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DESCRIPTION

[0001] The present invention relates to a method for establishing a temporary connection
between two objects that are movable In relation to each other, particularly where both objects
comprise a respective connecting means, and wherein the temporary connection is established
by the connecting means being connected to each other.

[0002] In many situations, objects that are movable In relation to each other need to be
connected, such as various vehicles which are movable relative to each other or a moving
vehicle that Is movable to an installation on land which is fixed as such. It Is also common that
there I1s a need for such temporary connections to be established and maintained for a period
of time during which the objects are not only movable, but are actually moving relative to each
other.

[0003] For example, systems are previously known for automatic mooring of boats at quays,
which systems retain the boat Iin question while a connection for, for example, fresh water
supply and electricity, I1s established and maintained.

[0004] US 2010272517 discloses a system of this type, wherein a boat i1s softly captured by a
mooring means of a quay, which is pushed out to the boat's hull and then reduces the speed of
the boat towards the quay by pressing against the hull. The mooring means may comprise
suction cups.

[0005] For land based vehicle, it iIs known, for example from US2011082612, to detect the
position of such a vehicle, to engage with it and to bring it into a position in which an electrical
connection can be established between the vehicle and a charging station.

[0006] Within the same technical field it i1s known to use a multi-axis robotic arm to
automatically move a connector to a vehicle and there to establish an electrical connection.

[0007] Within the field of avionics, It Is known, for example from US20100282912, to actuate a
first movable object, in the form of a plane, In relation to a second moving object, in the form of
a second aircraft, such that a connection between the objects is established by means of
respective connecting means.

[0008] US2013140403 discloses a method for delivering a payload to a space facility. The
method includes detecting the relative position and velocity of a launch vehicle stage including
the payload and one or more thrusters. The method includes providing guidance information to
the launch vehicle stage, and in response to receiving the guidance information, activating one
or more thrusters corresponding to the guidance information, and guiding a capture head of a
boom Into capture proximity to the payload. One end of the boom Is coupled to the space
facility and the other end of the boom iIs coupled to the capture head. The method includes
capturing the payload, and moving the captured payload to the space facility.
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[0009] US2008237400 discloses a system for robotic refueling of satellites. The system may
Include a dedicated refueling satellite. The system includes a robotic arm, suitable tools which
can be affixed to the end effector of the robotic arm required for accessing, opening and
closing the fuel fill valve on the satellite being serviced, storage and retrieval stations on a tool
caddy on which the tools and various fuel fill valve caps are stored. The system Is under
teleoperation by a remotely located operator. Cameras are included focussed on the robotic
arm and end effector and images are transmitted to the operator to allow the operator to direct
and control the refueling procedure. The system may also be configured to be operated
autonomously under computer control.

[0010] It would be desirable to provide a flexible and automatic way to make a connection
between two objects that are movable In relation to each other, which objects can be allowed
to move relative to each other in an at least partially unpredictable manner while a connection
IS being established and maintained.

[0011] Furthermore, In many applications within the field of public transport, such as
electrically driven traffic ferries and coaches, 1t I1s desirable to transfer as much electrical
energy as possible to a craft during a limited charging time during which the craft exists at a
loading station. This I1s especially a problem because it requires significant investments to
provide a charging system that can transmit high power electrical energy:.

[0012] The corresponding problem exists, for example, for boats and ships in sea locks, where
there Is also Iimited time for filling and draining of water and the like.

[0013] The present invention solves the above described problems. The objects of the
Invention are achieved by a method, which Is characterized by what I1s stated In the
iIndependent claim.

[0014] In the following, the invention will be described Iin closer detall, partly in connection to
the accompanying drawings, in which

Figure 1a illustrates a first embodiment of a device according to the invention, from the side;

Figure 1b illustrates a second embodiment of a device according to the invention, from the
side;

Figures 2a and 2b illustrate a third embodiment of a device according to the invention from
above and from the side, respectively;

Figures 3a-3c illustrate three different successive steps performed using a fourth embodiment
of a device according to the invention, from above;

Figures 4a to 449 illustrate various types of connections, from the side;

Figures Sa-5c illustrate three different successive steps by an example of a device from above;
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Figure © illustrates an activating means according to the invention, from the side;
Figure 7 1s a flow diagram illustrating a method according to the invention; and

Figure 8 illustrates an example of a device, from the side.

[0015] Figures 1a and 1b show two respective diagrams of respective preferred embodiments
of devices according to the present invention. Figures 1a and 1b share reference numbers for
corresponding parts.

[0016] The device 100 is thus arranged to provide a temporary connection between a first 101
and a second 102 object, which are movable relative to each other. The first 110 of said
objects comprises a first connecting means 114, and the second 102 of said objects comprises
a second connecting means 154. The said temporary connection iIs established by the two
connecting means 114, 154 being brought together and connected to each other.

[0017] A connection In the sense of the Invention does not only, preferably not primarily,
preferably not at all, constitute a mooring of or between the objects, but aims at transferring a
medium or energy from one object to the other. See below for examples.

[0018] The device 100 further comprises at least one mobile robot 110, arranged to
continuously move the first connecting means 114 relative to the first object 101, and a control
means 120, arranged to control the movements of the robot 110 and thus said movements of
the first connecting means 114 relative to the first object 101.

[0019] Additionally, the device 100 comprises a sensor means 130, arranged to continuously
read a relative position between the first object 101 or the first connecting means 114 and the
second connecting means 154 while the two objects 101, 102 move relative to each other.

[0020] According to the invention, the control means 120 Is arranged to, while said first and
second objects 101, 102 move relative to each other, continuously control the movements of
the robot 110 so that the first connecting means 114 is displaced, in relation to the first object
101 and up to the second connecting means 154, and there connects to the second
connecting means 154, so that said temporary connection thereby is established. Figures 1a
and 1b both illustrate, using broken lines, the situation when the temporary connection has
been established.

[0021] The elements 110, 120, 130 are in communication with each other.

[0022] Thus, the first connecting means 114 i1s movable relative to the first object 101, via the
robot 110. In Figures 1a and 1b, the robot 110 is illustrated with a number of rigid segments
112 that are movable by arranged joints 113, but it will be appreciated that other types of
robots can used, such as traverse or crane robots, see below. Since the sensor means 130 iIs
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arranged to read the relative position of the second connecting means 154 relative to the first
connecting means 114, or in relation to the first object 101, and as a result, since the robot 110
can give feedback regarding a position of the connecting means 114 relative to the object 101,
Indirectly in relation to the first connecting means 114, the control means 120 can transmit
signals to the robot 110 In order to displace the first connecting means 114 in a direction
towards and up to the second connecting means 154, to a position in which the said temporary
connection can be established.

[0023] In Figure 1b the likewise preferred alternative is illustrated that also a second robot 150
IS used, In combination with a control means 160 and a sensor means 1/70. The robot 150, the
control means 160, the sensor means 170, the segments 152 and the joints 153 correspond to
and have the corresponding function as the robot 110, the control means 120, the sensor
means 130, the segments 112 and the joints 113, respectively. The robot 150 is thus arranged
to move the connecting means 154 relative to the object 102; the sensor means 170 is
arranged to continuously read a relative position between the object 102 or the connecting
means 154 and the connecting means 114 while the objects 101, 102 move relative to each
other; and the control means 160 1s arranged to control the movements of the robot 150 and
thus the said displacement of the connecting means 154 relative to the connecting means 114.

