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(57) ABSTRACT

A system for projecting an image, including layout informa-
tion, on a surface in a building under construction has a
projector mounted on a moveable support for supporting a
worker at a work position in the building. The projector
projects an image on a surface above the moveable support in
response to an image signal defining the image to be pro-
jected. The image indicates the location of connectors,
anchors, and holes to be affixed to, or cut through, the surface.
A system determines the two dimensional position of the
projector in the building, and a distance measuring system for
determines the distance from the projector to said surface. A
processor, responsive to a memory having stored building
plan images, provides an image signal to the projector
adjusted for the two dimensional location of the projector and
for the distance from the projector to the surface.
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METHOD AND APPARATUS FOR
PROJECTION OF BIM INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] None.
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

BACKGROUND

[0003] During building construction projects, such as the
interior construction phase of a large new building under
construction, or during renovation of an older building, it is
useful to refer to Building Information Modeling (BIM) data.
This data, when available, defines the building structure,
including the interior, in three dimensions, and its use
increases the productivity of construction workers by facili-
tating the location and placement of various building con-
struction elements and fixtures. Typically, the BIM model of
the building is maintained after the building construction is
completed, and can be used over the life of the building for
renovation, expansion, and maintenance purposes. The BIM
model defines building geometry, spatial relationships, and
quantities and properties of building components.

[0004] It is extremely useful to be able to locate quickly
various construction points within the building interior. As
the interior of a building is being finished, connectors,
anchors and the like are attached to ceilings on each floor, and
cuts are made and holes drilled in the ceilings using power
saws and drills. All of this must be accomplished at predeter-
mined, precisely defined positions in the building ceilings.
For example, nail guns, power saws, powder anchor tools, and
the like may be used to nail, cut, install fasteners, and perform
other operations at predetermined points within the building
with little error. Additionally, a large number of electrical,
plumbing, and HVAC components must be properly sited and
installed. The construction points for all of these building
elements must be located with some precision. Typically,
work on the ceilings of buildings is performed by a worker on
a scissor lift device having an operator support platform and
a powered scissor mechanism that raises and lowers the plat-
form. The scissor lift device may be powered and drivable by
a worker on the platform such that it can be moved about the
building without the platform being lowered. Typically, a
substantial amount of time and effort has been required to lay
out the many construction points on the building ceiling.
Teams of workers have been needed to measure and mark
predetermined locations. Performing this task has been
tedious and subject to errors, resulting both from measure-
ment mistakes and from accumulated errors. Further, the cost
of the layout process, and the time needed to perform the
layout process have both been significant.

[0005] Layout of the construction points at a building inte-
rior construction site has been accomplished in more auto-
mated ways, such as for example by using a robotic total
station device. The total station is positioned at a fixed, known
location and directs a beam of laser light to a desired location.
The beam may illuminate a floor, ceiling or wall at a point or
may be directed to, and reflected from a target, such as a
retroreflective target. By measuring the time of travel of the
beam from the total station to the surface or target and then
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back to the total station, the distance to the target is deter-
mined. The direction of the beam to the target is also known.
Since the position of the total station is known, the position of
the target can easily be determined. Itis desirable, however, to
be able to layout a number of construction points on a build-
ing ceiling and to be able to do so for a worker on a scissor lift
or similar device.

SUMMARY

[0006] A system for projecting an image including layout
information on a surface in a building under construction
includes a moveable support for supporting a worker at a
work position in a building under construction, and a projec-
tor, mounted on the moveable support, for projecting an
image on a surface above the moveable support. The image is
projected in response to an image signal defining the image to
be projected, and the image indicates the location of connec-
tors, anchors, and holes to be affixed to or cut through the
surface. A system determines the two dimensional position of
the projector in the building. A distance measuring system for
determines the distance from the projector to the surface. A
memory stores the building plan images for the building. A
processor is responsive to the memory, to the distance mea-
suring system, and to the system, for determining the two
dimensional position of the projector, for providing an image
signal to the projector adjusted for the two dimensional loca-
tion of the projector and for the distance from the projector to
the surface.

[0007] The distance measuring system may include an
electronic distance measuring system. The system for deter-
mining the two dimensional position of the projector in the
building may comprises plurality of target reflectors posi-
tioned at known locations about the building and a laser
projector on the moveable support for directing the laser
beam at the target reflectors. The system for determining the
two dimensional position of the projector in the building may
comprise a video camera on the moveable support for observ-
ing the building interior and providing an indication of the
location of the projector to the processor. The system for
determining the two dimensional position of the projector in
the building may comprise a laser distance measuring system
at a known position in the building. The laser distance mea-
suring system projects a rotating beam of laser light which
sweeps across the moveable support and determines the dis-
tance and heading of the moveable support from the known
position.

