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AUTOMATED SYSTEM AND METHODOLOGY FOR FEATURE EXTRACTION
Incorporation by Reference

[0001] The present patent application claims priority to the provisional patent
application identified by U.S. Serial No. 62/295,336, filed on February 15, 2016,
entitled “Automated System and Methodology for Feature Extraction”, and to the
provisional patent application identifled by U.S. Serial No. 62/411,284, filed on
October 21, 2016, entitled “Automated System and Methodology for Feature
Extraction,” the entire contents of all of which are hereby incorporated herein by

reference.
Background

[0002] Feature extraction within images holds a multitude of uses over
multiple Industries. The identification of elements or features within an image, or
even absent from an image, provides valuable information. Prior art uses of human
identification, however, wastes time and energy, In addition to variances between
human extractors.

[0003] For example, residential and/or commercial property owners
approaching a major roofing project may be unsure of the amount of material needed
and/or the next step in completing the project. Generally, such owners contact one
or more contractors for a site visit. Each contractor must physically be present at the
site of the structure Iin order to make a determination on material needs and/or time.
The time and energy for providing such an estimate becomes laborious and may be
affected by contractor timing, weather, contractor education, and the like. Estimates
may be varied even between contractors in determination of estimated square
footage causing variance In supply ordering as well. Additionally, measuring an
actual roof may be costly and potentially hazardous — especially with steeply pitched
roofs. Completion of a proposed roofing project may depend on ease in obtaining a
simplified roofing estimate and/or obtaining reputable contractors for the roofing
project.

[0004] Remote sensing technology has the ability to be more cost effective

than manual Inspection while providing pertinent information for assessment of
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roofing projects. Images are currently being used to measure objects and structures
within the images, as well as to be able to determine geographic locations of points
within the Image when preparing estimates for a variety of construction projects,
such as roadwork, concrete work, and roofing. See for example U.S. Patent No.
7,424 133 that describes techniques for measuring within oblique images. Also see
for example US Patent No, 8,145,578 that describe techniques for allowing the
remote measurements of the size, geometry, pitch and orientation of the roof
sections of the building and then uses the information to provide an estimate to
repair or replace the roof, or to install equipment thereon. Estimating construction
projects using software increases the speed at which an estimate i1s prepared, and
reduces labor and fuel costs associated with on-site visits.

[0005] Further, feature extraction, or cataloguing feature extraction, can go
beyond features represented within an image and provide useful information on
features missing from an image. For example, tree density within a forest, or
changes to the tree density over time, may be determined using lack of trees, a
feature within a known area of an image. Thus, the location of missing feature may

be determined relevant in feature extraction of the image.

Brief Description of Several Views of the Drawings

To assist those of ordinary skill in the relevant art in making and using the
subject matter hereof, reference is made to the appended drawings, which are not
Intended to be drawn to scale, and in which like reference numerals are intended to
refer to similar elements for consistency. For purposes of clarity, not every
component may be labeled Iin every drawing.
[0006] FIG. 1 illustrates a block diagram for automatic feature extraction of
one or more natural and/or man-made structures within an image, In accordance
with the present disclosure.
[0007] FIG. 2 illustrates a schematic diagram of hardware forming an
exemplary embodiment of a system for automatic feature extraction of one or more
natural and/or man-made structures within an image. The system includes an image
capturing system and a computer system.
[0008] FIG. 3 illustrates a diagrammatic view of an example of the image-

capturing system of FIG. 2.
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[0009] FIG. 4 illustrates a block diagram of the image-capturing computer
system of FIG. 3 communicating via a network with multiple processors.
[00010] FIG. 5 illustrates a screen shot of an image of a region having multiple

objects of interest In accordance with the present disclosure.

[00011] FIG. 6 illustrates a screen shot of a point cloud of the region illustrated
in FIG. 5.
[00012] FIG. 7 illustrates a screen shot of a modified point cloud having data

points at an elevation of interest.

