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Description
BACKGROUND

[0001] Construction jobsites typically contain a variety
of elements such as equipment, power lines, structures,
building materials, and personnel. Depending on the
phase of a project, there are changing arrangements of
these elements while the building project itself progress-
es toward completion. During any given phase, however,
a crane operator is required to take safety precautions
so as not to run the boom into obstacles during operation
of the crane. To do so, the crane operator often requires
another worker on the ground that spots and watches for
any impending problems, such as coming too close to
an obstacle. This worker may then signal to the crane
operator to move away from the obstacle or to shut the
crane down. This includes inefficiencies and the need to
pay the worker for just monitoring crane function visually.
[0002] The ability to alter crane functions with respect
to defined areas or forbidden zones within the operational
radius of cranes has been made generally available to
the construction industry. This capability has evolved as
the use of electronics and software for control systems
has progressed. This capability is utilized in an operator
aid device that can be referred to as a Working Range
Limiter or WRL. When a WRL typically defines a forbid-
den zone it is seen as a map as viewed from above the
jobsite.

[0003] A traditional WRL is useful for avoiding obsta-
cles when the obstacles occur in the plane of movement,
but fails when the geometry becomes more complicated.
For example, if a building is marked as a forbidden zone
to prevent a boom from impacting the building, a mobile
crane will never be able to lift a load to the top of the
building because to do so necessarily entails a portion
of the crane entering the forbidden zone. If instead, the
building is not designated as being in the forbidden zone,
the crane could accidently swing into building when
swinging the boom. US 2013/0013251 A1 discloses a
system for tracking movable crane components to assist
manoeuvring the crane within a jobsite whereby a com-
puting device may develop exclusion zones, created as
virtual cylindrical volumes around line segments. These
volumes are created by applying a radius value to the
line segments, whereby the radius value, and thus the
exclusion zone size, can be adjusted for various charac-
teristics of the crane or construction equipment, static
object or jobsite.

[0004] It would be beneficial to develop a system that
inhibits collisions between a crane and obstacles like a
traditional WRL system, while allowing the crane to ex-
tend into what would traditionally be considered a forbid-
den zone.

BRIEF DESCRIPTION

[0005] The above-mentioned objective is achieved by
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the present invention, which has two aspects. In one as-
pect of the present invention there is a method for con-
trolling a boom of a crane in proximity of obstacles at a
worksite according to the independent claim 1.

[0006] Insomeembodiments, saving obstacle datain-
cludes inputting data representing the forbidden quasi-
volume In some embodiments, the boom rotates relative
to the crane about a central axis, and saving coordinate
data includes saving data representing the central axis.
[0007] Insomeembodiments,the craneincludeslower
works, upper works rotatable relative to the lower works
about an axis of rotation, and the boom is disposed on
the upper works, and using the boom to identify at least
two coordinates of the forbidden quasi-volume includes
aiming the boom in a first direction at a front face of the
forbidden quasi-volume and determining a horizontal dis-
tance between the face and the axis of rotation to deter-
mine a first vector corresponding to the front face of the
forbidden quasi-volume; aiming the boom in a second
direction at a front, top left corner of the forbidden quasi-
volume and determining a second vector corresponding
to the second direction of the boom; intersecting the sec-
ond vector and the plane to define a first coordinate of
the obstacle data; aiming the boom in a third direction at
a front, top right corner of the forbidden quasi-volume
and determining a third vector corresponding to the third
direction of the boom; and intersecting the third vector
and the plane to define a second coordinate of the ob-
stacle data. In some embodiments, aiming the boom in-
cludes at least one of aligning the boom using a video
camera attached to the boom and aligning the boom us-
ing a laser pointer attached to the boom.

[0008] Insomeembodiments, limiting movementofthe
boom includes establishing a slowdown threshold dis-
tance between the boom and the forbidden quasi-vol-
ume; and changing a crane function responsive to the
computed minimum distance between the boom and the
forbidden quasi-volume being less than the threshold dis-
tance. In some embodiments, changing the crane func-
tion includes slowing down the movement of the boom
in at least one direction that moves the boom closer to
the forbidden quasi-volume. In some embodiments, lim-
iting movement of the boom further includes establishing
a shutdown threshold distance between the boom and
the forbidden quasi-volume; and stopping the movement
of the boom in response to the computed minimum dis-
tance between the boom and the forbidden quasi-volume
being less than the shutdown threshold distance. Insome
embodiments, the crane function is selected from the
group consisting of telescoping in, telescoping out,
booming up, booming down, swinging left, and swinging
right.

[0009] In some embodiments, the method further in-
cludes computing, with the computing device, a maxi-
mum swing angle of the boom, a maximum extension of
the boom, a maximum boom-up, and a maximum boom-
down of the boom.

[0010] Insomeembodiments, determining a horizontal
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distance between the face and the axis of rotation com-
prises measuring a distance from the axis of rotation to
the face.

[0011] Insomeembodiments, determining a horizontal
distance between the face and the axis of rotation com-
prises placing a hook of the crane proximate the forbid-
den quasi-volume; and using a rated capacity indicator
(RCL) hook radius to determine the horizontal distance.
[0012] In some embodiments, the data representing
the forbidden quasi-volume volume is a building informa-
tion model, and saving obstacle data comprises aligning
the building information model in the coordinate system.
[0013] Inanotheraspect of the invention there is a sys-
tem for controlling a boom of a crane in proximity of ob-
stacles at a worksite, according to the independent claim
8.

[0014] Insome embodiments, the boom aiming system
is a system selected from the group consisting of a laser
pointer and a video camera system. In some embodi-
ments, the crane control system limits the motion of the
boom in response the calculated minimum distance be-
ing less than a threshold distance, and the data further
includes a threshold distance value. In some embodi-
ments the crane control system stops the motion of the
boom in response to the calculated minimum distance
being less than a critical distance, and the data further
includes a critical distance value. In some embodiments,
the data representing the forbidden quasi-volume is a
building information model, and the computer executable
instructions are further configured to establish the loca-
tion of the forbidden quasi-volume within the coordinate
system using the boom.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1 is a perspective view of a crane and building
under construction.

FIG. 2is a schematic view of a forbidden volume and
a coordinate system of a crane.

FIG. 3 illustrates a computer system, which may rep-
resent any of the computing devices referenced
herein or that may execute the methods or logic of
the present disclosure.

FIG. 4 is a perspective view of a forbidden volume
and a crane.

FIG. 5is a perspective view of a building and a crane
determining the location of the upper left point of a
building.

FIG. 6 is a perspective view of a boom having an
electronic assist device for aiming the boom.

FIG. 7 is a perspective view of a boom having an
electronic assist device for aiming the boom.

