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(54) CRANE 3D WORKSPACE SPATIAL TECHNIQUES FOR CRANE OPERATION IN PROXIMITY 
OF OBSTACLES

(57) A method for controlling a crane component of
a tower crane (90) in proximity of obstacles (400) at a
worksite by defining a forbidden volume is disclosed. In
the method a distance from the crane component to an
outer surface of the forbidden volume is determined and
a computing device (300) limits movement of the crane

component based on the distance from the crane com-
ponent to the outer surface of the forbidden volume to
avoid entering the forbidden volume with the crane com-
ponent while the crane is in operation. The crane com-
ponent is one or more of a boom (110) and a hook block
(150).
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Description

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application is a continuation-in-part of US
Patent Application Serial No. 15/850,185 filed on Decem-
ber 21, 2017, which is a continuation of US Patent Ap-
plication Serial No. 14/974,812, filed December 18, 2015,
now US Patent No. 9,850,109, which claims the benefit
of provisional US Patent Application Serial No.
62/096,041, filed December 23, 2014, the disclosures of
which are incorporated herein by reference in their en-
tireties.

BACKGROUND

[0002] 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.
[0003] 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.
[0004] 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 move into the proximity of the
building when swinging the boom.
[0005] Likewise, in the case of a tower crane, if a build-
ing is marked as a forbidden zone to prevent a boom,
trolley or hook from impacting the building, the tower
crane may not be able to lift a load to the top of the build-
ing. If instead, the building is not designated as being in
the forbidden zone, the tower crane could inadvertently

be moved into close proximity of the building when swing-
ing the boom or moving the trolley along the boom.
[0006] It would be beneficial to develop a system that
provides a desired proximity between crane components
and obstacles like a traditional WRL system, while allow-
ing the crane to extend into what would traditionally be
considered a forbidden zone.

BRIEF DESCRIPTION

[0007] A method for controlling a boom of a crane in
proximity of obstacles at a worksite is disclosed. In one
aspect, the method includes saving, in a memory, coor-
dinate data representing a coordinate system at the work-
site; saving, in the memory, obstacle data representing
a forbidden volume in the coordinate system; saving, in
the memory, boom data representing the location of the
boom; and limiting movement of the boom, by a comput-
ing device, to avoid the boom entering the forbidden vol-
ume, the limiting based on a computed minimum distance
between the boom and the forbidden volume using the
coordinate data, the obstacle data, and the boom data.
[0008] In some embodiments, saving obstacle data in-
cludes inputting data representing the forbidden 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.
[0009] In some embodiments, saving obstacle data in-
cludes using the boom to identify at least two coordinates
of the forbidden volume. In some embodiments, the for-
bidden volume is a rectangular prism and the at least two
coordinates include the front, top left corner of the for-
bidden volume and the front, top right corner of the for-
bidden volume.
[0010] In some embodiments, the crane includes lower
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 volume includes aiming
the boom in a first direction at a front face of the forbidden
volume and determining a horizontal distance between
the face and the axis of rotation to determine a first vector
corresponding to the front face of the forbidden volume;
aiming the boom in a second direction at a front, top left
corner of the forbidden volume and determining a second
vector corresponding to the second direction of the boom;
intersecting the second vector and a 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
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
obstacle data. In some embodiments, aiming the boom
includes 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.
[0011] In some embodiments, limiting movement of the
boom includes establishing a slowdown threshold dis-
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tance between the boom and the forbidden volume; and
changing a crane function responsive to the computed
minimum distance between the boom and the forbidden
volume being less than the threshold distance. In some
embodiments, changing the crane function includes
slowing down the movement of the boom in at least one
direction that moves the boom closer to the forbidden
volume. In some embodiments, limiting movement of the
boom further includes establishing a shutdown threshold
distance between the boom and the forbidden volume;
and stopping the movement of the boom in response to
the computed minimum distance between the boom and
the forbidden volume being less than the shutdown
threshold distance. In some embodiments, the crane
function is selected from a group including telescoping
in, telescoping out, booming up, booming down, swinging
left, and swinging right.
[0012] 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.
[0013] In some embodiments, determining a horizontal
distance between the face and the axis of rotation com-
prises measuring a distance from the axis of rotation to
the face.
[0014] In some embodiments, determining a horizontal
distance between the face and the axis of rotation com-
prises placing a hook of the crane proximate the forbid-
den volume; and using a rated capacity indicator (RCL)
hook radius to determine the horizontal distance.
[0015] In some embodiments, the data representing
the forbidden volume is a building information model, and
saving obstacle data comprises aligning the building in-
formation model in the coordinate system.
[0016] In another aspect a system for controlling a
boom of a crane in proximity of obstacles at a worksite
is disclosed. The system includes a crane control system
configured to control operation of a crane boom; a proc-
essor in operable communication with the crane control
system; and memory in operable communication with the
processor, the memory storing data includes data repre-
senting a coordinate system; data representing the crane
boom; data representing a forbidden volume; and com-
puter executable instructions for execution by the proc-
essor, the computer executable instruction configured to
calculate a minimum distance between the crane boom
and the forbidden volume based on the data representing
the crane boom and the data representing the forbidden
volume, and to cause the crane control system to limit
movement of the boom based on the calculated minimum
distance.
[0017] In some embodiments, the computer executa-
ble instructions are further configured to determine at
least two coordinates of the forbidden volume using the
boom. In some embodiments, the system further includes
a boom aiming system for aiming the boom at the at least
two coordinates of the forbidden volume. In some em-

bodiments, the boom aiming system is a system selected
from a group including a laser pointer and a video camera
system. In some embodiments, the crane control system
limits the motion of the boom in response the calculated
minimum distance being less than a threshold distance,
and the data further includes a threshold distance value.
In some embodiments 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 vol-
ume is a building information model, and the computer
executable instructions are further configured to estab-
lish the location of the forbidden volume within the coor-
dinate system using the boom.
[0018] According to an embodiment, a tower crane in-
cludes a mast, a rotating bed coupled to the mast, a boom
mounted on the rotating bed, and a hook block connected
to the boom. A method for controlling a crane component
of a tower crane in proximity of obstacles at a worksite
is executable by a computing device having a processor
and memory, and includes saving, in the memory, coor-
dinate data representing a coordinate system at the work-
site having an origin at a base of an axis of rotation of
the rotating bed and fixed relative to the mast, wherein
the boom is rotatable on the axis of rotation, saving, in
the memory, obstacle data representing a forbidden vol-
ume in the coordinate system, saving, in the memory,
crane component data representing the location of the
crane component, and limiting movement of the crane
component, by the computing device, to avoid the crane
component entering the forbidden volume, the limiting
based on a computed minimum distance between the
crane component and the forbidden volume using the
coordinate data, the obstacle data, and the crane com-
ponent data. The crane component is one or more of the
boom and the hook block.
[0019] According to another embodiment, a system for
controlling a crane component of a tower crane in prox-
imity of obstacles at a worksite includes a crane control
system configured to control operation of the crane com-
ponent, a processor in operable communication with the
crane control system and memory in operable commu-
nication with the processor. The memory stores data in-
cluding data representing a coordinate system having an
origin at a base of an axis of rotation of the rotating bed
and fixed relative to the mast, data representing the crane
component, data representing a forbidden volume and
computer executable instructions for execution by the
processor. The computer executable instructions are
configured to calculate a minimum distance between the
crane component and the forbidden volume based on
the data representing the crane component and the data
representing the forbidden volume, and to cause the
crane control system to control movement of the crane
component based on the calculated minimum distance.
The crane component is one or more of the boom and
the hook block.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a perspective view of a crane and building
under construction.
FIG. 2 is 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. 5 is 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
crane control system.
FIG. 10 is a flow chart of a method for limiting the
operation of a boom.
FIG. 11 is a perspective view showing a crane and
obstacle at a jobsite, according to an embodiment.
FIG. 12 is a flow chart of a method for setting up a
crane control system, according to an embodiment.
FIG. 13 is a flow chart of a method for limiting the
operation of a crane component, according to an em-
bodiment.
FIG. 14 is a perspective view showing a crane and
obstacle at a jobsite, according to an embodiment.
FIG. 15 is a perspective view showing a crane posi-
tioned relative to an obstacle and a forbidden volume
at a jobsite, according to an embodiment.
FIG. 16 is shows examples of modeled component
of a crane, according to an embodiment.
FIG. 17 is a perspective view showing an example
of a crane identifying a point relative to an obstacle,
according to an embodiment.
FIG. 18 is a perspective view showing an example
of a crane identifying another point relative to an ob-
stacle, according to an embodiment.
FIG. 19 is a flow chart of a method for setting up a
crane control system, according to an embodiment.
FIG. 20 is a flow chart of a method for limiting the
operation of a crane component, according to an em-
bodiment.

