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(54) LOADING A CONTAINER ON A LANDING TARGET

(67)  Method for loading a container on a landing tar-
get (59) on a land vehicle using a container crane com-
prising a trolley (53) and a spreader (55) for holding and
lifting the container. The method is performed in a con-
tainer crane control system (1) and comprises the steps
of: obtaining (40) two-dimensional images of the landing
target from afirst pair of cameras arranged on the spread-
er; performing (42) feature extraction based on the

two-dimensional images to identify key features of the
landing target; generating (44) a point cloud based on
the feature extraction, wherein each point in the point
cloud contains co-ordinates in three dimensions; and
controlling (46) movement of the container to the landing
target based on the point cloud and the identified key
features of the landing target.
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Description
TECHNICAL FIELD

[0001] The invention relates to a method, a container
crane control system, a computer program and a com-
puter program product for loading a container on a land-
ing target.

BACKGROUND

[0002] Container cranes are used to handle freight
containers, to transfer containers between transport
modes at container terminals, freight harbours and the
like. Standard shipping containers are used to transport
a great and growing volume of freight around the world.
Trans-shipment is a critical function in freight handling.
Trans-shipment may occur at each point of transfer and
there is usually a tremendous number of containers that
must be unloaded, transferred to a temporary stack, and
later loaded on to another ship, or back onto the same
ship orloaded instead onto another form of transportsuch
as a road vehicle or train.

[0003] Traditionally, the container cranes have been
controlled in an operator cabin mounted on the container
crane. Recently however, container cranes have become
remote controlled and even fully automated. This reduc-
es or eliminates the need for crane operators being ex-
posed to inconvenience, danger and even injury.
[0004] WO 2015/022001 discloses a method for auto-
matically landing a container on a landing target using a
container crane. The container crane comprises a trolley
and spreader for holding and lifting the container and a
crane control system for controlling movements of said
container crane. A distance from the container to the
landing target is measured and the container is moved
towards the landing target dependent on the measured
distance. A plurality of images of the landing target are
made using at least one camera mounted on the spread-
er. The images are processed to identify one or more
landing features in the images of the landing target. Dis-
tances from the container to the landing target are cal-
culated based on a measurement of distance between
the container and the landing features in the images.
[0005] Any improvement in how the landing target is
identified is of great value.

SUMMARY

[0006] It is an object to improve the identification of a
landing target for loading a container.

[0007] Accordingto afirstaspect, itis provided a meth-
od for loading a container on a landing target on a land
vehicle using a container crane comprising a trolley and
a spreader for holding and lifting the container. The meth-
od is performed in a container crane control system and
comprises the steps of: obtaining two-dimensional imag-
es of the landing target from a first pair of cameras ar-
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ranged on the spreader; performing feature extraction
based on the two-dimensional images to identify key fea-
tures of the landing target; generating a point cloud based
on the feature extraction, wherein each point in the point
cloud contains co-ordinates in three dimensions; and
controlling movement of the container to the landing tar-
get based on the point cloud and the identified key fea-
tures of the landing target.

[0008] The key features may comprise corners of the
landing target. The key features may comprise twistlocks
of the landing target. The key features may comprise any
one or more of a gooseneck of a chassis, a guide struc-
ture, a girder, and a beam.

[0009] The landing target may be situated higher than
surrounding surfaces.

[0010] The step of obtaining two-dimensional images
also comprises obtaining two-dimensional images of the
landing target from a second pair of cameras arranged
on the spreader. In such a case, the step of performing
feature extraction is based also on a two dimensional
image from at least one camera of the second pair.
[0011] The first pair of cameras and the second pair of
cameras may be arranged along the same side of the
spreader.

[0012] The method may further comprise the step of:
detecting orientation of the landing target based on lines
in the two dimensional images. In such a case, the step
of controlling movement is also based on the orientation
of the landing target.

[0013] The step of performing feature extraction may
be based on scale invariant feature transform, SIFT.
[0014] The step of generating a point cloud may also
be based on stereo image matching based on the two-
dimensional images.

