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1
FLOOR PLAN EXTRACTION

FIELD OF INVENTION

The present disclosure relates to creating floor plans and
models of a building; more specifically, but not exclusively,
the present disclosure relates to creating connected floor
plans using an imperfect floor plan scan.

BACKGROUND

People have long attempted to create floor plans using
techniques more automated than using a measuring tape and
graph paper. Scanning systems have been created using
depth detection and ranging that create a point cloud of
assorted surfaces within a building. However, turning the
point clouds into understandable floor plans is a very com-
plex problem. The concept of a floor plan seems intuitive,
but it is difficult to define rigorously. For example, a defi-
nition such as “walkable area with all furniture removed” is
insufficient because structures that are not a portion of the
floor plan, such as cabinets, fireplaces, steps, etc would all
be included. To show the difficulty, a vertical slice of 3-D
geometry that was generated from a LiDAR depth scanner
is shown in FIG. 1 at 100. Notice that some lines are walls,
e.g., 105, while others are noise, e.g., 110. In this slice, one
can probably deduce the lines which make up the floor plan,
but doing so implicitly uses prior knowledge of how build-
ings are constructed. This experience helps our brain ignore
superfluous information and insert missing details. Further-
more, the decision of what the floor plan is not based on
geometry alone; rather, It includes an understanding of how
the space is used (its purpose) and what the person deems
important at that time. Floor plan definition is often in terms
of use or aesthetic, rather than geometry. For example,
whether adjacent areas are considered separate rooms or not
may require human input. As another example, is a fireplace
part of a floor plan outline? It may be a fundamental part of
the structure, but someone may still draw the floor plan
without it. For these and other reasons, though it appears that
a human, knowing what the floor plan should look like,
could draw in the missing gaps, as shown in FIG. 2 at 200,
it is a very difficult job for a computer. Previous implemen-
tations have been slow and laborious, to the extent that the
complex modeling allowed may take a significant number of
computer hours to perform, and still require human inter-
vention. These processes also require mastery of complex,
technical steps that may take years to master. It would be of
benefit to be able to generate a floor plan automatically in a
short time, with intuitive user input when needed.

SUMMARY

A brief summary of various embodiment is presented
below. Some simplifications and omissions may be made in
the following summary, which is intended to highlight and
introduce some aspects of the various embodiments, but not
to limit the scope of embodiments described herein. Detailed
descriptions of embodiments adequate to allow those of
ordinary skill in the art to make and use the inventive
concepts will follow in later sections.

Embodiments include a method for extracting a floor plan
from an imperfect floor plan scan composed of known line
segments, comprising using a processor to generate a more-
optimized floor plan; displaying, by a user device with 3-D
depth scanner and a 2-D camera, the more-optimized floor
plan; receiving feedback indicative of accuracy of the more-
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optimized floor plan by use of the 3-D depth scanner and the
2-D camera; and in response to the feedback, using the
processor to adjust the more-optimized floor plan based on
the feedback.

The method may include receiving feedback indicative of
accuracy of the floor plan comprises receiving a wall mark-
ing from a reading from the 3-D depth scanner and the 2-D
camera, the wall marking comprising multiple positions and
multiple orientations of a location in 2-D and 3-D, the wall
marking indicated on the user device by a user.

The method may also include processing multiple posi-
tions and multiple orientations of a location in 2-D and 3-D
to determine a directed line segment, with the directed line
segment being added to the known line segments.

The method may include the processor processes the
multiple positions and multiple orientations of a location in
2-D and 3-D to determine a directed line segment further
comprises using both depth scanner measurements and
camera measurements to determine an average of the mul-
tiple positions and the multiple orientations.

The method may include for each line segment within the
known line segments, extending the line segment by a
known amount creating an extended line segment associated
with the line segment with a same orientation, and creating
a second line segment of a second size perpendicular to and
touching the line segment; adding the extended line segment
and the second line segment to a set of extended line
segments; for each two extended line segments within the
set of extended line segments, adding intersections whose
line segment orientations are similar to a set of intersections,
and finding a possible edge path between two line segments
associated with the extended line segments; creating a cost
graph comprising a vertex set and an edge set, wherein the
vertex set comprises vertices representing a midpoint of
each line segment, and wherein the edge set comprises
edges, each edge comprising an intersection within the set of
possible intersections, a starting vertex of the intersection,
an ending vertex of the intersection and a cost, wherein the
cost includes length from the starting vertex to the ending
vertex and aesthetic costs; and iteratively: in the cost graph,
choose an edge with a lowest cost, giving a chosen edge; add
the chosen edge to a floor plan graph; and delete each edge
with the starting vertex equal to the chosen edge starting
vertex; until the floor plan graph forms a loop.

The method may include adding the chosen edge to the
floor plan graph comprises adding the possible edge path
between the two line segments to the floor plan graph.

The method of finding a possible end path may include:
determining a first angle between two nearest ends of the
two line segments; determining a second angle between a far
end of a first of the two line segments and a far end of a
second of the two line segments; and when the first angle is
below a first threshold amount and the second angle is below
a second threshold amount joining the first of the two line
segments and the second of the two line segments.

The method may include when the first angle is above the
first threshold amount or the second line segment is above
the second threshold amount then zig-zagging the two line
segments.

The method may include when zigzagging the two line
segments, creating a new line segment perpendicular to and
between the first of the two line segments and extending a
near end of the two line segments to the new line segment.

The method may include a weighting value being added
to the cost.

Embodiments also include a system for extracting a floor
plan from an imperfect floor plan scan composed of line
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segments, the system comprising: a memory; a processor in
operable communication with the memory, and a LiDAR-
enabled user device with a display, the processor configured
to for extracting a floor plan from an imperfect floor plan
scan composed of known line segments, comprising: gen-
erating a more-optimized floor plan by applying a heuristic
to the imperfect floor plan scan; displaying, by the LiDAR-
enabled user device, the more-optimized floor plan; receiv-
ing feedback from a user using the LiDAR-enabled user
device indicative of accuracy of the floor plan; and in
response to the feedback, adjusting the more-optimized floor
plan based on the feedback.

A line segment in the system may include an orientation,
and the known line segments may include line segments.

Applying a heuristic to the imperfect floor plan scan
within the system may include: for each line segment within
the known line segments, extending the line segment by a
known amount creating an extended line segment associated
with the line segment with a same orientation, and creating
a second line segment of a second size perpendicular to and
touching the line segment; adding the extended line segment
and the second line segment to a set of extended line
segments; for each two extended line segments within the
set of extended line segments, adding possible intersections
whose line segment orientations associated with the
extended line segments are similar to a set of possible
intersections, and finding a possible edge path between two
line segments associated with the extended line segments;
creating a cost graph comprising a vertex set and an edge set,
wherein the vertex set comprises vertices representing a
midpoint of each line segment, and wherein the edge set
comprises edges, each edge comprising an intersection
within the set of possible intersections, a starting vertex of
the intersection, an ending vertex of the intersection and a
cost, wherein the cost includes length from the starting
vertex to the ending vertex and aesthetic costs; and itera-
tively: in the cost graph, choose an edge with a lowest cost,
giving a chosen edge; adding the chosen edge to a floor plan
graph; and deleting each edge with the starting vertex equal
to the chosen edge starting vertex; until the floor plan graph
forms a loop.

Receiving feedback from a user using the LiDAR-enabled
user device indicative of accuracy of the floor plan within
the system comprises the display showing a portion of a
structure corresponding to the imperfect floor plan scan, and
receiving a purposeful mark made on the display.