FIG. 8 is a perspective view of a forbidden volume
and a crane showing a proximity vector between the
boom and the forbidden volume.

FIG. 9 is a flow chart of a method for setting up a
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crane control system.
FIG. 10 is a flow chart of a method for limiting the
operation of a boom.

DETAILED DESCRIPTION

[0016] The present embodiments will now be further
described. In the following passages, different aspects
of the embodiments are defined in more detail.

[0017] FIG. 1 is a perspective view of a crane 90 and
a building 80 under construction. The crane 90 may have
a lower works 93 for engagement with the ground, and
a cab 120 attached to a rotating bed 116, also referred
to as upper works. The rotating bed 116 rotates about
an axis 94 of rotation relative to the lower works 93. A
boom 110 may also be attached to the rotating bed 116
and be controlled by a computing device, such as a com-
puter system (300 in FIG. 3) located in the cab 120, and
by crane controllers controlled by the computing device.
The boom 110 may include a telescoping portion 112 at
an end of the boom 110 that may be extended (tele-out)
or retracted (tele-in) by controls within the cab 120. The
use of the cab 120 and the location of the computing
device is merely exemplary and a computing device need
not be located within the cab 120. For example, the com-
puting device could be integrated in to the lower works
of the crane 93.

[0018] The computing device and controls may also
control the movement of the rotating bed 116, which
causes the boom 110 to swing left and swing right. The
computing device and controls may also control the boom
110 to move up (boom-up) and move down (boom-
down). These six directions (tele-out; tele-in; boom-up;
boom-down; swing left; and swing right) may each be
represented by a vector, each of which may be processed
and tracked using appropriate algorithms as will be ex-
plained. Impact with obstacles on a worksite may be
avoided by conducting vector analysis and continual
monitoring of the orientation of the boom 110.

[0019] FIG. 2 is a perspective view of a schematic of
the lower works 93 of a telescopic crane 90 and an outline
96 of the building 80 under construction. A coordinate
system 98 is shown having an origin 92 at a base of the
axis of rotation 94 of a rotating bed. In the embodiments
that follow, the coordinate system will be fixed relative to
the lower works 93 of the telescopic crane 90. However,
in other embodiments the coordinate system could be
fixed relative to the rotating bed such that the X axis would
remain constant along the telescoping boom. Other co-
ordinate systems are possible and could be based on
any origin within the construction zone.

[0020] FIG.3illustrates a computer system 300 (or oth-
er computing device), which may represent a cab com-
puting device 300 or a wireless network computer, or any
other computing device referenced herein or that may be
used to execute the disclosed methods or logic disclosed.
The computer system 300 may include an ordered listing
or asetofinstructions 302 that may be executed to cause
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the computer system 300 to perform any one or more of
the methods or computer-based functions disclosed
herein. The computer system 300 may operate as a
stand-alone device or may be connected, e.g., using a
network 200, to other computer systems or peripheral
devices, for example.

[0021] In a networked deployment, the computer sys-
tem 300 may operate in the capacity of a server or as a
client-user computer in a server-client user network en-
vironment, or as a peer computer system in a peer-to-
peer (or distributed) network environment. The computer
system 300 may also be implemented as orincorporated
into various devices, such as a personal computer or a
mobile computing device capable of executing a set of
instructions 302 that specify actions to be taken by that
machine, including and not limited to, execution of certain
applications, programs, and with the option of accessing
the Internet or Web through any form of browser. Further,
each of the systems described may include any collection
of sub-systems that individually or jointly execute a set,
or multiple sets, of instructions to perform one or more
computer functions.

[0022] The computer system 300 may include a mem-
ory 304 on a bus 320 for communicating information.
Code operable to cause the computer system to perform
any of the acts or operations described herein may be
stored in the memory 304. The memory 304 may be a
random-access memory, read-only memory, program-
mable memory, hard disk drive or any other type of vol-
atile or non-volatile memory or storage device.

[0023] The computer system 300 may include a proc-
essor 308, such as a central processing unit (CPU)and/or
a graphics-processing unit (GPU). The processor 308
may include one or more general processors, digital sig-
nal processors, application specific integrated circuits,
field programmable gate arrays, digital circuits, optical
circuits, analog circuits, combinations thereof, or other
now known or later-developed devices for analyzing and
processing data. The processor 308 may implement the
set of instructions 302 or other software program, such
as manually programmed or computer-generated code
for implementing logical functions. The logical function
orany system element described may, among other func-
tions, process and/or convert an analog data source such
as an analog electrical, audio, or video signal, or a com-
bination thereof, to a digital data source for audio-visual
purposes or other digital processing purposes such as
for compatibility of computer processing.

[0024] The computer system 300 may also include a
disk or optical drive unit 315. The disk drive unit 315 may
include a computer-readable medium 340 in which one
or more sets of instructions 302, e.g., software, can be
embedded. Further, the instructions 302 may perform
one or more of the operations as described herein. The
instructions 302 may reside completely, or at least par-
tially, within the memory 304 and/or within the processor
308 during execution by the computer system 300. One
or more databases in memory may store a Cartesian
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coordinate system, and may relate positions of obstacles
and the boom a crane to each other in 3D space within
the database.

[0025] The memory 304 and the processor 308 also
may include computer-readable media as discussed
above. A"computer-readable medium," "computer-read-
able storage medium," "machine readable medium,"
"propagated-signal medium," and/or "signal-bearing me-
dium" may include any device thatincludes, stores, com-
municates, propagates, or transports software for use by
or in connection with an instruction executable system,
apparatus, or device. The machine-readable medium
may selectively be, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconduc-
tor system, apparatus, device, or propagation medium.
[0026] The computer system 300 may further include
a crane controller 350, a working range limiter 360, and
arated capacity limiter 365. The crane controller 350 may
be coupled with the processor 308 and the bus 320 and
be configured to control components of the crane, includ-
ing the boom 110 and the rotating bed 116, in response
to receiving control signals from the processor 308.
[0027] The rated capacity limiter 365 (also referred to
as a moment limiter in the art) provides information for
crane operators to ensure that the crane devices work
safely in the range of design parameters. The working
range limiter 360 provides information for crane opera-
tors to ensure that the crane devices work safely outside
of arestricted volume. The working range limiter 360 and
the rated capacity limiter 365 may each monitor the op-
erations of the crane through a plurality of sensors, and
provide information regarding the limits of the cranes to
an operator. In some embodiments the functionality of
the working range limiter 360 and the rated capacity lim-
iter 365 may be combined into a single unit. When the
crane 90 lifts objects, the reading changes continuously
with the operation of the crane 90. The sensors provide
information on the length and angle of the crane boom
110, the lifting height and range, the rated load, the lifted
load and so on. If the crane 90 works nearly beyond the
permitted scope, the rated capacity limiter 365 and/or the
working range limiter 360 may sound an alarm, may light
anindicator, or modify the operation of the crane. Insome
embodiments, the working range limiter 360 may also be
adapted to act as a controller of the boom 110, the tele-
scoping portion 112, and the rotating body 116 to allow
the crane 90 to continue operation while avoiding the
restricted volume.