[0015] The method may further comprise the step of:
obtaining additional depth data from a depth detection
device. In such a case, the step of generating a point
cloud is also based on the additional depth data.
[0016] According to a second aspect, it is provided a
container crane control system for loading a container
on a landing target on a land vehicle using a container
crane comprising a trolley and a spreader for holding and
lifting the container. The container crane control system
comprises: a processor; and a memory storing instruc-
tions that, when executed by the processor, cause the
container crane control system to: obtain two-dimension-
alimages of the landing target from a first pair of cameras
arranged on the spreader; perform feature extraction
based on the two-dimensional images to identify key fea-
tures of the landing target; generate a point cloud based
on the feature extraction, wherein each point in the point
cloud contains co-ordinates in three dimensions; and
control movement of the container to the landing target
based on the point cloud and the identified key features
of the landing target.

[0017] The landing target may be situated higher than
surrounding surfaces.

[0018] The instructions to obtain two-dimensional im-
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ages may comprise instructions that, when executed by
the processor, cause the container crane control system
to obtain two-dimensional images of the landing target
from a second pair of cameras arranged on the spreader,
and whereintheinstructions to perform feature extraction
comprise instructions that, when executed by the proc-
essor, cause the container crane control system to based
perform the feature extraction also on a two dimensional
image from at least one camera of the second pair.
[0019] The first pair of cameras and the second pair of
cameras may be arranged along the same side of the
spreader.

[0020] Accordingto athird aspect, itis provided a com-
puter program for loading a container on a landing target
on a land vehicle using a container crane comprising a
trolley and a spreader for holding and lifting the container.
The computer program comprises computer program
code which, when run on a container crane control sys-
tem causes the container crane control system to: obtain
two-dimensional images of the landing target from a first
pair of cameras arranged on the spreader; perform fea-
ture extraction based on the two-dimensional images to
identify key features of the landing target; generate a
point cloud based on the feature extraction, wherein each
point in the point cloud contains co-ordinates in three
dimensions; and control movement of the container to
the landing target based on the point cloud and the iden-
tified key features of the landing target.

[0021] According to a fourth aspect, it is provided a
computer program product comprising a computer pro-
gram according to the third aspect and a computer read-
able means on which the computer program is stored.
[0022] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, apparatus, compo-
nent, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, appa-
ratus, component, means, step, etc., unless explicitly
stated otherwise. The steps of any method disclosed
herein do not have to be performed in the exact order
disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Fig 1 is a schematic diagram illustrating a container
crane environmentin which embodiments presented
herein can be applied;

Fig 2 is a schematic diagram illustrating the landing
target and land vehicle of Fig 1 in more detail ac-

cording to one embodiment;

Fig 3 is a schematic diagram illustrating a view from
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above of the landing target of Fig 2 according to one
embodiment;

Fig 4 is a schematic diagram illustrating a view from
below of the spreader of Fig 1 according to one em-
bodiment;

Fig 6 is a flow chart illustrating a method for loading
a container on a landing target on a land vehicle us-
ing a container crane comprising a trolley and a
spreader for holding and lifting the container;

Fig 7 is a schematic diagram illustrating components
of the container crane control system of Fig 1; and

Fig 8 shows one example of a computer program
product comprising computer readable means.

DETAILED DESCRIPTION

[0024] The invention will now be described more fully
hereinafter with reference to the accompanying draw-
ings, in which certain embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided by way of example so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in
the art. Like numbers refer to like elements throughout
the description.

[0025] Embodiments presented herein are based on
identifying key features of a landing target from several
two-dimensional images using stereo matching and fea-
ture extraction. Alternatively, any other type of 3D map-
ping sensor could be used such as Lidar, time of flight
cameras etc. Key features can e.g. be corners of the
landing target, twistlocks, etc. A point cloud with points
in three dimensions is also generated to describe the
landing target and the environment around the landing
target to improve ability to identify the landing target. By
basing the landing target identification on three dimen-
sions, a more reliable identification is achieved, allowing
operation to be continued also in conditions with bad vis-
ibility.

[0026] Fig 1 is a schematic diagram illustrating a con-
tainer crane environmentin which embodiments present-
ed herein can be applied. The view of Fig 1 is along an
x-y plane in a Cartesian coordinate system.