[0024] Thus, the robots 110, 150 cooperate In this case, In order to together cause the
connecting means 114, 154 to approach each other and to assume a position relative to each
other In which the connection can be established. The cooperation can be achieved by the
control means 120, 160 acting independently of each other, or by the control means 120, 160
communicating with each other, in an as such known manner, such as using wireless Internet,
In order to coordinate the displacement operation. VWhat 1s said in the following regarding a
device with a single robot applies mutatis mutandis to a configuration in which two robots work
together as is exemplified in figure 1Db.

[0025] An important aspect of the Invention is that the first connecting means 114 is moved up
to the second connecting means 154, and there connects to the second connecting means
154, while said first and second objects 101, 102 move relative to each other. In other words,
the objects 101, 102 are not only movable relative to each other, they actually move while the
connecting means 114, 154 are brought together, and preferably also while the connection is
established, either by the object 101, the object 102 or both moving relative to a fixed
coordinate system.

[0026] Such a device makes it possible for a connection to automatically be established
between objects of different types that are movable relative to each other, which in many such
cases can lead to significantly improved security and/or comfort for an operator of one 101
and/or the other 102 of said objects.

[0027] Furthermore, the use of such a device, by means of the sensor means 130, the control
means 120 and the movable robot 110, may result in that a connection can be established
even before the objects 101, 102 have reached a stable position relative to each other. As a
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result, a much more flexible way to establish a temporary connection between the objects 101,
102 1s achieved, which flexibility in turn can be used to increase the efficiency of transmitting a
medium between the objects 101, 102.

[0028] Such efficiency gains and other advantages will be more fully understood by the
subsequent part of the description, in which the invention will be made further concrete by
means of a number of exemplary embodiments.

[0029] As regards the guide means 120, it may be of any suitable type, and preferably
comprises a microprocessor, a digital memory, at least one input for measurement data or
position data and at least one output for controlling the movements of a robot. A control
software Is arranged to be executed on the control means hardware and thus to perform the
sald control as such, based on a number of predefined rules and patterns. The control device
IS In contact, for digital communication of information, with other parts of the device 100, such
as with the sensor means 130 and the robot 110.

[0030] The sensor means 130, which 1s arranged to sense the position of the connecting
means 154 In relation to the object 101, may likewise be of different types. Preferred sensor
means include such sensor means that operate without contacting the connecting means 154,
such as optical sensor means, comprising one or more cameras in combination with an image
analysis software arranged to identify certain previously known visual markers on the
connecting means 154, such as text indicating the identity of a craft, such as the IMO number
(International Maritime Organization) of a vessel, or known structures that are located at
known positions relative to the connecting means 154; laser or ultrasonic detection means,
arranged to scan a surface comprising the connecting means and/or to identify a structure of
the surface and/or a distance to such a surface; an Infrared camera; or the like. Radar
technology, long-range RFID or the like can be used to identify an approaching object, which
can thereafter for example be identified visually.

[0031] It I1s preferred that the sensor means operates in two stages, the first stage involving the
detection, and preferably also identification, of an approaching vehicle. This may be performed
using radar, AlS, long-range RFID or by other means, above. The second step involves
visually identifying the location of the vessel, and especially the position of one or more
connecting means on the vessel.

[0032] Examples of suitable means for such visual identification include an industrial camera,
preferably for detecting infrared light alternatively equipped with its own light source such as a
laser light source, such as the camera |IPR438ESX commercially available from the company
Meritilin, Taiwan. Such a camera may be used together with a piece of software such as that
commercially provided by Tordivel AS, Norway, under the trade name Scorpion Vision.

[0033] It I1s preferred that the objects 101, 102 are movable relative to each other, and also
that they move relative to each other during the said movement of the means 114 relative to
the means 154, along at least two dimensions of motion, such as across a surface, preferably
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along at least three dimensions of motion X, Y, Z, such as in a space. As to the control means
120, 1t 1s preferably arranged to control the movement by the robot 110 of the means 114 along
at least two, preferably three, dimensions of motion X, Y, Z, and most preferably at least along
as many dimensions as the number of dimensions along which the objects 101, 102 move
relative to each other during said movement. This also applies to the number of operating
dimensions along which the robot can displace the connecting means 114.

[0034] Figures 2a, from the top, and 2b, from the side, illustrate an exemplary embodiment of
the invention in which one 201 of the two objects Is fixedly arranged and comprises a robot
210, while the other object 202 i1s movable relative to the first object. In the present example,
one 201 of the objects Is permanently installed on a quay 203, and the other object 202 is
permanently installed on a boat 204 or a vessel that floats on a water surface next to the quay.
It Is preferred that the connection that is established in accordance with the above described is
a connection with the purpose of delivering, between the objects 201, 202, electrical energy,
fresh or waste water and/or powder, gaseous or liquid supplies such as methane gas, and
food. For example, the electrical energy may be supplied to the vessel 204 via an electrical
connection and electrical cables; fresh water may be supplied to the boat 204 via a pressurized
water supply and water pipes; waste water may be removed from the vessel 204 via a
connection which comprises an opening In which a hose Is inserted into and sucks the waste
water out from the vessel 204; or supplies may be delivered to the boat 204 via a
corresponding connection, but wherein the hose which iIs inserted into the opening Is arranged
to deliver such supplies into the boat 204.

[0035] The first object 201 can also be fixedly mounted on a floating pier, or on a service boat.
In these cases, hence, both objects 201, 202 are movable relative to each other and to the

fixed coordinate system (X, Y, Z). In all these cases, the connection may be established
despite the fact that, and while, the objects 201, 202 move relative to each other, which
facilitates efficient delivery of the above types of substances at piers and in harbours.

[0036] The connecting means 214 and 254, as well as the control means 220 and the sensor
means 230, are similar to the above-described parts 114, 254, 120 and 130, as is the fixed
coordinate system (X, Y, 2).

[0037] For example, when the device 200 is Installed for use at a quay, but also in other
embodiments, when the position of the second object can vary over a relatively broad area In
relation to the first object at the time of a desired connection between the objects, it Is
preferred that at least one of the robots is fixedly mounted on a coarse adjustment device, by
means of which the robot 210 and/or the first connecting means 214 is displaceable in at least
one direction, preferably at least two directions, relative to the first object 201. The controller
220 Is then arranged to control the position of the coarse adjustment device relative to the
second object 202, and also to control the movements of the robot 210, relative to the coarse
adjustment device, to thus fine tune the position of the first connecting means 214 relative to
the second connecting means 254.
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[0038] Such a coarse adjustment device enables the device 200 to be quickly adapted to the
general position for the establishment of the connection, and can thereafter establish the
connection with high efficiency and accuracy once the coarse adjustment is completed. It is
also preferred that the fine tuning with the help of the robot 210 Is commenced before the
coarse adjustment iIs completed, so that the fine-tuning can be completed with satisfactory
precision only a short time after the coarse adjustment is completed. This is preferably done by
the control means 220 using existing information regarding the final position for the coarse
adjustment as a basis for an approximate calculation in advance of the movements called upon
by the fine-tuning.

[0039] The coarse adjustment device preferably comprises a linear path 215a along which a
carriage 215b carrying the robot 210 can be brought, by means of electric motors and as
controlled by the control means 220, in figures 2a and 2b along the Y direction.

[0040] In a particularly preferred embodiment, also illustrated for exemplary purposes In
figures 2a and 2b, the first object 201 Is fixedly installed adjacent a boat or ship sea-lock,
where the water surface level is variable (Z direction). In this case, preferably the fixed system
object 201 further comprises a height adjustment means on which the robot 210 Is mounted.
The height adjustment means comprises a platform 215f, supported by an electrically driven
hoist means 215e, which is controlled by the control means 220, and which in turn is supported
by a carriage 215b of the said coarse adjustment device. The platform 215f then carries the
robot 210, which In turn is used for the fine-tuning.