[0028] Additionally, the computer system 300 may in-
clude an input device 325, such as a keyboard and/or
mouse, configured for a user to interact with any of the
components of the computer system 300. It may further
include a display 370, such as a liquid crystal display
(LCD), a cathode ray tube (CRT), or any other display
suitable for conveying information. The display 370 may
act as an interface for the user to see the functioning of
the processor 308, or specifically as an interface with the
software stored in the memory 304 or the drive unit 315.
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[0029] The computer system 300 may include a com-
munication interface 336 that enables communications
via the communications network 200. The network 200
may include wired networks, wireless networks, or com-
binations thereof. The communication interface 336 net-
work may enable communications via any number of
communication standards, such as 802.11, 802.17,
802.20, WiMax, cellular telephone standards, or other
communication standards.

[0030] Accordingly, the method and system may be
realized in hardware, software, or a combination of hard-
ware and software. The method and system may be re-
alized in a centralized fashion in at least one computer
system or in a distributed fashion where different ele-
ments are spread across several interconnected compu-
ter systems. A typical combination of hardware and soft-
ware may be a general-purpose computer system with
a computer program that, when being loaded and exe-
cuted, controls the computer system such that it carries
out the methods described herein. Such a programmed
computer may be considered a special-purpose compu-
ter, and be specially adapted for placement within the
cab 120 and control of the crane 90.

[0031] The methodandsystem may also be embedded
in a computer program product, which includes all the
features enabling the implementation of the operations
described herein and which, when loaded in a computer
system, is able to carry out these operations. Computer
program in the present context means any expression,
in any language, code or notation, of a set of instructions
intended to cause a system having an information
processing capability to perform a particular function, ei-
ther directly or after either or both of the following: a)
conversion to another language, code or notation; b) re-
production in a different material form.

[0032] The order of the steps or actions of the methods
described in connection with the disclosed embodiments
may be changed as would be apparent to those skilled
in the art. Thus, any order appearing in the Figures or
described with reference to the Figures or in the Detailed
Description is for illustrative purposes only and is not
meant to imply a required order, except where explicitly
required.

[0033] FIG.9 provides a high level flow chart of a meth-
od 500 for setting up a WRL for a crane and FIG. 10
illustrates a high level flow chart of a method 900 for
altering crane functions during crane use. The method
will be described in relation to FIG. 4 and FIG. 5. The
method for setting up a WRL for a crane begins at step
501 in which the WRL setup process is initiated. This
may be done by a crane operator or other personnel. The
process may be done manually, it may be an automated
process, or a combination of manual and automated.
[0034] FIG. 4 illustrates a three-dimensional model of
a forbidden volume 400 corresponding to the outline 96
of building 80. The process of setting up the WRL defines
the forbidden volume 400 in relation to the crane. The
forbidden volume 400 may correspond to other obstacles
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or volumes in which crane operation is not permitted. In
the example of the rectangular forbidden volume 400 of
FIG. 4, the boundaries of the forbidden volume 400 are
defined by four rectangular planar faces. A first plane 401
would be above the forbidden volume 400. A second
plane 402 would be facing the crane. A third plane 403
would be to the left of the forbidden volume (as seen by
the crane). The fourth plane 404 would be to the right of
the forbidden volume (behind plane 401 and not visible
in the figure). This forbidden volume 400 is referred to
as a quasi-volume since an actual rectangular solid
would have 6 faces; the face at ground level of the for-
bidden volume 400 and the face at the back of the for-
bidden volume 400 (as seen from the crane) are not con-
sidered relevant and may be ignored.

[0035] The definition of the quasi-volume can begin
with the plane 402 that contains the front rectangular face
405. To define this plane 402, in block 502, a vector nor-
mal to the face 405 is found, as well as a point contained
within the plane 402. Both of these can be provided by
the definition of a vector 460 that points from the origin
92 of the coordinate system 98 to the forbidden volume
400 that is normal to the front rectangular face 405. This

R, . .
vector 460 is referred to as 28

[0036] The direction of vector 460 is found by swinging
the rotating bed 116 of the crane to point the boom 110
towards the forbidden volume 400, and recording the
swing angle 463 which is referred to as apqq. The mag-
nitude of vector 460 (the vector endpoint providing a point
contained within the plane 402) is created by extending
the telescopic boom 110 to have the tip of the telescopic
boom 110, where the hook block is located, at the dis-
tance desired for the creating quasi-volume front face
405, and recording the current hook radius (which is a
common element measured by a crane control system).
For this step the hook block can be at any desired height.
[0037] Note that the preferred embodiment is not ex-
pected to have the quasi-volume be coincident with the
actual building object. The quasi-volume would be ex-
pected to have some buffer or distance away from the
building object. The positioning of the hook block is ac-
tually indicating the buffer desired. In another embodi-
ment, if the actual building object location was desired
for the quasi-volume, a manual measurement could be
taken from the hook block to the actual building, and this
value manually entered to the programming to be added
tothe = 2M8 magnitude. Manual measurement may be
necessary to prevent accidental impact between the

boom 110 and the object. Also note that the vector, Ryiig

460 is in the XY plane of the coordinate system 98; there-
fore, the boom up/down angle is not relevant. The crane
operator may use his normal view of the building object
to point the boom 110 at the object. While it is preferable
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that the vector RB’dg 460 be perpendicular to the face
405, the swing angle 463, apjgg May be off from the true

perpendicular direction without introducing large errors.
If the swing angle 463 is off by 5 degrees in either direc-
tion, it will only introduce a 0.4% error in radial distance

R, .
for the vector 460, = 212

[0038] With the front face plane 402 defined by vector,

RBldg

460, the boundary of the face 405 may be deter-
mined in block 503. The boundary of the face 405 may
be defined by two locations, the left top point 410 and
the right top point411 for the quasi-volume. The locations
are determined by pointing the boom 110 ateach location
410, 411 on the actual building object and recording the
swing angle and the boom angle. For other building
shapes, other points may be used.
[0039] FIG. 5illustrates an example of determining the
position of the top left location 410, as done in block 504.
With the boom pointed at this location 410, the swing
angle 463 is recorded as ¢, .4 and the boom angle 462

is recorded as f, i These angles, along with the position

of the boom pivot point 465, which is known within the
cooxdinate system 98, are used to create a direction vec-
tor, r; .#464. The length of the boom 110 and the position

of the hook block 150 may be at any value and are not
important at this time. The left top point 410 may now be
determined by intersecting the direction vector 464 r; 4

and the plane for the front face 402 to obtain the location
. R, ..

of the left top point 410 ~ Z¢ft

[0040] Inblock 505, a similar procedure is used for the

other top location 411 by intersecting a similar direction

vector, ArR,-ght from pointing the boom 110 to the top right

location 411 and intersecting the direction vector ArR,-ght
with the plane for the front face 402 to obtain the location

R, ..
of the right top point  &™

[0041] The front top edge 466 is now defined by these
two points, and can be modeled as

RFrontTop = RRight - RLeft .

