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Electronically Transmitted: March 19, 2012 Utility
A Method and System for Quick Square Roof Reporting
Cross-Reference to Related Applications

[0001] Not Applicable.

Background

[0002] 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 in 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.

[0003] 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. Estimating construction projects using software
may increase speed at which an estimate can be prepared, and may reduce labor and

fuel costs associated with on-site visits.

0003



Brief Description of the Several Views of the Drawings
[0004] Like reference numerals in the figures represent and refer to the same or
similar element or function. Implementations of the disclosure may be better
understood when consideration is given to the following detailed description thereof.
Such description makes reference to the annexed pictorial illustrations, schematics,
graphs, drawings, and appendices. In the drawings:
[0005] FIG. 1 is a schematic diagram of an embodiment of a roof estimator
reporting system according to the instant disclosure.
[0006] FIG. 2 is a block diagram of an embodiment of one or more memory
according to the instant disclosure.
[0007] FIG. 3 is an exemplary embodiment of a program logic according to the
instant disclosure.
[0008] FIG. 4 is another exemplary embodiment of a program logic according to
the instant disclosure.
[0009] FIG. 5 is yet another exemplary embodiment of a program logic according
to the instant disclosure.
[0010] FIG. 6 is a further exemplary embodiment of a program logic according to
the instant disclosure.
[0011] FIG. 7 is an exemplary slope factor chart for determining pitch factors
according to the instant disclosure.
[0012] FIG. 8 is an exemplary embodiment of a roofing report presentation page

according to the instant disclosure.
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Detailed Description of Inventive Concept

[0013] Before explaining at least one embodiment of the inventive concept
disclosed herein in detail, it is to be understood that the inventive concept is not limited
in its application to the details of construction and the arrangement of the components
or steps or methodologies set forth in the following description or illustrated in the
drawings. The inventive concept disclosed herein is capable of other embodiments or
of being practiced or carried out in various ways. Also, it is to be understood that the
phraseology and terminology employed herein is for the purpose of description and
should not be regarded as limiting in any way.

[0014] In the following detailed description of embodiments of the inventive
concept, numerous specific details are set forth in order to provide a more thorough
understanding of the inventive concept. It will be apparent to one of ordinary skill in the
art, however, that the inventive concept within the disclosure may be practiced without
these specific details. In other instances, well-known features have not been described
in detail to avoid unnecessarily complicating the instant disclosure.

[0015] Referring now to the drawings, and in particular to FIG. 1, shown therein
and designated by a reference numeral 100 is an exemplary computer system 100
constructed in accordance with the present disclosure. The system 100 can be a
system or systems that are able to embody and/or execute the logic of the processes
described herein. The logic embodied in the form of software instructions, or firmware
may be executed on any appropriate hardware which may be a dedicated system or

systems.

0005



[0016] As used herein, the terms “network-based”, “cloud-based” and any
variations thereof, are intended to include the provision of configurable computational
resources on demand via interfacing with a computer and/or computer network, with
software and/or data at least partially located on the computer and/or computer network,
by pooling processing power of two or more networked processors.

[0017] As used herein, the terms “comprises”, “comprising”, “includes”,
“including”, *has”, “having”, or any other variation thereof, are intended to be non-
exclusive inclusions. For example, a process, method, article, or apparatus that
comprises a set of elements is not limited to only those elements but may include other
elements not expressly listed or even inherent to such process, method, article, or
apparatus.

[0018] As used in the instant disclosure, the terms “provide”, “providing”, and
variations thereof comprise displaying or providing for display a webpage (e.g., roofing
webpage) to one or more user terminals interfacing with a computer and/or computer
network(s) and/or allowing the one or more user terminal(s) to participate, such as by
interacting with one or more mechanisms on a webpage (e.g., roofing webpage) by
sending and/or receiving signals (e.g., digital, optical, and/or the like) via a computer
network interface (e.g., Ethernet port, TCP/IP port, optical port, cable modem, and
combinations thereof). A user may be provided with a web page in a web browser, or in
a software application, for example.

[0019] As used herein, the term “roof request”, “roofing request”, “roofing order”,

and any variations thereof may comprise a feature of the graphical user interface or a

feature of a software application, allowing a user to indicate to a host system that the
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user wishes to place an order, such as by interfacing with the host system over a
computer network and exchanging signals (e.g., digital, optical, and/or the like), with the
host system using a network protocol, for example. Such mechanism may be
implemented with computer executable code executed by one or more processors, for
example, with a button, a hyperlink, an icon, a clickable symbol, and/or combinations
thereof, that may be activated by a user terminal interfacing with the at least one
processor over a computer network, for example.

[0020] 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 anyone 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).

[0021] In addition, the 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.

[0022] Finally, as used herein any reference to “one embodiment” or “an
embodiment” 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 one embodiment” in various places in the
specification are not necessarily all referring to the same embodiment.

[0023] Referring now to FIG. 1, shown therein is an exemplary embodiment of a

roof estimator reporting system 100 according to the instant disclosure. The system
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100 comprises two or more host systems 102 and 126 interfacing and/or
communicating with one or more user terminals 104 via a network 106.

[0024] The one or more user terminals 104 may be implemented as a personal
computer, a smart phone, network-capable TV set, TV set-top box, a tablet, an e-book
reader, a laptop computer, a desktop computer, a network-capable handheld device, a
video game console, a server, a digital video recorder, a DVD-player, a Blu-Ray player
and combinations thereof, for example. In an exemplary embodiment, the user terminal
104 may comprise an input device 122, an output device 124, a processor (not shown)
capable of interfacing with the network 106, processor executable code (not shown),
and a web browser capable of accessing a website and/or communicating information
and/or data over a network, such as the network 106. As will be understood by persons
of ordinary skill in the art, the one or more user terminals 104 may comprise one or
more non-transient memories comprising processor executable code and/or software
applications, for example.

[0025] The input device 122 may be capable of receiving information input from a
user and/or other processor(s), and transmitting such information to the user terminal
104 and/or to the host system 102. The input device 122 may be implemented as a
keyboard, a touchscreen, a mouse, a trackball, a microphone, a fingerprint reader, an
infrared port, a slide-out keyboard, a flip-out keyboard, a cell phone, a PDA, a video
game controller, a remote control, a fax machine, a network interface, and combinations
thereof, for example.

[0026] The output device 124 may output information in a form perceivable by a

user and/or other processor(s). For example, the output device 124 may be a server, a
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computer monitor, a screen, a touchscreen, a speaker, a website, a TV set, a smart
phone, a PDA, a cell phone, a fax machine, a printer, a laptop computer, and
combinations thereof. It is to be understood that in some exemplary embodiments, the
input device 122 and the output device 124 may be implemented as a single device,
such as, for example, a touchscreen or a tablet. It is to be further understood that as
used herein the term user is not limited 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, and combinations thereof, for example.

[0027] The system 100 may include one or more host systems. For example,
FIG. 1 illustrates system 100 having two host systems 102 and 126. The host systems
102 and 126 may be partially or completely network-based or cloud based, and not
necessarily located in a single physical location. Each of the host systems 102 and 126
may further be capable of interfacing and/or communicating with the one or more user
terminals 104 via the network 106, such as by exchanging signals (e.g., digital, optical,
and/or the like) via one or more ports (e.g., physical or virtual) using a network protocol,
for example. Additionally, each host system 102 and 126 may be capable of interfacing
and/or communicating with other host systems directly and/or via the network 106, such
as by exchanging signals (e.g., digital, optical, and/or the like) via one or more ports.
[0028] In some embodiments, host systems 102 and 126 may be independently
controlled by separate entities. Host system 102 may be controlled by a first company
and host system 126 may be controlled by a second company distinct from the first

company. For example, host system 102 may be controlled by a roofing material
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supplier and host system 126 may be controlled by a roofing report company. The
roofing material supplier may be a separate entity from the roofing report company.
[0029] The host system 102 may be referred to hereinafter as the “first host
system” and the host system 126 may be referred to hereinafter as the “second host
system”. The first host system 102 may comprise one or more processors 108 working
together, or independently to, execute processor executable code, one or more
memories 110 capable of storing processor executable code, one or more input devices
112, and one or more output devices 114. Each element of the first host system 102
may be partially or completely network-based or cloud-based, and not necessarily
located in a single physical location.

[0030] The one or more processors 108 may be implemented as a single or
plurality of processors 108 working together, or independently to execute the logic as
described herein. Exemplary embodiments of the one or more processors 108 include
a digital signal processor (DSP), a central processing unit (CPU), a field programmable
gate array (FPGA), a microprocessor, a multi-core processor, and/or combinations
thereof. The one or more processors 108 may be capable of communicating with the
one or more memories 110 via a path (e.g., data bus). The one or more processors 108
may be capable of communicating with the input devices 112 and the output devices
114.

[0031] The one or more processors 108 may be further capable of interfacing
and/or communicating with the one or more user terminals 104 via the network 106.
For example, the one or more processors 108 may be capable of communicating via the

network 106 by exchanging signals (e.g., digital, optical, and/or the like) via one or more
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physical or virtual ports using a network protocol. It is to be understood that in certain
embodiments using more than one processor 108, the one or more processors 108 may
be located remotely from one another, located in the same location, or comprising a
unitary multi-core processor (not shown). The one or more processors 108 may be
capable of reading and/or executing processor executable code and/or of creating,
manipulating, altering, and/or storing computer data structures into one or more
memories 110.

[0032] The one or more memories 110 may be capable of storing processor
executable code. Additionally, the one or more memories 110 may be implemented as
a conventional non-transient memory 110, such as, for example, random access
memory (RAM), a CD-ROM, a hard drive, a solid state drive, a flash drive, a memory
card, a DVD-ROM, a floppy disk, an optical drive, and/or combinations thereof. It is to
be understood that while one or more memories 110 may be located in the same
physical location as the first host system 102, the one or more memories 110 may be
located remotely from the first host system 102, and may communicate with the one or
more processor 108 via the network 106. Additionally, when more than one memory
110 is used, a first memory 110 may be located in the same physical location as the first
host system 102, and additional memories 110 may be located in a remote physical
location from the first host system 102. The physical location(s) of the one or more
memories 110 may be varied. Additionally, one or more memories 110 may be
implemented as a “cloud memory” (i.e., one or more memory 110 may be partially or

completely based on or accessed using the network 106).
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[0033] The one or more input devices 112 may transmit data to the processors
108, and may be implemented as a keyboard, a mouse, a touchscreen, a camera, a
cellular phone, a tablet, a smart phone, a PDA, a microphone, a network adapter,
and/or combinations thereof. The input devices 112 may be located in the same
physical location as the first host system 102, or may be remotely located and/or
partially or completely network-based.

[0034] The one or more output devices 114 may transmit information from the
processor 108 to a user, such that the information may be perceived by the user. For
example, the output devices 114 may be implemented as a server, a computer monitor,
a cell phone, a tablet, a speaker, a website, a PDA, a fax, a printer, a projector, a laptop
monitor, and/or combinations thereof. The output device 114 may be physically co-
located with the first host system 102, or may be located remotely from the first host
system 102, and may be partially or completely network based (e.g., website). As used
herein, the term “user” is not limited to a human, and may comprise a human, a
computer, a host system, a smart phone, a tablet, and/or combinations thereof, for
example.

[0035] The first host system 102 may directly communicate with the second host
system 126 and/or communicate via network 106. Generally, the first host system 102
may include one or more processors 108 capable of executing a first set of processor
executable code and the second host system 126 may include one or more processors
128 capable of executing a second set of processor executable code.

[0036] The second host system 126 may further comprise one or more memories

130 capable of storing processor executable code, one or more input devices 132, and
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one or more output devices 134. Each element of the second host system 126 may be
partially or completely network-based or cloud based, and not necessarily located in a
single physical location.

[0037] The one or more processors 128 may be implemented as a single or a
plurality of processors 128 working together to execute the logic described herein.
Exemplary embodiments of the one or more processors 128 include a digital signal
processor (DSP), a central processing unit (CPU), a field programmable gate array
(FPGA), a microprocessor, a multi-core processor, and/or combinations thereof. The
one or more processors 128 may be capable of communicating with the one or more
memories 130 via a path (e.g., data bus). The one or more processors 128 may be
capable of communicating with the input devices 132 and the output devices 134.
[0038] The one or more processors 128 may be further capable of interfacing
and/or communicating with the one or more user terminals 104 via the network 106.
For example, the one or more processors 128 may be capable of communicating via the
network 106 by exchanging signals (e.g., digital, optical, and/or the like) via one or more
physical or virtual ports using a network protocol. It is to be understood that in certain
embodiments using more than one processor 128, the one or more processors 128 may
be located remotely from one another, located in the same location, or comprising a
unitary multi-core processor (not shown). The one or more processors 128 may be
capable of reading and/or executing processor executable code and/or of creating,
manipulating, altering, and/or storing computer data structures into one or more

memories 130.
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[0039] The one or more memories 130 may be capable of storing processor
executable code. Additionally, the one or more memories 130 may be implemented as
a conventional non-transient memory 130, such as, for example, random access
memory (RAM), a CD-ROM, a hard drive, a solid state drive, a flash drive, a memory
card, a DVD-ROM, a floppy disk, an optical drive, and/or combinations thereof. It is to
be understood that while one or more memories 130 may be located in the same
physical location as the second host system 126, the one or more memories 130 may
be located remotely from the second host system 126, and may communicate with the
one or more processor 128 via the network 106. Additionally, when more than one
memory 130 is used, a first memory 130 may be located in the same physical location
as the second host system 126, and additional memories 130 may be located in a
remote physical location from the second host system 126. The physical location(s) of
the one or more memories 130 may be varied. Additionally, one or more memories 130
may be implemented as a “cloud memory” (i.e., one or more memory 130 may be
partially or completely based on or accessed using the network 106).

[0040] The input devices 132 may transmit data to the processors 128, and may
be implemented as a keyboard, a mouse, a touchscreen, a camera, a cellular phone, a
tablet, a smart phone, a PDA, a microphone, a network adapter, and/or combinations
thereof. The input devices 132 may be located in the same physical location as the
second host system 126, or may be remotely located and/or partially or completely
network-based.

[0041] The output devices 134 may transmit information from the processors 128

to a user, such that the information may be perceived by the user. For example, the
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output devices 134 may be implemented as a server, a computer monitor, a cell phone,
a tablet, a speaker, a website, a PDA, a fax, a printer, a projector, a laptop monitor,
and/or combinations thereof. The output devices 134 may be physically co-located with
the second host system 126, or may be located remotely from the second host system
126, and may be partially or completely network based (e.g., website).

[0042] The network 106 may permit bi-directional communication of information
and/or data between the first host system 102, the second host system 126 and/or user
terminals 104. The network 106 may interface with the first host system 102, the
second host system 126, and the user terminals 104 in a variety of ways. For example,
the network 106 may interface by optical and/or electronic interfaces, and/or may use a
plurality of network topographies and/or protocols including, but not limited to, Ethernet,
TCP/IP, circuit switched paths, and/or combinations thereof. For example, the network
106 may be implemented as the World Wide Web (or Internet), a local area network
(LAN), a wide area network (WAN), a metropolitan network, a wireless network, a
cellular network, a GSM-network, a CDMA network, a 3G network, a 4G network, a
satellite network, a radio network, an optical network, a cable network, a public switched
- telephone network, an Ethernet network, and/or combinations thereof. Additionally, the
network 106 may use a variety of network protocols to permit bi-directional interface
and/or communication of data and/or information between the first host system 102, the
second host system 126, and/or one or more user terminals 104.

[0043] Referring to FIGS. 1 and 2, the one or more memories 110 may store
processor executable code and/or information comprising a user database 136, a

contractor database 137, a first image database 138 and program logic 139. The
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processor executable code may be stored as a data structure, such as a database
and/or a data table, for example.

[0044] The user database 136 may include information about customers
engaging with the first host system 102. For example, one or more customers may
access the first host system 102 through the one or more user terminals 104. The first
host system 102 may provide a roof request website to the user terminal 104. The roof
request website may be directed by the one or more processors 108. The processor
108 may also direct the one or more customers to a login/registration portion of the
website.

[0045] In some embodiments, customers may register a user profile with the first
host system 102. The user profile may be created and/or stored in the user database
136 by the processor 108. For example, the customer may be prompted by the
processor 108 to provide login credentials (e.g., username and/or password). Login
credentials may allow the processor 108 to authenticate the customer against the user
database 136. In this manner, the first host system 102 may access the user profile in
the user database 136. The user profile may include information including, but not
limited to, demographic information including, but not limited to, name, age, address,
billing account information, username, password, behavioral information, experience,
gender, and/or the like.

[0046] If user authentication is successful, the user profile may be accessed by
the processor 108. If the user authentication fails, the customer may be returned to the

login/registration page, where the customer may be prompted for a username and
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password again. Optionally, the processor 108 may block a customer from entering a
username and/or password after a preset number of failed authentication attempts.
[0047] In some embodiments, customers may be prompted by the processor 108
to provide information for a user profile without registration and/or authentication using a
username and/or password. The user profile may be created and/or stored in the user
database 136 by the processor 108. For example, the processor 108 may prompt the
customer to provide demographic information (e.g., name, address, billing account
information, and the like), and store the information in a user profile for the customer
using a unique customer identification.

[0048] The contractor database 137 may comprise information about roofing
contractors within a given geographic location. Each roofing contractor may be
associated with a contractor profile having information including, but not limited to,
roofing contractor business name, roofing contractor owner name, address, experience
level, age of contractor business, review information, and the like. In some
embodiments, the contractor profile may include a geographical category assignment
identification (ID). For example, the contractor profile may be assigned a numerical or
alphabetical identification based on geographic location of the business.

[0049] In some embodiments, the contractor profile may include review
information. The review information may include positive and/or negative feedback
relating to each contractor. For example, the review information may be based on prior
customer feedback of customers using the system 100. Review information may also
be obtained from one or more outside databases (e.g., Yelp, Google review, and/or the

like).
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[0050] One or more contractors may provide a contractor profile via the first host
system 102. For example, one or more contractors may access the roof review website
of the first host system 102 via the user terminal 104. The processor 108 may direct the
contractor via the roof review website to a login/registration portion of the website. If the
contractor has previously registered with the first host system 102, the contractor may
be prompted by the processor 108 to provide login credentials (e.g., username and/or
password), which may allow the processor 108 to authenticate the contractor against
the contractor database 137.

[0051] if the contractor is not registered with the first host system 102, the first
host system 102 may prompt the contractor to provide information via the one or more
user terminals 104 to create a contractor profile. Alternatively, the contractor profiles
may be provided in the contractor database 137 without information provided by each
contractor. For example, a user of the first host system 102 may provide information via
the input device 112, the network 106, and/or the like, setting up a contractor profile
without direct knowledge of the contractor.

[0052] The one or more memories 110 may include the image database 138.
The image database 138 may store geo-referenced imagery. Such imagery may be
represented by a single pixel map, and/or by a series of tiled pixel maps that when
aggregated recreate the image pixel map. Imagery may include nadir, ortho-rectified
and/or oblique geo-referenced images. The one or more processors 108 may provide
the images via the image database 138 to customers at the one or more user terminals
104. Customers, using the user terminals 104, may provide geographic location

information associated with a roof request using the geo-referenced images provided by
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the one or more processors 108. For example, a customer may be provided a geo-
referenced image to validate the location of a structure (e.g., roof). In some
embodiments, the customer may be able to select the structure (e.g., via a drag-and-
drop user interface) to pinpoint a location of the structure within the image. Selection of
the structure may provide location information (e.g., latitude/longitude coordinate, or and
the like) of the structure to the first host system 102. For simplicity, the description will
provide for a roof as the structure of interest. However, is should be apparent that other
structures of buildings and/or landscapes may be used in accordance with the present
disclosure.

[0053] The one or more memories 110 may further store processor executable
code and/or instructions, which may comprise the program logic 139. The program
logic 139 may comprise processor executable instructions and/or code, which when
executed by the processor 108, may cause the processor 108 to generate, maintain,
provide, and/or host a website providing one or more roofing requests, for example.
The program logic 139 may further cause the processor 108 to collect user information
and/or contractor information, create user profiles and/or contractor profiles, provide
users one or more geo-referenced images, and allow one or more users to validate a
location of the roof as described herein.

[0054] The one or more processors 108 may generate, maintain, or provide one
or more roofing orders to the second host system 126. For example, the one or more
processors 108 may provide the one or more roofing orders to the second host system

126 by copying information obtained and/or stored in one or more memories 110. The
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roofing orders may include contractor profile, user profile, user validated images, a
unique ordering ID, and/or the like.

[0055] The one or more memories 130 of the second host system 126 may store
processor executable code and/or information comprising an order database 140, a
second image database 141 and the program logic 142. The processor executable
code may be stored as a data structure, such as a database and/or a data table, for
example.

[0056] The order database 140 may include information about a roofing order
placed by a customer and copied by the first host system 102. For example, a roofing
order may include contractor profile, user profile, user validated images, a unique
ordering ID, and/or the like. The second host system 126 may access the order
database 140 to provide a roofing report as described in detail herein.

[0057] The one or more memories 130 of the second host system 126 may also
include a second image database 141. The second image database 141 may provide
additional nadir, ortho-rectified, and/or oblique geo-referenced and/or non-geo-
referenced images for use in providing a roofing report as described in detail herein.
Alternatively, the image database 138 and the image database 141 may be the same
database.

[0058] The one or more memories 130 of the second host system 126 may
further store processor executable code and/or instructions, which may comprise
program logic 142. The program logic 142 may comprise processor executable
instructions and/or code, which when executed by the one or more processors 128, may

cause the one or more processors 128 to generate, maintain, and/or provide a website
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or series of websites for providing roofing reports. The program logic 142 may further
cause the one or more processors 128 to allow one or more users to participate in
executing a roofing report via the input devices 132.

[0059] Referring to FIG. 3, shown therein is an exemplary flow chart 144 of
program logic 139 for creating a roof report order which may be used with the first host
system 102 according to the instant disclosure. Program logic 139 may comprise
executable code, which when executed by the one or more processors 108 may cause
the one or more processors 108 to execute one or more of the following:

[0060] The program logic 139 may provide for one or more user terminals 104
interfacing with the processor 108 over the network 106 to provide one or more roofing
request website pages allowing customers to place a roofing request order. Each order
is generally a request of the customer to provide estimated square footage of a specific
roof. Additionally, each order may also include a request for contractor information
and/or a bid request for estimate costs and associated features of materials, supplies,
physical labor, and the like.

[0061] Generally, in a step 145, customers using one or more user terminals 104
may provide user information to the first host system 102. The user information may
then be used to prepare one or more user profiles for use in preparing the roofing
report. Additionally, program logic 139 may generate a unique identification number
and/or alpha numeric character to associate with the user profile.

[0062] The user information may include a location of the roof provided by the
customer. For example, the customer may provide a residential and/or commercial

address of the roof. One or more processors 108 may direct customers to validate the
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location of the roof using user terminals 104, in step 146. For example, processors 108
may provide one or more images via the image database 138. The images may be
geo-referenced images illustrating portions or all of the roof. The program logic 139
may cause the processor 108 to provide users the one or more geo-referenced images,
and allow the customer to validate the location of the roof. For example, the customer
may be able to use a drag-and-drop element provided by the program logic 139 via user
terminal 104 to select the roof within the one or more geo-referenced images. Selection
of the roof within the one or more geo-referenced images may provide one or more
validated images and a validated location of the roof. In some embodiments, the
geographic location may include coordinates, and validation of the geographic location
may be provided by a customer by altering one or more coordinates of the geographic
location. Customers may alter the one or more coordinates by methods including, but
not limited to, manual manipulation, drag-and-drop elements, and the like.

[0063] It should be understood that validation of the geo-referenced images may
be provided by the second host system 126 via the one or more processors 128 in lieu
of, or in combination with host system 102. For example, the first host system 102 may
direct customers to the second host system 126 wherein the one or more processors
128 of the second host system 126 provide geo-referenced images from image
database 141 to the customer for validation of one or more roof and/or roofing
structures. As such, in some embodiments, only the second host system 126 provides
geo-referenced images in the image database 141.

[0064] The first host system 102 may determine contractor availability within a

region of interest about the validated location of the roof as shown in step 147. For
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example, program logic 139 may extract the validated location and compare the
validated location against location of contractors in a region of interest. The region of
interest may be determined by the customer via user terminal and/or the region of
interest may be a pre-programmed determination. For example, the region of interest
may be a five mile radius about the validated location. Contractor availability may
include contractors having a contractor profile within the contractor database 137.
Contractors within the contractor database 137 may be provided with a copy of the
roofing report as described herein.

[0065] The program logic 139 may direct the one or more processors 108 to
create and/or store a roofing order for the customer as shown in step 148. Additionally,
the program logic 139 may direct one or more processors to transfer the roofing order to
the second host system 126.

[0066] FIG. 4 illustrates a flow chart 149 of an exemplary embodiment of the
program logic 139 and/or 142 for processing a roof report order which may be used with
the system 100 according to the instant disclosure. The program logic 139 comprises
processor executable code, that when executed by the processor 108, may cause the
processor 108 to execute one or more of the following:

[0067] The program logic 139 may include a step 150 wherein one or more user
terminals 104 interfacing with the processor 108 over the network 106 may be provided
with one or more websites having a mechanism allowing a customer to request a roof
report. The customer may provide the request to the first host system 102 using the
one or more websites, in a step 152. Prior to providing customer information, the

customer may be notified that the first host system 102 may distribute any contact
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information provided by the customer to contractors provided within the first host system
102. The one or more processors 108 may provide the customer an option for agreeing
to terms of service (e.g., distribution of their contact information), in a step 154.

[0068] In a step 156, the roof report request website may include queries
regarding customer information including, but not limited to, customer name, address,
address of the roof, billing information, and the like. The customer information may be
provided by the one or more processors 108 and stored in the one or more memories
110. For example, the customer information may be provided by processors 108 as a
user profile and stored in the user database 136 of the one or more memories 110.
[0069] Customers may be able to select the desired roof, location, and/or the like
on the one or more websites provided by the processor 108 over the network 106, in
step 158. For example, the customer may use the one or more user terminals 104 to
provide a geographical location (e.g., address, latitude/longitude coordinates, or the
like), a geo-referenced image, and/or an element within a geo-referenced image. Once
the geographical location of the roof is selected, the processor 108 may provide a
verification web page or similar mechanism for customer review and/or approval of a
proposed order, in a step 160. The first host system 102 may receive the proposed
order via the processor 108, store the order and/or transfer the order to the second host
system 126 for processing, in a step 162. The processor 108 may provide a
confirmation webpage or similar mechanism informing the customer of a successful
order placement, in a step 164.

[0070] FIG. 5 illustrates a flow chart 169 of an exemplary embodiment of the

program logic 139 and/or 142 for providing a roof report which may be used with the
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system 100 according to the instant disclosure. Generally, processing of the proposed
order may be provided using the second host system 126. The program logic 142
comprises processor executable code, that when executed by the processor 128, may
cause the processor 128 to execute one or more of the following:

[0071] The second host system 126 may receive the proposed order via the one
or more processors 108 of the first host system 102. Generally, the validity of the
location of the roof provided by the customer may be determined, in a step 170. In a
step 172, the second host system 126 may determine if the location of the roof provided
by the customer exists. If the location is not found, the customer may be further
contacted by the second host system 126 and/or the first host system 102 requesting
resubmission or additional information for the proposed order, in a step 174.
Additionally, in a step 176, the second host system 126 may determine if corresponding
imagery within image database 141 exists for the location provided by the customer. If
there is no corresponding imagery, the customer may be further contacted by the
second host system 126 and/or the first host system 102 with a status message
indicating no suitable imagery of the roof currently exists, in a step 178.

[0072] The second host system 126 may further process and review the order, in
a step 180. An exemplary series of steps for implementing step 180 is shown in a flow
chart 188 illustrated in FIG. 6. For example, the one or more processors 128 of the
second host system 126 may receive the proposed order, in a step 190. The one or
more processors 128 may extract order related information and images. Generally, a
user may access a roof report website provided by the one or more processors 128 to

review and/or process the proposed order. For example, the user may access the roof
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report website using the input devices 132 and the output devicés 134 to review and/or
process the proposed order.

[0073] In some embodiments, using the input devices 132 and/or the output
devices 134, the user may provide additional details to the proposed order regarding the
roof including, but not limited to, identification of areas of the roof (e.g., eaves, drip
edges, ridges, and the like), pitch, distance, angle, and/or the like.

[0074] The footprint of the roof may be determined, in step 192. For example,
the footprint of the roof may be determined using systems and methods including, but
not limited to, those described in U.S. Patent Publication No. 2010/0179787, U.S.
Patent Publication No. 2010/0110074, U.S. Patent Publication No. 2010/0114537, U.S.
Patent Publication No. 2011/0187713, U.S. Patent No. 8,078,436, and U.S. Serial No.
12/090,692, all of which are incorporated by reference herein in their entirety.

[0075] In some embodiments, the one or more processors 128 may provide one
or more websites to the user for evaluation of multiple oblique images to provide the
footprint of the roof. For example, the user and/or the processors 128 may identify
edges of the roof. Two-dimensional and/or three-dimensional information regarding the
edges (e.g., position, orientation, and/or length) may be obtained from the images.
Using the two-dimensional and/or three-dimensional information (e.g., position
orientation, and/or length), line segments may be determined with multiple line
segments forming at least a portion of the footprint of the roof.

[0076] The footprint may provide a two-dimensional boundary and/or outline of
the roof. In a step 194, a predominant pitch value for the roof may be determined. In

some embodiments, a predominant pitch value may be determined using the footprint
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as a boundary of the roof. The predominant pitch may be a weighted average of
individual pitch factors for two or more portions of the roof. FIG. 7 illustrates an
exemplary slope factor chart for determining pitch factors. For example, a first portion
of the roof (e.g., 60% of the roof) may be at a 6:12 pitch. The 6:12 pitch corresponds to
1.1180 as the pitch factor). A second portion of the roof (e.g. 40% of the roof) may be
at a 4:12 pitch. The 4:12 pitch corresponds to 1.0541 as the pitch factor. Thus, the

weighted value of the first portion of the roof having 6:12 pitch is:

(Pitch Factor) * (Percentage of roof) = First Weighted Value EQ. 1

1.1180 * 0.6 = 0.6708

The weighted value of the second portion of the roof having 4:12 pitch is:

(Pitch Factor) * (Percentage of roof) = Second Weighted Value EQ. 2

1.0541 * 0.4 = 0.42164

The sum of 0.6708 and 0.42164 is 1.09244 as the total weighted pitch value. A total
weighted pitch value of 1.09244 is closest to a pitch factor of 1.0833 in the table in FIG.
7. This pitch factor corresponds to a 5:12 pitch. As such, the predominant pitch in this
scenario would be 5:12.  Using the predominant pitch and outer dimensions provided
by the footprint, an estimated area of the roof may be determined, in a step 196.

[0077] In some embodiments, the user may review and reevaluate the estimated

area of the roof obtained. For example, using the system and methods described
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herein, the user may review the steps for obtaining the footprint, the predominant pitch
value, and/or estimated area. Additionally, the user may provide for a review report.
The review report may comprise feedback to the one or more processors 128 regarding
errors, concerns, and/or the like.

[0078] Referring to FIGS. 1, 6 and 8, in a step 184 and 186, a customer and/or
contractor may receive a roof report 200. FIG. 8 illustrates an exemplary embodiment
of a roof report 200 provided in accordance with the present disclosure. The program
logic 139 may provide for one or more user terminals 104 interfacing with the processor
108 over the network 106 to provide one or more roofing report website pages allowing
customers and/or contractors to view the roof report 200.

[0079] Generally, roofing reports within the industry are detailed with data sets
regarding pitch, total area, eave length, hip ridge length, valley length, number of box
vents, and the like. The roof report 200 may be streamlined to generally include data
sets such as customer information 202, roofing 204, estimated area detail 206, and
contractor(s) 208. The customer information data set 202 may include the customer
name, customer contact information, and the like. The roofing data set 204 may include
one or more nadir images of the roof and one or more oblique images of the roof. The
estimated area detail 206 may provide the total estimated roof area as determined using
the second host system 126 described herein. The contractor data set 208 may include
one or more contractor names and associated contractor contact information for the one
or more contractor names.

[0080] The roof report 200 may be distributed using the first host system 102

and/or the second host system 126 to the one or more user terminals 104. For
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example, the roof report 200 may be distributed using the first host system 102 to a
contractor at a first user terminal 104 and the roof report 200 may be distributed using
the first host system 102 to the customer at a second user terminal 104.

[0081] In some embodiments, the first host system 102 and/or the second host
system 126 may distribute the roof report 200 to one or more recipients in addition to, or
in lieu of, the customer. For example, the roof report 200 may be distributed to
recipients including, but not limited to, roof material suppliers (e.g., small roofing
companies, Lowes, Home Depot, and the like), insurance companies, real estate
agencies, home services and/or cleaning companies, insulation companies, auditing
companies, and/or contractors. Contractors and/or suppliers may be associated with
residential and/or commercial building elements and/or services including, but not
limited to, fireplaces, pool sales, fencing, lawn maintenance, gardening, pavement
resurfacing, decking, sunrooms, roofing, guttering, custom Christmas light designs,
siding, windows, doors, garage doors, and the like.

[0082] In some embodiments, additional data sets may be included within the
roof report 200. For example, data sets may include, but are not limited to, weather
data, insurance/valuation data, census data, school district data, real estate data, and
the like.

[0083] Weather data sets may be provided by one or more databases storing
information associated with weather (e.g., inclement weather). A weather data set
within the roof report 200 may include, but is not limited to, hail history information
and/or location, wind data, severe thunderstorm data, hurricane data, tornado data,

and/or the like. In some embodiments, the one or more databases providing weather
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information may be hosted by a separate system (e.g., LiveHailMap.com) and provide
information to the first host system 102 and/or the second host system 126. The
weather data set may be included within the roof report 200 and provided to the
customer and/or other parties. In some embodiments, weather data sets may be
provided within a report as described herein without the addition of roof related
information (e.g., roofing data set 204).

[0084] Insurance and/or valuation data sets may be provided by one or more
databases storing information associated with housing insurance and/or valuation. An
insurance and/or valuation data set may include, but is not limited to, insured value of
the home, insurance premium amount, type of residence (e.g., multi-family, single
family), number of floors (e.g., multi-floor, single-floor), building type, and/or the like. In
some embodiments, the one or more databases may be hosted by a separate system
(e.g., Bluebook, MSB, 360Value) and provide information to the first host system 102
and/or the second host system 126.

[0085] The insurance and/or valuation data set may be included within the roof
report 200 and provided to the customer and/or other parties. For example, during
underwriting of a home, an insurance company may be able to request the roof report
200 on a home that is recently purchased. The information within the roof report 200
may be integrated with insurance information provided by an insurance database and
used to form a quote report. The quote report may be sent to the customer and/or
insurance company. Alternatively, the roof report 200 may be solely sent to the
insurance company with the insurance company using the information to formulate a

quote.
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[0086] In another example, the roof report 200 may be used in an insurance
claim. In the case of a catastrophe of a customer, one or more databases may be used
to provide an insurance dataset with claim information in the roof report 200. For
example, an insurance database having a policy in force (PIF) and a weather database
may be used to correlate information regarding an insurance claim for a particular roof.
This information may be provided within the roof report 200.

[0087] Real estate and/or census data sets may also be including within the roof
report. The real estate and/or census data sets may be provided by one or more
databases having detailed information of a home. For example, a real estate data set
may include, but is not limited to, the homeowner's name, the purchase price of the
home, number of times the home has been on the market, the number of days the
home has been on the market, the lot size, and/or the like. The census data set may
include information concerning the number of residents within the home. In some
embodiments, the one or more databases may be hosted by a separate system (e.g.,
Core Logic) and provide information to the first host system 102 and/or the second host
system 126 to provide data sets as described herein. The real estate data set may be
included within the roof report 200 and provided to the customer and/or other parties.
[0088] The roof reports 200 may include roofing data as described herein;
however, system 100 may be used to provide other information to a customer and/or
other party without roof related information (e.g., roofing data set 204). For example, in
a real estate transaction, one or more databases in host system 102 and/or host system
126 may include recent home sales over time in one or more geographic areas. The

footprint of each home and home valuation may be provided in one or more databases
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within host system 102 and/or host system 126. Using the systems and methods
described herein, a customer (e.g., homeowner) may request a report determining
approximate sales price of a home using the footprint and/or valuation versus
comparables within the geographic area. The report may provide an approximate sale
price of the home. In some embodiments, demographics of the homeowners may be
used and stored in one or more databases. The demographic information may be used
for potential advertising and/or comparables within the geographic area.ln another
example, using systems and methods as described herein, a report may be provided for
housecleaning and/or home services area (e.g., fireplace cleaning, pool sales, fencing,
lawn maintenance/gardening, pavement resurfacing, decking, sunrooms, roofing,
guttering, custom Christmas light designs, siding, windows, doors, garage doors, and
the like). For example, using a footprint of a home, number of stories within a home,
and the like, a determination of average square footage within a home may be
determined. This information may be used to formulate a price quote for cleaning
services.

[0089] Other services related to roofing may be provided within the roof report
200. For example, using the square footage of the roofing footprint, a price quote may
be generated on the cost of insulation for the roof (e.g., energy efficiency, insulation
replacement, and the like). Additionally, audits may be performed using information
within one or more databases. For example, using the roofing area of a home,
historically paid insurance claims for comparables, and validation of payment for a

specific claim for the home, a comparison may be made to determine whether the
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service payment for the specific claim was within a certain threshold. Auditing, it should
be understood, may be applied to other areas as described herein as well.

[0090] Although the terms “home” and “house” are used herein, it should be
noted that the systems and methods in the present disclosure may be applied to any
residential and/or commercial building or structure.

[0091] From the above description, it is clear that the inventive concept(s)
disclosed herein is well adapted to carry out the objects and to attain the advantages
mentioned herein as well as those inherent in the inventive concept(s) disclosed herein.
While presently preferred embodiments of the inventive concept(s) disclosed herein
have been described for purposed of this disclosure, it will be understood that numerous
changes may be made which will readily suggest themselves to those skilled in the art
and which are accomplished within the scope and spirit of the inventive concept(s)

disclosed herein and defined by the appended claims.
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What is claimed is:
1. A set of instructions stored on one or more computer readable medium for
running on one or more computer systems, comprising:

instructions for identifying a geographic location of a roof;

instructions for determining contact information of one or more contractors within
a region of interest of the geographic location of the roof; and,

instructions for determining a footprint of the roof;

instructions for determining predominant pitch of the roof;

instructions for determining an estimated roofing area based on the predominant

pitch and the footprint of the roof.

2. The set of instructions of claim 1, further comprising instructions for providing a
roof report, wherein the roof report includes one or more ortho images of the roof, one
or more oblique images of the roof, the estimated roofing area and contact information
of one or more contractor within the region of interest of the geographic location of the

roof.

3. The set of instructions of claim 2, wherein the roof report includes contact

information of the customer.

4. The set of instructions of claim 1, wherein the one or more computer readable
medium comprises a first computer readable medium of a first host system and a

second computer readable medium of a second host system.
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5. The set of instructions of claim 1, wherein instructions for identifying the
geographic location of the roof further comprises instructions for obtaining contact

information of a customer.