The processor may processes the purposeful mark to
create a directed line segment, and may add the directed line
segment to the known line segments

The processor adjusting the optimized floor plan based on
display may involve regenerating the optimized floor plan.

Embodiments also include a non-transitory machine-read-
able storage medium configured with data and instructions
which upon execution by at least one processor cause one or
more devices to perform a method of extracting a floor plan
from an imperfect floor plan scan composed of known line
segments, the method comprising: using a processor to
generate an optimized floor plan by applying a heuristic to
the imperfect floor plan scan; displaying, by a LiDAR-
enabled user device, the optimized floor plan; receiving
feedback indicative of accuracy of the floor plan by use of
the LiDAR-enabled user device; and in response to the
feedback, using the processor to adjust the optimized floor
plan based on the feedback.

Embodiments of the non-transitory storage medium also
include: for each line segment within the known line seg-
ments, extending the line segment by a known amount
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creating an extended line segment associated with the line
segment with a same orientation, and creating a second line
segment of a second size perpendicular to and touching the
line segment; adding the extended line segment and the
second line segment to a set of extended line segments; for
each two extended line segments within the set of extended
line segments, adding possible intersections, whose line
segment orientations associated with the extended line seg-
ments are similar, to a set of possible intersections, and
finding a possible edge path between two line segments
associated with the extended line segments; create a cost
graph comprising a vertex set and an edge set, wherein the
vertex set comprises vertices representing a midpoint of
each line segment, and wherein the edge set comprises
edges, each edge comprising an intersection within the set of
possible intersections, a starting vertex of the intersection,
an ending vertex of the intersection and a cost, wherein the
cost includes length from the starting vertex to the ending
vertex and aesthetic costs; and iteratively: in the cost graph,
choose an edge with a lowest cost, giving a chosen edge; add
the chosen edge to a floor plan graph; and delete each edge
with the starting vertex equal to the chosen edge starting
vertex; until the floor plan graph forms a loop.

Embodiments of the non-transitory storage medium also
include the LiDAR-enabled user device further comprising
a display, and receiving feedback from a user using the
LiDAR-enabled user device indicative of accuracy of the
floor plan comprises the display showing a portion of a
structure corresponding to the imperfect floor plan scan, and
receiving a purposeful mark made on the display.

Embodiments of the non-transitory storage medium also
include the optimized floor plan being used to modify
equipment location at a location represented by the imper-
fect floor plan scan.

These, and other, aspects of the invention will be better
appreciated and understood when considered in conjunction
with the following description and the accompanying draw-
ings. The following description, while indicating various
embodiments and numerous specific details thereof, is given
by way of illustration and not of limitation. Many substitu-
tions, modifications, additions or rearrangements may be
made within the scope of the embodiments, and the embodi-
ments includes all such substitutions, modifications, addi-
tions or rearrangements.

BRIEF DESCRIPTION OF THE FIGURES

Non-limiting and non-exhaustive embodiments of the
present embodiments are described with reference to the
following FIGURES, wherein:

FIG. 1 illustrates an example of an imperfect floor plan
scan,

FIG. 2 illustrates an example of the imperfect floor plan
scan of FIG. 1 that has had a more accurate floor plan
extracted;

FIG. 3 illustrates a generalized example of a suitable
computing environment 300 in which described embodi-
ments may be implemented;

FIG. 4A illustrates an example of a diagram of the back
of an example camera and depth detection device that may
be used in some described embodiments;

FIG. 4B illustrates an example of a diagram of the front
of an example camera and depth detection device that may
be used in some described embodiments;

FIG. 5 illustrates an example of a 2-D line segment with
position and direction/orientation;
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FIG. 6 illustrates an example of an imperfect floor scan
made out of 2-dimensional line segments;

FIG. 7 illustrates an example of a method for extracting
an optimized floor plan from an imperfect floor plan accord-
ing to certain described embodiments;

FIG. 8 illustrates an example of a display that may be
found on the display screen of a depth scanner/camera
device showing the optimized floor plan;

FIG. 9 illustrates an example of a display that may be
found on the display screen of a depth scanner/camera
device showing the optimized floor plan;

FIGS. 10A and 10B illustrate examples of a flowchart that
describes receiving feedback and adjusting the optimized
floor plan based on the feedback;

FIG. 11 illustrates an example of known line segments in
graphical form that can be connected to form a floor plan;

FIG. 12 illustrates an example of the line segments of
FIG. 11 being extended some amounts;

FIG. 13 at 1300 illustrates an example of a perpendicular
line drawn between two line segments;

FIG. 14 illustrates an example of a graph that is a possible
set of intersections through the line segments of FIG. 11;

FIG. 15 illustrates a graph that describes exponential
time;

FIG. 16 illustrates an example of the edge with the lowest
cost in FIG. 14 having being joined;

FIG. 17 illustrates the vertex-edge diagram of FIG. 16
after a second segment-intersection set has been chosen;

FIG. 18 illustrates the cost graph shown in FIG. 14 with
the optimized floor plan outlined.

FIG. 19 illustrates an example of a flowchart that
describes performing a join.

FIGS. 20-22 illustrate examples of performing a join
using a straight line.

FIGS. 23 and 24 illustrate examples of performing a join
using a zigzag;

FIG. 25 illustrates an example of a floorplan that has
failed to form a loop;

FIG. 26 illustrates an example of a floorplan portion that
has failed to form a loop;

FIG. 27 illustrates an example of an intersection of a
floorplan portion that has failed to form a loop;

FIG. 28 illustrates an example of two segments that may
join,

FIG. 29 illustrates an example of two segments that may
not join.

DETAILED DESCRIPTION

Disclosed below are representative embodiments of meth-
ods, non-transient machine-readable media, and systems
having particular applicability to systems and methods for
creating better floorplans from imperfect floorplan scans.
Described embodiments implement one or more of the
described technologies.

In the following description, numerous specific details are
set forth in order to provide a thorough understanding of the
present embodiments. It will be apparent, however, to one
having ordinary skill in the art that the specific detail need
not be employed to practice the present embodiments. In
other instances, well-known materials or methods have not
been described in detail in order to avoid obscuring the
present embodiments. “One embodiment”, “an embodi-
ment”, “one example” or “an example” means that a par-
ticular feature, structure or characteristic described in con-
nection with the embodiment or example is included in at
least one embodiment of the present embodiments. Thus,
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LTI 134

appearances of the phrases “in one embodiment”, “in an
embodiment”, “one example” or “an example” in various
places throughout this specification are not necessarily all
referring to the same embodiment or example. Modifica-
tions, additions, or omissions may be made to the systems,
apparatuses, and methods described herein without depart-
ing from the scope of the disclosure. For example, the
components of the systems and apparatuses may be inte-
grated or separated. Moreover, the operations of the systems
and apparatuses disclosed herein may be performed by
more, fewer, or other components and the methods described
may include more, fewer, or other steps. Additionally, steps
may be performed in any suitable order.

For convenience, the present disclosure may be described
using relative terms including, for example, left, right, top,
bottom, front, back, upper, lower, up, and down, as well as
others. It is to be understood that these terms are merely used
for illustrative purposes and are not meant to be limiting in
any manner.

In addition, it is appreciated that the figures provided
herewith are for explanation purposes to persons ordinarily
skilled in the art and that the drawings are not necessarily
drawn to scale. To aid the Patent Office and any readers of
any patent issued on this application in interpreting the
claims appended hereto, applicants wish to note that they do
not intend any of the appended claims or claim elements to
invoke 35 U.S.C. 112(f) unless the words “means for” or
“step for” are explicitly used in the particular claim.