A direction unit vector for

~ RF rontTop
rF rontTop .

‘ FrontT _—
the fronttop edge is rontoP A direction

unit vector for the normal to the front face 405 is

RBldg

Tp1ae =

‘ Bldg‘ A direction unit vector for the left edge

467 and right edge 468 of the front face, poiAnting froan
the top points 410 and 411 to the ground is rp,,,, = -k,

where ?(is the unit vector for the vertical direction and is
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aligned with the Z axis of the coordinate system 98.
[0042] The extent of the left edge 467 and the right
edge 468, can be any value that is sufficient to cover the
height of the building or forbidden zone; the bottom edge
of the quasi-volume is notrelevant to the crane operation,
so the distance can extend into the ground; for instance,
it might be set to 500 meters. This extent can be applied
to the direction vector ArDown to arrive at points for the
remaining vertices of the front face 402.

[0043] In block 506, the remainder of the forbidden
zone is determined. For the top face 401, the left top
location point 410 and the right top location point 411
already define two of the points on the top face 401. The
ArB,dg direction vector 460 is used to set the other two
points for the top face. As with the front face 402, any
value for the extent of the face can be used that is suffi-
cient to cover the reach of the crane; again, it might be
set to 500 meters. Telescopic booms are often used to
position a load on top of the building object, and not be-
yond it, so this extent is not considered critical.

[0044] For the left face 403, as well as the right face
404, the left top location point and the left lower location
Point already define two of the points on the face. The
Igi4g direction vector is used to set the other two points
for the face. As with the top face, any value for the extent
of the face can be used that is sufficient to cover the
reach of the crane; again, it might be set to 500 meters.
In block 507 the WRL setup is completed.

[0045] As shownin FIG. 6, the positioning of the boom
110 to point the boom 110 at the locations may be en-
hanced by manual or electronic assistance. For manual
assistance, ground personnel might be positioned be-
hind the crane as the boom 110 is pointed, and the ground
personnel could indicate to the crane operator when the
boom is properly oriented. Preferred embodiments would
be electronic assistance in the form of a video camera
system. The camera 170 would be aligned with the non-
telescopic base section of the boom 110. A crane oper-
ator video display 171 would show the orientation of the
boom 110 to point at the critical locations. Note that the
deflection or sagging of the telescopic boom 110 would
not affect the point locations since the modeling is based
on the orientation of the base section (the boom angle
and swing angle).

[0046] In another embodiment, the positioning of the
boom may be enhanced using a pointing device 700 on
abase section ofthe boom 110. For example, the pointing
device 700 may identify a location (and thus boom and
swing angles) such as the top left or top right corner of
the forbidden volume. This information may be recorded
by the computer system 300, and may be combined with
adistance determined between the end of the boom 110
(where a crane hook 150 naturally hangs down). The
pointing device 700 may be a camera, a laser, or other
pointing device for lining up with a determined threshold
of accuracy the boom with the outer boundaries of the
obstacle 400. In some embodiments, the pointing device
700 may further contain a distance measurement device
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such as a laser rangefinder to determine a distance be-
tween the location and the end of the boom. The distance
between the end of the boom and the location may then
be converted into a distance in the XY plane.

[0047] The distance between the end of the crane 90
(or from the crane hook 150) and the forbidden volume
400 may be determined manually or with a computing
device. The distance may be based on a minimum dis-
tance from a centerline-of-rotation of the boom with re-
spect to the obstacle 400, e.g., from the hook 150 a dis-
tance taken perpendicularly to a middle section of the
obstacle.

[0048] With the forbidden quasi-volume now defined
within the coordinate system, and considering that the
boom is also represented as a known vector (169) within
the coordinate system, the invention can provide appro-
priate alterations of the control system to avoid undesir-
ableinteractions between the boom and the jobsite object
using the method 900 of FIG. 10.

[0049] In block 901 coordinate data is saved to mem-
ory. The coordinate data provides a reference for orien-
tating the crane and its special relationship to objects
around it. One example of saving coordinate data in-
cludes identifying the location of the pivot point of the
boom as shown in block 906. In block 902, boom data is
saved to memory. The boom data may be the known
vector 169 and may be determined automatically by the
crane control system. Inblock 903, obstacle datais saved
to memory. The obstacle data may be saved to memory
using the method 500 shown in FIG. 9. In some embod-
iments, a building information model (BIM) may loaded
into memory as shown in block 907.

[0050] The boom is modeled as known vector 169 and
the vector data is saved to memory during operation of
the crane. The distance from the boom to the quasi-vol-
ume features (such as faces and edges) is computed in
block 904. The known vector for the boom is referred to

R . _— .
as = Beom This is used to compute a direction unit vector

R

Boom

rBoom =

as follows: ‘ Boom| " This distance is the basis

for a critical proximity vector 473, which is the minimum
distance between a point on the boom and the forbidden
volume. With the boom modeled as a known vector 169,
vectors may be computed for crane function motions.
Thefirstmotion is the telescopingmotion 471, the second
motion is swinging left and right 470, and the third motion
is boom up/down 472. For each motion there is a direc-
tion, and they are represented by six unit vectors within
the coordinate system as follows: Telescope out: AtTo,

Telescope in: AtT/, Swing left: Ats,_, Swing right: AtSR, Boom
up:?BU, and Boom down: AtBD. The telescope out unit vec-

tor is coir)cider)t with the boom vector 169 and is com-
puted as tyo = rgyom- 1he telescope in unit vector is ty; =

-1-At7-o. The swing left direction vector is computed as
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Ty, =kxt
SL T0° the swing left unit vector is computed
. T
_ 1sL
by = ‘— >
as SL| and the swing right unit vector is AtSR =

-1 -AtSL. The boom up unit vector is computed as AtBU = At‘TO
X Ats,_ and the boom down unit vector is AtBD =-1 -AtBU. The

critical proximity vector 473 starts at the nearest point on
the boom, and this point may be along the length of the
boom (and not at the end of the boom). FIG. 8 illustrates
a critical proximity vector 473 from the end of the boom
tothe frontface of the quasi-volume. The critical proximity

Prox

vector 473 is converted to a direction unit vector
as follows:
2 _ TProx
Prox ~ |4+
‘ Prox
[0051] Inblock 905, a scale factor for each crane func-

tion is determined for alterations of the control system.
A value of 1.0 for a particular scale factor would indicate
the crane function would be unaltered. A value of 0.0 for
a particular scale factor would indicate the crane function
would be shutdown. A value of 0.5 for a particular scale
factor would indicate the crane function would be slowed
by 50 percent.

