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Description

Automated crane controller taking into account load- and

position-dependent measurement errors

The present invention relates to a control method for a

handling system, which comprises a container bridge arranged

on a substrate, with a trolley, which can be moved on a

crossmember of the container bridge relative to the substrate,

and at least one load handling point arranged on the

substrate,

- wherein a crane controller matches a target location of the

trolley, which target location is related to the crossmember,

and a target location of the load handling point, which

target location is related to the substrate, to one another

in such a way that, when the target load is lowered at the

target location of the trolley, the target load is lowered

onto the target location of the load handling point,

- wherein the crane controller positions the trolley at its

target location,

- wherein, after positioning the trolley, the crane controller

lowers the target load onto the load handling point and

- wherein, if the load handling point can be moved on the

substrate and the load handling point is controlled by the

crane controller, the crane controller positions the load

handling point at its target location before lowering the

target load onto the load handling point.

The present invention is furthermore based on a computer

program comprising a machine code, which can be executed by a

crane controller, wherein the execution of the machine code by

the crane controller causes the crane controller to carry out

such a control method.
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The present invention further relates to a handling system,

- wherein the handling system comprises a container bridge

arranged on a substrate with a crossmember,

- wherein the container bridge comprises a trolley, which can

be moved on the crossmember relative to the substrate,

- wherein the handling system comprises at least one load

handling point arranged on the substrate,

- wherein the handling system comprises a crane controller.

The operation of container bridges is becoming increasingly

automated. During the automated operation of container

bridges, it is in particular necessary to match the target

location of the trolley and the target location of the load

handling point exactly to one another. This is because only

then is correct lowering of the load ensured.

During the operation of the container bridge, on the one hand,

loads of different weights are moved. This is at the least the

spreader and at the most the spreader plus a container with

the maximum permissible weight. On the other hand, the

corresponding positioning of the trolley results in different

weight distributions on the container bridge. Deformation of

the crane structure is established in dependence on at least

these two causes. Due to the significant size of the container

bridge, the resulting deviations are often no longer

negligible. They repeatedly fluctuate within the centimeter

range. Incorrect positioning of this order of magnitude often

impedes successful automation of the operation of the

container bridge.

Incorrect positioning is frequently compensated by the use of

measuring systems. However, the measuring systems can only be

tly
Rectangle



PCT/EP2015/081439 / 2014P24473WO

3

configured for one single, static state of the container

bridge. They cannot be followed up in relation to the

positioning of the trolley on the crossmember and load acting

on the trolley. Therefore, the use of measuring systems from

the prior art does not resolve the problem.

The object of the present invention consists in the provision

of possibilities by means of which it is possible to achieve

highly accurate matching of the target position of the trolley

and the target position of the handling point to one another

for each load moved by means of the trolley.

The object is achieved by a control method with the features

of claim 1. Advantageous embodiments of the control method are

the subject matter of dependent claims 2 to 11.

According to the invention, a control method for a handling

system of the type named in the introduction is embodied in

that,

- during the matching of the target location of the trolley and

the target location of the load handling point, the crane

controller also takes account of at least one target loading

with which the trolley is loaded at its target location.

According to the invention, therefore, the target location of

the trolley and the target load are used as the basis for the

determination of a positioning error of the trolley that is

established with respect to an absolutely rigid container

bridge. This positioning error is then taken into account and

corrected during the matching of the target location of the

trolley and the target location of the handling point. Herein,

if necessary and feasible, it is possible to correct the

target location of the handling point or the target location
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of the trolley. If the target location of the trolley is

corrected, usually one single correction is sufficient.

Optionally, however, it is also alternatively possible to

repeat corrections based on the corrected target location of

the trolley until sufficient convergence is achieved.

It is possible, during the matching of the target location of

the trolley and the target location of the load handling point

to one another, for the crane controller first to know the

target location of the load handling point. In this case, the

crane controller determines the target location of the trolley

taking into account at least the target location of the load

handling point and the target loading.

It is possible for the target location of the load handling

point to be known without any errors. For example, storage

spaces on which containers are to be deposited or from which

containers are to be received can be permanently predefined.

In other cases, the target location of the load handling point

is a variable quantity. For example, the load handling point

can be arranged on an AGV (automated guided vehicle). In this

case, it is not automatically ensured that the AGV is

positioned exactly at a predetermined target location. In

order nevertheless to achieve a correct determination of the

target location of the trolley, it is possible

- for, at a first acquisition time point, sensors arranged on

the container bridge to be used to acquire measured values

for the target location of the load handling point,

- for the crane controller to determine the target location of

the load handling point using the measured values for the

target location of the load handling point taking into

account at least one first acquisition location and one first

acquisition loading,
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- for the first acquisition location to be the location at

which the trolley is located on the crossmember at the first

acquisition time point and

- for the first acquisition loading to be the loading with

which the trolley is loaded at the first acquisition time

point.

This procedure enables, for example, account to be taken of

sensor measurement errors resulting from deformations of the

container bridge at the first acquisition time point, wherein

these deformations are in turn dependent on the first

acquisition location and the first acquisition loading.

In many cases, the first acquisition loading is identical to

the target loading. However, this is not mandatorily

necessary. One example: a container is to be received from a

storage point, then the trolley positioned over an AGV by

means of a suitable method and then deposited on the AGV.

During the deposition/lowering of the container, the weight of

the spreader functions in conjunction with the weight of the

container as the target loading. If, at the first acquisition

time point, the trolley has already received the container,

the first acquisition loading is identical to the target

loading. However, it is possible for the AGV to have already

been acquired by means of the sensors, while the trolley

handles another container or the trolley executes a no-load

operation. In this case, the first acquisition loading is

different from the target loading.