[0008] The building may have a plurality of recognizable
features at known locations. The system for determining the
two dimensional position of the projector in the building may
comprise a laser distance measuring system on the moveable
support that projecting a rotating beam of laser light. The
rotating beam of laser light sweeps across the features at
known positions in the building. This permits the distance and
heading of these features from the moveable support to be
determined. The system for determining the two dimensional
position of the projector in the building may comprise a
rotating video camera on the moveable support for taking
video images of the building interior from the moveable sup-
port and determining the position of the projector based on the
noted directions of the features in the video images. The
rotating video camera on the moveable support takes a plu-
rality of still video images of the building interior from the
moveable support with the video camera facing in known
directions for each such still video image. Alternatively, the
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rotating video camera on the moveable support may take a
continuous moving video image of the building interior from
the moveable support with the video camera facing in known
directions. The system for determining the two dimensional
position of the projector in the building may comprise a laser
distance measuring device and transmitter for directing a
laser beam at a pair of targets positioned on pillars at known
locations in the building. The system for determining the two
dimensional position of the projector in the building may
comprise a tracking camera mounted on the moveable sup-
port, and a rotation system for rotating the camera, keeping
track of the direction in which the camera faces as the camera
keeps a predetermined building feature in view. The system
for determining the two dimensional position of the projector
in the building may comprise a tracking camera mounted on
the moveable support, and a rotation system for rotating the
camera, keeping track of the direction in which the camera
faces as the camera keeps a predetermined building feature in
view. The system further includes a laser distance measuring
device and transmitter for directing a laser beam at a pair of
targets positioned on pillars in the building at known loca-
tions.

[0009] A method for projecting an image including layout
information on a surface in a building under construction,
comprises the steps of providing a moveable support for
supporting a worker at a work position, providing a projector
on the moveable support, determining the distance from the
projector to the surface, and projecting an image from the
projector onto the ceiling above the worker. The worker may
operate various tools at locations defined by the image. The
method may further including the step of determining the
position of the moveable support in the building such that an
appropriate image for the position is projected onto the ceil-
ing and the layout information is properly located. The step of
determining the distance from the projector to the surface
may include the step of using a laser distance measuring
device to determine the distance from the projector to the
surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a simplified perspective view of a worker
on a scissor lift, performing construction operations on the
ceiling of a building, with an image including layout infor-
mation being projected onto the building ceiling above the
worker, and with enlarged views of a projector attached to the
scissor lift and of the image projected on the ceiling;

[0011] FIG. 2 is an enlarged view of a worker on a scissor
lift performing construction operations on the ceiling of a
building, similar to FIG. 1;

[0012] FIG. 3 is an enlarged view of an image including
layout information being projected onto the building ceiling,
similar to FIG. 1;

[0013] FIG. 4 is a simplified diagrammatic plan view of a
scissor lift and a building floor, illustrating an embodiment in
which the projector is located by a portable layout tool located
at a known position (PLT), and a video camera on the lift;
[0014] FIG. 4A is a schematic block diagram of the system
used to provide a video signal to the projector in FIG. 4 on the
scissor lift;

[0015] FIG. 5 is a simplified diagrammatic plan view of a
lift and building floor, illustrating an embodiment in which
the projector is located by a laser distance measuring device
and an angle encoder at a known position in the building;
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[0016] FIG. 5A is a schematic block diagram of the system
used to provide a video signal to the projector in FIG. 5 on the
scissor lift;

[0017] FIG. 6 is a simplified diagrammatic plan view of a
lift and building floor, illustrating an embodiment in which
the projector is located by a laser distance measuring device
and an angle encoder on the lift;

[0018] FIG. 6A is a schematic block diagram of the system
used to provide a video signal to the projector in FIG. 6 on the
scissor lift;

[0019] FIG. 7 is a simplified diagrammatic plan view of a
lift and building floor, illustrating an embodiment in which
the projector is located by a rotating video camera and an
angle encoder on the lift;

[0020] FIG. 7A is a schematic block diagram of the system
used to provide a video signal to the projector in FIG. 7 on the
scissor lift;

[0021] FIG. 8 is a simplified diagrammatic plan view of a
lift and building floor, illustrating an embodiment in which
the projector is located by a video camera and an angle
encoder on the lift, in which the video camera takes eight
discrete photographs;

[0022] FIG. 8A is a schematic block diagram of the system
used to provide a video signal to the projector in FIG. 8 on the
scissor lift;

[0023] FIG. 9A is a simplified diagrammatic plan view of a
lift and building floor, illustrating an embodiment in which
the projector is located by a laser distance measuring device
and an angle encoder on the lift, tracking targets at known
locations;

[0024] FIG. 9B is a simplified diagrammatic view of a
portion of a building column and a laser distance measuring
target mounted thereon, for the laser distance measuring
device of FIG. 9A;

[0025] FIG. 9C is a schematic block diagram of the system
used to provide a video signal to the projector in FIG. 9A on
the scissor lift;

[0026] FIG. 10A is a simplified diagrammatic plan view of
a lift and building floor, illustrating an embodiment in which
the projector is located by a video camera and an angle
encoder on the lift, tracking building features, such as col-
umns, that act as targets at known locations;

[0027] FIG. 10B is a simplified diagrammatic view of a
portion of a building column, illustrating how it acts as a
tracking target for the video camera of FIG. 10A;