6. The set of instructions of claim 1, wherein the one or more computer readable
medium further comprises instructions for receiving customer input to validate

geographic location of the roof.

7. The set of instructions of claim 6, wherein the geographic location includes
coordinates and validation of the geographic location includes instructions for receiving

customer input to alter one or more coordinates of the geographic location.

8. The set of instructions of claim 1, wherein instructions for identifying a
geographic location of the roof includes identifying one or more edges of the roof in an

image.

9. The set of instructions of claim 1, wherein instructions for determining a footprint of
the roof further comprises:

instructions for identifying edges of the roof;

instructions for determining three-dimensional information of the edges including
position, orientation and length using multiple oblique images from multiple cardinal

directions; and,
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instructions for determining, automatically, one or more line segments forming a

portion of a footprint of the roof utilizing position and orientation of the edges.

10. The set of instructions of claim 1, wherein determining the predominant pitch
includes determining a plurality of pitch values, the predominant pitch based on the

plurality of pitch values.

11.  The set of instructions of claim 10, wherein each pitch value is associated with an

estimated percentage of roof area to provide an average pitch value.

12.  The set of instructions of claim 1, further comprising:
instructions for providing the roof report to one or more contractors, the

contractor located within the region of interest of the geographic location of the roof.

13. A system, comprising:
two or more host systems, each host system having one or more computer
readable medium; the first host system storing a set of instructions that when executed
by one or more processors causes the one or more processors to:
identify a geographic location of a roof;
determine contact information of at least one contractor within a region of
interest about the geographic location of the roof;
the second host system storing a set of instructions that when executed by one

or more processors causes the one or more processors to:
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determine a footprint of the roof;

determine a predominant pitch;

determine an estimated roofing area based on the predominant pitch and
the footprint of the roof; and,

provide a roof report, wherein the roof report includes one or more ortho
images of the roof, one or more oblique images of the roof, the estimated roofing area

and contact information of one or more contractors within the region of interest.
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ABSTRACT

A set of instructions stored on one or more computer readable medium for
running on one or more computer systems is described herein. The set of instructions
generally may include instructions for identifying a geographic location of a roof,
instructions for determining contact information of one or more contractors within a
region of interest of the geographic location of the roof, instructions for determining a
footprint of the roof, instructions for determining predominant pitch of the roof, and/or
instructions for determining an estimated roofing area based on the predominant pitch

and the footprint of the roof.
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6/9 Attorney: Marc A, Brockhaus Dkt. No. 6338.157
SHEET 6 OF 9 FORMAL DRAWINGS

190~

HOST SYSTEM RECEIVES ROOF
REQUEST ORDER

192~ \
FOOTPRINT OF ROOF IS OBTAINED

194~ !

PREDOMINANT PITCH VALUE
DETERMINED

196~ !
ROOFING AREA OBTAINED

198~ v
ROOF REPORT PROVIDED
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Slope Factor Chart

Pitch of Roof | 1:12 | 212 | 3112 | 4112 | 5:12 | 6:12 | 7:12 | 8:12 | 9:12 | 10:12 [ 11:12 [ 12:12

Slope Factor |1.0035(1.01381.0308{1.0541/1.0833|1.1180[1.1577 1.2019|1.2500 1.3017)1.3566 1.4142|

(B)

(A) x (Slope Factor)

719
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Doc Code: Oath
Document Description: Oath or declaration filed PTO/SB/01 (04-09)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Att Dock
a DECLARATlggsFIg: UTILITYOR | AtemeyDodket gq3g 457 ™
PATENT APPLICATION First Named Inventor | Chris Thornberry
(37 CFR 1.63) COMPLETE IF KNOWN
. Application Number
Declaration Declaration
i Submitted After Initial ili
|:| \?\;-:31":::3; OR l:l Fillling"(sirchafgrem 2 Filing Date
Filing (37 CFR 1.16(f)) Art Unit
required)

\ Examiner Name j

| hereby declare that: (1) Each inventor's residence, mailing address, and citizenship are as stated below next to their name;
and (2) | believe the inventor(s) named below to be the original and first inventor(s) of the subject matter which is claimed and
for which a patent is sought on the invention titled:

A Method and System for Quick Square Roof Reporting

(Title of the Invention)

the application of which
is attached hereto
OR

D was filed on (MM/DD/YYYY) as United States Application Number or PCT International

Application Number and was amended on (MM/DD/YYYY) (if applicable).

| hereby state that | have reviewed and understand the contents of the above identified application, including the claims, as
amended by any amendment specifically referred to above.

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for
continuation-in-part applications, material information which became available between the filing date of the prior application
and the national or PCT international filing date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the
Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), and
any other intellectual property offices in which a foreign application claiming priority to the above-identified patent application is
filed access to the above-identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming
priority to the above-identified patent application is filed to have access to the above-identified patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the above-identified patent application with respect
to: 1) the above-identified patent application-as-filed; 2) any foreign application to which the above-identified patent application
claims priority under 35 U.S.C. 119(a)~(d) if a copy of the foreign application that satisfies the certified copy requirement of

37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the above-identified patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to
Permit Access to Application by Participating Offices.

[Page 1 of 3]
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SB/01 (04-09)

Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

DECLARATION — Utility or Design Patent Application

Claim of Foreign Priority Benefits

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s) for patent,
inventor's or plant breeder's rights certificate(s), or 365(a) of any PCT international application which designated at least one
country other than the United States of America, listed below and have also identified below, by checking the box, any foreign
application for patent, inventor's or plant breeder's rights certificate(s), or any PCT intemational application having a filing date
before that of the application on which priority is claimed.

Prior Foreign Application

Number(s) Country

Foreign Filing Date
(MM/DD/YYYY)

Priority
Not Claimed

Certified Copy Attached?

YES

NO

[]

[

L]

L]

L

[

[]

[

L]

[ ]

[]

[']

D Additional foreign application number(s) are listed on a supplemental priority data sheet PTO/SB/02B attached hereto.

[Page 2 of 3]
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PTO/SB/01 (04-09)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

\
J

DECLARATION — Utility or Design Patent Application

Direct all The address Correspondence

correspondence to: associated with 30589 OR address below
Customer Number:

Name

Dunlap Codding, P.C.

Address

P.O0. BOX 16370

City State Zip

Oklahoma City Oklahoma 73113

Country Telephone Email

USA 405+607-8600 mbrockhaus@dunlapcodding.com

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the
USPTO to support a petition or an application. If this type of personal information is included in documents submitted to the
USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting them
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of
the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of
a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.
Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTO/SB/01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application
Files. Documents not retained in an application file (such as the PTO-2038) are placed into the Privacy Act system of
COMMERCE/PAT-TM-10, System name: Deposit Accounts and Electronic Funds Transfer Profiles.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such wiliful false statements
may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR: D A petition has been filed for this unsigned inventor
Given Name (first and middle [if any]) Family Name or Surname
Chris T. Thornberry
Inventor's Signature Date
Residence: City State Country Citizenship

Indianapolis IN USA UsS

Mailing Address

10825 Cyrus Dr.

City State Zip Country
Indianapolis IN 46231 USA
D Additional inventors or a legal representative are being named on the supplemental sheet(s) PTO/SB/02A or 02LR attached hereto
[Page 3 of 3]

0050



DECLARATION

PTO/SBI02A (07-07)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995_no persons are required to respond to a collection of information unless it contains a valid OMB controt number.

ADDITIONAL INVENTOR(S)
Supplemental Sheet

Page of )

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Sumame

Dale R. Thornberry
Inventor's
Signature Date
Carmel IN USA us
Residence: City State Country Citizenship
13890 Wildcat Dr.
Mailing Address
Carmel IN 46033 us
City State Zip Country

Name of Additional Joint Inventor, if any:

|:| A petition has been filed for this unsigned inventor

Given Name (first and middie (if any))

Family Name or Sumame

Inventor's

Signature Date

Residence: City State Country Citizenship
Mailing Address

City State Zip Country

Name of Additional Joint Inventor, if any:

L]

A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Sumame

Inventor's

Signature Date

Residence: City State Country Citizenship
Mailing Address

City State Zip Country

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandnia, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 (1-800-786-9199) and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

A Method and System for Quick Square Roof Reporting

First Named Inventor/Applicant Name:

Chris T. Thornberry

Filer:

Douglas John Sorocco/Lori Radford

Attorney Docket Number: 6338.157
Filed as Small Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sub-Total in
UsD($)
Basic Filing:
Utility filing Fee (Electronic filing) 4011 1 95 95
Utility Search Fee 2111 1 310 310
Utility Examination Fee 2311 1 125 125
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 530
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Electronic Acknowledgement Receipt

EFSID: 12339736
Application Number: 13424054
International Application Number:
Confirmation Number: 7006

Title of Invention:

A Method and System for Quick Square Roof Reporting

First Named Inventor/Applicant Name:

Chris T. Thornberry

Customer Number:

30589

Filer:

Douglas John Sorocco/Lori Radford

Filer Authorized By:

Douglas John Sorocco

Attorney Docket Number: 6338.157
Receipt Date: 19-MAR-2012
Filing Date:
Time Stamp: 17:47:18

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$530

RAM confirmation Number

5228

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/ Multi

File Name Message Digest | Part/.zip

Pages
(if appl.)

AQEA
VU




83267

1 Transmittal of New Application 6338157_Transmittal.pdf no 1
7a3acd648d608fd8386f9b8fh24a1fb9e37e|
3892
Warnings:
Information:
1419540
2 6338157_Application.pdf yes 36
2380d4ad7f6b5d90a72efeeef0732b5a4 16§
a220
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 31
Claims 32 35
Abstract 36 36
Warnings:
Information:
. s 238837
3 Drawings-only bla.ck and white line 6338157 _Drawings.pdf no 9
drawings
ee6a67544ab794¢288074a4d846e8756171
49066
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

QOath or Declaration filed 6338157_Declaration.pdf

216172

8df3667379527af582e25b8dd60a2273db6|
4elfe

no 4

Warnings:

Information:

Fee Worksheet (SB06) fee-info.pdf

33024

346ae01cd114e96938544dd20be689d784
dac761

no 2

Warnings:

Information:

Total Files Size (in bytes);

1990840
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/424,054 03/19/2012 Chris T. Thornberry 6338.157

CONFIRMATION NO. 7006

30589 IMPROPER AUTHORIZATION

DUNLAP CODDING, P.C. LETTER

PO BOX 16370

OKLAHOMA CITY, OK 73113 RN MR DR

000000053453

Date Mailed: 04/02/2012

Title: Method and System for Quick Square Roof Reporting

Improper Submission of Authorization to Permit Access to
Application by Participating Offices under 37 CFR 1.14(h)

The Authorization to Permit Access to Application by Participating Offices under 37 CFR 1.14(h)
(authorization to permit access) on 03/19/2012 in application number 13/424,054 is not accepted
because of the reason(s) listed below:

* The authorization to permit access was not properly signed. If applicant still wishes to provide
authorization to permit access under 37 CFR 1.14(h), applicant must submit a properly signed
authorization (e.g., PTO/SB/39).

Any authorization should be submitted prior to filing a subsequent foreign application with a
participating intellectual property office in which priority is claimed to the above-identified U.S.
application to ensure that it is likely that the participating foreign intellectual property office will be
successful in its attempt to retrieve a copy of the U.S. priority application from the Office.

/mkibret/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or
1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/424,054 03/19/2012 3633 530 6338.157 13 2
CONFIRMATION NO. 7006
30589 FILING RECEIPT

DUNLAP CODDING, P.C.

PO BOX 16370 R AT R

OKLAHOMA CITY, OK 73113 000000053
Date Mailed: 04/02/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Chris T. Thornberry, Indianapolis, IN;
Dale R. Thornberry, Carmel, IN;
Power of Attorney: None

Domestic Priority data as claimed by applicant

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 03/30/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/424,054

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

page 1 of 3
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Title

Method and System for Quick Square Roof Reporting
Preliminary Class

052

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/424,054
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 95 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 310 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 125 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 13 minus 20= 30 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = 125 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 530 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR =
% Independent * Minus | *** = _ OR _
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR =
% Independent * Minus | *** = = OR =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/424,054 03/19/2012 Chris T. Thornberry 6338.157
CONFIRMATION NO. 7006
30589 FORMALITIES LETTER
DUNLAP CODDING, P.C.
PO BOX 16370 IR MR MR
OKLAHOMA CITY, OK 73113 000000053453

Date Mailed: 04/02/2012

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

+ The oath or declaration is unsigned.
The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

« A surcharge (for late submission of filing fee, search fee, examination fee or oath or declaration) as set forth in
37 CFR 1.16(f) of $65 for a small entity in compliance with 37 CFR 1.27, must be submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWO MONTHS from the date of this Notice is $65 for a small entity
+ $65 Surcharge.

page 1 of 2
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/mkibret/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 2 of 2
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” =y "
7Q—Ekpfess—ﬁ\‘banuunmcm Request

Doc Code: TRAN.LET

Document Description: Transmittal Letter
PTO/SB/21 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
u.s. Patent and Trademark Offlce U S DEPARTMENT OF COMMERCE

Apphcatlon Number

13/424,054
TRANSMITTAL Filing Date 0311912012
FORM First Named Inventor Chris Thornberry
Art Unit 3633
Examiner Name
(to be used for all correspondence after initial filing)
k Total Number of Pages in This Submission Attorney Docket Number 6338.157 /

ENCLOSURES  (Check all that apply)

|:| After Allowance Communication to TC
Fee Transmittal Form

D Fee Attached

l:l Amendment/Reply
D After Final

l:l Affidavits/declaration(s)

Extension of Time Request

Drawing(s)

Appeal Communication to Board

Licensing-related Papers of Appeals and Interferences

Appeal Communication to TC
Petition (Appeal Notice, Brief, Reply Brief)
Petition to Convert to a
Provisional Application
Power of Attorney, Revocation

Change of Correspondence Address

Proprietary Information

Status Letter

Other Enclosure(s) (please Identify
below):

See Remarks

NOOO OO0

Terminal Disclaimer

Request for Refund

LOOood OO

D Information Disclosure Statement CD, Number of CD(s)

|:| Landscape Table on CD

D Certified Copy of Priority Remarks
Document(s) ELECTRONICALLY TRANSMITTED:
D Reply to Missing Parts/ 1. SB21 Transmittal Form (1 pg);
Incomplete Application 2. SB22 Extension of Time (1 pg); and
Reply to Missing Parts 3. SBO01 Declaration (4 pgs).

under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name
DUNLAP CODDING, P.C.

Signature M /e’l,m ‘! !

Printed name

Marc A. Brockhaus

Date 07/11/2012 Reg. No. F40023

( CERTIFICATE OF TRANSMISSION/MAILING \

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on
the date shown below:

Signature M ﬂ‘ E 2

Typed or printed name Marc A. Brockhaus

Date {07/11/2012 /

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SB/22 (09-11)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE

Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Docket Number (Optional)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 6338.157

Application Number 13/424,054 Filed 03/19/2012

For  METHOD AND SYSTEM FOR QUICK SQUARE ROOF REPORTING

Art Unit 3633 Examiner

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee
[C] One month (37 CFR 1.17(a)(1)) $150 $75 $
Two months (37 CFR 1.17(a)(2)) $560 $280 $M____
[j Three months (37 CFR 1.17(a)(3)) $1270 $635 $
[[] Four months (37 CFR 1.17(a)(4)) $1980 $990 $
] Five months (37 CFR 1.17(a)(5)) $2690 $1345 3

Applicant claims small entity status. See 37 CFR 1.27.
A check in the amount of the fee is enclosed.
Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

OO”O"

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number

WARNING: Information on this form may become public. Credit card information should not be included on this form.
Provide credit card information and authorization on PT0O-2038.

| am the E] applicant/inventor.
l:] assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).
attorney or agent of record. Registration Number 40,923

D attorney or agent under 37 CFR 1.34.
Registration number if acting under 37 CFR 1.34

M A’lmMW 07/11/2012

Signature Date
Marc A. Brockhaus 405-607-8600

Typed or printed name Telephone Number

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below.

(1 Total of forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Doc Code: Qath

Document Description: Qath or declaration filed PTO/SBIGT (04-00)
Approved for use thiough 01/31/2014. OMB 0651.0032
U S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Unidder the Papenwark Reduction Act of 1995, no persons re required o raspond 1o a colledicn of information unless it contains a valid CMB contro!l numoer.

At Docket
// DECLARAT'LC';SSFIgﬁ UTILITY OR Nu‘(’;gzz ocKe 6338.157 \
PATENT APPLICATION First Named fnventor | Chyris Thornberry
(37 CFR 1.63) COMPLETE IF KNOWN

Declaration Declaration Application Number 13/424 ,054
"t Supmi w1 Submitied After Initiat | Fii ;
[ Sibmisi g [7] Sttt | fiing Do 0al1812012

Filing (37 CFR 1.16(0) Art Unit 3633

required)

\ Examiner Name /

| hereby declare that: (1) Each inventor's residence, mailing address, and citizenship are as stated below next to their name;
and (2) 1 believe the inventor(s) named helow to be the original and first inventor(s) of the subject matter which is clairned and
for which a palent is sought on the invention titted:

A Method and System for Quick Square Roof Reporting

(Titla of the Invention)

ihe application of which

L] is aftached hereto
QR

w’] was filed on (MM/DD/YYYY) 03/19/2012 as United States Application Number or PCT International

Application Number 13/424,054 and was amended on (MM/DD/YYYY) (if applicable).

| hereby state tiat | have reviewed and understand the contents of the above identified application, including the claims, as
amended by any amendment specifically referred to above.

! acknowledge the duty to disclose inforrnation which is material to patentability as defined in 37 CFR 1.56, including for
continuation-in-part applications, malerial information which became available between the filing date of the prior application
and the national or PCT international filing date of the continuaticn-in-part application.

Authorization To Permit Access To Application by Participating Offices

L{} If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the
Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Praperty Office (WIRPQ), and
any other inteliectual property offices in which a foreign application claiming priority to the above-identified patent application is
filed access to the abovae-identified patent application. See 37 CFR 1.14(c) and (h). This box should nat be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPQ, or other intellectual property office in which a foreign application claiming
priority to the above-identified patent application is filed to have access to the above-identified patent application.

In accordance with 37 CFR 1.14(h)(3). access will be provided to a copy of the above-identified patent application with respect
to: 1) the above-identified patent application-asfiled; 2) any foreign application to which the above-identified patent application
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of

37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S. application-as-filed from which benefitis
sought in the above-identified patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concaming the date of filing the Authorization to
Permit Access to Application by Participating Offices.

{Page 1 0f 3]
This coliection of Information is required by 35 U.5.C. 115 and 37 CFR 1.63. The Infor(ration is sequired lo obtain or rotain a benefit by the public which i 10 filg {and
Ly the USPTO to process) an spplication. Confidentiality 1s governed by 35 U S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 nunules o
comglele, mctuding gathering, preparing, and submitting the compleled application form 1o the USPTO. Time wil vary depending upon the individuai cuse. Any
comments ot {he amount of time you requite to complete this form and/or suggestions tor reducing this burdan, should be sent to the Chigf Information Officer, U.S
Patery and Trademark Office, LS. Cepartment of Commerce, P.O. Box 1450, Alexandna, VA 2231 3-1450 DO NOT BEND FEES OR COMPLETE! FORMS TO
THIS ADDRESS. SEND YO: Commissionar for Patents, P.O. Bax 1450, Alaxandria, VA 22313-1460.

if you need assistance in completing the form, call 1-800-PT(Q-9199 and select option 2.
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PTOISBIOY (04-09)

Approved for use thiough 01/31/2014 QMB u651-0032

U.S. Patent and Tradsmark Office; U 5. CEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons ara requited to respond to a collection of informabon unless it contains a valid OMB corrol numbey.

DECLARATION — Utility or Design Patent Application

Claim of Foraign Priority Benefits

| hereby claim foreign priority benefits under 35 U.S.C. 118{(a)-(d) or (f), or 365(b) of any foreign application(s) for patent,
inventor's or plant breeder's rights certificate(s), or 365(a) of any PCT international application which designated at leas! one
country other than the United States of America, fisted below and have also identified below, by checking the box, any foreign
application for patent, inventor's or plant breeder's rights ceriificate(s), or any PCT international application having a filing dale
bafore that of the application on which priority is claimed.

Prior Foreign Application Count Foreign Filing Date Prionty Certified Copy Attached?
Number(s) ountry (MWDDIYYYY) Not Claimed YES 0
M L

Additional foreign application number(s) are listed on a supplemental pricrity data sheet PTO/SBIO2B atached hereto.

-

{Page 2 of 3}
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PTOISEI0T (04-09)

Approved for use through 51/312014. QME 0661-0032

1).8. Palen! and Trademarx Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required 1o respond {0 a coltection of infarmation urlass it contains a vaiid OMB centiol number.

DECLARATION — Utility or Design Patent Application

Direct 2 ... The address respondenc

comospongence o /] aseosmedwin 130589 O 7] aqaress boton
Gustomer Number:

Name Saiaans

Dunlap Codding, P.C.

Address .

P.O. BOX 16370

ity State #in

Oklahoma City Oklahoma 73113

Countiy Telephone Ematt B

USA 405+607-8600 mbrockhaus@duntapcodding.com

WARNING:

Petiionerfapplicant i cautioned to avoid submitlting personal information in documents filed in a patent application thatmay
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PT(Q-2038 submitted for payment purposes) is never required by the
USPTO to support a petition or an application. If this type of personal information is included in documents submitted to the
USPTO, petitionersfapplicants shauld consider redaciing such personal information from the documents before submitling them
{0 the USPTO. Petitionerfapplicant is advised that the record of a patent application is available 1o the public after publication of
the application (unless a nan-publication request in compliance with 37 CFR 1.213(a) is made in the appfication) or issuance of
a patent. Furthermare, the record from an abandoned application may also be available to the public if the application is
referencad in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTQ-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.
Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTQISBI01}) are placed
into the Privacy Act system of recards DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application
Files. Documents not retained in an application file (such as the PTC-2038) are placed into the Privacy Act system of
COMMERCE/PAT-TM-10, System name: Deposit Accounts and Electronic Funds Transfer Profites.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true: and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.§.C. 1001 and that such willluf false statements
may jecpardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR: m A petition has been filed for this unsigned inventor
Given Name (first and riddie [if any)) Family Name or Surname
Chris T. Thornberry
Inventors Signature- Date . .
A ‘ e S
(“F ez (L 1/pA
Residencd; Cily N State Country Citizenship

indianapolis " |IN USA Us
Malling Adidress

10825 Cyrus Dr.

City State Zip Country
Indianapolis iN 46231 USA
E} Addilioral inventors or a legal representative are being namad on the supplomantal sheel(s) #TO/SRO2A or 02LR aftached herelo
{Page 3 of 3}
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\Under ihe Paperwork Redudlion Act of 1995 _no persons sra required 1o [

PTOISBIDZA (87-07)

Approves for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

pond {6 8 collection of informalion unless it contains a valid OMB control qumber

DECLARATION

ADDITIONAL INVENTOR(S)
Supplemental Sheet
Page o Of J

Name of Additional Joint inventor, if any: j

l A petition has been filed for this unsigned invantor

Given Name (first and middin (i any))

Family Name or Surmame

Date R. Thombeiy
)y <

invantor's //i/ 7/ ( / >
Signalure é{?// ¢ Dat / 2/) /2
Carmel C IN USA us

Residence: City State Counlry Citizenship

13850 Wildcat Or,

Mailing Addrass
Carme! N 460033 s

Cily State Zip Cuuntry

Name of Additional Jolnt Inventor, If any:

D A petilion has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Sumame

Inventor's

Signature Date

Residence: Cily State Country Citizenship
Matling Address

City State Zip Country

Namae of Additional Joint Inventor, if any:

[:J A pelition has been filed for this unsigned invenlor

Given Name (first and middle (if any))

Farnily Namg or Sumame

Inventor's

Signature zie

Residence: City State Counvy Clizenship
Mailing Address

City State 2ip Country

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required 1o obtain or ratsin a benefi By the pubiic which is to fite
(and by the USPTQ to process) an application. Confidentialily is governad by 35 11.5.C. 122 and 37 CFR 1.11 and 1.14. This coltecticn is estimaled 10 lake 21
minules to compiele, including gethering, praparing, and submitling the completed application form to the USPTO. Time will vary depending upon the ndividudl
case. Any comments on Ihe amount of time you require (o complete this form andier suggestions for reducing this burden, should be sent to the Chief Information
OHicer, U S. Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. 00 NOT SEND FEES QR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissloner for Patents, P.O, Box 1460, Alexandria, VA 22313-1460.

If you need assistance in completing the form, call 1-800-PT0-9199 (1-800-786-91089) and select opticn 2.
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Electronic Patent Application Fee Transmittal

Application Number:

13424054

Filing Date:

19-Mar-2012

Title of Invention:

Method and System for Quick Square Roof Reporting

First Named Inventor/Applicant Name:

Chris T. Thornberry

Filer:

Marc Alan Brockhaus/Lori Radford

Attorney Docket Number:

6338.157

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description

Sub-Total in

Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Late filing fee for oath or declaration

2051 1 65 65

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:




. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension - 2 months with $0 paid 2252 1 280 280
Miscellaneous:
Total in USD ($) 345
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Electronic Acknowledgement Receipt

EFSID: 13230528
Application Number: 13424054
International Application Number:
Confirmation Number: 7006

Title of Invention:

Method and System for Quick Square Roof Reporting

First Named Inventor/Applicant Name:

Chris T. Thornberry

Customer Number:

30589

Filer:

Marc Alan Brockhaus/Lori Radford

Filer Authorized By:

Marc Alan Brockhaus

Attorney Docket Number: 6338.157
Receipt Date: 11-JUL-2012
Filing Date: 19-MAR-2012
Time Stamp: 19:11:41

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$345

RAM confirmation Number

8318

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/

File Name Message Digest

Multi
Part /.zip

Pages
(if appl.)




. 66328
6338157_Transmittal07112012.

1 Transmittal Letter of no 1
p 6c94df5chbce3eb1481ba304545e5e 711 7fff|
e59
Warnings:
Information:
63328
2 Extension of Time 6338157_Extension.pdf no 1
d8ea90b22ad019378ace7df774ab83bd9b
b39815
Warnings:
Information:
6338157_Declaration07112012 251984
3 Oath or Declaration filed —vec ardaf fon no 4
.p 3f589b28c803f22ee67b83a%dabf3fbd 193d|
a9%5e
Warnings:
Information:
32029
4 Fee Worksheet (SB06) fee-info.pdf no 2
2131307dbefada77aaa4974ed33¢73dc9al
f6c2
Warnings:
Information:
Total Files Size (in bytes); 413669

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DUNLAP CODDING, P.C.

PO BOX 16370 RO A0 TR

OKLAHOMA CITY, OK 73113 0000005
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Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Chris T. Thornberry, Indianapolis, IN;
Dale R. Thornberry, Carmel, IN;
Power of Attorney: None

Domestic Priority data as claimed by applicant

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 03/30/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/424,054

Projected Publication Date: 09/19/2013
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
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Title

Method and System for Quick Square Roof Reporting
Preliminary Class

052

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number
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Title:Method and System for Quick Square Roof Reporting

Publication No.US-2013-0246204-A1
Publication Date:09/19/2013

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to

publication, such status information is confidential and may only be obtained by applicant using the private side of
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Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Application No. Applicant(s)
13/424,054 THORNBERRY ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
MATTHEW ZIMMERMAN 3684 ,S\l*gt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)[X Responsive to communication(s) filed on 09/19/2013.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)[X Claim(s) 1-13is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-13is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[JSome** c)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s})

1) & Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.

2) |:| Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) D Other- —

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20140411
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Application/Control Number: 13/424,054 Page 2
Art Unit: 3684

1. The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION
Status of Claims

2. Claim(s) 1-13 have been examined.

Claim Rejections - 35 USC § 101

3. 35 U.S.C. 101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or
composition of matter, or any new and useful improvement thereof, may obtain a patent
therefor, subject to the conditions and requirements of this title.

4. Claims 1-13 are rejected under 35 U.S.C. 101 because the claimed invention is
directed to non-statutory subject matter. The claimed invention is drawn to a computer
program per se. A computer program per se is abstract instructions and not a machine
or apparatus; nor is it a process as the instructions are not “acts” being performed. As
such, the claimed invention is not directed to one of the four statutory categories of
invention, but instead directed to nonstatutory functional descriptive material. It is noted
that computer programs embodied on a computer readable medium or other structure,
which would permit the functionality of the program to be realized, would be directed to
a product and be within a statutory category of invention, so long as the computer
readable medium is not disclosed as non-statutory subject matter per se (e.g., signals

or carrier waves).
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Claim Rejections - 35 USC § 102
5. The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —
(b) the invention was patented or described in a printed publication in this or a foreign country

or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

6. Claims 1-13 are rejected in the alternative under pre-AlA 35 U.S.C. 102(b) as

being anticipated by Como (US 2002/00897332).

Referring to Claims 1-12, Como teaches a set of instructions stored on one or

more computer readable medium for running on one or more computer systems
comprising instructions (see Como Fig. 1B-1C and 90090-91). The Examiner notes
that the instructions are nowhere stated as computer executable instructions and may
simply be instructions in English to perform the recited steps (ex., an instruction for
identifying a geographic location of a roof may comprise "Please tell the user to write his
address on a sheet of paper"). Therefore the instructions are treated as non-functional
descriptive material and given little to no patentable weight.

Referring to Claim 13, Como teaches a system comprising two or more host

systems, each host system having one or more computer readable medium; the first
host system storing a set of instructions (see Como Fig. 1B-1C and 990090-91) and the
second host system storing asset of instructions (see Como Fig. 1B-1C and §40090-
91). The Examiner notes that the instructions are nowhere stated as computer
executable instructions and may simply be instructions in English to perform the recited

steps (ex., an instruction for identifying a geographic location of a roof may comprise
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"Please tell the user to write his address on a sheet of paper"). The Examiner notes that
the processors may in fact be human processors such as data entry specialists and not
necessarily "computer processors." Therefore the instructions are treated as non-

functional descriptive material and given little to no patentable weight.

Claim Rejections - 35 USC § 103
7. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

8. Claims 1-13 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Thornberry (US 2010/0296693) in view of Como (US
2002/0087332).

Referring to Claim 1, Thornberry teaches a set of instructions stored on one or

more computer readable medium for running on one or more computer systems,
comprising:
e instructions for identifying a geographic location of a roof (see Thornberry Fig.
4A-B);
e instructions for determining a footprint of the roof (see Thornberry Fig. 5A-7D

and §90104-112);
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e instructions for determining predominant pitch of the roof (see Thornberry Fig.
5A-7D and 990090-98);
e instructions for determining an estimated roofing area based on the
predominant pitch and the footprint of the roof (see Thornberry Fig. 5A-7D
and 90104-112).
Thornberry does not explicitly teach instructions for determining contact information of
one or more contractors within a region of interest of the geographic location of the roof.
However, Como teaches instructions for determining contact information of one or more
contractors within a region of interest of a designated geographical location (see Como
90095-96 and Fig. 12A). It would have been obvious to one of ordinary skill in the art at
the time of invention to apply the concept of determining contact information of one or
more contractors in a designated geographical location to the geographical location of
the roof because it would increase sales as these contractors may thus receive
business from the consumer for a new roof. In addition, the results would be
predictable. Specifically, Tornberry would continue to determine an estimated roofing
area except that now it would also provide a list of contractors in the geographical
location of the roof.

Referring to Claim 2, the combination teaches the set of instructions of claim 1,

further comprising instructions for providing a roof report, wherein the roof report
includes one or more ortho images of the roof, one or more oblique images of the roof,
the estimated roofing area and contact information of one or more contractor within the

region of interest of the geographic location of the roof (see Thornberry Fig. 5A-7D and
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190101-102; in addition, and in the alternative, the Examiner notes that the instructions
are non-functional descriptive material and given little to no patentable weight).

Referring to Claim 3, the combination teaches the set of instructions of claim 2,

wherein the roof report includes contact information of the customer (see Thornberry
Fig. 5A-7D, an address, claim #, order #, etc).

Referring to Claim 4, the combination teaches the set of instructions of claim 1,

wherein the one or more computer readable medium comprises a first computer
readable medium of a first host system and a second computer readable medium of a
second host system (see Thornberry §90089,36, the Examiner notes that the first and
second computers can be interpreted as the same computer).

Referring to Claim 5, the combination teaches the set of instructions of claim 1,

wherein instructions for identifying the geographic location of the roof further comprises
instructions for obtaining contact information of a customer (see Thornberry Fig. 4C-D).

Referring to Claim 6, the combination teaches the set of instructions of claim 1,

wherein the one or more computer readable medium further comprises instructions for
receiving customer input to validate geographic location of the roof (see Thornberry Fic.
4C-D).

Referring to Claim 7, the combination teaches the set of instructions of claim 6,

wherein the geographic location includes coordinates and validation of the geographic
location includes instructions for receiving customer input to alter one or more

coordinates of the geographic location (see Thornberry Fig. 4C-D).
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Referring to Claim 8, the combination teaches the set of instructions of claim 1,

wherein instructions for identifying a geographic location of the roof includes identifying
one or more edges of the roof in an image (see Thornberry Fig. 6).

Referring to Claim 9, the combination teaches the set of instructions of claim 1,

wherein instructions for determining a footprint of the roof further comprises:

e instructions for identifying edges of the roof (see Thornberry 0112);

e instructions for determining three-dimensional information of the edges
including position, orientation and length using multiple oblique images from
multiple cardinal directions (see Thornberry 40112, 90029, 40125, 90100);

e instructions for determining, automatically, one or more line segments forming
a portion of a footprint of the roof utilizing position and orientation of the
edges (see Thornberry 90089).

Referring to Claim 10, the combination teaches the set of instructions of claim 1,

wherein determining the predominant pitch includes determining a plurality of pitch
values, the predominant pitch based on the plurality of pitch values (see Thornberry
70098).

Referring to Claim 11, the combination teaches the set of instructions of claim 10,

wherein each pitch value is associated with an estimated percentage of roof area to
provide an average pitch value (see Thornberry §0098).

Referring to Claim 12, the combination teaches the set of instructions of claim 1,

further comprising: instructions for providing the roof report to one or more contractors,

the contractor located within the region of interest of the geographic location of the roof.
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The Examiner notes that this is non-functional descriptive material and given little to no
patentable weight.

Referring to Claim 13, Thornberry teaches a system comprising:

e two or more host systems, each host system having one or more computer
readable medium the first host system storing a set of instructions that when
executed by one or more processors causes the one or more processors to
(see Thornberry 990089,36):

o identifying a geographic location of a roof (see Thornberry Fig. 4A-B);

e the second host system storing a set of instructions that when executed by
one or more processors causes the one or more processors to (see
Thornberry 90089,36):

o determining a footprint of the roof (see Thornberry Fig. 5A-7D and
190104-112);

o determining predominant pitch of the roof (see Thornberry Fig. 5A-7D
and 990090-98);

o determining an estimated roofing area based on the predominant pitch
and the footprint of the roof (see Thornberry Fig. 5A-7D and §40104-
112).

o provide a roof report, wherein the roof report includes one or more
ortho images of the roof, one or more oblique images of the roof, the
estimated roofing area and contact information of one or more

contractors within the region of interest (see Thornberry Fig. 5A-7D
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and 990101-102; in addition, and in the alternative, the Examiner notes

that the instructions are non-functional descriptive material and given

little to no patentable weight).
Thornberry does not explicitly teach determining contact information of one or more
contractors within a region of interest of the geographic location of the roof. However,
Como teaches determining contact information of one or more contractors within a
region of interest of a designated geographical location (see Como 990095-96 and Fig.
12A). It would have been obvious to one of ordinary skill in the art at the time of
invention to apply the concept of determining contact information of one or more
contractors in a designated geographical location to the geographical location of the
roof because it would increase sales as these contractors may thus receive business
from the consumer for a new roof. In addition, the results would be predictable.
Specifically, Tornberry would continue to determine an estimated roofing area except
that now it would also provide a list of contractors in the geographical location of the

roof.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MATTHEW ZIMMERMAN whose telephone number is
(671)270-5278. The examiner can normally be reached on Mon-Fri 9:00am-5:00pm.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s

supervisor, Jason B. Dunham can be reached on (571) 272-8109. The fax phone
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number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
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Electronically Transmitted:  August 15, 2014 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No: 13/424,054 Conf. No. 7006
Inventors: Chris T. Thornberry, Dale R. Thornberry

Filed: Mar. 19, 2012

TC/A.U.: 3684

Examiner: ZIMMERMAN, MATTHEW E.

Title: Method and System for Quick Square Roof Reporting
Docket No.: 6338.157

Customer No.: 30589

Mail Box Non-Fee Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE

The following is being submitted in response to the Office Action dated
April 16, 2014:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims begin on page 3 of this paper.

Remarks/Arguments begin on page 10 of this paper.

0096



Amendments to the Specification

Please replace paragraph [0074] with the following amended paragraph:

[0074] The footprint of the roof may be determined, in step 192. For
example, the footprint of the roof may be determined using systems and methods
including, but not limited to, those described in U.S. Patent Publication No.
2010/0179787, U.S. Patent Publication No. 2010/0110074, U.S. Patent
Publication No. 2010/0114537, U.S. Patent Publication No. 2011/0187713, U.S.

Patent No. 8,078,436, and U.S. Serial No. 42/090:692 12/909,692, all of which

are incorporated by reference herein in their entirety
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Amendments to the Claims

This listing of claims will replace all prior versions, and listings of claims in

the application.

Listing of Claims:

1. (Currently Amended)  A-set-of-instructions-stored-en-one One or more non-

transitory computer readable medium storing a set of computer executable

instructions for running on one or more computer systems that when executed

cause the one or more computer systems to,—cemprising-—instructions—for
identifying identify a geographic location of a roof; instructions—for-determining
determine contact information of one or more contractors within a region of
interest of the geographic location of the roof; and; instructions—for-determining
determine a footprint of the roof; instructions—for—determining determine
predominant pitch of the roof, and instructions—for—determining determine an

estimated roofing area based on the predominant pitch and the footprint of the

roof.

2. (Currently Amended) The one or more non-transitory computer readable

medium storing a set of computer executable instructions for running on one or

more computer systems of claim 1, that when executed further cause the one or

more computer_systems to set-of-instructions—of—claim—1—further—comprising

instructionsforproviding provide a roof report, wherein the roof report includes

one or more ortho images of the roof, one or more oblique images of the roof, the
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estimated roofing area and the contact information of one or more contractor

within the region of interest of the geographic location of the roof.

3. (Currently Amended) The one or more non-transitory computer readable

medium set-of-instructions of claim 2, wherein the roof report includes contact

information of the customer.

4. (Currently Amended) The one or more non-transitory computer readable

medium set-of-instructions of claim 1, wherein the one or more non-transitory

computer readable medium comprises a first non-transitory computer readable

medium of a first host system and a second non-transitory computer readable

medium of a second host system.

5. (Currently Amended) The one or more non-transitory computer readable
medium set-of-instructions of claim 1, wherein instructions—for identifying the
geographic location of the roof further comprises instructions—for obtaining

contact information of a customer.