[0041] In the Illustrated example, the coarse adjustment device further comprises a carriage
215d, which rests on the carriage 215b and is supported by an electrically driven linear
displacement device 215¢ by which the carriage 215d may be linearly displaced relative to the
carriage 215b in the X direction, under control of the control means 220.

[0042] In other words, the robot 210 i1s itself displaceable In three perpendicular, or
substantially perpendicular, directions, In the illustrated example the X-, Y- and Z-directions. It
IS also possible for the paths 215a, 215¢ and the hoist 215e to follow respective curvilinear
paths, depending on the geometric conditions at the quay 203 or the location where the
connection is to be established.

[0043] It is further preferred, in the said example with a sea-lock, that the control means 220 is
arranged to continuously control the position of the robot 210 In the vertical direction (Z-
direction), by controlling the said height adjustment means to correspond to the actual level of
the water surface. This control 1s preferably conducted during the above-mentioned coarse
adjustment phase.

[0044] It 1s particularly preferred that the control means 220 1s arranged to, in a first step,
control the height adjustment means to a position vertically corresponding to the current level
of the water surface, and in a second step to control the height adjustment means to maintain
the controlled height position, irrespective of any ongoing water surface level changes, while
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the connection Is being established and maintained. This may mean for example that a ship
arrives at the robot 210, which I1s then coarsely adjusted to the correct position in the Y
direction, to correspond to a current position of the connecting means 254, as well as in the Z-
direction, depending on the current water surface level. While the connection Is being
established, and also thereafter, the water level rises or sinks, as a result of the normal
operation of the sea-lock, whereby the Z-position of the robot 210 Is continuously coarsely
adjusted to substantially correspond to the water surface level in each moment. This means
that the connection can be established and maintained regardless of the current operating
status of the sea-lock, providing better opportunities for planning and efficiency of maintenance
and service of boats and ships passing through and being present at the sea-lock.

[0045] In figures 2a and 2b, the local action radius 216a of the robot 210 is Iillustrated in the
current, coarsely aligned, position of the robot 210. Also illustrated is the robot's 210 global
action radius 216b, when also taking into account the possibility of coarse adjustment of the

robot 210. It is noted that the coarse adjustment device extends the total action radius of the
robot 210.

[0046] As mentioned, In figures 2a and 2b, the object 202 is fixedly installed on a boat 204,
which boat 204 can be seen as a vehicle which is movable on a surface (the water surface). In
this case, the surface itself iIs movable, in that the water level varies as a result of waves, tide,
sea-lock activity and so on. The situation is different on land, where the ground forms a solid
surface, and wherein the vessel I1s a land-based vehicle such as a car, a bus, a truck, a train or

the like.

[0047] When one of the objects I1s permanently installed on the vehicle, it is preferable that the
second object Is a permanently installed station for, through the connection that is established
between the objects and between the objects, supplying electrical energy, fresh or waste water
and/or supplies, or for collecting and removing exhaust gases from an exhaust outlet of the
vehicle in question. The latter is for example useful in parking garages, workshops and the like,
where a connecting means in the form of an exhaust pipe of an arriving vehicle automatically
can be connected by means of a robot, to a corresponding connecting means In the form of a
suction muff for extraction of exhaust fumes from the exhaust pipe for disposal. In this case,
the robot which controls the position of the suction muff relative to the exhaust pipe can for
example be arranged suspended In a coarse adjustment device comprising a linear
displacement path which runs along the ceiling along a roadway in the garage or workshop.

[0048] As mentioned above, In alternative embodiments, the two objects can both be installed
on respective vehicles such as floating bridges, boats or ships, floating on a common water
surface. As an alternative to this, in an example not covered by the claims, one of the objects
can be permanently installed on the ground or on a building while the other object is installed
on a flying craft, or both objects may be Installed on respective flying crafts. VWhen the
connection Is established in these cases, the said respective flying craft i1s in a respective flying
state, and thus above the ground, and the connection I1s a connection between the objects to
deliver electrical energy, fresh or waste water and/or supplies. In a particular example not
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covered by the claims, one of the objects is an electrically powered aerial vehicle, such as a
so-called drone, such as an unmanned helicopter, the battery of which is charged by electrical
power supplied through the connection from a charging station installed on the ground, on a
building or on a flying vessel carrying a charging station. For example, such drones may be
used to distribute water for firefighting, or different pesticides agents, fertilizers and so on as
used in agriculture.

[0049] Figures 3a-3c Illlustrate a particularly preferred embodiment, in which the objects 301,
302 can assume a parked position (figure 3c) relative to each other, in which the objects are
arranged so closely spaced that the robot can maintain the connection, and wherein the
objects may also assume a different, separate position (figure 3a), in which the objects are at a
distance from one another, preferably at such a distance that it is not possible to establish the
connection because the incoming object's connecting means i1s beyond the reach of the robot
connecting means. It is preferred that at least one of the objects in the parked position moves
about a respective equilibrium position or a centre of motion relative to the other object, and
that such equilibrium positions or centres of motion are fixed relative to each other or to the
position of the second object In the parked position. Examples of equilibrium positions or
centres of motion include when a vessel, which i1Is moored using mooring lines, moves within its
imited room for manoeuvre next to the immobile quay; when a helicopter hovers above a
charging station arranged on solid ground; and when two boats are moored one to the other
and move within the limited relative room for manoeuvre allowed by the mooring.

[0050] In a first example of such a configuration, a service boat with a connection robot
according to the invention, approaches and moors to a vessel comprising a fixedly mounted
connecting means for supplying fresh water. In this case, the parked position Is constituted by
the boat being stably moored at the ship, but where both the service boat and the ship moves
around a respective centre of motion, which centres of motion are immobile In relation to each
other. The separated state is constituted by the service boat not yet having reached the ship,
but Is located at a distance therefrom.

[0051] In a second such example, a car arrives at a repair shop, and Is connected to an
exhaust fume collecting connecting means mounted on a robot according to the above,
whereby the car, after the entrance into the workshop, Is stationarily parked above a working
pit. The parked position Is thereby reached when the car is reaches an immobile position
above said working pit, whereby both objects therefore are immobile relative to each other,
and the separated position 1s constituted by that the car not yet having come to a standstill
above the working pit, but i1s arranged at a distance therefrom.

[0052] The third example is when a boat or a ship arrives at a quay at which it is to be moored
or lie quietly otherwise, and where a connection Is established between the boat or ship and a
permanently installed device on the quay. In such case, the parked position Is constituted by
the boat or ship lying still beside the dock, whereby the boat or ship, therefore, revolves around
a centre of motion which 1s immobile relative to the fixedly installed robot on the quay. The
separated state, finally, is constituted by the boat or ship being at a distance from this parked
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position.

[0053] Figures 3a-3c illustrate a device 300 according to the said third example, wherein an
object 302 according to the invention Is fixedly mounted on an electrically propelled vehicle
ferry 304. The object comprises a connecting means 354 arranged to supply electrical current
through the connecting means 354 to a battery arranged to provide the propulsion means of
the ferry with energy for forward operation. The object further comprises a wireless
communication means 3/1 for wireless communication with a corresponding wireless
communication means 321 disposed by the quay 303 and as part of the second object 301.
The communication means 371, 321 are conventional as such, and may for example be a
Bluetooth connection; means in themselves not primarily intended for mutual communication
but rather for identification, such as an RFID connection or the like; an acoustic connection or a
wireless internet connection. 380 Indicates a wireless network or a wireless communication link
through which communication can take place, such as the Internet.