[0028] FIG.10C is aschematic block diagram ofthe system
used to provide a video signal to the projector in FIG. 10A on
the scissor lift;

[0029] FIG. 11A is a simplified diagrammatic plan view of
a lift and building floor, illustrating an embodiment in which
the projector is located by a laser distance measuring device,
avideo camera, and an angle encoder on the lift, with both the
video camera and the laser distance measuring device track-
ing targets at known locations;

[0030] FIG. 11B is a simplified diagrammatic view of a
portion of a building column, and a laser distance measuring
target mounted on the column, illustrating how the target acts
as a tracking target for the laser distance measuring device
and the video camera of FIG. 11A;

[0031] FIG.11Cisaschematic block diagram ofthe system
used to provide a video signal to the projector in FIG. 11A on
the scissor lift;

[0032] FIG. 12A is a simplified diagrammatic plan view of
a lift and building floor, illustrating an embodiment in which



US 2014/0268064 Al

the projector is located by a laser distance measuring device,
apair of video cameras, and an angle encoder on the lift, with
both video cameras and the laser distance measuring device
tracking targets at known locations;

[0033] FIG. 12B is a simplified diagrammatic view of a
portion of a building column, illustrating the target for the
embodiment of FIG. 12A;

[0034] FIG.12Cisaschematic block diagram ofthe system
used to provide a video signal to the projector in FIG. 12A on
the scissor lift;

[0035] FIG. 13 is a simplified diagrammatic view of a lift
and building floor, illustrating an embodiment in which the
projector is located by a plurality of video cameras;

[0036] FIG. 13A is a schematic block diagram of the sys-
tem used to provide a video signal to the projector in FIG. 13;
[0037] FIG. 14 is a simplified diagrammatic view showing
a pico projector and associated camera; and

[0038] FIG. 15 is a diagrammatic view of a projector with
an optical element shifting the projected image.

DETAILED DESCRIPTION

[0039] FIGS. 1-3 illustrate a building 11 under construc-
tion, and are helpful in explaining the various embodiments of
the invention. Each floor of the building 11 is an interior
construction site in which various building structures, com-
ponents, and fixtures must be positioned. In laying out the
interior of each floor, it is necessary to locate a large number
of construction points where various operations are per-
formed or building components are to be located and
installed. Power tools and hand tools are used to install fas-
teners, nails, and similar devices, and to cut and drill various
structural components, such as the ceiling and walls of each
level of the building. These operations are performed at pre-
determined construction points.

[0040] The overall system, shown in FIGS. 1-3, utilizes a
pico projector 13 to project an image 14, including layout
information, onto the ceiling or other surface of the building
11. A moveable support for supporting a worker 15 at a work
position in a building under construction may comprise a
scissor lift 17. The image 14 projected onto the ceiling is
derived from a data base defining a Building Information
Model (BIM), which incorporates building geometry, spatial
relationships, and quantities, and properties of various build-
ing components. The projected image is precisely located and
superimposed on the ceiling so that the worker 15 on scissor
lift 17 can use the image to locate the points on the ceiling
where connectors, anchors, and other devices are to be affixed
and where holes are to be cut or drilled. The scissor lift 17 may
be powered such that it can be driven about the construction
site. In order for the image 14 to be properly positioned,
oriented and sized such that the various work points defined
by the image are correctly located, the two dimensional loca-
tion and the orientation of the projector 14 must be accurately
determined, and the image that it projects then properly sized
and oriented. It will be appreciated that this will also require
a determination of the distance from the projector 13 to the
ceiling.

[0041] A projector, suchas pico projector 13, is mounted on
the railing 19 of'the scissor lift 17, and projects an image 14
on a surface above the moveable support. FIGS. 4 and 4A, in
conjunction with FIGS. 1, 2 and 3, illustrate an embodiment
of the invention in which the position and orientation of the
lift 17 and projector 13 are determined based on a determi-
nation of the distance to a PLT (portable layout tool) 22 at a
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known position in the room. The PLT 22 projects a laser beam
24 toward the projector 13 and, more particularly, toward a
target 25. Based on the time of flight of the laser beam 24, and
on the heading of the laser beam 24 from the PLT, the pro-
cessor 30 determines the location of the projector 13. The
system further includes video camera 26, mounted adjacent
the projector 13. The video camera 26 views the PLT 22 and,
based on where the PLT appears in its field of view, the
processor 30 determines the orientation of the projector 13.
An image signal on line 28 is provided by a processor 30,
which accesses the memory 32 in which the BIM data and
building plan images for the building are stored. A distance
measuring system for determining the distance from the pro-
jector 13 to the surface onto which the image is projected is
provided. This distance measuring system may include a laser
distance measuring device 34 which determines the distance
from the projector 13 to the ceiling using a beam 36. The
processor 30 provides an image signal to the projector that is
adjusted for the two dimensional location of the projector and
for the distance from the projector 13 to the ceiling. As the
operator 15 moves the scissor lift 17 about the building floor,
the system keeps track of the location and orientation of the
projector, altering the image projected by the projector 13 so
that it accurately positions the layout information on the
ceiling. The output 33 from the PLT to the processor 30 is
shown as a dashed or broken line, as this may be a wireless
connection between the PLT and the balance of the compo-
nents carried on the lift 17. Alternatively, the PLT 22 may be
wired directly to the other components.