DETAILED DESCRIPTION

[0021] The present embodiments will now be further
described. In the following passages, different aspects

of the embodiments are defined in more detail. Each as-
pect so defined may be combined with any other aspect
or aspects unless clearly indicated to the contrary. In par-
ticular, any feature indicated as being preferred or ad-
vantageous may be combined with any other feature or
features indicated as being preferred or advantageous.
[0022] 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.
[0023] 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.
[0024] 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.
[0025] FIG. 3 illustrates 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 a set of instructions 302 that may be executed to cause
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
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stand-alone device or may be connected, e.g., using a
network 200, to other computer systems or peripheral
devices, for example.
[0026] 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 or incorporated
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.
[0027] 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.
[0028] 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
or any 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.
[0029] 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
coordinate system, and may relate positions of obstacles
and the boom a crane to each other in 3D space within
the database.

[0030] 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 that includes, 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.
[0031] The computer system 300 may further include
a crane controller 350, a working range limiter 360, and
a rated 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.
[0032] 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 a restricted 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
an indicator, or modify the operation of the crane. In some
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.
[0033] 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.
[0034] The computer system 300 may include a com-
munication interface 336 that enables communications
via the communications network 200. The network 200
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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.
[0035] 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.
[0036] The method and system 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.
[0037] 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.
[0038] 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.
[0039] 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
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.
[0040] 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

vector 460 is referred to as  
[0041] 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 αBldg. 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.
[0042] 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

to the  magnitude. Manual measurement may be
necessary to prevent accidental impact between the

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

that the vector  460 be perpendicular to the face
405, the swing angle 463, αBldg, may be off from the true

perpendicular direction without introducing large errors.
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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

for the vector 460,  
[0043] With the front face plane 402 defined by vector,

 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 point 411 for the quasi-volume. The locations
are determined by pointing the boom 110 at each 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.
[0044] FIG. 5 illustrates 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 αLeft and the boom angle 462

is recorded as βLeft. These angles, along with the position

of the boom pivot point 465, which is known within the
coordinate system 98, are used to create a direction vec-
tor, rLeft 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 rLeft

and the plane for the front face 402 to obtain the location

of the left top point 410  
[0045] In block 505, a similar procedure is used for the
other top location 411 by intersecting a similar direction
vector, rRight from pointing the boom 110 to the top right

location 411 and intersecting the direction vector rRight

with the plane for the front face 402 to obtain the location

of the right top point  
[0046] The front top edge 466 is now defined by these
two points, and can be modeled as

 A direction unit vector for

the front top edge is  A direction
unit vector for the normal to the front face 405 is

 A direction unit vector for the left edge
467 and right edge 468 of the front face, pointing from
the top points 410 and 411 to the ground is rDown = -k,

where k is the unit vector for the vertical direction and is
aligned with the Z axis of the coordinate system 98.
[0047] 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 not relevant 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 rDown to arrive at points for the
remaining vertices of the front face 402.
[0048] 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
rBldg 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.
[0049] 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
rBldg 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.
[0050] As shown in 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).
[0051] In another embodiment, the positioning of the
boom may be enhanced using a pointing device 700 on
a base section of the 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
a distance 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
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.
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[0052] 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.
[0053] 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-
able interactions between the boom and the jobsite object
using the method 900 of FIG. 10.
[0054] 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. In block 903, obstacle data is 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. 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-volume features (such as faces
and edges) is computed in block 904. The known vector

for the boom is referred to as  This is used to
compute a direction unit vector as follows:

 This distance is the basis for a critical
proximity vector 473, which is the minimum distance be-
tween 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. The first
motion is the telescoping motion 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 direction, and
they are represented by six unit vectors within the coor-
dinate system as follows: Telescope out: tTO, Telescope

in: tTI, Swing left: tSL, Swing right: tSR, Boom up: tBU, and

Boom down: tBD. The telescope out unit vector is coinci-

dent with the boom vector 169 and is computed as tTO =

rBoom. The telescope in unit vector is tTI = -1·tTO. The

swing left direction vector is computed as

 the swing left unit vector is computed

as  and the swing right unit vector is tSR =

-1·tSL. The boom up unit vector is computed as tBU = tTO

3 tSL and the boom down unit vector is tBD = -1·tBU. 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
to the front face of the quasi-volume. The critical proximity

vector 473  is converted to a direction unit vector

as follows:  
[0055] In block 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.
[0056] The scale factors correspond to the six crane
functions as follows: Telescope out: fTO; Telescope in:
fTI; Swing left: fSL; Swing right: fSR; Boom up: fBU; and
Boom down: fBD.
[0057] The value for the scale factor may be based on
two thresholds for the critical proximity distance 473. The

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 (δ1), the crane

function will begin to slow down. When the critical prox-
imity distance reaches a shutdown threshold (δ0), 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.
[0058] 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:

 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.
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[0059] 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
a wall 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):

[0060] 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 product indicates 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):

[0061] If the direction dot product indicates that a crane
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.
[0062] 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.
[0063] The present disclosure is not limited for use in
conjunction with a mobile crane, however. For example,
the embodiments described above, including, for exam-
ple, the techniques, systems, analyses and methods de-
scribed above, may be implemented with a tower crane
1090 as well. Further description of the various tech-
niques, systems, analyses, methods and the like de-
scribed above may be omitted below, where the tech-
niques, systems, analyses, methods and the like in the
embodiments below are the same or substantially the
same as those described above.
[0064] As will be described below, a tower crane in-
cludes a mast, a rotating bed coupled to the mast, a boom
mounted on the rotating bed and a hook block connected
to the boom. In one embodiment, a method for controlling
a crane component of a tower crane in proximity of ob-
stacles at a worksite includes, saving, in the memory,
coordinate date representing a coordinate system at the
worksite having an origin at a base of an axis of rotations
of the rotating bed and fixed relative to the mast, wherein
the boom is rotatable on the axis of rotation. The method
also includes saving, in the memory, obstacle data rep-
resenting a forbidden volume in the coordinate system.
In addition, the method includes saving, in the memory
crane component data representing the location of the
crane component. The crane component data may be,
for example, a modeled crane component stored in the
memory. Movement of the crane component may be lim-
ited, by the computing device, to avoid the crane com-
ponent entering the forbidden volume. Such limiting is
based on a computed minimum distance between the
crane component and the forbidden volume using the
coordinate data, the obstacle data and the crane com-
ponent data. The crane component may be, for example,
one or more of the boom and the hook block. As described
below, the boom may be a luffing jib or a hammerhead
jib, for example.
[0065] In another embodiment, a system for controlling
the crane component in proximity of obstacles at the
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worksite includes a crane control system (also referred
to herein as a "crane controller") configured to control
operation of the crane component, a processor in oper-
able communication with the crane control system, and
a memory in operable communication with the processor,
the memory storing data. The data includes data repre-
senting the crane component, data representing the for-
bidden volume and computer executable instructions for
execution by the processor. The instructions are config-
ured to calculate a minimum distance between the crane
component and the forbidden volume based on the data
representing the crane component and the data repre-
senting the forbidden volume. The instructions may then
cause the crane control system to control movement of
the crane component based on the calculated minimum
distance. The crane component is one or more of the
boom and the hook block.
[0066] Referring generally to FIGS. 11-20, in one em-
bodiment, the crane may be a tower crane 1090. The
tower crane 1090 includes a lower works in the form of
a tower crane mast 1093, which is configured for engage-
ment with the ground. The tower crane 1090 also includes
an upper works in the form of a rotating bed 1116. The
rotating bed 1116 is coupled to the mast 1093 and is
configured to rotate relative to the mast 1093 on an axis
of rotation 1094. In one embodiment, an operator’s cab
1120 may be attached to the rotating bed 1116.
[0067] The tower crane 1090 also includes a boom
1110, 2110 mounted on the rotating bed 1116. As un-
derstood by those skilled in the tower crane art, the boom
1110, 2110 may also be referred to as a jib, such as a
hammerhead jib, or a luffing jib, as will be described be-
low. Hammerhead jibs include, for example, saddle jibs
and flattop jibs. Hammerhead jibs include a trolley mov-
ing underneath and alongside the jib and a hook block
suspended by one or more flexible members from the
trolley. In the tower crane art, it is also understood that
a hammerhead jib may incorporate two trolleys and a
hook block suspended therefrom, utilizing specific reev-
ing of the flexible member(s) onto the double trolley ar-
rangement (not shown). Referring to FIG. 11, in one em-
bodiment, the boom may be a luffing jib 1110. The luffing
jib 1110 is configured for swinging, or slewing, move-
ments, i.e., swing-left and swing-right movements, about
the axis of rotation 1094 in response to rotation of the
rotating bed 1116. The luffing jib 1110 is also configured
for lifting, or luffing, movements, i.e., boom-up and boom-
down movements. The boom-up and boom-down move-
ments change a lift, or luffing, angle of the luffing jib 1110.
The lift angle is an angle of the luffing jib 1110 relative to
the horizontal.
[0068] A hook block 1150 may be suspended from a
free end of the luffing jib 1110, and connected thereto
with a flexible member, such as a rope. The hook block
1150 is configured for vertical movements in response
to hoist-in and hoist-out functions, which cause the rope
to be wound or unwound, respectively, from a hoist (not
shown). Vertical movement of the hook block 1150 may