6. (Currently Amended) The one or more non-transitory computer readable

medium storing a set of computer executable instructions for running on one or

more computer systems of claim 1, that when executed further cause the one or

more computer systems to setoefinstructions-of claim4—whereinthe oheormore
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ving receive

customer input to validate geographic location of the roof.

7. (Currently Amended) The one or more non-transitory computer readable

medium set-ef-instructions of claim 6, wherein the geographic location includes
coordinates and validation of the geographic location includes instructions for
receiving customer input to alter one or more coordinates of the geographic

location.

8. (Currently Amended) The one or more non-transitory computer readable

medium set—of-instructions of claim 1, wherein instructions—for identifying a
geographic location of the roof includes identifying one or more edges of the roof

in an image.

9. (Currently Amended) The one or more non-transitory computer readable

medium storing a set of computer executable instructions for running on one or

more computer systems of claim 1, that when executed further cause the one or

more computer systems to set-of-instructions—of claim—4—wherein-instructionsfor

identify edges of the roof, instructions—for—determining determine three-

dimensional information of the edges including position, orientation and length

using multiple oblique images from multiple cardinal directions; and, instructions
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for-determining-determine, automatically, one or more line segments forming a

portion of a footprint of the roof utilizing position and orientation of the edges.

10. (Currently Amended) The one or more non-transitory computer readable
medium set-of-instructions of claim 1, wherein determining the predominant pitch
includes determining a plurality of pitch values, the predominant pitch based on

the plurality of pitch values.

11. (Currently Amended) The one or more non-transitory computer readable

medium set-of-instructions of claim 10, wherein each pitch value is associated

with an estimated percentage of roof area to provide an average pitch value.

12. (Currently Amended) The one or more non-transitory computer readable

medium storing a set of computer executable instructions for running on one or

more computer systems of claim 1, that when executed further cause the one or

more computer systems to set-of-instructions—of—claim——further—comprising:

instructions—for-providing provide the roof report to one or more contractors, the

contractor located within the region of interest of the geographic location of the

roof.

13. (Currently Amended) A system, comprising:

two or more host systems, each host system having one or more non-transitory

computer readable medium; the non-transitory computer readable medium of
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the first host system storing a set of computer executable instructions that

when executed by one or more processors causes the one or more
processors to:
identify a geographic location of a roof;
determine contact information of at least one contractor within a region of
interest about the geographic location of the roof;

the non-transitory computer readable medium of the second host system storing

a set of computer executable instructions that when executed by one or more

processors causes the one or more processors to:

determine a footprint of the roof;

determine a predominant pitch;

determine an estimated roofing area based on the predominant pitch and
the footprint of the roof; and,

provide a roof report, wherein the roof report includes one or more ortho
images of the roof, one or more oblique images of the roof, the
estimated roofing area and contact information of one or more

contractors within the region of interest.

14. (New) A roofing estimate method, comprising:

receiving, by at least one computer processor from a user via a user terminal, a
geographic location of a roof;

providing to the user, with the computer processor, imagery of the roof based on

the geographic location of the roof;
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providing, with the computer processor, an estimated roofing area based at least
on a predominant pitch and a footprint of the roof, the footprint of the roof
determined at least in part using at least one image of the roof; and

providing, with the computer processor, contact information of one or more
roofing contractors within a region of interest of the geographic location of

the roof.

15. (New)  The roofing estimate method of claim 14, further comprising:

providing, with the computer processor, a roof report, wherein the roof report
includes one or more ortho images of the roof, one or more oblique
images of the roof, the estimated roofing area and the contact information
of one or more contractor within the region of interest of the geographic

location of the roof.

16. (New) The roofing estimate method of claim 14, wherein the footprint of

the roof is determined at least in part with oblique images of the roof.

17. (New)  The roofing estimate method of claim 14, wherein the predominant

pitch value of the roof based at least in part on the footprint of the roof as a

boundary of the roof.
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18. (New) The roofing estimate method of claim 14, wherein the predominant
pitch is based on a weighted average of individual pitch factors for two or more

portions of the roof.
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REMARKS

This is intended to be a complete response to the Office Action mailed
April 16, 2014, in which claims 1- 13 are rejected. Claims 1-13 remain pending in
the application and have been amended. Claims 14-18 are newly submitted
claims that are believed to be generally consistent with the subject matter set
forth in original claims 1-13.

In the specification, paragraph [0074] has been amended to correct a
typographical error.

Based on the preceding amendments and the following remarks,
Applicants respectfully request the withdrawal of the rejections and the issuance
of a timely notice of allowance for claims 1- 18.

Claim Amendments

Applicants respectfully submit that the amendments to claims 1-13 and
new claims 14-18 do not introduce any new matter. Written description and
enablement support for the claims can be found, for example, in paragraphs
[0015], [0029]-[0031], [0053], [0058], [0069], and [0074]-[0076] of the above-
referenced patent application as originally filed. Therefore, no new matter is
added by the amendments and the new claims.

Claim Rejection — 35 U.S.C. § 101

Claims 1-13 were rejected under 35 U.S.C. § 101 as being directed to
non-statutory subject matter. The Examiner noted that computer programs
embodied on a computer readable medium or other structure, which would

permit the functionality of the program to be realized, would be directed to a

10
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product and be within a statutory category of invention, so long as the computer
readable medium is not disclosed as non-statutory subject matter per se (e.g.,
signals or carrier waves). To clarify the scope of the claims, the claims have
been amended to be directed to “one or more non-transitory computer readable
storage medium.” The term “non-transitory computer-readable medium”
comprises all types of computer-readable media, with the sole exception being a
transitory, propagating signal.

In light of the foregoing, reconsideration and withdrawal of the rejection of
claims 1-13 under 35 U.S.C. § 101 is respectfully requested.

Claim Rejection — 35 U.S.C. § 102(b)

Claims 1-13 were rejected under 35 U.S.C. § 102(b) as being anticipated
by Como (US Patent Publication No. 2002/00897332), hereinafter “Como”. For
the reasons set forth below, Applicants respectfully submit that the currently
pending claims are not anticipated over the cited reference.

The Examiner noted that “the instructions are nowhere stated as computer
executable instructions and may simply be instructions in English to perform the
recited steps” and therefore treated the instructions as “non-functional descriptive
material given little to no patentable weight” (Office Action page 3). Claims 1-13
have been amended to recite “computer executable” instructions, as supported at
least in paragraphs [0015], [0053], and [0058] of the application. Therefore,

Applicants respectfully submit that the entirety of the claims should be given

11
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patentable weight'. Como teaches a system and method for enabling a user on
a network to locate contractors in at least one designated location. [See |
Abstract]. Como also generally refers to “[r]oofing, siding and sheet metal work.”
[See Paragraph [0030]] However, Como does not teach computer executable
instructions for identifying a geographic location of a roof, determining a footprint
of the roof, determining a predominant pitch of the roof, and determining an
estimated roofing area based on the predominant pitch and the footprint of the
roof, as recited in independent claims 1 and 13. Because Como does not teach
each and every feature of claims 1 and 13, Como does not anticipate such
claims under 35 U.S.C. §102(b).

Further, because claims 2-12 include each and every feature of
independent claim 1, Como also does not anticipate claims 2-12.

In light of the foregoing, reconsideration and withdrawal of the rejection of
claims 1-13 under 35 U.S.C. § 102(b) is respectfully requested.

Claim Rejection — 35 U.S.C. § 103(a)

Claims 1-13 were rejected under 35 U.S.C. § 103(a) as being
unpatentable as obvious over Thornberry (US Patent Publication No.

2010/0296693), hereinafter “Thornberry”, in view of Como (US Patent Publication

! See MPEP §2111.05 “When determining the scope of a claim directed to a computer-readable medium
containing certain programming, the examiner should first look to the relationship between the
programming and the intended computer system. Where the programming performs some function with
respect to the computer with which it is associated, a functional relationship will be found. For instance, a
claim to computer-readable medium programmed with attribute data objects that perform the function of
facilitating retrieval, addition, and removal of information in the intended computer system, establishes a
functional relationship such that the claimed attribute data objects are given patentable weight. See Lowry,
32 F.3d at 1583-84, 32 USPQ2d at 1035.

12

0107



No. 2002/00897332), hereinafter “Como”. Applicants respectfully submit that the
currently pending claims are not made obvious by the cited references.

For example, Thornberry does not disclose, teach, or even suggest,
determining a predominant pitch, or determining an estimated roofing area based
on the predominant pitch and the footprint of the roof, as recited in part in
independent claims 1 and 13. The Examiner cites to Thornberry Figs. 5A-7D and
paragraphs [0090]-[0098] as disclosing instructions for determining predominant
pitch of the roof. However, these sections of Thornberry disclose determining
“pitch direction,” also described as “vector direction corresponding to roof pitch”
(see paragraphs [0089]-[0090] and FIG. 5E), not “predominant pitch.”

Examples of pitch direction vectors are shown in FIG. 5E as arrows
“pointing in the downward direction, corresponding to the direction of rain flow”
(paragraph [0089]). Thornberry describes an example of computer programming
to determine pitch direction in paragraphs [0090]-[0098]. For example, see
paragraph [0092] describing determining pitch direction for a section of roof
running from a single ridge line parallel to a perimeter line — where pitch direction
“runs from the ridge towards the perimeter.” Also see paragraph [0097]-[0098]
describing finding pitch direction “for completely enclosed shapes where all sides
are valleys at the intersection of multiple planes” by taking an average slope and
averaging the slope direction of the planes whose pitch runs into the plane in
question and then using “that direction as the pitch direction for the plane.”
Therefore, Thornberry discloses how to determine “pitch direction,” not

‘predominant pitch.”

13
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The Examiner cites to Thornberry Figs. 5A-7D and paragraphs [0104]-
[0112] as disclosing “determining an estimated roofing area based on the
predominant pitch and the footprint of the roof.” However, as previously
discussed, Thornberry does not determine predominant pitch, and therefore
cannot determine an estimated roofing area based on predominant pitch and
footprint of the roof. Nowhere does Thornberry disclose using predominant pitch
to calculate area.

Additionally, because dependent claims 2-12 include each and every
feature of independent claim 1, Thornberry also does not render claims 2-12
obvious under 35 U.S.C. §103(a).

Further, Applicants respectfully submit that the Como reference does not
supply the deficiencies of Thornberry, for the reasons set forth above. The
arguments and comments concerning Como will not be reiterated herein, but
such are deemed relevant to the Examiner’s rejection of claims 1-13 and are
therefore incorporated herein by reference.

In light of the foregoing, reconsideration and withdrawal of the rejection of

claims 1-13 under 35 U.S.C. § 103(a) is respectfully requested.
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CONCLUSION

The foregoing is intended to be a complete response to the Office Action
dated April 16, 2014, Applicants respectfully request reconsideration and
withdrawal of the rejections set forth in the Office Action and a timely notice of
allowance for all of the pending claims 1-18. Should the Examiner have any
questions or comments regarding the foregoing, or any other matter, the

undersigned would welcome a telephonic interview with the Examiner.

Respectfully Submitted,

MMecre orhcccen

Marc A. Brockhaus, Reg. No. 40,923
Dunlap Codding, P.C.

P.O. Box 16370

Oklahoma City, OK 73113
Telephone: (405) 607-8600
Facsimile:  (405) 606-8686

Attorney for Applicants
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(87) Abstract

In accordance with the present invention, there is provided an image capture and georeferencing unit. The unit comprises in
combination, a portable camera (11) with a GPS antenna and receiver (15b) that captures global coordinates, a compass (14) for determining
the direction and an inclinometer (12) for the photographic angle. The camera and other instruments feed image and shot data to a CPU
(18), where the shot data is analyzed, mathematically interpolated and reconciled with known constants. The image and shot data are
stored in memory (28). The "shot data" analyzed by the computer includes camera parameters such as camera: location, latitude, longitude
and altitude, time, bearing, depression angle/pitch or azimuth, roll and yaw. The portable camera and data—gathering instruments move
together and, therefore, function as a single unit that provides precise, accurate data and digitized photographic image information, despite
topographical changes and/or altitude variations of the camera. Exact digital representations with precise coordinates are instantly available
for precise reconnaissance purposes. The photographic shot data is mathematically adjusted (trigonometrically) to coordinate the points
on the ground plane with the points in the image plane in order to produce an automatically computationally georeferenced digital image.
Elevation data may be used to corroborate or enhance the accuracy of the trigonometric interpolations.
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DIGITAL-TMAGE MAPPING
FIELD OF THE INVENTION

The present invention pertains to the capture and
automatic georeferencing of a camera and/or images captured by
the camera by utilizing a portable camera and data unit and, more
particularly, to a system and method of obtaining precisely
located, oblique, digitized land images, taking into account

diverse topography and varying camera angles, including changes

in heading, roll and yaw.
BACKGROUND OF THE INVENTION

Aerial photography of land images for reconnaissance
purposes is well known, as illustrated in United States Patent
No. 5,247,356 (issued to John A. Ciampa on September 21, 1993),
entitled METHOD AND APPARATUS FOR MAPPING AND MEASURING LAND.
This patent teaches that coordinates of a land location can be
calculated and combined with photographic information about the
terrain. The global position and the elevation information are
converted into digitized form, along with the image information

and then stored in computer memory.

One of the problems of such aerial-photography
methodology is that photographs must be taken over landscapes of
relatively flat terrain, while a plane's altitude is generally
parallel with the landscape, or at aircraft altitudes where
topographical variations are generally minimized in the angular
calculations. The inability of the prior art of aerial
photographic systems to cooxrdinate image information with

collateral measurements has often required the use of expensive
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flight platforms, preordained flight paths and orthogonal camera

angles.

In order to obtain exact geographic coordinates of any
land image, it is no longer necessary to stabilize the camera,
flight path and elevation, asg previously calculated in the
aforementioned patent. Due to additional data and calculations,
the camera ﬁay now be freed up, regardless of topographical
changes and changes of camera angles with respect to this

changing topography.

The present invention combines into a single unit a
portable camera with a data unit containing a Global Position
Satellite (GPS) antenna/receiver, including but not limited to
differential GPS or other type GPS system, a compass and
inclinometer. The data unit provides camera coordinates and
triaxial angle data, which are combined with the digital
representations of the photographic image. Trigonometric
formulas correlate to the image pixel and corresponding ground
coordinates. An iterative algorithm, as is well known in fuzzy
logic and optimization routines, 1is used to compensate for the
changes and variations in the landscape topography. This is
accomplished by using known Digital Elevation Models (DEM) that
are furnished by the United States Geophysical Survey (USGS) or
other digital terrain models captured as a result of laser
signals. In addition the system's mathematical algorithms take
account of the differences in measurements of known objects such
as cars and distribute these differences to fixed variables which
has the effect of raising, lowering, tilting or reshaping a
virtual ground plane that compensates for differences caused by
elevation. The particular camera to be utilized with this

invention may be an analog, digital video or still digital
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camera. The camera may be carried by an operator who is on foot

or in a land, sea or air craft.

The inclinometer, the GPS antenna/receiver and a
compass are affixed to the camera so that they move together as
a unit. The inclinometer detect changes in the depression angle
and the roll angles of the camera. The photographic data is
attached to the image file and is transferred to a small
microprocessor (CPU), whexre the storage device can be a PCMCIA
memory card. The microprocessor processes and links the shot
data from the instruments with a digital image file. All of the
data regarding depression angle, global position, heading (oxr
bearing) and image are interpolated and combined with the shot
time. This digitized image and other information are then stored
in a gpatially managed image file mosaic software, whereby images
can be retrieved based on their map location or from a gallery

or "contact sheet" of digital miniature thumbnails.

The method of the invention comprises the following
steps. The image is first digitally captured by a "digital"
camera or other digitizing device, along with the aforementioned
shot data. "Shot data" is then analyzed by the computer,
including location (i.e., latitude, longitude and altitude);

camera bearing or heading (the compass direction in which the

lens is pointing); the camera depression angle or azimuth; and
the camera roll (i.e., the yvaw of the camera, with respect to its
horizontal axis). The shot data is then mathematically adjusted

(trigonometrically) to coordinate the points on the ground plane
with the points in the image plane, so as to produce an
automatically computationally georeferenced digital image.
Elevation data may be used to corroborate or enhance the accuracy

of the trigonometric interpolation. The result of all of this
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processing provides an image, or a portion thereof, from which
can be obtained geographic coordinates of any point on the ground
and/or ground measurements taken between any two points in the
image. This "georeferencing" of each image alsc determines its
placement in a series of adjacent images, so that each image can
be depicted as a "tile" within a "mosaic" of tiled images. Each
image, in addition to its georeference, is processed so as to
contain a discrete sequential identifier, the date and the time.
Many images of the same landscape may be taken by using different
angles and camera positions, each of which is accessible by means
of a graphical user interface. Trigonometric processing also
takes into account fixed variables, such as lens focal length,
the size of the image plane, the number of pixels in the X-Y axes

(horizontal and vertical planes) and the size of the pixels.

It is the object of the present invention to provide
an improved oblique aerxial-photography system so that any person
without special "photo-interpreting" skills may conduct
electronic field studies of land and building, as well as ground-

based wvisual inventories.

It is another object of this invention to provide a
portable photography system that combines intoc a single
operational unit a photographic camera with a GPS
antenna/receiver that captures global coordinates, a compass for
determining camera direction and inclinometer for calculating the

photographic angle.

It is a further object of this invention to provide a
digital photographic imaging system that "georeferences" each
geographical image, so that each image, or part thereof, can be

depicted as a "tile" within a "mosaic" of tiled images.
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SUMMARY OF THE INVENTION

In accordance with the present invention, there isg
provided an image capture and georeferencing unit. The unit
comprises 1in combination, a portable camera with a Global
Position Satellite (GPS) antenna/receiver that captures global
coordinates, a compass for determining the direction and an
inclinometer for calculating the photographic angle. The camera
and other instruments feed image and shot data to a CPU, where
the shot data is analyzed, mathematically interpolated and
reconciled with known constants. The image and shot data are
then stored in memory. The "shot data" analyzed by the computer
includes camera location (i.e., latitude, longitude and
altitude), time, camera bearing {(the compass direction in which
the lens is pointing), the camera depregsion or azimuth, and
camera roll (i.e., the vaw of the camera with respect to its
horizontal axis). The portable camera and data-gathering
instruments move together and, therefore, function as a single
unit that provides precise, accurate data and digitized
photographic image information, despite topographical changes
and/or altitude wvariations of the camera. They also provide
precise data on the GPS location of the camera and its altitude
with respect to the ground. Exact digital representations with
precise coordinates are instantly available for ©precise
reconnaissance purposes. The photographic shot data is
mathematically adjusted (trigonometrically) to coordinate the
points on the ground plane with the points in the image plane in
order to produce an automatically computationally georeferenced
digital dimage. Elevation data may be used to corroborate or

enhance the accuracy of the trigonometric interpolations.

The result of all of this processing provides an image,
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or a portion thereof, from which can be obtained geographic
coordinates of any point on the ground and/or measurements on the
ground taken between any two points 1in the image. The
"georeferencing" of each image also determines its placement in
a series of adjacent images, so that each image can be depicted
as a "tile" within a "mosaic" of tiled images. Each image, in
addition to-its georeference, is processed so as to contain a
discrete sequential identifier, the date and the time. Many
images of the same landscape may be taken by using different
angles and camera positions, each of which is accessible by means
of a graphical user interface. Processing adjusts the shot data
to compensate for fixed camera data, such as the lens focal
length, the size of the image plane, the number of pixels in the

X-Y axes (horizontal and vertical planes) and the size of the

pixels.
BRIEF DESCRIPTION OF THE DRAWINGS

A complete understanding of the present invention may
be obtained by reference to the accompanying drawings, when
considered in conjunction with the subseqguent detailed

description, in which:

FIGURE 1 illustrates a schematic, block diagram of the

camera and instruments of this invention;

FIGURE 2 depicts a flow diagram of the processing
method used in the system shown in FIGURE 1, in which an image
ig captured, digitized and combined with shot data and other

georeferencing information, and thereafter stored for future use;

FIGURE 3 shows a flow diagram of the image file

management software cof the inventive system depicted in FIGURE
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FIGURES 4 A-C illustrate the inventive technique used

to mathematically calculate the georeference at each pixel of the

image; and

FIGURES 5 A-B illustrate a schematic wview of the
inventive technique used to mathematically reconcile the shot

data with Digital Elevation Models and/or other known "ground

truth".
DESCRIPTION OF THE PREFERRED EMBODIMENT

Generally speaking, the invention features an imaging
system, including a novel combination of a portable camera, GPS
receiver, bearing compass and inclinometer(s). All of the
components move and function as a single unit, so that, despite
changes in the depression and the roll angles of the camera, each
digital image is captured, along with shot data, which becomes

automatically, computationally georeferenced.

Now referring to FIGURE 1, an imaging system 10 of this
invention is illustrated. The system combines a camera 11 with
an inclinometer 12, a compass 14, an optional altimeter 16 and
a Global Position Satellite (GPS) antenna/receiver, 15a and 15Db,
respectively. The particular camera 11 that can be utilized with
this invention may be a databack film camera that is capable of
affixing shot time and subsequent digitization. The camera 11
can alsc be an analog, a digital video or a still digital camera.
The camera 11, inclinometer 12, compass 14, optional altimeter
16 and GPS receiver 15b are each individually connected to a CPU
processor 18 containing a fixed or removable memory 28 (such as

a PCMCIA card) via respective lines 21, 22, 24, 26 and 25. The
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GPS antenna l15a is connected to the GPS receiver 15b via line 17.
Also connected to the CPU processor 18 are an optional key-pad-
and microphone 19 via line 29. The key-pad-and-microphone 19 can
be used to enter comments or additional information with respect
to the photographed site. Where altitude provided by the GPS is
adequate, the altimeter 16 may be dispensed with. Where comments
are impractical, the key-pad-and-microphone 19 may also be

dispensed with.

The invention reflects the discovery that in addition
to camera location, it 1is necessary to factor into the
calculations the changes in the elevation of the depicted land,
the depression and the bearing of the camera, with respect to
this encompassed land. The compass 14 provides camera heading
or bearing information; the GPS antenna/receiver 15a and 15b
provide the camera position information (latitude, longitude and
altitude); the inclinometers 12 provide the depression and roll
angles; and the optional altimeter laser or other 16 provides
additional altitude information. As an alternative to or in
addition to instrumental measurements of land, the system may
computationally deduce elevations within the image by assessing
deficiencies in measurements of known objects such as cars.
These wvariables are combined with the digital image, plane
measurements, focal length, and pixel data to give a

georeferenced image down to the pixel level.

The instrument's shot data are recorded and used to
coordinate the points on the ground plane with the points in the
image plane in order to produce a georeference for each pixel.
DEM data are used to corroborate or enhance the accuracy of the
trigonometric interpolations. The result of all of this

processing provides an image, or a porticon thereof, from which

0138



10

15

20

25

. WO 99/18732 - PCT/US98/20809

S

can be obtained geographic coordinates of any point on the ground
and/or measurements on the ground taken between any two points
in the image. The "georeferencing" of each image also determines
ite placement in a series of adjacent images, so that each image
can be depicted as a "tile" within a "mosaic" of tiled images.
Each image, in addition to its georeference, is processed so as
to contain a discrete sgsequential identifier, the date and the
time. Many images of the same landscape may be taken by using
different angles and camera positions, each of which is
accessible by means of a graphical user interface. Processing
adjusts the shot data to compensate for the lens focal length,
the gsize of the image plane, the number of pixels in the X-Y axes

(horizontal and vertical plans) and the size of the pixels.

The GPS antenna/receiver 1l5a and 15b can be obtained
from, among others, Trimble Navigation Systems of Sunnyvale,
California. A fluxgate compasgs 14 and inclinometers 12 are
available from, among others, KVH Industries, Inc., of

Middletown, Rhode Island.

In processing the information, the CPU 18 accesses
Digital Elevation Model (DEM) data from a database in order to
adjust the image data for topographical variations. The position
variables (camera X, Y and Z coordinates) are obtained from the
Global Position Satellite (GPS) receiver. The pointing variables
(camera heading or bearing) are obtained from the compass 14, and

the depression and the roll information are obtained from the

inclinometers 12.

The processing assumes a simple, pin-hole camera model.
The ground position of the photographed image can be defined by

simple triangular, trigonometric processing of the depression
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angle ¢,, the size of the image plane and the focal length (FL)
of the camera as shown in FIGURE 4A. A pixel location (P, Eg)of
a particular point selected on a displayed image can be processed
for a particular depression angle by calculating the inverse

tangent of the angle ag shown in FIGURE 4B.

Referring to FIGURE 4C, assuming a northerly direction,
the angle ¢;(depression angle) is offset by the arctangent (film
height [yl * (row containing focal axis [F,] -row of selected
pixel [P,1) /2% image plane height {z] * focal length
[FL] ) resulting in angle ¢,. The angle ¢, is subtracted from the
recorded depression angle ¢, and denoted as p, relative to the
point on the ground immediately below the camera, with camera
altitude above the ground "Z" (height). The northerly distance
to the selected point [P,, P,] is Z* sin (ri/s - Py) - The east-
wegt distance is calculated from the (column of selected pixel
[P,] -focal axis column [F,]/,)*film width [x]/image plane width

[x,1.
east-west distance = Camera Z*cos ¢/2*focal length * sin p,

When the direction is other than north, a simple
rotation is made on the point to establish the ground location.
The true location is then obtained by translating the ground

location of the camera into its recorded position.

Ground location for terrain "T" that is not flat is
adjusted by using DEM data and an iterative algorithm, well known
in the art of optimization routines. The processor 18 uses the
algorithm and the point [g;] assumed for a flat terrain as shown
in FIGURE 5A. The processor accesses the DEM data for that point
and obtains the elevation [g,] as shown in FIGURE 5B. The

process 1is complete if the elevation at that camera location is
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the same asg that of the selected point. Otherwise, the camera
elevation ig modified to account for the difference in the ground
elevation of the selected point. The revised value is then used
to estimate the ground location (G;) . The iterative algorithm
continues to revise the estimate until it converges to within
acceptable limits. The algorithm is modified to adjust for roll
of the camera by transforming pixel coordinates to a new set of
coordinates. The transformation is a simple rotation about focal

axis "F" by well-known mathematical methods.
Ty =[cos p sin pu ] - sinp cos pu

The data points provided by the DEM are sampled along
the ground every 30 meters in an orthogonal grid bounded by g,
and g,, as shown. Intermediate points are obtained by

interpolation, such as by using bilinear interpolation or bicubic

splines.

The position of the camera and the pointing angles are
subject to a small degree of error and, therefore, may be
reconciled with measured ground truth other than DEM data. This
is accomplished by locating or measuring discrete objects in
several images and then modifying the collected data so as to

obtain more accurate estimates.

Referring to FIGURE 2, a flow chart 100 is illustrated
for the image-and-data-capture process of this invention. An
image is captured by camera 12, step 101; the image information
is converted to digital form, step 102. The camera altitude,
ground location, tilt, depression angle and heading (bearing) are
then obtained, as shown in step 103. The information from steps
102 and 103 is then combined, step 104. The data is then

adjusted according to focal length, pixel size, pixel location
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and focal axis, as previously explained with reference to FIGURE
4, step 105. The result of all of the processing provides an
image, or a portion thereof, from which can be obtained
geographic coordinates on the ground and/or ground measurements
taken between any two image points. The "georeferencing" of each
image determines its placement in a series of adjacent images,
so that each image can be depicted as a "tile" within a "mosaic"
of tiles images, step 106. The DEM data is then used to adjust
the image data for variations in the terrain, step 107. The

image data is then compressed for storage purposes, step 108.

Referring to FIGURE 3, a flow chart 200 illustrates in
more detail the DEM adjustment process for the data obtained in
FIGURE 2. A tile from the mosaic is obtained, steps 201 and 202.
In conjunction with the selection, an associated DEM elevation
file is accessed, step 203. The accessed data is then combined
and the digitized data decompressed, step 204. The image and
adjoining images are then displayed, step 206. Certain features
of the images are selected, step 207, and the horizontal or
vertical measurements are selected for review, step 208.
Different images are reviewed, step 210, and the end points are
measured, step 209. The ground points are then estimated, step
211, and compared with the DEM data, step 212. If the elevation
estimate isg different, the elevation is revised, step 214, and
entered via line 215. A new egtimate isg made via return loop
205, and the re-entering of step 211. After a few iterations,
the decision is made, step 212, to report distance between
points, step 217 wvia line 216. When the estimate is found
accurate, the actual distance between the selected ground points
is made, step 217. The process is then repeated via return loop

220, in order to obtain the distance values for other selected
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points and tiles.

The invention has been described in detail with
particular reference to certain preferred embodiments thereof,
but it will be understood that variations and modifications can

be effected within the spirit and scope of the invention.
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What is claimed is:
1. An image georeferencing system, comprising:

a portable, data-capturing device affixed to a
camera, with said camera providing an image, said portable,

data-capturing device and said camera being carried by hand or

upon an aerial surveillance vehicle or other craft, said
portable, data-capturing device providing data for
computationally generating a georeference, and being

independently operative of any aeronautical instruments, said
portable, data-capturing device further including at least one
inclinometer for determining depression angle, a means for
determining heading or bearing of said data-capturing device and
a global position satellite antenna/receiver for obtaining
georeferencing information, said at least one inclinometer and

said global position satellite antenna/receiver being movable as

a single unit; and

a processor operatively connected to said portable,
data-capturing device and said camera, said processor comprising
data storage means, including digital elevation information and
a program for modifying image and georeferencing information with
respect to variations in terrain and changes in heading, roll and
vaw of said data-capturing device, said processor computationally
generating a georeference of any object within said image, in

which said object can be located and measured therewithin.

2. The imaging georeferencing system in accordance
with claim 1, further comprising an altimeter connected to said
processor for determining additional altitude data of said

portable, data-capturing device.
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3. The imaging georeferencing system in accordance
with c¢laim 1, further comprising a key pad connected to sgaid

processor for entering pilot information into said processor.

4. The imaging georeferencing system in accordance
with claim 1, further comprising a microphone connected to said

processor for entering comments into said processor.
5. An image georeferencing system, comprising:

a camera for providing an image in combination
with a georeferencing, data-capturing device and inclinometer,
gaid combination carried by hand or upon an aerial surveillance
vehicle or other craft, said georeferencing, data-capturing
device capturing data for computationally generating a

georeference of any object within said image; and

a processor connected to said camera and
georeferencing, data-capturing device combination, said processor
comprising data storage means, including digital elevation
information and a program for modifying image and georeferencing
information with respect to variations in terrain and changes in
heading, roll and vaw of said data-capturing device and

procegsing said captured data for computing a georeference of any

object within said image.

6. The image georeferencing system in accordance with
claim 5, wherein said camera and georeferencing, data-capturing
device combination comprises at least one inclinometer for
determining depression angle, a means for determining heading of
said image and a global position satellite antenna/receiver for
obtaining georeferencing information with respect to said image,

said at least one inclinometer and said global position satellite
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antenna/receiver being movable as a single unit, with each being

connected to said processor.

7. The image georeferencing system in accordance with
claim 6, further comprising an altimeter connected to said

processor for determining additional altitude data.

8. The image georeferencing system in accordance with
claim 5, further compriging a key pad connected to said processor

for entering comments into said processor.

S. The image georeferencing system in accordance with
claim 5, further comprising a microphone connected to said

processor for entering comments into said processor.

10. A method of computationally georeferencing images,

comprising the steps of:

a) capturing an image of terrain to provide

digitized image information;

b) combining said digitized image information

with shot data from instrumental data and camera data;

c) analyzing said combined digitized image and

said shot data;

d) obtaining information with respect to image
location data, including at least one of a group of location data
including wvariations 1in camera latitude, longitude, altitude,

camera bearing, camera depression angle, roll and yaw; and

e) adjusting information obtained in step (b)
and utilizing information obtained in step (d) to coordinate

points on a ground plane with points in an image plane to produce
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a georeferenced digital image of the terrain.

11. The method in accordance with claim 10, further

comprising the step of:

£) utilizing digital elevation model data to
enhance accuracy of image and georeferencing information obtained

in step (b).

12. The method in accordance with claim 10, further

comprising the step of:

f) processing said information obtained in step
(b) to provide an image, or a portion thereof, that can be
spatially located by using geographic coordinates and/or

measurements taken between any two points.

13. The method in accordance with c¢laim 10, further

comprising the step of:

£) depicting combined image information and
georeferencing information as a "tile" within a "mosaic" of tiled
images, with each image, in addition to 1its respective
georeference, being processed so as to contain a discrete

sequential identifier, date and time.

14. The method in accordance with claim 10, further

comprising the step of:

f) capturing a multiplicity of images of the same
terrain in accordance with step (a) by using different angles and
capture positions to provide different points of view of the same
scene, each of which being accessible by means of a graphical

user interface.
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15. The method in accordance with claim 10, further
comprising the steps of:
£) obtaining information with respect to lens

focal length, size of image plane, number of pixels in horizontal

and vertical planes, and size of pixels; and

g) processing said image information in step (a)
with respect to said information obtained in step (f) to adjust

said image information.

16. A method of aerial surveillance of terrain,

comprising the steps of:

£) aerially capturing an image of terrain to

provide image information;

g) combining said image information with shot

data as georeferencing variables;

h) analyzing said combined image and said

georeferencing variables;

i) obtaining information with respect to image
location data, including at least one of a group of location data
including variations in camera latitude, longitude, altitude,

camera bearing, camera depression angle, roll and yaw; and

J) adjusting information obtained in step (b)
and utilizing information obtained in step (d) to coordinate
pointe on a ground plane with points in an image plane to produce

an exact image of the terrain.

17. The method in accordance with claim 16, further

comprising the step of:
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£) utilizing digital elevation model data to

enhance accuracy of image and georeferencing information obtained

in step (b).

18. The method in accordance with claim 16, further

comprigsing the step of:

£) processing said information obtained in step
(b) to provide an image, or a portion thereocf, that can be
spatially located by using geographic coordinates and/or make
known geographic coordinates of the ground at any point depicted
in the image and/or ground measgurements taken between any two

points of the image.

19. The method in accordance with c¢laim 16, further

comprising the step of:

£) depicting combined image information and
georeferencing information as a "tile" within a "mosaic" of tiled
images, with each image, in addition to 1ts respective
georeference, being processed sgo as to contain a discrete

sequential identifier, date and time.

20. The method in accordance with claim 16, furtherxr

comprising the step of:

£) taking a multiplicity of images of the
terrain in accordance with step (a) by using different angles and
capture positions to provide multiple views, accessible by means

of a window-like, graphical user interface.

21. The method in accordance with claim 16, further

comprising the steps of:
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£) obtaining information with respect to lens
focal length, size of image plane, number of pixels in horizontal

and vertical planes, and size of pixels; and

g) processing said image information obtained in
step (a) with respect to said information obtained in step (£)

to adjust said image information.
22. An image georeferencing system comprising

a camera for providing an image in combination
with a georeferencing, data-capturing device, said combination
carried by hand or upon an aerial surveillance vehicle or other
craft, said georeferencing, data-capturing device capturing data
for computationally generating and recording a georeference of
the camera for each captured image; and further comprising a
device sgelected from the group consisting of an inclinometer,

means for determining heading or bearing of the camera.

23. The 1image georeferencing system of claim 22
further comprising a processor connected to said camera and
georeferencing, data-capturing device combination, said processor
comprising data storage means, including digital elevation
information and a program for modifying image and georeferencing
information with respect to variations in terrain and changes in
heading, roll and vaw of sgaid data-capturing device and

processing said captured data for computing a georeference of any

object within said image.

24. The image georeferencing system of claim 23
wherein said camera further comprising means for recording the

depression and roll angle of the camera for each image captured

by the camera.
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25. The image georeferencing system of c¢claim 23
wherein said camera further comprising means for recording the

altitude of the camera for each image captured by the camera.

26. The image georeferencing system of claim 23
wherein said georeference data is obtained by a global position

system antenna and receiver connected to the processing unit.

27. The image georeferencing system of claim 26

wherein said processing unit is within said camera.

28. The image georeferencing system of claim 24

wherein said angle means is an inclinometer connected to the

processing unit.

29. The image georeferencing system of claim 25
wherein said altitude means is an altimeter connected to the

processing unit.
30. A digital mapping system, comprising:

a portable data-capturing device affixed to a
camera, said camera providing an image, said portable data-
capturing device and said camera being carried by hand or upon
an aerial sgsurveillance vehicle or other craft for providing a
pixel-based image, said portable data-capturing device providing
data for computationally generating a georeference for each pixel
of gaid pixel-based image, said data-capturing device being
independently operative of any aeronautical instruments, said
portable data-capturing device further including at least one
inclincometer for determining declination angel, a means for
determining heading or bearing of said image-capturing device and
a global position satellite antenna/receiver for obtaining

georeferencing information, said at least one inclinometer and

0151



10

15

20

25

. WO 99/18732 - PCT/US98/20809
22

said global position satellite antenna/receiver being movable as

a single unit; and

a processor operatively connected to said portable
data-capturing device and said camera, said processor comprising
data storage means, including digital elevation information and
a program for modifying image and georeferencing information with
respect to vériations in terrain and changes in heading, roll and
yvaw of said data-capturing device, said processor computationally
generating a georeference of each pixel and any object within

said image, wherein said object can be located and measured

within said image.

31. The imaging georeferencing system in accordance
with claim 30, further comprising a key pad connected to said

processor for entering pilot information into said processor.

32. The imaging georeferencing system in accordance
with claim 30, further comprising a microphone connected to said

processor for entering comments into said processor.

33. An image georeferencing system in accordance with

claim 30, further comprising:

a camera for providing an image in combination
with a georeferencing, data-capturing device and inclinometer,
sald combination carried by hand or upon an aerial surveillance
vehicle or other craft, said georeferencing, data-capturing
device capturing data for computationally generating a

georeference of any object within said image; and

a procegsor connected to said camera and
georeferencing, data-capturing device combination, said processoxr

comprising data storage means, including digital elevation
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information and a program for modifying image and georeferencing
information with respect to variations in terrain and changes in
heading, zroll and vyaw of gaid data-capturing device and
processing said captured data for computing a georeference of any

object within said image.
34. A digital mapping system, comprising:

a camera for providing a pixel-based image in
combination with a georeferencing data-capturing device, said
combination carried by hand or upon an aerial surveillance
vehicle or other craft, said georeferencing data-capturing device
capturing data for computationally generating a georeference of

each pixel and any object within said image; and

a processor connected to said camera and
georeferencing data-capturing device combination, said processor
comprising data storage means, including digital elevation
information and a program for modifying image and georeferencing
information with respect to variations in terrain and changes in
heading, zroll and vyaw of said image-capturing device, and
processing said captured data for computing a georeference of

each pixel and any object within said image.

35. The image georeferencing system in accordance with
claim 34, wherein said camera and georeferencing, data-capturing
device combination comprises at least one inclinometer for
determining depression angle, a means for determining heading of
said image and a global position satellite antenna/receiver for
obtaining georeferencing information with respect to said image,
said at least one inclinometer and said global position satellite
antenna/receiver being movable as a single unit, with each being

connected to said processor.
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36. The image georeferencing system in accordance with
claim 35, further comprising an altimeter connected to said

processor for determining additional altitude data.

37. The image georeferencing system in accordance with
claim 34, further comprising a key pad connected to sgaid

processor for entering comments into said processor.