[00013] FIG. 8 illustrates a screen shot of buildings identified using data points
of a point cloud In accordance with the present disclosure.

[00014] FIG. 9 illustrates a screen shot of an image showing boundaries on a

building identified using the modified point cloud of FIG. 7.

[00015] FIGS. 10-12 illustrate an exemplary method for automated object
detection in accordance with the present disclosure.

[00016] FIG. 13 illustrates the building of FIG. 9 extracted from the image.
[00017] FIG. 14 illustrates a screen shot of roof features identified In

accordance with the present disclosure.
[00018] FIG. 15 illustrates an exemplary roof report generated in accordance
with the present disclosure.

Detailed Description
[00019] Before explaining at least one embodiment of the disclosure In detail, it
IS to be understood that the disclosure Is not limited in its application to the details of
construction, experiments, exemplary data, and/or the arrangement of the
components set forth in the following description or illustrated in the drawings unless
otherwise noted.
[00020] The disclosure Is capable of other embodiments or of being practiced
or carried out In various ways. For example, although the roofing industry may be
used as an example, feature extraction in one or more images In any Iindustry Is
contemplated. Additionally, identification of features absent within one or more
Images Is also contemplated. Also, it is to be understood that the phraseology and
terminology employed herein Is for purposes of description, and should not be

regarded as limiting.
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[00021] The following detailled description refers to the accompanying
drawings. The same reference numbers in different drawings may identify the same
or similar elements.

b N1

[00022] As used In the description herein, the terms “comprises,” “comprising,”

'Y I 1 =

‘Includes,” “Including,

br 1 it

has,” “having,” or any other variations thereof, are intended to
cover a non-exclusive inclusion. For example, unless otherwise noted, a process,
method, article, or apparatus that comprises a list of elements Is not necessarily
limited to only those elements, but may also include other elements not expressly
listed or inherent to such process, method, article, or apparatus.

[00023] Further, unless expressly stated to the contrary, “or’ refers to an
Inclusive and not to an exclusive “or’. For example, a condition A or B Is satisfied by
one of the following: A Is 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).
[00024] In addition, use of the "a” or "an” are employed to describe elements
and components of the embodiments herein. This Is done merely for convenience
and to give a general sense of the inventive concept. This description should be
read to include one or more, and the singular also includes the plural unless it Is
obvious that it Is meant otherwise. Further, use of the term “plurality” Is meant to
convey ‘more than one” unless expressly stated to the contrary.

it

[00025] As used herein, any reference to "'one embodiment,” "an embodiment,”

by I

‘some embodiments,” "one example,” "for example,” or "an example® means that a
particular element, feature, structure or characteristic described In connection with
the embodiment is included In at least one embodiment. The appearance of the
phrase “In some embodiments™ or “one example” In various places In the
specification i1s not necessarily all referring to the same embodiment, for example.

[00026] Circuitry, as used herein, may be analog and/or digital components, or
one or more suitably programmed processors (e.g., microprocessors) and
assocliated hardware and software, or hardwired logic. Also, “components” may
perform one or more functions. The term "component,” may include hardware, such
as a processor (e.g., microprocessor), an application specific integrated circuit
(ASIC), field programmable gate array (FPGA), a combination of hardware and
software, and/or the like. The term “processor as used herein means a single
processor or multiple processors working independently or together to collectively

perform a task.
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[00027] Software may include one or more computer readable instructions that
when executed by one or more components cause the component to perform a
specified function. It should be understood that the algorithms described herein may
be stored on one or more non-transitory computer readable medium. Exemplary
non-transitory computer readable mediums may include random access memory,
read only memory, flash memory, and/or the like. Such non-transitory computer
readable mediums may be electrically based, optically based, and/or the like.

[00028] It Is to be further understood that, as used herein, the term user is not
imited to a human being, and may comprise, a computer, a server, a website, a
processor, a network Interface, a human, a user terminal, a virtual computer,
combinations thereof, and the like, for example.