The first acquisition location can also be identical to the

target location of the trolley. However, if this is the case,

this conformity is purely random since the target location of
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the trolley is only determined after the determination of the

target location of the load handling point.

It is possible for the crane controller to determine the

deformation of the container bridge exclusively using the

first acquisition location and the first acquisition loading

and accordingly also to determine the corrections to the

measured values supplied by the sensors resulting therefrom

exclusively using the first acquisition location and the first

acquisition loading. However, during the determination of the

target location of the load handling point, preferably, the

crane controller – always related to the first acquisition

time point – takes account of at least one time derivative of

the first acquisition location, a distance of a first

acquisition load from the trolley, at least one time

derivative of the distance of the first acquisition load from

the trolley and/or an oscillation state of the first

acquisition load relative to the trolley. The time derivatives

can in particular be the second time derivatives (=

accelerations). The oscillation state can in particular

comprise the direction thereof, the amplitude thereof, the

phase angle thereof and the oscillation frequency or the

effective cable length that determines the oscillation

frequency.

If the load handling point can be moved on the substrate by

virtue of a corresponding actuation by the crane controller,

it is alternatively possible, during the matching of the

target location of the trolley and the target location of the

load handling point to one another, for the crane controller

first to know the target location of the trolley. In this

case, the crane controller determines the target location of
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the load handling point taking into account at least the

target location of the trolley and the target loading.

If the load handling point can be moved on the substrate by

virtue of a corresponding actuation by the crane controller,

it is possible for the positioning of the load handling point

to be solely controlled by the crane controller. However,

preferably, the control method is embodied such that,

- at a second acquisition time point, sensors arranged on the

container bridge are used to acquire measured values for an

actual location of the load handling point,

- the crane controller determines the actual location of the

load handling point using the measured values for the actual

location of the load handling point taking into account at

least one second acquisition location and a second

acquisition loading,

- the second acquisition location is the location at which the

trolley is located on the crossmember at the second

acquisition time point,

- the second acquisition loading is the loading with which the

trolley is loaded at the second time point and

- the crane controller determines control commands for

positioning the load handling point as a function of the

deviation of the actual location determined of the load

handling point from the target location of the load handling

point.

This procedure makes it possible – similarly to sensor

measurement errors at the first acquisition time point – for

example to take account of sensor measurement errors resulting

from deformations of the container bridge at the second time

point, wherein these deformations are in turn dependent upon

the second acquisition location and the second acquisition
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loading. The above statements relating to the measurement

errors at the first acquisition time point are analogously

applicable. This embodiment can be implemented regardless of

which target location (that of the trolley or that of the load

handling point) is first known to the crane controller. This

embodiment can also be implemented regardless of whether,

additionally to the load handling point, the trolley is also

moved or not.

During the determination of the actual location of the load

handling point, it is possible for the crane controller –

always related to the second acquisition time point – to take

account of at least one time derivative of the second

acquisition location, a distance of a second acquisition load

from the trolley, at least one time derivative of the distance

of the second acquisition load from the trolley and/or an

oscillation state of the second acquisition load relative to

the trolley. This procedure is also similar to the procedure

at the first acquisition time point.

It is possible to take account of loads and the site of action

of the loads (= respective positioning the trolley) according

to the invention exclusively for the correction of locations

in a substantially horizontal plane (i.e. the substrate or the

crossmember). It is however possible

- for the crane controller to correct a target height of the

target load taking into account at least the target location

of the trolley and the target loading and

- for the crane controller to lower the target load to the

target height which it has corrected.

Therefore, during this procedure, account is taken of the

degree to which the height of the crossmember above the
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substrate changes at the target location of the trolley due to

the target loading.

In many cases, the target height of the target load will be

constant. However, it can vary in some cases. In such cases it

is possible

- for, at a third acquisition time point, sensors arranged on

the container bridge to be used to acquire measured values

for the target height,

- for the crane controller to determine the target height using

the measured values for the target height taking into account

at least one third acquisition location and a third

acquisition loading,

- for the third acquisition location to be the location at

which the trolley is located at the third acquisition time

point on the crossmember and

- for the third acquisition loading to be the loading with

which the trolley is loaded at the third acquisition time

point.

As previously at the first and second acquisition time points

– this procedure enables account to be taken of sensor

measurement errors resulting from the deformations of the

container bridge at the third acquisition time point, wherein

these deformations are in turn dependent upon the third

acquisition location and the third acquisition loading. The

above statements relating to the measurement errors at the

first acquisition time point are analogously applicable.

During the determination of the target height it is possible

for the crane controller – always related to the third

acquisition time point – to take account of at least one time

derivative of the third acquisition location, a distance of a
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third acquisition load from the trolley, at least one time

derivative of the distance of the third acquisition load from

the trolley and/or an oscillation state of the third

acquisition load relative to the trolley. This procedure is

also similar to the procedure at the first acquisition time

point.

The method in which the crane controller determines the

necessary corrections can be implemented differently. For

example, during the matching of the target location of the

trolley and the target location of the load handling point to

one another, it is possible for the crane controller to

implement a model of the container bridge, which is at least

dependent upon the respective loading of the trolley and the

respective location of the trolley on the crossmember, wherein

the model comprises a correction table, a rod support model of

the container bridge and/or a model of the container bridge

based on finite elements.

The object is furthermore achieved by a computer program with

the features of claim 12. One advantageous embodiment of the

computer program is the subject matter of the dependent claim

13.

According to the invention, the execution of the machine code

by the crane controller causes the crane controller to carry

out a control method according to the invention. The computer

program can in particular be stored in a memory in machine-

readable form.

The object is furthermore achieved by a crane controller with

the features of claim 14. According to the invention, the

tly
Rectangle



PCT/EP2015/081439 / 2014P24473WO

11

crane controller is programmed with a computer program

according to the invention.