38. The image georeferencing system in accordance with
claim 34, further comprising a microphone connected to said

processor for entering comments into said processor.

39. A method of digitally mapping terrain, comprising
the steps of:

a) capturing a pixel-based image of terrain to

provide digitized image information;
b) capturing georeferencing information;

c) combining said digitized image information with

sald captured georeferencing information; and

d) processing said combined digitized image
information and said captured gecreferencing information in order
to generate a georeference of each pixel and any object within

said image of said terrain, wherxeby said object can be located

within said image of terrain.

40. The method in accordance with claim 39, further

compriging the step of:

) utilizing digital elevation model data to
enhance accuracy of image and georeferencing information obtained

in step (b).
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41 . The method in accordance with claim 39, further
comprising the step of:
f) processing said information obtained in step

(b) to provide an image, or a portion thereof, that can be
spatially 1located by usging geographic coordinates and/or

measurements taken between any two points.

42 . The method in accordance with c¢laim 39,

further comprising the step of:

£) depicting combined image information and
georeferencing information as a "tile" within a "mosaic" of tiled
images, with each image, in addition to its respective
georeference, being processed so as to contain a discrete

sequential identifier, date and time.

43, The method in accordance with c¢laim 39,

further comprising the step of:

f) capturing a multiplicity of images of the same
terrain in accordance with step (a) by using different angles and
capture positions to provide different points of view of the same
scene, each of which being accessible by means of a graphical

user interface.

44 . The method in accordance with c¢laim 39,

further comprising the steps of:

f) obtaining information with respect to lens
focal length, size of image plane, number of pixels in horizontal

and vertical planes, and size of pixels; and

g} processing said image information in step (a)
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with resgspect to said information obtained in step (f) to adjust

salid image information.

45, A method of aerial surveillance of terrain,

comprising the steps of:

a) aerially capturing aln] pixel-based image of

terrain to provide image information;

b) combining said image information with

georeferencing information; and

c) processing said combined image and said
georeferencing information, in order to generate a georeference
of each pixel and any object within said image of terrain,

whereby said object can be located within said image of terrain.

46. The method in accordance with claim 45, further

comprising the step of:

) utilizing digital elevation model data to
enhance accuracy of image and georeferencing information obtained

in step (b).

47. The method in accordance with c¢laim 45, further

comprising the step of:

£) processing said information obtained in step
(b) to provide an image, or a portion thereof, that can be
spatially located by using geographic coordinates and/or make
known geographic coordinates of the ground at any point depicted

in the image and/or ground measurements taken between any two

points of the image.

48. The method in accordance with claim 45, further
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comprising the step of:

£) depicting combined image information and
georeferencing information as a "tile" within a "mosaic" of tiled
images, with each image, in addition to 1its respective
georeference, being processed so as to contain a discrete

sequential identifier, date and time.

49. The method in accordance with claim 45, further

comprising the step of:

£) taking a multiplicity of images of the
terrain in accordance with step (a) by using different angles and
capture positions to provide multiple views, accessible by means

of a window-like, graphical user interface.

50. The method in accordance with claim 45, further

comprising the steps of:

) obtaining information with respect to lens
focal length, size of image plane, number of pixels in horizontal

and vertical planes, and size of pixels; and

g) processing said image information obtained in
step (a) with respect to said information obtained in step (f)

to adjust said image information.
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ELECTRIC MAMMOGRAPH

Technical Field
The invention is in the field of medical tomography,

and in particular relates to a method and apparatus for the
5 visualization and diagnosis of pathologic changes in breast tissues
and other organs near the surface of the human body.

Background Art
It is known that electrical conductivity of many tumors,

and in particular the malignant tumors of the mammary gland,
10 significantly differs from the conductivity of surrounding sound
tissues. This fact may be used for the detection and localization of
such tumors.
Some devices are known for visualizing the spatial
distribution of conductivity (impedance) in the human body, e.g.,
15 electrical impedance tomographs. (A. V. Korjenevsky, Yu. S.
Kultiasov, V. A. Cherepenin, “Method of obtaining of tomographic
image of a body and electrical impedance tomograph,” International
application PCT/RU97/00398.) In an electrical impedance
tomograph, the source of alternating electric current is connected to
20 pairs of electrodes placed along a line on the surface of a body and
measurements of the potential differences are made on the other
pairs of electrodes. The results of measurements obtained from
various combinations of electrodes are used to reconstruct the
conductivity distribution with the help of a computer. A three-
25 dimensional distribution of conductivity, however, is not possible
with this type of tomograph. Furthermore, its resolution falls
significantly from the periphery to the center of contour of the
electrodes. Consequently, it is not an adequate device for the
diagnosis of mammary gland tumors.
30 An electroimpedance mammograph device, purporting
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to yield a three-dimensional impedance distribution has also been
described. (A. Nowakovsky, J. Wortek, and J. Stelter, “A Technical
University of Gdansk Electroimpedance Mammograph,” Proc. IX Int.
Conf. Electrical Bio-impedance, Heidelberg, 1995, p. 434-437; J.
Wortek, J. Stelter, A. Nowakovsky, “Impedance mammograph 3D
phantom studies,” Proc. X Int. Conf. Electrical Bio-Impedance,
Barcelona, 1998, p. 521-524.) This device contains a compact set
of electrodes that are placed on the inner surface of a rigid
hemisphere, multiplexers that are connected to the source of
alternating electric current, and a device for measuring the potential
difference between various pairs of electrodes. The measured
potential differences are sent to a computer to reconstruct and
display the three-dimensional impedance distribution inside the
hemisphere. The serviceability of this device based on actual
measurements on the human body have not yet been published.
A number of limitations for this device are apparent.
The arrangement of electrodes on the hemisphere surface limits the
application of the device because the contact with all the electrodes
can be provided only for a breast of a definite size. The device ailso
has no means to measure the quality of each contact, nor any
means to correct the reconstruction calculations if any of the
electrodes have insufficient contact with the body. This decreases
the validity of the data. The electric current source and the
measuring device are connected to pairs of electrodes placed on
the hemisphere, requiring four multiplexers. When the number of
electrodes is large, these multiplexers become the most
complicated and expensive parts of the device. These multiplexers
are also the largest source of spurious signals due to channel-to-
channel crosstalk. Only 64 electrodes were used in the prototype.
This is obviously insufficient for obtaining satisfactory resolution.
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However, further increasing this number is problematical because
of the difficulty of commutation by the chosen measuring circuit.

When a safe level of electrical current is used, the
measured potential differences are small because of the small
distances between electrodes. This decreases the signal-to-noise
ratio and the display quality. This effect only gets worse with an
increasing number of electrodes. The algorithm for image
reconstruction is based on the perturbation method. It requires a
caiculation time of ten minutes on a workstation for a system of 64
electrodes (Nowakovsky). For 180 electrodes, the minimum
necessary for practical applications, about ten hours are required for
the calculations based on the estimations of the authors. This
amount of time is not feasible for clinical practice.

Other attempts at obtaining three-dimensional
electrical impedance images of a body have involved multi-
dimensional electrode arrays that surround or partially surround the
object being imaged. The reconstruction algorithms used and the
methodology of making measurements were also different than
those of the present invention. These efforts include U. S. Patents
5,284,142, 5,351,697, 4,263,920, 4,486,835, and 4,539,640.

A goal of the present invention is to provide a new
method and apparatus for electric mammography with greater
reliability and accuracy of measurements, higher resolution, and
increased computational speed. This invention is particularly
applicable to the clinical diagnosis of breast tumors and other
subsurface areas.

Disclosure of the Invention

The electric mammograph is a device for the
measurement and three-dimensional (3-D) reconstruction of the

conductivity distribution in biological tissues for clinical diagnoses.
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It consists of a compact array of electrodes positioned over the

tissue being measured, two additional electrodes spaced apart from

the array of electrodes, a source of alternating (AC) current, a

means to measure potential difference, and computing means to
5 reconstruct and visualize the resulting conductivity distribution.

Brief Description of the Drawings

The invention is illustrated in the following drawings.
FIG. 1is ablock diagram of the electric mammograph.
FIG. 2 shows the arrangement of the apparatus when
10 conducting a mammograph examination.
FIG. 3 is a block diagram of the algorithm used for the
three-dimensional conductivity distribution reconstruction.
FIG. 4 is a photograph of the apparatus
FIG. 5 is a sample electric mammogram.

15 Description of Preferred Embodiments

A block diagram of the components of the electric
mammograph is shown in FIG. 1. A compact array of cylindrical
protruding electrodes 1 is arranged in a rigid dielectric plane. The
example shown has 256 electrodes. The output multiplexer 2 is

20 connected to the electrode array 1 and is the means by which the
alternating current (AC) source 4 is connected to one of the
cylindrical electrodes in the array. The input multiplexer 3 serves to
connect one of the non-activated or “rest” electrodes of the array to
the potential difference measuring unit 6. The microprocessor 9 and

25 the computer 11, connected via cables 10, determine which
electrode is activated and which of the rest electrodes is being
measured at any given time.

Two single remote electrodes, 5 and 7, are attached
to the extremities of the patient. One remote electrode 5 is

30 connected directly to the AC source. The other remote electrode 7
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is connected directly to the potential difference detector 6. The AC
source is connected to a voltage threshold detector 8. The operation
of the electric mammograph is controlled by a
microprocessor/computer means. It gets inputs from the potential
difference detector 6 and the threshold detector 8 and outputs to the
two multiplexers 2, 3, the potential difference detector, and the AC
source. The first remote electrode 5 connected to the AC source
and the second remote electrode 7 are located on a patient's
extremities, e.g., one on each wrist as shown in FIG. 2.

In the prior art methods of obtaining a tomographic
image of a human body, a series of contact electrodes were placed
on the surface of the patent’s body. A source of electric current was
connected sequentially to pairs of electrodes causing current to flow
through the body. Measurements were then made of potential
differences between pairs of other “non-activated” electrodes.

In the present invention, the output multiplexer 2
switches a single lead from the AC source to “activate” a single
electrode in the electrode array 1 at a time, instead of activating
pairs of electrodes in prior art devices. The second “activated”
electrode is the remote electrode 5 that is always “on”. Switching a
single lead at a time reduces the spurious couplings arising from
channel-to-channel penetration of signals in the muitiplexer. It also
simplifies the device and reduces its cost. The same is true for the
input multiplexer 3. The potential difference detector measures the
difference between the selected array electrode and the remote rest
electrode 7. For a given rest electrode, the output multiplexer 2
sequences through all the other electrodes in the compact set while
the potential difference detector makes its measurements. Then the
rest electrode is switched and the output multiplexer sequence

repeated.
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Using the two singular electrodes 5, 7 also increase
the amplitude of the measured signals due to the increased
distance between the points where the potentials are measured.
This increases the signal-to-noise ratio and the accuracy of the
measurements. The distance of these singular electrodes from the
electrode array allows one to assume that the unperturbed
equipotential surfaces of electric field are spherical in the
examination area. It simplifies and speeds up the conductivity
reconstruction calculations.

The method of back projection along equipotential
surfaces of the electric field is used to reconstruct the 3-D
conductivity distribution. It is assumed that in the case where the
electric current is injected through one of the electrodes of the
compact set of electrodes arranged in a planar array and the remote
common electrode, equipotential surfaces near the two-dimensional
set of electrodes are spherical. The procedure of back projection is
reduced to the following. For some point with coordinates XY,2)
inside the object under visualization, the distance is determined
between this point and the injecting electrode of the compact array.
This distance is equal to the radius r of the equipotential surface
containing the point where the conductivity is reconstructed.
Knowing this radius, it is possible to determine the line of
intersection of the equipotential surface with the surface on which
the electrodes are arranged. When the electrodes are arranged on
the plane, given by equation z=0, this iine is the circle lying in the (x,
y) plane having its center at the point where the injecting electrode
is located, and having radius r. Conductivity S (in arbitrary units) at

the chosen point is calculated according to the equation:
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S(x,y,z) = 1+Wl(2)ZW sz(l)(Er(/)-E,,,(I))/Er(l)a’l
f 2 L{x,y.z.i)
L(x,y,z,i)

where j — is the number of the injecting electrode, L(x,y,z,i) - is the
line of intersection of the equipotential surface with the surface on

which the electrodes are arranged (circle with radius r. The

—

components of the electric field vector £, are first calculated at the

nodes of the grid between the electrodes as the potential
differences between adjacent electrodes in the x and y directions.

Then these components are linearly interpolated to the current point

of integration on the line L and the magnitude of this vector E, is

calculated.

The reference intensity of the electric field E

corresponds to a homogeneous medium and is calculated

numerically. Weighting coefficient #(2) corrects the decrease of

sensitivity with depth. In the present invention, the empirical
equation W,=(z+a)/(z+[)’),a<<,6’ is used for it. The weighting

coefficient Wé provides a relatively greater contribution to the

calculated conductivity of those points on line L, which are located
closer to the point at which the conductivity is reconstructed. In the

present device, the equation:

w,=1/R" =1/((x—x,)2 +(y—y,)2 +z’2)Z is used, where R is the
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distance between the point where the conductivity is reconstructed
and the current point on the line along which integration is being
carried out; the index / refers to the coordinates of this point.

The method of back projection is the fastest method
used in electrical impedance tomography reconstruction. Its use,
however, for reconstructing the static conductivity distribution for the

3-D case is only possible by a proper choice of the projected values.

In addition, the synthesized reference data set £, must be used.

This is obtained by approximating the real measured potentials
according to the method of Korjenevsky. (A. V. Korjenevsky, Yu. S.
Kultiasov, V. A. Cherepenin, “Method of obtaining of tomographic
image of a body and electrical impedance tomograph,” Russian
Federation patent application N 96123647/14.)

In many cases it is difficult to obtain sufficient contact
of all the electrodes with the patient's body. Consequently, the
threshold detector 8 of the output voltage is used to determine
whether the electrode being measured at any particular moment has
sufficient contact with the body. The compact set of electrodes is
arranged on a rigid dielectric plane and every electrode is a
conducting protrusion from the plane. This arrangement permits an
examination of a mammary gland regardiess of its size. During an
examination, this plane of electrodes is pressed against the breast,
flattening it toward the chest. This increases the number of
electrodes having contact with the body and decreases the
thickness of the tissue layer to be measured. The protrusion of the
electrodes improves their electrical contact with the body.

One or more of the electrodes on the periphery of the
plane may not have contact with the body, depending on the size of
the examined object. These electrodes are detected with the help
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of the threshold detector of the output voltage mentioned above.
The values of the potential differences measured from electrodes
that have insufficient body contact cannot be used directly in the
process of conductivity reconstruction. Instead, values of potential
differences calculated on the assumption of a homogeneous
conductivity distribution are used.

Besides the useful potential differences caused by the
current flow, there are also galvanic potential differences between
electrodes. The component for measuring the potential difference
6 is only sensitive to the alternating current component and,
consequently, is not disturbed by the presence of these constant
galvanic potential differences. However, due to the differences in
galvanic potentials of different electrodes, the input voltage varies
by a jump when the input multiplexer 3 is switched. These jumps
produce a transient that influences the resuits of the measurements.
This influence increases when the time interval between the switch
and the start of the potential difference measurement decreases.
Therefore, to decrease the error while keeping the total duration of
the measurements constant, the input multipiexer 3 should switch
the device for measuring the potential difference 6 to the next
electrode only after the output multiplexer 2 completes the total
cycle of switches of the AC source to all other electrodes.

FIG. 2 shows the arrangement of the various
components of the electric mammograph used to take
measurements. With the help of the output multiplexer, the control
unit connects the source of AC current to one of the electrodes of
compact set 1 according to commands from the computer 11. AC
current of approximately 1 mA and a frequency of 10 kHz flows
through the circuit, i.e., from the AC source to the multiplexer, to the

electrode of set 1, through the patient's body to the remote rest
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electrode 5. With the help of the input multiplexer, the
microprocessor connects one of the rest electrodes from set 1 to the
potential difference detector. It measures the amplitude of the
alternating voltage between the electrode from set 1 and the remote
activated electrode 7. This measurement is sent in digital code to
the microprocessor, which passes it to the computer 11,

The measured data are used to reconstruct a 3-D
conductivity distribution with the help of the algorithm shown in block
diagram form in FIG. 3. In block 12 the measured potentials of the
electrodes from the compact set, received through the connection
line 10, are used for synthesis of the reference set of potentials
corresponding to a body with homogeneous conductivity. An
approximation by the method of least squares described in Russian
Patent N 96123647/14 is used. Only those potentials obtained from
electrodes with good body contact are used. In blocks 13 and 14,
components of the electric intensity vector are calculated for the
reference and measured data set by subtraction of the values of
potentials on adjacent electrodes for each variant of connection of
the current source. In the last case, corresponding potentials from
the reference set are used instead of the potentials of those
electrodes with insufficient contact.

In block 15 the distance is calculated between the
activated electrode in the compact set and the point at which the
conductivity is being reconstructed. This distance determines the
radius of a circle that represents the line of intersection of the
equipotential surface with the plane on which the electrodes are
arranged and along which it is necessary to carry out weighted
averaging. The electric intensity for the measured and the reference
data set are calculated after the linear interpolation of the

corresponding components of vectors, calculated in blocks 13 and
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14. The relative difference of the electric intensities for the reference
and measured data sets are multiplied by the weight function 1/R?,
where R is the distance between the point where the conductivity is
reconstructed and the current point on the line along which
averaging is being carried out.

In block 16 the obtained value is numerically
integrated along the circle. These operations are repeated for all
points where the conductivity is to be reconstructed and for all
variants of the activated electrodes. This process is controlled by
block 17. The result of these calculations, after adding a unit to
obtained values, represents a 3-D distribution of the conductivity
normalized on the average value. The result can be displayed on
screen or printed out. Block 18 contains the software and hardware
used to carry out these functions.

The external appearance of the electric mammograph
without the computing unit is shown in FIG. 4. FIG. 5 shows an
electric mammogram obtained by the invention. The mammogram
represents a set of seven images of breast cross-sections parallel
to the plane on which the electrodes are arranged. The depth of the
cross-sections increases from left to right and from up to down with
8 mm steps. On the image one can clearly see the nipple 19, the
ribs 20, and the boundary 21 between areas with and without

sufficient electrode contact with the body.
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CLAIMS

1. A method of displaying a three-dimensional
image of the conductivity distribution of biological tissue, said
method comprising the steps of:

applying a source (4) of alternating current (AC) to a '
first activated electrode (1) of a compact set of electrodes arranged
in a planar array, said compact set of electrodes being in contact
with the surface of the biological tissues of interest, and to a first
remotely located electrode (5, 7) in contact with the body but at
some distance from the compact set of electrodes:

measuring the potential difference between a first at
rest electrode (1) of said compact set and a second remotely
located electrode (7,5), said second remote electrode being at rest;

switching the source (4) of AC current by multiplexer
means (2, 3) to activate successively all of the electrodes (1) of said
planar array of electrodes except said at rest electrode of step (b)
and measuring the potential difference between said at rest
electrodes in (b) for each activated electrode in turn to thereby
obtain a first set of potential difference measurements for each
activated electrode;

switching the electrode (1) to be measured in said
planar array by multiplexer means (2, 3) to a second at rest
electrode (1), activating successively every other electrode in said
planar array, and measuring the potential difference between said
second at rest electrode and said at rest remote electrode (7, 5) in
turn to thereby obtain a second set of potential difference
measurements for each activated electrode;

continue switching the at rest electrode (1), activating
successively the remaining electrodes in said planar array, and
measuring the potential difference between the selected at rest
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electrode and said at rest remote electrode (7, 5) in turn until all
planar electrodes combinations have been measured;

reconstructing a three-dimensional conductivity
distribution using the method of back projection along equipotential
surfaces of the electric field, the projected data being obtained by
weighted averaging of the relative difference between the reference
electric intensity corresponding to tissue with a homogeneous
conductivity distribution and the measured electric intensity along
the line of intersection of the equipotential surface containing the
point where conductivity is reconstructed and with the surface on
which the compact set of electrodes (1) is located.

2. The method of claim 1, whereby a threshold
detector means (8) determines whether any particular electrode (1)
of the planar array has sufficient contact with the tissue to give a
meaningful measurement.

3. The method of claim 2, whereby the values of
potential differences for those electrodes (1) having insufficient
contact with the tissue are calculated based on the assumption of
a homogeneous conductivity distribution rather than using the actual
measured potential differences.

4. The method of claim 1, whereby the weighting
coefficient of 1/R* is used in the weighted averaging of step (),
where R is the distance between the point where the conductivity is
being reconstructed and the current point on the line along which
averaging is being carried out.

5. The method of claim 1, whereby said compact
set of electrodes (1) is arranged on a rigid dielectric plane and the
conducting portion of each electrode protrudes from said plane.

6. An apparatus for producing a three-dimensional

image of the conductivity distribution of biological tissue comprising:
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a plurality of individual electrodes (1) disposed in a
rigid planar array and placed in contact with the biological tissue of
interest;

an alternating current (AC) source (4) connected to
one of the electrodes (active electrode) (1) in said planar array and
to a single remote active electrode (5, 7) located at some distance
from said planar array and in contact with the biological tissue;

an output multiplexing means (2) to successively
switch the AC source to other electrodes (1) in said planar array
making them active electrodes in turn;

an input multiplexing means (3) to connect a potential
difference measuring means (6) to one of the non-active (at rest)
electrodes (1) in said planar array and to an at rest single remote
electrode (7, 5) located at some distance from said planar array and
in contact with the biological tissue;

computing means coupled to said input and output
multiplexing means (2, 3) for sequencing said AC source through
said planar array electrodes (1) while taking potential difference
measurements from other electrodes in said planar array and for
reconstructing a three-dimensional conductivity distribution using a
modified back projection method; and

display means for imaging the reconstructed three-
dimensional conductivity distribution.

7. The apparatus of claim 6, wherein a threshold
detector means (8) is provided to determine whether any particular
electrode (1) of said planar array has sufficient contact with the
tissue to give a meaningful measurement.

8. The apparatus of claim 7, wherein in
reconstructing the conductivity distribution, the values of potential

differences for those electrodes (1) having insufficient contact with
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the tissue are calculated based on the assumption of a
homogeneous conductivity distribution rather than using the actual
measured potential differences.

O. The apparatus of claim 6, wherein the modified
5 back projection reconstruction method used incorporates a
weighting coefficient of 1/R*, where R is the distance between the
point where the conductivity is being reconstructed and the current

point on the line along which averaging is being carried out.
10. The apparatus of claim 6, wherein said planar
10 array of electrodes (1) is arranged on a rigid dielectric plane and the

conducting portion of each electrode protrudes from said plane.
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CLAIMS

1. A method of displaying a three-dimensional
image of the conductivity distribution of biological tissue, said
method comprising the steps of:

applying a source (4) of alternating current (AC) to a
first activated electrode (1) of a compact set of electrodes arranged
in a planar array, said compact set of electrodes being in contact
with the surface of the biological tissues of interest, and to a first
remotely located electrode (5, 7) in contact with the body but at
some distance from the compact set of electrodes;

measuring the potential difference between a first at
rest electrode (1) of said compact set and a second remotely
located electrode (7,5), said second remote electrode being at rest;

switching the source (4) of AC current by multipiexer
means (2, 3) to activate successively all of the electrodes (1) of said
planar array of electrodes except said at rest electrode of step (b)
and measuring the potential difference between said at rest
electrodes in (b) for each activated electrode in turn to thereby
obtain a first set of potential difference measurements for each
activated electrode; -

switching the electrode (1) to be measured in said
planar array by muiltiplexer means (2, 3) to a second at rest
electrode (1), activating successively every other electrode in said
planar array, and measuring the potential difference between said
second at rest electrode and said at rest remote electrode (7, 5) in
turn to thereby obtain a second set of potential difference
measurements for each activated electrode;

continue switching the at rest electrode (1), activating
successively the remaining electrodes in said planar array, and
measuring the potential difference between the selected at rest
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electrode and said at rest remote electrode (7, 5) in turn until all
planar electrodes combinations have been measured,;

reconstructing a three-dimensional conductivity
distribution using the method of back projection along equipotential
surfaces of the electric field, the projected data being obtained by
weighted averaging of the relative difference between the reference
electric intensity corresponding to tissue with a homogeneous
conductivity distribution and the measured electric intensity along
the line of intersection of the equipotential surface containing the
point where conductivity is reconstructed and with the surface on
which the compact set of electrodes (1) is located.

2. The method of claim 1, whereby a threshold
detector means (8) determines whether any particular electrode (1)
of the planar array has sufficient contact with the tissue to give a
meaningful measurement.

3. The method of claim 2, whereby the values of
potential differences for those electrodes (1) having insufficient
contact with the tissue are calculated based on the assumption of
ahomogeneous conductivity distribution rather than using the actual
measured potential differences.

4, The method of claim 1, whereby the weighting
coefficient of 1/R* is used in the weighted averaging of step (),
where R is the distance between the point where the conductivity is
being reconstructed and the current point on the line along which
averaging is being carried out.

5. The method of claim 1, whereby said compact
set of electrodes (1) is arranged on a rigid dielectric plane and the
conducting portion of each electrode protrudes from said plane.

6. An apparatus for producing a three-dimensional
image of the conductivity distribution of biological tissue comprising:
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a plurality of individual electrodes (1) disposed in a
rigid planar array and placed in contact with the biological tissue of
interest;

an alternating current (AC) source (4) connected to
one of the electrodes (active electrode) (1) in said planar array and
to a single remote active electrode (5, 7) located at some distance
from said planar array and in contact with the biological tissue;

an output multiplexing means (2) to successively
switch the AC source to other electrodes (1) in said planar array
making them active electrodes in turn;

an input multiplexing means (3) to connect a potential
difference measuring means (6) to one of the non-active (at rest)
electrodes (1) in said planar array and to an at rest single remote
electrode (7, 5) located at some distance from said planar array and
in contact with the biological tissue,

computing means coupled to said input and output
multiplexing means (2, 3) for sequencing said AC source through
said planar array electrodes (1) while taking potential difference
measurements from other electrodes in said planar array and for
reconstructing a three-dimensional conductivity distribution using a
modified back projection method; and

display means for imaging the reconstructed three-
dimensional conductivity distribution.

7. The apparatus of claim 6, wherein a threshold
detector means (8) is provided to determine whether any particular
electrode (1) of said planar array has sufficient contact with the
tissue to give a meaningful measurement.

8. The apparatus of claim 7, wherein in
reconstructing the conductivity distribution, the values of potential
differences for those electrodes (1) having insufficient contact with
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the tissue are calculated based on the assumption of a
homogeneous conductivity distribution rather than using the actual
measured potential differences.
9. The apparatus of claim 6, wherein the modified
5 back projection reconstruction method used incorporates a
weighting coefficient of 1/R*, where R is the distance between the
point where the conductivity is being reconstructed and the current
point on the line along which averaging is being carried out.
10. The apparatus of claim 6, wherein said planar
10 array of electrodes (1) is arranged on a rigid dielectric plane and the
conducting portion of each electrode protrudes from said plane.
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ELECTRIC MAMMOGRAPH

Technical Field

The invention is in the field of medical tomography,
and in particular relates to a method and apparatus for the
visualization and diagnosis of pathologic changes in breast tissues
and other organs near the surface of the human body.
Background Art

Itis known that electrical conductivity of many tumors,
and in particular the malignant tumors of the mammary gland,
significantly differs from the conductivity of surrounding sound
tissues. This fact may be used for the detection and localization of
such tumors.

Some devices are known for visualizing the spatial
distribution of conductivity (impedance) in the human body, e.g.,
electrical impedance tomographs. (A. V. Korjenevsky, Yu. S.
Kultiasov, V. A. Cherepenin, “Method of obtaining of tomographic
image of a body and electrical impedance tomograph,” International
application PCT/RU97/00398.) In an electrical impedance
tomograph, the source of alternating electric current is connected to
pairs of electrodes placed along a line on the surface of a body and
measurements of the potential differences are made on the other
pairs of electrodes. The results of measurements obtained from
various combinations of electrodes are used to reconstruct the
conductivity distribution with the help of a computer. A three-
dimensional distribution of conductivity, however, is not possible
with this type of tomograph. Furthermore, its resolution falls
significantly from the periphery to the center of contour of the
electrodes. Consequently, it is not an adequate device for the
diagnosis of mammary gland tumors.

An electroimpedance mammograph device, purporting
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to yield a three-dimensional impedance distribution has also been
described. (A. Nowakovsky, J. Wortek, and J. Stelter, “A Technical
University of Gdansk Electroimpedance Mammograph,” Proc. IX Int.
Conf. Electrical Bio-Impedance, Heidelberg, 1995, p. 434-437: J.
Wortek, J. Stelter, A. Nowakovsky, “Impedance mammograph 3D
phantom studies,” Proc. X Int. Conf. Electrical Bio-Impedance,
Barcelona, 1998, p. 521-524.) This device contains a compact set
of electrodes that are placed on the inner surface of a rigid
hemisphere, multiplexers that are connected to the source of
alternating electric current, and a device for measuring the potential
difference between various pairs of electrodes. The measured
potential differences are sent to a computer to reconstruct and
display the three-dimensional impedance distribution inside the
hemisphere. The serviceability of this device based on actual
measurements on the human body have not yet been published.
A number of limitations for this device are apparent.
The arrangement of electrodes on the hemisphere surface limits the
application of the device because the contact with all the electrodes
can be provided only for a breast of a definite size. The device also
has no means to measure the quality of each contact, nor any
means to correct the reconstruction calculations if any of the
electrodes have insufficient contact with the body. This decreases
the validity of the data. The electric current source and the
measuring device are connected to pairs of electrodes placed on
the hemisphere, requiring four multiplexers. When the number of
electrodes is large, these multiplexers become the most
complicated and expensive parts of the device. These multiplexers
are also the largest source of spurious signals due to channel-to-
channel crosstalk. Only 64 electrodes were used in the prototype.
This is obviously insufficient for obtaining satisfactory resolution.
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However, further increasing this number is problematical because
of the difficulty of commutation by the chosen measuring circuit.

When a safe level of electrical current is used, the
measured potential differences are small because of the small
distances between electrodes. This decreases the signal-to-noise
ratio and the display quality. This effect only gets worse with an
increasing number of electrodes. The algorithm for image
reconstruction is based on the perturbation method. It requires a
calculation time of ten minutes on a workstation for a system of 64
electrodes (Nowakovsky). For 180 electrodes, the minimum
necessary for practical applications, about ten hours are required for
the calculations based on the estimations of the authors. This
amount of time is not feasible for clinical practice.

Other attempts at obtaining three-dimensional
electrical impedance images of a body have involved multi-
dimensional electrode arrays that surround or partially surround the
object being imaged. The reconstruction algorithms used and the
methodology of making measurements were also different than
those of the present invention. These efforts include U. S. Patents
5,284,142, 5,351,697, 4,263,920, 4,486,835, and 4,539,640.

A goal of the present invention is to provide a new
method and apparatus for electric mammography with greater
reliability and accuracy of measurements, higher resolution, and
increased computational speed. This invention is particularly
applicable to the clinical diagnosis of breast tumors and other
subsurface areas.

Disclosure of the Invention

The electric mammograph is a device for the
measurement and three-dimensional (3-D) reconstruction of the

conductivity distribution in biological tissues for clinical diagnoses.
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It consists of a compact array of electrodes positioned over the
tissue being measured, two additional electrodes spaced apart from
the array of electrodes, a source of alternating (AC) current, a
means to measure potential difference, and computing means to

5 reconstruct and visualize the resulting conductivity distribution.
Brief Description_of the Drawings

The invention is illustrated in the following drawings.
FIG. 1is ablock diagram of the electric mammograph.
FIG. 2 shows the arrangement of the apparatus when
10 conducting a mammograph examination.
FIG. 3 is a block diagram of the algorithm used for the
three-dimensional conductivity distribution reconstruction.
FIG. 4 is a photograph of the apparatus
FIG. 5 is a sample electric mammogram.
15 Description of Preferred Embodiments
A block diagram of the components of the electric
mammograph is shown in FIG. 1. A compact array of cylindrical
protruding electrodes 1 is arranged in a rigid dielectric plane. The
example shown has 256 electrodes. The output multiplexer 2 is
20 connected to the electrode array 1 and is the means by which the
alternating current (AC) source 4 is connected to one of the
cylindrical electrodes in the array. The input multiplexer 3 serves to
connect one of the non-activated or “rest” electrodes of the array to
the potential difference measuring unit 6. The microprocessor 9 and
25 the computer 11, connected via cables 10, determine which
electrode is activated and which of the rest electrodes is being
measured at any given time.
Two single remote electrodes, 5 and 7, are attached
to the extremities of the patient. One remote electrode 5 is

30 connected directly to the AC source. The other remote electrode 7
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is connected directly to the potential difference detector 6. The AC
source is connected to a voltage threshold detector 8. The operation
of the electric mammograph is controlled by a
microprocessor/computer means. It gets inputs from the potential
difference detector 6 and the threshold detector 8 and outputs to the
two muiltiplexers 2, 3, the potential difference detector, and the AC
source. The first remote electrode 5 connected to the AC source
and the second remote electrode 7 are located on a patient's
extremities, e.g., one on each wrist as shown in FIG. 2.

In the prior art methods of obtaining a tomographic
image of a human body, a series of contact electrodes were placed
on the surface of the patent’s body. A source of electric current was
connected sequentially to pairs of electrodes causing current to flow
through the body. Measurements were then made of potential
differences between pairs of other “non-activated” electrodes.

In the present invention, the output multiplexer 2
switches a single lead from the AC source to “activate” a single
electrode in the electrode array 1 at a time, instead of activating
pairs of electrodes in prior art devices. The second “activated”
electrode is the remote electrode 5 that is always “on”. Switching a
single lead at a time reduces the spurious couplings arising from
channel-to-channel penetration of signals in the multiplexer. It also
simplifies the device and reduces its cost. The same is true for the
input multiplexer 3. The potential difference detector measures the
difference between the selected array electrode and the remote rest
electrode 7. For a given rest electrode, the output multiplexer 2
sequences through all the other electrodes in the compact set while
the potential difference detector makes its measurements. Then the
rest electrode is switched and the output muitiplexer sequence

repeated.
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Using the two singular electrodes 5, 7 also increase
the amplitude of the measured signals due to the increased
distance between the points where the potentials are measured.
This increases the signal-to-noise ratio and the accuracy of the
measurements. The distance of these singular electrodes from the
electrode array allows one to assume that the unperturbed
equipotential surfaces of electric field are spherical in the
examination area. It simplifies and speeds up the conductivity
reconstruction calculations.

The method of back projection along equipotential
surfaces of the electric field is used to reconstruct the 3-D
conductivity distribution. It is assumed that in the case where the
electric current is injected through one of the electrodes of the
compact set of electrodes arranged in a planar array and the remote
common electrode, equipotential surfaces near the two-dimensional
set of electrodes are spherical. The procedure of back projection is
reduced to the following. For some point with coordinates XY, 2)
inside the object under visualization, the distance is determined
between this point and the injecting electrode of the compact array.
This distance is equal to the radius r of the equipotential surface
containing the point where the conductivity is reconstructed.
Knowing this radius, it is possible to determine the line of
intersection of the equipotential surface with the surface on which
the electrodes are arranged. When the electrodes are arranged on
the plane, given by equation z=0, this line is the circle lying in the (x,
y) plane having its center at the point where the injecting electrode
is located, and having radius r. Conductivity S (in arbitrary units) at

the chosen point is calculated according to the equation:
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L{x,p.z.i)
L(x.y,z,i)

where /- is the number of the injecting electrode, L(x,y,z,i) - is the
line of intersection of the equipotential surface with the surface on
which the electrodes are arranged (circle with radius r. The

—

components of the electric field vector E, are first calculated at the

nodes of the grid between the electrodes as the potential
differences between adjacent electrodes in the x and y directions.
Then these components are linearly interpolated to the current point

of integration on the line L and the magnitude of this vector E,,, is

calculated.

The reference intensity of the electric field E,

corresponds to a homogeneous medium and is calculated

numerically. Weighting coefficient #(2) corrects the decrease of

sensitivity with depth. In the present invention, the empirical
equation W =(Z+a)/(z+ﬂ),a<<ﬂ is used for it. The weighting

coefficient W, provides a relatively greater contribution to the

calculated conductivity of those points on line L, which are located
closer to the point at which the conductivity is reconstructed. In the

present device, the equation:

w,=1/R* =1,/((x—x,)2 +(y-y) +z2)Z is used, where R is the
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distance between the point where the conductivity is reconstructed
and the current point on the line along which integration is being
carried out; the index / refers to the coordinates of this point.

The method of back projection is the fastest method
used in electrical impedance tomography reconstruction. Its use,
however, for reconstructing the static conductivity distribution for the
3-D case is only possible by a proper choice of the projected values.

In addition, the synthesized reference data set £ must be used.

This is obtained by approximating the real measured potentials
according to the method of Korjenevsky. (A. V. Korjenevsky, Yu. S.
Kultiasov, V. A. Cherepenin, “Method of obtaining of tomographic
image of a body and electrical impedance tomograph,” Russian
Federation patent application N 96123647/14.)

In many cases it is difficult to obtain sufficient contact
of all the electrodes with the patient's body. Consequently, the
threshold detector 8 of the output voltage is used to determine
whether the electrode being measured at any particular moment has
sufficient contact with the body. The compact set of electrodes is
arranged on a rigid dielectric plane and every electrode is a
conducting protrusion from the plane. This arrangement permits an
examination of a mammary gland regardiess of its size. During an
examination, this plane of electrodes is pressed against the breast,
flattening it toward the chest. This increases the number of
electrodes having contact with the body and decreases the
thickness of the tissue layer to be measured. The protrusion of the
electrodes improves their electrical contact with the body.

One or more of the electrodes on the periphery of the
plane may not have contact with the body, depending on the size of

the examined object. These electrodes are detected with the help
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of the threshold detector of the output voltage mentioned above.
The values of the potential differences measured from electrodes
that have insufficient body contact cannot be used directly in the
process of conductivity reconstruction. Instead, values of potential
differences calculated on the assumption of a homogeneous
conductivity distribution are used.

Besides the useful potential differences caused by the
current flow, there are also galvanic potential differences between
electrodes. The component for measuring the potential difference
6 is only sensitive to the alternating current component and,
consequently, is not disturbed by the presence of these constant
galvanic potential differences. However, due to the differences in
galvanic potentials of different electrodes, the input voltage varies
by a jump when the input multiplexer 3 is switched. These jumps
produce atransient that influences the results of the measurements,
This influence increases when the time interval between the switch
and the start of the potential difference measurement decreases.
Therefore, to decrease the error while keeping the total duration of
the measurements constant, the input multiplexer 3 should switch
the device for measuring the potential difference 6 to the next
electrode only after the output multiplexer 2 completes the total
cycle of switches of the AC source to all other electrodes.

FIG. 2 shows the arrangement of the various
components of the electric mammograph used to take
measurements. With the help of the output muitiplexer, the control
unit connects the source of AC current to one of the electrodes of
compact set 1 according to commands from the computer 11. AC
current of approximately 1 mA and a frequency of 10 kHz flows
through the circuit, i.e., from the AC source to the multiplexer, to the
electrode of set 1, through the patient’s body to the remote rest
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electrode 5. With the help of the input multiplexer, the
microprocessor connects one of the rest electrodes from set 1 to the
potential difference detector. It measures the amplitude of the
alternating voltage between the electrode from set 1 and the remote
activated electrode 7. This measurement is sent in digital code to
the microprocessor, which passes it to the computer 11.