[00029] Referring now to the Figures, and in particular to FIG. 1, shown therein
IS a flow chart 10 of an exemplary method for automatically extracting features of
one or more natural and/or man-made structures within an image. Using a
combination of point cloud data and spectral analysis, features within one or more
Images may be extracted. Alternatively, using a combination of point cloud data and
spectral analysis, missing features within an image may be determined. Further, In
some embodiments, features within images and/or missing features within images
may be catalogued (e.g., spatial cataloguing) within one or more databases for
retrieval and/or analysis. For example, measurements of features (e.g., size of
building(s), height of tree(s), footprint(s) of man-made or non-man made features)
may be obtained. In some embodiments, such features may be stored In one or
more database with measurements of features associated therewith, in addition to
other metadata associated with the feature and/or image (e.g., date, algorithms
used).

[00030] Generally, one or more images having raster data depicting an object
of interest (e.g., a building) may be obtained and stored in a geospatial database to
be avallable for use In creating and/or interpreting a point cloud that overlaps with
the one or more images, as shown in step 12. The raster data depicting the object of
Interest may depict colors of visible light in mostly three bands (red, green, and blue)
or one or more other modalities. For example, the raster data may Include
Information for hyperspectral imaging which collects and processes information from
across the electromagnetic spectrum. In some embodiments, the raster data may

INnclude near infrared data or thermal data. Each image may be geo-referenced such
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that geographical coordinates are provided for each point in the images. (Geo-
referencing may include associating each image, e.g., raster data, with camera pose
parameters indicative of internal orientation information of the camera, and external
orientation information of the camera. Internal orientation information includes, but is
not limited to, known or determinable characteristics including focal length, sensor
size and aspect ratio, radial and other distortion terms, principal point offset, pixel
pitch, and alignment. External orientation information includes, but is not limited to,
altitude, orientation in terms of roll, pitch and yaw, and the location of the camera
relative to the Earth’'s surface. The internal and external orientation information can
be obtained in a manner described, for example, in U.S. Patent No. 7,424,133
Alternatively, or in addition, the Iinternal and external orientation information can be
obtained from analyzing overlapping images using any suitable technique, such as
bundle — adjustment. Techniques for bundle adjustment are described, for example,
IN U.S. Patent Nos. 6,996,254 and 8,497,905. The internal and external orientation
Information can be stored within metadata of the image, or can be stored separately
from the image and associated with the image utilizing any suitable technigque, such
as a unigue code for each image stored within a look-up field within the geospatial
database.

[00031] In step 14, a point cloud may be generated or obtained on and/or
about the object of interest. The point cloud may be generated using a 3D scanner,
a detection system that works on the principle of radar, but uses light from a laser
(these systems are known In the art and identified by the acronym “Lidar’), or from
the Images stored In the geospatial database using the internal and external
orientation information for the images. Techniques for generating a point cloud using
iInternal and external information for the Images as well as feature matching
techniques are known to those skilled in the art. For example, suitable computer
programs for the photogrammetric creation of point clouds include Agisoft Photoscan
by Agisoft; Metigo 3D by fokus GmbH Leipzig; 123D Catch by Autodesk;
Pix4Dmapper by Pix4D; and DroneMapper by DroneMapper. Point clouds include a
series of points In which each point may be identified with a three-dimensional (e.g.,
X, Y, and Z) position. The three — dimensional position of points representing man-
made or natural objects can be classified as such using the relative position of the
points relative to other points, as well as the shape of a grouping of the points.

Further analysis can be conducted on these points as well as images correlated with

6
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the points to extract features of the objects represented in the point cloud. In some
embodiments, the point cloud may be formed such that all features having known
locations within three dimensions are represented. The point cloud(s) can be saved
iIn any suitable format, such as point data, DSM/DTM, CAD, Tiff, Autodesk cloud,
GeoTiff, and KMZ, for example.