[0052] The scale factors correspond to the six crane
functions as follows: Telescope out: frn,; Telescope in:
fr; Swing left: fg;; Swing right: fgr; Boom up: fg; and
Boom down: fgp,.

[0053] The value for the scale factor may be based on
two thresholds for the critical proximity distance 473. The

. L . . dProx = ‘TProx :
critical proximity distance is As the
crane boom approaches the quasi-volume, this critical
proximity distance decreases. When the critical proximity
distance reaches a slowdown threshold (&, ), the crane

function will begin to slow down. When the critical prox-
imity distance reaches a shutdown threshold (&), the
crane function will stop. These thresholds may be uni-
versal for the crane (applied to all crane functions), or
the thresholds may be specific to each function. Consid-
ering the drift that is typical when stopping crane swing
motions, particular threshold values for the swing func-
tion would be expected. However, the preferred embod-
iment described here will use a universal value for sim-
plicity.

[0054] The critical proximity distance and the thresh-
olds are used to create a scaling of the crane function
based on the degree to which the proximity distance is
between the thresholds as follows:
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51 — dProx

0, =0, This relationship may be applied
if the critical proximity distance has "entered" the thresh-
old "zone". Otherwise, the crane functions would not be
altered and the scale factors would be set to 1.0.
[0055] The degree to which each crane function may
require alteration within the threshold zone may be based
on the position of the boom. The degree of alteration may
be based on taking the dot product of the critical proximity
unit vector and the earlier computed crane motion direc-
tion unit vectors. If the crane boom is swinging left toward
awall on the left, the critical proximity vector will be point-
ing to the left (from the boom to the wall), and the swing
left motion vector will likewise be pointing to the left. The
dot product in this case will be relatively close to 1, and
would indicate that the swing left function should be di-
rectly altered. However, the swing right direction will be
a unit vector pointing to the right; and the dot product in
this case (still with respect to the critical proximity vector
pointing to the left) will be relatively close to -1. The fol-
lowing computations determine the crane function alter-
ation factors (one for each function direction):

gProx -

€10 = lro oo
& = AT] 'fProx
Eg = £SL 'fProx
Esg = ASR 'fProx
Epy = ABU ) AProx
Epp = ABD 'fProx

[0056] The process of determining the crane function
scale factors is now described. Initially the crane function
scale factors may be set to 1.0. Each crane function di-
rection may then be evaluated. If the critical proximity
distance is between the crane function thresholds, and
the direction dot productindicates that the crane function
direction should be altered, then the scale factor may be
computed as one of the following (depending on the
crane function direction being evaluated):

Sro=1=€pp &0

fTI :1_8Pr0x Ky
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S =1=€pp g
Jsg = 1= Epro *Ep
o =1=Eppe "€y
Sop =1 = Epre " Enp

[0057] Ifthe direction dot productindicates thatacrane
function direction should be altered, and the critical prox-
imity distance is at or beyond the shutdown threshold,
the crane function scale factor would be set to 0.0.
[0058] In another example, there may be a building
information model (BIM) of the obstacle (such as a build-
ing, or other non-rectangular-shaped object), then the
BIM may be incorporated into the crane 3D workspace
when there are at least two points available with which
to align the BIM within the coordinate system.

[0059] It should be understood that various changes
and modifications to the presently preferred embodi-
ments described herein will be apparent to those skilled
in the art. For example, the obstacles can be of any kind,
not just rectangular or related to a structure under con-
struction. For example, the forbidden volume could con-
tain a power line as a natural obstacle for which the com-
puter system 300 may monitor and with which to avoid
collision, all the while avoiding collision with the forbidden
volume. Such changes and modifications can be made
without diminishing their intended advantages, as long
as they are covered by the appended claims.

Claims

1. A method for controlling a boom (110) of a crane (90)
in proximity of obstacles (80) at a worksite, the meth-
od executable by a computing device (300) having
a processor (308) and memory (304), comprising:

a) saving, in the memory (304), coordinate data
representing a coordinate system (98) at the
worksite;

b) saving, in the memory (304), obstacle data
representing a forbidden quasi-volume (400) in
the coordinate system (98), the forbidden quasi-
volume (400) being a rectangular prism, wherein
saving obstacle data comprises using the boom
(110) to identify at least two coordinates (410,
411) of the forbidden quasi-volume (400), the at
least two coordinates (410, 411) comprising, as
seen by the crane, the front, top left corner (410)
of the forbidden quasi-volume (400) and the
front, top right corner (410) of the forbidden qua-
si-volume (400);
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c) saving, in the memory (304), boom data rep-
resenting the location of the boom (110); and
d) limiting movement of the boom (110), by the
computing device (300), to avoid the boom (110)
entering the forbidden quasi-volume (400), the
limiting based on a computed minimum distance
between the boom (110) and the forbidden qua-
si-volume (400) using the coordinate data, the
obstacle data, and the boom data.

The method of claim 1, wherein saving obstacle data
comprises inputting data representing the forbidden
quasi-volume (400).

The method of claim 1, wherein the crane (90) com-
prises lower works (93), upper works (116) rotatable
relative to the lower works (93) about an axis of ro-
tation (94), and wherein the boom (110) is disposed
ontheupperworks (93), and wherein using the boom
(110) to identify at least two coordinates (410, 411)
of the forbidden quasi-volume (400) comprises:

i) aiming the boom (110) in a first direction at a
front face (405) of the forbidden quasi-volume
(400) and determining a horizontal distance be-
tween the face (405) and the axis of rotation (94)
to determine a first vector (460) corresponding
to the front face (405) of the forbidden quasi-
volume (400);

i) aiming the boom (110) in a second direction
at a front, top left corner (410) of the forbidden
quasi-volume (400) and determining a second
vector (464) corresponding to the second direc-
tion of the boom;

iii) intersecting the second vector (464) and the
plane (402) to define a first coordinate (410) of
the obstacle data;

iv) aiming the boom in a third direction at a front,
top right corner (411) of the forbidden quasi-vol-
ume (400) and determining a third vector corre-
sponding to the third direction of the boom (110);
and

v) intersecting the third vector and the plane
(402) to define a second coordinate (411) of the
obstacle data.

