance, in order to perform au somatic control , i t ~ s necessary
to convert the posi tion of the suspended cargo detected with respect to
the reference point on the crane to the position with respect to the
reference point on the ground. This 10 conversion is performed by first
detecting the position of a crane leg with respect to the reference point
on the ground, and adding the off set of posi ti on from the leg to the
reference point on the crane, and then offset of position from the
reference point to a trolley, which is a supporting point 15 of the
suspended cargo. Finally, it is necessary to add a positicnal offset of the
suspended cargo based on the position of the trolley. Such a conversion
result includes an error in the whole measurement concerned with the
conversion, such as the 20 position of the crane leg with respect to the
reference point en the ground. i:ence, highly accurate measurement is
required, and correcti on of influences such as structural deformation of
the crane or the 1 ike is also necessary. In 



particular, with a trackless crane, highly accurate 25 measurement of a
positi on of the crane leg with respect to   30 January 2003 17 the
reference point on the grcund is d-fficuit, and correction of a deformation
of the running wheel is also difficult, thereby having a problem in
performing the automatic operation. The automatic control based on a 5
conversion of the position of the suspended cargo from the position
detected from the reference point on the crane to the position with respect
to the reference poin t on the ground is referred to as absolute position
control. When the above-described detection method for 10 detecting the
relative position of the hoisting accessory or the suspended container and
the ta=get container is used, there is no difficulty such as the absol ute
position control , and automation can be easily realized. It is when the
hoisting accessory or the suspended container is finally 15 landed and
stacked on the target container that the highly accurate position detection
and position control are required. The relative position detection
methodaccording to the present invention can directly detect the relative
position of the hoisting accessory or the suspended container 20 and the
target container, regardless of the reference point on the ground, ar.d
landing and stacki ng can be automatically performed by controlii ng the
positi on of a trolley or the like so as to remove misregistration of the
relative position. T1^.e control method based on the detection. of the
relative 25 position and removal of misregistration of the relative   ,a 30
January 2003 position is referred to as a relative position control mode.
On the other hand, the .relative position detection is made possible when
the hoisting accessory or the container held by the hoisting accessory and
the target container are 5 1 ocated w_thin ar. appropriate r ange relative
to each otter in the horizontal direction. In order to control so that the
hoisting accessory or the container held by the hoisting accessory and the
target container are located within the 



appropriate range in the horizontal direction, it is 10 necessary to
perform control similar to tr.e above-described absolute position control.
That .s to say, it is necessary to control so that the posit=on of each
section of the crane, such as the position of the crane leg, the position
of the trolley and the position of the hoisting accessory, 15 respectively
reaches a determined position so as to agree with the position of the
target container given as a distance from the reference point or. the
ground. however, in the control using the relative position detection, it
is only required that the positioning control with respect to the 20
position of the target contai net given by the reference point on the
ground reaches a range in which the relative posi tion detection can
function, and hence low-accuracy control is sufficient. The control for
positioning the hoisting accessory in the range of position in which the
relative 25 position detection is possible is referred to as an absolute
ly p051t1Gn Control mode. 30 January 2003 ~s is obvious from the above
description, by combining the relative position control mode and the
absolute position control mode, and by automatically switching to the
absolute 5 position control mode while the hoi sting accessory or the
suspended container is separated from the position of the target container
(in the range where the relative position detection does not function) ,
and to the relative position control mode after the hoisting accessory or
the suspended 10 container has appr oached the position of the target
container (in the range where the relative position detection can function)
, control that is not affected by the deformation of the crane machine or
the like can be realized, without requiring highly accurate position
detection and 15 positioning control of the position of the crane leg, the
position of the trolley and the position of the suspended cargo with
respect to the trolley. Such control has a particularly remarkable effect
in atrackless crane, inwhich position detection and positioning of the
crane leg with 20 respect to the reference point on the ground is difficul
t, and a deformation of a crane structure or a running tire 