[00032] Because the three-dimensional position on the Earth of each point In
the point cloud is known, In a step 16, the Z values of the points can be analyzed to
determine whether the points represent the ground, or a man-made or natural object
located above the ground. In some embodiments, an elevation value or an elevation
gradient may be used to analyze the point cloud data to determine whether particular
points represent the ground, a man-made object, or a natural object above the
ground. In some embodiments, classification of ground surface and non-ground
surface may be determined for each data point. l|dentification of features on the
ground surface versus features on a non-ground surface may aid In differentiation
between features within the image. For example, a shadow created by a roof may
have similar characteristics to the roof and be difficult for detection within an image
using spectral analysis. |dentification that the shadow Is on the ground surface,
however, would differentiate the shadow of the roof from the actual roof.

[00033] Data points can be transformed with information classifying the type of
object that the data point represents. For example, data points indicative of the
ground surface may be classified within the point cloud as being part of the ground
surface. In some embodiments, data points of certain type(s) of objects can be
removed from the point cloud to enhance processing of the remaining type(s) of
objects within a modified point cloud. For example, all of the data points classified
as being part of the ground surface may be removed from the point cloud to enhance
the analysis of the points representing man-made objects or natural objects.

[00034] Certain objects of interest (e.g., man-made objects or natural objects)
may be identified, and in a step 18, the object of interest may be detected using the
point cloud and elevation gradient. In some embodiments, man-made structures,
natural structures, and ground structures may also be determined. Natural
structures and ground structures may be classified, and/or removed from the point
cloud forming a modified point cloud. For example, assuming that buildings are the
object of Interest, points In the point cloud representing the building will have a

higher elevation (e.g., Z value) than points in the point cloud representing the ground

7/
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surface. In this case, the points having a lower elevation Z-value than adjacent
points can be classified as the ground surface, and the other points in the point cloud
can be Initially classified as either a man-made structure, or a natural structure. The
classification can be accomplished by storing additional data within the point cloud.
Even further, an elevation of interest may be determined and all data points below
the elevation of interest may be classified as the ground structure, or all data points
above the elevation of interest may be classified as a natural object or a man-made
object.

[00035] It should be noted that a point cloud Is not needed for identification of
features within an image or missing features within an image as described herein.
The point cloud may aid In identification of ground surface versus non-ground
surface, but is not a mandatory step in determination of features within an image or
features missing within an image.

[00036] In a step 20, the points within the point cloud that are initially classified
as not being part of the ground structure, are further analyzed to determine whether
the points represent a man-made object (e.g., a building), or a natural object, (e.g., a
tree). This can be accomplished by analyzing the shape of a grouping of the points.
Groupings of points having planar surfaces (e.g., roof section(s)) detectable within
the point cloud can be classified as a man-made object, and groupings of points
devoid of planar surfaces (e.g., tree(s)) detectable within the point cloud can be
classified as a natural object. This can be accomplished by analyzing a variation of
surface normal direction between each point of a group of points and the other points
within the group.

[00037] Once this analysis has been accomplished, the points are classified as
either representing a man-made object or a natural object. Then, points within the
point cloud that represent the man-made object, for example, can be further
analyzed to determine one or more features (e.g., roof) of the object of interest (e.g.,
building). In some embodiments, the features may be classified using the modified
point cloud In which the points have been classified, and/or certain points have been
removed from the point cloud. In a step 22, one or more first information, (e.qg., initial
pboundary) of the object of interest may be determined by looking for an outer
pboundary of a group of points, as well as analyzing the Z value of the points and
looking for differences above a threshold between the Z values of adjacent points.