Embodiments in accordance with the present embodi-
ments may be implemented as an apparatus, method, or
computer program product. Accordingly, the present
embodiments may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.), or an
embodiment combining software and hardware aspects that
may be referred to as a “system.” Furthermore, the present
embodiments may take the form of a computer program
product embodied in any tangible medium of expression
having computer-usable program code embodied in the
medium.

Any combination of one or more machine-usable or
machine-readable media may be utilized. For example, a
machine-readable medium may include one or more of a
portable computer diskette, a hard disk, a random access
memory (RAM) device, a read-only memory (ROM) device,
an erasable programmable read-only memory (EPROM or
Flash memory) device, a portable compact disc read-only
memory (CDROM), an optical storage device, or a magnetic
storage device. Computer program code for carrying out
operations of the present embodiments may be written in
any combination of one or more programming languages.

The flowchart and block diagrams in the flow diagrams
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present embodiments. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of code, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). It will also be noted that each block of the
block diagrams and/or flowchart illustrations, and combina-
tions of blocks in the block diagrams and/or flowchart
illustrations, may be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts, or combinations of special purpose hardware and
computer instructions. These computer program instructions
may also be stored in a machine-readable medium that can
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direct a computer or other programmable data processing
apparatus to function in a particular manner, such that the
instructions stored in the machine-readable medium produce
an article of manufacture including instruction means which
implement the function/act specified in the flowchart and/or
block diagram block or blocks.

As used herein, the terms “comprises,” “comprising,”
“includes,” “including,” “has,” “having,” or any other varia-
tion thereof, are intended to cover a non-exclusive inclusion.
For example, a process, article, or apparatus that comprises
a list of elements is not necessarily limited to only those
elements but may include other elements not expressly listed
or inherent to such process, article, or apparatus.

Further, unless expressly stated to the contrary, “or” refers
to an inclusive or and not to an exclusive or. For example,
a condition A or B is satisfied by any one of the following:
A s true (or present) and B is false (or not present), A is false
(or not present) and B is true (or present), and both A and B
are true (or present). “Program” is used broadly herein, to
include applications, kernels, drivers, interrupt handlers,
firmware, state machines, libraries, and other code written
by programmers (who are also referred to as developers)
and/or automatically generated. “Optimize” means to
improve, not necessarily to perfect. For example, it may be
possible to make further improvements in a program or an
algorithm which has been optimized.

Additionally, any examples or illustrations given herein
are not to be regarded in any way as restrictions on, limits
to, or express definitions of any term or terms with which
they are utilized. Instead, these examples or illustrations are
to be regarded as being described with respect to one
particular embodiment and as being illustrative only. Those
of ordinary skill in the art will appreciate that any term or
terms with which these examples or illustrations are utilized
will encompass other embodiments which may or may not
be given therewith or elsewhere in the specification and all
such embodiments are intended to be included within the
scope of that term or terms. Language designating such
non-limiting examples and illustrations includes, but is not
limited to: “for example,” “for instance,” “e.g.,” and “in one
embodiment.”

The technical character of embodiments described herein
will be apparent to one of ordinary skill in the art, and will
also be apparent in several ways to a wide range of attentive
readers. Some embodiments address technical activities that
are rooted in computing technology, such as creating floor-
plans from 3-D point clouds using much more efficient
computing techniques which use much less processing
power and much less computer time. Other advantages
based on the technical characteristics of the teachings will
also be apparent to one of skill from the description pro-
vided.

2 <

1. Overview

A rough floor plan may be created by using floor plan
detection such as augmented Reality AR/LiDAR (Aug-
mented Reality/Light Detection And Ranging) which allows
capture of a detailed cloud of 3-D points, with reasonable
accuracy and precision, in real-time, by walking through a
building and surveying the area with a camera/depth scanner
device. This cloud of 3-D points may be automatically
structured to create a 3-D mesh. A set of 2D line segments
summarizing the key structures and shape of the mesh can
be extracted as described in patent application Ser. No.
17/459,084, filed on Sep. 15, 2021, hereby incorporated by
reference herein in full for all purposes. With reference to
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FIG. 1 at 100, even the best LiDAR representations often
include small errors. According to various embodiments, a
3-D point cloud, or 3-D mesh, of an environment is captured
using a depth measuring system, such as LiDAR, simulta-
neously with the same environment being captured in a 2-D
Artificial Reality (AR) environment. Various embodiments
then use a combination of user inputs and machine learning
to place annotations on the AR environment. These anno-
tations are placed using 2-D coordinates from the 3-D
LiDAR system. Looking at FIG. 1, it may appear that closest
neighbor lines could just be intersected, but the problem may
be much more computationally challenging. The goal is to
draw a set of paths that describes the outline of each room.
To do so, a path through the graph that visits each vertex
exactly once must be determined. However, this is known as
the Hamiltonian path problem and is NP-Complete. A
closely related problem that might be used to determine the
floor plan is the “longest path in a graph problem.” Although
this approach may avoid shortcuts, and theoretically take
less time, it is still NP-Hard. Thus, neither method will
create a connected floor plan in any sort of reasonable time
that could be possibly used.

Since a theoretical result is not currently practically
computable, various embodiments disclosed here describe
systems and methods to improve an imperfect floorplan
scan. The floor plan is built up wall by wall using a user-held
LiDAR device with a display screen. The user scans the
room, and puts marks on the display screen that show wall
locations. As a new wall is determined by the user mark,
LiDAR calculations, and the heuristic, the user is given a
look at the current floor plan. When the floor plan shows an
error, the user may place another mark to more exactly
specify a wall location. This makes creating the floor plan
possible, when before, the calculations required too much
computer power and too much time to effectively perform.
There is another solution to this problem where user drops
a pin at each corner of a room, however the pin annotations
must be placed in order as one goes around the room. It’s
like trying to wrap a string or ribbon around the room; if a
pin is missed, the process must be started over from the
beginning.

A distinct advantage of our approach is that the user can
place markings in any order. If they are given feedback to
show the previous placement was insufficient, the just add
more. This is much more interactive whereas the “pin
dropping” requires quite a bit of prior planning.

FIG. 3 illustrates a generalized example of a suitable
machine environment 300 in which described embodiments
may be implemented. The machine environment 300 is not
intended to suggest any limitation as to scope of use or
functionality of the disclosure, as the present disclosure may
be implemented in diverse general-purpose or special-pur-
pose machine environments.

With reference to FIG. 3, the core processing is indicated
by the core processing 330 box. The machine environment
300 includes at least one central processing unit 310, a GPU
315, and memory 320. The central processing unit 310
executes machine-executable instructions and may be a real
or a virtual processor. The memory 320 may be volatile
memory (e.g., registers, cache, RAM), non-volatile memory
(e.g., ROM, EEPROM, flash memory, etc.), or some com-
bination of the two. The memory 320 stores software 385
implementing the described methods of extracting floor
plans from imperfect floor plan scans.