wheel is large. When a container held by the hoisting accessory is stowed
on the first stage on the ground in a container storage 25 yard, the
above-described method for detecting   2O 30 January 2003 misregistration
of the rel a rive position by edge extraction of the already stowed contai
ner cannot be used. As a measure to solve this, in the periphery of a
rectangular area, being a position to stow the container on the ground,
belt-like 5 coloring (including adhering a tape or painting) different from
the surface luminance or hue of the ground is provided, outside the
rectangle, and in the range where image pickup is possible by an image
pickup unit installed on the hoisting accessory, parallel wi th one side or
a plurality of sides 10 of the rectangle. Thereby, the relative position of
the suspended container and the stowing area on the ground can be detected
by the sane method as that of detec ring the edge of the stowed container.
The similar effect can be obtained by arranging a substance having a 1 ine
ri dge to the similar 15 position, instead of coloring the ground. The
belt-like coloring applied or~ the ground in the container storage yard or
the substance having a ridge is referred to as a target position mark. The
targe= position mark is arranged with respect to a predetermined position
20 to stow the container in the container storage yard with a positional
relation in the hori~or.tal direction, determined in advance. Therefore, a
deviation of the container held by the hoisting accessory from the target
container or the relative position. in the horizontal direction with
respect 25 to the target position mark is detected by applying the   30
January 2003 21 ccntainerposition detection methodof the present invention,
and wher_ the devi ation becomes within the all owable range, the container
held by the hoisti ng accessory is 1 anded on the target container or onto
a predetermined positicn on 5 the ground. As a result, control for
automatically larding the container held by the hoisting accessory onto a 



predetermined position on the ground can be performed. Even for the
instance of stacking on the second or following stage, the detected amcunt
of the relative positi on of the suspended 10 container and the target
positicn mark is used instead of the relative position detection between.
the suspended container and the target container, or together therewith,
thereby enabling automatic control of stacking. When a container held by
the hoisting accessory is 15 to be stowed by manual cperati on, the
detection result of the relative position is displayed on a display device,
ar.d can be used as an assisting uni t for the operation. When manual
operation is to be performed, the position of the container held by the
hoisting accessory and the target 20 container :nay not be visually
confirmed. In this instance, the operation becomes difficult, thereby
decreasing the working efficiency. Yowever, the difficulty of the operation
due to a restriction on the visual field can be solved and the working
efficiency can be improved, by 25 displayir_g the detection result of the
relative position   30 January 2003 22 on a display dev ice arranged in a
place where the operator can easily use it, such as in an operator's cab,
and by perf orming the opera Lion so as to el imi nate the displayed
misregistration of the relative position. 5 The detection method of a
relative position between the suspended centair.er and the target container
can be also utilized for preventing colt ision of the suspended container
or the hoisting accessory and the stack of containers adjacent to the
target container. That is, by setting the 10 belt-like image data check
area set in the detection of the relati ve pos i tion with the target
container to the area where the adjscent container exists( the relative
position with respect to the adjacent container can be detected by the
image processing in the same manner as described above, and 15 it can be
controlled such that the hoisting accessory or the suspended container does
not collide with the adj scent container. BRIEF DESCRIPTION OF TE DRAWINGS
20 Fig. 1 is a perspective view which shows the overall construction of a
crane to which the container position detection apparatus of this invention
is applied, Fig. 2 



is a block diagramwhi ch shows one embodiment of the container position
detection apparatus according to this invention, 25 Fig. 3 is an
explanatory diagram which shows a processing   23 30 January 2003 fl ow for
detecti ng a candidate of an edge 1 ine of a target container from image
data, in the container position detection apparatus according to this
invention, Fig. 4 is an explanatory diagram which shows a processing flow
by 5 parallelism checking with the edge line of a suspended container, of
the processing fer sel ecting arid determining an edge line of a target
container from ar. edge candidate line group, Fig. 5 is an explanatory
diagram which shows a processing flow in which the longest candidate line
is 10 designated as the target edge, of the processing for selecting and
determining an edge line of the target container from the edge candidate li
ne group, Fig. 6 is an explanatory diagram which shows a processing flow
for comparing edge candidate lines obtained from the image pickup 15 unit
arranged respectively ir~ the right and left ends of the hoisting accessory
with each other, of t~~e processing for selecting and determining an edge
line of the target ccntainer from the edge candidate line group, Fig. 7 is
ar_ explanatory diagram which shows a processing flow of an other 20 method
for comparir_g edge candidate li nes obtained from the image pickup unit
arranged respectively in the right and left ends of the hoisting accessory
with each other, of the processing for selecting and determining an edge
line of tha target container from the edge candidate line group, 25 Fig. 8
is an explanatory diagram which shows a processing   30 January 2003 24
flow for detecting an edgy end of the other orthogonal side using an edge
lire detected with respect to one side of a target container, Fig. 9 is an
explanatory diagram which shows an area for checking a luminance charge in
pixels 5 included in the image dato shown in Fig. 3( Fig. 10 is an
explanatory diagram which shows processing for detecting 