In some embodiments, the boundaries of the object of interest may be further

8
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determined and/or refined using a first location (e.g., latitude and longitude) of the
points within the point cloud that are determined to be part of the object of interest
and querying the geospatial database to obtain images having raster data depicting
the object of Iinterest. Then, standard edge detection methods and/or spectral
analysis can be used to precisely determine second information, e.g., the boundary
of the object of interest having second location coordinates. The second location
coordinates can be X, Y pixel coordinates, or latitude/longitude and elevation. In
some embodiments, the first information (e.g., Initial boundary) may be Initially
determined using the point cloud or modified point cloud, and then refined to
generate second information by registering the point cloud data or modified point
cloud data with the raster data within one or more images, and then analyzing the
raster data with one or more suitable image processing technique. Examples of
suitable image processing techniques include, but are not limited to standard edge
detection methods or spectral analysis methods.

[00038] Spectral analysis may be used to group data points of an object of
Interest. For example, data points of a feature within an image may have similar
spectral signatures such that reflected and/or absorbed electromagnetic radiation
may be similar and able to be differentiated from data points of other features within
the image. For example, data points of a building may have spectral signatures
different from data points of grass surrounding the building. Data points within the
Image having similar spectral signatures may thus be grouped to identify one or
more features within the image. Exemplary spectral analysis methods are described
in U.S. Patent No. 9,070,018, the entire content of which is incorporated herein by
reference.

[00039] In some embodiments, thermal analysis of the object of interest may be
used to group data points of objects of interest having similar or different thermal
signatures. For example, a thermographic camera may be used to obtain an image
using Infrared radiation. Data points may be grouped based on temperature
measurements of each feature within the image. Thermal analysis may be In
addition to, orin lieu of a typical image (e.qg., RGB image).

[00040] In a step 24, the object of interest may be extracted, classified,
and/or isolated within the Iimage. Additionally, the object of Interest may be
cataloged within one or more database. Cataloging may be via address, size of

feature(s) and/or object of Interest, color(s) of features and/or object of Interest,

9
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feature type, spatial relations (e.g., address, coordinates), and/or the like. For
example, In some embodiments, the object of interest may be spatially cataloged
within one or more database. To that end, one or more features of the object of
interest may be isolated and/or extracted. One or more outlines of the one or more
features may also be determined e.g., polygon outline of one facet of a roof. Each
line of the outline may be spatially stored within a database such that retrieval may
be via coordinates, address, and/or the like.

[00041] In a step 26, further analysis of the object of interest and/or the image
may be performed. For example, when the present disclosure Is used for analyzing
a roof of a building and the data points include the three-dimensional position of the
part of the object represented by the data points, data points representing the outer
boundaries can be used to calculate the perimeter of the roof, data points
representing a ridge and a valley bordering a roof section can be used to calculate a
pitch of the roof section. These techniques can be used to calculate a variety of roof
features, roof dimensions, and/or roof pitch of sections of the roof. The roof outline
can be saved as a data file using any suitable format, such as a vector format, or a
raster format. The calculated data and the data file of the roof outline can be saved
IN the geospatial database or a separate database that may or may not be correlated
with the geospatial database. Further, the latitude and longitude of the data points
can be used to determine a physical address of a particular object of interest (e.q.,
building) and such address can be stored with the calculated data. The calculated
data, the image data and the address can be correlated together, and automatically
used to populate a template thereby preparing a predetermined report about the
object of Interest Including one or more images of the object of Interest and
calculated data about the object of interest. This methodology can be automatically
executed by one or more processors as discussed herein to identify and obtain
Information about objects of Interest for a variety of purposes. For example, the
methodology can be automatically executed by one or more processors to generate
reports for a plurality of objects of interest, without manual or human intervention.
Thus, the presently described methodology provides a performance increase over
conventional methods for generating object reports, as well as an enhancement to
the operation of the processor when generating reports for one or more objects of

Interest.

10
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[00042] Examples of the hardware/software for obtaining the images and
performing the steps described above will now be described.