A machine environment may have additional features. For
example, the machine environment 300 includes storage 340
and communication connections 370, which may include
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one or more input/output devices 350, one or more network
connections (e.g., wired, wireless, etc.) 360 as well as other
communication connections (not shown). Communication
connections 370 may include one or more wireless trans-
ceivers for performing wireless communication and/or one
or more communication ports for performing wired com-
munication. In embodiments, communication device 370
may be configured to receive captured building features
using 2D and 3D sensors. The input/output devices may
comprise a two-dimensional camera 352. A depth sensor
354, such as a LiDAR (Light Detection And Ranging)
system may also be included, as well as a touchscreen 356,
which allows users to enter information, and for pictorial
information, etc., to be displayed. An interconnection
mechanism (not shown) such as a bus, controller, or network
interconnects the components of the machine environment
300. Typically, operating system software (not shown) pro-
vides an operating environment for other software executing
in the machine environment 300, and coordinates activities
of the components of the machine environment 300. A
computing system within the machine environment may
also be distributed; running portions of the software 385 on
different CPUs. For example, in some embodiments, por-
tions of the software 385 may run on a device colocated with
the depth sensor 354 or touchscreen 356 while other portions
of the software may run on a separate server or virtual
machine (not shown) accessible via the network connections
360.

The storage 340 may be removable or non-removable,
and includes magnetic disks, magnetic tapes or cassettes,
CD-ROMs, CD-RWs, DVDs, flash drives, or any other
medium which can be used to store information and which
can be accessed within the machine environment 300. The
storage 340 stores instructions for the software, such as
region of interest detection software 385 to implement
methods of extracting floor plans from imperfect floor plan
scans.

The input device(s) 350 may be a device that allows a user
or another device to communicate with the machine envi-
ronment 300, such as a touch input device such as a
keyboard, a camera 352, a depth measurement system 354
such as a LIDAR system, a microphone, mouse, pen, or
trackball, a scanning device, a touchscreen 356, or another
device that provides input to the machine environment 300.
For audio, the input device(s) 350 may be a sound card or
similar device that accepts audio input in analog or digital
form, or a CD-ROM reader that provides audio samples to
the machine environment. The output device(s) 350 may be
a touchscreen, display, printer, speaker, CD-writer, or
another device that provides output from the machine envi-
ronment 300. A Compass/Magnometer 390 may be included
which may allow the device to determine which direction
pictures are taken with the camera 352 and Depth Sensor
354.

The communication connection(s) 370 enable communi-
cation over a communication medium to another computing/
machine entity. The communication medium conveys infor-
mation such as machine-executable instructions,
compressed graphics information, or other data in a modu-
lated data signal. Communication connections 370 may
comprise input/output devices 350, and input/output devices
that allows a client device to communicate with another
device over network 360. A communication device may
include one or more wireless transceivers for performing
wireless communication and/or one or more communication
ports for performing wired communication. These connec-
tions may include network connections, which may be a
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wired or wireless network such as the Internet, an intranet,
a LAN, a WAN, a cellular network or another type of
network. It will be understood that network 360 may be a
combination of multiple different kinds of wired or wireless
networks. The network 360 may be a distributed network,
with multiple computers, which might be building control-
lers acting in tandem. A computing connection 370 may be
a portable communications device such as a wireless hand-
held device, a cell phone device, and so on.

Machine-readable media are any available non-transient
tangible media that can be accessed within a machine
environment. By way of example, and not limitation, with
the machine environment 300, machine-readable media
include memory 320, storage 340, communication media,
and combinations of any of the above. Machine-readable
storage media 365 which may be used to store instructions
375 and data 380. Data sources may be computing devices,
such as general hardware platform servers configured to
receive and transmit information over the communications
connections 370. The machine environment 300 may be an
electrical controller that is directly connected to various
resources, such as HVAC resources, and which has CPU
310, a GPU 315, Memory 320, input devices 350, commu-
nication connections 370, and/or other features shown in the
machine environment 300. The machine environment 300
may be a series of distributed computers. These distributed
computers may comprise a series of connected electrical
controllers.

Although the operations of some of the disclosed methods
are described in a particular, sequential order for convenient
presentation, it should be understood that this manner of
description encompasses rearrangement, unless a particular
ordering is required by specific language set forth below. For
example, operations described sequentially can be rear-
ranged or performed concurrently. Moreover, for the sake of
simplicity, the attached figures may not show the various
ways in which the disclosed methods, apparatus, and sys-
tems can be used in conjunction with other methods, appa-
ratus, and systems. Additionally, the description sometimes
uses terms like “determine,” “build,” and “identify” to
describe the disclosed technology. These terms are high-
level abstractions of the actual operations that are per-
formed. The actual operations that correspond to these terms
will vary depending on the particular implementation and
are readily discernible by one of ordinary skill in the art.

Further, data produced from any of the disclosed methods
can be created, updated, or stored on tangible machine-
readable media (e.g., tangible machine-readable media, such
as one or more CDs, volatile memory components (such as
DRAM or SRAM), or nonvolatile memory components
(such as hard drives) using a variety of different data
structures or formats. Such data can be created or updated at
a local computer or over a network (e.g., by a server
computer), or stored and accessed in a cloud computing
environment.

FIGS. 4A at 400A and 4B at 400B illustrate examples of
the back and front of an example user device with a depth
scanner and a camera. Systems and methods as described
herein may be implemented using a mobile phone 400A,
another portable computing device, or a computing device
with a 2-D camera 405A and a depth scanner 410A. In some
embodiments, the system includes a user input device. This
user input/output device may be a touchscreen 405B. The
user input device may be associated with a different device
than the one that houses the depth scanner and the camera.

To capture a space, in some embodiments, a user walks
around pointing a device with both a camera and a depth
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scanner (e.g., FIG. 4A, 4B) at areas within the space, from
multiple perspectives. A 3-D cloud scan may be created by
using a LiDAR depth scanner. Augmented Reality AR/Li-
DAR (Augmented Reality/Light Detection And Ranging)
allows capture of a detailed cloud of 3-D points, with
reasonable accuracy and precision, in real-time, as someone
walks through a building and surveying the area with the
2-D/3-D scanner. This cloud of 3-D points may be auto-
matically structured, to a certain extent, to create a 3-D
mesh. However, a representative LiDAR mesh appears as
unstructured “triangle soup” with a lot of noise and artifacts
making it very difficult to discern the important aspects of
the scene, such as a wall from furniture, appliances, and
other material present. Furthermore, the amount of raw
detail makes it difficult to extract regions of interest such as
walls, windows, doors, etc. For example buildings contain
many flat “wall-like” surfaces which are not walls, such as
cupboards, bookshelves, desks, etc., making it difficult to
determine a geometric criteria for designating a wall from
things that are not a wall. The definition of these features
heavily depends on context.

FIG. 5 at 500 illustrates an example of a 2-D line segment
505 with an orientation (direction) 510 that is used to create
optimized floor plans. Here the orientation is at one end, but
the orientation may be anywhere along the line segment.
One way to create an imperfect floor scan is to capture the
3-D environment, while intelligently detecting features
which are not part of the floor plan. A 3-D point cloud, or
3-D mesh of the environment, may be captured using a depth
measuring system, such as LiDAR, simultaneously with the
same environment being captured in a 2-D Artificial Reality
(AR) environment. The two dimensional capture from the
camera presents a representation of the 3-D depth geometry,
using a transformation of two dimensions of the three
dimensional grid. The transformation may be provided by
software associated with the camera, the depth scanner, or
both. This scan includes relevant reading from sensors
including orientation and compass direction. A user may
place annotations on a display in an area indicating a wall,
the indication in 2-D. A pre-trained machine learning algo-
rithm may then be used to place the annotation made by the
user within the 3-D mesh environment. The annotations act
as hints to identify the general location of features the user
cares about, such as, in this case, walls. The placement of the
annotations may not indicate exactly where a feature is
located; rather they may suggest general areas to look for in
the 3-D mesh to find the feature of interest. Once the 3-D
mesh has been completed, in both real-time preview and in
a post-processing step, the 2-D annotations are transformed
into specific locations in the 3-D space, locating the 2-D
annotation and the orientation. The transformation may
comprise, in part, averaging the locations in 3-D space,
averaging the locations in 2-D space, or a combination of the
two. In some instances, the placement is delayed until
post-processing, which allows significant improvements in
accuracy and consistency. The area around the 3-D scan
annotation, which may be mesh faces within a 3-D mesh, is
checked for mesh faces with a similar orientation to the
mesh face at the 3-D scan annotation. These mesh faces may
be adjacent mesh faces. When an adjacent mesh face with a
similar orientation is discovered, adjacent faces to this
discovered mesh face may be checked, and so on. These
mesh faces with a similar orientation are then marked as a
portion of the region of interest. Once a portion of the region
of interest has been discovered, this may be determined to be
a wall floor plan portion. This wall floor plan portion may be
flattened into a 2-D marker 500 by flattening the marker such
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that the flattened portion runs parallel to the floor. An
imperfect floor plan, such as that shown in FIG. 1 may be
calculated by the compass and other orientations automati-
cally determined by the 2-D camera and LiDAR created 3-D
scan.