[0027] A container crane 51 uses a number of powerful
electric motors mounted on a spreader 55 and on a trolley
53 to power moving parts and retract or extend cables
to lift up or down the spreader 55. The spreader 55 can
hold a load 21 in the form of a container. Electric motors
are also used to power the movements of the trolley 53
holding the spreader 55, to lift and transport the contain-
ers out of the ship and onto a land vehicle 23 or a stack
etc. The container crane 51 can be used for loading con-
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tainers on a ship and/or for unloading containers from a
ship to land or on a landing target 59 on a land vehicle
23, e.g. atruck chassis or a train carriage chassis. Moving
containers from one position on land to another landing
target is also possible.

[0028] The width of shipping containers is standard-
ised at 8 ft. (2.436 m), but the height varies, typically
between 8 ft. (2.436 m) and 9.5 ft. (2.896 m). The most
common standard lengths are 20 ft. (6.096 m) and 40 ft.
(12.192 m) long. The 40 ft. (12.192 m) container is very
common today and even longer containers up to 53 ft.
(16.154 m) long are also in use. International standard
dimensions are based on a number of ISO recommen-
dations made between 1968 and 1970, and in particular
a recommendation R1161 from January 1970, which
made recommendations about dimensions of corner fit-
tings for standard containers. The distances between
corner fittings on standard shipping containers are stand-
ardised in accordance with the ISO recommendations.
The corner fittings, also known as corner castings, in-
clude standard openings so that a container may be
picked up by inserting a hook of the spreader 55 into
each of the four corner fittings at the top of the container
21. The size and shape of the oval-shaped openings are
defined in another standard, 1ISO 1161 from 1984. The
same type of corner fittings, e.g. those on the bottom of
a container, may be used to lock a container in place in
a position (e.g. in a hold or on deck) on board a ship, on
a wagon or a chassis.

[0029] The spreader 55 is thus used to grip the con-
tainer 21 e.g. using twistlocks to engage with the standard
sized opening in the corner fittings on the container, to
lift it, lower it and release it. In this description, the term
spreader 55 is used to denote a part of a lifting device
that is in direct contact with a container 21. Spreaders
55 are normally designed to handle more than one size
of container, typically 20-40 ft. (6.096 - 12.192 m) or
20-40-45 ft. (6.096 - 12.192 - 13.716 m) long containers.
Some spreaders 55 may at any time lift and handle one
single 40 ft. (12.192 m) or a 45 ft. (13.716 m) container
or two 20 ft. (6.096 m) containers. Some spreaders 55
are adjustable in use so that the same spreader 55 can
be used to pick up one 20 ft. (6.096 m), or two 20 ft.
(6.096 m) containers at a time by adjusting the length of
the spreader.

[0030] The container crane 51 can thus be used to lift
a container 21 up from a ship and land it on a landing
target 59, or vice versa. Alternatively, the container crane
51 can be used to transfer the container 21 between the
ship and ground or a container stack or any other suitable
container movement.

[0031] A container crane control system 1 is used to
control the operation of the crane 51. In order to enable
autonomous control of the crane 51, the container crane
control system 1 comprises several cameras (shown in
more detail in Fig 3 and explained below) and/or other
depth mapping devices such as Lidar, time of flight cam-
eras, etc., and a control device 15. Optionally, the con-
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tainer crane can be manually controlled e.g. by an oper-
ator 5 using an operator terminal 12 in an office 7.
[0032] The control device 15 is any suitable control de-
vice capable of performing logic operations and can com-
prise any combination of a central processing unit (CPU),
graphics processing unit (GPU), a microcontroller unit
(MCU), an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA), and discrete
logic circuitry, optionally combined with persistent mem-
ory (e.g. read only memory, ROM).

[0033] Fig 2 is a schematic diagram illustrating the
landing target 59 and land vehicle 23 of Fig 1 in more
detail. The landing target 59 is a top surface or top struc-
ture of the land vehicle 23, comprising twistlocks for se-
curing a container. The land vehicle 23 can e.g. be a
truck chassis or a train carriage chassis. The landing tar-
get 59 is here higher than surrounding surfaces 20 (i.e.
ground) at a certain height 25 from the surrounding sur-
faces 20.