also be affected by the boom-up and boom-down move-
ments. The boom-up and boom-down movements also
move the hook block 1150 in a horizontal direction. That
is, the boom-up and boom-down movements change a
hook radius. The hook block 1150 is also configured for
swinging movement with swinging movement of the luff-
ing jib 1110.
[0069] Crane component movements may be control-
led by the computer system 300, for example, by the
crane controller 350. For example, the crane controller
350 may be operably connected to one or more actuators
configured to control movements of the crane compo-
nents. Such movement control may include, for example,
starting or stopping movement, or changing a speed of
the movement by increasing or decreasing movement
speed. Such control may also include lock-out function-
ality to prevent movement or operation of crane compo-
nents. In one embodiment, the crane components may
include the luffing jib 1110, the rotating bed 1116, the
hook block 1150 and/or the hoist. Accordingly, crane
functions, including movements of the crane compo-
nents, may be controlled.
[0070] In one embodiment, the computer system 300
is configured to control movement of the rotating bed
1116, which causes the luffing jib 1110 to swing left and
swing right. The computer system 300 may also control
the luffing jib 1110 to move up (boom-up) and move down
(boom-down). These four directions (boom-up, boom-
down, swing-left and swing-right) may each be repre-
sented by vectors, each of which may be processed and
tracked using appropriate algorithms as will be explained.
Interference with obstacles 80, such as a building, on a
worksite may be avoided by conducting vector analysis
and continual monitoring of the orientation of the luffing
jib 1110.
[0071] A coordinate system has an origin at a base of
the axis of rotation 1094 of the rotating bed 1116. In one
embodiment, the coordinate system is the same as the
coordinate system 98 described in the embodiments
above, and shown, for example, in FIG. 2. Accordingly,
the coordinate system may be fixed to the tower crane
mast 1093 or fixed relative to the rotating bed 1116. Other
coordinate systems are possible and could be based on
any origin within the construction zone.
[0072] Referring to FIGS. 12 and 13, a method 1500
of setting up the WRL 360 for the tower crane 1090 may
be similar to the method 500 described above and shown
in FIG. 9. Likewise, a method 1900 for altering tower
crane 1090 functions during crane use may be similar to
the method 900 described above and shown in FIG. 10.
However, it will be appreciated that the methods 1500
and 1900, as they apply to the tower crane 1090, may
vary in some aspects from the methods 500 and 900,
respectively, due to, for example, different movements
of the luffing jib 1110 compared to the telescoping boom
110. In the following description of the methods 1500 and
1900, further description of steps that are the same or
substantially the same as the steps described above with
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respect to the methods 500 and 900, may be omitted.
[0073] FIG. 12 is a flow chart showing an example of
the method 1500 for setting up the WRL 360 for the tower
crane 1090 having a boom, such as the luffing jib 1110.
Referring to FIG. 12, in one embodiment, the method
1500 for setting up the WRL 360 for the tower crane 1090
includes: at 1501, initiating the WRL setup; at 1502, de-
termining a front face normal vector; at 1503, determining
a boundary of the face; at 1506, determining a remaining
boundary of the forbidden volume; and at 1507, complet-
ing the WRL setup. These steps correspond to the steps
501, 502, 503, 506, 507, respectively, shown in FIG. 9
and described with respect to the method 500 above. In
one embodiment, determining the boundary of the face
1503 may also include: at 1504, determining a top left
point; and at 1505, determining a top right point. Steps
1504 and 1505 correspond to steps 504, 505, respec-
tively, shown in FIG. 9 and described with respect to the
method 500 above. As noted above, however, it is ap-
preciated the steps in the method 1500 may vary from
those in the method 500 above, due to different move-
ments of the luffing jib 1110 of the tower crane 1090,
compared to movements of the telescoping boom 110 of
the crane 90.
[0074] Referring again to FIG. 11, a three-dimensional
model of the forbidden volume 400 may correspond, gen-
erally, to a shape of an obstacle, such as the building 80.
In one embodiment, the forbidden volume 400 is the
same as the forbidden volume 400 shown in FIG. 4, and
includes the same features of the forbidden volume 400
shown in FIG. 4, although not necessarily labeled in FIG.
11.
[0075] Referring still to FIG. 11, the tower mast 1093
is stationary, and thus, is fixed in position relative to the
forbidden volume 400. As shown in FIG. 11, the tower
crane 1090 may be positioned substantially away from
a corner of the forbidden volume 400 or building 80, such
that the crane 1090 is not aligned with a vector that ex-
tends normal to a face on the forbidden volume 400 or
building 80. A front face normal vector 1460 may repre-
sent a distance between the mast 1093 and a plane in
which a front face of the building 80 or forbidden volume
400 extends, in a direction from the tower mast 1093 to
the plane that is normal to face.
[0076] Referring to FIG. 12, in block 1502, and with
reference to the configuration shown in FIG. 11, the front
face normal vector 1460 may be determined using a
number of different techniques. For example, the front
face normal vector 1460 may be determined by measur-
ing a distance between the mast 1093 and a plane in
which the front face of the building 80 or forbidden volume
400 extends, along a direction normal to the plane. The
distance may be measured manually or using suitable
range finding techniques, such as laser, radar, sonar,
ultrasonic and trigonometric range finding techniques,
and/or as part of a conventional surveying technique.
[0077] Alternatively, or in addition, the front face nor-
mal vector 1460 may be determined by measuring a dis-