The object is furthermore achieved by a handling system with

the features of claim 15. According to the invention, the

crane controller is embodied according to the invention.

The above-described properties, features and advantages of

this invention and also the manner in which these are achieved

will become clearer and more plainly comprehensible in

conjunction with the following description of the exemplary

embodiments explained in more detail in conjunction with the

drawing. The drawings show in schematic form:

FIG 1 A handling system,

FIG 2 A flow diagram,

FIG 3 A container bridge,

FIG 4 A container bridge,

FIG 5 A flow diagram,

FIG 6 A flow diagram,

FIG 7 A flow diagram,

FIG 8 A flow diagram,

FIG 9 A flow diagram and

FIG 10 A model of a container bridge.

According to FIG 1, a handling system has a container bridge

1. The container bridge 1 has a plurality of support pillars 2

by means of which the container bridge 1 is arranged on a

substrate 3. The substrate 3 is substantially horizontal. As a

rule, the support pillars 2 can be moved on rails 4. The

direction of movement is orthogonal to the depiction in FIG 1,

i.e. into or out of the image plane. The support pillars 2
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bear a crossmember 5. The crossmember 5 extends parallel to

the substrate 3 and hence also horizontally.

The container bridge 1 furthermore has a trolley 6. The

trolley 6 can be moved on the crossmember 5 relative to the

substrate. The direction of movement of the trolley 6 is

horizontal and orthogonal to the direction of movement of the

support pillars 2.

The trolley 6 is connected to a spreader 8 by means of a cable

system 7. The spreader 8 can be lowered or raised by extending

or shortening the cable system 7. Together with the spreader

8, a container 9, which is gripped by the spreader 8, is

optionally also lowered or raised. At each time point, a

respective current load of the trolley 6 corresponds to the

weight of the spreader 8 plus the weight of the container 9

gripped by the spreader 8.

The following differentiates between the load of the trolley 6

and the loading thereof. The load is the object as such which

is moved by the trolley 6, i.e. the spreader 8 with or without

the container 9. The loading of the trolley 6 is the weight

force exerted by the load on the trolley 6. If, for example,

the trolley 6 moves the empty spreader 8 and the weight of the

spreader 8 is 5 metric tons, the load of the spreader 8 and

the loading is 5 metric tons. The difference between load and

loading is also retained in the following in conjunction with

compound terms, for example for a target load and a target

loading or for an acquisition load and an acquisition loading.

The handling system has at least one load handling point 10,

11. The load handling point 10, 11 can, for example, be a

permanently installed load handling point 10, i.e. a load
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handling point, which cannot be moved on the substrate 3. A

typical example of such a handling point 10 is a storage space

for a container 9. Alternatively, the load handling point 10,

11 can be a mobile load handling point 11, i.e. a load

handling point, which can be moved on the substrate 3. A

typical example of such a load handling point 11 is an AGV

(automated guided vehicle).

The handling system furthermore has a crane controller 12. The

crane controller 12 controls the handling system. The crane

controller 12 is programmed with a computer program 13. The

computer program 13 is in particular stored in a memory 14 of

the crane controller 12 in machine-readable form. The computer

program 13 comprises a machine code 15, which can be executed

by the crane controller 12. The execution of the machine code

15 by the crane controller 12 causes the crane controller 12

to carry out a control method for the handling system, which

is explained in more detail below.

According to FIG 2, the crane controller 12 is informed of a

loading L in a Step S1. The loading L is the loading with

which the trolley 6 is loaded when the spreader 8 – with or

without containers 9 – is lowered onto a load handling point

10, 11. Hereinafter, the loading L is referred to as the

target loading.

The Step S1 can be implemented in different ways. For example,

when the spreader 8 has previously been raised, it is possible

to determine loading of a hoisting gear by means of which the

cable system 7 is actuated. In this case, it is possible to

determine the loading L from the loading of the hoisting gear.

Alternatively, it is, for example, possible for the weight of

the spreader 8 to be known to the crane controller 12. When
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the (empty) spreader 8 is to be lowered, the loading L

corresponds to the weight of the spreader 8. When the spreader

8 is to be lowered together with a container 9, the crane

controller 12 can be notified, for example by a user or a

higher-ranking control system (neither shown in FIG) of the

weight of the corresponding containers 9.

At this time point, i.e. when the spreader 8 is lowered, the

trolley 6 is located on the crossmember 5 at a location xK.

The location xK is a target location for the trolley 6. It is

related to the crossmember 5, to be more precise to the

direction of movement of the trolley 6 on the crossmember 5.

The spreader 8 should be lowered (with or without containers

9) such that, when the spreader 8 is lowered at the target

location xK of the trolley 6, the spreader 8 is lowered onto a

location xL of the corresponding load handling point 10, 11.

The location xL is a target location of the corresponding load

handling point 10, 11. The target location xL of the

corresponding load handling point 10, 11 is related to the

substrate 3.

To ensure correct lowering of the spreader 8, the two target

locations xK, xL must be matched to one another. The following

describes one possible procedure for such matching in

conjunction with Steps S2 to S8.

According to FIG 2, in Step S2, the crane controller 12 is

first informed of the target location xL of the load handling

point 10, 11. For example, the corresponding target location

xL can be notified to the crane controller 12 by the user or

by the higher-ranking control system. Other procedures are

also possible.

tly
Rectangle



PCT/EP2015/081439 / 2014P24473WO

15

In Step S3, the crane controller 12 provisionally determines

the corresponding target location xK of the trolley 6. The

determination in Step S3 is an ideal determination. It is

based on the assumption that the container bridge 1 is an

absolutely rigid system. In this case, the target location xL

of the load handling point 10, 11 can be adopted directly 1:1

as the target location xK of the trolley 6.