[00043] Referring to FIGS. 1 and 2, in some embodiments, an image capturing
system 28 may be used to obtain the one or more images. The image capturing
system 28 may Include a platform 30 carrying the image capturing system 28. The
platform 30 may be an airplane, unmanned aerial system, space shuttle, rocket,
satellite, and/or any other suitable vehicle capable of carrying the image capturing
system 28. For example, iIn some embodiments, the platform 30 may be a fixed
wing aircraft.

[00044] The platform 30 may carry the image capturing system 28 at one or
more altitudes above a ground surface 32. For example, the platform 30 may carry
the Image capturing system 28 over a predefined area and at one or more
predefined altitudes above the Earth’'s surface and/or any other surface of interest.
In FIG. 2, the platform 30 is illustrated carrying the image capturing system 28 at a
plane P above the ground surface 32.

[00045] The platform 30 may be capable of controlled movement and/or flight.
As such, the platform 30 may be manned or unmanned. |In some embodiments, the
platform 30 may be capable of controlled movement and/or flight along a pre-defined
flight path and/or course. For example, the platform 30 may be capable of controlled
movement and/or flight along the Earth’'s atmosphere and/or outer space.

[00046] The platform 30 may Iinclude one or more systems for generating
and/or regulating power. For example, the platform 30 may include one or more
generators, fuel cells, solar panels, and/or batteries for powering the image capturing
system 28.

[00047] Referring to FIGS. 2 and 3, the image capturing system 28 may
INclude one or more image capturing devices 34 configured to obtain an image from
which a point cloud may be generated. In some embodiments, the image capturing
system 28 may optionally include one or more LIDAR scanners 36 to generate data
that can be used to create a point cloud. Additionally, in some embodiments, the
Image capturing system 28 may Include one or more global positioning system
(GPS) receivers 38, one or more inertial navigation units (INU) 40, one or more
clocks 42, one or more gyroscopes 44, one or more compasses 46, and one or more
altimeters 438. In some embodiments, the image capturing system 28 may include

one or more thermographic cameras configured to capture one or more
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thermographic images. One or more of these elements of the image capturing
system 28 may be Interconnected with an image capturing and processing computer
system 50. In some embodiments, the internal and external orientation information
for the iImages can be determined during post processing using an image processing
technique, such as bundle adjustment. In these embodiments, the image capturing
system 28 may not include the one or more INU 40.

[000438] In some embodiments, the one or more image capturing devices 34
may be capable of capturing images photographically and/or electronically. The one
or more image capturing devices 34 may be capable and/or configured to provide
oblique and/or vertical images, and may include, but are not limited to, conventional
cameras, digital cameras, digital sensors, charge-coupled devices, thermographic
cameras and/or the like. In some embodiments, the one or more image capturing
devices 34 may be one or more ultra-high resolution cameras. For example, In
some embodiments, the one or more image capturing devices 34 may be ultra-high
resolution capture systems, such as may be found In the Pictometry PentaView
Capture System, manufactured and used by Pictometry International based in
Henrietta, New York.

[00049] The one or more image capturing devices 34 may include known or
determinable characteristics including, but not limited to, focal length, sensor size,
aspect ratio, radial and other distortion terms, principal point offset, pixel pitch,
alignment, and/or the like.

[00050] The one or more image capturing devices 34 may acquire one or more
Images and issue one or more image data signals 52 corresponding to one or more
particular images taken. Such images may be stored in the image capturing and
processing computer system 50.

[00051] The LIDAR scanner 36 may determine a distance between the
platform 30 and objects on or about the ground surface 32 by illuminating a laser and
analyzing the reflected light to provide data points. In some embodiments, software
assoclated with the LIDAR scanner 36 may generate a depth map or point cloud
based on the measured distance between the platform 30 on and/or about the object
of Interest. To that end, the LIDAR scanner 36 may issue one or more data signals
54 to the image capturing and processing computer system 50 of such data points
providing a point <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>