Such a system of creating an imperfect floor plan and
locating annotations is disclosed in U.S. patent application
Ser. No. 17/459,084, filed on Sep. 15, 2021, and which is
hereby incorporated by reference in its entirety for all
purposes. FIG. 6 at 600 illustrates an example of a graphical
representation of a set of known 2-dimensional segments
605 with position and orientation 610 that might describe an
imperfect floor plan such as used herein. The imperfect floor
plan contains gaps 615 that should be closed to create a more
useable floor plan.

II. Embodiments

With reference to FIG. 7, a flow chart 700 describes a
method that may be used by the device in embodiments
disclosed herein. The operations of method 700 presented
below are intended to be illustrative. In some embodiments,
method 700 may be accomplished with one or more addi-
tional operations not described, and/or without one or more
of the operations discussed. Additionally, the order in which
the operations of method 700 are illustrated in FIG. 7 and
described below is not intended to be limiting.

In some embodiment, method 700 may be implemented
by a program 385 stored in a processor and memory element
330, in one or more processing devices (e.g., a digital
processor, an analog processor, a microprocessing unit, a
digital circuit designed to process information, and/or
mechanisms for electronically processing information), such
as in the core processing element, which includes a central
processing unit 310 and memory element 320. The one or
more processing devices may include one or more devices
executing some or all of the operations of methods disclosed
herein in response to instructions stored electronically on an
electronic storage medium. The one or more processing
devices may include one or more devices configured through
hardware, firmware, and/or software to be specifically
designed for execution of one or more of the operations of
methods and systems described herein. Operation 705 dis-
closes using a processor to generate an optimized floorplan
using methods and systems disclosed herein. Operation 710
discloses displaying the optimized floor plan. This display
may beon a LiDAR enabled device, e.g., 400B, a device 356
associated with the computing environment, which may or
may not be a touchscreen device, or a different device.

FIG. 8 discloses a display that may be found on the
display screen of a depth scanner/camera device or a dif-
ferent sort of computer with a display screen. This display
may be a background of a portion of a structure being
scanned, such as seen through a viewfinder, such as the room
portions shown in FIG. 8 at 800. The display may also show
a mark 805 made by a user on the display screen marking a
wall that was used previously to develop the optimized floor
plan 810. For example, the user may drag their finger or a
stylus across the screen, leaving a colored mark 805 or other
indication of the shape traced thereby. In some embodi-
ments, the mark 805 may be associated in three-dimensional
space with the location of the surface over which the mark
805 was drawn. Thereafter, as the location of the camera
device (e.g., camera 352) changes and the view on the
display of the marked surface changes, the image of the
mark 805 may similarly be transformed in, for example,
translation, rotation, scale, skew, etc., such that the mark 805
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remains displayed on the surface as marked when that
surface remains visible on the display.

The optimized floor plan may not be the best possible
optimization, as shown at in an example preview panel 810,
where the in progress floor plan appears to be two triangular
rooms, which appears to be a mistake as at this point three
walls of a single room have been scanned (the first two walls
and their deliberate marks not shown). So, ideally, the floor
plan should show a single triangle, as the fourth wall has yet
to be scanned. The two triangles shown indicate that another
deliberate mark should be made to give more information to
more accurately determine the floorplan. In embodiments,
the display may also show the direction that the particular
picture was taken or that the camera device is oriented with
respect to the in-progress floor plan when the view on
display 800 is a live augmented reality view of the space
being mapped. This is shown by the circular arc 815; the
vertex shows the position of the user and the arc shows the
camera’s field of view. This allows a user to position
themselves in space to determine how accurate the more-
optimized floor plan display 810 is.

At operation 715, the processor receives feedback about
the more-optimized floor plan. A user looking at the more-
optimized floor plan, e.g., 810 may notice that the floor plan
is not correct, and so may make another deliberate mark,
e.g., to give more feedback to the floor plan extraction
program. FIG. 9 at 900 illustrates an example that shows
another view of the same wall shown in FIG. 8, but with the
depth scanner moved to show a further portion previously
not within view. A user may then place another deliberate
mark 905 on the display. The device (or a processor con-
nected through a wired or wireless connection to the device)
may then process the information received to determine a
new floor plan line segment that can then be used to
determine the floor plan more accurately. In some embodi-
ments, to turn the deliberate mark into a line segment, a
plurality of depth measurements captured by the depth
sensor may be obtained. These depth measurements may be
obtained from a program that is associated with depth
measurement capture. The depth measurements define dis-
tances from the depth sensor to respective points in the space
using a three dimensional grid.

The deliberate mark (which is initially created in two
dimensions) may be mapped onto the three dimensional grid
using the depth measurements to make a three dimensional
ray. Two dimensions may be detected in a two dimensional
grid (associated with the display) which may then be trans-
formed into the three dimensional mesh grid locations using
software available with the 3-D mesh system, the 2-D
camera system, some combination, etc. For the detected
points within the deliberate mark, for at least some of the
points, the two dimensions of the point are then transformed
into a ray with a third dimension tail that intersects the three
dimensional shape that the region of interest is attached to.
The ray is then followed to see where it hits a mesh within
the 3-D world, creating a 3-D ray where the point of the ray
intersects with the wall. Multiple 3-D rays along the delib-
erate mark may then be averaged at their along their ray
points to determine a flattened 2-D directed line segment.
When this 2-D line segment, e.g., the feedback, has been
placed in such a manner that the processor can understand,
at operation 720, the more-optimized floor plan is adjusted
using the feedback. This optimization 910 may then be
shown on the display 900. In some instances, the optimiza-
tion may be shown within a definite area 915 within the
display. Here, the definite area 915 is delineated by a dotted
line. Other definite areas and delineations are also within the
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range of this disclosure. When shown, if the more-optimized
feedback 910 is still incorrect, the user may place another
deliberate mark until the floor plan appears correct.