However, in practice, the container bridge 1 is an elastic

system. Depending upon the position of the trolley 6 on the

crossmember 5 and the loading L borne by the trolley 6 (and

optionally depending upon further variables), therefore,

deformations of the container bridge 1 occur. When for example

– see FIG 3 – the trolley 6 is located in the center between

the two support pillars 2, the crossmember 5 is bent downward

in the center and upward at its edges. In correspondence

thereto, the two support pillars 2 are inclined toward one

another. When vice versa – see FIG 4 – the trolley 6 is

located at an edge of its travel range on the crossmember 5,

the crossmember 5 is bent upward in the center and downward at

its edges. In correspondence thereto, the two support pillars

2 are inclined toward one another. These (and possibly also

further) deformations are, as already mentioned, dependent

upon both the position of the trolley 6 on the crossmember 5

and upon the loading L borne by the trolley 6. In practice,

the deformations (which are shown greatly exaggerated in FIGs

3 and 4), fluctuate within the range of a few centimeters.

However, these are not negligible in the automated operation

of the handling system. Therefore, the deformations are

determined by the crane controller 12 in Step S4. Herein, the

crane controller 12 takes account of the target location xK of

the trolley 6 determined in Step S3 and the target loading L.
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In Step S5, the crane controller 12 then corrects the target

location xK determined in Step S3 taking into account the

deformations of the container bridge 1 determined in Step S4.

As a rule, one single correction will be completely

sufficient. Alternatively, as indicated by dashed lines in FIG

2, it is possible to pass through a loop consisting of Steps

S4 and S5 until sufficient convergence is achieved.

Following correction of the target location xK, the crane

controller 12 moves onto Step S6. In Step S6, the crane

controller 12 positions the trolley 6 at the target location

xK determined in Step S5. Then – i.e. after positioning the

trolley 6 at its target location xK – in Step S7, the crane

controller 12 lowers the load 8 (with or without containers 9)

onto the load handling point 10, 11. If the load handling

point 10, 11 is the mobile load handling point 11,

furthermore, the load handling point 11 is positioned at its

target location xL before the execution of Step S7. If the

load handling point 11 is controlled by the crane controller

12, the corresponding positioning according to FIG 2 is

performed in a Step S8 by the crane controller 12.

Although the positioning of the load handling point 11 at its

target location xL has to be performed before the execution of

Step S7, it does not necessarily have to be performed

immediately before the execution of Step S7. Therefore, Step

S8 can be executed at any point within the sequence S1 to S7.

However, it does have to be executed before Step S7.

In the context of the above explanations for FIG 2, it was

assumed that, during the matching of the target location xK of

the trolley 6 and the target location xL of the load handling

point 10, 11 to one another, the crane controller 12 first
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knows the target location xL of the load handling point 10,

11. Accordingly, in the context of the embodiment in FIG 2,

the crane controller 12 determines the target location xK of

the trolley 6 taking into account at least the target location

xL of the load handling point 10, 11 and the target loading L.

However, when the load handling point 10, 11 is the mobile

load handling point 11 and the mobile load handling point 11

can be moved on the substrate 3 by virtue of a corresponding

actuation by the crane controller 12, the reverse procedure is

also possible. It is also possible during the matching of the

target location xK of the trolley 6 and the target location xL

of the load handling point 11 to one another for the crane

controller 12 to first know the target location xK of the

trolley 6. In this case, the crane controller 12 determines

the target location xL of the mobile load handling point 11

taking into account at least the target location xK of the

trolley 6 and the target loading L. This is explained in more

detail below in conjunction with FIG 5.

According to FIG 5 – similarly to Step S1 in FIG 2 - in a Step

S11, the crane controller 12 is informed of the target loading

L. Then, the crane controller 12 is informed of the target

location xK of the trolley 6 in a Step S12. For example, the

corresponding target location xK can be notified to the crane

controller 12 by the user or by the higher-ranking control

system. It is also possible for the crane controller 12 to be

informed of the target location xK during the positioning of

the trolley 6 on the crossmember 5.

In a Step S13 – analogously to Step S3 in FIG 2 - the crane

controller 12 then provisionally determines the corresponding

target location xL of the mobile load handling point 11. I.e.

the target location xK of the trolley 6 is adopted directly
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1:1 as the target location xL of the load handling point 10,

11.

In a Step S14, – similarly to Step S4 in FIG 2 – the crane

controller 12 determines the deformations of the container

bridge 1 that occur when the trolley 6 is positioned at its

target location xK and loaded with the target loading L.

In Step S15, the crane controller 12 then corrects the target

location xL determined in Step S13 taking into account the

deformations of the container bridge 1 determined in Step S14.

In the context of Step S15, one single correction results in

an ideal correction.

Following the correction of the target location xL, the crane

controller 12 moves onto Step S16. In Step S16, the crane

controller 12 positions the mobile load handling point 11 to

the target location xL determined in Step S15. Then – i.e.

after positioning the mobile load handling point 11 at its

target location xL – in Step S17, the crane controller 12

lowers the spreader 8 (with or without containers 9) onto the

mobile load handling point 11.

Furthermore, before the execution of Step S17 by the crane

controller 12, in a Step S18, the trolley 6 is positioned at

its target location xK. The positioning of the trolley 6 at

its target location xK has to be performed before the

execution of Step S17. However, it does not necessarily have

to be performed immediately before the execution of Step S17.