The measured data are used to reconstruct a 3-D
conductivity distribution with the help of the algorithm shown in block
diagram form in FIG. 3. In block 12 the measured potentials of the
electrodes from the compact set, received through the connection
line 10, are used for synthesis of the reference set of potentials
corresponding to a body with homogeneous conductivity. An
approximation by the method of least squares described in Russian
Patent N 96123647/14 is used. Only those potentials obtained from
electrodes with good body contact are used. In blocks 13 and 14,
components of the electric intensity vector are calculated for the
reference and measured data set by subtraction of the values of
potentials on adjacent electrodes for each variant of connection of
the current source. In the iast case, corresponding potentials from
the reference set are used instead of the potentials of those
electrodes with insufficient contact.

In block 15 the distance is calculated between the
activated electrode in the compact set and the point at which the
conductivity is being reconstructed. This distance determines the
radius of a circle that represents the line of intersection of the
equipotential surface with the plane on which the electrodes are
arranged and along which it is necessary to carry out weighted
averaging. The electric intensity for the measured and the reference
data set are calculated after the linear interpolation of the

corresponding components of vectors, calculated in blocks 13 and
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14. The relative difference of the electric intensities for the reference

10

15

20

and measured data sets are multiplied by the weight function 1/R?,
where R is the distance between the point where the conductivity is
reconstructed and the current point on the line along which
averaging is being carried out.

In block 16 the obtained value is numerically
integrated along the circle. These operations are repeated for all
points where the conductivity is to be reconstructed and for all
variants of the activated electrodes. This process is controlled by
block 17. The result of these calculations, after adding a unit to
obtained values, represents a 3-D distribution of the conductivity
normalized on the average value. The result can be displayed on
screen or printed out. Block 18 contains the software and hardware
used to carry out these functions.

The external appearance of the electric mammograph
without the computing unit is shown in FIG. 4. FIG. 5 shows an
electric mammogram obtained by the invention. The mammogram
represents a set of seven images of breast cross-sections parallel
to the plane on which the electrodes are arranged. The depth of the
cross-sections increases from left to right and from up to down with
8 mm steps. On the image one can clearly see the nipple 19, the
ribs 20, and the boundary 21 between areas with and without

sufficient electrode contact with the body.
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ELECTRIC MAMMOGRAPH

Technical Field
The invention is in the field of medical tomography,

and in particular relates to a method and apparatus for the
visualization and diagnosis of pathologic changes in breast tissues
and other organs near the surface of the human body.
Background Art

It is known that electrical conductivity of many tumors,
and in particular the malignant tumors of the mammary gland,
significantly differs from the conductivity of surrounding sound
tissues. This fact may be used for the detection and localization of
such tumors.

Some devices are known for visualizing the spatial
distribution of conductivity (impedance) in the human body, e.g.,
electrical impedance tomographs. (A. V. Korjenevsky, Yu. S.
Kultiasov, V. A. Cherepenin, “Method of obtaining of tomographic
image of a body and electrical impedance tomograph,” international
application PCT/RUS7/00398.) In an electrical impedance
tomograph, the source of alternating electric current is connected to
pairs of electrodes placed along a line on the surface of a body and
measurements of the potential differences are made on the other
pairs of electrodes. The results of measurements obtained from
various combinations of electrodes are used to reconstruct the
conductivity distribution with the help of a computer. A three-
dimensional distribution of conductivity, however, is not possible
with this type of tomograph. Furthermore, its resolution falls
significantly from the periphery to the center of contour of the
electrodes. Consequently, it is not an adequate device for the
diagnosis of mammary gland tumors.

An electroimpedance mammograph device, purporting

0218



WO 00/53090

10

15

20

25

30

PCT/US00/06283

-2.-

to yield a three-dimensional impedance distribution has also been
described. (A. Nowakovsky, J. Wortek, and J. Stelter, “A Technical
University of Gdansk Electroimpedance Mammograph,” Proc. IX Int.
Conf. Electrical Bio-Impedance, Heidelberg, 1995, p. 434-437; J.
Wortek, J. Stelter, A. Nowakovsky, “Impedance mammograph 3D
phantom studies,” Proc. X Int. Conf. Electrical Bio-Impedance,
Barcelona, 1998, p. 521-524.) This device contains a compact set
of electrodes that are placed on the inner surface of a rigid
hemisphere, multiplexers that are connected to the source of
alternating electric current, and a device for measuring the potential
difference between various pairs of electrodes. The measured
potential differences are sent to a computer to reconstruct and
display the three-dimensional impedance distribution inside the
hemisphere. The serviceability of this device based on actual
measurements on the human body have not yet been published.
A number of limitations for this device are apparent.
The arrangement of electrodes on the hemisphere surface limits the
application of the device because the contact with all the electrodes
can be provided only for a breast of a definite size. The device also
has no means to measure the quality of each contact, nor any
means to correct the reconstruction calculations if any of the
electrodes have insufficient contact with the body. This decreases
the validity of the data. The electric current source and the
measuring device are connected to pairs of electrodes placed on
the hemisphere, requiring four multiplexers. When the number of
electrodes is large, these multiplexers become the most
complicated and expensive parts of the device. These multiplexers
are also the largest source of spurious signals due to channel-to-
channel crosstalk. Only 64 electrodes were used in the prototype.
This is obviously insufficient for obtaining satisfactory resolution.
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However, further increasing this number is problematical because
of the difficulty of commutation by the chosen measuring circuit.

When a safe level of electrical current is used, the
measured potential differences are small because of the small
distances between electrodes. This decreases the signal-to-noise
ratio and the display quality. This effect only gets worse with an
increasing number of electrodes. The algorithm for image
reconstruction is based on the perturbation method. It requires a
calculation time of ten minutes on a workstation for a system of 64
electrodes (Nowakovsky). For 180 electrodes, the minimum
necessary for practical applications, about ten hours are required for
the calculations based on the estimations of the authors. This
amount of time is not feasible for clinical practice.

Other attempts at obtaining three-dimensional
electrical impedance images of a body have involved multi-
dimensional electrode arrays that surround or partially surround the
object being imaged. The reconstruction algorithms used and the
methodology of making measurements were also different than
those of the present invention. These efforts include U. S. Patents
5,284,142, 5,351,697, 4,263,920, 4,486,835, and 4,539,640.

A goal of the present invention is to provide a new
method and apparatus for electric mammography with greater
reliability and accuracy of measurements, higher resolution, and
increased computational speed. This invention is particularly
applicable to the clinical diagnosis of breast tumors and other
subsurface areas.

Disclosure of the invention

The electric mammograph is a device for the
measurement and three-dimensional (3-D) reconstruction of the
conductivity distribution in biological tissues for clinical diagnoses.
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It consists of a compact array of electrodes positioned over the
tissue being measured, two additional electrodes spaced apart from
the array of electrodes, a source of alternating (AC) current, a
means to measure potential difference, and computing means to
5 reconstruct and visualize the resulting conductivity distribution.
Brief Description of the Drawings
The invention is illustrated in the following drawings.

FIG. 1is a block diagram of the electric mammograph.

FIG. 2 shows the arrangement of the apparatus when
10 conducting a mammograph examination.

FIG. 3 is a block diagram of the algorithm used for the

three-dimensional conductivity distribution reconstruction.

FIG. 4 is a photograph of the apparatus

FIG. 5 is a sample electric mammogram.
15 Description of Preferred Embodiments

A block diagram of the components of the electric

mammograph is shown in FIG. 1. A compact array of cylindrical
protruding electrodes 1 is arranged in a rigid dielectric plane. The
example shown has 256 electrodes. The output multiplexer 2 is
20 connected to the electrode array 1 and is the means by which the
alternating current (AC) source 4 is connected to one of the
cylindrical electrodes in the array. The input multiplexer 3 serves to
connect one of the non-activated or “rest” electrodes of the array to
the potential difference measuring unit 6. The microprocessor 9 and
25 the computer 11, connected via cables 10, determine which
electrode is activated and which of the rest electrodes is being
measured at any given time.
Two single remote electrodes, 5 and 7, are attached
to the extremities of the patient. One remote electrode 5 is

30 connected directly to the AC source. The other remote electrode 7
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is connected directly to the potential difference detector 6. The AC
source is connected to a voltage threshold detector 8. The operation
of the electric mammograph is controlled by a
microprocessor/computer means. It gets inputs from the potential
difference detector 6 and the threshold detector 8 and outputs to the
two multiplexers 2, 3, the potential difference detector, and the AC
source. The first remote electrode 5 connected to the AC source
and the second remote electrode 7 are located on a patient’s
extremities, e.g., one on each wrist as shown in FIG. 2.

In the prior art methods of obtaining a tomographic
image of a human body, a series of contact electrodes were placed
on the surface of the patent's body. A source of electric current was
connected sequentially to pairs of electrodes causing current to flow
through the body. Measurements were then made of potential
differences between pairs of other “non-activated” electrodes.

In the present invention, the output multiplexer 2
switches a single lead from the AC source to “activate” a single
electrode in the electrode array 1 at a time, instead of activating
pairs of electrodes in prior art devices. The second “activated”
electrode is the remote electrode 5 that is always “on”. Switching a
single lead at a time reduces the spurious couplings arising from
channel-to-channel penetration of signals in the multiplexer. It aiso
simplifies the device and reduces its cost. The same is true for the
input multiplexer 3. The potential difference detector measures the
difference between the selected array electrode and the remote rest
electrode 7. For a given rest electrode, the output multiplexer 2
sequences through all the other electrodes in the compact set while
the potential difference detector makes its measurements. Then the
rest electrode is switched and the output muitiplexer sequence

repeated.
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Using the two singular electrodes 5, 7 also increase
the amplitude of the measured signals due to the increased
distance between the points where the potentials are measured.
This increases the signal-to-noise ratio and the accuracy of the
measurements. The distance of these singular electrodes from the
electrode array allows one to assume that the unperturbed
equipotential surfaces of electric field are spherical in the
examination area. It simplifies and speeds up the conductivity
reconstruction calculations.

The method of back projection along equipotential
surfaces of the electric field is used to reconstruct the 3-D
conductivity distribution. It is assumed that in the case where the
electric current is injected through one of the electrodes of the
compact set of electrodes arranged in a planar array and the remote
common electrode, equipotentiai surfaces near the two-dimensional
set of electrodes are spherical. The procedure of back projection is
reduced to the following. For some point with coordinates (XY, 2)
inside the object under visualization, the distance is determined
between this point and the injecting electrode of the compact array.
This distance is equal to the radius r of the eqguipotential surface
containing the point where the conductivity is reconstructed.
Knowing this radius, it is possible to determine the line of
intersection of the equipotential surface with the surface on which
the electrodes are arranged. When the electrodes are arranged on
the plane, given by equation z=0, this line is the circle lying in the (x,
¥) plane having its center at the point where the injecting electrode
is located, and having radius r. Conductivity S (in arbitrary units) at

the chosen point is calculated according to the equation:
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S(x,y,2) =1+ W«z)}_:—f—— WX E(D-E, (D) E,(dl

L(x,p,2.0)

Wy(l)dl

L{x,y,2.0)

where j — is the number of the injecting electrode, L(x,y,z,i) -is the
line of intersection of the equipotential surface with the surface on
which the electrodes are arranged (circle with radius rn. The

—

components of the electric field vector E, are first calculated at the

nodes of the grid between the electrodes as the potential
differences between adjacent electrodes in the x and y directions.

Then these components are linearly interpolated to the current point

of integration on the line L and the magnitude of this vector E, is

calculated.

The reference intensity of the electric field E,

corresponds to a homogeneous medium and is calculated

numerically. Weighting coefficient #/(z) corrects the decrease of

sensitivity with depth. In the present invention, the empirical
equation W,'=(Z+a)/(2+ﬂ),a<<ﬁ is used for it. The weighting

coefficient W, provides a relatively greater contribution to the

calculated conductivity of those points on line L, which are located
closer to the point at which the conductivity is reconstructed. In the

present device, the equation:

w,=1/R =1/((x~x,)2+(y—y,)2+22)2 is used, where R is the
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distance between the point where the conductivity is reconstructed
and the current point on the line along which integration is being
carried out; the index / refers to the coordinates of this point.

The method of back projection is the fastest method
used in electrical impedance tomography reconstruction. Its use,
however, for reconstructing the static cond uctivity distribution for the

3-D case is only possible by a proper choice ofthe projected values.

In addition, the synthesized reference data set £. must be used.

This is obtained by approximating the real measured potentials
according to the method of Korjenevsky. (A. V. Korjenevsky, Yu. S.
Kultiasov, V. A. Cherepenin, “Method of obtaining of tomographic
image of a body and electrical impedance tomograph,” Russian
Federation patent application N 96123647/14.)

In many cases it is difficult to obtain sufficient contact
of all the electrodes with the patient's body. Consequently, the
threshold detector 8 of the output voltage is used to determine
whether the electrode being measured at any particular moment has
sufficient contact with the body. The compact set of electrodes is
arranged on a rigid dielectric plane and every electrode is a
conducting protrusion from the plane. This arrangement permits an
examination of a mammary gland regardiess of its size. During an
examination, this plane of electrodes is pressed against the breast,
flattening it toward the chest. This increases the number of
electrodes having contact with the body and decreases the
thickness of the tissue layer to be measured. The protrusion of the
electrodes improves their electrical contact with the body.

One or more of the electrodes on the periphery of the
plane may not have contact with the body, depending on the size of
the examined object. These electrodes are detected with the help
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of the threshold detector of the output voltage mentioned above.
The values of the potential differences measured from electrodes
that have insufficient body contact cannot be used directly in the
process of conductivity reconstruction. Instead, values of potential
differences calculated on the assumption of a homogeneous
conductivity distribution are used.

Besides the useful potential differences caused by the
current flow, there are also galvanic potential differences between
electrodes. The component for measuring the potential difference
6 is only sensitive to the alternating current component and,
consequently, is not disturbed by the presence of these constant
galvanic potential differences. However, due to the differences in
galvanic potentials of different electrodes, the input voltage varies
by a jump when the input multiplexer 3 is switched. These jumps
produce a transient that influences the resulits of the measurements.
This influence increases when the time interval between the switch
and the start of the potential difference measurement decreases.
Therefore, to decrease the error while keeping the total duration of
the measurements constant, the input multiplexer 3 should switch
the device for measuring the potential difference 6 to the next
electrode only after the output multiplexer 2 completes the total
cycle of switches of the AC source to all other electrodes.

FIG. 2 shows the arrangement of the various
components of the electric mammograph used to take
measurements. With the help of the output multiplexer, the control
unit connects the source of AC current to one of the electrodes of
compact set 1 according to commands from the computer 11. AC
current of approximately 1 mA and a frequency of 10 kHz flows
through the circuit, i.e., from the AC source to the multiplexer, to the
electrode of set 1, through the patient's body to the remote rest
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electrode 5. With the help of the input multiplexer, the
microprocessor connects one of the rest electrodes from set 1 to the
potential difference detector. It measures the amplitude of the
alternating voltage between the electrode from set 1 and the remote
activated electrode 7. This measurement is sent in digital code to
the microprocessor, which passes it to the computer 11.

The measured data are used to reconstruct a 3-D
conductivity distribution with the help of the algorithm shown in block
diagram form in FIG. 3. In block 12 the measured potentials of the
electrodes from the compact set, received through the connection
line 10, are used for synthesis of the reference set of potentials
corresponding to a body with homogeneous conductivity. An
approximation by the method of least squares described in Russian
Patent N 96123647/14 is used. Only those potentials obtained from
electrodes with good body contact are used. In blocks 13 and 14,
components of the electric intensity vector are calculated for the
reference and measured data set by subtraction of the values of
potentials on adjacent electrodes for each variant of connection of
the current source. In the last case, corresponding potentials from
the reference set are used instead of the potentials of those
electrodes with insufficient contact.

In block 15 the distance is calculated between the
activated electrode in the compact set and the point at which the
conductivity is being reconstructed. This distance determines the
radius of a circle that represents the line of intersection of the
equipotential surface with the plane on which the electrodes are
arranged and along which it is necessary to carry out weighted
averaging. The electric intensity for the measured and the reference
data set are calculated after the linear interpolation of the

corresponding components of vectors, calculated in blocks 13 and
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14. The relative difference of the electric intensities for the reference
and measured data sets are multiplied by the weight function 1/R*,
where R is the distance between the point where the conductivity is
reconstructed and the current point on the line along which
averaging is being carried out.

In block 16 the obtained value is numerically
integrated along the circle. These operations are repeated for all
points where the conductivity is to be reconstructed and for all
variants of the activated electrodes. This process is controlled by
block 17. The result of these calculations, after adding a unit to
obtained values, represents a 3-D distribution of the conductivity
normalized on the average value. The result can be displayed on
screen or printed out. Block 18 contains the software and hardware
used to carry out these functions.

The external appearance of the electric mammograph
without the computing unit is shown in FIG. 4. FIG. 5 shows an
electric mammogram obtained by the invention. The mammogram
represents a set of seven images of breast cross-sections parallel
to the plane on which the electrodes are arranged. The depth of the
cross-sections increases from left to right and from up to down with
8 mm steps. On the image one can clearly see the nipple 19, the
ribs 20, and the boundary 21 between areas with and without

sufficient electrode contact with the body.
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CLAIMS

1. A method of displaying a three-dimensional
image of the conductivity distribution of biological tissue, said
method comprising the steps of:

applying a source (4) of alternating current (AC) to a '
first activated electrode (1) of a compact set of electrodes arranged
in a planar array, said compact set of electrodes being in contact
with the surface of the biological tissues of interest, and to a first
remotely located electrode (5, 7) in contact with the body but at
some distance from the compact set of electrodes:

measuring the potential difference between a first at
rest electrode (1) of said compact set and a second remotely
located electrode (7,5), said second remote electrode being at rest;

switching the source (4) of AC current by multiplexer
means (2, 3) to activate successively all of the electrodes (1) of said
planar array of electrodes except said at rest electrode of step (b)
and measuring the potential difference between said at rest
electrodes in (b) for each activated electrode in turn to thereby
obtain a first set of potential difference measurements for each
activated electrode;

switching the electrode (1) to be measured in said
planar array by muitiplexer means (2, 3) to a second at rest
electrode (1), activating successively every other electrode in said
planar array, and measuring the potential difference between said
second at rest electrode and said at rest remote electrode (7, 5) in
turn to thereby obtain a second set of potential difference
measurements for each activated electrode;

continue switching the at rest electrode (1), activating
successively the remaining electrodes in said planar array, and

measuring the potential difference between the selected at rest
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electrode and said at rest remote electrode (7, 5) in turn until all
planar electrodes combinations have been measured;

reconstructing a three-dimensional conductivity
distribution using the method of back projection along equipotential
surfaces of the electric field, the projected data being obtained by
weighted averaging of the relative difference between the reference
electric intensity corresponding to tissue with a homogeneous
conductivity distribution and the measured electric intensity along
the line of intersection of the equipotential surface containing the
point where conductivity is reconstructed and with the surface on
which the compact set of electrodes (1) is located.

2. The method of claim 1, whereby a threshold
detector means (8) determines whether any particular electrode (1)
of the planar array has sufficient contact with the tissue to give a
meaningful measurement.

3. The method of claim 2, whereby the values of
potential differences for those electrodes (1) having insufficient
contact with the tissue are calculated based on the assumption of
ahomogeneous conductivity distribution rather than using the actual
measured potential differences.

4, The method of claim 1, whereby the weighting
coefficient of 1/R* is used in the weighted averaging of step (f),
where R is the distance between the point where the conductivity is
being reconstructed and the current point on the line along which
averaging is being carried out.

5. The method of claim 1, whereby said compact
set of electrodes (1) is arranged on a rigid dielectric plane and the
conducting portion of each electrode protrudes from said plane.

6. An apparatus for producing a three-dimensional

image of the conductivity distribution of biological tissue comprising:
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a plurality of individual electrodes (1) disposed in a
rigid planar array and placed in contact with the biological tissue of
interest;

an alternating current (AC) source (4) connected to
one of the electrodes (active electrode) (1) in said planar array and
to a single remote active electrode (5, 7) located at some distance
from said planar array and in contact with the biological tissue;

an output multiplexing means (2) to successively
switch the AC source to other electrodes (1) in said planar array
making them active electrodes in turn;

an input multiplexing means (3) to connect a potential
difference measuring means (6) to one of the non-active (at rest)
electrodes (1) in said planar array and to an at rest single remote
electrode (7, 5) located at some distance from said planar array and
in contact with the biological tissue;

computing means coupled to said input and output
multiplexing means (2, 3) for sequencing said AC source through
said planar array electrodes (1) while taking potential difference
measurements from other electrodes in said planar array and for
reconstructing a three-dimensional conductivity distribution using a
modified back projection method; and

display means for imaging the reconstructed three-
dimensional conductivity distribution.

7. The apparatus of claim 6, wherein a threshold
detector means (8) is provided to determine whether any particular
electrode (1) of said planar array has sufficient contact with the
tissue to give a meaningful measurement.

8. The apparatus of claim 7, wherein in
reconstructing the conductivity distribution, the values of potential

differences for those electrodes (1) having insufficient contact with
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the tissue are calculated based on the assumption of a
homogeneous conductivity distribution rather than using the actual
measured potential differences.

9. The apparatus of claim 6, wherein the modified
5 back projection reconstruction method used incorporates a
weighting coefficient of 1/R*, where R is the distance between the
point where the conductivity is being reconstructed and the current

point on the line along which averaging is being carried out.
10.  The apparatus of claim 6, wherein said planar
10 array of electrodes (1) is arranged on a rigid dielectric plane and the

conducting portion of each electrode protrudes from said plane.
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Beschreibung
Gebiet der Technik

[0001] Die Erfindung liegtim Bereich der medizinischen Temographie, und betrifft insbesondere ein Verfahren
und eine Vorrichtung fur die Visualisierung und Diagnhose pathologischer Veranderungen in Brustgeweben und
anderen Organen in der Nahe der Oberflache des menschlichen Kérpers.

Stand der Technik

[0002] Es ist bekannt, dass sich die elektrische Leitfahigkeit vieler Tumore, und insbesondere bdsartiger Tu-
more der Brustdlse, erheblich von der Leitfahigkeit des umgebenden gesunden Gewebes unterscheidet. Die-
se Tatsache kann fir die Erfassung und Lokalisierung derartiger Tumore eingesetzt werden.

[0003] Einige Vorrichtungen sind fur die Visualisierung der rAumlichen Verteilung der Leitfahigkeit (Impedanz)
im menschlichen Kérper bekannt, wie z.B. elektrische Impedanz-Tomographen. (A. V. Korjenevsky, Yu. S. Kul-
tiasov, V. A. Cherepenin, "Method of obtaining of tomographic image of a body and electrical impedance tomo-
graph; Verfahren zum Erhalt eines tomographischen Bildes eines Kérpers und elektrischer Impedanz-Tomo-
graph”; Internationale Anmeldung PCT/RU97/00398.) In einem elektrischen Impedanz-Tomographen wird die
Wechselstromquelle an Elektradenpaare angeschlossen, die entlang einer Linie auf der Oberflache eines Kar-
pers angeordnet werden, und Messungen der Potentialdifferenzen werden an den anderen Elektrodenpaaren
durchgeflhrt. Die aus den unterschiedlichen Elektrodenkombinationen erhaltenen Ergebnisse der Messungen
werden fir die Rekonstruktion der Verteilung der spezifischen elektrischen Leitfahigkeit mit Hilfe eines Com-
puters verwendet. Eine dreidimensionale Verteilung der spezifischen elektrischen Leitfahigkeit ist jedoch mit
diesem Typ von Tomographen nicht méglich. Weiter fallt seine Aufldsung vom Umfang bis zur Mitte des Elek-
trodenumrisses erheblich ab. Folglich ist dieser Tomograph keine geeignete Vorrichtung fur die Diagnose von
Brustdlisen-Tumoren.

[0004] Eine Elektroimpedanz-Mammographvorrichtung, welche eine dreidimensionale Impedanzverteilung
erreichen soll, wurde ebenfalls beschrieben. (A. Nowakovsky, J. Wortek, und J. Stelter, "A Technical University
of Gdansk Electroimpedance Mammograph; Ein Elektroimpedanz-Mammograph der Technischen Universitat
von Gdansk," Proc. IX Int. Conf. Elektrische Bio-Impedanz, Heidelberg, 1995, Seiten 434-437; J. Wortek, J.
Stelter, A. Nowakovsky, "Impedance mammograph 3D phantom studies; Impedanz-Mammograph 3D-Phan-
tomstudien," Proc. X Int. Conf. Elektrische Bio-Impedannz, Barcelona, 1998, Seiten 521-524.) Diese Vorrich-
tung enthalt einen kompakten Elektrodensatz, der auf der Innenflache einer starren Halbkugel angeordnet ist,
Multiplexer, die an die Wechelstromquelle angeschlossen sind, und eine Vorrichtung zum Messen der Poten-
tialdifferenz zwischen verschiedenen Elektrodenpaaren. Die gemessenen Potentialdifferenzen werden an ei-
nen Computer zur Rekonstruktion und Anzeige der dreidimensionalen Impedanzverteilung im Inneren der
Halbkugel gesendet. Die Tauglichkeit dieser Vorrichtung basierend auf tatsdchlichen Messungen am mensch-
lichen Kérper ist noch nicht verdffentlicht worden.

[0005] Eine Reihe von Einschrankungen dieser Vorrichtung sind offensichtlich. Die Anordnung der Elektroden
auf der Oberflache der Halbkugel schrankt die Anwendung der Vorrichtung ein, da der Kontakt mit allen Elek-
troden nur fir eine Brust mit einer bestimmten GrélRe geschaffen werden kann. Die Vorrichtung hat zudem we-
der eine Vorrichtung zur Messung der Qualitat eines jeden Kontakts, noch jegliche Vorrichtung zur Korrektur
der Rekonstruktionsberechnungen, falls eine der Elektroden einen unzureichenden Kontakt mit dem Koérper
aufweist. Dies vermindert die Gultigkeit der Daten. Die elektrische Stromquelle und die Messvorrichtung sind
mit Elektrodenpaaren verbunden, die auf der Halbkugel angeordnet sind, und erfordern vier Multiplexer. Wenn
die Anzahl der Elektroden grof} ist, werden diese Multiplexer zu den kompliziertesten und teuersten Bauteilen
der Vorrichtung. Diese Multiplexer sind zudem die gréfite Quelle innerer Stérsignale aufgrund von Nebenspre-
chen von Kanal zu Kanal. Nur 64 Elektroden wurden in dem Prototypen verwendet. Dies ist fir den Erhalt einer
zufriedenstellenden Auflésung offensichtlich nicht ausreichend. Eine weitere Erhhung der Anzahl der Elektro-
den ist jedoch aufgrund der Schwierigkeit bei der Kommutierung durch den gewahlten Messschaltkreis proble-
matisch.

[0006] Wenn ein sicherer elektrischer Strompegel eingesetzt wird, sind die gemessenen Potentialdifferenzen
gering, da zwischen den Elektroden nur kleine Entfernungen vorliegen. Dadurch werden der Rauschabstand
und die Anzeigequalitat verringert. Dieser Effekt verschlimmert sich mit zunehmender Anzahl an Elektroden
nur. Der Algorithmus flr die Rekonstruktion eines Bildes beruht auf der Stérungsmethode. Er benétigt eine Be-
rechnungszeit von zehn Minuten und einen Arbeitsplatz fur ein System mit 64 Elektroden (NowakovsKky). Far
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180 Elektroden, die notwendige Mindestanzahl flir praktische Anwendungen, sind basierend auf den Schét-
zungen der Autoren ungefahr zehn Stunden fir die Berechnungen erforderlich. Diese Zeitdauer ist in der klini-
schen Praxis nicht durchfUhrbar.

[0007] Andere Versuche zum Erhalt dreidimensionaler elektrischer Impedanzbilder eines K&rpers machten
mehrdimensionale Elektrodengruppierungen notwendig, die das betrachtete Objekt umgeben oder teilweise
umgeben. Die verwendeten Rekonstruktionsalgoerithmen und die Methodenlehre zur Durchfihrung von Mes-
sungen unterschieden sich ebenfalls von denen der vorliegenden Erfindung. Diese Bemuhungen schlief3en die
US-Patente 5,284,142, 5,351,697, 4,263,920, 4,486,835, 4,539,640 und 5,810,742 ein.

[0008] Es istein Ziel der vorliegenden Erfindung, ein neues Verfahren und eine neue Vorrichtung zur elektri-
schen Mammogaphie zu schaffen, die eine gréRere Zuverlassigkeit und Genauigkeit der Messungen, eine ho-
here Auflésung und eine verbesserte Rechengeschwindigkeit aufweist. Diese Erfindung ist besonders bei der
klinischen Diagnose von Brusttumoren und anderen Bereichen unter der Haut anwendbar.

Offenbarung der Erfindung

[0009] Der elektrische Mammograph ist eine Vorrichtung flr die Messung und die dreidimensionale (3-D) Re-
konstruktion der Verteilung der spezifischen elektrischen Leitfahigkeit in biologischen Geweben fur klinische
Diagnosen. Er weist einen kompakten Elektrodensatz, der Gber dem zu messenden Gewebe angeordnet ist,
zwei zusatzliche Elektroden, die beabstandet von dem Elektrodensatz angeordnet sind, eine Vorrichtung zum
Messen der Potentialdifferenz, und eine Berechnungsvorrichtung zur Rekonstruktion und Visualisierung der
resultierenden Verteilung der spezifischen elektrischen Leitfahigkeit auf.

[0010] Weitere Einzelheiten, Vorteile und Merkmale ergeben sich aus der nachfolgenen Kurzbeschreibung
der Erfindung anhand der Zeichnungen.

KURZBESCHREIBUNG DER ZEICHNUNGEN
[0011] Es zeigen:
[0012] Eig. 1 ein Blockdiagramm des elektrischen Mammographen;
[0013] Eiga. 2 die Anordnung der Vorrichtung, wenn eine mammographische Untersuchung durchgefihrt wird;

[0014] Eig. 3 ein Blockdiagramm des Algorithmus, der fir die dreidimensionale Rekonstruktion der Verteilung
der spezifischen elektrischen Leitfahigkeit verwendet wird;

[0015] Fig. 4 eine Fotografie der Vorrichtung; und
[0016] FEig, & ein Muster eines elektrischen Mammogramms.

BESCHREIBUNG DER BEVORZUGTEN AUSFUHRUNGSFORMEN

[0017] Ein Blockdiagramm der Bauteile des elektrischen Mammographen ist in £ig. 4 gezeigt. Ein kompakter
Satz zylindrischer vorstehender Elektroden 1 ist in einer starren dielektrischen Ebene angeordnet. Das gezeig-
te Beispiel weist 256 Elektroden auf. Der Ausgabe-Multiplexer 2 ist mit dem Elektrodensatz 1 verbunden und
ist die Vorrichtung, Uber die die Wechselstromquelle (AC) 4 mit einer der zylindrischen Elektroden in dem Satz
verbunden ist. Der Eingabe-Multiplexer 3 dient dazu, eine der nicht aktivierten oder "Ruhe"-Elektroden des Sat-
zes mit der Potentialdifferenz-Messeinheit 6 zu verbinden. Der Mikroprozessor 9 und der Computer 11, die
Uber Kabel 10 verbunden sind, bestimmen, welche Elektrode aktiviert wird und welche der Ruheelektroden zu
jedem beliebigen Zeitpunkt gemessen wird.

[0018] Zwei einzelne entfernt angeordnete Elektroden 5 und 7 sind an den Gliedmalfien des Patienten ange-
bracht. Eine entfernt angeordnete Elektrode 5 ist direkt mit der Wechselstromquelle verbunden. Die andere
entfernt angeordnete Elektrode 7 ist direkt mit dem Potentialdifferenz-Detektor 6 verbunden. Die Wechsel-
stromquelle ist mit einem Spannungsschwellen-Detektor 8 verbunden. Der Betrieb des elektrischen Mammo-
graphen wird von einer Mikroprozessor-/Computervorrichtung gesteuert. Diese erhalt Eingangssignale vom
Potentialdifferenz-Detektor 6 und dem Schwellenwert-Detektor 8, und gibt Ausgangssignale an die beiden Mul-
tiplexer 2, 3, den Potentialdifferenz-Detektor und die Wechselstromquelle aus. Die erste mit der Wechselstrom-
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quelle verbundene entfernt angeordnete Elektrode 5 und die zweite entfernt angeordnete Elektrode 7 sind auf
Gliedmalien des Patienten angeordnet, wie z.B. in Eig. 2 gezeigt eine auf jedem Handgelenk.

[0019] Bei den Verfahren des Standes der Technik zum Erhalt eines tomographischen Bildes eines mensch-
lichen Koérpers wurde eine Reihe von Kontaktelektroden auf der Oberflache des Kérper des Patienten ange-
ordnet. Eine elektrische Stromquelle wurde nacheinander an Elektrodenpaare angeschlossen, wodurch ein
Stromfluss durch den Kdérper verursacht wurde. Dann wurden Messungen der Potentialdifferenzen zwischen
Paaren anderer "nicht aktivierter" Elektroden durchgefiihrt.

[0020] Bei der vorliegenden Erfindung schaltet der Ausgabe-Multiplexer 2 im Unterschied zu Vorrichtungen
des Standes der Technik, bei denen Ekeltrodenpaare aktiviert wurden, eine einzelne Leitung von der Wechsel-
stromquelle, um eine einzelne Elektrode in dem Elektrodensatz 1 zu einem Zeitpunkt zu "aktivieren". Die zwei-
te "aktivierte" Elektrode ist die entfernt angeordnete Elektrode 5, die immer "eingeschaltet”" ist. Das Schalten
einer einzelnen Leitung zu einem Zeitpunkt verringert die Stérkupplungen, die durch die Durchdringung von
Signalen in dem Multiplexer von Kanal zu Kanal entstehen. Es vereinfacht zudem die Vorrichtung und verrin-
gert ihre Kosten. Das Selbe gilbt flir den Eingabe-Multiplexer 3. Der Potentialdifferenz-Detektor misst die Dif-
ferenz zwischen der aus dem Satz ausgewahlten Elektrode und der entfernt angeordneten Ruhe-Elektrode 7.
Bei einer vorgegebenen Ruheelektrode ordnet der Ausgabe-Multiplexer 2 alle anderen Elektroden in der kom-
pakten Anordnung sequentiell, wahrend der Potentialdifferenz-Detektor seine Messungen durchfihrt. Dann
wird die Ruheelektrode geschaltet und die Ausgabe-Mutiplexer-Reihenfolge wiederholt.

[0021] Die Verwendung der beiden einzelnen Elektroden 5, 7 erhéht zudem die Amplitude der gemessenen
Signale aufgrund der grélberen Entfernung zwischen den Punkten, an denen die Potentiale gemessen werden.
Dadurch werden der Rauschabstand und die Genauigkeit der Messungen erhdht. Die Entfernung der einzel-
nen Elektroden von dem Elektrodensatz erlaubt die Annahme, dass die ungestérten Aquipotentialflachen des
elektrischen Feldes im Untersuchungsbereich kugelfdrmig ausgebildet sind. Dies vereinfacht und beschleunigt
die Berechnungen der Rekonstruktion der spezifischen elektrischen Leitfadhigkeit.

[0022] Das Verfahren der Riickwiértsprojektion entlang von Aquipotentialfiachen des elektrischen Feldes wird
zur Rekonstruktion der 3-D Verteilung der spezifischen elektrischen Leitfahigkeit eingesetzt. Es wird davon
ausgegangen, dass in dem Fall, dass der elektrische Strom durch eine der Elektroden des in einem ebenen
Feld angeordneten kompakten Elektrodensatzes und der entfernt angeordneten herk&émmlichen Elektrode in-
jiziert wird, Aquipotentialflichen in der Nahe des zweidimensionalen Elektrodensatzes kugelférmig ausgebildet
sind. Die Vorgehensweise der Riickwartsprojektion wird auf das Folgende reduziert: flir einen gewissen Punkt
mit den Koordinaten (X, Y, Z) in dem Objekt unter Betrachtung wird die Entfernung zwischen diesem Punkt und
der den Strom injizierenden Elektrode des kompakten Satzes bestimmt. Diese Entfernung entspricht dem Ra-
dius r der Aquipotentialflache, die den Punkt aufweist, an dem die spezifische elektrische Leitfahigkeit rekon-
struiert wird. Sobald dieser Radius bekannt ist, ist es méglich, die Schnittlinie der Auipotentialflache mit der
Oberflache, auf der die Elektroden angeordnet sind, zu bestimmen. Wenn die Elektroden auf der Ebene, wel-
che durch die Gleichung z = 0 wiedergegeben wird, angeordnet sind, ist diese Linie der Kreis, der in der (x,y)
Ebene liegt, deren Mittelpunkt an dem Punkt liegt, wo die strominjizierende Elektrode angeordnet ist, und der
den Radius r aufweist. Die spezifische elektrische Leitfahigkeit S (in willkirlichen Einheiten) an dem gewahlten
Punkt wird gemalf? folgender Gleichung berechnet:

S('x,y,z)am(z)zw JDE, (O - E, (D) E, (Dl
i 2\E)4E L,y ) ’
L{x,y,z.0)

wobei i — die Anzahl der injizierenden Elektrode ist, und L(x,y,z,i) — die Schnittlinie der Aquipotentialfliche mit
der Oberflache, auf der die Elektroden angeordnet sind (Kreis mit dem Radius r) ist. Die Komponenten des
elektrischen Feldvektors E , werden zuerst an den Knoten des Gitters zwischen den Elektroden als die Poten-
tialdifferenzen zwischen benachbarten Elektroden in die x- und y-Richtungen berechnet. Dann werden diese
Komponenten linear zu dem augenblicklichen Integrationspunkt auf der Linie L interpoliert und die Grof3e des
Vektors Ein wird berechnet.

[0023] Die Referenzintensitat des elektrischen Feldes E, entspricht einem homogenen Medium und wird nu-
merisch berechnet. Der Gewichtungskoeffizient W, (z) korrigiert die mit der Tiefe abnehmende Empfindlichkeit.
In der vorliegenden Erfindung wird dazu die empirische Gleichung W, = (z + a)/(z + B), a<<f verwendet. Der
Gewichtungskoeffizient W, liefert einen relativen grolieren Beitrag zu der berechneten spezifischen elektri-
schen Leitfahigkeit dieser Punkte auf der Linie L, die ndher an dem Punkt angeordnet sind, an dem die spezi-
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fische elektrische Leitfahigkeit rekonstruiert wird. Bei der vorliegenden Vorrichtung wird die Gleichung
W, = 1/R* = 1/((Xx =X )? + (Y =Y, P + 2%)*

verwendet, wobei R die Entfernung zwischen dem Punkt, an dem die spezifische elektrische Leitfahigkeit re-
konstruiert wird, und dem augenblicklichen Punkt auf der Linie ist, entlang welcher die Integration durchgefuhrt
wird; der Index 1 bezieht sich auf die Koordinaten dieses Punktes.