[0042] FIGS. 5 and 5A illustrate an embodiment of the
invention in which the position and orientation of the lift 17
and projector 13 are determined based on an assessment of the
distance and direction to target poles 40 and 42 from LDM 44.
The poles 40 and 42 are vertical retroreflective poles,
mounted on scissor lift 17, that reflect laser light back to the
LDM 44 as the beam 48 sweeps around the room. The direc-
tion of the beam 48 is monitored by an encoder 46. The LDM
44 and encoder 46 are located at a known position in the room.
The outputs from the encoder 46 and LDM 44 are supplied to
the processor 30. Since the encoder 46 and the LDM 44 define
the distance and direction from the LDM 44 to each of the
poles 40 and 42, the location and orientation of the scissor
platform 17 and projector 13 are precisely determined and are
calculated by the processor 30. The image signal on line 28 is
provided by processor 30 which accesses the memory 32
storing the BIM data and building plan images for the build-
ing 11. A distance measuring system determines the distance
from the projector 13 to the surface onto which the image 14
is projected. This distance measuring system includes a laser
distance measuring device 34 which determines the distance
from the projector 13 to the ceiling. The processor 30 thus
provides an image signal to the projector 13 that is adjusted
for the two dimensional location of the projector, and for the
distance from the projector 13 to the ceiling. As the operator
15 moves the scissor lift 17 about the building floor, the
system keeps track of the location and orientation of the
projector 13, altering the image 14 projected by the projector
13 so that it accurately places the layout information on the
ceiling. The outputs from the LDM 44 and encoder 46 may be
supplied wirelessly to processor 30, or may be provided over
a wired connection.

[0043] FIGS. 6 and 6A illustrate an embodiment of the
invention in which the position and orientation of the lift 17
and the projector 13 are determined, based on an assessment
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of'the distance and direction to the beams 50 that act as targets
for an LDM 52. LDM 52 projects a rotating beam of laser
light 54. An encoder 56 provides an indication of the direction
of the beam of laser light. The beam of laser light 54 is
reflected back to the LDM 52 from each of the beams 50 and,
collectively, this provides an indication of the location and
orientation of the projector 13 and the lift 17. The location and
orientation of the scissor lift platform 17 and projector 13 are
precisely determined and are calculated by the processor 30.
The image signal on line 28 is then provided by the processor
30, which accesses the memory 32 in which the BIM data and
building plan images for the building are stored. A distance
measuring system determines the distance from the projector
13 to the surface onto which the image 14 is projected. This
distance measuring system may include a laser distance mea-
suring device 34 which determines the distance from the
projector 13 to the ceiling. The processor 30 thus provides an
image signal to the projector 13 that is adjusted for the two
dimensional location of the projector and for the distance
from the projector 13 to the ceiling. As the operator 15 moves
the scissor lift 17 about the building floor, the system keeps
track of the location and orientation of the projector 13,
altering the image projected by the projector 13 so that it
accurately positions the image of the layout information on
the ceiling.

[0044] FIGS. 7 and 7A illustrate an embodiment of the
invention in which the position and orientation of the lift 17
and projector 13 are determined based on an assessment of the
direction to the beams 50. Beams 50 are positioned at known
locations and act as targets for a camera 60 that rotates and an
encoder 62 that keeps track of the direction of the camera’s
field of view. The camera 60 and the encoder 62 are carried on
the lift 17 along with the projector 13. The location and
orientation of the scissor platform 17 and projector 13 are
precisely determined by the processor 30. The image signal
on line 28 is provided by the processor 30, which accesses the
memory 32 in which the BIM data and building plan images
for the building 11 are stored. A distance measuring system
for determining the distance from the projector 13 to the
surface onto which the image is projected is provided. This
distance measuring system may include a laser distance mea-
suring device 34 which determines the distance from the
projector 13 to the ceiling. The processor 30 thus provides an
image signal to the projector 13 that is adjusted for the two
dimensional location of the projector and for the distance
from the projector 13 to the ceiling. As the operator 15 moves
the scissor lift 17 about the building floor, the system keeps
track of the location and orientation of the projector 13,
altering the image projected by the projector 13 so that it
accurately positions the image of the layout information on
the ceiling.

[0045] FIGS. 8 and 8A illustrate an embodiment of the
invention in which the position and orientation of the lift 17
and projector 13 are determined based on an assessment of the
detected direction to the beams 50, or to other features of the
room, from a rotating camera 70. Camera 70 is rotated to eight
positions, each spaced by 45 degrees from adjacent positions,
such that a panoramic image of the room is effectively devel-
oped. The heading of each of these images is insured by
reference to encoder 72 that provides an output indicative of
the field of view of the camera 70. By determining the heading
to multiple beams or other features of known location in the
room, the position and orientation of the lift 17 and the pro-
jector 13 may be determined. Based on this information and
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on the output from LDM 34, which measures the distance
from the projector 13 to the ceiling, the projector 13 receives
an image signal on line 28 which is adjusted such that the
image projected onto the ceiling includes properly positioned
layout information for use by a worker standing on the plat-
form of'the lift 17. The image signal on line 28 is provided by
the processor 30, which accesses the memory 32, in which the
BIM data and building plan images for the building are stored.
As the operator 15 moves the scissor lift 17 about the building
floor, the system keeps track of the location and orientation of
the projector 13, altering the image projected by the projector
13 so that it accurately positions the image of the layout
information on the ceiling.