Therefore, the Step S18 can be executed at any point within

the sequence S11 to S17. However, it does have to be executed

before Step S17.
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In the context of the procedure in FIG 2 – see Step S2 therein

– the crane controller 12 is informed of the target location

xL of the load handling point 10, 11. This can take place in

the context of Step S2, as already explained, in principle in

any manner. The following explains in conjunction with FIG 6 a

possible embodiment of Step S2 in FIG 2 with which the crane

controller 12 automatically determines the target location xL

of the load handling point 10, 11. The procedure in FIG 6 is

in particular advantageous when the load handling point 10, 11

is the mobile load handling point 11. However, it is in

principle also applicable with a permanently installed load

handling point 10.

In the context of the embodiment in FIG 6 – see FIG 1 –

sensors 16 are arranged on the container bridge 1. According

to FIG 6, in a Step S21, the sensors 16 are used to acquire

measured values M1 for the target location xL of the load

handling point 10, 11. The acquisition is performed at an

acquisition time point t1, hereinafter referred to as the

first acquisition time point t1. The sensors 16 can, for

example, be embodied as cameras, laser- or ultrasound-based

distance measuring devices or the like.

According to FIG 6, the crane controller 12 is furthermore

informed in a Step S22 of an instantaneous location x1 the

trolley 6 hereinafter referred to as the first acquisition

location x1. The first acquisition location x1 of the trolley

6 is related to the crossmember 5. It can, for example, be

acquired by means of a corresponding displacement-measuring

system for the trolley 6. According to FIG 6, in Step S22, the

crane controller 12 is also informed of an instantaneous

loading L1 of the trolley 6, hereinafter referred to as the

first acquisition loading L1. Similarly to the target loading
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L in Step S1 in FIG 2, the crane controller 12 can be informed

of the first acquisition loading L1. Both the first

acquisition location x1 and the first acquisition loading L1

are related to the first acquisition time point t1. Therefore,

the first acquisition location x1 is the location at which the

trolley 6 is located on the crossmember 5 at the first

acquisition time point t1. Similarly, the first acquisition

loading L1 is the loading with which the trolley 6 is loaded

at the first acquisition time point t1.

In a Step S23 – similarly to Step S4 in FIG 2 – the crane

controller 12 determines the deformations of the container

bridge 1 that occur when the trolley 6 is positioned at the

first acquisition location x1 and loaded with the first

acquisition loading L1. Then, in a Step S24, the crane

controller 12 determines, taking account of the deformations

of the container bridge 1, correction quantities δM1 for the

measured values M1. In a Step S25, the crane controller 12

determines, using the correction quantities δM1 determined in

Step S24, corrected measured values M1'. Finally, in a Step

S26, the crane controller 12 determines, using the corrected

measured values M1', the target location xL of the load

handling point 10, 11.

In the context of the procedure in FIG 5 – see Step S16

therein – and possibly also in the context of the procedure in

FIG 2 – see Step S8 therein – the mobile load handling point

11 is positioned by the crane controller 12. Hereinafter, a

possible embodiment of Step S8 in FIG 2 and Step S16 in FIG 5

is explained in conjunction with FIG 7.

In the context of the embodiment in FIG 7 – similarly to the

embodiment in conjunction with FIG 6 – the sensors 16 are
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arranged on the container bridge 1. According to FIG 7, in a

Step S31, the sensors 16 are used to acquire measured values

M2 for an actual location xL’ of the mobile load handling

point 11. The acquisition is performed at an acquisition time

point t2, hereinafter referred to as the second acquisition

time point t2.

According to FIG 7, the crane controller 12 is furthermore

informed in a Step S32 of an instantaneous location x2 of the

trolley 6 hereinafter referred to as the second acquisition

location x2. The second acquisition location x2 of the trolley

6 is related to the crossmember 5. It can, for example, be

acquired by means of a corresponding displacement-measuring

system for the trolley 6. According to FIG 7, in Step S32, the

crane controller 12 is also informed of an instantaneous

loading L2 of the trolley 6, hereinafter referred to as the

second acquisition loading L2. The crane controller 12 can be

informed of the second acquisition loading L2 similarly to the

target loading L in Step S1 in FIG 2. Both the second

acquisition location x2 and the second acquisition loading L2

are related to the second acquisition time point t2.

Therefore, the second acquisition location x2 is the location

at which the trolley 6 is located on the crossmember 5 at the

second acquisition time point t2. Similarly, the second

acquisition loading L2 is the loading with which the trolley 6

is loaded at the second time point t2.

In a Step S33 – similarly to Step S4 in FIG 2 – the crane

controller 12 determines the deformations of the container

bridge 1 that occur when the trolley 6 is positioned at the

second acquisition location x2 and is loaded with the second

acquisition loading L2. Then in a Step S34 – similarly to Step

S24 in FIG 6 – the crane controller 12 determines, taking
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account of the deformations of the container bridge 2,

correction quantities δM2 for the measured values M2. In a

Step S35, – similarly to Step S25 in FIG 6 – the crane

controller 12 determines, using the correction quantities δM2

determined in Step S34, corrected measured values M2'.

Finally, in a Step S36, the crane controller 12 determines,

using the corrected measured values M2' – similarly to Step

S26 in FIG 6 – the actual location xL’ of the mobile load

handling point 11.

In a Step S37, the crane controller 12 determines the

deviation of the actual location xL’ determined of the mobile

load handling point 11 from the target location xL of the

mobile load handling point 11. In a Step S38, the crane

controller 12 determines, depending on the deviation

determined in Step S37, control commands S for the positioning

of the mobile load handling point 11. Furthermore, a

corresponding actuation the mobile load handling point 11 is

performed in a Step S39.

Steps S31 to S39 are often incorporated in a repeatedly

executed control loop. Solely for reasons of clarity, this is

not shown in FIG 7.