4. The method of claim 1 wherein limiting movement

of the boom comprises:

i) establishing a slowdown threshold distance
between the boom (110) and the forbidden qua-
si-volume (400); and

ii) changing a crane function responsive to the
computed minimum distance between the boom
(110) and the forbidden quasi-volume (400) be-
ing less than the threshold distance.

5. The method of claim 4, wherein changing the crane
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function comprises slowing down the movement of
the boom (110) in at least one direction that moves
the boom (110) closer to the forbidden quasi-volume
(400).

The method of claim 4, wherein limiting movement
of the boom (110) further comprises:

i) establishing a shutdown threshold distance
between the boom (110) and the forbidden qua-
si-volume (400); and

ii) stopping the movement of the boom (110) in
response to the computed minimum distance
between the boom (110) and the forbidden qua-
si-volume (400) being less than the shutdown
threshold distance.

The method of claim 1, wherein determining a hori-
zontal distance between the face (405) and the axis
of rotation (94) comprises placing a hook (150) of
the crane (90) proximate the forbidden quasi-volume
(400); and using a rated capacity indicator (RCL)
hook radius to determine the horizontal distance.

A system for controlling a boom (110) of a crane in
proximity of obstacles (80) at a worksite, comprising:

a) a crane control system configured to control
operation of a crane boom (110);

b) a processor (308) in operable communication
with the crane control system; and

c) memory (304) in operable communication
with the processor (308), the memory (304) stor-
ing data comprising:

i) data representing a coordinate system
(98);

ii) data representing the crane boom (110);
iii) data representing a forbidden quasi-vol-
ume (400), the data comprising at least two
coordinates (410, 411) of the forbidden qua-
si-volume (400), and the at least two coor-
dinates (410, 411) comprising, as seen by
the crane, the front, top left corner (410) of
the forbidden quasi-volume (400) and the
front, top right corner (410) of the forbidden
quasi-volume (400); and

iv) computer executable instructions for ex-
ecution by the processor (308), the compu-
ter executable instruction configured to de-
termine the at least two coordinates (410,
411) of the forbidden quasi-volume (400)
using the boom (110), to calculate a mini-
mum distance between the crane boom
(110) and the forbidden quasi-volume (400)
based on the data representing the crane
boom (110) and the data representing the
forbidden quasi-volume (400), and to cause
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the crane control system to limit movement
of the boom (110) based on the calculated
minimum distance.

The system of claim 8 further comprising a boom
aiming system (700) for aiming the boom (110) at
the at least two coordinates (410, 411) of the forbid-
den quasi-volume (400).

The system of claim 8, wherein the crane control
system limits the motion of the boom (110) in re-
sponse the calculated minimum distance being less
than a threshold distance, wherein the data further
comprises:

v) a threshold distance value.

The system of claim 10, wherein the crane control
system stops the motion of the boom (110) in re-
sponse to the calculated minimum distance being
less than a critical distance, wherein the data further
comprises:

vi) a critical distance value.

The system of claim 8, wherein the datarepresenting
the forbidden quasi-volume (400) comprises a build-
ing information model, and wherein the computer ex-
ecutable instructions are further configured to estab-
lish the location of the forbidden quasi-volume (400)
within the coordinate system (98) using the boom
(110).

Patentanspriiche

1.

Verfahren zum Steuern eines Auslegers (110) eines
Krans (90) in der Nahe von Hindernissen (80) auf
einer Baustelle, wobei das Verfahren durch eine Re-
chenvorrichtung (300) mit einem Prozessor (308)
und einem Speicher (304) ausfihrbar ist, wobei das
Verfahren Folgendes umfasst:

a) Speichern von Koordinatendaten, die ein Ko-
ordinatensystem (98) an der Baustelle repra-
sentieren, in dem Speicher (304);

b) Speichern von Hindernisdaten in dem Spei-
cher (304), die ein verbotenes Quasi-Volumen
(400) in dem Koordinatensystem (98) reprasen-
tieren, wobei das verbotene Quasi-Volumen
(400) ein rechteckiges Prisma ist, wobei das
Speichern von Hindernisdaten das Verwenden
des Auslegers (110) zum Identifizieren von min-
destens zwei Koordinaten (410, 411) des ver-
botenen Quasi-Volumens (400) umfasst, wobei
die mindestens zwei Koordinaten (410, 411),
von dem Kran aus gesehen, die vordere, obere
linke Ecke (410) des verbotenen Quasi-Volu-
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mens (400) und die vordere, obere rechte Ecke
(410) des verbotenes Quasi-Volumen (400) um-
fassen;

c) Speichern von Auslegerdaten in dem Spei-
cher (304), die den Ortdes Auslegers (110) dar-
stellen; und

d) Beschranken der Bewegung des Auslegers
(110) durch die Rechenvorrichtung (300), um zu
vermeiden, dass der Ausleger (110) in das ver-
botene Quasi-Volumen (400) eintritt, wobei die
Begrenzung auf einem berechneten Mindestab-
stand zwischen dem Ausleger (110) und dem
verbotenen Quasi-Volumen (400) unter Ver-
wendung der Koordinatendaten, der Hindernis-
daten und der Auslegerdaten basiert.

2. Verfahren nach Anspruch 1, wobei das Speichern

von Hindernisdaten das Eingeben von Daten um-
fasst, die das verbotene Quasi-Volumen darstellen
(400).

Verfahren nach Anspruch 1, wobei der Kran (90) un-
tere Arbeitsabschnitte (93), obere Arbeitsabschnitte
(116), die relativ zu den unteren Arbeitsabschnitten
(93) um eine Drehachse (94) drehbar sind, aufweist
und wobei der Ausleger (110) auf dem oberen Ar-
beitsabschnitt (93) angeordnet ist, und wobei die
Verwendung des Auslegers (110) zur Identifizierung
von mindestens zwei Koordinaten (410, 411) des
verbotenen Quasi-Volumens (400) Folgendes um-
fasst:

i) Ausrichten des Auslegers (110) in einer ersten
Richtung an einer Vorderflache (405) des ver-
botenen Quasi-Volumens (400) und Bestimmen
eines horizontalen Abstandes zwischen der FI&-
che (405) und der Drehachse (94), um einen
ersten Vektor (460) zu bestimmen, der der Vor-
derflache (405) des verbotenen Quasi-Volu-
mens (400) entspricht;

ii) Ausrichten des Auslegers (110) in einer zwei-
ten Richtung an einer vorderen linken oberen
Ecke (410) des verbotenen Quasi-Volumens
(400) und Bestimmen eines zweiten Vektors
(464), der der zweiten Richtung des Auslegers
entspricht;

iii) Schneiden des zweiten Vektors (464) und der
Ebene (402), um eine erste Koordinate (410)
der Hindernisdaten zu definieren;

iv) Ausrichten des Auslegers in einer dritten
Richtung an einer vorderen rechten Ecke (411)
des verbotenen Quasi-Volumens (400) und Be-
stimmen eines dritten Vektors entsprechend der
dritten Richtung des Auslegers (110); und

v) Schneiden des dritten Vektors und der Ebene
(402), um eine zweite Koordinate (411) der Hin-
dernisdaten zu definieren.
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4. Verfahren nach Anspruch 1, wobei die begrenzende