tance between the mast 1093 and a nearest corner of
the building 80 or forbidden volume 400. Such a distance
may represent a hypotenuse of a right triangle, shown at
1461 in FIG. 11, for example. An angle between the hy-
potenuse 1461 and a direction normal to the plane or the
front face may be determined using known techniques,
for example, conventional surveying techniques. In one
embodiment, the angle may be determined by aligning
the luffing jib 1110 with the hypotenuse 1461 and record-
ing a slew angle, for example, with the RCL 365. Accord-
ingly, with the length of the hypotenuse 1461 known (i.e.,
a distance between the mast 1093 and the nearest corner
of the building 80 or forbidden volume 400), and an angle
between the hypotenuse 1461 and the normal direction
known, the front face normal vector 1460 and the asso-
ciated distance may be determined using known trigo-
nometrical techniques. In still another example, the dis-
tance between the mast 1093 and either the plane in
which the front face of the building 80 or forbidden volume
400 lies, or the nearest corner of the building 80 or for-
bidden volume 400, may be determined by positioning
the hook block 1150 at the plane or nearest corner, and
recording, with the RCL 365 for example, a position of
the hook block 1150 and optionally, as noted above, the
slew angle of the luffing jib 1110 with the hook block 1150
so positioned. It is understood that these examples are
not exhaustive, and that other suitable, known tech-
niques may be used to determine the front face normal
vector 1460.In one embodiment, the distance, with re-
spect to the tower mast 1093, is measured from or to the
vertical axis of rotation 1094.
[0078] Using the techniques above for determining the
front face normal vector 1460, a vector 1462 representing
a distance between the tower mast 1093 and a face of
building 80 or forbidden volume 400 adjacent to the front
face, may be determined as well. However, it is under-
stood that determining such a vector 1462 is optional and
is not required in the methods and systems described
herein.
[0079] In another embodiment, the tower crane 1090,
and in turn, the tower crane mast 1093 may be positioned
relative to the forbidden volume 400 or building 80 such
that a vector extending normal to a face of the forbidden
volume 400 or building 80 will intersect the tower mast
1093. With the tower crane 1090 positioned as such, this
normal vector is the front face normal vector 1460, and
generally corresponds to the front face normal vector 460
described in the embodiments above. Referring to FIG.
12, in block 1502, the front face normal vector 1460 may
be determined with the luffing jib tower crane 1090. The
front face normal vector 1460 may be determined, for
example, by controlling the rotating bed 1116 to point the
luffing jib 1110 toward the forbidden volume 400, record-
ing a swing or slew angle of the luffing jib 1110 in such
a position. A magnitude of the front face normal vector
1460 may be created by raising or lowering the luffing jib
1110 to change a horizontal position the hook block 1150
to position the hook block 1150, or in some embodiments,
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the tip of the luffing jib 1110, at a distance desired for the
creating quasi-volume front face 405, and recording the
current hook radius (which is a common element meas-
ured by a crane control system), for example, with the
RCL 365. For this step the hook block 1150 can be at
any desired height. The front face normal vector 1460
represents a distance from an origin of the coordinate
system, which as described above, may be at a base of,
or positioned along, the axis of rotation 1094 of the ro-
tating bed 1116. The distance represented by the front
face normal vector 1460 may be constant because, as
indicated above, the tower crane mast 1093 is substan-
tially fixed against movement relative to the front face
405.
[0080] In block 1503, a boundary of the face 405 may
be determined, for example, as described in the embod-
iments above. In one embodiment, the top left and the
top right locations 410, 411 (see FIG. 4) may be deter-
mined by pointing the luffing jib 1110 at each location
410, 411 on the actual building object or other obstacle
and recording the swing (slew) angle and the lift (luffing)
angle. Alternatively, or in addition, the hook block 1150
may be positioned, for example, by controlling movement
of crane components, such as the rotating bed 1116, the
hoist (not shown) and/or the luffing jib 1110, with the com-
puter device 300, or manually, to position the hook block
1150 at the locations 410, 411. Position information, such
as the hook radius, hook height, and/or coordinates in
the coordinate system, of the hook block 1150 may be
recorded, with the RCL 365 and coordinates of the points
410, 411 may be determined. For other building shapes,
other points may be used. Additional position information,
including coordinates, defining the boundary of the for-
bidden volume may be determined by positioning the
hook block 1150 at other points and recording the position
information of the hook block 1150.
[0081] In one embodiment, determining coordinates
for the top left point 1504 and top right point 1505 may
be performed, as noted above, by recording position in-
formation of the hook block 1150 at the top left and top
right points, respectively. In another embodiment, deter-
mining coordinates of the top left point may include cre-
ating a first position vector extending from the origin of
the coordinate system (e.g., a point along the axis of ro-
tation 1094) to the top left point 410 identified with the
hook block 1150 or end of the luffing jib 1110. A location
of the top left point 410 may be determined by intersecting
the first position vector and a plane for the front face 402
(see FIG. 4). A location of the top right point 411 may be
determined using similar techniques. For example, posi-
tion information of the hook block 1150 may be recorded
when positioned at the top right point 411, or a second
position vector may be created that extends from the or-
igin of the coordinate system to the top right point 411,
and intersecting the second position vector with a plane
of the front face 402. Thus, in one embodiment, locations
(or coordinates) of the top left point 410 and the top right
point 411 may be determined using processes similar to

those described in steps 504 and 505, respectively, with
the top left and right points 410, 411 being identified as
described above.
[0082] Modeling of a front top edge 466 (see FIG. 4)
may be carried out in the manner described in the em-
bodiments above. In addition, a direction unit vector for
the front top edge and for the normal to the front face 405
may be determined as described in the above embodi-
ments. Further, direction unit vectors for the left edge 467
and right edge 468 (see FIG. 4) may be determined as
described in the embodiments above as well.
[0083] With further reference to FIG. 12, in block 1506,
the remainder of the forbidden volume 400 may be de-
termined. In one embodiment, the remainder of the for-
bidden volume 400 is determined as described in the
embodiments above and shown in FIG. 9. In one embod-
iment, the forbidden volume 400 may be formed as a
prismatic shape, and can be formed after determining
the top left point 410 and the top right point 411. It is
understood that with respect to the tower crane 1090, a
load may be positioned on top of a building or carried
beyond the top of the building. Accordingly, in one em-
bodiment, a coordinate of a third point may be identified
in a plane different from the front face 405 to provide a
depth to the forbidden volume 400. In block 1507 the
WRL setup is completed.
[0084] FIG. 13 illustrates a flow chart of a method 1900
for altering tower crane functions, i.e., controlling crane
component movement, during crane use, according to
one embodiment. With the forbidden volume (or quasi-
volume) 400 defined within the coordinate system, and
a crane component, such as the boom 1110 (including
the luffing jib 1110) or hook block 1150, represented as
a known vector within the coordinate system, the crane
controller 350 may alter crane functions to control move-
ment of the crane component so as to avoid undesirable
interactions between the crane component and the ob-
stacle or object 80.
[0085] In one embodiment, in block 1901, coordinate
data is saved to memory. The coordinate data provides
a reference for orientating the tower crane 1090 and its
relationship to objects around it, such as the obstacle 80
(e.g. the building) and/or the forbidden volume 400. One
example of saving coordinate data includes identifying
the location of the crane component, such as a pivot point
(e.g., the axis of rotation 1094) of a boom, such as luffing
jib 1110, or a location of the hook block 1150, as shown
in block 1906. In block 1902, crane component data is
saved to memory. In one embodiment, the crane com-
ponent data may be boom data, represented by luffing
jib vector 1169, and/or hook block data represented by
hook block model 2169. The component data may rep-
resent, for example, a location of a crane component,
such as the boom, including the luffing jib 1110, and the
hook block 1150.
[0086] In one embodiment, the hook block model 2169
may be a 3D model. For example, in an embodiment, the
hook block model 2169 may be a circle in a 3D space,
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disposed substantially in a horizontal plane. The hook
block model 2169 may be sized and shaped to be larger
than the actual hook block 1150. Accordingly, the hook
block model 2169 provides a buffer around the actual
hook block 1150 to account for swinging and swaying of
the hook block 1150 that may occur in the course of nor-
mal use. It is understood, however, that the hook block
model 2169 is not limited to the horizontally positioned
circle in the 3D space described above. For example,
other suitable shapes are envisioned, including, but not
limited to, elliptical, square, trapezoidal, cubical and other
prisms, cylindrical, conical, spherical, pyramidal, and the
like. In one embodiment, the hook block model 2169 may
be a shape that substantially corresponds to the actual
shape of the hook block 1150. The size, for example, a
width or diameter, of the hook block model 2169 may
correspond to one or more a predicted or detected range
of motion of a swinging or swaying hook block 1150, such
that swinging or swaying motion of the hook block 1150
is within or substantially within the hook block model
2169. In one embodiment, the modeled hook block 2169
may be sized to include a load coupled to the hook block
1150.
[0087] The luffing jib vector 1169 and/or the hook block
model 2169 may be determined automatically by the
computer system 300 and may be line segments or other
shapes disposed in a 3D environment. The luffing jib vec-
tor 1169 may be used to model the luffing jib 1110. In
block 1903, obstacle data is saved to memory. The ob-
stacle data may be saved to memory using the method
1500 shown in FIG. 12, for example. In some embodi-
ments, a building information model (BIM) may be loaded
into memory as shown in block 1907.
[0088] The luffing jib vector 1169 and hook block model
2169 data may be saved to memory during operation of
the tower crane 1090. The distance from the luffing jib
1110 and/or the hook block 1150 to the quasi-volume
features (such as faces and edges of forbidden volume
400) may be computed in block 1904 based on the boom
data and/or hook block data and the obstacle data (e.g.,
the forbidden volume 400). In one embodiment, a direc-
tion unit vector may be computed using the luffing jib
vector 1169 or hook block model 2169 in the manner
described in the embodiments above and discussed with
reference to FIG. 10. These direction unit vectors repre-
sent distances that are the basis for a boom proximity
vector 1473 and a hook block proximity vector 2473 (see
FIG. 11). The boom proximity vector 1473 represents a
minimum distance between a point on the luffing jib 1110
or luffing jib vector 1169 and the forbidden volume 400
and the hook block proximity vector 2473 represents a
minimum distance between a point on the hook block
1150 or hook block model 2169 and the forbidden volume
400.
[0089] Referring again to FIG. 11, with the luffing boom
1110 modeled as the luffing jib vector 1169 and the hook
block 1150 modeled as the hook block model 2169, vec-
tors may be computed for tower crane function motions.