an edge 1 ir.e candidate in the processing flow shown in Fig. 3, Fig. 11 is
an explanatory diagram which shows processing for determining a target edge
1 ine by a comparison of edge 10 lines obtained from image data of two CCD
cameras shown in Fig. 6 and Fig. 7, and Fig. 12 is an explanatory
diagra.^,1 which shows a processing fcr detecting an edge 'end of the other
orthogor_al side using an edge line corresponding to one side of a target
container shown in Fig. 8. 15 BEST MODE FOR CARRYING OfT TIE INVENTION
Embodimentsofthecontainer position detection method and apparatus , or the
cor_tainer landing and stacking control method in a cargo crane according
to this invention will 20 now be explained in deta'1, with reference to the
accompanying drawings. At first, the overall construction of a crane to
which thecontainer position detection.apparatusaccording tothis invention
is applied will be explained with reference to 25 Fig. 1. Tr.is crane is a
bridge crane for a tire-type yard   25 30 January 2003 for staking
containers, and has a planer-type crane running body 10 which runs on a
trackless surface by a tire-type running device 11. A transverse trolley 13
which moves in the horizontal direction along an upper beam 12 is provided
5 on the horizontal upper beam 12 of the crane running body 10. A hoisting
device 14 is installed on the transverse trolley 13, and a hoisting
accessory (spreader) i6 for containers is suspended by a hanging wire 15
which is wound up and drawn ou t by the hoisting device 14 . The hoisting
10 accessory 16 can maintain (hold) a container A, which is a suspended
cargo, so as to be able to be engaged therewith and separated therefrom.
Two CCD cameras 20R and 20L which take pictures of the lower part of the
hoisting accessory are fitted dowr_wards , 15 respectively, at the opposite
ends of one side 16a of the hoisting accessory 16. In this embodiment,
there are also fitted downwards two CCD cameras 21R and 21L which take
pictures of the lower part of the hoisting accessory, respectively, at the
opposite ends of the other side 16b 



20 parallel with the side 16a. This is for making it possible to perform
edge extracti on of a target container 3, even if the suspended container A
deviates to either side of the target container B. Since the CCD cameras
20R and 20L, 21R and 21L are hand'_ed 25 as a pair appropriately,
explanation herein is provided for   2b 30 January 2003 an instance when
the CCD cameras 20R and 20L form a pair. Fig. 2 shows one embodiment of the
container position detection apparatus according to this irven~ion. The
container position detection apparatus includes image 5' processing
apparatus 30. The image processing apparatus 30 is constituted by a
computer nor image processing, and inputs the image data from the two CCD
cameras 20R and 20~, respectively. The image processing apparatus 30 has a
candidate group extraction section (30A) which processes 10 the image da to
taken in from the CCD carver as 2 OR and 2 OL, and extracts a candidate
group of a line representing an edge of the target container (B) , an edge
Line determination. secticn (303) which determines the edge line of the
target container (B) from the extracted edge line candidate group, 15
andarelativepositiondetectionsection (30C) whichdetects a relative positicn
of the target container (B) and the suspended container (A) . In 30C, the
relative position of the target container (B) and the suspended container
(A) is detected from the relative rel ation of a line determined 20 i n the
image data plane as an edge line of the target container (B) in 30B, with a
line determined in the same pl ane as an edge 1=ne of the target container
(A). V~~hen a container held by the hoisting accessory is to be stowed on
the first stage on the ground in the container 25 storage yard, in the
periphery of a rectangular area, being   30 January 2003 2i a position to s
sow t~:e container on the ground, belt-like coloring (including adhering a
tape or paintin g) different from the surface luminance or hue of the
ground is prcv=ded, outside the rectangle, and in the range where image
pickup 