[0034] Fig 3 is a schematic diagram illustrating a view
from above of the landing target 59 of Fig 2. The view is
along a z-x plane in the same coordinate system as for
Fig 1. Hence, the view of Fig 3 is from above whereas
the view in Fig 1 is from the front (or back). The four
corners 3ia-d of the landing target 59 can be seen here.
Moreover, the landing target 59 comprises four twistlocks
30a-d, respectively provided at the four corners 31a-d.
The twistlocks are used to secure the container on the
landing target 59. Alternatively the landing target can
have fewer than four twistlocks but instead have other
structures used hold the container in position on the land-
ing target.

[0035] Fig 4 is a schematic diagram illustrating a view
from below of the spreader 55 of Fig 1 according to one
embodiment. There are here eight cameras 32a-h pro-
vided for identification of landing target, etc. There could
be fewer or more cameras as long as there are at least
two cameras. Alternatively there could be an addition of
other depth mapping devices such as Lidar, time of flight
cameras, etc.

[0036] The cameras are provided in pairs. Specifically,
a first pair 35a comprises the first camera 32a and the
second camera 32b. A second pair 35b comprises the
third camera 32c and the fourth camera 32d. A third pair
35c comprises the fifth camera 32e and the sixth camera
32f. A fourth pair 35d comprises the seventh camera 32g
and the eighth camera 32h.

[0037] The term end side is to be interpreted as one
of the shorter sides of the spreader. Hence, the first pair
35a of cameras and the second pair 35b of cameras are
provided on one end of the spreader 55, while the third
pair 35c of cameras and the fourth pair 35d of cameras
are provided on the other end of the spreader 55.
[0038] Fig5 is aschematic diagram illustrating lines of
the landing target 59 of Fig 1 in more detail according to
one embodiment. The landing target 59 can comprise
lines, including horizontal lines 37 and/or vertical lines
38. The lines can form part of the structure of the landing
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target 59 or underlying chassis, which are predominately
provided along (horizontally in Fig 5) or across (vertically
in Fig 5) the landing target 59. By analysing the lines in
images captured by the cameras and in the depth map
of the landing target, the container crane control system
can accurately adjust skew alignment of the container
when placed on the landing target 59.

[0039] Fig 6 is a flow chart illustrating a method for
loading a container on a landing target on a land vehicle
using a container crane comprising a trolley and a
spreader for holding and lifting the container. The method
is performed in the container crane control system for
automated control of the container crane.

[0040] In an obtain 2D images step 40, the container
crane control system obtains two-dimensional images of
the landing target from a first pair (e.g. any of the pairs
35a-d of Fig 4) of cameras arranged on the spreader.
[0041] Optionally, this comprises obtaining two-dimen-
sional images of the landing target from a second pair of
cameras arranged on the spreader. The first pair of cam-
eras and the second pair of cameras can be arranged
along the same end side of the spreader. The term end
side is to be interpreted as one of the shorter sides of the
spreader.

[0042] In a feature extraction step 42, the container
crane control system performs feature extraction based
on the two-dimensional images to identify key features
of the landing target. The key features can be corners of
the landing target. Alternatively or additionally, the key
features can comprise twistlocks of the landing target.
Optionally, other key features are identified, e.g. any one
or more of a gooseneck of a chassis, guide structures,
girders, beams, etc. When more key features are extract-
ed, this increases the reliability for subsequent loading
of the container on the landing target.

[0043] As shown in Fig 2, the landing target can be
situated higher than surrounding surfaces, which simpli-
fies the identification of the landing target in the feature
extraction, since this is based on at least two cameras
and thus result in a depth dimension.

[0044] When a two dimensional image from at least
one camera of the second pair is available, this is also
used in the feature extraction. The use of additional cam-
eras improves the ability to identify the depth dimension.
[0045] The feature extraction is based on any suitable
algorithm, e.g. scale invariant feature transform (SIFT)
or similar.

[0046] In an optional obtain additional depth data step
43, additional depth data from a depth detection device
is obtained. The depth detection device can e.g. be in
the form of Lidar, time of flight cameras, etc.