FIGS. 10A at 1000A and 10B at 1000B illustrate
examples of a flowchart that describes, in more detail,
receiving feedback and adjusting the more-optimized floor
plan based on the feedback. At operation 1005, a wall
marking is received. Receiving wall markings is discussed
with reference to FIG. 8 and FIG. 9 and the surrounding text.
At operation 1010, a line segment and orientation is deter-
mined. Determining the new line segment may comprise
averaging multiple positions and orientations 1015. These
line segments represent parts of walls in incomplete portions
of a floor plan. Line orientations are associated with line
segments and point in to the middle of a presumed room.
These are described in more detail with reference to FIGS.
5 and 6 and the surrounding text. At operation 1020, this new
line segment is added to the known line segments. FIG. 11
at 1100 illustrates an example of known line segments in
graphical form that can be connected to form a floor plan. A
single line segment, with orientation, is shown at 1110. This
line segment may have been added as the line segment 1105
along with other line segments may have produced a non-
optimal floorplan, such as that shown at 810. At operation
1025, each line segment is extended by some amount,
creating an extended line segment. For example, the line
segments may be extended by a fixed amount, by an amount
within a range, different segments may be extended by
different amounts, or another method may be used. In some
cases, a threshold amount may be set which defines the
maximum amount that a line can be extended. FIG. 12 at
1200 illustrates an example of the line segments of FIG. 11
being extended some amounts. At operation 1020, these
extended line segments are added to a set of extended line
segments.

This graph of extended line segments represents possible
paths, but not all possible paths connecting line segments.
Sometimes line segments are misplaced; for example, the
original graph may have multiple line segments which
should be joined to make a single line segment, but which
are offset in error. An example of such line segments are
shown in FIG. 11 with reference to segments 1105 and 1110.
Those two offset segments represent the same wall. When
these two lines are extended 1205, 1210, the two lines will
run parallel. Other line segments which are offset may
capture actual surfaces which contain pillars, narrow hall-
ways, and the like. It is important to be able to tell the
difference between an error and an actual architectural
feature. To do so, at operation 1027, lines are created
perpendicular to the line segments. These perpendicular
lines may be created for each line segment, each extended
line segment, or may be created as a subset of segments. The
perpendicular lines may be created at an end of a line
segment, in the middle, or in some other location. FIG. 13
at 1300 illustrates an example of such a perpendicular line
intersecting another line segment. The line segment 1310
(e.g., line segment 1110, extended line segment 1210) has a
perpendicular line 1315 created, at the right end 1320. The
length of this perpendicular line 1315 may be a fixed length,
may be dependent upon the length of the line segment 1310,
may be a range of lengths, etc.

At operation 1030, intersections (e.g., 1320, 1325) of
these line segments with the extended segments 1305, 1310
are then found. To do so, a sweep line algorithm may be
used, such as the Shamos-Hoey algorithm, the Bentley-
Ottmann algorithm, or a different algorithm. The intersec-
tions that are impossible wall intersections due to differences



US 12,299,784 B2

15

in orientation are deleted. FIG. 14 illustrates an example of
a graph 1400 that is a possible set of intersections through
the line segments of FIG. 11. This figure shows the original
segments, e.g., 1405 and the extended segments, e.g., 1410;
and with the graph of the extended sections, e.g., 1410, 1415
meeting at intersections, e.g., 1420.

The graph 1400 is now examined to find a good path
through it. One outgoing and one incoming intersection
should now be chosen for each segment to construct a floor
plan from the line segments that matches the actual floor
plan. The question is how to choose which segments will
produce the floor plan. To do so, the method finds a path
through the graph which visits each vertex (original line
segment, e.g., 1405) exactly once. In other words, the
approach aims to include each actual segment (e.g., those
found in FIG. 11) with no shortcuts. This may give a loop
which passes through all the actual segments. However,
finding such a loop is a well known and very difficult
problem to solve called a Hamiltonian cycle. Determining
the existence of a cycle through the segments, even for
graphs of restricted degree, is NP-complete. Another heu-
ristic that may be used is the “longest in a graph” which is
also NP-complete. The two theoretical solutions have hard
exponential time complexity, in that the time to solve
doubles for each added element, as illustrated by the graph
in FIG. 15 at 1500.

Various embodiments disclosed herein utilize a heuristic
that produces a solution in polynomial time. This is done by
using the idea of “closeness” between line segments. This
makes sense in the user experience as the user places
markers close to each other because they expect them to be
connected. The distance between line segments as well as
the angles between chosen close line segments are both
indicators that two line segments should be joined together.
At operation 1035 a cost graph is created. This cost graph
may comprise a vertex set 1040 and an edge set 1045. The
vertex set may comprise a portion or all of the existing line
segments (e.g., the original segments such as shown in FIG.
11). These existing line segments may be represented by a
two dimensional point—the vertex. This point may be the
line segment middle position, or a different position within
the existing line segment. The edge set may comprise a
possible intersection/joining relationship (e.g., 1420)
between two of the segments represented in the graph using
the extended segments and the lines perpendicular to the
segments to find the intersections. The edge set values may
comprise the actual intersection location between two
extended segments, and the two vertices of the non-extended
segments whose extensions created the intersection. Some
embodiments may store the non-extended segments as part
of the edge set, and so forth.

At operation 1050, the cost for the edges is found. The
cost for an edge may be the length from a first vertex in the
edge (e.g., 1405) to the second vertex (e.g., 1425) through
the intersection point (e.g., 1420). The cost may include the
vertical distance times a constant, the horizontal distance
times a constant, and so on. The cost may be any combi-
nation of the above. At operation 1060, the edge with the
lowest cost (e.g., the shortest length intersection segment) is
determined. At operation 1065, the two segments (e.g.
original segments 1115, 1120) with shortest length intersec-
tion are joined. FIG. 16 at 1600 illustrates an example of the
edge with the lowest cost in FIG. 14 having being joined. In
an example of a join, a line segment is created that runs from
a point in one of the original line segments (in this example,
the midpoint 1607) as represented in the chosen edge,
through the intersection 1605 (represented in the chosen
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edge) to a point in the other line segment (represented in the
chosen edge) 1609. FIG. 19 and the surrounding text discuss
joining segments in more detail. At operation 1070, the
joined segments are added to the more-optimized floor plan.
At operation 1075, the edge and the appropriate end of the
two vertices that are being joined are deleted from the graph,
along with each edge that attaches to the joined end of the
vertex (line segment). Examples of deleted edges when the
given segments are joined are 1610, 1615, and 1620. FIG. 17
at 1700 illustrates the vertex-edge diagram after the second
segment-intersection set 1705 has been chosen and the
cost-graph segments with the same starting position as the
edge with the lowest cost have been deleted.

At decision point 1080 it is determined if a loop has been
created. If it has, then at operation 1090, the floorplan is
displayed. If not, then at step 1085, if there are no vertices
left in the cost graph, then at decision point 1087 then
vertices that lead to dead ends are deleted. This is described
in more detail with reference to FIGS. 25-29 and the
surrounding text. Then, the floorplan is again built starting
at operation 1060. In some embodiments, after displaying
the floorplan at step 1090, the method may receive addi-
tional information from the user such as, for example,
another deliberate 905 additional. In some embodiments, the
method may receive modified scan data from the camera 352
or depth sensor 354 (e.g., a rescan after adding a new
altering the environment by, for example, moving furniture
or closing a door), etc. In some such embodiments, the
method 1000A, 1000B may recompute the floor plan by, for
example, looping back to step 1005.

FIG. 18 at 1800 displays the cost graph shown in FIG. 14
with the more-optimized floor plan 1805 outlined. FIG. 9 at
910 shows a display of a floor plan after three walls have
been scanned, and after it has been further optimized. At
operation 1095, the floor plan constructed herein is used to
make a decision that will change the nature of the space that
the floor plan represents, and/or change the space in which
the floor plan sits. Many changes are possible. Among these,
some possible changes may be determining where sensors
may be placed, then placing the sensors in the building;
using the floor plan to determine the floorspace, using the
floorspace to determine how much heating and cooling is
needed, using the amount of heating and cooling needed to
size the HVAC system that will be placed in the building,
purchasing the HVAC system, and then installing the HVAC
system in the building.