Such motions include, for example, the swing-left and
swing-right motions 1470 and boom-up and boom-down
motions 1472. A hook-down motion may also be com-
puted. The hook-down motion is in the same direction as
the boom-down motion, shown by 1472.
[0090] For each motion there is a direction which may
be represented by unit vectors within the coordinate sys-
tem as follows: swing-left, swing-right, boom-up, boom-
down and hook-down. Calculation of these unit vectors
may be carried out substantially the same as described
above with reference to the boom 110 and FIG. 10. It is
understood, however, that the unit vectors associated
with the luffing jib 1110 may be different from the unit
vectors associated with the telescoping boom 110 in that
the luffing jib 1110 may optionally omit unit vectors as-
sociated with telescoping movement.
[0091] In one embodiment, the boom proximity vector
1473 starts at the nearest point on the luffing jib 1110 to
the forbidden volume 400, and this point may be along
the length of the luffing jib 1110 (and not necessarily at
the end of the luffing jib). The boom proximity vector 1473
may be converted to a direction unit vector as described
in the embodiments above with respect to the critical
proximity vector 473. Alternatively, or in addition, the
computer system 300 may convert the hook block prox-
imity vector 2473 to a direction unit vector using tech-
niques similar to those in the embodiments above, but
taking into account the motions of the hook block 1150.
[0092] Referring again to FIG. 13, in block 1905, a
scale factor for each crane function may be determined
for alterations of the control system, and subsequently,
crane functions or operations. In one embodiment, the
scale factors are similar to those described in the em-
bodiments above. It is understood, however, that scale
factors relating to telescoping movement may be omitted
with respect to the luffing jib 1110 of the tower crane 1090.
[0093] In one embodiment, positioning of the luffing jib
1110 or hook block 1150 may be enhanced by manual
or electronic assistance as described in the embodiments
above, and shown, for example, in FIGS. 6 and 7.
[0094] According to one embodiment, when the prox-
imity distance (i.e., the distance associated with boom
proximity vector 1473 or hook block proximity vector
2473) reaches a slowdown threshold distance, the crane
function will begin to slow down. For example, the rotating
bed 116 may be controlled such that movement of the
luffing jib 1110 and hook block 1150 may be slowed in a
swinging direction, a lift actuator (not shown) may be con-
trolled such that movement of the luffing jib 1110 and/or
hook block 1150 may be slowed in a lifting direction, or
the hoist may be controlled such that movement of the
hook block 1150 in a vertical direction may be slowed.
When the proximity distance reaches a shutdown thresh-
old, the crane function will stop. For example, movement
of the luffing jib 1110 or the hook block 1150 may be
stopped, by controlling the rotating bed 1116, lifting ac-
tuator and/or the hoist. In addition, further operation of
the luffing jib 1110 and/or hook block 1150 may be locked
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out. These thresholds may be universal for the crane
(applied to all crane functions), or the thresholds may be
specific to each function.
[0095] The degree to which each tower crane function
may require alteration within the threshold zone may be
based on the position of the luffing jib 1110. In one em-
bodiment, the degree of alteration may be based on tak-
ing the dot product of the boom proximity unit vector and
the earlier computed tower crane motion direction unit
vectors. For example, if the luffing jib 1110 is swinging
left toward a wall on the left, the boom proximity vector
1473 will be pointing to the left (from the job 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 directly altered. However, the swing-right di-
rection 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. Crane function alteration factors may be computed
in substantially the same manner as described above
and the process of determining crane function scale fac-
tors may be substantially the same as described above.
The degree of alteration of the hook block 1150 motion
may be similarly determined.
[0096] While the embodiments above, described with
reference to the luffing jib 1110 and FIGS. 11-13, provide
that various calculations, determinations, and the like,
may be carried out while omitting information relating to
telescoping movements, the present disclosure is not lim-
ited thereto. For example, with respect the luffing jib 1110,
movement in a telescoping direction may be considered
to be fixed or held constant in such calculations, deter-
minations, and the like.
[0097] FIGS. 14-18 show a tower crane 1090 accord-
ing to another embodiment. For example, in one embod-
iment, the boom 2110 of the tower crane 1090 may be
in the form of a hammerhead jib 2110. The tower crane
1090 may also include a trolley 2112. The trolley 2112
is movable along a length of the hammerhead jib 2110
toward and away from the crane mast 1093. The hook
block 1150 is connected to the trolley 2112 and hammer-
head jib 2110 by way of a flexible member, such as a
rope. The hook block 1150 is configured for selective
engagement and disengagement from a load (not shown)
for lifting and lowering of the load in response to winding
and unwinding of the rope, and/or to transporting the load
in a substantially horizontal direction in response to
movement of the trolley 2112 along the hammerhead jib
2110.
[0098] According to one embodiment, a coordinate
system may have an origin at a base of the axis of rotation
1094 of the rotating bed 1116. In one embodiment, the
coordinate system is the same as the coordinate system
98 described in the embodiments above, but has an origin
that is positioned relative to the tower crane 1090. For
example, in one embodiment, the coordinate system may
be fixed relative to the lower works 1093, i.e., the tower