[0047] In a generate point cloud step 44, the container
crane control system generates a point cloud based on
the feature extraction, wherein each point in the point
cloud contains co-ordinates in three dimensions. Each
pointmay also contain light values in one or more colours,
e.g. RGB (Red, Green and Blue) light values.

[0048] The pointcloudcanalsobe derived using stereo
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image matching based on the two-dimensional images.
This results in more dense depth maps than if only the
feature extraction is used. The stereo image matching
can e.g. be based on block matching.

[0049] Optionally, the additional depth data received
in step 43 is be fused with the camera images to yield
even more reliable point cloud data. Hence, the point
cloud can also based on the additional depth data to
thereby obtain an even more extensive and accurate
point cloud.

[0050] In a detect orientation step 45, the container
crane control system detects orientation of the landing
target based on lines in the two dimensional images, see
Fig 5 and corresponding text above. This improves skew
control when controlling the container in relation to the
landing target.

[0051] In a control movement step 46, the container
crane control system controls movement of the container
to the landing target based on the point cloud and the
identified key features of the landing target. When avail-
able, movement is controlled also based on the orienta-
tion of the landing target.

[0052] The method loops to provide continued feed-
back of position in relation to the landing target and ap-
propriate movement control.

[0053] By using three dimensional data in the feature
extraction and the point cloud, a more reliable identifica-
tion of the landing target is achieved. Moreover, due the
height difference (25 of Fig 2) between the landing target
and ground, the three dimensional data greatly increases
reliability of the identification. This allows the container
crane control system to continue operation also in con-
ditions of limited visibility, such as in rain, snow, lightning,
etc.

[0054] A corresponding method can be applied for
picking up a container, where instead of a landing target,
the key features of a container to be picked up are iden-
tified.

[0055] Fig 7 is a schematic diagram illustrating com-
ponents of the container crane control system 1 of Fig 1.
A processor 60 is provided using any combination of one
or more of a suitable central processing unit (CPU),
graphics processing unit (GPU), multiprocessor, micro-
controller, digital signal processor (DSP), application
specific integrated circuit (ASIC), etc., capable of exe-
cuting software instructions 67 stored in a memory 64,
which can thus be a computer program product. The
processor 60 can be configured to execute the method
described with reference to Fig 6 above.

[0056] The memory 64 can be any combination of ran-
dom access memory (RAM) and read only memory
(ROM). The memory 64 also comprises persistent stor-
age, which, for example, can be any single one or com-
bination of magnetic memory, optical memory, solid-
state memory or even remotely mounted memory.
[0057] A data memory 66 is also provided for reading
and/or storing data during execution of software instruc-
tions in the processor 60. The data memory 66 can be
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any combination of random access memory (RAM) and
read only memory (ROM).

[0058] The container crane control system 1 further
comprises an |/O interface 62 for communicating with
other external entities. Optionally, the 1/O interface 62
also includes a user interface.

[0059] Other components of the container crane con-
trol system 1 are omitted in order not to obscure the con-
cepts presented herein.

[0060] Fig 8 shows one example of a computer pro-
gram product comprising computer readable means. On
this computer readable means, a computer program 91
can be stored, which computer program can cause a
processor to execute a method according to embodi-
ments described herein. In this example, the computer
program product is an optical disc, such as a CD (com-
pact disc) or a DVD (digital versatile disc) or a Blu-Ray
disc. As explained above, the computer program product
could also be embodied in a memory of a device, such
as the computer program product 67 of Fig 7. While the
computer program 91 is here schematically shown as a
track on the depicted optical disk, the computer program
can be stored in any way which is suitable for the com-
puter program product, such as a removable solid state
memory, e.g. a Universal Serial Bus (USB) drive.
[0061] Theinvention has mainly beendescribed above
with reference to a few embodiments. However, as is
readily appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are equally
possible within the scope of the invention, as defined by
the appended patent claims.

Claims

1. A method for loading a container on a landing target
(19) on a land vehicle using a container crane com-
prising a trolley (53) and a spreader (55) for holding
and lifting the container, the method being performed
in a container crane control system (1) and compris-
ing the steps of:

obtaining (40) two-dimensional images of the
landing target (59) from a first pair of cameras
arranged on the spreader (55);

performing (42) feature extraction based on the
two-dimensional images to identify key features
of the landing target (59);

generating (44) a point cloud based on the fea-
ture extraction, wherein each point in the point
cloud contains co-ordinates in three dimen-
sions; and

controlling (46) movement of the container to
the landing target (59) based on the point cloud
and the identified key features of the landing tar-
get (59).