FIG. 19 at 1900 illustrates an example of a flowchart that
describes, in more detail, performing a join (e.g., operation
1065) for one end of two joined segments. In some cases,
two lines are to be joined that are offset from each other by
a certain amount. In such cases, it may be decided if the lines
are to be joined by assuming that the two lines should really
be combined into a single line or if the lines are to be joined
by making a zigzag corner. At operation 1905, a first angle
is determined between the nearest ends of the two line
segments to be joined. FIG. 20 at 2000 illustrates an example
of taking a measurement of a first angle 2015 between
nearest ends 2010, 2020 of two line segments (2005-2010
and 2020-2025) to be joined. At operation 1910, a second
angle is determined between the line segments’ farthest
ends. FIG. 2100 illustrates an example of taking a measure-
ment of a second angle 2115 between farthest ends 2105,
2125 of two line segments (2105-2110 and 2120 2125) to be
joined. At operation 1915, it is determined if the line
segments should be joined by turning them into a single
straight line. They should be joined this way when the first
angle is less than (or less than or equal to) a first threshold
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value, and when the second angle is less than (or less than
or equal to) a second threshold value. The first angle
threshold and second angle threshold may have a wide range
of values. FIG. 22 at 2200 illustrates an example of joining
two points by turning them into a single straight line by
connecting the furthest point of the first segment 2205 with
the furthest point of the second segment 2225 with a single
straight line 2230.

At operation 1920, the line segments are zigzagged.
“Zig-zagging” relates to human ideas about knowing how
buildings are constructed that they usually are constructed
with square angles. The differences are very likely a small
joint or pillar that was not fully described by the segments.
With that in mind, in some implementations, a zigzag is
chosen when the first angle (e.g., 2015) is above a threshold
value or the second angle (e.g., 2115) is above a threshold
value. As illustrated by the example given in FIG. 23 at
2300, the line segments’ angle one is above a threshold
value 2340. To zigzag a line, an x-y axis 2335 is created
using the intersection of the two nearest end points 2310,
and 2320. This x-y axis may meet at a 90 degrees angle, or
another chosen angle. As illustrated by the example given at
FIG. 24 at 2400, in the chosen broken axis, the line from the
intersection of the x-y axis 2435 to one of the near end points
2420 is divided in half (or divided by some other percent-
age), then the zigzag between the two near points 2410, 2420
is drawn, with (Percentage) of the chosen broken axis line at
one end 2440 and (100-percentage) of the chosen line drawn
at the other end, with a line parallel to the non-chosen axis
line 2445 drawn between them. Other methods may also be
used to draw a line between the two noncontiguous points
(e.g., 2410, 2420).

In some instances, a floorplan scan fails to form a loop.
FIG. 25 at 2500 illustrates an example of a floorplan 2515
with its original segments 2505 and extended segments 2510
that has failed to form a loop. Two closeups of the segments
that did not join 2520 are illustrated in FIG. 26 at 2600 and
FIG. 27 at 2700. The two markers 2605 and 2610 did not
join because, as shown in the closeup of the intersection
2700, the marker 2705 is slightly on the wrong side of the
intersection 2710.

To discuss the concept of what may join and what may not
join, FIG. 28 at 2800 illustrates an example of two segments
that have the possibility of joining. FIG. 29 at 2900 illus-
trates an example of two segments that may not join. In these
two figures, the arrows on the segments are on the left with
reference to the orientation. That is, they indicates what is
“inside” a room. When a segment may intersect, an inter-
section point 2815 may be in front of one potentially
intersecting segment 2810 and behind another potentially
intersecting segment 2805. Segments may not potentially
intersect when they are both in front of or behind the
intersection point. Segments 2905 and 2910 are both behind
the intersection point 2915. In such cases, the orientation
between the two marks is different, so they cannot be joined.
This can be visualized as the errant segment 2905 being
outside the room, here defined by the segments 2920 and
2910. These segments that can only connect once leads to a
dead end. As can be seen with reference to FIG. 27, the
incorrect orientation just barely happened—one segment
was just barely out of range to connect properly. These
ever-so-slightly misplaced segments occur due to small
errors that may accumulate. If this segment that can only
connect on one side is deleted, then the proper segments that
define the floorplan can be connected up, e.g., 2920. To fix
this problem, with reference to FIGS. 10A and 10B, at
operation 1080 a floorplan loop has not been created, and at
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1085 there are no vertices left to join. This indicates that a
problem has occurred. At 1087, the vertices that lead to dead
ends are deleted. The cost graph (e.g. 1035, 1075) at this
point mirrors the floorplan graph with the missing vertex.
The cost graph is scanned for vertices that are only attached
to another vertex on a single end. This finds the vertex that
has a single connection, such as shown with reference to
FIG. 27 at 2705. In some embodiments, more than one
vertex with a single connection can be located. These
vertices are then deleted. After the deletion, in some embodi-
ments, the method 1000A, 1000B may recompute the floor
plan by, for example, looping back to step 1005, step 1060,
or a different step.

Although the various example embodiments have been
described in detail with particular reference to certain
example aspects thereof, it should be understood that the
invention is capable of other embodiments and its details are
capable of modifications in various obvious respects. As is
readily apparent to those skilled in the art, variations and
modifications can be affected while remaining within the
spirit and scope of the invention. Accordingly, the foregoing
disclosure, description, and figures are for illustrative pur-
poses only and do not in any way limit the invention, which
is defined only by the claims.

I claim:
1. A machine-implemented method for extracting a floor
plan from an imperfect floor plan scan composed of known
line segments, comprising:
using a processor to generate a more-optimized floor plan;
displaying, by a user device with 3-D depth scanner and
a 2-D camera, the more-optimized floor plan;

receiving feedback indicative of accuracy of the more-
optimized floor plan by use of the 3-D depth scanner
and the 2-D camera;
in response to the feedback, using the processor to adjust
the more-optimized floor plan based on the feedback;

wherein receiving feedback indicative of accuracy of the
floor plan comprises receiving a wall marking from a
reading from the 3-D depth scanner and the 2-D
camera, the wall marking comprising multiple posi-
tions and multiple orientations of a location in 2-D and
3-D, the wall marking indicated on the user device by
a user;

wherein the processor processes the multiple positions
and multiple orientations of a location in 2-D and 3-D
to determine a directed line segment, and wherein the
directed line segment is added to the known line
segments; and
wherein the processor processes the multiple positions
and multiple orientations of a location in 2-D and 3-D
to determine a directed line segment further comprises
using both depth scanner measurements and camera
measurements to determine an average of the multiple
positions and the multiple orientations.
2. The machine-implemented method of claim 1, wherein
applying a heuristic to the floor plan comprises:
for each line segment within the known line segments,
extending the line segment by a known amount creating
an associated with the line segment with a same ori-
entation, and creating a second line segment of a
second size perpendicular to and touching the line
segment, creating extended line segments; and

adding the extended line segment and the second line
segment to a set of extended line segments.
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3. The machine-implemented method of claim 2, wherein
adding the chosen edge to the floor plan graph comprises
adding the possible edge path between the two line segments
to the floor plan graph.

4. The machine-implemented method of claim 3, wherein
finding a possible end path comprises:

determining a first angle between two nearest ends of the

two line segments;

determining a second angle between a far end of a first of

the two line segments and a far end of a second of the
two line segments; and

when the first angle is below a first threshold amount and

the second angle is below a second threshold amount
joining the first of the two line segments and the second
of the two line segments.