[0024] Das Verfahren der Riickprojektion ist das schnellste bei der elektrischen Impedanztomographie-Re-
konstruktion verwendete Verfahren. Sein Einsatz ist jedoch fiir die Rekonstruktion der Verteilung der statischen
Leitfahigkeit fir den 3-D Fall nur dann mdéglich, wenn die projizierten Werte richtig ausgewahlt werden. Darlber
hinaus muss die synthetisierte Referenzdatengruppe E, verwendet werden. Diese wird durch Approximieren
der wirklich gemessenen Potentiale gemafl dem Verfahren nach Korjenevsky (A. V. Korjenevsky, Yu. S. Kulti-
asov, V. A. Cherepenin, "Method of obtaining of tomographic image of a body and electrical impedance tomo-
graph; Verfahren flr den Erhalt eines tomographischen Bildes eines Kérpers und elektrischer Impedanz-To-
mograph in der Patentameldung N 96123647/14 der Russischen Féderation) erhalten.

[0025] In vielen Fallen ist es schwierig, einen ausreichenden Kontakt aller Elektroden mit dem Kérper des Pa-
tienten zu erzielen. Folglich wird der Schwellenwert-Detektor 8 der Ausgangsspannung verwendet, um zu be-
stimmen, ob die zu messende Elektrode zu jedem bestimmten Zeitpunkt einen ausreichenden Kontakt mitdem
Korper hat. Der kompakte Elektrodensatz ist auf einer steifen dielektrischen Flache angeordnet und jede Elek-
trode ist ein leitender Vorsprung von dieser Flache. Diese Anordnung erlaubt die Untersuchung einer Brustd (-
se unabhangig deren Gréfle. Wahrend der Untersuchung wird die Elektrodenflache gegen die Brust gedrickt,
wodurch diese in Richtung des Brustkorbs flach gedrlckt wird. Dadurch wird die Anzahl der Elektroden erhdht,
die in Kontakt mit dem Korper ist, und die Dicke der zu messenden Gewebeschicht wird verringert. Die vor-
springende Eigenschaft der Elektroden verbessert deren elektrischen Kontakt mit dem Kérper.

[0026] Eine oder mehrere Elektroden auf dem Umfang der Flache kénnen keinen Kontakt mit dem Kérper auf-
weisen, abhangig von der Gréfle des untersuchten Objekts. Diese Elektroden werden mit Hilfe des Schwellen-
wert-Detektors der Ausgangsspannung, welcher vorstehend erwahnt wurde, erfasst. Die Werte der aus den
Elektroden mit unzureichendem Kdrperkontakt gemessenen Potentialdifferenzen kdnnen nicht direkt in dem
Verfahren zur Rekonstruktion der Leitfahigkeit verwendet werden. Anstatt dessen werden werte von Potential-
differenzen verwendet, die unter der Annahme einer homogenen Verteilung der spezifischen elektrischen Leit-
fahigkeit berechnet wurden.

[0027] Zudem gibt es neben den durch den Stromfluss verursachten nitzlichen Potentialdifferenzen noch gal-
vanische Potentialdifferenzen zwischen Elektroden. Das Bauteil zur Messung der Potentialdifferenz 6 spricht
nur auf das Wechselstrom-Bauteil an, und wird folglich durch die Anwesenheit dieser konstanten galvanischen
Potentialdifferenzen nicht gestdrt. Aufgrund der Unterschiede bei den galvanischen Potentialen der unter-
schiedlichen Elektroden variiert die Eingangsspannung jedoch sprunghaft, wenn der Eingabe-Multiplexer 3 ge-
schaltet wird. Diese Spriinge oder plétzlichen Anstiege verursachen eine vorlibergehende Spannungsspitze,
die die Ergebnisse der Messungen beeinflusst. Dieser Einfluss nimmt zu, wenn das Zeitintervall zwischen dem
Einschalten und dem Beginn der Messung der Potentialdifferenz abnimmt. Daher sollte der Eingabe-Multiple-
xer 3 zur Verringerung des Fehlers, wahrend die Gesamtdauer der Messungen konstant bleibt, die Vorrichtung
zur Messung der Potentialdifferenz 6 zur nachsten Elektrode erst dann schalten, nachdem der Ausgabe-Mul-
tiplexer 2 den Gesamtzyklus an Umschaltungen der Wechselstromquelle an alle anderen Elektroden beendet
hat.

[0028] FEig. 2 zeigt die Anordnung der verschiedenen Bauteile des fUr die Durchfiihrung von Messungen ver-
wendeten elektrischen Mammographen. Mit Hilfe der Ausgabe-Multiplexer verbindet die Steuereinheit entspre-
chend den Befehlen vom Computer 11 die Wechselstromquelle mit einer der Elektroden der Kompaktgruppe
1. Wechselstrom mit einer Starke von ungefahr 1 mA und einer Frequenz von 10 kHz flie3t durch den Schalt-
kreis, d.h. von der Wechselstromquelle zum Multiplexer, zur Elektrode des Satzes 1, durch den Kérper des Pa-
tienten zu der entfernt angeordneten Ruheelektrode 5. Mit Hilfe des Eingabe-Multiplexers verbindet der Mikro-
prozessor eine der Ruheelektroden aus der Gruppe 1 mit dem Potentialdifferenz-Detektor. Dieser misst die
Amplitude der Wechselspannung zwischen der Elektrode aus der Gruppe 1 und der entfernt angeordneten ak-
tivierten Elektrode 7. Diese Messung wird in digitalem Code an den Mikroprozessor gesendet, der sie an den
Computer 11 weiterleitet.

[0029] Die gemessenen Daten werden zur Rekonstruktion einer 3-D Verteilung der spezifischen elektrischen

5/13

0243



DE 600 17 384 T2 2006.03.02

Leitfahigkeit mit Hilfe des im Blockdiagramm von Eig. 3 gezeigten Algorithmus verwendet. In Block 12 werden
die gemessenen Potentiale der Elektroden aus dem kompakten Satz, welche durch die Verbindungsleitung 10
empfangen werden, flr die Synthese der Bezugsgruppe von Potentialen, die einem Karper mit einer homoge-
nen spezifischen elektrischen Leitfahigkeit entsprechen, verwendet. Es wird eine Approximation durch die Me-
thode der kleinsten Quadrate, die in dem Russischen Patent Nr. 96123647/14 beschrieben wird, verwendet.
Nur die von Elektroden mit einem guten Ké&rperkontakt erhaltenen Potentiale werden verwendet. In den BI&-
cken 13 und 14 werden Komponenten des elektrischen Intensitatsvektors fir die Referenz-Datengruppe und
die gemessene Datengruppe durch Subtraktion der Werte der Potentiale auf benachbarten Elektroden fir jede
Verbindungsvariante der Stromquelle berechnet. Im letzten Fall werden entsprechende Potentiale aus der Re-
ferenzgruppe anstelle der Potentiale derjenigen Elektroden verwendet, die einen unzureichenden Kontakt auf-
weisen.

[0030] In Block 15 wird der Abstand zwischen der aktivierten Elektrode in der Kompaktgruppe und dem Punkt,
an dem die Leitfahigkeit rekonstruiert wird, berechnet. Diese Entfernung bestimmt den Radius eines Kreises,
der die Schnittlinie der Aquipotentialfiache mit der Ebene darstellt, auf der die Elektroden angeordnet sind und
entlang welcher es noétig ist, eine gewichtete Durchschnittsbildung durchzufihren. Die elektrische Intensitat fur
die gemessene Datengruppe und die Referenz-Datengruppe wird nach der linearen Interpolation der entspre-
chenden Vektorenkomponenten, die in den Blécken 13 und 14 berechnet werden, berechnet. Die relative Dif-
ferenz der elektrischen Intensitaten fiir die Bezugs- und Messdatengruppe wird mit der Gewichtungsfunktion
1/R* multipliziert, wobei R die Entfernung zwischen dem Punkt, an dem die spezifische elektrische Leitfahigkeit
rekonstruiert wird, und dem augenblicklichen Punkt auf der Leitung ist, entlang dem eine Durchschnittsbildung
durchgefihrt wird.

[0031] In Block 16 wird der erhaltene Wert numerisch entlang dem Kreis integriert. Die Vorgénge werden flr
alle Punkte wiederholt, an denen die Leitfahigkeit rekonstruiert werden soll, und far alle Varianten der aktivier-
ten Elektroden. Dieser Vorgang wird durch Block 17 gesteuert. Das Ergebnis dieser Berechnungen stellt nach
der Addition einer Einheit zu erhaltenen Werten eine 3-D Verteilung der spezifischen elektrischen Leitfahgikeit
dar, die auf den Durchschnittswert genormt wurde. Das Ergebnis kann auf einem Bildschirm angezeigt oder
ausgedruckt werden. Der Block 18 enthalt die Software und Hardware, die zur Ausfihrung dieser Funktionen
verwendet wird.

[0032] Das duBere Erscheinungsbild des ekektrischen Mammographen ohne die Recheneinheit ist in Eig, 4
gezeigt. Fig. & zeigt einen durch die Erfindung erhaltenen elektrischen Mammographen. Der Mammograph
stellt eine Anordnung von 7 Bildern von Brustquerschnitten dar, die parallel zur Flache liegen, auf der die Elek-
troden angeordnet sind. Die Tiefe der Querschnitte nimmt von links nach rechts und von oben nach unten in
8mm-Schritten zu. Auf dem Bild sind die Brustwarze 19, die Rippen 20 und die Grenze 21 zwischen Bereichen
mit und ohne ausreichenden Elektrodenkontakt mit dem Koérper deutlich zu sehen.

Patentanspriiche

1. Verfahren zum Anzeigen eines dreidimensionalen Bildes der Verteilung der spezifischen elektrischen
Leitfahigkeit von biologischem Gewebe, wobei das Verfahren die folgenden Schritte aufweist:
Anlegen einer Wechselstrom (AC)-Quelle (4) an eine erste aktivierte Elektrode (1) eines in einer ebenen Grup-
pe angeordneten kompakten Elektrodensatzes, wobei der kompakte Elektrodensatz in Kontakt mit der Ober-
flache des betreffenden biologischen Gewebes ist, und an eine erste, entfernt positionierte Elektrode (5, 7),
welche in Kontakt mit dem Kérper, jedoch in einigem Abstand vom kompakten Elektrodensatz positioniert ist;
Messen der Potentialdifferenz zwischen einer ersten Ruheelektrode (1) des kompakten Elektrodensatzes und
einer zweiten, entfernt positionierten Elektrode (7, 5), wobei die zweite, entfernt positionierte Elektrode in Ru-
hestellung ist;
Schalten der Wechselstromquelle (4) mit Hilfe von Multiplexvorrichtungen (2, 3) zur sukzessiven Aktivierung
aller Elektroden (1) der ebenen Elektrodengruppe mit Ausnahme der Ruheelektrode von Schritt (b), und Mes-
sen wiederum der Potentialdifferenz zwischen den Ruheelektroden in (b) fir jede aktivierte Elektrode, um auf
diese Weise einen ersten Satz von Potentialdifferenzmessungen fur jede aktivierte Elektrode zu erhalten;
Schalten der in dieser ebenen Gruppe zu messenden Elektrode (1) mit Hilfe der Multiplexvorrichtungen (2, 3)
zu einer zweiten Ruheelektrode (1), sukzessives Aktivieren jeder anderen Elektrode in dieser ebenen Gruppe,
und Messen wiederum der Potentialdifferenz zwischen der zweiten Ruheelektrode und der entfernt positionier-
ten Ruheelektrode (7, 5), um auf diese Weise einen zweiten Satz von Potentialdifferenzmessungen fur jede
aktivierte Elektrode zu erhalten;
Fortfhren des Schaltens der Ruheelektrode (1), des sukzessiven Aktivierens der verbleibenden Elektroden in
der ebenen Gruppe, und des Messens wiederum der Potentialdifferenz zwischen der ausgewahlten Ruheelek-
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trode und der entfernt positionierten Ruheelektrode (7, 5), bis alle planaren Elektrodenkombinationen gemes-
sen worden sind;

Rekonstruieren einer dreidimensionalen Verteilung der spezifischen elektrischen Leitfahigkeit unter Verwen-
dung des Riickwiértsprojektionsverfahrens entlang Aquipotentialflachen des elektrischen Feldes, wobei die
projizierten Daten durch gewichtete Durchschnittsbildung der relativen Differenz zwischen der elektrischen Re-
ferenzintensitat, welche Gewebe mit einer homogenen Verteilung der spezifischen elektrischen Leitfahigkeit
entspricht, und der gemessenen elektrischen Intensitat entlang der Schnittlinie der Aquipotentialfliche, welche
den Punkt aufweist, an dem die spezifische elektrische Leitfahigkeit rekonstruiert wird, und mit der Oberflache,
auf der der kompakte Elektrodensatz (1) positioniert ist, erhalten wird.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass eine Schwellenwert-Erfassungsvorrichtung
(8) bestimmt, ob irgendeine spezifische Elektrode (1) der ebenen Gruppe in ausreichendem Kontakt mit dem
Gewebe ist, um eine aussagekraftige Messung zu erzielen.

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dass die Werte der Potentialdifferenzen fur dieje-
nigen Elektroden (1), welche einen unzureichenden Kontakt mit dem Gewebe aufweisen, vielmehr basierend
auf der Annahme einer homogenen Verteilung der spezifischen elektrischen Leitfahigkeit berechnet werden,
und nicht indem die tatsachlichen gemessenen Potentialdifferenzen herangezogen werden.

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Gewichtungskoeffizient von 1/R* in der
gewichteten Durchschnittsbildung von Schritt (f) verwendet wird, wobei R die Entfernung zwischen dem Punkt,
an dem die spezifische elektrische Leitfahigkeit rekonstruiert wird, und dem augenblicklichen Punkt auf der Li-
nie, entlang welcher die Durchschnittsbildung ausgefihrt wird, ist.

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der kompakte Elektrodensatz (1) auf einer
starren dielektrischen Ebene angeordnet ist, und der leitende Abschnitt einer jeden Elektrode Uber die Ebene
hinausragt.

6. Vorrichtung zur Erzeugung eines dreidimensionalen Bildes der Verteilung der spezifischen elektrischen
Leitfahigkeit von biclogischem Gewebe, welche Folgendes aufweist:
eine Vielzahl von individuellen Elektroden (1), die in einer starren ebenen Gruppe angeordnet sind und in Kon-
takt mit dem betreffenden biologischen Gewebe angeordnet sind;
eine Wechselstrom (AC)-Quelle (4), die an eine der Elektroden (aktive Elektrode) (1) in dieser ebenen Gruppe
und an eine einzelne, in einigem Abstand von der ebenen Gruppe positionierte entfernt angeordnete und mit
dem biologischen Gewebe in Kontakt stehende aktive Elektrode (5, 7) angeschlossen ist;
eine Ausgabe-Multiplexvorrichtung (2) zum sukzessiven Schalten der Wechselstromquelle zu anderen Elek-
troden (1) in der ebenen Gruppe, wodurch diese wiederum zu aktiven Elektroden werden;
eine Eingabe-Multiplexvorrichtung (3) zum Verbinden einer Potentialdifferenz-Messvorrichtung (6) mit einer
der nicht aktiven Elektroden (Ruheelektroden) (1) in der ebenen Gruppe und mit einer einzelnen, entfernt po-
sitionierten Ruheelektrede (7, 5), die in einigem Abstand von der ebenen Gruppe und in Kontakt mit dem bio-
logischen Gewebe angeordnet ist;
an die Eingabe- und Ausgabe-Multiplexvorrichtungen (2, 3) angeschlossene Berechnungsvorrichtungen zum
sequentiellen Anlegen der Wechselstromquelle an die Elektroden (1) der ebenen Gruppe, wahrend Potential-
differenzmessungen von anderen Elektroden in der ebenen Gruppe durchgefiihrt werden, und zum Rekonst-
ruieren einer dreidimensionalen Verteilung der spezifischen elektrischen Leitfahigkeit, indem ein modifiziertes
Ruckwartsprojektionsverfahren eingesetzt wird; und
eine Anzeigevorrichtung zum Abbilden der rekonstruierten dreidimensionalen Verteilung der spezifischen elek-
trischen Leitfahigkeit.

7. Vorrichtung nach Anspruch 6, dadurch gekennzeichnet, dass eine Schwellenwert-Erfassungsvorrich-
tung (8) vorgesehen ist, um zu bestimmen, ob eine spezifische Elektrode (1) der ebenen Gruppe in ausreichen-
dem Kontakt mit dem Gewebe ist, um eine aussagekraftige Messung zu erzielen.

8. Vorrichtung nach Anspruch 7, dadurch gekennzeichnet, dass bei der Rekonstruktion der Verteilung der
spezifischen elektrischen Leitfahigkeit die Werte der Potentialdifferenzen fur diejenigen Elektroden (1), welche
nicht in ausreichendem Kontakt mit dem Gewebe sind, vielmehr basierend auf der Annahme einer homogenen
Verteilung der spezifischen elektrischen Leitfahigkeit berechnet werden, und nicht dadurch, dass die tatsach-
lichen gemessenen Potentialdifferenzen herangezogen werden.

9. Vorrichtung nach Anspruch 6, dadurch gekennzeichnet, dass das verwendete modifizierte RUckwart-
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sprojektions-Rekonstruktionsverfahren einen Gewichtungskaoeffizienten von 1/R* einschlielit, wobei R die Ent-
fernung zwischen dem Punkt, an dem die spezifische elektrische Leitfahigkeit rekonstruiert wird, und dem au-
genblicklichen Punkt auf der Linie, entlang welcher die Durchschnittsbildung durchgefihrt wird, ist.

10. Vorrichtung nach Anspruch 6, dadurch gekennzeichnet, dass die ebene Gruppe von Elektroden (1) auf
einer starren dielektrischen Ebene angeordnet ist, und der leitende Abschnitt einer jeden Elektrode Uber diese
Ebene hinausragt.

Es folgen 5 Blatt Zeichnungen
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OBLIQUE GEOLOCATION AND MEASUREMENT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application Serial

No. 60/425,275, filed November 8, 2002. .

TECHNICAL FIELD
The present invention relates to photogrammetry. More particularly, the present
invention relates to a method and apparatus for capturing oblique images and for

measuring the objects and distances between the objects depicted therein.

BACKGROUND

Photogrammetry is the science of making measurements of and between objects
depicted within photographs, especially aerial photographs. Generally,
photogrammetry involves taking images of terrestrial features and deriving data
therefrom, such as, for example, data indicating relative distances between and sizes of
objects within the images. Photogrammetry may also involve coupling the photographs
with other data, such as data representative of latitude and longitude. In effect, the
image is overlaid and conformed to a particular spatial coordinate system.

Conventional photogrammetry involves the capture and/or acquisition of

orthogonal images. The image-capturing device, such as a camera or sensor, is
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orthogonal images. The image-capturing device, such as a camera or sensor, is
carried by a vehicle or platform, such as an airplane or satellite, and is aimed at a nadir
point that is directly below and/or vertically downward from that platform. The point or
pixel in the image that corresponds to the nadir point is the only point/pixel that is fruly
orthogonal to the image-capturing device. All other points or pixels in the image are
actually oblique relative to the image-capturing device. As the points or pixels become
increasingly distant from the nadir point they become increasingly oblique relative to the
image-capturing device and the ground sample distance (i.e., the surface area
corresponding to or covered by each pixel) also increases. Such obliqueness in an
orthogonal image causes features in the image to be distorted, especially images
relatively distant from the nadir point.

Such distortion is removed, or compensated for, by the process of ortho-
rectification which, in essence, removes the obliqueness from the orthogonal image by
fitting or warping each pixel of an orthogonal image onto an orthometric grid or
coordinate system. The process of ortho-rectification creates an image wherein all
pixels have the same ground sample distance and are oriented to the north. Thus, any
point on an ortho-rectified image can be located using an X, Y coordinate system and,
so long as the image scale is known, the length and width of terrestrial features as well
as the relative distance between those features can be calculated.

Although the process of ortho-rectification compensates to a degreé for oblique

distortions in an orthogonal image, it introduces other undesirable distortions and/or
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inaccuracies in the ortho-rectified orthogonal image. Objects depicted in ortho-rectified
orthogonal images may be difficult to recognize and/or identify since most observers
are not accustomed to viewing objects, particularly terrestrial features, from above. To
an untrained observer an ortho-rectified image has a number of distortions. Roads that
are actually straight appear curved and buildings may appear to tilt. Further, ortho-
rectified images contain substantially no information as to the height of terrestrial
features. The interpretation and analysis of orthogonal and/or ortho-rectfified
orthogonal images is typically performed by highly-trained analysts whom have
undergone years of specialized training and experience in o_rder to identify objects and
terrestrial features in such images.

Thus, although orthogonal and ortho-rectified images are useful in
photogrammetry, they lack information as to the height of features depicted therein and
require highly-trained analysts to interpret detail from what the images depict.

Oblique images are images that are captured with the image-capturing device
aimed or pointed generally to the side of and downward from the platform that carries
the image-capturing device. Oblique images, unlike orthogonal images, display the
sides of terrestrial features, such as houses, buildings and/or mountains, as well as the
tops thereof. Thus, viewing an oblique image is more natural and intuitive than viewing
an orthogonal or ortho-rectified image, and even casual observers are able to recognize
and interpret terrestrial features and other objects depicted in oblique images. Each

pixel in the foreground of an oblique image corresponds to a relatively small area of the
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surface or object depicted (i.e., each foreground pixel has a relatively small ground
sample distance) whereas each pixel in the background corresponds to a relatively
large area of the surface or object depicted (i.e., each background pixel has a relatively
large ground sample distance). Oblique images capture a generally trapezoidal area or
view of the subject surface or object, with the foreground of the trapezoid having a
substantially smaller ground sample distance (i.e., a higher resolution) than the
background of the trapezoid.

Oblique images are considered to be of little or no use in photogrammetry. The
conventional approach of forcing the variously-sized foreground and background pixels
of an oblique image into a uniform size to thereby warp the image onto a coordinate
system dramatically distorts the oblique image and thereby renders identification of
objects and the taking of measurements of objects depicted therein a laborious and
inaccurate task. Correcting for terrain displacement within an oblique image by using
an elevation model further distorts the images thereby increasing the difficulty with
which measurements can be made and reducing the accuracy of any such
measurements.

Thus, although oblique images are considered as being of little or no use in
photogrammetry, they are easily interpreted and contain information as to the height of
features depicted therein.

Therefore, what is needed in the art is a method and apparatus for
photogrammetry that enable geo-location and accurate measurements within oblique

J
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images.

Moreover, what is needed in the art is a method and apparatus for
photogrammetry that enable the measurement of heights and relative heights of objects
within an image.

Furthermore, what is needed in the art is a method and apparatus for

photogrammetry that utilizes more intuitive and natural images.

SUMMARY OF THE INVENTION

The present invention provides a method and apparatus for capturing,
displaying, and making measurements of objects and distances between objects
depicted within oblique images.

The present invention comprises, in one form thereof, a computerized system for
displaying, geolocating, and taking measurements from captured oblique images. The
system includes a'data file accessible by the computer system. The data file includes a
plurality of image files corresponding to a plurality of captured oblique images, and
positional data corresponding to the images. Image display and analysis software is
executed by the system for reading the data file and displaying at least a portion of the
captured oblique images. The software retrieves the positional data for one or more
user-selected points on the displayed image, and calculates a separation distance
between any two or more selected points. The separation distance calculation is user-

selectable to determine various parameters including linear distance between, area
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encompassed within, relative elevation of, and height difference between selected

points.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and advantages of this invention, and
the manner of attaining them, will become apparent and be more completely
understood by reference to the following description of one embodiment of the invention
when read in conjunction with the accompanying drawings, wherein:

FIG. 1 illustrates one embodiment of a platform or vehicle carrying an image-
capturing system of the present invention, and shows exemplary orthogonal and
oblique images taken thereby;

FIG. 2 is a diagrammatic view of the image-capturing system of FIG. 1;

FIG. 3 is a block diagram of the image-capturing computer system of Fig. 2;

FIG. 4 is a representation of an exemplary output data file of the image-capturing
system of Fig. 1;

FIG. 5 is a block diagram of one embodiment of an image display and
measurement computer system of the present invention for displaying and taking
measurements of and between objects depicted in the images captured by the image-
capturing system of Fig. 1;

FIG. 6 depicts an exemplary image displayed on the system of Fig. 5, and

illustrates one embodiment of the method of the present invention for the measurement
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of and between objects depicted in such an image;

FIGS. 7 and 8 illustrate one embodiment of a method for capturing oblique
images of'the present invention;

FIGS. 9 and 10 illustrate a second embodiment of a method for capturing oblique
images of the present invention.

Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplifications set out herein illustrate one preferred embodiment
of the invention, in one form, and such exemplifications are not to be construed as

limiting the scope of the invention in any manner.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, and particularly to Fig. 1, one embodiment of an
apparatus for capturing and geolocating oblique images of the present invention is
shown. Apparatus 10 includes a platform or vehicle 20 that carries image-capturing
and geolocating system 30.

Platform 20, such as, for example, an airplane, space shuttle, rocket, satellite, or
any other suitable vehicle, carries image-capturing system 30 over a predefined area of
and at one or more predetermined altitudes above surface 31, such as, for example,
the earth’s surface or any other surface of interest. As such, platform 20 is capable of
controlled movement or flight, either manned or unmanned, along a predefined flight

path or course through, for example, the earth’s atmosphere or outer space. Image-
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capturing platform 20 includes a system for generating and regulating power (not
shown) that includes, for example, one or more generators, fuel cells, solar panels,
and/or batteries, for powering image-capturing system 30.

Image-capturing and geo-locating system 30, as best shown in Fig. 2, includes
image capturing devices 32a and 32b, a global positioning system (GPS) receiver 34,
an inertial navigation unit (INU) 36, clock 38, gyroscope 40, compass 42 and altimeter
44, each of which are interconnected with image-capturing computer system 46.

Image-capturing devices 32a and 32b, such as, for example, conventional
cameras, digital cameras, digital sensors, charge-coupled devices, or other suitable
image-capturing devices, are capable of capturing images photographically or
electronically. Image-capturing devices 32a and 32b have known or determinable
characteristics including focal length, sensor size and aspect ratio, radial and other
distortion terms, principal point offset, pixel pitch, and alignment. Image-capturing
devices 32a and 32b acquire images and issue image data signals (IDS) 48a and48b,
respectively, corresponding to the particular images or photographs taken and which
are stored in image-capturing computer system 46, as will be more particularly
described hereinafter.

As best shown in Fig. 1, image-capturing devices 32a and 32b have respective
central axes A; and Az, and are mounted to platform 20 such that axes A; and A, are
each at an angle of declination ? relative to a horizontal plane P. Declination angle ? is

virtually any oblique angle, but is preferably from approximately 20° (twenty degrees) to
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approximately 60° (sixty degrees) and is most preferably from approximately 40° (forty
degrees) to approximately 50° (fifty degrees).

GPS receiver 34 receives global positioning system signals 52 that are
transmitted by one or more global positioning system satellites 54. The GPS signals
52, in known fashion, enable the precise location of platform 20 relative to surface 31 to
be determined. GPS receiver 34 decodes GPS signals 52 and issues location
signals/data 56, that are dependent at least in part upon GPS signals 52 and which are
indicative of the precise location of platform 20 relative to surface 31. Location
signals/data 56 corresponding to each image captured by image-capturing devices 32a
and 32b are received and stored by image-capturing computer system 46.

INU 36 is a conventional inertial navigation unit that is coupled to and detects
changes in the velocity, including translational and rotational velocity, of image-
capturing devices 32a and 32b and/or platform 20. INU 36 issues velocity signals/data
58 indicative of such velocities and/or changes therein to image-capturing computer
system 46, which stores velocity signals/data 58 corresponding to each image captured
by image-capturing devices 32a and 32b are received and stored by image-capturiﬁg
computer system 46.

Clock 38 keeps a precise time measurement (time of validity) that is used to
synchronize events within image-capturing and geo-locating system 30. Clock 38
provides time data/clock signal 62 that is indicative of the precise time that an image is

taken by image-capturing devices 32a and 32b. Time data 62 is also provided to and
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stored by image-capturing computer system 46. Alternatively, clock 38 is integral with
image-capturing computer system 46, such as, for example, a clock software program.

Gyroscope 40 is a conventional gyroscope as commonly found on airplanes
and/or within commercial navigation systems for airplanes. Gyroscope 40 provides
signals including pitch signal 64, roll signal 66 and yaw signal 68, which are respectively
indicative of pitch, roll and yaw of platform 20. Pitch signal 64, roll signal 66 and yaw
signal 68 corresponding to each image captured by mage-capturing devices 32a and
32b are received and stored by image-capturing computer system 46.

Compass 42, such as, for example, a conventional electronic compass, indicates
the heading of platform 20. Compass 42 issues heading signal/data 72 that is
indicative of the heading of platform 20. Image-capturing computer system 46 receives
and stores the heading signals/data 72 that correspond to each image captured by
image-capturing devices 32a and 32b.

Altimeter 44 indicates the altitude of platform 20. Altimeter 44 issues altitude
signal/data 74, and image-capturing computer system 46 receives and stores the
altitude signal/data 74 that correspond to each image captured by image-capturing
devices 32a and 32b.

As best shown in Fig. 3, image-capturing computer system 46, such as, for
example, a conventional laptop personal computer, includes memory 82, input devices
84a and 84b, display device 86, and input and output (I/O) ports 88. Image-capturing

computer system 46 executes image and data acquiring software 90, which is stored in

10
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memory 82. Memory 82 also stores data used and/or calculated by image-capturing
computer system 46 during the operation thereof, and includes, for example, non-
volatile read-only memory, random access memory, hard disk memory, removable
memory cards and/or other suitable memory storage devices and/or media. Input
devices 84a and 84b, such as, for example, a mouse, keyboard, joystick, or other such
input devices, enable the input of data and interaction of a user with software being
executed by image-capturing computer system 46. Display device 86, such as, for
example, a liquid crystal display or cathode ray tube, displays information to the user of
image-capturing computer system 46. 1/O ports 88, such as, for example, serial and
parallel data input and output ports, enable the input and/or output of data to and from
image-capturing computer system 46.

Each of the above-described data signals is connected to image-capturing
computer system 46. More particularly, image data signals 48, location signals 56,
velocity signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68,
respectively, heading signal 72 and altitude signal 74 are received via I/O ports 88 by
and stored within memory 82 of image-capturing computer system 46.

In use, image-capturing computer system 46 executes image and data acquiring
software 90, which, in general, controls the reading, manipulation, and storing of the
above-described data signals. More particularb'/, image and data acquiring software 90
reads image data signals 48a and 48b and stores them within memory 82. Each of the

location signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals

11
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64, 66 and 68, respectively, heading signal 72 and altitude signal 74 that represent the
conditions existing at the instant an image is acquired or captured by image-capturing
devices 32a and 32b and which correspond to the particular image data signals 48a
and 48b representing the captured images are received by image-capturing computer
system 46 via I/O ports 88. Image-capturing computer system 46 executing image and
data acquiring software 90 issues image-capture signal 92 to image-capturing devices
32a and 32b to thereby cause those devices to acquire or capture an image at
predetermined locations and/or at predetermined intervals which are dependent at least
in part upon the velocity of platform 20.

Image and data acquiring software 90 decodes as necessary and stores the
aforementioned signals within memory 82, and associates the data signals with the
corresponding image signals 48a and 48b. Thus, the altitude, orientation in terms of
roll, pitch, and yaw, and the location of image-capturing devices 32a and 32b relative to
surface 31, i.e., longitude and latitude, for every image captured by image-capturing
devices 32a and 32b is known.

Platform 20 is piloted or otherwise guided through an image-capturing path that
passes over a particular area of surface 31, such as, for example, a predefined area of
the surface of the earth or of another planet. Preferably, the image-capturing path of
platform 20 is at right angles to at least one of the boundaries of the area of interest.
The number of times platform 20 and/or image-capturing devices 32a, 32b pass over

the area of interest is dependent at least in part upon the size of the area and the
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amount of detail desired in the captured images. The particular details of the image-
capturing path of platform 20 are described more particularly hereinafter.

As platform 20 passes over the area of interest a number of oblique images are
captured by image-capturing devices 32a and 32b. As will be understood by those of
ordinary skill in the art, images are captured or acquired by image-capturing devices
32a and 32b at predetermined image capture intervals which are dependent at least in
part upon the velocity of platform 20.

Image data signals 48a and 48b corresponding to each image acquired are
received by and stored within memory 82 of image-capturing computer system 46 via
I/O ports 88. Similarly, the data signals (i.e., image data signalé 48, location signals 56,
velocity signals 58, time data signal 62, pitch, roll and yaw sighals 64, 66 and 68,
respectively, heading signal 72 and altitude signal 74) corresponding to each captured
image are received and stored within memory 82 of image-capturing computer system
46 via I/O ports 88. Thus, the location of image-capturing device 32a and 32b relative
to surface 32 at the precise moment each image is captured is recorded within memory
82 and associated with the corresponding captured image.

As best shown in Fig. 1, the location of image-capturing devices 32a and 32b
relative to the earth corresponds to the nadir point N of orthogonal image 102. Thus,
the exact geo-location of the nadir point N of orthogonal image 102 is indicated by
location signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals

64, 66 and 68, respectively, heading signal 72 and altitude signal 74. Once the nadir
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point N of orthogonal image 102 is known, the geo-location of any other pixel or point
within image 102 is determinable in known manner.

When image-capturing devices 32a and 32b are capturing oblique images, such
as oblique images 104a and 104b (Fig. 1), the location of image-capturing devices 32a
and 32b relative to surface 31 is similarly indicated by location signals 56, velocity
signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68, respectively,
heading signal 72, altitude signal 74 and the known angle of declination ? of the primary
axes A; and A; of image-capturing devices 32a and 32b, respectively.

It should be particularly noted that a caylibration process enables image and data
acquiring software 90 to incorporate correction factors and/or correct for any error
inherent in or due to image-capturing device 32, such as, for example, error due to
calibrated focal length, sensor size, radial distortion, principal point offset, and
alignment.

Image and data acquiring software 90 creates and stores in memory 82 one or
more output image and data files 120. More particularly, image and data acquiring
software 90 converts image data signals 48a, 48b and the orientation data signals (i.e.,
image data signals 48, location signals 56, velocity signals 58, time data signal 62,
pitch, roll and yaw signals 64, 66 and 68, respectively, heading signal 72 and altitude
signal 74) into computer-readable output image and data files 120. As best shown in
Fig. 4, output image and data file 120 contains a plurality of captured image files 14, |, .

. .» In corresponding to captured oblique images, and the positional data Cpps, Cppa, . . .

14
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» Cppn corresponding thereto.
Image files 11, Iz, . . ., |, of the image and data file 120 are stored in virtually any
computer-readable image or graphics file format, such as, for example, JPEG, TIFF,

GIF, BMP, or PDF file formats, and are cross-referenced with the positional data Cgp1,

Cep2, - . ., Cppp Which is also stored as computer-readable data. Alternatively,
positional data Cpps, Cppy, . . ., Cppn is embedded within the corresponding image files
l4, 12, . . ., In in known manner. Image data files 120 are then processed, either by

image and data acquiring software 90 or by post-processing, to correct for errors, such
as, for example, errors due to flight path deviations and other errors known to one of
ordinary skill in the art. Thereafter, image data files 120 are ready for use to display
and make measurements of and between the objects depicted within the captured
images, including measurements of the heights of such objects.

Referring now to Fig. 5, image display and measurement computer system 130,
such as, for example, a conventional desktop personal computer or a mobile computer
terminal in a police car, includes memory 132, input devices 134a and 134b, display
device 136, and network connection 138. Image-capturing computer system 130
executes image display and analysis software 140, which is stored in memory 132.
Memory 132 includes, for example, non-volatile read-only memory, random access
memory, hard disk memory, removable memory cards and/or other suitable memory
storage devices and/or media. Input devices 134a and 134b, such as, for example, a

mouse, keyboard, joystick, or other such input devices, enable the input of data and
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interaction of a user with image display and analysis software 140 being executed by
image display and measurement computer system 130. Display device 136, such as,
for example, a liquid crystal display or cathode ray tube, displays information to the user
of image display and measurement computer system 130. Network connection 138
connects image display and measurement computer system 130 to a network (not
shown), such as, for example, a local-area network, wide-area network, the Internet
and/or the World Wide Web.

In use, and referring now to Fig. 6, image display and measurement computer
system 130 executing image display and analysis software 140 accesses one or more
output image and data files 120 that have been read into memory 132, such as, for
example, via network connection 138, a floppy disk drive, removable memory card or
other suitable means. One or more of the captured images Iy, I, . . . , |, of output
image and data files 120 is thereafter displayed as displayed oblique image 142 under
the control of imagé display and analysis software 140. At approximately the same
time, one or more data portions Cpps, Cppy, - - . , Cppn corresponding to displayed
oblique image 142 are read into a readily-accessible portion of memory 132.

It should be particularly noted that displayed oblique image 142 is displayed
substantially as captured, i.e., displayed image 142 is not warped or fitted to any
coordinate system nor is displayed image 142 ortho-rectified. Rather than warping
displayed image 142 to a coordinate system in order to enable measurement of objects

depicted therein, image display and analysis software 140, in general, determines the
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geo-locations of selected pixels only as needed, or “on the fly”, by referencing data
portions Cppy, Cppg, . . ., Cpep, of output image and data files 120 and calculating the
position and/or geo-location of those selected pixels using one or more projection
equations as is more particularly described hereinafter.

Generally, a user of display and measurement computer system 130 takes
measurements of and between objects depicted in displayed oblique image 142 by
selecting one of several available measuring modes provided within image display and
analysis software 140. The user selects the desired measurement mode by accessing,
for example, a series of pull-down menus or toolbars M, or via keyboard commands.
The measuring modes provided by image display and analysis software 140 include, for
example, a distance mode that enables measurement of the distance between two or
more selected points, an area mode that enables measurement of the area
encompassed by several selected and interconnected points, a height mode that
enables measurement of the height between two or more selected points, and an
eleva\ltion mode that enables the measurement of the change in elevation of one
selected point relative to one or more other selected points.

After selecting the desired measurement mode, the user of image display and
analysis software 140 selects with one of input devices 134a, 134b a starting point or
starting pixel 152 and an ending point or pixel 154 on displayed image 142, and image
display and analysis software 140 automatically calculates and displays the quantity

sought, such as, for example, the distance between starting pixel 152 and ending pixel
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154.

When the user selects starting point/pixel 152, the geo-focation of the point
corresponding thereto on surface 31 is calculated by image display and analysis
software 140 which executes one or more projection equations using the data portions
Crp1, Cppz, . . . , Cppn of output image and data files 120 that correspond to the
particular image being displayed. The longitude and latitude of the point on surface 31
corresponding to pixel 152 are then displayed by image display and analysis software
140 on display 136, such as, for example, by superimposing the longitude and latitude
on displayed image 142 adjacent the selected point/pixel or in pop-up display box
elsewhere on display 136. The same process is repeated by the user for the selection
of the end pixel/point 154, and by image display and analysis software 140 for the
retrieval and display of the longitude and latitude information.