2. The method according to claim 1, wherein the key
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10.

features comprise corners (31a-d) of the landing tar-
get (59).

The method according to claim 1 or 2, wherein the
landing target (59) is situated higher than surround-
ing surfaces.

The method according to any one of claims 1 to 3,
wherein the step of obtaining (40) two-dimensional
images also comprises obtaining two-dimensional
images of the landing target (59) from a second pair
of cameras arranged on the spreader (55), and
wherein the step of performing (42) feature extrac-
tion is based also on a two dimensional image from
at least one camera of the second pair.

The method according to claim 4, wherein the first
pair of cameras and the second pair of cameras are
arranged along the same side of the spreader (55).

The method according to any one of the preceding
claims, further comprising the step of:

detecting (45) orientation of the landing target
(59) based on lines (37, 38) in the two dimen-
sional images;

and wherein the step of controlling (46) move-
mentis also based on the orientation of the land-
ing target.

The method according to any one of the preceding
claims, wherein the step of performing (42) feature
extraction is based on scale invariant feature trans-
form, SIFT.

The method according to any one of the preceding
claims, wherein the step of generating (44) a point
cloud is also based on stereo image matching based
on the two-dimensional images.

The method according to any one of the preceding
claims, further comprising the step of:

obtaining (43) additional depth datafrom adepth
detection device;

and wherein the step of generating (44) a point
cloud is also based on the additional depth data.

A container crane control system (1) for loading a
container on a landing target (59) on a land vehicle
using a container crane comprising a trolley (53) and
a spreader (55) for holding and lifting the container,
the container crane control system (1) comprising:

a processor (60); and

a memory (64) storing instructions (67) that,
when executed by the processor, cause the con-
tainer crane control system (1) to:



1.

12.

13.

14.

11 EP 3 418 244 A1 12

obtain two-dimensional images of the land-
ing target (59) from a first pair of cameras
arranged on the spreader (55);

perform feature extraction based on the
two-dimensional images to identify key fea-
tures of the landing target (59);

generate a point cloud based on the feature
extraction, wherein each point in the point
cloud contains co-ordinates in three dimen-
sions; and

control movement of the container to the
landing target (59) based on the point cloud
and the identified key features of the landing
target (59).

The container crane control system (1) according to
claim 10, wherein the landing target (59) is situated
higher than surrounding surfaces.

The container crane control system (1) according to
claim 10 or 11, wherein the instructions to obtain two-
dimensional images comprise instructions (67) that,
when executed by the processor, cause the contain-
ercrane control system (1) to obtain two-dimensional
images of the landing target (59) from a second pair
of cameras arranged on the spreader (55), and
wherein the instructions to perform feature extraction
comprise instructions (67) that, when executed by
the processor, cause the container crane control sys-
tem (1) to perform the feature extraction also based
onatwodimensionalimage from atleast one camera
of the second pair.

The container crane control system (1) according to
claim 12, wherein the first pair of cameras and the
second pair of cameras are arranged along the same
side of the spreader (55).

A computer program (67, 91) for loading a container
on a landing target (59) on a land vehicle using a
container crane comprising a trolley (53) and a
spreader (55) for holding and lifting the container,
the computer program comprising computer pro-
gram code which, when run on a container crane
control system (1) causes the container crane control
system (1) to:

obtain two-dimensional images of the landing
target (59) from a first pair of cameras arranged
on the spreader (55);

perform feature extraction based on the two-di-
mensional images to identify key features of the
landing target (59);

generate a point cloud based on the feature ex-
traction, wherein each point in the point cloud
contains co-ordinates in three dimensions; and
control movement of the container to the landing
target (59) based on the pointcloud and the iden-
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tified key features of the landing target (59).

15. A computer program product (64, 90) comprising a

computer program according to claim 14 and a com-
puter readable means on which the computer pro-
gram is stored.
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