5 is possible by an image pi ckup unit installed on t_:e hoisting
accessory, parallel with cne side or a plurality of sides of the rectangle.
Thereby, the relative position o~ the suspended container and the stowing
area on the ground can be detected by detecting the edge of this coloring
by the 10 two CCD cameras 20R and 20L and the image processing apparatus
30. Further, instead of coloring the ground, by ar~angir.g a substance
having a line ridge in tr.e peripr.ery of the rectang~,~lar area, and
detecting this ridge as the edge, the rel ative position of the suspended
container and the stowing 15 area or. tr.e ground can be detected. Fig. 3
shows the processing content of the candidate group extracticn section
(30A) of a line representing the edge of the target container (~) in Fig.
2. In Fig. 3, 33 shows processing for detecting an edge lire of the
suspended 20 container (A) , and this processing is performed after the
suspended container is held by the hoisting accessory, and while the
suspended container is moved to the vici;~ity of the target container (3)
by the crane. The processing content is the same as in 34, 34-1, 35, 36L
shown in Fig. 25 3 , and 37 , 38 and 39 shown. i n Fig. 4 . Since the
position   28 30 January 2003 of the hoisting accessory and the suspended
container (~ ) , that is, the position of 't1'72 CCD camera (20.i and 20R)
and the suspended container is always constant, by repetitively performing
the processing shown. in Fig. 3 and Fig. 4, the 5 edge line can be detected
during the movement towards the target container (B). The processing shown
in 34 and onward in Fig. 3 is image processing of the target container (B)
and processing for detecting the edge line, which are performed after the
10 suspended container has been moved to the vicinity of tr.e target
container . In processing 34 , the image of the target container (B) is
taken in, and input to the image processing section in 34-1 onward in Fig.
3. In 34-1, since the target container (B) is parallel wi th the suspended
container (A) , 15 and within a distance range set in advance, a luminance
change in pixels in the image data existing it a belt-li ke area, which is
parallel with an edge lire of the suspended container 



(A) detected in processing 33 in the image data plane, and has a width of
the distance set in advance is checked. When 20 the image data is obtained
by a color camera, a change in the hue may be checked instead of the
luminance. The belt-like area for checking a change in pixels in the image
data is an area shown by hatching set along the edge line of the suspended
container (A) shown in Fig. 9. In 34-1, 25 the position of a pixel whose
luminance changes is detected   Ly 30 January 2003 by perforr~i ng spatial
di fferentiation processing wi th respect to each pixel i n the belt-like
area to be checked. ~ pixel group in which the luminance charge exceeds a
preset threshold is extracted. 5 In 35 ir~ Fig. 3, in order zo set a line
approxi~natir~g the arrangement of the pixel groups extracted in the
processing 34-1, these pixel groups are subjected to dough transformation
to thereby set a suitable lire. In the bel t-like area, the line set by the
luminance change checking 10 and the I:ough transformation .;,ay be plural
, due to a shade formed by interrupted sunlight, a change in reflectivity
on the surface painting of the container or tine like. In 36L in Fig. 3,
when a plurality of lines are detected from the above reasons, all these
lines are detected, and input 15 to the processing for determining a 1 ine
representing the edge of the target container (3) among these candidate
lines . In 36L-1 in Fig. 3, data necessary for processing for determining
the edge ?ine, t'.:at is, the number of pixels obtained in the candidate
line detection processing, 20 bel onging on each candidate line, and
exceeding a threshold set by the luminance change, and the position data of
these pixels in the image data plcne are stored. ^l;e above explanation has
been performed fcr a CCD camera a=ranged on the left side of the hoisting
accessory, but the same 25 processing is perfo~-:r,ed with respect to the
CCD camera on   30 30 January 2003 the rigi-~t side . Flg. 10 is an
explanatory di agram which 