[0046] FIGS. 9A, 9B, and 9C illustrate an embodiment of
the invention in which the position and orientation of the lift
17 and projector 13 are determined based on an assessment of
the distance and direction to the targets 80 and 82. LDM 84
directs a rotating beam of laser light outward and sweeps the
beam around the room, causing it to sweep across targets 80
and 82. The encoder 86 keeps track of the direction in which
the beam is oriented when it strikes each of the targets 80 and
82. The targets are at known locations. The beam of laser light
is reflected back to the LDM 84 from each of the targets and
collectively this provides an indication of the location and
orientation of the projector 13 and the lift 17. The location and
orientation of the scissor lift 17 and projector 13 are precisely
determined and are calculated by the processor 30. The image
signal on line 28 is provided by the processor 30, which
accesses the memory 32 in which the BIM data and building
plan images for the building are stored. A distance measuring
system for determining the distance from the projector 13 to
the surface onto which the image is projected may include a
laser distance measuring device 34. The processor 30 thus
provides an image signal to the projector 13 that is adjusted
for the two dimensional location of the projector and for the
distance from the projector 13 to the ceiling. As the operator
15 moves the scissor lift 17 about the building floor, the
system keeps track of the location and orientation of the
projector 13, altering the image projected by the projector 13
so that it accurately positions the image of the layout infor-
mation on the ceiling.

[0047] FIGS.10A, 10B, and 10C illustrate an embodiment
of the invention in which the position and orientation of the
lift 17 and projector 13 are determined based on an assess-
ment of the direction to two or more of the beams 50 that act
as targets. The video camera 92 on the lift 17 is rotated to
sweep the room and an encoder 94 determines the direction of
its field of view when it sees a beam 50. The direction of the
two or more beams of known location on the floor permits the
processor 30 to determine the position and orientation of the
projector 13. The image signal on line 28 is provided by the
processor 30, which accesses the memory 32 in which the
BIM data and building plan images for the building are stored.
A distance measuring system for determining the distance
from the projector 13 to the surface onto which the image is
projected is provided. This distance measuring system may
include a laser distance measuring device 34 which deter-
mines the distance from the projector 13 to the ceiling. The
processor 30 thus provides an image signal to the projector 13
that is adjusted for the two dimensional location of the pro-
jector and for the distance from the projector 13 to the ceiling.
As the operator 15 moves the scissor lift 17 about the building
floor, the system keeps track of the location and orientation of
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the projector 13, altering the image projected by the projector
13 so that it accurately positions the image of the layout
information on the ceiling.

[0048] TheembodimentofFIGS.11A,11B,and 11C deter-
mines the position and orientation of the lift 17 and projector
13 in the same manner as explained above in respect to the
embodiment of FIGS. 9A, 9B, and 9C, determining the direc-
tion of two targets 80 and 82 on two beams of known position,
using an [.LDM 84 that rotates a beam of laser light around the
room. Light reflected from the targets and the output of the
encoder 86 provide an indication of the direction of the targets
and the distance from the targets to the LDM 84, as well.
Additionally, a camera 26 sweeps its field of view around the
room and locates the beams 50 and targets 80 and 82 in
synchronization with the movement of the beam. The posi-
tion and orientation of the projector 13 and the lift 17 are
determined by the processor 30. The image signal on line 28
is provided by the processor 30, which accesses the memory
32 in which the BIM data and building plan images for the
building are stored. A distance measuring system for deter-
mining the distance from the projector 13 to the surface onto
which the image is projected is provided. This distance mea-
suring system may include a laser distance measuring device
34 which determines the distance from the projector 13 to the
ceiling. The processor 30 thus provides an image signal to the
projector 13 that is adjusted for the two dimensional location
of the projector and for the distance from the projector 13 to
the ceiling. As the operator moves the scissor lift 17 about the
building floor, the system keeps track of the location and
orientation of the projector 13, altering the image projected
by the projector 13 so that it accurately positions the image of
the layout information on the ceiling.