5. The machine-implemented method of claim 4, wherein
when the first angle is above the first threshold amount or the
second line segment is above the second threshold amount
then zig-zagging the two line segments.

6. The machine-Implemented method of claim 5, wherein
zigzagging the two line segments comprises creating a new
line segment perpendicular to and between the first of the
two line segments and extending a near end of the two line
segments to the new line segment.

7. The machine-implemented method of claim 6, wherein
the cost further comprises adding a weighting value to the
cost.

8. The method of claim 2, further comprising for each two
extended line segments within the set of extended line
segments, adding possible intersections whose line segment
orientations are similar to a set of possible intersections, and
finding a possible edge path between two line segments
associated with the extended line segments.

9. The method of claim 8, further comprising creating a
cost graph comprising a vertex set and an edge set, wherein
the vertex set comprises vertices representing a midpoint of
each line segment, and wherein the edge set comprises
edges, each edge comprising an intersection within the set of
possible intersections, a starting vertex of the intersection,
an ending vertex of the intersection and a cost, wherein the
cost includes length from the starting vertex to the ending
vertex and aesthetic costs.

10. The method of claim 9, further comprising iteratively:

in the cost graph, choose an edge with a lowest cost,

giving a chosen edge;

add the chosen edge to a floor plan graph; and

delete each edge with the starting vertex equal to the

chosen edge starting vertex;
until the floor plan graph forms a loop.

11. A system for extracting a floor plan from an imperfect
floor plan scan composed of line segments, the system
comprising: a memory; a processor in operable communi-
cation with the memory, and a user device with a 3-D depth
scanner and a 2-D camera, the processor configured to for
extracting a floor plan from an imperfect floor plan scan
composed of known line segments, comprising:

generating a more-optimized floor plan by applying a

heuristic to the imperfect floor plan scan;
displaying, by the user device, the more-optimized floor
plan; receiving feedback from a user using the user
device indicative of accuracy of the floor plan; and

in response to the feedback, adjusting the more-optimized
floor plan based on the feedback;

wherein receiving feedback indicative of accuracy of the

floor plan comprises receiving a wall marking from a
reading from the 3-D depth scanner and the 2-D
camera, the wall marking comprising multiple posi-
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tions and multiple orientations of a location in 2-D and
3-D, the wall marking indicated on the user device by
a user;

wherein the processor processes the multiple positions
and multiple orientations of a location in 2-D and 3-D
to determine a directed line segment, and wherein the
directed line segment is added to the known line
segments; and

wherein the processor processes the multiple positions

and multiple orientations of a location in 2-D and 3-D
to determine a directed line segment further comprises
using both depth scanner measurements and camera
measurements to determine an average of the multiple
positions and the multiple orientations.

12. The system of claim 11, wherein a line segment
comprises an orientation, and wherein the known line seg-
ments comprises line segments.

13. The system of claim 12, wherein applying a heuristic
to the imperfect floor plan scan comprises:

for each line segment within the known line segments,

extending the line segment by a known amount creating
an extended line segment associated with the line
segment with a same orientation, and creating a second
line segment of a second size perpendicular to and
touching the line segment;

adding the extended line segment and the second line

segment to a set of extended line segments;

for each two extended line segments within the set of

extended line segments, adding possible intersections
whose line segment orientations associated with the
extended line segments are similar to a set of possible
intersections, and finding a possible edge path between
two line segments associated with the extended line
segments;
create a cost graph comprising a vertex set and an edge set,
wherein the vertex set comprises vertices representing a
midpoint of each line segment, and wherein the edge set
comprises edges, each edge comprising an intersection
within the set of possible intersections, a starting vertex of
the intersection, an ending vertex of the intersection and a
cost, wherein the cost includes length from the starting
vertex to the ending vertex and aesthetic costs; and
iteratively:

in the cost graph, choose an edge with a lowest cost,

giving a chosen edge;

add the chosen edge to a floor plan graph; and

delete each edge with the starting vertex equal to a starting

edge of the chosen edge;
until the floor plan graph forms a loop.

14. The system of claim 13, wherein receiving feedback
from a user using the user device indicative of accuracy of
the floor plan comprises the display showing a portion of a
structure corresponding to the imperfect floor plan scan, and
receiving a purposeful mark made on the display.

15. The system of claim 14, wherein the processor pro-
cesses the purposeful mark to create a directed line segment,
and adds the directed line segment to the known line
segments.

16. The system of claim 15, further comprising deleting a
vertex when the vertex leads to a dead end.

17. A non-transitory machine-readable storage medium
configured with data and instructions which upon execution
by at least one processor cause one or more devices to
perform a method of extracting a floor plan from an imper-
fect floor plan scan composed of known line segments, the
method comprising:
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using a processor to generate a more-optimized floor plan
by applying a heuristic to the imperfect floor plan scan;

displaying, by a user device with a 3-D depth scanner and
a 2-D camera, the more-optimized floor plan;

receiving feedback indicative of accuracy of the floor plan
by use of the user device; and

in response to the feedback, using the processor to adjust
the more-optimized floor plan based on the feedback;

wherein receiving feedback indicative of accuracy of the
floor plan comprises receiving a wall marking from a
reading from the 3-D depth scanner and the 2-D
camera, the wall marking comprising multiple posi-
tions and multiple orientations of a location in 2-D and
3-D, the wall marking indicated on the user device by
a user;

wherein the processor processes the multiple positions
and multiple orientations of a location in 2-D and 3-D
to determine a directed line segment, and wherein the
directed line segment is added to the known line
segments; and

wherein the processor processes the multiple positions
and multiple orientations of a location in 2-D and 3-D
to determine a directed line segment further comprises
using both depth scanner measurements and camera
measurements to determine an average of the multiple
positions and the multiple orientations.

18. The non-transitory machine-readable storage medium

of claim 17, wherein applying a heuristic to the imperfect

floor plan scan comprises:

for each line segment within the known line segments,
extending the line segment by a known amount creating
an extended line segment associated with the line
segment with a same orientation, and creating a second
line segment of a second size perpendicular to and
touching the line segment;

adding the extended line segment and the second line
segment to a set of extended line segments;
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for each two extended line segments within the set of
extended line segments, adding possible intersections,
whose line segment orientations associated with the
extended line segments are similar, to a set of possible
intersections, and finding a possible edge path between
two line segments associated with the extended line
segments;

create a cost graph comprising a vertex set and an edge

set, wherein the vertex set comprises vertices repre-
senting a midpoint of each line segment, and wherein
the edge set comprises edges, each edge comprising an
intersection within the set of possible intersections, a
starting vertex of the intersection, an ending vertex of
the intersection and a cost, wherein the cost includes
length from the starting vertex to the ending vertex and
aesthetic costs; and
iteratively:

in the cost graph, choose an edge with a lowest cost,

giving a chosen edge;

add the chosen edge to a floor plan graph; and

delete each edge with the starting vertex equal to a starting

vertex of the chosen edge;

until the floor plan graph forms a loop.

19. The non-transitory machine-readable storage medium
of claim 18, wherein the user device further comprises a
display and wherein receiving feedback from a user using
the LiDAR-enabled user device indicative of accuracy of the
floor plan comprises the display showing a portion of a
structure corresponding to the imperfect floor plan scan, and
receiving a purposeful mark made on the display.

20. The non-transitory machine-readable storage medium
of claim 19, wherein the more-optimized floor plan is used
to modify equipment location at a location represented by
the imperfect floor plan scan.

#* #* #* #* #*



	Front Page
	Drawings
	Specification
	Claims