[0054] The object 301 further comprises a permanently installed robot 310, a sensing means
330 and a control means 320; and the quay 303 comprises a resilient shock absorber 305 or
the like, against which the ferry i1s pressed In order to lie still in the parked position. The
directions X and Y are the same as in the other figures.

[0055] The objects 301, 302 are thus arranged to be brought from said separated position to
sald parked position. The control means 320 iIs further arranged to control the robot 310 so
that the connection is established while the objects 301, 302 move from the separated position
towards the parked position, and before they reach the parked position.

[0056] Figure 3a Illustrates such a separated position, in which the ferry 304, which for
example 1s heading towards the quay 305 to drop off and take up new vehicles for transport
across a watercourse, Is located so that the connecting means 354 is out of the robot's 310
reach 316a for contact with the connecting means 314. Figure 3b illustrates the situation at the
time of establishment of the connection. The ferry 304, and thus the object 302, has not yet
arrived at its parked position adjacent quay 303, where vehicles can be dropped off and taken
up, but is in such a position that the connecting means 314 just reaches the connecting means
354 so that connection is possible when the robot 310 iIs displaced to an extreme position.

[0057] By thus utilizing the robot's 310 freedom of movement in combination with the sensing
of the sensor means 330 and the logic of the control means 320, an electric connection can be
accomplished earlier than had been possible with prior art technology. This difference is In
many cases essential. Vwhen it comes to an electric vehicle ferry, for example, the last metres
of travel before the ferry arrives at the quay may take tens of seconds, while the total charging
time ashore may involve less than 10 minutes. The additional charging time achieved by the
Invention thus represents a significant share of the total charge time.

[0058] Correspondingly, it i1s preferred that the control means 320 i1s arranged to control the
robot 310 so that the connection Is broken during the movement of the objects 301, 302 from
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the parked position and, after the objects 301, 302 have left the parked position, to a second
separated position, said second separated position being similar to that described above and
wherein the objects 301, 302 again are located at a distance from each other.

[0059] This can be done In several different ways, as illustrated in figures 4a-4d, all of which,
with common reference numerals, illustrate an arm or a segment 412 of a robot 410 of an
object 401, which robot 410 controls the position of a connecting means 414 arranged to,
together with a connecting means 454 arranged on another object 402 which is movable
relative to the first object 401 even after the connection has been established, establish the
temporary connection. The connector 414 s supported by a supporting part 416 of the robot
410, and the connecting means 454 is supported by a supporting part 456 of the object 450.

[0060] Figure 4a illustrates the case that, after the connection is established, the connecting
means 414 is maintained at the connecting means 454 by means of a locally arranged
fastening means 454a, which for instance, depending on the connection type, can be
constituted by cooperating snap-lock means or magnetic means on the respective objects 414,
454. |In this position, the control means (not shown) will not actively control the movements of
the robot 410, instead the movements R2 of the connecting means 414 will passively follow the
movements R1 of the connecting means 454. Once the connection is to be broken, the object
401 and/or the object 402 causes the engagement of the attachment means 454a to be
released, whereby the connecting means 414 may be brought out from the connection and
away from the connecting means 454. For many types of connections, this iIs a simple and
therefore preferred way.

[0061] In an alternative embodiment, the control means Is instead arranged to actively and
continuously control the movements of the robot 410 so that the part 416 of the robot 410
which Is arranged to manoeuvre or maintain the connecting means 414 is stationary relative to
the connecting means 454.

[0062] A first example of this Is illustrated in Figure 4b, in which the control means is arranged
to actively and continuously control the robot 410 so that the connecting means 414 is
stationary, while the connection is maintained relative to the connecting means 454. |In other
words, the movements R2 of the object 414 will actively follow the movements R1 of the object
454. When the connection is to be broken, the control means may cause the part 416 to simply
bring the connecting means 414 away from the connecting means 454. In this case, no
fastening means Is required, although it i1s possible to combine the embodiment of figure 4a
with that of figure 4b. It is preferable that the robot maintains a certain pressure between the
connecting means 414, 454,

[0063] A second example of this is illustrated In figure 4c, wherein the part 416 1s arranged to
release the connecting means 414 after the connection has been established, and wherein the
control means then actively and continuously controls the movements of the robot 410 so that
the movements R2 of the part 416 follow the movements R1 of the connecting means 454
relatively closely, such as at most 0.2 meters away. The actual connection is secured with a
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cable 414a or the like, which runs from the connecting means 414 and to the object 401, and
through which electricity, fresh water or the like can be supplied. Once the connection is to be
broken, the control means may control the position of the part 416 relative to the means 454
so that the part 416 can be re-engaged with the means 414 and then bring the latter out from
the connection and away from the means 454. It will then be possible to break the connection
at short notice and in a controlled manner, since the part 416 can always be kept closely to,
and synchronized with respect to speed with, the means 414.

[0064] Thus, the robot 410 is In this case arranged to, after the connection has been
established, free itself from the connecting means 414 so that the connecting means 414 is
then freely movable, not counting said active control, within at least a limited area or volume
relative to the robot 410.

[0065] Another embodiment that also involves such freedom of movement is illustrated In
figure 4d, wherein the control means is not actively controlling the position of the part 416 or
means 414, but the movements R1 of the body 454 are allowed to be independent, or at least
iIndependent within a Iimited volume, by the movements of the robot 410. Instead, the part 416
has released the means 414, in a manner corresponding to that described above In connection
to figure 4c, and a flexible fastening means 414b, preferably comprised in the robot 410,
connects the robot 410 to the connecting means 414. The connection Is secured, as iIs the
case In figure 4c, by means of a cable 414a or the like. VWhen the connection is to be broken,
this Is then done by way of the fastening means 414b being arranged to break the connection
when the connected objects 401, 402 move from each other, by being arranged to be
stretched and then pulling the means 414, 454 apart. It i1s preferred that a collecting means, for
example comprising a reel 414c, I1s arranged to capture the means 414 and to return it into
appropriate engagement with the part 416 in order to establish a subsequent connection. As
llustrated In figure 4e, it 1s also preferred that the control means 1s arranged to, before the
breaking of the connection, control the robot 410 to manoeuvre the connecting means 414 into
a position in which the angle A between the stretched fastening means 414b and a pulling
apart direction of the connecting means 414 out of engagement with the connecting means
454 at the time of the said break falls within a predetermined range within which damages are
not risked for any of the connecting means 414, 454 as a result of said applied pulling force
and said pulling apart.

[0066] Figures 4g and 4f show, In sequence, another preferred option, wherein the control
means first (figure 4f) i1s arranged to bring the means 416 into a position in the vicinity of the
object 450, and within reach of a capturing or receiving means 457 of the object 450, which
means 457 1s arranged to engage with the connecting means 414 and to bring this up to and
INto engagement with the connecting means 454. Hereby, the means 414 is first loosened from
the means 416, by the means 416 or the means 457. Thereafter, the control means preferably
actively controls the movements R2 of the means 414 so that the means 414 is held stationary
relative to the means 457. Alternatively, a control means of the object 450 controls a gripping
means 457a of the means 457 so that it iIs advanced to and is brought into engagement with
the means 414, which thus results in a controlled movement of the gripping means 457a
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relative to the object 450.

[0067] Then (figure 4g), the means 457 brings the first connecting means 414 up to and into
engagement with the second connecting means 454, so that the connection Is thus
established. Once the connection Is to be broken, this can occur in any of the ways described
above.