shows the relation betweer_ distribution of pixel groups having the same
lumi i:ar,ce change and a candidate 1 ine set for this, and the candidate
line is determined in the 5 two-dimensional coordinate system set for the
image data space. Fig. ~, Fig. 5, Fig. 6 and Fig. 7 show the processing for
se 1 ecting and determining the edge line of the targe t container, from
edge line candidate lines of the target 10 container obtained by the
above-described p~ocessing. Startir,g~from the processing irl Fig. 4, and
by sequentially executing these processing, the edge of the target
container (B) is determined. However, i t is a matter of course tha if a
line obtained in any stage of the processing is determined 15 as the edge,
the whole processing is not necessarily required. Fig. 4 shows processing
for determining an edge 1 ine of the target container by parallelism
checking with the edge line of t?ze suspended container (A) , with respect
to 20 the candidate lines obtained in processing 36L in Fig. 3. The process
i ng shown in this figure i s per formed with respect to the image data of
the CCD camera or. the left side and of the CC~ camera on the right side,
respectively ir.dependentl y. Explanation below is performed for one side
25 only. In 37 in Fig . 4 ( the parallelismbetweer. each candidate   3, 30
January 2003 line and the edge line of the susper:ded container (A) is
checked. In 38 ( a 1 fine judged to be w'_thin the set threshold and
parallel with the edge line of the suspended container (A) is selected,
from the edge line candidates of the target 5 container (B) . In 39 in Fig.
4, iF the selected candidate line is only one, this line is fixed as the
edge line of the target container (B). Tn 39, when. a plurality of
candidate 1 fines i.s detected, control proceeds to the next processing.
The above is similarly performed for the image 10 data of the CCD camera on
the right side. Fig. 5 shows processing for fixing the l ongest line as the
edge line of the target container (B) . This processing is also performed
respectively independently for the right and left CCD cameras. For the
comparison of the length of 15 the candidate lines, the data of the number
of pixels belonging to the candidate line is utilized, to designate one
having a large number of pixels as a long lire. 



Fig. 6 shows processing when a target edge line cannot be determined by the
processing up to Fig. 5, or when the 20 target edge line determined by the
processing up to Fig. 5 is further confirmed. The processing i r~ Fig. 6
uses the fact that the arrangement of the right and left cameras on the
hoisti ng accessory is known, to compare the candidate lines obtained by
the both CCD camera images respectively, 25 and when a line agreeing
between the righ t and the left is   JG 30 January 2003 detected, it is
determined as the target edge line. Th a righ~ and left CCD camerGs are for
takir_g pict~,:res o~ the same one side of a bottom ridge of a suspended
container. I:ence, if the candidate line obtained from the image data 5 of
one camera is virtually extended to the position corresponding to tl:e
position where the other CCD camera is installed, taking the arrange"~er~t
of the rig:~t and left CCD cameras into consideration, and compared with
the respective candidate line obtained from the image of the 10 other CCD
camera, there is one agreeing with either one. A pai r of the candi date li
nes agreeing with each other is the edge line of the target ccntainer (B).
Fig. 1 lA (a) is an explanatory diagram which shows the processing content
of Fig. 6. In Fig. 11A (a) , CL is an image 15 data plane with respect to a
CCD camera image or. the left side, and CR is a similar plane with respect
to a right side camera. AL is an edge line of a suspended container (A)
caught by the left side ca.~,era, and AR is an edge line of a s uspended
container (A ) caught by the right s ide camera . 20 BLO1 and BL02 are
candidates for the edge 1 ir.e of the target container (B) by tr.e left
side camera, and BRO1 and BR02 are candidates for the edge lire of the
target container (B) by tr.e right side camera . 3LE01 , 3LE02 and AL:~ are
lines obtained by virtually extending the edge line candidates 25 and edge
lire of tl~e target container and the suspended   30 January 2003 33
container, respectively, by the left side camera up to a position where the
right side ca:rera is installed. BR02 



whit h agrees best with B1..E02 which is an extension of B02 is determined
as the edge lire of the target container. 5 F ig. 7 . shows an ether
met?~.od of comparing candidate lines obtained from the images of the right
and left CCD came=as. IF positions of edge lines of the suspended container
respectively obtained by the right and left cameras are made to agree with
each other, instead of extending a 10 candidate line obtained from one CCD
camera to the other side, when the right a nd of the candidate line ef the
left side CCD camera and the left end of the candidate line of the right
side CCD camera are brought into closest contact wi th each other, and
angles of these candidate lines with 15 the edge lire of the suspended
container (A) agree with each o then , these candidate lines are determined
as an edge line of the target contai ner (B) . Fig. 11 (b) shows the
processing in Fig. 7 . The meaning of reerence symbols in the figure is the
same as in Fig. 20 11 (a) . Edge lire candidates (BR01 ( ER02 , BR03 ) of
the targe t container (B) on the image plane of the right side camera are
moved in a parallel directi on, so that t:ne edge lines (AL and AR) of the
suspended container (A) obtained by the image data processing of the left
side CCD camera and the 25 right side CCD camera agree with each other. In
the image   34 30 January 2003 plane of the left side camera, a =ar.ge of a
threshold for agreement and idenofi ca Lion with the edge line candidate of
the righ t side camera is set in the vicini ty of the edge line candidates
(3L01, L02) of the target container (B) 5 (hatched range in Fig. 11. This
range is displayed only for BL02). If the edge lire candidate by the rigr.t
side camera which agrees with the edge l ir:e candidate of the left side
camera is fixed only one, thi s line is determined as the edge line of the
target contai ner (B) . If the candidate 10 1 fine cannot be f fixed to be
only one in this processing, the edge 1 fine candidate having the closest
angle (T~, Tfi) with the edge line of the suspended container (A) is
selected and determined as the edge line. x i g. 8 shcws processing for de
tecti ng an edge .n the 15 wi dth direction, by usi ng the edge detection
result of the target container in the longitudinal direction. As shown 