The calculation of the distance between starting and ending points/pixels 152,
154, respectively, is accomplished by determining the geo-location of each selected
pixel 152, 154 “on the fly”. The data portions Cpps, Cppy, - . . , Cppp, OF output image and
data file 120 corresponding to the displayed image are retrieved, and the geo-location
of the point on surface 31 corresponding to each selected pixel are then determined.
The difference between the geo-locations corresponding to the selected pixels
determines the distance between the pixels.

As an example of how the geo-location of a given point or pixel within displayed

oblique image 142 is determined, we will assume that displayed image 142
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{

corresponds to orthogonal image 104a (Fig. 1). The user of image display and analysis
software 140 selects pixel 154 which, for simplicity, corresponds to center C (Fig. 1) of
oblique image 104a. As shown in Fig. 1, line 106 extends along horizontal plane G
from a point 108 thereon that is directly below image-capturing device 32a to the center
C of the near border or edge 108 of oblique image 104a. An extension of primary axis
A intersects with center C. Angle @ is the angle formed between line 106 the
extension of primary axis A;. Thus, a triangle (not referenced) is formed having vertices
at image-capturing device 32a, point 108 and center C, and having sides 106, the
extension of primary axis A; and vertical (dashed) line 110 between point 108 and
image-capturing device 32a.

Ground plane G is a substantially horizontal, flat or non-sloping ground plane
(and which typically will have an elevation that reflects the average elevation of the
terrain), and therefore the above-described triangle includes a right angle between
side/line 110 and side/line 106. Since angle @ and the altitude of image-capturing
device 32 (i.e., the length of side 110) are known, the hypotenuse (i.e., the length of the
extension of primary axis A;) and remaining other side of the right triangle are
calculated by simple geometry. Further, since the exact position of image-capturing
device 32a is known at the time the image corresponding to displayed image 142 was
captured, the latitude and longitude of point 108 are also known. Knowing the length of
side 106, calculated as described above, enables the exact geo-location of pixel 154

corresponding to center C of oblique image 104a to be determined by image display
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and analysis software 140. Once the geo-location of the point corresponding to pixel
1564 is known, the geo-location of any other pixel in displayed oblique image 142 is
determinable using the known camera characteristics, such as, for example, focal
length, sensor size and aspect ratio, radial and other distortion terms, etc.

The distance between the two or more points corresponding to two or more
selected pixels within displayed image 142 is calculated by image display and analysis
software 140 by determining the difference between the geo-locations of the selected
pixels using known algorithms, such as, for example, the Gauss formula and/or the
vanishing point formula, dependent upon the selected measuring mode. The
measurement of objects depicted or appearing in displayed image 142 is conducted by
a substantially similar procedure to the procedure described above for measuring
distances between selected pixels. For example, the lengths, widths and heights of
objects, such as, for example, buildings, rivers, roads, and virtually any other
geographic or man-made structure, appearing within displayed image 142 are
measured by selecting the appropriate/desired measurement mode and selecting
starting and ending pixels.

It should be particularly noted that in the distance measuring mode of image
display and analysis software 140 the distance between the starting and ending
points/pixels 152, 154, respectively, is determinable along virtually any path, such as,
for example, a “straight-line” path P7 or a path P2 that involves the selection of

intermediate points/pixels and one or more “straight-line” segments interconnected
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therewith.

It should also be particularly noted that the distance measuring mode of image
display and analysis software 140 determines the distance between selected pixels
according to a “walk the earth” method. The “walk the earth method” creates a series
of interconnected line segments, represented collectively by paths P7 and P2, that
extend between the selected pixels/points and which lie upon or conform to the planar
faces of a series of interconnected facets that define a tessellated ground plane. The
tessellated ground plane, as will be more particularly described hereinafter, closely
follows or recreates the terrain of surface 31, and therefore paths P7 and P2 also
closely follow the terrain of surface 31. By measuring the distance along the terrain
simulated by the tessellated ground plane, the “walk the earth” method provides for a
more accurate and useful measurement of the distance between selected points than
the conventional approach, which warps the image onto a flat earth or average
elevation plane system and measures the distance between selected points along the
flat earth or plane and substantially ignores variations in terrain between the points.

For example, a contractor preparing to bid on a contract for paving a roadway
over uneven or hilly terrain can determine the approximate amount or area of roadway
involved using image display and analysis software 140 and the “walk the earth”
measurement method provided thereby. The contractor can obtain the approximate
amount or area of roadway from his or her own office without having to send a

surveying crew to the site to obtain the measurements necessary.
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In contrast to the “walk the earth” method provided by the present invention, the
“flat earth” or average elevation distance calculating approaches include inherent
inaccuracies when measuring distances between points and/or objects disposed on
uneven terrain and when measuring the sizes and/or heights of objects similarly
disposed. Even a modest slope or grade in the surface being captured results in a
difference in the elevation of the nadir point relative to virtually any other point of
interest thereon. Thus, referring again to Fig. 1, the triangle formed by line 106, the
extension of primary axis A; and the vertical (dashed) line 110 between point 108 and
image-capturing device 32a may not be a right triangle. If such is the case, any
geometric calculations assuming that triangle to be a right triangle would contain errors,
and such calculations would be reduced to approximations due to even a relatively
slight gradient or slope between the points of interesf.

For example, if surface 31 slopes upward between nadir point N and center C at
the near or bottom edge 108 of oblique image 104 then second line 110 intersects
surface 31 before the point at which such intersection would occur on a level or non-
sloping surface 31. If center C is fifteen feet higher than nadir point N and with a
declination angle ? equal to 40° (forty degrees), the calculated location of center C
would be off by approximately 17.8 feet without correction for the change in elevation
between the points.

As generally discussed above, in order to compensate at least in part for

changes in elevation and the resultant inaccuracies in the measurement of and
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between objects within image 142, image display and analysis software 140 references,
as necessary, points within displayed image 142 and on surface 31 to a pre-calculated
tessellated or faceted ground plane generally designated 160 in Fig. 6. Tessellated
ground plane 160 includes a plurality of individual facets 162a, 162b, 162c, etc., each of
which are interconnected to each other and are defined by four vertices (not

referenced, but shown as points) having respective elevations. Adjacent pairs of facets
162a, 162b, 162c, etc., share two vertices. Each facet 162a, 162b, 162¢, etc., has a
respective pitch and slope. Tessellated ground plane 160 is created based upon
various data and resources, such as, for example, topographical maps, and/or digital
raster graphics, survey data, and various other sources.

Generally, the geo-location of a point of interest on displayed image 142 is
calculated by determining which of facets 162a, 162b, 162c, etc., correspond to that
point of interest. Thus, the location of the point of interest is calculated based on the
characteristics, i.e., elevation, pitch and slope, of facets 162a, 162b, 162c, etc., rather
than based upon a flat or average-elevation ground plane. Error is introduced only in
so far as the topography of surface 31 and the location of the point of interest thereon
deviate from the planar surface of the facet 162a, 162b, 162c, etc, within which the
point of interest lies. That error is ;'educible through a bilinear interpolation of the
elevation of the point of interest within a particular one of facets 162a, 162b, 162¢, etc.,
and using that interpolated elevation in the location calculation performed by image

display and analysis software 140.
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To use tessellated ground plane 160, image display and analysis software 140
employs a modified ray-tracing algorithm to find the intersection of the ray projected
from the image-capturing device 32a or 32b towards surface 31 and tessellated ground
plane 160. The algorithm determines not only which of facets 162a, 162b, 162¢, etc.,
is intersected by the ray, but also where within the facet the intersection occurs. By use
of bi-linear interpolation, a fairly precise ground location can be determined. For the
reverse projection, tessellated ground plane 160 is used to find the ground elevation
value for the input ground location also using bi-linear interpolation. The elevation and
location are then used to project backwards through a model of the image-capturing-
device 32a or 32b to deterrrﬁne which of the pixels within displayed image 142
corresponds to the given location.

More particularly, and as an example, image display and analysis software 140
performs and/or calculates the geo-location of point 164 by superimposing
and/or fitting tessellated ground plane 160 to at least a portion 166, such as, for
example, a hill, of surface 31. It should be noted that only a small portion of tessellated
ground plane 160 and facets 162a, 162b, 162c, etc., thereof is shown along the profile
of portion 166 of surface 31. As discussed above, each of facets 162a, 162b, 162c,
etc., are defined by four vertices, each of which have respective elevations, and each of
the facets have respective pitches and slopes. The specific position of point 164 upon
the plane/surface of the facet 162a, 162b, 162c, etc., within which point 164 (or its

projection) lies is determined as described above.
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Tessellated ground plane 160 is preferably created outside the operation of
image display and measurement computer system 130 and image display and analysis
software 140. Rather, tessellated ground plane 160 takes the form of a relatively
simple data table or look-up table 168 stored within memory 132 of and/or accessible to
image display and measurement computer system 130. The computing resources
required to calculate the locations of all the vertices of the many facets of a typical
ground plane do not necessarily have to reside within image display and measurement
computer system 130. Thus, image display and measurement computer system 130 is
comp‘atible for use with and executable by a conventional personal computer without
requiring additional computing resources.

Calculating tessellated ground plane 160 outside of image display and
measurement computer system 130 enables virtually any level of detail to be
incorporated into tessellated ground plane 160, i.e., the size and/or area covered by or
corresponding to each of facets 162a, 162b, 162c, etc., can be as large or as small as
desired, without significantly increasing the calculation time, slowing the operation of,
nor significantly increasing the resources required by image display and measurement
computer system 130 and/or image display and analysis software 140. Display and
measurement computer system 130 can therefore be a relatively basic and
uncomplicated computer system.

The size of facets 162a, 162b, 162¢, etc., are uniform in size throughout a

particular displayed image 142. For example, if displayed image 142 corresponds to an
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area that is approximately 750 feet wide in the foreground by approximately 900 feet
deep, the image can be broken into facets that are approximately 50 square feet, thus
yielding about 15 facets in width and 18 facets in depth. Alternatively, the size of facets
162a, 162b, 162c, etc., are uniform in terms of the number of pixels contained therein,
i.e., each facet is the same number of pixels wide and the same number of pixels deep.
Facets in the foreground of displayed image 142, where the pixel density is greatest,
would therefore be dimensionally smaller than facets in the background of displayed
image 142 where pixel density is lowest. Since it is desirable to take most
measurements in the foreground of a displayed image where pixel density is greatest,
creating facets that are uniform in terms of the number of pixels they contain has the
advantage of providing more accurate measurements in the foreground of displayed
image 142 relative to facets that are dimensionally uniform.

Another advantage of using pixels as a basis for defining the dimensions of
facets 162a, 162b, 162c, etc., is that the location caiculation (pixel location to ground
location) is relatively simple. A user operates image display and measurement
computer system 130 to select a pixel within a given facet, image display and analysis
software 140 looks up the data for the facet corresponding to the selected pixel, the
elevation of the selected pixel is calculaied as discussed above, and that elevation is
used within the location calculation.

Generally, the method of capturing oblique images of the present invention

divides an area of interest, such as, for example, a county, into sectors of generally
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uniform size, such as, for example, sectors that are approximately one square mile in
area. This is done to facilitate the creation of a flight plan to capture oblique images
covering every inch of the area of interest, and to organize and name the sectors and/or
images thereof for easy reference, storage and retrieval (a process known in the art as
“sectorization”). Because the edges of any geographic area of interest, such as a
county, rarely falls on even square mile boundaries, the method of capturing oblique
images of the present invention provides more sectors than there are square miles in
the area of interest — how many more depends largely on the length of the county
borders as 'well as how straight or jagged they are. Typically, you can expect one extra
sector for every two to three miles of border. So if a county or other area of interest is
roughly 20 miles by 35 miles, or 700 square miles, the area will be divided into
approximately from 740 to 780 sectors.

The method of capturing oblique images of the present invention, in general,
captures the oblique images from at least two compass directions, and provides full
coverage of the area of interest from at least those two compass directions. Referring
now to Figs. 7 and 8, a first embodiment of a method for capturing oblique images of
the present invention is shown. For sake of clarity, Fig. 7 and 8 is based on a system
having only one image-capturing device. However, it is to be understood that two or
more image-capturing devices can be used.

The image-capturing device captures one or more oblique images during each

pass over area 200. The image-capturing device, as discussed above, is aimed at an
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angle over area 200 to capture oblique images thereof. Area 200 is traversed in a
back-and-forth pattern, similar to the way a lawn is mowed, by the image-carrying
device and/or the platform to ensure double coverage of area 200.

More particularly, area 200 is traversed by image-carrying device 32 and/or
platform 20 following a first path 202 to thereby capture oblique images of portions
202a, 202b, and 202c of area 200. Area 200 is then traversed by image-carrying
device 32 and/or platform 20 following a second path 204 that is parallel and spaced
apart from, and in an opposite direction to, i.e., 180° (one-hundred and eighty degrees)
from, first path 202, to thereby capture oblique images of portions 204a, 204b, 204c¢ of
area 200. By comparing Figs. 7 and 8, it is seen that a portion 207 (Fig. 8) of area 200
is covered by images 202a-c captured from a first direction or perspective, and by
images 204a-c captured from a second direction or perspective. As such, the middle
portion of area 200 is 100% (one-hundred percent) double covered. The above-
described pattern of traversing or passing over area 200 along opposing paths that are
parallel to paths 202 and 204 is repeated until the entirety of area 200 is co/mpietely
covered by at least one oblique image captured from paths that are parallel to, spaced
apart from each other as dictated by the size of area 200, and in the same direction as
paths 202 and 204 to thereby one-hundred percent double cover area 200 from those
perspectives/directions.

If desired, and for enhanced detail, area 200 is covered by two additional

opposing and parallel third and fourth paths 206 and 208, respectively, that are
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perpendicular to paths 202 and 204 as shown in Figs. 9 and 10. Area 200 is therefore
traversed by image-carrying device 32 and/or platform 20 following third path 206 to
capture oblique images of portions 206a, 206b and 206¢ of area 200, and is then
traversed along fourth path 208 that is parallel, spaced apart from, and opposite to third
path 206 to capture oblique images of portions 208a, 208b and 208c of area 200. This
pattern of traversing or passing over area 200 along opposing paths that are parallel to
paths 206 and 208 is similarly repeated until the entirety of area 200 is completely
covered by at least one oblique image captured from paths that are parallel to, spaced
apart from as dictated by the size of area 200, and in the same direction as paths 206
and 208 to thereby one-hundred percent double cover area 200 from those
directions/perspectives.

As described above, image-carrying device 32 and/or platform 20, traverses or
passes over area 200 along a predetermined path. However, it is to be understood that
image-carrying device and/or platform 20 do not necessarily pass or traverse directly
over area 200 but rather may pass or traverse an area adjacent, proximate to, or even
somewhat removed from, area 200 in order to ensure that the portion of area 200 that
is being imaged falls within the image-capture field of the image-capturing device. Path
202, as shown in Fig. 7, is such a path that does not pass directly over area 200 but yet
captures oblique images thereof.

The present invention is capable of capturing images at various levels of

resolution or ground sample distances. A first level of detail, hereinafter referred to as a
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community level, has a ground sample distance of, for example, approximately two-feet
per pixel. For orthogonal community-level images, the ground sample distance remains
substantially constant throughout the image. Orthogonal community-level images are
captured with sufficient overlap to provide stereo pair coverage. For oblique
community-level images, the ground sample distance varies from, for example,
approximately one-foot per pixel in the foreground of the image o approximately two-
feet per pixel in the mid-ground of the image, and to approximately four-feet per pixel in
the background of the image. Oblique community-level images are captured with
sufficient overlap such that each area of interest is typically covered by at least two
oblique images from each compass direction captured. Approximately ten oblique
community-level images are captured per sector.

A second level of detalil, hereinafter referréd to as a neighborhood level, is
significantly more detailed than the community-level images. Neighborhood-level
images have a ground sample distance of, for example, approximately six-inches per
pixel. For orthogonal neighborhood-level images, the ground sample distance remains
substantially constant. ‘Oblique neighborhood-level images have a ground sample
distance of, for example, from approximately four-inches per pixel in the foreground of
the image to approximately six-inches per pixel in the mid-ground of the image, and to
approximately ten-inches per pixel in the background of the image. Oblique
neighborhood-level images are captured with sufficient overlap such that each area of

interest is typically covered by at least two oblique images from each compass direction
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captured, and such that opposing compass directions provide 100% overlap with each
other. Approximately one hundred (100) oblique area images are captured per sector.

It should be particularly noted that capturing oblique community and/or
neighborhood-level images from all four compass directions ensures that every point in
the image will appear in the foreground or lower portion of at least one of the captured
oblique images, where ground sample distance is lowest and image detail is greatest.

In the embodiment shown, image-capturing and geo-locating system 30 includes
a gyroscope, compass and altimeter. However, it is to be understood that the image-
capturing and geo-locating system of the present invention can be alternately
configured, such as, for example, to derive and/or calculate altitude, pitch, roll and yaw,
and compass heading from the GPS and INU signals/data, thereby rendering one or
more of the gyroscope, compass and altimeter unnecessary. In fact,

In the embodiment shown, image-capturing devices are at an equal angle of
declination relative to a horizontal plane. However, it is to be understood that the
declination angles of the image-capturing devices do not have to be equal.

In the embodiment shown, image-capturing computer system executes image
and data acquiring software that issues a common or single image-capture signal to the
image-capturing devices to thereby cause those devices to acquire or capture an
image. However, it is to be understood that the present invention can be alternately
configured to separately cause the image-capturing devices to capture images at

different instants and/or at different intervals.
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In the embodiment shown, the method of the present invention captures oblique
images to provide double coverage of an area of interest from paths/perspectives that
are substantially opposite to each other, i.e., 180° (one-hundred and eighty degrees)
relative to each other. However, it is to be understood that the method of the present
invention can be alternately configured to provide double coverage from
paths/perspectives that are generally and/or substantially perpendicular relative to each
other.

While the present invention has been described as having a preferred design,
the invention can be further modified within the spirit and scope of this disclosure. This
disclosure is therefore intended to encompass any equivalents to the structures and
elements disclosed herein. Further, this disclosure is intended to encompass any
variations, uses, or adaptations of the present invention that use the general principles
disclosed herein. Moreover, this disclosure is intended to encompass any departures
from the subject matter disclosed that come within the known or customary practice in

the pertinent art and which fall within the limits of the appended claims.
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WHAT IS CLAIMED IS:

1. A system for capturing images and geo-location data corresponding thereto,
comprising:

an image-capturing device, said image-capturing device capturing oblique
images at image-capturing events, said image capturing device issuing image-data
signals corresponding to captured images;

at least one geo-locating device, each said at least one geo-locating device
issuing a é:orresponding at least one geo-locating signal, each said at least one geo-
locating signal being indicative at least in part of a geo-location of said image-capturing
device during each image capturing event; and

a computer system receiving and storing said image-data signals and said at
least one geo-locating signal; and

image and data acquiring software reading said image-data signals and said at
least one geo-locating signal, said software associating each said image-data signal
with a corresponding said at least one geo-locating signal for each image-capturing

event.

2. The system of claim 1, wherein said at least one geo-locating device and said
at least one geo-locating signal respectively comprise at least one of:

a clock issuing to said image-capturing computer system time data signals
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indicative of a time of each said image-capturing event;

a global-positioning system (GPS) receiver receiving GPS signals and issuing to
said image-capturing computer system location data signals indicative of a longitude
and latitude of said image-capturing device at each said image-capturing event;

an inertial navigation unit (INU) issuing to said image-capturing computer system
velocity data signals indicative of a velocity of said image-capturing device at each said
image-capturing event;

a gyroscope issuing to said image-capturing computer system a pitch signal, a
roll signal, and a yaw signal respectively indicative of a pitch, roll and yaw of said image
capturing device at each said image-capturing event;

a compass issuing to said image-capturing computer system heading data |
signals indicative of a heading of said image-capturing device at each said image-
capturing event; and

an altimeter issuing to said image-capturing computer system altitude data
signals indicative of an altitude of said image-capturing device at each said image-

capturing event.

3. The system of claim 1, wherein said at least one geo-locating device and said
at least one geo-locating signal respectively comprise:
a clock issuing to said image-capturing computer system time data signals

indicative of a time of each said image-capturing event;
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a global-positioning system (GPS) receiver receiving GPS signals and issuing to
said image-capturing computer system location data signals indicative of a longitude
and latitude of said image-capturing device at each said image-capturing event;

an inertial navigation unit (INU) issuing to said image-capturing computer system
velocity data signals indicative of a velocity of said image-capturing device at each said
image-capturing event;

a gyroscope issuing to said image-capturing computer system a pitch signal, a
roll signal, and a yaw signal respectively indicative of a pitch, roll and yaw of said image
capturing device at each said image-capturing event;

a compass issuing to said image-capturing computer system heading data
signals indicative of a heading of said image-capturing device at each said image-
capturing event; and

an altimeter issuing to said image-capturing computer system altitude data
signals indicative of an altitude of said image-capturing device at each said image-

capturing event.
4. The system of claim 1, further comprising correction data indicative of
characteristics of said image-capturing device including focal length, sensor size, radial

distortion, principal point offset and alignment, said image and data acquiring software

utilizing said correction data to correct captured images.
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5. The system of claim 1, further comprising an output data file created by said
image and data acquiring software, said output data file including a plurality of image

files and positional data corresponding to each of said plurality of image files.

6. The system of claim 1, further comprising a platform carrying said image-

capturing device a predetermined distance above a surface of interest.

7. A computerized system for displaying, geolocating, and making
measurements based upon captured oblique images, comprising:

a computer system having a memory;

an image and data file accessible by said system and including a plurality of
image files corresponding to a plurality of captured oblique images, said image and
data file further including positional data corresponding to said plurality of image files;

image display and analysis software executed by said system for reading said
image and data file and displaying at least a portion of the captured oblique images as
a displayed image, said software retrieving said positional data of one or more selected
points within said displayed image, said software calculating a separation distance

between any two or more selected points within said displayed image.

8. The system of claim 7, further comprising a ground plane data file

representing a tessellated ground plane, said ground plane data file accessible by said
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computer system, said ground plane data file representing a tessellated ground plane
that closely approximates at least a portion of the terrain depicted within said captured

oblique images.

9. The system of claim 8, wherein said tessellated ground plane further
comprises a plurality of interconnected facets, each of said plurality of facets having a

respective pitch and slope.

10. The system of claim 9, wherein said ground plane data file comprises a
plurality of vertices, each of said plurality of vertices having respective elevations and
defining corners of said plurality of interconnected facets, two of said plurality of

vertices shared by each of said interconnected facets.

11. The system of claim 10, wherein said image display and analysis software
identifies which of said plurality of facets corresponds to a selected point on said
displayed image, and calculates an elevation of said selected point dependent at least
in part upon the elevation of the vertices of the facet corresponding to the selected
point, said image display and analysis software using said calculated elevation for
calculating said separation distance between said selected point and one or more

further selected points.
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12. The system of claim 11, wherein said image display and analysis software
calculates a height of an object within said displayed image by calculating the

separation distance between two or more selected points.

13. The system of claim 8, wherein said tessellated ground plane is one of

superimposed upon and fit to said displayed image.

14. The system of claim 7, wherein said image display and analysis software
includes user-selectable measuring modes accessible through at least one of pull-down

menus, toolbars and keyboard commands.

15. The system of claim 7, wherein each of said images were captured by an
image-capturing device and at respective image capturing events, said positional data
of said image and data file including:

time data representing the time of each image-capturing event;

location data representing the location of the image-capturing device at each
image-capturing event;

orientation data representing the orientation of the image-capturing device at
each image-capturing event;

correction data representing correction factors for the image-capturing device;

and
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elevation data representing an average elevation of the surface captured by the

image-capturing device.

16. The system of claim 15, wherein said location data includes latitude,
longitude, and altitude of the image-capturing apparatus at each image-capturing event.
17. The system of claim 15, wherein said orientation data includes roll, pitch,

yaw and heading of said image-capturing device at each image-capturing event.

18. The data set of claim 15, wherein said image-capturing device is a camera
and said correction data includes at least one of focal length, sensor size, aspect ratio,

principle point offset, distortion, and pixel pitch.

19. A computerized method for taking measurements within a displayed oblique
image, comprising:

selecting with an input device a starting point and an end point on the displayed
image;

retrieving from a data file positional data corresponding to said starting point and
said end point;

referencing a ground plane data file corresponding to a tessellated ground piane

having a plurality of facets, each of said facets having a respective pitch and slope, said
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tessellated ground plane closely matching a terrain of said displayed oblique image:
connecting said starting and end points with line segments, said line segments

conforming to said pitch and slope of said facets to thereby follow said terrain; and
calculating the linear distance along said line segments between said starting

and end points thereby taking into account said pitch and slope of said facets.

20. The method of claim 19, wherein said tessellated ground plane is

superimposed upon said displayed oblique image.

21. The method of claim 19, comprising the further steps of:

selecting with an input device one or more intermediate points on the displayed
image;

retrieving from said data file positional data corresponding to said one or more
intermediate points; and

connecting adjacent intermediate points to each other, and connecting said
starting and end points to adjacent intermediate points, with line segments, said line
segments conforming to said pitch and slope of said facets to thereby follow said
terrain; and

calculating the distance along said line segments between said starting and end

points.
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22. The method of claim 19, wherein said plurality of facets each correspond to

equal areas of said displayed oblique image.

23. The method of claim 19, wherein said plurality of facets each includes an

equal number of pixels of said displayed oblique image.

24. A computerized method for taking measurements from an oblique image
displayed on a computer system, at least one input device connected to said computer
system, an image data file accessible by said computer system, said image data file
including captured images and positional data corresponding thereto, said
computerized method comprising: .

placing the computer system into a desired one of a plurality of measurement
modes, the desired measurement mode configured for calculating a desired
measurement;

selecting a starting point on the displayed image;

retrieving the positional data corresponding to said starting point;

selecting an end point on the displayed image;

retrieving the positional data corresponding to said end point; and

calculating the desired measurement dependent at least in part upon said

positional data of said starting and end points.
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25. The method of claim 24, comprising the further steps of:
selecting one or more intermediate points on said displayed image; and

retrieving the positional data corresponding to said intermediate points.

26. The method of claim 24, wherein said plurality of measurement modes
comprise a distance measuring mode calculating a distance between two or more
selected points, a height measuring mode calculating a height difference between two
or more selected points, a relative elevation measurement mode calculating the
difference in elevation of two or more selected points, and an area measurement mode

calculating the area encompassed by at least three points.

27. A method of capturing oblique images of an area of interest with an image-
capturing device carried by a platform, each oblique image captured at a respective
image-capturing event, said method comprising:

subdividing‘ the area of interest into a plurality of sectors;

guiding the platform along a first path to thereby target one or more target
sectors with the image-capturing device;

capturing with the image-capturing device one or more oblique images to thereby
cover an entirety of each said target sector in oblique images captured from a first
perspective;

guiding the platform along a second path to thereby target said target sectors;

42

0302



15

WO 2004/044692 PCT/US2003/035528

capturing with the image-capturing device one or more oblique images to thereby
cover an entirety of each said target sector in oblique images captured from a second
perspeciive;

repeating said guiding and capturing steps along paths substantially parallel to
and spaced apart from said first and second paths and capturing one or more oblique
images to thereby cover an entirety of each of said plurality of sectors in oblique images
captured from each of said first and second perspectives; and

recording positional data indicative of a geo-location of said image-capturing

device at each image-capturing event.

28. The method of claim 27, wherein said second path is substantially parallel

relative to and 180° (one-hundred and eighty degrees) from said first path;

29. The method of claim 28, wherein said second path is also spaced apart from

said first path.

30. The method of claim 27, comprising the further steps of:

guiding the platform along a third path to thereby target one or more target
sectors with the image-capturing device, said third path being substantially
perpendicular to said first and second paths;

capturing with the image-capturing device one or more oblique images to thereby
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capture an entirety of each said target sector in oblique images captured from a third
perspective; and

repeating said guiding and capturing steps along paths substantially parallel to
and spaced apart from said third path and capturing one or more oblique images to-
thereby cover an entirety of each of said plurality of sectors in oblique images captured

from said third perspective.

31. The method of claim 30, comprising the further steps of:

guiding the platform along a fourth path to thereby target one or more target
sectors with the image-capturing device, said fourth path being substantially parallel
with said third path and 180° (one-hundred and eighty degrees) from said third path;

capturing with the image-capturing device one or more oblique images to thereby
capture an entirety of each said target sector in oblique images captured from a fourth
perspective; and

repeating said guiding and capturing steps along paths substantially parallel to
and spaced apart from said fourth path and capturing one or more oblique images to
thereby cover an entirety of each of said plurality of sectors in oblique images captured

from said fourth perspective.

32. The method of claim 31, wherein said fourth path is also spaced apart from

said third path.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application Serial No. 80/425,275, filed
November 8, 2002.

TECHNICAL FIELD

[0002] The present invention relates to photogramme-
try. More particularly, the present invention relates to a
method and apparatus for capturing oblique images and
for measuringthe objects and distances between the ob-
jects depicted therein.

BACKGROUND

[0003] Photogrammetry is the science of making
measurements of and between objects depicted within
photographs, especially aerial photographs. Generally,
photogrammetryinveolves takingimages of terrestrial fea-
tures and deriving data therefrom, such as, for example,
data indicating relative distances between and sizes of
objects within the images. Photogrammetry may also in-
volve coupling the photographs with other data, such as
data representative of latitude and longitude. In effect,
theimage is overlaid and conformed to a particular spatial
coordinate system.

[0004] Conventional photogrammetry involves the
capture and/or acquisition of orthogonal images. The im-
age-capturing device, such as a camera or sensor, is
carried by a vehicle or platform, such as an airplane or
satellite, andis aimed ata nadirpointthatis directly below
and/or vettically downward from that platform. The point
or pixel in the image that corresponds to the nadir point
isthe only point/pixel that is truly orthogonal to the image-
capturing device. All other points or pixels in the image
are actually oblique relative to the image-capturing de-
vice. As the points or pixels become increasingly distant
from the nadir point they become increasingly oblique
relative tc the image-capturing device and the ground
sample distance (i.e., the surface area corresponding to
or covered by each pixel) also increases. Such oblique-
ness inan orthogonal image causes featuresintheimage
to be distorted, especially images relatively distant from
the nadir point.

[0005] Such distortion is removed, or compensated
for, by the process of ortho-rectification which, in es-
sence, removes the cbliqgueness from the orthogonal im-
age by fitting or warping each pixel of an orthogonal im-
age onto an orthometric grid or coordinate system. The
process of ortho-rectification creates an image wherein
all pixels have the same ground sample distance and are
oriented tothe north. Thus, any pointon an ortho-rectified
image can be located using an X, Y coordinate system
and, so long as the image scale is known, the length and
width of terrestrial features as well asthe relative distance
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between those features can be calculated.

[0006] Althoughthe process of ortho-rectification com-
pensates to a degree for oblique distortions in an ortheg-
onal image, it introduces other undesirable distortions
and/or inaccuracies in the ortho-rectified orthogonal im-
age. Objects depicted in ortho-rectified orthogonal imag-
es may be difficult to recognize and/oridentify since most
observers are not accustomed to viewing objects, par-
ticularly terrestrial features, from above. To an untrained
observer an ortho-rectified image has a number of dis-
tortions. Roads that are actually straight appear curved
and buildings may appear to tilt. Further, ortho-rectified
images contain substantially no information as to the
height of terrestrial features. The interpretation and anal-
ysis of orthogonal and/or ortho-rectfified orthogonal im-
ages is typically performed by highly-trained analysts
whom have undergone years of specialized training and
experience in order to identify objects and terrestrial fea-
tures in such images.

[0007] Thus, although orthogonal and ortho-rectified
images are useful in photogrammetry, they lack informa-
tion as to the height of features depicted therein and re-
quire highly-trained analysts to interpret detail from what
the images depict.

[0008] Oblique images are images that are captured
with the image-capturing device aimed or pointed gen-
erally to the side of and downward from the platform that
carries the image-capturing device. Oblique images, un-
like orthogonal images, display the sides of terrestrial
features, such as houses, buildings and/or mountains,
as well as the tops thereof. Thus, viewing an oblique im-
age is more natural and intuitive than viewing an orthog-
onal or ortho-rectified image, and even casual observers
are able to recognize and interpret terrestrial features
and other objects depicted in oblique images. Each pixel
in the foreground of an oblique image corresponds to a
relatively small area of the surface or object depicted
(i.e., each foreground pixel has a relatively small ground
sample distance) whereas each pixel in the background
corresponds to a relatively large area of the surface or
object depicted (i.e., each background pixel has a rela-
tively large ground sample distance). Oblique images
capture agenerally trapezoidal area or view of the subject
surface or object, with the foreground of the trapezoid
having a substantially smaller ground sample distance
(i.e., a higher resolution) than the background of the trap-
ezoid.

[0009] Oblique images are considered to be of little or
no use in photogrammetry. The conventional approach
of forcing the variously-sized foreground and background
pixels of an oblique image into a uniform size to thereby
warp the image onto a coordinate system dramatically
distorts the oblique image and thereby renders identifi-
cation of objects and the taking of measurements of ob-
jects depicted therein a labericus and inaccurate task.
Correcting for terrain displacement within an oblique im-
age by using an elevation model further distorts the im-
ages thereby increasing the difficulty with which meas-
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urements can be made and reducing the accuracy of any
such measurements.

[0010] Thus, although oblique images are considered
as being of little or no use in photogrammetry, they are
easily interpreted and contain information astothe height
of features depicted therein. WO 99/18732 A1 discloses
a system and method for capturing, geclocating and
measuring oblique images comprising an image captur-
ing device, a geolocating device, a computer system and
image and data acquiring software, which associates the
image data to the geolocating signal data.

Object of the invention

[0011] Therefoere, whatis needed inthe artis amethod
and apparatus for photogrammetry that enable geo-lo-
cation and accurate measurements within oblique imag-
es.

[0012] Moreover, whatis neededinthe artis a method
andapparatus for photogrammetry that enable the meas-
urement of heights and relative heights of objects within
an image.

[0013] Furthermore,whatis neededinthe artisa meth-
od and apparatus for photogrammetry that utilizes more
intuitive and natural images.

SUMMARY OF THE INVENTION

[0014] The present invention provides a system ac-
cording to claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above-mentioned and other features and
advantages of this invention, and the manner of attaining
them, will become apparent and be more completely un-
derstood by reference to the following description of one
embodiment of the inventicn when read in conjunction
with the accompanying drawings, wherein:

FIG. 1 illustrates one embodiment of a platform or
vehicle carrying an image-capturing system of the
present invention, and shows exemplary orthogonal
and oblique images taken thereby;

FIG. 2 is a diagrammatic view of the image-capturing
system of FIG. 1;

FIG. 3 is a block diagram of the image-capturing
computer system of Fig. 2;

FIG. 4 is a representation of an exemplary output
data file of the image-capturing system of Fig. 1;
FIG. 5 is a block diagram of one embodiment of an
image display and measurement computer system
of the present invention for displaying and taking
measurements of and between objects depicted in
the images captured by the image-capturing system
of Fig. 1;

FIG. 6 depicts an exemplary image displayed on the
system of Fig. 5, and illustrates ocne embodiment of
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the method of the present invention for the meas-
urement of and between objects depicted in such an
image;

FIGS. 7 and 8illustrate one embodiment of amethod
forcapturing oblique images ofthe presentinvention;
FIGS. 9 and 10 illustrate a second embodiment of a
method for capturing obliqgue images of the present
invention.

[0016] Corresponding reference characters indicate
corresponding parts throughout the several views. The
exemplifications set out herein illustrate one preferred
embodiment of the invention, in one form, and such ex-
emplifications are not to be construed as limiting the
scope of the invention in any manner.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0017] Referring now to the drawings, and particularly
to Fig. 1, one embodiment of an apparatus for capturing
and geolocating oblique images of the present invention
is shown. Apparatus 10 includes a platform or vehicle 20
that carries image-capturing and geolocating system 30.
[0018] Platform 20, such as, for example, an airplane,
space shuttle, rocket, satellite, or any other suitable ve-
hicle, carries image-capturing system 30 over a prede-
fined area of and at one or more predetermined altitudes
above surface 31, such as, for example, the earth’s sur-
face or any other surface of interest. As such, platform
20 is capable of controlled movement or flight, either
manned or unmanned, along a predefined flight path or
course through, for example, the earth’s atmosphere or
outer space. Image-capturing platform 20 includes a sys-
tem for generating and regulating power (not shown) that
includes, for example, one ormore generators, fuel cells,
solar panels, and/or batteries, for powering image-cap-
turing system 30.

[0019] Image-capturing and geo-locating system 30,
as best shownin Fig. 2, includes image capturing devices
32a and 32b, a global positioning system (GPS) receiver
34, an inertial navigation unit (INU) 36, clock 38, gyro-
scope 40, compass 42 and altimeter 44, each of which
are interconnected with image-capturing computer sys-
tem 46.

[0020] Image-capturing devices 32a and 32b, suchas,
forexample, conventional cameras, digital cameras, dig-
ital sensors, charge-coupled devices, or other suitable
image-capturing devices, are capable of capturing imag-
es photographically or electronically. Image-capturing
devices 32a and 32b have known or determinable char-
acteristics including focal length, sensor size and aspect
ratio, radial and other distortion terms, principal point off-
set, pixel pitch, and alignment. Image-capturing devices
32a and 32b acquire images and issue image data sig-
nals (IDS) 48a and48b, respectively, corresponding to
the particular images or photographs taken and which
are stored in image-capturing computer system 46, as
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will be mere particularly described hereinafter.

[0021] As best shown in Fig. 1, image-capturing de-
vices 32a and 32b have respective central axes A, and
A,, and are mounted to platform 20 such that axes A,
and A, are each at an angle of declination 6 relative to a
horizontal plane P. Declination angle 6 is virtually any
oblique angle, but is preferably from approximately 20°
(twenty degrees) to approximately 60° (sixty degrees)
and is most preferably from approximately 40° (forty de-
grees) to approximately 50° (fifty degrees).

[0022] GPS receiver 34 receives global positioning
system signals 52 that are transmitted by one or more
global positioning system satellites 54. The GPS signals
562, in known fashion, enable the precise locaticn of plat-
form 20 relative to surface 31 to be determined. GPS
receiver 34 decodes GPS signals 52 and issues location
signals/data 56, that are dependent at least in part upon
GPS signals 52 and which are indicative of the precise
location of platform 20 relative to surface 31. Location
signals/data 56 corresponding to each image captured
by image-capturing devices 32a and 32b are received
and stored by image-capturing computer system 46.
[0023] INU 36 is a conventional inertial navigation unit
that is coupled to and detects changes in the velocity,
including translational and rotational velocity, of image-
capturing devices 32a and 32b and/or platform 20. INU
36 issues velocity signals/data 58 indicative of such ve-
locities and/or changes therein to image-capturing com-
puter system 46, which stores velocity signals/data 58
corresponding to each image captured by image-captur-
ing devices 32a and 32b are received and stored by im-
age-capturing computer system 46.

[0024] Clock 38 keeps a precise time measurement
(time of validity) that is used to synchronize events within
image-capturing and geo-locating system 30. Clock 38
provides time data/clock signal 62 that is indicative of the
precise time that an image is taken by image-capturing
devices 32a and 32b. Time data 62 is also provided to
and stored by image-capturing computer system 46. Al-
ternatively, clock 38 is integral with image-capturingcom-
puter system 46, such as, for example, a clock software
program.