[0068] Thus, In this embodiment it I1s the first robot 110 that controls and/or hands over the
connecting means 114 to the second robot 150, see figure 1b. The second robot 150 then
connects the connecting means 114, 154. Thus, for example, a custom robot installed on a
vehicle can by itself handle complicated connection procedures comprising doors or the like.
Moreover, the overall working range across which the connection may be maintained is
extended, and the first robot 110 may assist in handling the wiring/tubing when the distance
between the robots 110, 150 becomes large.

[0069] Figures 1a-1b and 3a-3c illustrate a respective robot 110, 310 fixedly mounted on a
support, which robot comprises at least two, preferably at least three parts, the relative angles
of which can be controlled. An example of a type of robot that is useful for this and other types
of applications of the present invention is the one sold by ABB under the trade name |IRB 2600.

[0070] Figures 2a-2b Illustrate, on the other hand, a robot 210 which includes at least two,
preferably at least three parts, which are displaceable relative to each other. Such a robot
preferably also includes, In addition to the displaceable sections, at least one, preferably at
least two, preferably at least three, parts, the relative angles of which can be controlled.
Examples of suitable robots with movable parts include the one sold under the trade name IRB

6620LX.

[0071] In general, it I1s preferred that the robots described herein have several axes and are
servo controlled, and are preferably also of standard type.

[0072] These exemplifying robots can also advantageously be used in modified form, such as
an |IRB 2600 mounted on a pair of traverse cranes and a hoist, as illustrated in figures 2a-2b,
or an |IRB 6620LX with extended arm beams and supplemented with several gripping means
and tools for different types of connecting means.

[0073] In general, it i1s preferable to use linear traverses similar to the device 215E when larger
vessels moor at the quay with the long side towards the quay, while robots mounted
permanently on the quay can advantageously be used when smaller boats moor with the bow
or stern to the quay.

[0074] Figures Sa-c Illustrate, for exemplifying purposes, a further example not covered by the
claims, in which an electrically propelled bus 504, on which an object 502 of the type described
above Is permanently installed, travelling along a bus route passes another object of the type
described above In the form of a bus stop 501 equipped with a charging station for a battery
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arranged in the bus 504. The bus stop 501 Is further equipped with two cooperating robots 510
and 510°, which themselves, and also their position along with respective rails 515a, 515b, are
controlled by a control means (not shown) similar to the above described control means. The
robots 510, 510" are provided with respective parts 516, 516" for engaging with and supporting
a connecting means 514 intended to connect an electric cable 514d to a connecting means
554 on the bus for the transfer of electrical energy to the bus 504 battery while the bus 504 is
present at or near the stop 501. The cable 514d i1s held taut by a per se conventional
stretching means 514e. A device 500 such as the one Illustrated in figures 5a-5b comprises at
least two movable robots 510, 511, both of which In an example not covered by the claims are
arranged to cooperate with each other, so that one of them Is arranged to establish said
connection and then to free itself from the connecting means 514, while another one Is
arranged to subsequently break the connection, preferably by again grabbing hold of the
connecting means 514 and bringing it away from the means 554.

[0075] VWhen the connecting means 554 of the object thus comes within reach of the robot 510
(figure 5a), the robot 510 brings the connecting means 514 forward, In a manner
corresponding to that described above, up to the connecting means 554, and there establishes
the connection, whereby the charging commences. The connection is preferably established,
as above, before the bus 504, and thus the object 502, finally have arrived at a parked position
adjacent the stop 501, for instance when the bus is about to swing in towards the bus stop but
IS within reach of the robot 510.

[0076] Thereafter, the robot 510 releases the engagement with the connecting means 514,
which Is thereafter supported by the engagement with the connecting means 554 while the bus
IS moving forward towards a parked position (figure 3b) adjacent to the bus stop 501.
Meanwhile, the battery of the bus 504 is charged via the cable 514d.

[0077] VWhen the bus 504 is again about to leave the bus stop 501 (figure 5c¢), the robot 510
brings the part 516" forward to the connecting means 514 and engages with the same, breaks
the engagement between the means 514 and means 554 and removes the means 514 from
the means 554. This preferably occurs after the bus 504, and thus the object 502, has left its
parked position at the bus stop 501 and is on its way out from the bus stop 501, but while the
connecting means 554 is still within reach of the robot 510"

[0078] The robot 510" can then, for example, switch places with the robot 510, by the robots
510, 510" sliding along the rails 515a, 515b, after which the robot 510" is prepared to establish
a connection with a next bus whose batteries must be recharged.

[0079] It i1s understood that a similar system 500 also can be installed, for example, at a red
light In a traffic intersection, so that electric vehicles can be connected and charged during the
time they arrive, wait for a green light, and re-start driving. By means of the invention, vehicles
In this type of situation are as a result provided with maximum charging time even during short
stoppages.
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[0080] One of the robots 510, 510" may also, as an alternative, establish the connection In a
first position along the rails 515a, 515b, then follow the connecting means 554, again along the
rails 515a, 515b, when the bus 504 moves forward along the bus stop 501, and then break the
connection at a different position along the rails 515a, 515b. This also means that the
connection can be maintained during a maximally prolonged time.

[0081] Instead of rails 515a, 515b, for example a traverse crane or a cable transport system
can be used.

[0082] Another example, not covered by the claims, in which a wheeled vessel, which Is
movable on the ground, Is to be connected to an object that Is likewise located on the ground,
IS that the first object i1s a so called terminal tractor or other towing vehicle, and the second
object Is a trailer or the like. Terminal tractors are used to quickly and efficiently move trailers in
harbours, terminals, transshipment terminals and so on. In this case, a robot is permanently
mounted on such a terminal tractor, and arranged, in a manner similar to that described
above, to connect and possibly release the terminal tractor to and from a trailer to be moved.
This therefore includes managing connecting means and tubing for a pneumatic brake system,
as well as the connecting means and cabling for electrical systems such as braking systems,
brake lights, tall lights, turn signals, etc. Using such a system, the connection of terminal tractor
to trallers can be made quickly and with good safety. In connection to the connection itself,
such a system may also be arranged to, via said connection, automatically verify the
equipment, such as the condition of the brake system.

[0083] When the driver thus drives/backs the terminal tractor to the trailer in question, the said
robot Is arranged to automatically locate connecting means on the trailer, and then to
automatically connect hoses, cables and so on to such connecting means even before the
tractor and trailer have been connected via the so-called "fifth wheel”, that i1s the coupling or
coupling disc used to connect the towing vehicle to trailer.

[0084] According to a preferred embodiment, the above described sensor means comprises a
camera, which In collaboration with image processing software is arranged to be able to
recognize which type the connecting means, that the connecting means of the robot Is to
connect to, belongs to, which type iIs identifled from a number of possible ones for which
iIdentifying information is stored, for example, in a database of the sensor means. ldentification
of the said type takes place by identification of visual characteristics such as the shape of the
connecting means In question or predetermined visual markers such as two-dimensional
patterns, alphanumeric characters, and so on.

[0085] In this case, It Is preferred that the device Includes a selecting means arranged to,
based on the identifled connection type of the connecting means In question, choose one of
several possible connecting means and use this as the connecting means which Is advanced
by the robot to the identified connecting means in order to there establish the said connection.

[0086] In this case, therefore, the object to which the robot is to connect comprises a set of at
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least two different connecting means, preferably of standard type, and the robot comprises one
or more gripping means arranged to locate and engage with a selectable one of said plurality
of connecting means.