[0049] TheembodimentofFIGS.12A,12B, and 12C deter-
mines the position and orientation of the lift 17 and projector
13 in the same manner as explained above in respect to the
embodiment of FIGS. 9A, 9B, and 9C, determining the direc-
tion of two targets 88 and 89 on two beams of known position,
using an LDM 94 that rotates a beam of laser light around the
room. Light reflected from the targets and the output of the
encoder 92 provide an indication of the direction of the targets
and the distance from the targets to the LDM 94, as well.
Additionally, a pair of cameras 90 and 96 are locked onto the
targets 88 and 89, respectively, and monitor the relative posi-
tion of lift 17 as it moves about the building. The position and
orientation of the projector 13 and the lift 17 are determined
by the processor 30. The image signal on line 28 is provided
by the processor 30, which accesses the memory 32 in which
the BIM data and building plan images for the building are
stored. A distance measuring system for determining the dis-
tance from the projector 13 to the surface onto which the
image is projected is provided. This distance measuring sys-
tem may include a laser distance measuring device 98 which
determines the distance from the projector 13 to the ceiling.
The processor 30 thus provides an image signal to the pro-
jector 13 that is adjusted for the two dimensional location of
the projector and for the distance from the projector 13 to the
ceiling. As the operator moves the scissor lift 17 about the
building floor, the two cameras provide continuing location
and orientation information, allowing the image projected by
the projector 13 to be altered so that it accurately positions the
image of the layout information on the ceiling.

[0050] Finally, the embodiment of FIG. 13 and FIG. 13A
determines the position and orientation of the lift 17 and
projector 13 based on an assessment of the detected direction
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to the beams 100, or to other features of the room, from eight
cameras 102 which face in eight, evenly spaced directions,
each forty five degrees from adjacent cameras. By this
arrangement, essentially a panoramic view of the building is
produced. By determining the heading to multiple beams or
other features of known location in the room, the position and
orientation of the lift 17 and the projector 13 may be deter-
mined. Based on this information and on the output from an
LDM 34, which measures the distance from the projector 13
to the ceiling, the projector 13 receives an image signal on line
28 which is adjusted such that the image projected onto the
ceiling includes properly positioned layout information for
use by a worker standing on the platform of the lift 17. The
image signal on line 28 is provided by the processor 30, which
accesses the memory 32, in which the BIM data and building
plan images for the building are stored. As the operator 15
moves the scissor lift 17 about the building floor, the system
keeps track of the location and orientation of the projector 13,
altering the image projected by the projector 13 so that it
accurately positions the image of the layout information on
the ceiling. It will be appreciated that, if desired, the eight
cameras 102 may be replaced by a single camera having a 360
degree field of view.

[0051] As will be apparent, the embodiments disclosed
above permit a worker to perform construction operations
with little layout work on a ceiling surface, or other surface if
the projector were to be oriented for projection on a wall. A
worker positions a moveable support at a work position,
providing a projector on the moveable support. The system
determines the distance from the projector to the surface upon
which the layout information image is to be projected so that
the image can be focused and also properly sized. The image
is then projected onto the ceiling or other surface such that the
worker can use tools to work at locations defined by the
image. The location and orientation of the projector in the
building is determined so that the appropriate image can be
projected.

[0052] Animage may be projected onto a wall or a floor by
appropriately reorienting and positioning the projector. Alter-
natively, the image may be directed onto a wall or floor
surface without changing the upward-facing orientation of
the surface by interposing a mirror or prism optical arrange-
ment between the projector and the wall or floor surface. In
the event that an image reversal results from the reflection of
the projected image by the mirror or prism optical arrange-
ment, the original image projected by the projector may be
reversed so that a proper image is projected onto the surface.

[0053] Reference is made to FIG. 14 which shows diagram-
matically a pico projector 110 that projects an image 112 onto
a surface, such as ceiling 114. Associated with the projector
110 is a video camera 116 which has a field of view that
exceeds the size of the image 112 as projected onto surface
114. The processor of the system that provides the video
signal to projector 110 uses the output from the camera 116 to
compensate for any vibration of the projector 110 and shaking
of the projected image 112. It will be appreciated that the
camera 116 is associated with the projector 110 in the sense
that the two elements are joined together mechanically. Any
movement of the ceiling 114 sensed by the camera 116 is an
indication of movement of the camera 110. As a consequence,
the image 112 is caused to vibrate in the right direction,
frequency and amplitude to offset the movement of the image
112 that would otherwise result from the camera 110 vibrat-
ing. It will also be appreciated that the camera 116 canbe used
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to record video images of the surface 114, showing the “as-
built” arrangement of construction points on the surface and,
if desired, the projected image 112. This will highlight sig-
nificant discrepancies in the actual construction point loca-
tions.

[0054] Reference is made to FIG. 15 which shows the pro-
jector 110 projecting image 112 toward ceiling 114. If
required, the image 112 may be shifted laterally by inserting
an appropriate optical element 120, shown as an optical
wedge, in the projection path. If the optical element 120
induces image distortion, this can be offset by the appropriate
distortion of the image before it is shifted by the element 120.
[0055] It will be appreciate that in addition to projecting an
image on a building surface that indicates the location of
construction features associated with that particular surface,
the system may project an image that includes a wide variety
of additional information. The image may include represen-
tations of various items that will be located on the surface, as
well as information such as hole size and depth, torque to be
applied to a piece of hardware, and the like. Further, addi-
tional information may be projected onto the surface, such as
navigation of movement instructions.