In the above explanation, the correction of the target

locations xK, xL and the actual location xL' is restricted to

the direction of movement of the trolley 6. However, the

above-explained procedures can be automatically extended to

orthogonal horizontal direction thereto. The corresponding

procedures are exactly the same as the above-described

procedures. It is also possible to apply similar procedures

with respect to the lowering of the load 8. This is explained

in more detail below in conjunction with FIG 8.
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FIG 8 shows a possible extension of Step S7 in FIG 2 or Step

S17 in FIG 5. This extension takes place upstream of Step S7

in FIG 2 or Step S17 in FIG 5.

According to FIG 8, in a Step S41, the crane controller 12 is

informed of a target height h of the target load 8. The target

height h can alternatively be related to the substrate 3 or

the trolley 6. It can, for example, be notified to the crane

controller 12 by virtue of a specification by the user, by

virtue of a specification by a higher-ranking control device

or by virtue of its own measurements.

In a Step S42, the crane controller 12 determines, based on

the deformations of the container bridge 1, a correction value

for the target height h. Step S42 can be part of Step S4 in

FIG 2 or of Step S14 in FIG 5. In a Step S43, the crane

controller 12 corrects the target height h by the correction

value determined in Step S42.

Following the correction of the target height h, Step S7 in

FIG 2 or Step S17 in FIG 5 is executed. Herein, the target

load 8 is lowered to the target height h corrected by the

crane controller 12.

In the context of the procedure in FIG 8 – see Step S41

therein – the crane controller 12 is informed of the target

height h. Hereinafter, a possible embodiment of Step S41 in

FIG 8 is explained in conjunction with FIG 9 with which the

crane controller 12 determines the target height h

automatically. The procedure in FIG 9 is in particular

advantageous when the load handling point 10, 11 is the mobile
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load handling point 11. However, it can, in principle, also be

applied with a permanently installed load handling point 10.

Similarly to the embodiment in conjunction with FIG 6, in the

context of the embodiment in FIG 9, the sensors 16 are

arranged on the container bridge 1. According to FIG 9, in a

Step S51, the sensors 16 are used to acquire measured values

M3 for the target height h. The acquisition is performed at an

acquisition time point t3, hereinafter referred to as the

third acquisition time point t3. The sensors 16 can be the

same sensors as described above in conjunction with FIGs 6 and

7.

According to FIG 9, furthermore in a Step S52, the crane

controller 12 is informed of an instantaneous location x3 of

the trolley 6, hereinafter referred to as the third

acquisition location x3. The third acquisition location x3 of

the trolley 6 is related to the crossmember 5. It can, for

example, be acquired by means of a corresponding displacement-

measuring system for the trolley 6. According to FIG 9, in

Step S52, the crane controller 12 is also informed of an

instantaneous loading L3 of the trolley 6, hereinafter

referred to as the third acquisition loading L3. The crane

controller 12 can be informed of the third acquisition loading

L3 similarly to the target loading L in Step S1 in FIG 2. Both

the third acquisition location x1 and the third acquisition

loading L3 are related to the third acquisition time point t3.

Therefore, the third acquisition location x3 is the location

at which the trolley 6 is located on the crossmember 5 at the

third acquisition time point t3. Similarly, the third

acquisition loading L3 is the loading with which the trolley 6

is loaded at the third acquisition time point t3.
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In a Step S53, the crane controller 12 determines – similarly

to Step S4 in FIG 2 – the deformations of the container bridge

1 that occur when the trolley 6 is positioned at the third

acquisition location x3 and is loaded with the third

acquisition loading L3. Taking account of the deformations of

the container bridge 1, the crane controller 12 then

determines in a Step S54 – similarly to Step S24 in FIG 6 –

correction quantities δM3 for the measured values M3. In a

Step S55, the crane controller 12 determines – similarly to

Step S25 in FIG 6 – using the correction quantities δM3

determined in Step S54, corrected measured values M3'. Finally

the crane controller 12 determines in a Step S56, using the

corrected measured values M3' – similarly to Step S26 in FIG 6

– the corrected target height h.

In order to determine the deformations of the container bridge

1 dependent on the location of the trolley 6 and the loading

of the trolley 6, the crane controller 12 implements a model

17 according to FIG 10. The implementation can in particular

be performed by the execution of the computer program 13.

According to FIG 10, the model 17 is supplied with at least

the respective location of the trolley 6 and the respective

loading of the trolley 6 as input variables. In FIG 10, this

is depicted for the target location xK of the trolley 6 and

the target loading L. However, the model 17 can alternatively

however also be supplied with another location and the

associated loading, for example the first acquisition location

x1 and the first acquisition loading L1 or the second

acquisition location x2 and the second acquisition loading L2

or the third acquisition location x3 and the third acquisition

loading L3.
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The model 17 uses the input variables supplied to it to

determine a state of deformation V. The state of deformation V

can be used to determine a wide variety of correction

quantities, for example changes to the positioning and/or

orientation of the sensors 16 and a change to the position of

the trolley 6 in the horizontal and vertical direction.

Changes to the positioning and/orientation of the sensors 16

can, for example, be used to determine the corresponding

correction quantities δM1, δM2, δM3 when the model 17 is

supplied with the first acquisition location x1 and the first

acquisition loading L1 or the second acquisition location x2

and the second acquisition loading L2 or the third acquisition

location x3 and the third acquisition loading L3 as input

variables. A change to the position of the trolley 6 in the

horizontal direction can be used to correct the target

location xL of the load handling point 10, 11 or to correct

the target location xK of the trolley 6 when the model 17 is

supplied with the target location xK of Step S3 in FIG 2 or

Step S12 in FIG 5 and the target loading L as input variables.

Regardless of whether one or more of these procedures are

adopted, the crane controller 12 uses the model 17 during the

matching of the target location xK of the trolley 6 and the

target location xL of the load handling point 10, 11 to one

another.