crane mast, of the tower crane 1090. However, in other
embodiments the coordinate system could be fixed rel-
ative to the rotating bed 1116 such that the X axis would
remain constant along the hammerhead jib 2110. Other
coordinate systems are possible and could be based on
any origin within the construction zone. In one embodi-
ment, coordinate data stored in the memory includes the
axis of rotation 1094 of a boom, such as the hammerhead
jib 2110.
[0099] Movements of the hammerhead jib 2110 in-
clude swinging, or slewing, movements in response to
the rotating bed 1116 being controlled to move. Move-
ments of the hook block 1150 and trolley 2112 may be
controlled as well. Such movements include substantially
horizontal, or radial, movement caused by the moving
the trolley 2112 along the hammerhead jib 2110 toward
and away from the tower mast 1093, and swinging move-
ment together with the hammerhead jib 2110, in re-
sponse to the rotating bed 1116 being controlled to move.
In one embodiment, a trolley motor (not shown) is con-
figured to drive the trolley 2112 along the hammerhead
jib 2110. As described above, such control of movements
may include, for example, starting and stopping move-
ment, controlling speed of the movement by increasing
or decreasing speed of the crane component (e.g., the
hammerhead jib 2110, the trolley 2112, the hook block
1150), and/or preventing operation or movement of the
crane component.
[0100] In one embodiment, the crane component
movements may be controlled by the computer system
300, for example, the crane controller 350. For example,
the computer system 300 may be operably connected to
an actuator to control movement of the rotating bed 1116,
and consequently, control swinging movement of the
hammerhead jib 2110, trolley 2112 and hook block 1150.
The computer system 300 may also be operably con-
nected to the trolley motor to cause movement of the
trolley 2112 and the hook block 1150 along the hammer-
head jib 2110. The computer system 300 may also be
connected to the hoist to control raising and lowering of
the hook block 1150. Thus, the hammerhead jib 2110,
trolley 2112 and the hook block 1150 are configured for
swing-left and swing-right movements. The trolley 2112
and the hook block 1150 are configured for trolley-in and
trolley-out movements along the hammerhead jib 2110,
and the hook block 1150 is configured for hook-up and
hook-down movements, in response to hoist-in and hoist-
out movements.
[0101] A hook radius may be changed, for example,
by moving the trolley 2112 along the hammerhead jib
2110, i.e., by way of the trolley-in and trolley-out move-
ments. The horizontal position of the hook block 1150
may be measured, for example, relative to the tower mast
1093, vertical axis of rotation 1094, or from a reference
point along the hammerhead jib 2110.
[0102] FIG. 15 is a perspective view showing the tower
crane 1090 positioned relative to the building 80 and the
three dimensional ("3D") forbidden volume 400 defined
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around the building 80. The forbidden volume 400 may
be the same or substantially the same as the forbidden
volume described in the embodiments above, and
shown, for example, in FIGS. 4 and 11. In one embodi-
ment, the forbidden volume 400 defines a space or zone
where it is desirable to prevent crane components, such
as the hammerhead jib 2110, hook block 1150, and/or
the trolley 2112, from entering. In one embodiment, the
forbidden volume 400 may generally correspond in
shape to the obstacle 80. The forbidden volume 400 may
also include a buffer, such that the forbidden volume 400
is larger than a volume of the obstacle 80. In one em-
bodiment, obstacle data stored in the memory includes
the forbidden volume 400.
[0103] During normal operation of the tower crane
1090, the hammerhead jib 2110 would not enter the for-
bidden volume 400 because the hammerhead jib 2110
is positioned above the forbidden volume 400. However,
it remains possible for the hook block 1150, disposed
below the hammerhead jib 2110, to enter the forbidden
volume 400 in response to movement of the trolley 2112
along the hammerhead jib 2110 toward the forbidden vol-
ume 400, or in response to unwinding of the rope from a
hoist (not shown) to lower the hook block 1150, i.e., the
hook-down movement.
[0104] FIG. 16 shows an example of a 3D modeling of
the crane 1090 relative to the obstacle 80 and forbidden
volume 400, according to an embodiment. In one em-
bodiment, the hammerhead jib 2110 may be modeled as
a line segment or vector 3169 (also referred to herein as
the "hammerhead jib vector 3169") extending in a 3D
environment. In addition, the hook block 1150 may be
modeled as a 3D hook block model 4169. For example,
in an embodiment, the hook block model 4169 may be a
circle in a 3D space, disposed substantially in a horizontal
plane. The hook block model 4169 may be sized and
shaped to be larger than the actual hook block 1150.
Accordingly, the hook block model 4169 provides a buffer
around the actual hook block 1150 to account for swing-
ing and swaying of the hook block 1150 that may occur
in the course of normal use. It is understood, however,
that the hook block model 4169 is not limited to the hor-
izontally positioned circle in the 3D space described
above. For example, other suitable shapes are envi-
sioned, including, but not limited to, elliptical, square,
trapezoidal, cubical and other prisms, cylindrical, conical,
spherical, pyramidal, and the like. In one embodiment,
the hook block model 4169 may be a shape that sub-
stantially corresponds to the actual shape of the hook
block 1150 The size, for example, a width or diameter,
of the hook block model 4169 may correspond to one or
more of a predicted or detected range of motion of a
swinging or swaying hook block 1150, such that swinging
or swaying motion of the hook block 1150 is within or
substantially within the hook block model 4169. In one
embodiment, the hook block model 4169 may be sized
to include a load coupled to the hook block 1150. Crane
component data stored in the memory may include boom

data, represented by the hammerhead jib vector 3169,
and/or hook block data represented by the hook block
model 4169. The hammerhead jib vector 3169 and hook
block model 4169 include data representing the location
of the boom, for example the hammerhead jib 2110, and
hook block 1150, respectively.
[0105] With further reference to FIG. 16, the computer
system 300 may determine a hook block proximity vector
4473, represented as a line segment in a 3D environ-
ment, to represent a minimum distance of the hook block
1150 or modeled hook block 4169 to one of, or both, the
obstacle 80 and the forbidden volume 400. The computer
system 300 may also determine a boom proximity vector
3473, represented as a line segment in a 3D environ-
ment, to represent a minimum distance of the hammer-
head jib 2110 or modeled hammerhead jib 3169 to one
of, or both, the obstacle 80 and the forbidden volume 400.
[0106] The hook block and boom proximity vectors
4473, 3473 may be determined in a manner similar to
the proximity vector 473, hook block proximity vector
2473 and boom proximity vector 1473 described in the
embodiments above.
[0107] Still referring to FIG. 16, five vectors are shown
representing possible movements of the hook block
1150. A first motion is the horizontal motion 2471 in re-
sponse to trolley-in and trolley-out movements of the trol-
ley 2112 along the hammerhead jib 2110, the second
motion is the slewing motion 2470 in response to swing-
left and swing-right motion of the hammerhead jib 2110,
and the third motion is a vertical motion 2472, in response
to lowering the hook block 1150, i.e., hook-down or hoist-
out movement. Although upward vertical movement, i.e.,
hook-up or hoist-in movement, of the hook block 1150
may be considered as well, such consideration is not
necessary, because such upward movement typically
will not move the hook block 1150 toward a forbidden
volume 400. Hammerhead jib 2110 movements may be
limited to the slewing motion 2470. However, a vertical
component may be considered as well to determine the
proximity to an obstacle 80 or forbidden volume 400 po-
sitioned below the hammerhead jib 2110.
[0108] For each motion there is a direction, and the
directions are represented by five unit vectors within the
coordinate system as follows: trolley-out, trolley-in,
swing-left, swing-right, and hook-down. Unit vectors for
each motion may be calculated similar to the unit vectors
described above with respect to motions 470, 471, 472,
1470 and 1472, as appropriate. However, it is understood
that the calculations may be adjusted to account for the
different movements carried out by the tower crane 1090,
described above. In addition, the hook block and boom
proximity vectors 4473, 3473 may be converted to re-
spective direction unit vectors in a manner similar to that
of the critical proximity vector 473, boom proximity vector
1473 and hook block proximity vector 2473 in the em-
bodiments above. The dot products of the hook block
proximity vector 4473 and the motion vectors 2470, 2471,
2472, as applicable, and/or the dot products of the boom
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proximity vector 3473 and the motion vectors 2470, 2471,
2472, as applicable, may provide a basis for controlling
or preventing crane functions.
[0109] Control or prevention of crane functions and
movements may be carried out as described in the em-
bodiments above. For example, a threshold distance may
be established between the crane component and the
forbidden volume 400 and a crane function may be
changed or stopped based on a computed minimum dis-
tance between the crane component and the forbidden
volume being equal to or less than the established thresh-
old distance. In one embodiment, the established thresh-
old distance may be a slowdown threshold distance,
whereby a movement of the crane component or crane
function is slowed in response to the computed minimum
distance being equal to or less than the slowdown thresh-
old distance. Alternatively, or in addition, the threshold
distance may include a shutdown threshold distance,
whereby movement of the crane component or crane
function is stopped in response to the computed mini-
mum distance being equal to or less than the shutdown
threshold distance.
[0110] FIGS. 17 and 18 are perspective views illustrat-
ing operation of the tower crane 1090 to tag points for
determining or identifying locations on the obstacle 80 or
forbidden volume 400, according to an embodiment de-
scribed herein. For example, FIG. 17 shows an upper-
left point 410 of a face 405 of the forbidden volume 400
being tagged, or identified, by positioning the hook block
1150 at the upper-left point 410. In one embodiment, a
position of the hook block 1150 may be recorded at the
point 410 by the RCL 365. Similarly, FIG. 18 shows an
upper-right point 411 of the face 405 of the forbidden
volume 400 being tagged, or identified, by positioning
the hook block 1150 at the upper-right point 411. In one
embodiment, a position of the hook block 1150 may be
recorded at the point 411 by the RCL 365. In one em-
bodiment, the location of the points may be identified as
coordinates within the coordinate system.
[0111] In one embodiment, identifying the two points
410, 411, is sufficient to create the forbidden volume, for
example, by the computer system 300. For example,
when the forbidden volume 400 is prismatic, the height
information associated with each point 410, 411, and dis-
tance information between the points 410, 411, are suf-
ficient to generate the forbidden volume 400.
[0112] In one embodiment, one or more cameras may
be connected to the trolley 2112 to view the hook block
1150. The one or more cameras may be used to guide
the hook block 1150 to the points 410, 411, which may
be used to define the forbidden volume 400. The hook
block 1150 may be guided to the points 410, 411, for
example, by controlling, with the computer system 300,
or manually, swinging motion of the hammerhead jib
2110, motion of the trolley 2112 along the hammerhead
jib 2110 and operation of the hoist to raise or lower the
hook block 1150.
[0113] Alternatively, or in addition, a range finding sys-