in 36L-1 (or 36R-1) in Fig. 3, positional data of pixels belonging to the
candidate line -ls stored at the time of setting the candidate line. '~~ith
regards to the image 20 cbtained from the CCD camera arranged on the left
side of the hoisting accessory, the edge lire porti on of the target
container (B) located close to the right end of the image data plane
represents an actual ly existing side of the target container. However, the
left end of the edge line is a 25 portion extended from the right side,
though the side of   30 January 2003 35 the container does not exist.
Therefore, distribution density of pixels belonging to the rigr~t side
portion of the line is high. Or. the contrary, since the er_d of the target
container in the longitudinal direction exists on 5 the '_eft side on the
image data plane (the CCD camera is arranged in such a manner), a point at
which the density or pixels belonging thereto decreases exists on the left
side of the edge lire, and this point is also an end porti on of the edge
in the width direction. 10 ?ig. 12 is an explanatory diagram which shows
the di stribution of pixels belonging to the edge line shown in Fig. 8. The
position data of pixels obtained in 36Z-1 in the figure, and as shown in
the processing in 52 of Fig. 8, a distance between adjacent images is
sea_uentially 15 obtained, from the r i ght side on the image data plane
towards the left (with regard to the CCD camera arranged on the left side).
Every time a distance between images is obtained in the 1 oft direction,
the past distance data is averaged. DLring the operati on of cbtaining the
distance towards the 20 1 oft, as shcwn in 5~ of F ig. 8, when a point at
which the distance is larger t~~an a threshold set with respect to t':e
average cf the past distance is fo~r~d, it is judged that the pixel one
before is the end portion of the edge line . The flow shcwn in Fig. 8 shows
an instance i:~ which 25 an edge 1 i ne of the target con tamer (B) in the
longi tudinal   30 January 2003 36 d' rection detected by the CCD camera
20?~ i s used to detect the left side edge of the target container (B) in
the width 



direction. Detection is also possible with the similar processing for other
instances. 5 A deviation of the relative position between the edge of the
container held by the hoisting accessory detected in t:~is manner and the
edge of the target container is fed back to the control system of the
crane, and when the deviation comes within an allowab'_e value, the
container held by the 10 hoisting accessory can be landed on the target
container . Further, a deviation from a predeter:r.ined rel ative position
existing between the edge of the container held by the hOiSti ng accessory
and the edge of the target position mark is fed back, and when the
deviation comes within an allowable 15 value, the container held by the
hoisting accessory can be landed on a predetermined position. In this
manner, the container held by the hoisting accessory can be quickly landed
on a target container or on a predetermined position with respect to the
target position mark with high location 20 accuracy. Therefore, a margin of
the landing space can be reduced, thereby the space, for example, in the
ship or in a container stowage can be efficiently used. Furtrer, time
required for tr.e stowing operation of containers can be shortened, and the
larding accuracy can be increased without 25 requiring fire manual
corrections, and hence the stowing   30 January 2003 37 operation does not
require much time and labor. As is understood f~emthe abcve explanation,
according to the container positi on detection method and appara tus , or
the container landing/stacking con trol method in a cargo 5 crane of the
present ir_vention, image data of an image pick~,~p unit such as a CCD
camera arranged at the end o a hoisting accessory is processed, to perform
edge extraction of a target container, while excluding influences of the
operati ng environments and conditions suc'~ as shades caused 10 by the
hoisting accessory and adjacent containers. Hence, position detection of a
target con tainer based on this can be accurately and reliably performed.
The automatic control of a cargo crane utilizing such a relative position
detection does not require highly accurate position ? 5 detection and
position control of each section of the crane, as in the absolute position
control, thereby the reliability 