Bewegung des Auslegers Folgendes umfasst:

i) Festlegen eines Verlangsamungs-Schwellen-
abstandes zwischen dem Ausleger (110) und
dem verbotenen Quasi-Volumen (400); und

ii) Andern einer Kranfunktion als Reaktion dar-
auf, dass der berechnete Mindestabstand zwi-
schen dem Ausleger (110) und dem verbotenen
Quasi-Volumen (400) kleiner als der Schwellen-
abstand ist.

Verfahren nach Anspruch 4, wobei das Andern der
Kranfunktion das Verlangsamen der Bewegung des
Auslegers (110) in mindestens einer Richtung um-
fasst, die den Ausleger (110) naher an das verbotene
Quasi-Volumen (400) bewegt.

Verfahren nach Anspruch 4, wobei die begrenzende
Bewegung des Auslegers 110) ferner Folgendes
umfasst:

i) Festlegen eines Abschalt-Schwellenabstands
zwischen dem Ausleger (110) und dem verbo-
tenen Quasi-Volumen (400); und

i) Stoppen der Bewegung des Auslegers (110)
als Reaktion darauf, dass der berechnete Min-
destabstand zwischen dem Ausleger (110) und
dem verbotenen Quasi-Volumen (400) kleiner
als der Abschalt-Schwellenwert ist.

Verfahren nach Anspruch 1, wobei das Bestimmen
eines horizontalen Abstands zwischen der Flache
(405) und der Drehachse (94) Folgendes umfasst:
Anordnen eines Hakens (150) des Krans (90) in der
Nahe des verbotenen Quasi-Volumens (400);und
Verwenden eines Hakenradius flr die Nennkapazi-
tatsanzeige (Rated Capacity Indicator, RCL), um
den horizontalen Abstand zu bestimmen.

System zum Steuern eines Auslegers (110) eines
Krans in der Nahe von Hindernissen (80) auf einer
Baustelle, das Folgendes umfasst:

a) ein Kransteuersystem, das dafiir konfiguriert
ist, den Betrieb eines Kranauslegers (110) zu
steuern;

b) einen Prozessor (308) in funktionsfahiger
Kommunikation mit dem Kransteuersystem;
und

c) einen Speicher (304) in funktionsféahiger Kom-
munikation mit dem Prozessor (308), wobei der
Speicher (304) Daten speichert, die Folgendes
umfassen:

i) Daten, die ein Koordinatensystem (98)
darstellen;
ii) Daten, die den Kranausleger (110) dar-
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stellen;

iiiy Daten, die ein verbotenes Quasi-Volu-
men darstellen (400),wobei die Daten min-
destens zwei Koordinaten (410, 411) des
verbotenen Quasi-Volumens (400) umfas-
sen, und wobei die mindestens zwei Koor-
dinaten (410, 411), von dem Kran aus ge-
sehen, die vordere, obere linke Ecke (410)
des verbotenen Quasi-Volumens (400) und
die vordere, obere rechte Ecke (410) des
verbotenes Quasi-Volumen (400) umfas-
sen; und

iv) computerausfiihrbare Anweisungen zur
Ausfiihrung durch den Prozessor (308),wo-
beider computerausfiihrbare Befehl flir Fol-
gendes konfiguriert ist: Bestimmen der min-
destens zwei Koordinaten (410, 411) des
verbotenen Quasi-Volumens (400) unter
Verwendung des Auslegers (110),Berech-
nen eines Mindestabstands zwischen dem
Kranausleger (110) und dem verbotenen
Quasi-Volumen (400) basierend auf den
Daten, die den Kranausleger (110) repra-
sentieren, und den Daten, die das verbote-
ne Quasi-Volumen (400) darstellen, und
Veranlassen, dass die Kransteuerung die
Bewegung des Auslegers (110) basierend
auf dem berechneten Mindestabstand be-
grenzt.

System nach Anspruch 8, das ferner ein Ausleger-
ausrichtsystem (700) zum Ausrichten des Auslegers
(110) auf die mindestens zwei Koordinaten (410,
411) des verbotenen Quasi-Volumens (400) um-
fasst.

System nach Anspruch 8, wobei das Kransteuersys-
tem die Bewegung des Auslegers (110) als Reaktion
darauf begrenzt, dass der berechnete Mindestab-
stand kleiner als ein Schwellenwert ist, wobei die
Daten ferner Folgendes umfassen:

v) einen Schwellenwertabstandswert.

System nach Anspruch 10, wobei das Kransteuer-
system die Bewegung des Auslegers (110) stoppt,
wenn der errechnete Mindestabstand kleiner als ei-
ne kritische Entfernung ist, wobei die Daten ferner
Folgendes umfassen:

vi) einen kritischen Abstandswert.

System nach Anspruch 8,wobei die Daten, die das
verbotene Quasi-Volumen (400) reprasentieren, ein
Gebaudeinformationsmodell umfassen, und wobei
die computerausfiihrbaren Anweisungen ferner da-
fir konfiguriert sind, den Ort des verbotenen Quasi-
Volumens (400) innerhalb des Koordinatensystems
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(98) unter Verwendung des Auslegers (110) zu er-
mitteln.

Revendications

Procédé de commande d’'une fleche (110) d’'une
grue (90) a proximité d’obstacles (80) au niveau d’'un
chantier, le procédé pouvant étre exécuté par dis-
positif informatique (300) possédant un processeur
(308) et une mémoire (304), comprenant :

a) la sauvegarde, dans la mémoire (304), de
données de coordonnées représentant un sys-
teme de coordonnées (98) au niveau du
chantier ;

b) la sauvegarde, dans la mémoire (304), de
données d’obstacle représentant un quasi-vo-
lume interdit (400) dans le systeme de coordon-
nées (98), le quasi-volume interdit (400) étant
un prisme rectangulaire, la sauvegarde de don-
nées d’obstacle comprenant l'utilisation de la
fleche (110) pour identifier au moins deux coor-
données (410, 411) du quasi-volume interdit
(400), les au moins deux coordonnées (410,
411) comprenant, vu par la grue, le coin gauche
supérieur avant (410) du quasi-volume interdit
(400) et le coin droit supérieur avant (410) du
quasi-volume interdit (400) ;

c) la sauvegarde, dans la mémoire (304), de
données de fleche représentant I'emplacement
de la fleche (110) ; et

d) la limitation du déplacement de la fleche
(110), par le dispositif informatique (300), pour
éviter I'entrée de la fleche (110) dans le quasi-
volume interdit (400), la limitation étant basée
sur une distance minimale calculée entre la flé-
che (110) et le quasi-volume interdit (400) a
'aide des données de coordonnées, des don-
nées d’obstacle et des données de fléche.