tem, such a laser-type system, may be connected to the
tower crane 1090, for example, at the trolley 2112. In one
embodiment, the crane operator may move the hook
block 1150 directly over the obstacle 80 and use the
range finding system to set a proper vertical distance for
a buffer above the obstacle 80. The buffer may then be
used when generating the forbidden volume 400. In ad-
dition, if a dimension or shape of the obstacle is changing
with time, for example, as it is being constructed, the
tagging and range-finding methods above may be used
update the obstacle 80 or forbidden volume 400 stored
in the memory.
[0114] Accordingly, in the embodiments described
above and shown in FIGS. 14-18, for example, the hook
block 1150, a position of the hook block 1150 in a 3D
coordinate system, and movements of the hook block
1150 may be modeled to generate the hook block prox-
imity vector 4473 between the hook block model 4169
and the obstacle 80 or forbidden volume 400. The hook
block proximity vector 4473 may represent a minimum
distance between a point on the hook block model 4169
or hook block 1150 and the obstacle 80 or forbidden vol-
ume 400 in a 3D environment. In addition, the hammer-
head jib 2110 may be modeled as the hammerhead jib
vector 3169. Together with a hammerhead jib position
and hammerhead jib movements, the boom proximity
vector 3473 may be generated between the boom vector
3169 and the obstacle 80 or forbidden volume 400. The
boom proximity vector 3473 may represent a minimum
distance between a point on the hammerhead jib 2110
or hammerhead jib vector 3169 and the obstacle 80 or
forbidden volume 400 in a 3D environment.
[0115] The computer system 300 may control crane
functions, including movement of crane components,
based on a comparison of one or more of the boom prox-
imity vector 3473 and the hook block proximity vector
4473 to an established threshold distance, such as a
slowdown threshold distance or a shutdown threshold
distance. Such crane functions may include, for example,
swing-left and swing-right movements of the hammer-
head jib 2110 and hook block 1150, trolley-in and trolley-
out movements of the trolley 2112 and hook block 1150
along the hammerhead jib 2110, and/or hook-down
movements of the hook block 1150 via hoist operation,
to avoid the hammerhead jib 2110 or hook block 1150
from entering the forbidden volume 400 and/or coming
into contact with the obstacle 80.
[0116] Accordingly, in the embodiments above, a cus-
tomer may define a 3D forbidden volume around an ob-
stacle, such as a building, and a crane operator may be
guided to control or restrict crane functions based on the
first and/or second proximity vectors. Alternatively, or in
addition, the computer system 300 may control or restrict
crane functions based on the first and/or second proxim-
ity vectors.
[0117] Referring to FIGS. 19 and 20, a method 2500
of setting up a WRL for the tower crane 1090 may be
similar to the methods 1500 described above and shown
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in FIG. 12. Likewise, a method 2900 for altering tower
crane 1090 functions during crane use may similar to the
method 1900 described above and shown in FIG. 13.
However, it will be appreciated that the methods 2500
and 2900, as they apply to the tower crane 1090 having
the hammerhead jib 2110, may vary in some aspects
from the methods 1500 and 1900, respectively, due to,
for example, different movements of the hammerhead jib
2110 and hook block 1150 connected the hammerhead
jib 2110, compared to the luffing jib 1110 and the hook
block 1150 connected to the luffing jib 1110. In the fol-
lowing description of the methods 2500 and 2900, further
description of steps that are the same or substantially
the same as the steps described above with respect to
the methods 1500 and 1900, may be omitted.
[0118] FIG. 19 is a flow chart showing an example of
the method 2500 for setting up a WRL for the tower crane
1090 having the boom 2110. In one embodiment, the
steps 2501, 2502, 2503, 2504, 2505, 2506 and 2507 of
the method 2500 correspond the steps 1501, 1502, 1503,
1504, 1505, 1506 and 1507, respectively, of the method
1500 described above and shown in FIG. 12. However,
as noted above, the method 2500 may differ from the
method 1500 based on different movements of the ham-
merhead jib 2110 as compared to the luffing jib 1110.
[0119] For example, in step 2503, the hook block 1150
may be positioned by controlling movement of crane
components, such as the rotating bed 1116, the hoist
(not shown) and/or the hammerhead jib 2110, with the
computer device 300, or manually, to position the hook
block 1150 at the locations 410, 411, as shown in FIGS.
17 and 18. Position information, such as the hook radius,
hook height or coordinates within the coordinate system,
of the hook block 1150 may be recorded, for example,
with the RCL 365. In one embodiment, the position infor-
mation recorded by the RCL 365 may be converted into
coordinates within the coordinate system by the compu-
ter system 300.
[0120] Thus, in steps 2504 and 2505, locations, or co-
ordinate information, of the top left 410 and the top right
411 points, as shown in FIGS. 17 and 18, may be deter-
mined by positioning the hook block 1150 at the top left
and right points 410, 411, rather than aiming the ham-
merhead jib 2110 at the top left and right points 410, 411.
In step 2506, remaining boundaries of the forbidden vol-
ume 400 may be determined, for example, based on the
top left and right points 410, 411, where the forbidden
volume 400 is prismatic.
[0121] FIG. 20 illustrates a flow chart of a method 2900
for altering tower crane functions during crane use, ac-
cording to one embodiment. With the forbidden volume
(or quasi-volume) 400 defined within the coordinate sys-
tem, the hammerhead jib 2110 represented as the ham-
merhead jib vector 3169 and the hook block represented
as the hook block model 4169 within the coordinate sys-
tem, the systems described herein may provide appro-
priate alterations of the crane control system (for exam-
ple, via the computer system 300) to avoid undesirable