is high and th a cost car. be reduced. INDUSTRIAL APPLICA3_TLITY 20 ~s
explained above, the container position detection method and apparatus, and
the container landing/stacking control method in a cargo crane according to
the present invention is suitable for landing or stowing a hoisting
accessory itself or a suspended container held by the 25 heisting accessory
on a target container, or stowing a   3S 30 January 2003 suspended
container held by tre hoisting accessory or_ a spec_fied position on the
ground, and useful for promoting the automatic operation of the cargo cane.
39 T. C.''~:-~! MS 30 January 2003 1. A copra mer position detection
meshod, employed in a ca=go crane, of stac4~_ng a suspended con tai per
heldby a hois ring accessory on a ta.rge t con to i per stowed on the
ground, and landing 5 the hoisting accessory or, the target container or
stowing the suspended container on a target posi tion on the ground, where
i n the method comprising: an image pickup unit arranging s rep of
arranging an image pickup unit which images the hoisting accessory or the
suspended 10 container , and the targe t container or a target position mar
k displaying a target position at the same time, at an end on or.e side of
the hoisting accessory; a line detection step of detect-ng a candi date
line group which becomes a candidate for a first line representing an 15
edge o~ the end of the hoisting accessory or an edge of the end of the
suspended cor~tair_er, and for a second line representing an edge of the
end of the target container or an edge of the target position mark, by
detecting a change in luminance or hue of a pixel group included in the
image 20 data, which is o'otair~ed by imaging by the image pi ckup unit,
and approximating the arrangement of the pixel group, which causes a change
in luminance or hue 1 arger than a set value, Ly a line; a second line
determination step of comparingparallelism 25 and horizontal distance of
the candidate lire group for the 



30 January 2003 first line, to determine, as the second line, a line having
paralle'_ism and hori~or.tal distance cf a value within a preset value, of
lines inc'_uded in the candidate line group; and a relative positicn
detection step of detecting a 5 relati ve position o. the target container
or tr.e tar getposi ti on mark w` th respect to the hoisting accessory or
the suspended COntalner, from th pOSltlOn Of the SeCOnd 1 i ne with respect
to the fi=st 1 ine. 10 2. The container position detection method according
to claim 1 , wherein the second line determination step includes a longest
line selection step, ir. which the longest line in the candidate line group
is selected and determined as the second lire. 15 3. The container position
detectior_ method accordir_g to claim 1, further comprising: an opposite
ends-line detection step of constituting the image pickup unit by a first
image pickup unit and a second 20 image pickup unit, which are respectively
arranged at opposite ends on the same side cf the hoisting accessory, and
detecting the first line and the candidate line group, respectively, based
on the image data obtained by these image pickup units; a first line
agreement step of virtually extending the 25 ~ir s t 1 -ne by the fir st
image pickup uni t up to the position.   a, 30 January 2003 where t:~e
Second i:rage pica;up uni t is ; nstal l ed, to thereby make tl-_e =ins t
=i ne agree with the Fir st 1 ine by the second image pickup ,:nit; and a
comparison and agreement selection step of virtually 5 extending the
candidate 1 ine group by the first image pickup unit up to the position.
where the second image pickup u~:i t i s instal 1 ed, and comparing the
candidate li r.e g=oup wi t:: the candi date line group by the second i
mage pickup unit, to thereby select and determine a pair of limes w:nich
agrees most as the 10 second lire. 4 . A container pos i tion detec Lion
apparatus , employed in 



a cargo crane, which stacks a suspended container held by a hoisting
accessory on a ;.arget container stewed on the ground, 15 and lands the
hoisting accessory or. the target container, or stows the suspended con
tainer on a tar getpositi on on the ground, the container position
detection. apparatus comprising: an image pickup uni t arranged at an end
on one side of the hoisting accessory, which images the hoisting accessory
20 or the suspended container, and the target cor~tair.er or a target
position mark displaying G target position at the same ti:r;e; a line
detection unit which detects a candidate =ine group which becomes a candida
to fo= a f' rat line representing ar. edge of the end of the hoisting
accessory or a:~ edge of 25 the er.d of the suspended container, and for a
second '_ine   42 30 January 2003 representing an edge of the end c the
target container or an edge of the target l~ositicn mark, by detectir_g a
change in luminance or hue of a pixel g=oup included in the irr.age data,
wr.ich i s cLtained by imag_ng by the image pickup unit, 5 and
appro:~i~nating the arran gemen t of the pixel group, which causes a change
in 1 uminan ce or hue larger than a set value, by a line; a second line
determination unit which compares parallelism and horizontal distance of
-the candi date 1 ine group 10 for the first line, to determine, as the
second line, a line having paral_el ism and horizontal distance of a value
wi thi n a preset value, of lines incl uded ~ n the candi da to lire group;
and a relativ a position detection. unit which detects a 15 rely rive posi
ti on of the target container or the tar get position mark with respect to
the :~oistir~g accesso=y or tile suspended container, from the position of
t~:e second line with respect to the first lire. 20 5. The container
position detection apparatus according to cl ai m 4 , wherein the second li
ne de ter~::inaticn uni t i ncludes a longest lips selection unit, which
selects and determines tl:e longest line in the candidate line group as the
second line. 25   