2. Procédé de la revendication 1, dans lequel la sau-

vegarde de données d’obstacle comprend I'entrée
de données représentant le quasi-volume interdit
(400).

Procédé de la revendication 1, dans lequel la grue
(90) comprend un chéssis inférieur (93), un chassis
supérieur (116) rotatif par rapport au chassis infé-
rieur (93) autour d’'un axe de rotation (94), et dans
lequel la fleche (110) est disposée sur le chassis
supérieur (93), etdans lequel I'utilisation de la fleche
(110) pour identifier au moins deux coordonnées
(410, 411) du quasi-volume interdit (400) comprend :

i) 'orientation de la fleche (110) dans une pre-
miére direction au niveau d’une face avant (405)
du quasi-volume interdit (400) et la détermina-
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tion d’une distance horizontale entre la face
(405) et I'axe de rotation (94) pour déterminer
un premier vecteur (460) correspondant a la fa-
ce avant (405) du quasi-volume interdit (400) ;
ii) l'orientation de la fleche (110) dans une
deuxieme direction au niveau d’un coin gauche
supérieur avant (410) du quasi-volume interdit
(400) et la détermination d’'un deuxieme vecteur
(464) correspondant a la deuxiéme direction de
la fleche ;

iii) I'intersection du deuxiéme vecteur (464) et
du plan (402) pour définir une premiere coor-
donnée (410) des données d’obstacle ;

iv) l'orientation de la fleche dans une troisieme
direction au niveau d’'un coin droite supérieur
avant (411) du quasi-volume interdit (400) et la
détermination d’un troisieme vecteur correspon-
dantalatroisieme directionde lafleche (110) ; et
v) l'intersection du troisi€me vecteur et du plan
(402) pour définir une deuxiéme coordonnée
(411) des données d’obstacle.

4. Procédé de la revendication 1, dans lequel la limita-

tion du déplacement de la fleche comprend :

i) I'établissement d'une distance seuil de ralen-
tissement entre la fleche (110) et le quasi-volu-
me interdit (400) ; et

ii) la modification d’'une fonction de grue en ré-
ponse au fait que la distance minimale calculée
entre la fleche (110) et le quasi-volume interdit
(400) est inférieure a la distance seuil.

5. Procédé de la revendication 4, dans lequel la modi-

fication de la fonction de grue comprend le ralentis-
sement du déplacement de la fleche (110) dans au
moins une direction qui rapproche la fleche (110) du
quasi-volume interdit (400).

Procédé de la revendication 4, dans lequel la limita-
tion du déplacement de la fleche (110) comprend en
outre :

i) 'établissement d’'une distance seuil d’arrét en-
tre la fleche (110) et le quasi-volume interdit
(400) ; et

ii) I'arrét du déplacement de la fleche (110) en
réponse au fait que la distance minimale calcu-
Iée entre la fleche (110) et le quasi-volume in-
terdit (400) est inférieure a la distance seuil d’'ar-
rét.

Procédé de la revendication 1, dans lequel la déter-
mination d'une distance horizontale entre la face
(405) etl'axe derotation (94) comprend le placement
d’un crochet (150) de la grue (90) a proximité du
quasi-volume interdit (400) ; etl'utilisation d’'unrayon
de crochet a indicateur de capacité nominale (RCL)
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pour déterminer la distance horizontale.

Systeme de commande d’'une fleche (110) d'une
grue a proximité d’obstacles (80) au niveau d’'un
chantier, comprenant :

a) un systéme de commande de grue configuré
pour commander le fonctionnement d’une flé-
che de grue (110) ;

b) un processeur (308) en communication fonc-
tionnelle avec le systtme de commande de
grue ; et

c) une mémoire (304) en communication fonc-
tionnelle avec le processeur (308), la mémoire
(304) stockant des données comprenant :

i) des données représentant un systéeme de
coordonnées (98) ;

ii) des données représentant une fleche de
grue (110) ;

iii) des données représentant un quasi-vo-
lume interdit (400), les données compre-
nant au moins deux coordonnées (410,
411) du quasi-volume interdit (400), et les
au moins deux coordonnées (410, 411)
comprenant, vu par la grue, le coin gauche
supérieur avant (410) du quasi-volume in-
terdit (400) et le coin droit supérieur avant
(410) du quasi-volume interdit (400) ; et
iv) des instructions exécutables par ordina-
teur a exécuter par le processeur (308), les
instructions exécutables par ordinateur
étant configurées pour déterminer les au
moins deux coordonnées (410, 411) du
quasi-volume interdit (400) a I'aide de la fle-
che (110), calculer une distance minimale
entre la fleche de grue (110) et le quasi-
volume interdit (400) sur la base des don-
nées représentant la fleche de grue (110)
et des données représentant le quasi-volu-
me interdit (400) et amener le systéme de
commande de grue a limiter le déplacement
de lafleche (110) sur la base de la distance
minimale calculée.

Systeme de la revendication 8, comprenant en outre
un systéme d’orientation de fleche (700) destiné a
orienter la fleche (110) au niveau des au moins deux
coordonnées (410, 411) du quasi-volume interdit
(400).

Systeme de la revendication 8, dans lequel le sys-
téeme de commande de grue limite le mouvement de
la fleche (110) en réponse au fait que la distance
minimale calculée est inférieure a une distance seuil,
les données comprenant en outre :

v) une valeur de distance seuil.

10

15

20

25

30

35

40

45

50

55

13

EP 3 037 376 B1

1.

12.

24

Systeme de la revendication 10, dans lequel le sys-
teme de commande de grue arréte le mouvement
de la fleche (110) en réponse au fait que la distance
minimale calculée est inférieure a une distance cri-
tique, les données comprenant en outre :

vi) une valeur de distance critique.

Systeme de la revendication 8, dans lequel les don-
nées représentant le quasi-volume interdit (400)
comprennent un modéle d’informations de batiment,
et dans lequel les instructions exécutables par ordi-
nateur sont en outre configurées pour établir 'em-
placement du quasi-volume interdit (400) dans le
systeme de coordonnées (98) a l'aide de la fleche
(110).
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