[0056] It will also be appreciated that the projector system
may be used without a scissor lift. The projector will find
particularutility apart from a lift if the image is to be projected
on a surface, such as a wall, where workers may access much
of the surface unaided by a lift. The projector may also be
positioned on a number of other appropriate objects, such as
for example a tripod, a cart, a ladder, a boom lift or the like,
whether powered or manually moveable.

[0057] It will also be appreciated that the projector system
may be used with three laser distance measuring devices. By
using three such devices, the coordinates of three points on
the surface upon which the image is to be projected may be
determined. Assuming that the surface is planar, its orienta-
tion is precisely defined by the three points. This permits the
projector to be properly positioned so that the image is pro-
jected normal to the surface, or the image to be distorted to
compensate for projection at an oblique angle.

[0058] If desired, the image projected onto a building sur-
face, such as a wall or ceiling, may include a graphic repre-
sentation of a part that will be installed there, such as a wall
switch or ceiling fan. Further, installation and warning
instructions may also be provided as a part of the projected
image to assist the worker installing the part.

What is claimed is:

1. A system for projecting an image including layout infor-
mation on a surface in a building under construction, com-
prising:

a moveable support for supporting a worker at a work

position in a building under construction,

aprojector, mounted on the moveable support, for project-

ing an image on a surface above the moveable support in
response to an image signal defining the image to be
projected, said image indicating the location of connec-
tors, anchors, and holes to be affixed to, or cut through,
said surface,

a system for determining the two dimensional position and

orientation of the projector in the building,

a distance measuring system for determining the distance

from said projector to said surface,

a memory in which is stored building plan images for the

building, and
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a processor, responsive to said memory, to said distance
measuring system, and to said system for determining
the two dimensional position of the projector, for pro-
viding an image signal to said projector adjusted for the
two dimensional location of said projector and for the
distance from said projector to said surface.

2. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said distance measuring sys-
tem includes an electronic distance measuring system.

3. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises plurality of target reflectors posi-
tioned at known locations about the building and a laser
projector on said moveable support for directing a laser beam
at said target reflectors.

4. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a video camera on said moveable
support for observing the building interior and providing an
indication of the location of the projector to said processor.

5. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a laser distance measuring system at
a known position in said building for projecting a rotating
beam of laser light which sweeps across said moveable sup-
port and determines the distance and heading of said move-
able support from said known position.

6. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a laser distance measuring system
on said moveable support for projecting a rotating beam of
laser light which sweeps across said features at known posi-
tions in said building and determines the distance and heading
of' said features from said moveable support.

7. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said building has a plurality of
recognizable features at known locations, and in which said
system for determining the two dimensional position and
orientation of the projector in the building comprises a rotat-
ing video camera on said moveable support for taking video
images of said building from said moveable support and
determining the position of said projector based on the noted
directions of said features in said video images.

8. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 7, in which said rotating video camera on
said moveable support takes a plurality of still video images
of'said building interior from said moveable support with the
video camera facing in known directions for each such still
video image.

9. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 8, in which said rotating video camera on
said moveable support takes a continuous moving video
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image of said building interior from said moveable support
with the video camera facing in known directions for during
the taking of said continuous moving video image.

10. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said system for determining
the two dimensional position of the projector in the building
comprises a laser distance measuring device and transmitter
for directing a laser beam at a pair of targets positioned on
pillars in the building at known locations.

11. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a tracking camera mounted on said
moveable support, and a rotation system for rotating said
camera, keeping track of the direction in which said camera
faces as said camera keeps a predetermined building feature
in view.

12. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 1, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises

atracking camera mounted on said moveable support, and

a rotation system for rotating said camera, keeping track
of'the direction in which said camera faces as said cam-
era keeps a predetermined building feature in view, and

a laser distance measuring device and transmitter for

directing a laser beam at a pair of targets positioned on
pillars in the building at known locations.

13. A system for projecting an image including layout
information on a surface in a building under construction,
comprising:

a moveable support for supporting a worker at a work

position in a building under construction,

aprojector, mounted on the moveable support, for project-

ing an image on a surface above the moveable support in
response to an image signal defining the image to be
projected, said image indicating the location of connec-
tors, anchors, and holes to be affixed to or cut through
said surface,

a distance measuring system for determining the distance

from said projector to said surface,

a memory having stored therein the building plan images

for the building, and

aprocessor, responsive to said memory and to said distance

measuring system, for determining the two dimensional
position and orientation of the projector, for providing
an image signal to said projector adjusted for the two
dimensional location of said projector and for the dis-
tance from said projector to said surface.

14. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 13, comprising:

a manual input for inputting the two dimensional location

and orientation of said moveable support.

15. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 13, in which said projector, mounted on
the moveable support, comprises a pico projector for project-
ing an image on the ceiling above the moveable support, said
image indicating the location of connectors, anchors, and
holes to be affixed to or cut through said surface.
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16. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 13, in which said distance measuring
system for determining the distance from said projector to
said surface comprises a laser distance measuring system.

17. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 16, in which said distance measuring
system determines the distance to a plurality of points spaced
about the ceiling surface, and in which said processor adjusts
the image projected by said projector to compensate for an
inclination of said ceiling surface.