[0087] This is illustrated schematically in figure 1a, wherein three different alternative types of
connecting means 114', apart from the connecting means 114, are arranged within reach of
the robot 110 so that the robot 110 may pick up a connecting means 114, 114" which i1s of a
type corresponding to the connecting means 154, depending on the type of the latter, as
detected by the sensor means 130. It is preferred that the robot also comprises a visual sensor
means near the connecting means 114, which follows the movements of the connecting means
114 and thus can be brought into a position near the connecting means 154 to facilitate the
iIdentification of the type of the said connecting means 154.

[0088] Figure 6 illustrates a further preferred embodiment, wherein a robot 610 comprises a
segment 612, a connecting means holding part 616 and a connecting means 614, while an
approaching object 602 comprises a connecting means holding part 656 and a connecting
means 654. Apart from the connecting means 614, the robot 610 In this case comprises an
activating means 617, arranged to activate the connecting means 654, for example by using a
suction cup 617a to open a door 657 which covers the connecting means 654. The control
means Is arranged to control the robot 610 to, In a first step, using the activating means 617,
activate the connecting means 654, and, in a second step, to establish the connection between
the means 614, 654. When the connection iIs subsequently broken, it is preferable that the
activating means 617 deactivates the connecting means 657, for instance by the activating
means 61/ holding the door 657 open while the connection Is maintained, and thereafter
closes the door 657 or allows 1t to be closed.

[0089] Such an activating means 617 can be designed in many different ways, depending on
the type or types of connecting means 654 to be handled by the system according to the
Invention. For example, a lid may be screwed off, unlocked, or opened, or made available In
other ways, such as using a push button or using digitally transmitted instructions given over a
communication link, such as the link 380.

[0090] In a particularly preferred embodiment, the device of the invention Is arranged to
establish the above-described connection only in case that the amplitude and/or frequency of
the relative movements of the objects Iin relation to each other during a certain period of time
fall within an acceptable, predefined respective range. In other words, the control means 120 is
arranged to control the robot 110 so that it establishes the connection not before the objects
101, 102 are sufficiently stationary in relation to each other for a sufficiently long contiguous
period of time.

[0091] At the same time, the controller 120 Is also arranged to, even before this condition Is
met, actively and continuously control the movements of the robot 110 so that the connecting
means 114 i1s stationary or substantially stationary relative to the connecting means 154. This
leads to that an effective balance can be achieved between the desire for long total connection
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time and, on the other hand, the requirement for safety for connections that are to be
established, for example Iin severe weather at sea, so that a minimum level of safety can be
guaranteed. It Is furthermore preferred that the control means 120 is arranged to break the
connection prematurely in case the amplitude and/or frequency of the relative movement of the
objects 101, 102 exceed predetermined respective values while the connection Is maintained,
or If the objects 101, 102 for some reason move apart further than a predetermined distance,
or If the connecting means 154 is displaced outside of a predetermined safety zone around the
object 101, or following specific instructions manually given to the device 100 by operating
personnel.

[0092] It 1s also preferred that the information regarding the approaching object 102, such as
total weight, current course, acceleration and the like are made available to the control means
120, for example via a communication link such as link 380, and that the control means uses
such data to calculate, in advance, an appropriate timing for establishing the connection while
maintaining safety.

[0093] In this case, the system takes into account the movements of the object as measured
by the sensor means 130, and for example the calculated inertia, and the precision and
flexibility of the robot, across different parts of its working range, as known ahead of time. Such
estimates may for example be constituted by the connection not being established when the
approaching object 102 1s moving too quickly and the robot is operating in a mode in which the
sensitivity to shocks I1s greater than a certain threshold, which in turn depends on the said
speed.

[0094] The parameters that can be considered when possible connection timings are
pondered will typically vary depending on several factors. For example, relatively larger safety
marginals, in terms of speed or position uncertainty, may be required for connection Iin case
multiple operations are to be performed simultaneously or in sequence, such as opening a
door and then connecting the connecting means. Additionally, information regarding the
current weather, such as waves, wind, ocean currents, snow, ice or icing may be fed to the
control means, and then be used to temporarily increase the required safety margins in order
to allow a connection to be established at risky weather conditions.

[0095] Furthermore, it Is preferred that the device 100 comprises a database comprising data
regarding various types of movable objects 102 to be handled, and that the sensor means 130
comprises an identification means, which in turn 1s arranged to automatically identify movable
objects 102 of the types for which identifying information 1s present in the database and that
are approaching the object 101. Examples include the optical reading of a number plate on a
vehicle, an identified QR code on a ferry or a public transport vehicle, or non-optical reading of
iIdentifying information such as IMO number, via AIS, RFID or other suitable technique, as
described above. The sensor means 130 Is In this case arranged to determine the general
position of such type-identified objects 102 after the said type Iidentification has been
performed. Then, the sensor means 130 1s arranged to, by means of said data from the
database, determine the position of the connecting means 154 relative to the general position



DK/EP 3107802 T3

of the object 102. This way, several predetermined types of objects 102 can be accepted by
the device 100, something that for example may be useful for different types of boats and
ships In locks and wharves; for the charging of various types of electrically powered on-road
vehicles; and for managing multiple types of connections on the same or different objects 102.

[0096] Advantageously, the database can also comprise specific data on the vessel to be
connected, such as safety prescriptions and -zones, filling/emptying capabilities, and so on,
applying to the ship in question, and that affect how, where, when and in what order different
connections are to be established by the device 100.

[0097] In a further preferred embodiment, as illustrated in figure 3a, the device 300 further
comprises a data communication link 380 between the objects 301, 302, as well as an
iIdentification means comprised Iin the sensor means 130, which 1s arranged to automatically
iIdentify and determine the position of movable objects 102 of the type covered by the database
and that are approaching the object 101, which means is similar to the above-described
iIdentification means. In this example, however, the sensor means 130 Is arranged to receive
data regarding the position of the connecting means 354, and preferably also information
regarding the type of connecting means 354, via the data communication link 380. Then, the
sensor means Is arranged to first detect the general position of the object 102, as described
above, and then the position of the connecting means 354 relative to the general position of
the object 302, based on the data received via the data communication link 380, from the
object 302 to the object 301. Alternatively, this data Is received from a central server.

[0098] Figure 7 lllustrates a method according to the Iinvention for providing a temporary
connection between two objects that are movable relative to each other, such as those
described above. The method uses a system 100 of the type described above. Both objects
comprise a respective connecting means, and the temporary connection is established in and
by the respective connectors of the objects being brought together and connected to each
other.

[0099] As described above, a control means continuously controls the movements of a mobile
robot, such that a first of the connecting means thereby Is displaced relative to the
corresponding object, and a sensor means continuously detects a relative position between
sald object or said connecting means and the other connecting means, while the objects move
relative to each other.

[0100] In a first step, the device Is activated, which means that the sensor device Is set into a
position In which an approaching object is to be identified. The activation may for example be
Initiated by the existence of the approaching object as identified by radar technology; by visual
iIdentification; via radio link, such as via AlS (Automatic |dentification System); through so-called
Long Range RFID, laser or ultrasound; by the crew of the approaching object via a
communication link; at a specified time; or otherwise.

[0101] In a second step, the approaching object is identified, which may comprise identification
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of the type, number and relative position of the connecting means; possibly required activating
means; and requested services for which connections are to be established.

[0102] In a third step, the robot is prepared. This may comprise type selection of one or more
connecting means; one or more cabling- and/or hose systems for connection; one or more
activating means to be used; and planning of and possibly also performing coarse adjustment
of the position of the robot.