30 January 2003 c3 'T' i2 CCI1 ~allie; pOSi t7.0_T: d2 teC t' On 8ppardtuS
aCCOrding ''le ~  image ~~7.C~:Up uni t i S ConStltuted by t0 C_d_.^.1 w_
=ein th.. a fl.r5 t ilT~age pi CiCUI~ ',::l.t and a SeCOnd 1T?lcge plC~:up
un1'~, W}':? C~'1 are respectively arranged at opposite ends en the same
side 5 cf the hoisting accessory, and rurthe~- comprising; ar_ opposite
ends-~ i Iie detection unit which detects the first ' fine and the
candidate line group, respectively, based on the image data obtained by the
first image pickup unit an d the second _image pic ~ap unit; i0 a `=rst
lire agr eement uni t which virtuall y extends the fir s t 1 i ne by the .f
first image pickup uni t Ln to the pos ition w:Iere the second image pickup
uni t is ir_stalled, to thereby make the first line agree with the first
line by the second image pickup unit; and 15 d comparison and agreement
selec Lion unit which virtually extends the candidate line group by the
first image pickup unit up to the position where the second image pickup
Lni is i nstal 1 ed, and compares t:^~e candidate l i ne group with the
candida to 1 fine group by the second image pickup unit, to thereby 20
select and determin a a pair of lines which agrees most as the second line.
7 . ^he container posi ti or. detection appGratus accordir_g to claim 4,
comprising the second line selection unit, the 25 longest line selection
unit and the comparison and agreement   30 January 2003 44 selection unit,
and also including a selection applicaticn unit 4JhlCh SeleCtS and appl i
e5 't~".eS2 '~niLS, 1:1 determlnlng the second lire. 5 8. A container
landing and stacking control method, comprising a land_ng arid stacking
step in which a deviation value cf tr~e rely rive position c~ the ta=ge t
contai r_er or the target position mar k with respect to the hoisting
accessory or the Suspended container, which is detected by the container 10
pos i tion de section method according to claim 1 , is fed back , and when
the deviation val ue comes wit'.hi n a certain tolerance, th4 hoisting
accessory or the suspEnded contair:er is landed or stacked on the target
container, or the suspended container is landed on the target position. 



15 9 . A contai r~er landing and s tacki ng con tr o' method, employed in a
cargo crane, of stacking a suspend=d container held by a hois ti ng
accessory on a target container stewed on the ground, and landing the
hoisting accessory on the taxget container 20 or stewing the suspended
container on a target position on the ground, who rein the method
compris'_~r:g: a position data generation step of generating position data
of the hog sting accessory or the suspended container with respect to the
target container or a p05ition of a reference 25 point for specifying the
targe t posi Lion mark di spl ayi ng the   45 target pcsiticn; 30 January
2003 a =-eiative pos'tion detection step ef detecting the relative posi ti
on ef the target container or the targetpositioi: nark with respect to the
hoisting accessory or the s~~spended 5 container, by the ccntainerpositicn
detection methodaccording to claim 1; a ono v amen t cor_ tro, s tap of mov
i ng t:.e hoisting accessory or the suspended container to a detectable
area in the vicinity of the target conta=ner or the target pos=tion mark,
where 10 detecti or. of the rel ative position thereof is possible, while
feeding back the.deviation value of the position data; and a landing and
stacking control step, in which the deviation value of the position data is
fed back, and when the deviati on val ue comes within. a certain tolerance,
the 15 hoisting accessory cr the suspended container is landed or stacked
on the target container, or the suspended container is landed on the target
position.
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