18. A method for projecting an image including layout
information on a surface in a building under construction,
comprising the steps of:

providing a moveable support for supporting a worker at a
work position,

providing a projector on said moveable support,

determining the distance from said projector to said sur-
face, and

projecting an image from said projector onto the ceiling
above the worker such that the worker may use tools to
work at locations defined by the image on the ceiling.

19. The method for projecting an image including layout
information on a surface in a building under construction
according to claim 18, including the step of determining the
position of the moveable support in the building such that an
appropriate image for the position is projected onto the ceil-
ing.

20. The method for projecting an image including layout
information on a surface in a building under construction
according to claim 18, in which the step of determining the
distance from said projector to said surface includes the step
of using a laser distance measuring device to determine the
distance from said projector to said surface.

21. A system for projecting an image including layout
information on a surface in a building under construction,
comprising:

a projector for projecting an image on a surface in the
building in response to an image signal defining the
image to be projected, said image indicating the location
of construction features on said surface,

a system for determining the two dimensional position and
orientation of the projector in the building,

a distance measuring system for determining the distance
from said projector to said surface,

a memory in which is stored building plan images for the
building, and

a processor, responsive to said memory, to said distance
measuring system, and to said system for determining
the two dimensional position and orientation of the pro-
jector, for providing an image signal to said projector
adjusted for the two dimensional location of said pro-
jector and for the distance from said projector to said
surface.

22. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said distance measuring
system includes an electronic distance measuring system.

23. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises plurality of target reflectors posi-
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tioned at known locations about the building and a laser
projector associated with said projector for directing a laser
beam at said target reflectors.

24. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a video camera associated with said
projector for observing the building interior and providing an
indication of the location of the projector to said processor.

25. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a laser distance measuring system at
a known position in said building for projecting a rotating
beam of laser light which sweeps across said projector and
determines the distance and heading of said projector from
said known position.

26. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a laser distance measuring system
associated with said projector for projecting a rotating beam
of laser light which sweeps across said features at known
positions in said building and determines the distance and
heading of said features from said projector.

27. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said building has a plurality
of recognizable features at known locations, and in which
said system for determining the two dimensional position and
orientation of the projector in the building comprises a rotat-
ing video camera associated with said projector for taking
video images of said building and determining the position of
said projector based on the noted directions of said features in
said video images.

28. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 27, in which said rotating video camera
takes a plurality of still video images of said building interior
with the video camera facing in known directions for each
such still video image.

29. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 27, in which said rotating video camera
takes a continuous moving video image of said building inte-
rior from said projector with the video camera facing in
known directions for during the taking of said continuous
moving video image.

30. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a laser distance measuring device
and transmitter for directing a laser beam at a pair of targets
positioned on pillars in the building at known locations.

31. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises a tracking camera associated with
said projector, and a rotation system for rotating said camera,
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keeping track of the direction in which said camera faces as
said camera keeps a predetermined building feature in view.

32. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 21, in which said system for determining
the two dimensional position and orientation of the projector
in the building comprises

a tracking camera associated with said projector, and a
rotation system for rotating said camera, keeping track
of the direction in which said camera faces as said cam-
era keeps a predetermined building feature in view, and

a laser distance measuring device and transmitter for
directing a laser beam at a pair of targets positioned on
pillars in the building at known locations.

33. A system for projecting an image including layout
information on a surface in a building under construction,
comprising:

a projector for projecting an image on a surface in the
building in response to an image signal defining the
image to be projected, said image indicating the location
of construction features on said surface,

a distance measuring system for determining the distance
from said projector to said surface,

a memory having stored therein the building plan images
for the building, and

aprocessor, responsive to said memory and to said distance
measuring system, for determining the two dimensional
position and orientation of the projector, for providing
an image signal to said projector adjusted for the two
dimensional location of said projector and for the dis-
tance from said projector to said surface.

34. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 33, comprising:

a manual input for inputting the two dimensional location

and orientation of said projector.

35. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 33, in which said projector comprises a
pico projector for projecting an image on a building surface.

36. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 33, in which said distance measuring
system for determining the distance from said projector to
said surface comprises a laser distance measuring system.

37. The system for projecting an image including layout
information on a surface in a building under construction
according to claim 36, in which said distance measuring
system determines the distance to a plurality of points spaced
about building surface, and in which said processor adjusts
the image projected by said projector to compensate for the
orientation of said building surface.

38. A method for projecting an image including layout
information on a surface in a building under construction,
comprising the steps of:

providing a projector in said building,

determining the distance from said projector to said build-
ing surface, and

projecting an image from said projector onto the building
surface such that a worker may use tools to work at
locations defined by the image on the building surface.

39. The method for projecting an image including layout
information on a surface in a building under construction
according to claim 38, including the step of determining the
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position and orientation of the projector in the building such
that an appropriate image for the position is projected onto the
surface.

40. The method for projecting an image including layout
information on a surface in a building under construction
according to claim 38, in which the step of determining the
distance from said projector to said surface includes the step
of using a laser distance measuring device to determine the
distance from said projector to said surface.
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