[0103] In a fourth step, the connecting means of the approaching object I1s or are identified,
using local sensing such as through visual identification. This location then progresses
continuously at least until the connection is established, and the sensed position Is used In the
subsequent control.

[0104] In a fifth step, the control means thereafter continuously controls the position of the
connecting means of the robot, while the objects are moving relative to each other, so that it is
displaced relative to the object on which the robot is installed and up to the connecting means
of the approaching object.

[0105] In a sixth step, the temporary connection is established by the connecting means being
connected to each other.

[0106] In a seventh step, which preferably begins substantially immmediately after the sixth step,
and preferably before the objects have reached the above described parked position, a
medium, such as fresh water, electricity or the like, Is transferred between the objects. It Is
preferred that the sensor means visually checks for malfunction during the transfer, such as for
leaks, and stops the transfer in case such malfunctions are detected. It is preferable that the
transfer Is always terminated before the connection I1s broken. When electricity 1s transmitted,
the transmission can be terminated at a late stage, such as maximally 0.1 seconds, preferably
maximally 0.01 seconds, before the disengagement begins. When liquids, powdery substances
or gases are transferred, there i1s a pressure In the hoses and inertia in the transferred
medium, and In the device itself (such as in pumps), so that the transfer needs to be stopped
at least 1 second, more preferably at least about 5 seconds, but preferably not more than 10
seconds, before the connection is broken.

[0107] In an eighth step, once the transfer I1s complete, the connection Is broken. It Is
preferable that the object on which the robot is installed determines when the transfer is to be
completed, for security reasons.

[0108] In a ninth step, the robot i1s then reset for a subsequent connection to another or again
the same object.

[0109] It will be appreciated that all that has been described above regarding a device

according to the invention i1s also applicable to a method according to the invention, and vice
versa.
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[0110] Figure 8 Illustrates a system 800, in an example not covered by the claims, for use
when achieving a connection between an object 801 permanently installed on the ground 803,
comprising a robot 810, and one object 802 installed on a flying vessel. The robot 810 includes
a connecting means 814, and the object 802 comprises a corresponding connecting means

854, which operate In a manner that corresponds to the one described above for other
embodiments.

[0111] According to this example, not covered by the claims, the flying vessel 804, which Is
preferably unmanned, further preferably comprises a lifting means 859, such as a rotor, for
exerting a lifting force on the vessel 804, which thus can hover over the ground 803 and the
object 801. Furthermore, the connection Is a connection for loading or unloading of matter,
such as liquid, powder or granular material, to or from the vessel 804. In such loading or
unloading, the weight of the vessel 804 is affected, why its control device (not shown) for
height control must compensate for such a change If the vessel 804 is to maintain its hovering
position while the connection is maintained. This in turn means that the control device must be
relatively advanced in order to avoid the fluctuations that otherwise easily occur at such weight
changes.

[0112] According to this example, not covered by the claims, in the object 801 there iIs
comprised a counter force device 818, connected to and controlled by the control means of the
object 801. A connecting means 818a of the counter force device 818 Is arranged to be
connected to a corresponding connecting means 858 of the vessel 804. The connecting
means 858 may take the form of a loop or a hook, and the connecting means 818a can be
connected by means of the robot 810 iIn a manner similar to the connection of the means 814.
A wire 818b extends between the means 818a and a tensioning device 818c, which Is
arranged to keep the line taut 818b at a certain tension.

[0113] According to an example, not covered by the claims, first the means 814 Is connected,
then the means 818a Is connected, although it is possible to proceed in the opposite order.
When the means 818a I1s well connected to the means 858, so that the tensioning device 818c,
which Is firmly anchored to the ground 803, maintains a tension between the vessel 804 and
the ground 803, the lifting means 859 can lift the vessel 804 against an anvil in the form of said
tensioning force.

[0114] For loading and/or unloading of material, the object 801 iIs then arranged to, through
control of the tensioning device 818c¢c by the control means of the object 801, to compensate
via weight changes of the vessel 804 imparted via the Iloading/unloading, with the
corresponding changes In the said tensioning force, so that the force that the lifting means 859
must impart to the vessel 804 in order to maintain a specific hovering height of the vessel 804
IS maintained substantially constant, even when the weight of the vessel 804 changes due to
sald loading/unloading. In an example, not covered by the claims, the control means of the
object 801 detects a weight added to or removed from the vessel 804. In another preferred
embodiment, the counter force device 818 comprises a tensioning force sensor, arranged to
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sense said tension force in the wire 818b, which force sensor iIs connected to and arranged to
feed back to the tensioning device 818c, which In turn Is arranged to hold the sensed
tensioning force constant along the line 818b. This entails that the control function of the vessel
804 can be made much simpler without the risk of said undesirable fluctuations to occur, which
IS particularly preferred for unmanned vehicles such as electrically powered drones.

[0115] It I1s preferred that the counter force device 818 for reasons of security comprises a
torque lock, so that its engagement with the vessel 804 1s broken If the tensioning force along
the line 818b exceeds a predetermined Iimit value. The torque lock Is preferably arranged In
the connecting means 818a, so that the engagement with the connecting means 858 releases
at such high tensioning forces. It Is noted that such counter force device 818 does not cause
the object 801 to be primarily intended for mooring of the vessel 804, but it is primarily
Intended to load/unload said matter while the vessel 804 is provided a resistance against which
it can lift.

[0116] Above, a number of embodiments have been described. However, It Is apparent to the
person skilled in the art that many modifications may be made to these embodiments without
departing from the basic idea of the invention.

[0117] Thus, the principles described In relation to certain embodiments can be applied in the
context of many other embodiments, for instance that the communication-based identification
according to figure 3a can be used in combination with a charging station for electric vehicles
as shown In figures Sa-5c¢; or that the various options for maintaining a connection described In
connection to figures 4a-4e can be freely combined with various embodiments disclosed
herein, as applicable. In general, where applicable, all the embodiments described herein can
be freely combined.

[0118] The hoist device 215e may also be used to adjust the height of the robot 210 In relation
not only to water but also to the various heights of boats or ships which are to be connected.

[0119] Moreover, the robots described herein may also, apart from several individualized
connecting means 114, 114', have several different activating means 617 which are individually
adapted for activating different types of connecting means 654, the types of which are
automatically detected by use of the above-described sensor means. Such activating means
61/ may also comprise multiple cooperating gripping means, etc., in order to perform parallel
or sequential activation measures, depending on the type of the connecting means.

[0120] The communication link 380 may also be used for carrying out the ordering of the
various services for the automatic delivery by the object 301, as the replenishment of fresh

water or the provision of shore power, as the craft 302 wishes, before the approach of the
object In question. This Is useful for example In ports and sea-locks.

[0121] In addition to vessels floating on water and rolling on the ground, the principles of the
Invention can also be applied to objects that travel below water, such as underwater, and In
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space, such as space shuttles and satellites.