interactions between the hammerhead jib 2110 and/or
hook block 1150 and the obstacle or object 80. For ex-
ample, a minimum distance may be computed between
the hammerhead jib 2110 and the forbidden volume,
and/or the hook block 1150 and the forbidden volume
400, based on an analysis of the forbidden volume, ham-
merhead jib vector 3169 and hook block model 4169.
The minimum distance between the hammerhead jib
2110 and/or hook block 1150 and the forbidden volume
may be compared to an established threshold distance,
such as a slowdown threshold distance or a shutdown
threshold distance. Crane functions may be altered, for
example, by controlling movement of crane components
in response to the comparison threshold distances to the
minimum distances between the crane components to
the forbidden volume.
[0122] In some embodiments, the computer system
300 may calculate a maximum swing angle of the boom
in each direction, a maximum boom-up angle and a max-
imum boom-down angle. The computer system 300 may
also calculate a maximum hook down and hook up extent.
Further, the computer system 300 may calculate a max-
imum trolley-out extent and a maximum trolley-on extent.
In some embodiments, distances between various crane
components and, for example, the obstacle 80 or forbid-
den volume 400, may be measured using conventional
distance measuring techniques.
[0123] In the embodiments described above, the tower
crane 1090 may be, for example, a hammerhead jib tower
crane or a luffing jib tower crane. In one embodiment,
the tower crane 1090 may be a self-erecting crane. In
other embodiments, the systems described herein may
be used in conjunction with a crawler crane having a lat-
tice boom. For example, a hook block vector, hook block
proximity vector, and minimum distance between a hook
block and a forbidden volume may be provided for hook
blocks used with mobile cranes, crawler cranes, indus-
trial cranes and the like.
[0124] In the embodiments above, the computer sys-
tem 300 is illustrated generally as being positioned in the
operator cab 120, 1120. For example, as shown in FIG.
6, the computer system 300 is schematically represented
behind the video display 171 in the operator cab 120,
and in FIG. 16, the computer system 300 is schematically
represented at the operator cab 1120. In one embodi-
ment, the video display 171 and the display 370 of the
computer system 300 may be integrated as a single dis-
play. It will be appreciated by those having skill in the art,
however, that the computer system 300 is not limited to
positioning only in the operator cab 120, 1120. For ex-
ample, the computer system 300 may have a distributed
configuration with different components installed or po-
sitioned at various locations on the crane 90, 1090, and/or
remote from the crane 90, 1090, with the different com-
ponents being operably connected to one another by way
of known interfaces. Thus, the depictions of the computer
system 300 at or in the operator cab 120, 1120 illustrate
only one non-limiting example of the how the computer
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system 300 may be implemented with a crane 90, 1090.
[0125] It is understood that various features from the
embodiments above may be used together with, or re-
place certain features, from the other embodiments de-
scribed above. That is, various features described with
respect to one embodiment above, may be used together
with or implemented in the other embodiments above.
[0126] 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
interference, all the while avoiding collision with the for-
bidden volume. Such changes and modifications can be
made without departing from the spirit and scope of the
present embodiments and without diminishing its intend-
ed advantages. It is therefore intended that such changes
and modifications be covered by the appended claims.

Claims

1. A method for controlling a crane component of a tow-
er crane in proximity of obstacles at a worksite, the
tower crane comprising a mast, a rotating bed cou-
pled to the mast, a boom mounted on the rotating
bed, and a hook block connected to the boom, the
method executable by a computing device having a
processor and memory, comprising:

saving, in the memory, coordinate data repre-
senting a coordinate system at the worksite hav-
ing an origin at a base of an axis of rotation of
the rotating bed and fixed relative to the mast,
wherein the boom is rotatable on the axis of ro-
tation;
saving, in the memory, obstacle data represent-
ing a forbidden volume in the coordinate system;
saving, in the memory, crane component data
representing the location of the crane compo-
nent; and
limiting movement of the crane component, by
the computing device, to avoid the crane com-
ponent entering the forbidden volume, the limit-
ing based on a computed minimum distance be-
tween the crane component and the forbidden
volume using the coordinate data, the obstacle
data, and the crane component data,
wherein the crane component is one or more of
the boom and the hook block.

2. The method of claim 1, wherein the saving coordi-
nate data comprises saving data representing the
axis of rotation.

3. The method of claim 1, wherein the saving obstacle
data comprises inputting data representing the for-
bidden volume.

4. The method of claim 3, wherein the data represent-
ing the forbidden volume includes coordinates of at
least two points of the forbidden volume.

5. The method of claim 4, wherein the forbidden volume
is a rectangular prism and the at least two coordi-
nates comprise the front, top left corner of the for-
bidden volume and the front, top right corner of the
forbidden volume.

6. The method of claim 4, wherein the coordinates of
the least two points of the forbidden volume are iden-
tified by positioning the hook block at the at least two
points and recording the position of the hook block
with a rated capacity limiter (RCL).

7. The method of claim 4, wherein the coordinates of
the at least two points of the forbidden volume are
identified by using the boom.

8. The method of claim 7, wherein using the boom to
identify the at least two coordinates of the forbidden
volume comprises:

aiming the boom in a first direction at a front face
of the forbidden volume and determining a hor-
izontal distance between the face and the axis
of rotation to determine a first vector correspond-
ing to the front face of the forbidden volume;
aiming the boom in a second direction at a front,
top left corner of the forbidden volume and de-
termining a second vector corresponding to the
second direction of the boom;
intersecting the second 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 volume and de-
termining a third vector corresponding to the
third direction of the boom; and
intersecting the third vector and the plane to de-
fine a second coordinate of the obstacle data.

9. The method of claim 8, wherein aiming the boom
comprises at least one of aligning the boom using a
video camera attached to the boom and aligning the
boom using a laser pointer attached to the boom.

10. The method claim 1, wherein the saving the crane
component data comprises modeling one or more
of the boom and the hook block and saving the mod-
eled crane component in the memory.

11. The method of claim 1 wherein limiting movement
of the crane component comprises:
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establishing a slowdown threshold distance be-
tween the crane component and the forbidden
volume; and
changing a crane function responsive to the
computed minimum distance between the crane
component and the forbidden volume being less
than the slowdown threshold distance.

12. The method of claim 11, wherein changing the crane
function comprises slowing down the movement of
the crane component in at least one direction that
moves the crane component closer to the forbidden
volume.

13. The method of claim 1, wherein limiting movement
of the crane component further comprises:

establishing a shutdown threshold distance be-
tween the crane component and the forbidden
volume; and
stopping the movement of the crane component
in response to the computed minimum distance
between the crane component and the forbid-
den volume being less than the shutdown
threshold distance.

14. The method of claim 3, wherein the data represent-
ing the forbidden volume comprises a building infor-
mation model, and saving obstacle data comprises
aligning the building information model in the coor-
dinate system.

15. The method of claim 4, wherein the forbidden volume
is a prismatic shape and is formed based on the two
coordinates.

16. The method of claim 1, wherein the boom is a luffing
jib and the hook block is suspended from a free end
of the luffing jib.

17. The method of claim 1, wherein the boom is a ham-
merhead jib and a trolley is coupled to and configured
for movement along the hammerhead jib, wherein
the hook block is suspended from and movable with
the trolley.

18. A system for controlling a crane component of a tow-
er crane in proximity of obstacles at a worksite, the
tower crane comprising a mast, a rotating bed on the
mast, a boom mounted on the rotating bed, and a
hook block connected to the boom, the system com-
prising:

a crane control system configured to control op-
eration of the crane component;
a processor in operable communication with the
crane control system; and
memory in operable communication with the

processor, the memory storing data comprising:

data representing a coordinate system hav-
ing an origin at a base of an axis of rotation
of the rotating bed and fixed relative to the
mast;
data representing the crane component;
data representing a forbidden volume; and
computer executable instructions for exe-
cution by the processor, the computer exe-
cutable instructions configured to calculate
a minimum distance between the crane
component and the forbidden volume
based on the data representing the crane
component and the data representing the
forbidden volume, and to cause the crane
control system to control movement of the
crane component based on the calculated
minimum distance,

wherein the crane component is one or more of the
boom and the hook block.

19. The system of claim 18, wherein the computer exe-
cutable instructions are further configured to deter-
mine at least two coordinates of the forbidden vol-
ume.

20. The system of claim 19, wherein the boom is used
to determine the at least two coordinates.

21. The system of claim 20, further comprising a boom
aiming system for aiming the boom at the at least
two coordinates of the forbidden volume.

22. The system of claims 21 wherein the boom aiming
system comprises a system selected from the group
consisting of a laser pointer and a video camera sys-
tem.

23. The system of claim 19, wherein the hook block is
used to determine the at least two coordinates of the
forbidden volume.

24. The system of claim 18, wherein the crane control
system limits the motion of the crane component in
response the calculated minimum distance being
less than a threshold distance, wherein the data fur-
ther comprises:
a threshold distance value.

25. The system of claim 24, wherein the crane control
system stops the motion of the crane component in
response to the calculated minimum distance being
less than a shutdown threshold distance, wherein
the data further comprises:
a shutdown threshold distance value.

35 36 



EP 3 530 607 A1

20

5

10

15

20

25

30

35

40

45

50

55

26. The system of claim 18, wherein the data represent-
ing the forbidden volume comprises a building infor-
mation model, and wherein the computer executable
instructions are further configured to establish the
location of the forbidden volume within the coordi-
nate system using one or more of the boom and the
hook block.
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