The model 17 as such can, for example, comprise a correction

table 17a. In this case, the correction table 17a has a multi-

dimensional structure, namely one dimension per input

variable. Although the correction table 17a is only defined

for specific support points, linear or nonlinear interpolation

between support points is possible in a manner that is known

per se. Alternatively, the model 17 can be embodied as a rod

support model 17b of the container bridge 1. In another
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alternative, the model 17 can be embodied as a model 17c of

the container bridge 1 based on finite elements. Further

embodiments and combinations of the models 17a, 17b, 17c are

also possible.

In the above description, the correction is furthermore

performed exclusively using a respective location xK, x1, x2,

x3 of the trolley 6 and the respective associated loading L,

L1, L2, L3 of the trolley 6. However, where the determination

of correction quantities δM1, δM2, δM3 for the measured values

M1, M2, M3 acquired by the sensors 16 is concerned, it is

possible for the crane controller 12 – always related to the

respective acquisition time point t1, t2, t3 – to take account

of further variables. These variables can, for example,

according to the depiction in FIG 10, be the following

variables:

- At least one time derivative of the respective acquisition

location x1, x2, x3 in particular the second time derivative

(= acceleration) of the respective acquisition location x1,

x2, x3.

- A distance a of the respective load 8 from the trolley 6, as

a result, therefore, an effective cable length.

- At least one time derivative of the respective distance a of

the respective acquisition load 8, in particular the second

time derivative of the distance a. This variable

substantially corresponds to the value with which a raising

or lowering speed of the load 8 is changed.

- An oscillation state P of the load 8 relative to the trolley

6. The oscillation state P can in particular comprise the

effective cable length, the direction and the amplitude of

the oscillating movement and the phase angle of the

oscillating movement.
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To summarize, the present invention hence relates to the

following:

A handling system comprises a bridge 1 arranged on a substrate

3 container and at least one load handling point 10, 11

arranged on the substrate 3. The container bridge 1 has a

trolley 6 which can be moved on a crossmember 5 of the

container bridge 1 relative to the substrate 3. A crane

controller 12 matches a target location xK of the trolley 6

related to the crossmember 5 and a target location xL of the

load handling point 10, 11 related to the substrate 3 to one

another in such a way that, when the target load 8 is lowered

at the target location xK of the trolley 6, the target load 8

is lowered onto the target location xL of the load handling

point 10, 11. The matching is performed while additionally

taking into account at least one target loading L with which

the trolley 6 is loaded at its target location xK. The crane

controller 12 positions the trolley 6 at its target location

xL. Furthermore, said crane controller, after positioning the

trolley 6, lowers the target load 8 onto the load handling

point 10, 11. If the load handling point 11 can be moved on

the substrate 3 and the load handling point 11 is controlled

by the crane controller 12, the crane controller 12 further

positions the load handling point 11 at its target location xL

before lowering the target load 8 onto the load handling point

11.

The present invention has many advantages. In particular,

highly accurate positioning of the trolley 6 relative to the

load handling point 10, 11 is possible in a simple and

reliable manner. Furthermore, it is automatically possible to

retrofit an existing crane controller known from the prior

art.
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Although the invention has been illustrated and described in

greater detail by the preferred exemplary embodiment, the

invention is not restricted by the disclosed examples and

other variations can be derived herefrom by the person skilled

in the art without departing from the scope of protection of

the invention.
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Claims

1. A control method for a handling system, which comprises a

container bridge (1) arranged on a substrate (3) with a

trolley (6), which can be moved on a crossmember (5) of the

container bridge (1) relative to the substrate (3), and at

least one load handling point (10, 11) arranged on the

substrate (3),

- wherein, taking into account at least one target loading (L)

with which the trolley (6) is loaded at its target location

(xK), a crane controller matches a target location (xK) of

the trolley (6), which target location is related to the

crossmember (5), and a target location (xL) of the load

handling point (10, 11), which target location is related the

substrate (3), to one another in such a way that, when the

target load (8) is lowered at the target location (xK) of the

trolley (6), the target load (8) is lowered onto the target

location (xL) of the load handling point (10, 11),

- wherein the crane controller (12) positions the trolley (6)

at its target location (xL),

- wherein, after positioning the trolley (6), the crane

controller (12) lowers the target load (8) onto the load

handling point (10, 11) and

- wherein, if the load handling point (11) can be moved on the

substrate (3) and the load handling point (11) is controlled

by the crane controller (12), the crane controller (12)

positions the load handling point (11) at its target location

(xL) before lowering the target load (8) onto the load

handling point (11).

2. The control method as claimed in claim 1,

c h a r a c t e r i z e d  i n  that,
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- during the matching of the target location (xK) of the

trolley (6) and the target location (xL) of the load handling

point (10, 11) to one another, the crane controller (12)

first knows the target location (xL) of the load handling

point (10, 11) and

- the crane controller (12) determines the target location (xK)

of the trolley (6) taking into account at least the target

location (xL) of the load handling point (10, 11) and the

target loading (L).

3. The control method as claimed in claim 1,

c h a r a c t e r i z e d  i n  that,

- at a first acquisition time point (t1), sensors (16) arranged

on the container bridge (1) are used to acquire measured

values (M1) for the target location (xL) of the load handling

point (10, 11),

- the crane controller (12) determines the target location (xL)

of the load handling point (10, 11) using the measured values

(M1) for the target location (xL) of the load handling point

(10, 11) taking into account at least one first acquisition

location (x1) and one first acquisition loading (L1),

- the first acquisition location (x1) is the location at which

the trolley (6) is located on the crossmember (5) at the

first acquisition time point (t1) and

- the first acquisition loading (L1) is the loading with which

the trolley (6) is loaded at the first acquisition time point

(t1).