[0122] Thus, the Invention 1s not limited to the embodiments described herein, but can be
varied across the scope of the enclosed claims.
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FREMGANGSMADE TIL OPRETTELSE AF EN MIDLERTIDIG FORBINDELSE
MELLEM TO BEVAGELIGE OBJEKTER

PATENTKRAV

1.  Fremgangsmade til tilvejebringelse af en midlertidig forbindelse mellem to objekter
(101,102; 201,202; 301,302; 401,402; 501,502; 601,602; 801,802), der er beveaesgelige |
forhold til hinanden, saledes at det ene (101:201:301:401:501:601:801) af de to objekter
er fast anbragt, medens det andet objekt (102;202;302:402:502:602:802) er bevaegeligt |
forhold til det f@rste objekt, hvor et (201;301) af objekterne er fast monteret ved en kaj
(203:303) og et andet (202;302) af objekterne er fast monteret pa en bad eller et skib
(204:304), der flyder pa en vandoverflade ved kajen, hvor det farste af naevnte objekter
omfatter et ferste forbindelsesmiddel (114:214:314:414:514:614:814) og et andet af
objekterne omfatter et andet forbindelsesmiddel (154:254:354:454:554:654;854), hvor
naevnte midlertidige forbindelse etableres ved, at de to forbindelsesmidler naermer sig
hinanden og forbindes med hinanden, hvor forbindelsen er en forbindelse til afgivelse af
elektrisk strem mellem objekterne, hvor et styringsmiddel (120;220;320) kontinuerligt
styrer beveegelserne af en bevasgelig ferste robot (110:;210;310:;410:510;610;810),
saledes at det farste forbindelsesmiddel derved forskydes i forhold til det farste objekt,
hvor en sensoranordning (130;230:330) kontinuerligt maler en relativ position mellem det
ferste objekt eller det farste forbindelsesmiddel og det andet forbindelsesmiddel, mens
de naevnte objekter bevasger sig | forhold til hinanden, 0og, mens naevnte ferste og andet
objekt bevaeger sig i forhold til hinanden, styreanordningen pa baggrund af et signal fra
sensoranordningen kontinuerligt styrer den ferste robot, saledes at det farste
forbindelsesmiddel forskydes | forhold til det ferste objekt og hen til det andet
forbindelsesmiddel, og etablerer forbindelse med det andet forbindelsesmiddel, sa
naevnte midlertidige forbindelse saledes etableres, hvor objekterne tilneermes fra en
ferste adskilt position, hvor objekterne er placeret i en sadan afstand fra hinanden, at det
Ikke er muligt at etablere forbindelse til en parkeret position, hvor objekterne er placeret
sa teet pa hinanden, at den farste robot kan na for at opna naevnte forbindelse, og hvor de
respektive ligevaegtspositioner eller bevaegelsescentre, omkring hvilke objekterne kan
bevasge sig, er immobile | forhold til hinanden, og hvor styreanordningen bringes til at
styre den farste robot, sa forbindelsen etableres, mens objekterne bevasger sig, sa de
tiineermes fra den ferste adskilte position hen imod den parkerede position, og far

objekterne har til til at na den parkerede position.
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2. Fremgangsmade ifglge krav 1, hvor begge objekter (101,102; 201,202; 301,302;
401,402; 501,502; 601,602;: 801,802) beveaeger sig i forhold til hinanden pa tveers af
mindst to, fortrinsvis tre, bevaegelsesdimensioner, o0og hvor styreanordningen
(120;220;320) styrer den ferste robot (110;210:;310;410;510;610;810) i mindst to,

fortrinsvis tre, bevaegelsesdimensioner.

3. Fremgangsmade ifalge krav 1, hvor det fast monterede objekt (201:301) er fast
monteret med en bad- eller skibslas, hvor vandoverfladen er bevaegelig i hajderetningen,
hvor det fast monterede objekt omfatter en hejdejusteringsanordning, pa hvilken den
ferste robot (210;310) monteres, og hvor styreanordningen (220;320) kontinuerligt styrer
hajdepositionen for den farste robot ved at styre hgjdejusteringsanordningen, sa denne

svarer til det aktuelle vandoverfladeniveau.

4. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
styreanordningen (120;220;320) styrer den ferste robot (110;210;310;410:510;610;810),
saledes at forbindelsen brydes, mens objekterne (101,102; 201,202; 301,302; 401,402;
501,502; 601,602; 801,802) bevasger sig fra den parkerede position til en anden adskilt
position, hvor objekterne igen anbringes | en afstand fra hinanden, og efter at objekterne

har forladt den parkerede position.

5. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvori begge de to
objekter (401,402) er beveaegelige | forhold til hinanden, selv efter at forbindelsen er
etableret, og hvor styreanordningen aktivt og kontinuerligt styrer den ferste robot (410),
saledes at en del af den farste robot, der er indrettet til at manavrere eller opretholde det
ferste forbindelsesmiddel (414), er ubevaegelig | forhold til det andet forbindelsesmiddel
(454).

6. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor den farste
robot (410) bringes til, efter at forbindelsen er etableret, at frigere sig fra det ferste
forbindelsesmiddel (414), saledes at det forste forbindelsesmiddel derefter er frit
bevaegeligt inden for mindst en begraenset overflade eller et volumen | forhold til den
ferste robot, hvor forbindelsen sikres med et kabel (414a) eller lignende, der |aber fra det
ferste forbindelsesmiddel (414) til det farste objekt, og gennem hvilket elektricitet kan
tilferes.
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7. Fremgangsmade ifglge krav 6, hvor mindst én yderligere bevaegelig robot (450)
samarbejder med den farste robot (410), saledes at én af dem opretholder forbindelsen
og derefter friger sig fra det farste forbindelsesmiddel (414), mens den anden af dem

bryder forbindelsen.

8. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor en anden
bevazgelig robot (150) forskyder det andet forbindelsesmiddel (154) | forhold til det andet
objekt (102), en anden sensoranordning (170) kontinuerligt maler en relativ position
mellem det andet objekt eller det andet forbindelsesmiddel og det fearste
forbindelsesmiddel (114), mens objekterne (101, 102) bevaeger sig | forhold til hinanden,
0g en anden styreanordning (160) styrer bevaegelserne af den anden robot og derved
nevnte forskydning af det andet forbindelsesmiddel |1 forhold til det ferste

forbindelsesmiddel.

9. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor den farste
robot (210:310;510) monteres permanent pa en grov justeringsanordning, ved hjeelp af
hvilken det ferste forbindelsesmiddel (214;314;514) kan forskydes langs mindst en
retning 1 forhold til det ferste objekt (201;301;501), hvor styreanordningen (220;320)
styrer positionen for den grove justeringsanordning 1 forhold til det andet objekt
(202:302;502), og hvor styreanordningen ogsa styrer bevaegelserne af den farste robot
for at finjustere positionen af det ferste forbindelsesmiddel |1 forhold til det andet
forbindelsesmiddel (254:354:454).

10. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor den farste
robot (610), bortset fra det ferste forbindelsesmiddel (614), omfatter et aktiveringsorgan
(617), som aktiverer det andet forbindelsesmiddel (654) sasom abning af en dar (657),
der deekker det andet forbindelsesmiddel, og hvor styreanordningen styrer den f@rste
robot til, 1 et ferste trin og ved hjaelp af aktiveringsorganet, at aktivere det andet

forbindelsesmiddel og, | et andet trin, at etablere forbindelsen.

11. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
forbindelsen kun etableres | tilfeelde af, at en amplitude og/eller frekvens af objektenes
relative bevaegelser (101, 102; 201, 202; 301, 302; 401, 402; 501, 502; 601, 602; 801,

302) 1 forhold til hinanden | Izbet af en bestemt tidsperiode falder inden for et acceptabelt
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respektivt interval, og hvor styreanordningerne (120;220;320), selv far denne betingelse

er opfyldt, aktivt og kontinuerligt styrer den farste robot (110;210;310;410:510:610;810),
saledes at det farste forbindelsesmiddel (114:214:314:414:514:614:814) er ubevaegeligt |

forhold til det andet forbindelsesmiddel (154;254:354:454:554:654:854).
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DRAWINGS

Fig. 1a

Fig. 1b
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