4. The control method as claimed in claim 3,

c h a r a c t e r i z e d  i n  that,

during the determination of the target location (xL) of the

load handling point (10, 11), the crane controller (12) –

always related to the first acquisition time point (t1) –
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takes account of at least one time derivative of the first

acquisition location (x1), a distance (a) of the first

acquisition load (8) from the trolley (6), at least one time

derivative of the distance (a) of the first acquisition load

(8) from the trolley (6) and/or an oscillation state (P) of

the first acquisition load (8) relative to the trolley (6).

5. The control method as claimed in claim 1,

c h a r a c t e r i z e d  i n  that

- the load handling point (11) can be moved on the substrate

(3) by virtue of a corresponding actuation by the crane

controller (12),

- during the matching of the target location (xK) of the

trolley (6) and the target location (xL) of the load handling

point (11) to one another, the crane controller (12) first

knows the target location (xK) of the trolley (6) and

- the crane controller (12) determines the target location (xL)

of the load handling point (11) taking into account at least

the target location (xK) of the trolley (6) and the target

loading (L).

6. The control method as claimed in one of the above claims,

c h a r a c t e r i z e d  i n  that

- the load handling point (11) can be moved by virtue of a

corresponding actuation by the crane controller (12) on the

substrate (3),

- at a second acquisition time point (t2), sensors (16)

arranged on the container bridge (1) are used to acquire

measured values (M2) for an actual location (xL’) of the load

handling point (11),

- the crane controller (12) determines the actual location

(xL’) of the load handling point (11) using the measured

values (M2) for the actual location (xL’) of the load

tly
Rectangle



PCT/EP2015/081439 / 2014P24473WO

33

handling point (11) taking into account at least one second

acquisition location (x2) and a second acquisition loading

(L2),

- the second acquisition location (x2) is the location at which

the trolley (6) is located on the crossmember (5) at the

second acquisition time point (t2),

- the second acquisition loading (L2) is the loading with which

the trolley (6) is loaded at the second time point (t2) and

- the crane controller (12) determines control commands (S) for

positioning the load handling point (11) as a function of the

deviation of the actual location determined (xL’) of the load

handling point (11) from the target location (xL) of the load

handling point (11).

7. The control method as claimed in claim 6,

c h a r a c t e r i z e d  i n  that,

during the determination of the actual location (xL’) of the

load handling point (11), the crane controller (12) – always

related to the second acquisition time point (t2) – takes

account of at least one time derivative of the second

acquisition location (x2), a distance (a) of the second

acquisition load (8) from the trolley (6), at least one time

derivative of the distance (a) of the second acquisition load

(8) from the trolley (6) and/or an oscillation state (P) the

second acquisition load (8) relative to the trolley (6).

8. The control method as claimed in one of the above claims,

c h a r a c t e r i z e d  i n  that

- the crane controller (12) corrects a target height (h) of the

target load (8) taking into account at least the target

location (xK) of the trolley (6) and the target loading (L)

and
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- the crane controller (12) lowers the target load (8) to the

target height (h) which it has corrected.

9. The control method as claimed in claim 8,

c h a r a c t e r i z e d  i n  that,

- at a third acquisition time point (t3), sensors (16) arranged

on the container bridge (1) are used to acquire measured

values (M3) for the target height (h),

- the crane controller (12) determines the target height (h)

using the measured values (M3) for the target height (h)

taking into account at least one third acquisition location

(x3) and one third acquisition loading (L3),

- the third acquisition location (x3) is the location at which

the trolley (6) is located on the crossmember (5) at the

third acquisition time point (t3) and

- the third acquisition loading (L3) is the loading with which

the trolley (6) is loaded at the third acquisition time point

(t3).

10. The control method as claimed in claim 9,

c h a r a c t e r i z e d  i n  that,

during the determination of the target height (h), the crane

controller (12) – always related to the third acquisition time

point (t3) – takes account of at least one time derivative of

the third acquisition location (x3), a distance (a) of the

third acquisition load (8) from the trolley (6), at least one

time derivative of the distance (a) of the third acquisition

load (8) from the trolley (6) and/or an oscillation state (P)

of the third acquisition load (8) relative to the trolley (6).

11. The control method as claimed in one of the above claims,

c h a r a c t e r i z e d  i n  that,

during the matching of the target location (xK) of the trolley
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(6) and the target location (xL) of the load handling point

(10, 11) to one another, the crane controller (12) implements

a model (17) of the container bridge (1) stored in the crane

controller (12), which is at least dependent upon the

respective loading (L, L1, L2, L3) of the trolley (6) and the

respective location (xK, x1, x2, x3) of the trolley (6) on the

crossmember (5), wherein the model (17) comprises a correction

table (17a), a rod support model (17b) of the container bridge

(1) and/or a model (17c) of the container bridge (1) based on

finite elements.

12. A computer program comprising a machine code (15), which

can be executed by a crane controller (12), wherein the

execution of the machine code (15) by the crane controller

(12) causes the crane controller (12) to carry out a control

method as claimed in one of the above claims.

13. The computer program as claimed in claim 12,

c h a r a c t e r i z e d  i n  that

it is stored in a memory (14) in machine-readable form.

14. A crane controller,

c h a r a c t e r i z e d  i n  that

it is programmed with a computer program (13) as claimed in

claim 12.

15. A handling system,

- wherein the handling system comprises a container bridge

(1) arranged on a substrate (3) with a crossmember (5),

- wherein the container bridge (1) has a trolley (6), which can

be moved on the crossmember (5) relative to the substrate

(3),
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- wherein the handling system comprises at least one load

handling point (10, 11) arranged on the substrate (3),

- wherein the handling system comprises a crane controller

(12),

c h a r a c t e r i z e d  i n  that

the crane controller (12) is embodied as claimed in claim 14.
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