[0025] Gyroscope 40 is a conventional gyroscope as
commonly found on airplanes and/or within commercial
navigation systems forairplanes. Gyroscope 40 provides
signals including pitch signal 64, roll signal 66 and yaw
signal 68, which are respectively indicative of pitch, roll
and yaw of platform 20. Pitch signal 64, roll signal 66 and
yaw signal 88 corresponding to each image captured by
image-capturing devices 32a and 32b are received and
stored by image-capturing computer system 46.

[0026] Compass 42, such as, for example, a conven-
tional electronic compass, indicates the heading of plat-
form 20. Compass 42 issues heading signal/data 72 that
is indicative of the heading of platform 20. Image-captur-
ing computer system 46 receives and stores the heading
signals/data 72 that correspond to each image captured
by image-capturing devices 32a and 32b.
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[0027] Altimeter 44 indicates the altitude of platform
20. Altimeter 44 issues altitude signal/data 74, and im-
age-capturing computer system 46 receives and stores
the altitude signal/data 74 that correspond to each image
captured by image-capturing devices 32a and 32b.
[0028] As bestshown in Fig. 3, image-capturing com-
puter system 46, such as, for example, a conventional
laptop personal computer, includes memory 82, inputde-
vices 84a and 84b, display device 86, and input and out-
put (I/O) ports 88. Image-capturing computer system 46
executes image and data acquiring software 90, which
is stored in memory 82. Memory 82 also stores data used
and/or calculated by image-capturing computer system
46 during the operation thereof, and includes, for exam-
ple, non-volatile read-only memory, random access
memory, hard disk memory, removable memory cards
and/or other suitable memory storage devices and/orme-
dia. Input devices 84a and 84b, such as, for example, a
mouse, keyboard, joystick, or other such input devices,
enable the input of data and interaction of a user with
software being executed by image-capturing computer
system 46. Display device 86, such as, for example, a
liquid crystal display or cathode ray tube, displays infor-
mation to the user of image-capturing computer system
486. I/O ports 88, such as, for example, serial and parallel
data input and output ports, enable the input and/or out-
put of datato and fromimage-capturing computer system
46.

[0029] Each of the above-described data signals is
connected to image-capturing computer system 46.
Mare particularly, image data signals 48, location signals
56, velocity signals 58, time data signal 62, pitch, roll and
yaw signals 64, 66 and 68, respectively, heading signal
72 and altitude signal 74 are received via I/O ports 88 by
and stored within memory 82 of image-capturing com-
puter system 46.

[0030] In use, image-capturing computer system 46
executes image and data acquiring software 90, which,
in general, controls the reading, manipulation, and stor-
ing of the above-described data signals. More particular-
ly, image and data acquiring software 90 reads image
data signals 48a and 48b and stores them within memory
82. Each of the location signals 56, velocity signals 58,
time data signal 62, pitch, roll and yaw signals 64, 66 and
68, respectively, heading signal 72 and altitude signal 74
that represent the conditions existing at the instant an
image is acquired or captured by image-capturing devic-
es 32a and 32b and which correspond to the particular
image data signals 48a and 48b representing the cap-
tured images are received by image-capturing computer
system 46 via |/O ports 88. Image-capturing computer
system 46 executing image and data acquiring software
90 issues image-capture signal 92 to image-capturing
devices 32a and 32b to thereby cause those devices to
acquire or capture an image at predetermined locations
and/or at predetermined intervals which are dependent
at least in part upon the velocity of platform 20.

[0031] Image and data acquiring software 90 decodes
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as necessaty and stores the aforementioned signals
within memory 82, and associates the data signals with
the corresponding image signals 48a and 48b. Thus, the
altitude, orientation in terms of roll, pitch, and yaw, and
the location of image-capturing devices 32a and 32b rel-
ative to surface 31, i.e., longitude and latitude, for every
image captured by image-capturing devices 32a and 32b
is known.

[0032] Platform 20 is piloted or otherwise guided
through an image-capturing path that passes over a par-
ticular area of surface 31, such as, for example, a pre-
defined area of the surface of the earth or of another
planet. Preferably, the image-capturing path of platform
20 is at right angles to at least one of the boundaries of
the area of interest. The number of times platform 20
and/or image-capturing devices 32a, 32b pass over the
area of interest is dependent at leastin part upon the size
of the area and the amount of detail desired in the cap-
tured images. The particular details of the image-captur-
ing path of platform 20 are described more particularly
hereinafter.

[0033] As platform 20 passes over the area of interest
a number of oblique images are captured by image-cap-
turing devices 32a and 32b. As will be understood by
those of ordinary skill in the ant, images are captured or
acquired by image-capturing devices 32a and 32b at pre-
determined image capture intervals which are dependent
at least in part upon the velocity of platform 20.

[0034] Image data signals 48a and 48b correspending
to each image acquired are received by and stored within
memory 82 of image-capturing computer system 46 via
IO ports 88. Similarly, the data signals (i.e., image data
signals 48, location signals 56, velocity signals 58, time
data signal 62, pitch, roll and yaw signals 64, 66 and 68,
respectively, heading signal 72 and altitude signal 74)
corresponding to each captured image are received and
stored within memory 82 of image-capturing computer
system 46 via I/O ports 88. Thus, the location of image-
capturing device 32a and 32b relative to surface 32 at
the precise moment each image is captured is recorded
within memory 82 and associated with the corresponding
captured image.

[0035] As best shown in Fig. 1, the location of image-
capturing devices 32a and 32b relative to the earth cor-
responds to the nadir point N of orthogonal image 102.
Thus, the exact geo-location of the nadir point N of or-
thogonal image 102 is indicated by location signals 56,
velocity signals 58, time data signal 62, pitch, roll and
yaw signals 64, 66 and 68, respectively, heading signal
72 and altitude signal 74. Once the nadir point N of or-
thogeonal image 102 is known, the geo-location of any
other pixel or point within image 102 is determinable in
known manner.

[0036] When image-capturing devices 32a and 32b
are capturing oblique images, such as oblique images
104a and 104b (Fig. 1), the location of image-capturing
devices 32a and 32b relative to surface 31 is similarly
indicated by location signals 56, velocity signals 58, time
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data signal 62, pitch, roll and yaw signals 64, 66 and 68,
respectively, heading signal 72, altitude signal 74 and
the known angle of declination 6 of the primary axes A,
and A, of image-capturing devices 32a and 32b, respec-
tively.

[0037] It should be particularly noted that a calibration
process enables image and data acquiring software 90
to incorporate correction factors and/or correct for any
error inherent in or due to image-capturing device 32,
such as, for example, error due to calibrated focal length,
sensor size, radial distortion, principal point offset, and
alignment.

[0038] Image and data acquiring software 90 creates
and stores in memory 82 one or more output image and
data files 120. More particularly, image and data acquir-
ing software 90 converts image data signals 48a, 48b
and the orientation data signals (i.e., image data signals
48, location signals 586, velocity signals 58, time data sig-
nal 62, pitch, roll and yaw signals 64, 66 and €8, respec-
tively, heading signal 72 and altitude signal 74) into com-
puter-readable output image and data files 120. As best
shown in Fig. 4, output image and data file 120 contains
aplurality of captured image files |4, I, ..., |, correspend-
ing to captured oblique images, and the positional data
Cppy: Cppo, ... » Cpp, corresponding thereto.

[0039] Image files Iy, I,, ..., |, of the image and data
file 120 are stored in virtually any computer-readable im-
age or graphics file format, such as, for example, JPEG,
TIFF, GIF, BMP, or PDF file formats, and are cross-ref-
erenced with the positional data Cpp,, Cppy, ---» Cpppy
which is also stored as computer-readable data. Alter-
natively, positional data Cpps, Cpps. --., Cppp, is embed-
ded within the corresponding image files I, |5, ..., |, in
known manner. Image data files 120 are then processed,
either by image and data acquiring software 90 or by
post-processing, to correct for errors, such as, for exam-
ple, errors due to flight path deviations and other errors
known to one of ordinary skillinthe art. Thereafter, image
data files 120 are ready for use to display and make
measurements of and between the objects depicted with-
in the captured images, including measurements of the
heights of such objects.

[0040] Referring now to Fig. 5, image display and
measurement computer system 130, such as, for exam-
ple, a conventional desktop personal computer or a mo-
bile computer terminal in a police car, includes memory
132, input devices 134a and 134b, display device 136,
and network connection 138. Image-capturing computer
system 130 executes image display and analysis soft-
ware 140, which is stored in memory 132. Memory 132
includes, for example, non-volatile read-only memory,
random access memory, hard disk memory, removable
memory cards and/or other suitable memory storage de-
vices and/or media. Input devices 134a and 134b, such
as, for example, a mouse, keyboard, joystick, or other
such input devices, enable the input of data and interac-
tion of a user with image display and analysis software
140 being executed by image display and measurement
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computer system 130. Display device 136, such as, for
example, a liquid crystal display or cathode ray tube, dis-
plays information to the user of image display and meas-
urement computer system 130. Network connection 138
connects image display and measurement computer
system 130 to a network (not shown), such as, for exam-
ple, a local-area network, wide-area network, the Internet
and/or the World Wide Web.

[0041] Inuse,andreferringnowto Fig. 6, image display
and measurement computer system 130 executing im-
age display and analysis software 140 accesses one or
more output image and data files 120 that have been
read into memory 132, such as, for example, via network
connection 138, a floppy disk drive, removable memory
cardorothersuitablemeans. One ormore of the captured
images |, |, ..., |, of output image and data files 120 is
thereafter displayed as displayed oblique image 142 un-
der the control of image display and analysis software
140. At approximately the same time, one or more data
portions Cppy, Cpps, --., Cpp, corresponding to dis-
played oblique image 142 are read into a readily-acces-
sible portion of memory 132.

[0042] Itshouldbeparticularly notedthat displayed ob-
ligue image 142 is displayed substantially as captured,
i.e., displayed image 142 is not warped or fitted to any
coordinate system nor is displayed image 142 crtho-rec-
tified. Rather than warping displayed image 142 to a co-
ordinate system in order to enable measurement of ob-
jects depicted therein, image display and analysis soft-
ware 140, in general, determines the geo-lccations of
selected pixels only as needed, or "on the fly", by refer-
encing data portions Cpps, Cppg, ---» Cppp, of output im-
age and datafiles 120 and calculatingthe position and/or
geo-location of those selected pixels using one or more
projection equations as is more particularly described
hereinafter.

[0043] Generally, a user of display and measurement
computer system 130 takes measurements of and be-
tween objects depicted in displayed oblique image 142
by selecting one of several available measuring modes
provided withinimage display and analysis software 140.
The user selects the desired measurement mode by ac-
cessing, for example, a series of pull-down menus or
toolbars M, or via keyboard commands. The measuring
modes provided by image display and analysis software
140 include, for example, a distance mode that enables
measurement of the distance between two or more se-
lected points, an area mode that enables measurement
of the area encompassed by several selected and inter-
connected points, a height mode that enables measure-
ment of the height between two or mere selected points,
and an elevation mode that enables the measurement
of the change in elevation of one selected point relative
to one or more other selected points.

[0044] After selectingthe desired measurementmode,
the user of image display and analysis software 140 se-
lects with one of input devices 134a, 134b a starting point
or starting pixel 152 and an ending point or pixel 154 on
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displayed image 142, and image display and analysis
software 140 automatically calculates and displays the
quantity sought, such as, for example, the distance be-
tween starting pixel 152 and ending pixel 154.

[0045] When the user selects starting point/pixel 152,
the geo-location of the point corresponding thereto on
surface 31 is calculated by image display and analysis
software 140 which executes one or mcre projection
equations using the data portions Cpp;, Cpps, ---» Cppn
of output image and data files 120 that correspondto the
particular image being displayed. The longitude and lat-
itude of the point on surface 31 corresponding to pixel
162 are then displayed by image display and analysis
software 140 on display 136, such as, for example, by
superimposing the longitude and latitude on displayed
image 142 adjacent the selected point/pixel orin pop-up
display box elsewhere on display 136. The same process
is repeated by the user for the selection of the end pixel/
point 154, and by image display and analysis software
140 for the retrieval and display of the longitude and lat-
itude information.

[0046] The calculation of the distance between starting
and ending points/pixels 152, 154, respectively, is ac-
complished by determining the geo-location of each se-
lected pixel 162, 154 "onthe fly". The data portions Cppy,
Cppp, ---» Cppp Of output image and data file 120 corre-
sponding to the displayed image are retrieved, and the
geo-location of the point on surface 31 corresponding to
each selected pixel are then determined. The difference
between the geo-locations corresponding to the selected
pixels determines the distance between the pixels.
[0047] As anexample of how the geo-location of a giv-
en point or pixel within displayed oblique image 142 is
determined, we will assume that displayed image 142
correspondsto orthogonal image 104a (Fig. 1). The user
of image display and analysis software 140 selects pixel
152 which, for simplicity, corresponds to center C (Fig.
1) of oblique image 104a. As shown in Fig. 1, line 106
extends along horizontal plane G from a point 108 ther-
eon that is directly below image-capturing device 32a to
the center C of the near border or edge 108 of oblique
image 104a. An extension of primary axis A, intersects
with center C. Angle & is the angle formed between line
106 the extension of primary axis A;. Thus, a triangle
(not referenced) is formed having vertices atimage-cap-
turing device 32a, point 108 and center C, and having
sides 106, the extension of primary axis A, and vertical
(dashed) line 110 between point 108 and image-captur-
ing device 32a.

[0048] Ground plane G is a substantially horizontal,
flat or non-sloping ground plane (and which typically will
have an elevation that reflects the average elevation of
the terrain), and therefore the above-described triangle
includes a right angle between side/line 110 and side/
line 106. Since angle & and the altitude of image-cap-
turing device 32 (i.e., the length of side 110) are known,
the hypotenuse (i.e., the length of the extension of pri-
mary axis A,) and remaining other side of the right trian-
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gle are calculated by simple geometry. Further, since the
exact position of image-capturing device 32a is known
at the time the image corresponding to displayed image
142 was captured, the latitude and longitude of point 108
are also known. Knowing the length of side 106, calcu-
lated as described above, enables the exact geo-location
of pixel 154 corresponding to center C of oblique image
104a to be determined by image display and analysis
software 140. Once the geo-location of the point corre-
sponding to pixel 154 is known, the geo-location of any
other pixel in displayed oblique image 142 is determina-
ble using the known camera characteristics, such as, for
example, focal length, sensorsize and aspect ratio, radial
and other distortion terms, etc.

[0049] The distance between the two or more points
corresponding to two or more selected pixels within dis-
played image 142 is calculated by image display and
analysis software 140 by determining the difference be-
tween the geo-locations of the selected pixels using
known algorithms, such as, for example, the Gauss for-
mula and/or the vanishing pointformula, dependent upon
the selected measuring mode. The measurement of ob-
jects depicted or appearing in displayed image 142 is
conducted by a substantially similarprocedure to the pro-
cedure described above for measuring distances be-
tween selected pixels. For example, the lengths, widths
and heights of objects, such as, for example, buildings,
rivers, roads, and virtually any other geographic or man-
made structure, appearing within displayed image 142
are measured by selecting the appropriate/desired
measurement mode and selecting starting and ending
pixels.

[0050] It should be particularly noted that in the dis-
tance measuring mode of image display and analysis
software 140 the distance between the starting and end-
ing points/pixels 152, 154, respectively, is determinable
alongyvirtually any path, such as, for example, a "straight-
line" path P71 or a path P2 that involves the selection of
intermediate points/pixels and one or more "straight-line"
segments interconnected therewith.

[0051] It should also be particularly noted that the dis-
tance measuring mode of image display and analysis
software 140 determines the distance between selected
pixels according to a "walk the earth” method. The "walk
the earth method" creates a series of interconnected line
segments, represented collectively by paths P71 and P2,
that extend between the selected pixels/points and which
lie upon or conform to the planar faces of a series of
interconnected facets that define a tessellated ground
plane. The tessellated ground plane, as willbe more par-
ticularly described hereinafter, closely follows or recre-
atesthe terrain of surface 31, and therefore paths Pfand
P2 also closely follow the terrain of surface 31. By meas-
uring the distance along the terrain simulated by the tes-
sellated ground plane, the "walk the earth" method pro-
vides for a more accurate and useful measurement of
the distance between selected points than the conven-
tional approach, which warps the image onto a flat earth
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or average elevation plane system and measures the
distance between selected points along the flat earth or
plane and substantially ignores variations in terrain be-
tween the points.

[0052] For example, a contractor preparing to bid on
a contract for paving a roadway over uneven or hilly ter-
rain can determine the approximate amount or area of
roadway involved using image display and analysis soft-
ware 140 and the "walk the earth" measurement method
provided thereby. The contractor can obtain the approx-
imate amount or area of roadway from his or her own
office without having to send a surveying crew to the site
to obtain the measurements necessary.

[0053] In contrast to the "walk the earth" method pro-
vided by the present invention, the "flat earth” or average
elevation distance calculating approaches include inher-
ent inaccuracies when measuring distances between
points and/or objects disposed on uneven terrain and
when measuring the sizes and/or heights of objects sim-
ilarly disposed. Even a modest slope or grade in the sur-
face being captured results in adifference inthe elevation
of the nadir point relative to virtually any other point of
interest thereon. Thus, referring again to Fig. 1, the tri-
angle formed by line 106, the extension of primary axis
A, and the vertical (dashed) line 110 between point 108
and image-capturing device 32a may not be a right tri-
angle. If such is the case, any geometric calculations
assumingthattriangle to be a right triangle would contain
errors, and such calculatiocns would be reduced to ap-
proximations due to even a relatively slight gradient or
slope between the points of interest.

[0054] For example, if surface 31 slopes upward be-
tween nadir point N and center C at the near or bottom
edge 108 of oblique image 104 then second line 110
intersects surface 31 before the point at which such in-
tersection would occur on a level or non-sloping surface
31. If center Cis fifteen feet higher than nadir peint Nand
with a declination angle 8 equal to 40° (forty degrees),
the calculated location of center C would be off by ap-
proximately 17.8 feet without correction for the change
in elevation between the points.

[0055] As generally discussed above, in order to com-
pensate at least in part for changes in elevation and the
resultant inaccuracies in the measurement of and be-
tween objects within image 142, image display and anal-
ysis software 140 references, as necessary, points within
displayed image 142 and on surface 31 to a pre-calcu-
lated tessellated cor faceted ground plane generally des-
ignated 160 in Fig. 6. Tessellated ground plane 160 in-
cludes a plurality of individual facets 162a, 162b, 162c,
etc., each of which are interconnected to each other and
are defined by four vertices (not referenced, but shown
as points) having respective elevations. Adjacent pairs
of facets 162a, 162b, 162c, etc., share two vertices. Each
facet 162a, 162b, 162c, efc., has a respective pitch and
slope. Tessellated ground plane 160 is created based
upon various data and resources, such as, for example,
topographical maps, and/or digital raster graphics, sur-
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vey data, and various other sources.

[0056] Generally,the geo-location of a point of interest
on displayed image 142 is calculated by determining
which of facets 162a, 162b, 162c, etc., correspondto that
point of interest. Thus, the location of the point of interest
is calculated based on the characteristics, i.e., elevation,
pitch and slope, of facets 162a, 162b, 162¢, etc., rather
than based upon a flat or average-elevation ground
plane. Error is introduced only in so far as the topography
of surface 31 andthe location of the point of interestther-
eon deviate from the planar surface of the facet 162a,
162b, 162¢, etc, within which the point of interest lies.
That error is reducible through a bilinear interpolation of
the elevation of the point of interest within a particular
one of facets 162a, 162b, 162¢, efc., and using that in-
terpolated elevation in the location calculation performed
by image display and analysis software 140.

[0057] Tousetessellated ground plane 160, image dis-
play and analysis software 140 employs a modified ray-
tracing algorithm to find the intersection of the ray pro-
jected from the image-capturing device 32a or 32b to-
wards surface 31 and tessellated ground plane 160. The
algorithm determines not only which of facets 162a,
162b, 162c¢, etc., is intersected by the ray, but also where
within the facet the intersection occurs. By use of bi-linear
interpolation, a fairly precise ground location can be de-
termined. For the reverse projection, tessellated ground
plane 160 is used to find the ground elevation value for
the input ground location also using bi-linear interpola-
tion. The elevation and locaticn are then used to project
backwards through a model of the image-capturing de-
vice 32a or 32b to determine which of the pixels within
displayed image 142 corresponds to the given location.
[0058] More particularly, and as an example, image
display and analysis software 140 performs and/or cal-
culates the geo-location of point 164 by superimposing
and/or fitting tessellated ground plane 160 to at least a
portion 166, such as, for example, a hill, of surface 31. It
should be noted that only a small portion of tessellated
ground plane 160 and facets 162a, 162b, 162c, etc.,
thereofis shown alongthe profile of portion 166 of surface
31. As discussed above, each of facets 162a, 162b, 162c,
etc., are defined by four vertices, each of which have
respective elevations, and each of the facets have re-
spective pitches and slopes. The specific position of point
164 uponthe plane/surface ofthe facet 162a, 162b, 162c¢,
etc., within which point 164 (or its projection) lies is de-
termined as described above.

[0059] Tessellated ground plane 160 is preferably cre-
ated outside the operation of image display and meas-
urement computer system 130 and image display and
analysis software 140. Rather, tessellated ground plane
160 takes the form of a relatively simple data table or
look-up table 168 stored within memeory 132 of and/or
accessible to image display and measurement computer
system 130. The computing resources required to calcu-
late the locations of all the vertices of the many facets of
a typical ground plane do not necessarily have to reside
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within image display and measurementcomputer system
130. Thus, image display and measurement computer
system 130 is compatible for use with and executable by
a conventional personal computer without requiring ad-
ditional computing resources.

[0060] Calculating tessellated ground plane 160 out-
side of image display and measurement computer sys-
tem 130 enables virtually any level of detail to be incor-
porated into tessellated ground plane 160, i.e., the size
and/or area covered by orcorrespondingto each offacets
162a, 162b, 162c, etc., can be as large or as small as
desired, without significantly increasing the calculation
time, slowing the operation of, nor significantly increasing
the resources required by image display and measure-
ment computer system 130 and/or image display and
analysis software 140. Display and measurement com-
puter system 130 can therefore be a relatively basic and
uncomplicated computer system.

[0061] The size of facets 162a, 162b, 162¢, etc., are
uniform in size throughout a particular displayed image
142. For example, if displayed image 142 corresponds
to an areathat is approximately 750 feet wide in the fore-
ground by approximately 900 feet deep, the image can
be broken into facets that are approximately 50 square
feet, thus yielding about 15 facets in width and 18 facets
in depth. Alternatively, the size of facets 162a, 162b,
162c, etc., are uniform in terms of the number of pixels
contained therein, i.e., each facet is the same number of
pixels wide and the same number of pixels deep. Facets
inthe foreground of displayed image 142, where the pixel
density is greatest, would therefore be dimensionally
smallerthanfacets in the background of displayed image
142 where pixel density is lowest. Since it is desirable to
take mostmeasurementsinthe foreground ofa displayed
image where pixel density is greatest, creatingfacetsthat
are uniform in terms of the number of pixels they contain
has the advantage of providing more accurate measure-
ments in the foreground of displayed image 142 relative
to facets that are dimensionally uniform.

[0062] Another advantage of using pixels as a basis
for defining the dimensicns of facets 162a, 162b, 162c,
etc., is that the location calculation (pixel location to
ground location) is relatively simple. A user operates im-
age display and measurement computer system 130 to
selecta pixelwithin a givenfacet, image display and anal-
ysis software 140 looks up the data for the facet corre-
sponding to the selected pixel, the elevation of the se-
lected pixel is calculated as discussed above, and that
elevation is used within the location calculation.

[0063] Generally, the method of capturing oblique im-
ages of the present invention divides an area of interest,
such as, for example, a county, into sectors of generally
uniform size, such as, for example, sectors that are ap-
proximately one square mile in area. This is done to fa-
cilitate the creation of a flight plan to capture oblique im-
ages covering every inch of the area of interest, and to
organize and name the sectors and/or images thereof
for easy reference, storage and retrieval (a process
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known in the art as "sectorization"). Because the edges
of any geographic area of interest, such as a county,
rarely falls on even square mile boundaries, the method
of capturing oblique images of the present invention pro-
vides more sectors than there are square miles in the
area of interest - how many more depends largely on the
length of the county borders as well as how straight or
jaggedthey are. Typically, you can expect one extra sec-
tor for every two to three miles of border. So if a county
or other area of interest is roughly 20 miles by 35 miles,
or 700 square miles, the area will be divided into approx-
imately from 740 to 780 sectors.

[0064] The method of capturing oblique images of the
present invention, in general, captures the oblique imag-
es from at least two compass directions, and provides
full coverage of the area of interest from at least those
two compass directions. Referring now to Figs. 7 and 8,
a first embodiment of a method for capturing oblique im-
ages ofthe present invention is shown. For sake of clarity,
Fig. 7 and 8 is based on a system having only one image-
capturing device. However, it is to be understood that
two or more image-capturing devices can be used.
[0065] The image-capturing device captures one or
more oblique images during each pass over area 200.
The image-capturing device, as discussed above, is
aimed at an angle over area 200 to capture oblique im-
ages thereof. Area 200 is traversed in a back-and-forth
pattern, similartothe way a lawn is mowed, by the image-
carrying device and/orthe platform to ensure double cov-
erage of area 200.

[0066] More particularly, area 200 is traversed by im-
age-carrying device 32 and/or platform 20 following a
first path 202 to thereby capture oblique images of por-
tions 202a, 202b, and 202¢ of area 200. Area 200 isthen
traversed by image-carrying device 32 and/or platform
20following asecond path 204 that is paralleland spaced
apartfrom, andin an opposite directionto, i.e., 180° (one-
hundred and eighty degrees) from, first path 202, tothere-
by capture oblique images of portions 204a, 204b, 204¢
of area 200. By comparing Figs. 7 and 8, it is seen that
a portion 207 (Fig. 8) of area 200 is covered by images
202a-c captured from a first direction or perspective, and
by images 204a-c captured from a second direction or
perspective. As such, the middle portion of area 200 is
100% (one-hundred percent) double covered. The
above-described pattern of traversing or passing over
area 200 along opposing paths that are parallel to paths
202 and 204 is repeated until the entirety of area 200 is
completely covered by at least one oblique image cap-
tured from paths that are parallel to, spaced apart from
each other as dictated by the size of area 200, and in the
same direction as paths 202 and 204 to thereby one-
hundred percent double cover area 200 from those per-
spectives/directions.

[0067] If desired, and for enhanced detail, area 200 is
covered by two additional opposing and parallel third and
fourth paths 206 and 208, respectively, that are perpen-
dicular to paths 202 and 204 as shown in Figs. 9 and 10.
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Area 200 istherefore traversed by image-carrying device
32 and/or platform 20 following third path 206 to capture
oblique images of portions 206a, 206b and 206¢ of area
200, and is then traversed along fourth path 208 that is
parallel, spaced apart from, and opposite to third path
206 to capture oblique images of portions 208a, 208b
and 208c of area 200. This pattern of traversing or pass-
ing over area 200 along opposing paths that are parallel
to paths 206 and 208 is similarly repeated until the en-
tirety of area 200 is completely covered by at least one
oblique image captured from paths that are parallel to,
spaced apart from as dictated by the size of area 200,
andinthe same direction as paths 206 and 208 to thereby
one-hundred percent double cover area 200 from those
directiocns/perspectives.

[0068] As described above, image-carrying device 32
and/or platform 20, traverses or passes over area 200
along a predetemmined path. However, it is to be under-
stood that image-carrying device and/or platform 20 do
not necessarily pass or traverse directly over area 200
but rather may pass or traverse an area adjacent, prox-
imate to, or even somewhat removed from, area 200 in
order to ensure that the portion of area 200 that is being
imaged falls within the image-capture field of the image-
capturing device. Path 202, as shown in Fig. 7, is such
a path that does not pass directly over area 200 but yet
captures oblique images thereof.

[0069] The present invention is capable of capturing
images at various levels of resolution or ground sample
distances. A first level of detail, hereinafter referred to as
a community level, has a ground sample distance of, for
example, approximately two-feet per pixel. For orthogo-
nalcommunity-level images, the ground sample distance
remains substantially constantthroughoutthe image. Or-
thogonal community-level images are captured with suf-
ficient overlap to provide stereo pair coverage. For ob-
ligue community-level images, the ground sample dis-
tance varies from, for example, approximately one-foot
per pixel in the foreground of the image to approximately
two-feet per pixel in the mid-ground of the image, and to
approximately four-feet per pixel in the background of
the image. Oblique community-level images are cap-
tured with sufficient overlap such that each area of inter-
est is typically covered by at least two oblique images
from each compass direction captured. Approximately
ten oblique community-level images are captured per
sector.

[0070] A second level of detail, hereinafter referred to
as a neighborhood level, is significantly more detailed
than the community-level images. Neighborhood-level
images have a ground sample distance of, for example,
approximately six-inches per pixel. For orthogonal neigh-
borhood-level images, the ground sample distance re-
mains substantially constant. Oblique neighborhood-lev-
elimages have aground sample distance of, forexample,
from approximately four-inches per pixel in the fore-
ground of the image to approximately six-inches per pixel
inthe mid-ground of the image, and to approximately ten-
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inches per pixel in the background of the image. Oblique
neighborhood-level images are captured with sufficient
overlap suchthat each area ofinterestis typically covered
by at least two oblique images from each compass di-
rection captured, and such that opposing compass direc-
tions provide 100% overlap with each other. Approxi-
mately one hundred (100) oblique area images are cap-
tured per sector.

[0071] Itsheouldbe particularly noted that capturing ob-
ligue community and/or neighborhood-level images from
all four compass directions ensures that every point in
the image will appear in the foreground or lower portion
of at least one of the captured oblique images, where
ground sample distance is lowest and image detail is
greatest.

[0072] In the embodiment shown, image-capturing
and geo-locating system 30 includes a gyroscope, com-
pass and altimeter. However, it is to be understood that
the image-capturing and geo-locating system of the
present invention can be alternately configured, such as,
for example, to derive and/or calculate altitude, pitch, roll
and yaw, and compass heading from the GPS and INU
signals/data, thereby rendering one or more of the gyro-
scope, compass and altimeter unnecessary.

[0073] Inthe embodimentshown, image-capturing de-
vices are at an equal angle of declination relative to a
horizontal plane. However, it is to be understood that the
declination angles of the image-capturing devices do not
have to be equal.

[0074] In the embodiment shown, image-capturing
computer system executes image and data acquiring
software that issues a common or single image-capture
signal to the image-capturing devices to thereby cause
those devices to acquire or capture an image. However,
it is to be understood that the present invention can be
alternately configured to separately cause the image-
capturing devices to capture images at different instants
and/or at different intervals.

[0075] In the embodiment shown, the method of the
present invention captures oblique images to provide
double coverage of an area of interest from paths/per-
spectives that are substantially opposite to each other,
i.e., 180° (one-hundred and eighty degrees) relative to
each other. However, itisto be understood that the meth-
od of the present invention can be alternately configured
to provide double coverage from paths/perspectives that
are generally and/or substantially perpendicular relative
to each other.

[0076] Whilethe presentinvention hasbeen described
as having a preferred design, the invention can be further
modified within the scope of the claims. This disclosure
is therefore intended to encompass any equivalents to
the structures and elements disclosed herein. Further,
this disclosure is intended to encompass any variations,
uses, or adaptations of the present invention that use the
general principles disclosed herein. Moreover, this dis-
closure is intended to encompass any departures from
the subject matter disclosed that come within the known
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or customary practice in the pertinent art and which fall
within the limits of the appended claims.

Claims

1. A computerized system for displaying, geolocating,
and making measurements based upon captured
oblique images, comprising:

a computer system (130) having a memory
(132);

an image and data file (120) accessible by said
system (130) and including a plurality of image
files corresponding to a plurality of captured ob-
liqgue images, said image and data file (120) fur-
ther including positional data corresponding to
said plurality of image files; and

image display and analysis software (140) exe-
cuted by said system (130) for reading said im-
age and data file (120) and displaying at least a
portion of the captured oblique images as a dis-
played oblique image, said image display and
analysis software (140) calculating the geo-lo-
cations of two or more selected points within said
displayed oblique image based at least in part
upon said positional data, said image display
and analysis software (140) calculating a sepa-
ration distance between any two or more select-
ed points within said displayed oblique image;
characterized by

a ground plane data file representing a tessel-
lated groundplane (160), said groundplane data
file providing data to said image display and
analysis software (140), said ground plane data
file representing a tessellated ground plane that
closely approximates at least a portion of the
terrain depicted within said captured oblique im-
ages, said tessellated ground plane further com-
prising a plurality ofinterconnected images, said
tessellated ground plane further comprising a
plurality of interconnected facets (162a, 162b,
162c, ...), each of said plurality of facets having
a respective pitch and slope, said ground plane
data file comprising a plurality of vertices, each
of said plurality of vertices having respective el-
evations and defining corners of said plurality of
interconnected facets (162a, 162b, 162c, ...),
two of said plurality of vertices shared by each
of said interconnected facets; and

said image display and analysis software (140)
identifying which of said plurality of facets cor-
responds to a selected point on said displayed
oblique image, and calculating an elevation of
said selected point dependent at least in part
upon the elevation of the vertices of the facet
corresponding to the selected point, said image
display and analysis software (140) using said
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calculated elevation for calculating said separa-
tion distance between said selected point and
one or more further selected points.

The system of claim 1, wherein
said image display and analysis software (140) cal-
culating said geo-locations only as needed.

The system of claim 1 or 2, wherein said image dis-
play and analysis software (140) calculates a height
of an object within said displayed oblique image by
calculating the separation distance between two or
more selected points.

The system of one of the claims 1 to 3, wherein said
tessellated ground plane (160) is superimposed up-
on and fit to said displayed oblique image.

The system of one of the claims 1 to 4, wherein said
image display and analysis scftware (140) includes
user-selectable measuring modes accessible
through at least one of pull-down menus, toolbars
and keyboard commands.

The system of one ofthe claims 1to 5, wherein each
of said images were captured by an image-capturing
device (32a, 32b) and at respective image capturing
events, said positional data of said image and data
file including:

time data representing the time of each image-
capturing event;

location data representing the location of the im-
age-capturing device (32a, 32b) at each image-
capturing event;

orientation data representing the orientation of
the image-capturing device (32a, 32b) at each
image-capturing event;

correction data representing correction factors
for the image-capturing device (32a, 32b); and
elevation data representing an average eleva-
tion of the surface captured by the image-cap-
turing device (32a, 32b).

The system of claim 6, wherein said location data
includes latitude, longitude, and altitude of the im-
age-capturing apparatus (32a, 32b) at each image-
capturing event.

The system of claim 6 or 7, wherein said orientation
data includes roll, pitch, yaw and heading of said
image-capturing device (32a, 32b) at each image-
capturing event.

The system of one of the claims 6 to 8, wherein said
image-capturing device (32a, 32b) is a camera and
said correction data includes at least one of focal
length, sensor size, aspect ratio, principal point off-

set, distortion, and pixel pitch.

10. The system of one of the claims 6 to 9, comprising:
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aninputdevice (134a, 134b)forselectinga start-
ing point and an end point on the displayed ob-
ligue image; and

said image display and analysis software (140)
for retrieving from said data file positional data
correspondingto said starting pointand saidend
point; for referencing said ground plane data file
corresponding to said tessellated ground plane
having a plurality of facets, each of said facets
having a respective pitch and slope, said tessel-
lated ground plane closely matching a terrain of
said displayed oblique image; for connecting
said starting and end points with line segments,
said line segments conforming to said pitch and
slope of saidfacets to thereby follow said terrain;
andfor calculating the linear distance along said
line segments between said starting and end
points thereby taking into account said pitch and
slope of said facets.

25 11. The system of one of the claims 1 to 10, wherein

said image display and analysis software (140) su-
perimposes said tessellated ground plane upon said
displayed oblique image.

30 12. The system of claim 10 or 11, comprising:

35

40
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said input device (134a, 134b) for selecting one
or more intermediate points on said displayed
oblique image; and

said image display and analysis software (140)
for retrieving from said data file positional data
corresponding to said one or more intermediate
points; for connecting adjacent intermediate
points to each other, and connecting said start-
ing and end points to adjacent intermediate
points, with line segments, said line segments
conforming to said pitch and slope of said facets
to thereby follow said terrain; and for calculating
the distance along said line segments between
said starting and end points.

13. The system of one of the claims 1 to 12, wherein

50

said plurality of facets (162a, 162b, 162¢, ...) each
correspond to equal areas of said displayed oblique
image.

14. The system of one of the claims 1 to 13, wherein

55

said plurality of facets (162a, 162b, 162c, ...) each
includes an equal number of pixels of said displayed
oblique image.

15. The system of one of the claims 1 to 14, comprising

11
0322

an input device (134a, 134b) for selecting one or
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more intermediate points on said displayed oblique
image; and the said image display and analysis soft-
ware (140) for retrieving the positional data corre-
sponding to said intermediate points.

The system of one of the claims 1 to 15, wherein
said separation distance comprises a distance be-
tween two or more selected points, a height differ-
ence between two or more selected points, a differ-
ence in elevation of two or more selected points, and
an area encompassed by at least three points.

The system of one of the claims 1 to 16, comprising:

an image-capturing device (32a, 32b), said im-
age-capturing device (32a, 32b) capturing ob-
liqueimages atimage-capturing events, saidim-
age capturing device (32a, 32b) issuing image-
data signals corresponding to captured images;
at least one geo-locating device (34, ..., 44),
each said at least one geo-locating device
(34, ..., 44)issuing a corresponding at least one
geo-locating signal, each said at least one geo-
locating signal being indicative at leastin part of
a geo-location of said image-capturing device
(322, 32b) during each image capturing event;
and

a computer system (46) receiving and storing
said image-data signals and said at least one
geo-locating signal; and

image and data acquiring software (90) reading
said image-data signals and said at least one
geo-locating signal, said software (90) associ-
ating each said image-data signal with a corre-
sponding said at least one geo-locating signal
for each image-capturing event.

The system of claim 17, wherein said at least one
geo-locating device and said at least one geo-locat-
ing signal respectively comprise at least one of:

a clock (38) issuing to said image-capturing
computer system (46) time data signals indica-
tive of a time of each said image-capturing
event;

a global-positioning system (GPS) receiver (34)
receiving GPS signals and issuing to said im-
age-captuting computer system (46) location
datasignals indicative of alongitude and latitude
of said image-capturing device (32a, 32b) at
each said image-capturing event;

an inertial navigation unit (36) issuing to said
image-capturing computer system (46) velocity
data signals indicative of a velocity of said im-
age-capturing device (32a, 32b) ateach said im-
age-capturing event;

a gyroscope (40) issuing to said image-captur-
ing computer system (46) a pitch signal, a roll
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signal, and a yaw signal respectively indicative
of a pitch, roll and yaw of said image capturing
device (32a, 32b) at each said image-capturing
event;

a compass (42) issuing to said image-capturing
computer system (48) heading data signals in-
dicative of a heading of said image-capturing
device (32a, 32b) at each said image-capturing
event; and

an altimeter (44) issuing to said image-capturing
computer system (46) altitude data signals in-
dicative of an altitude of said image-capturing
device (32a, 32b) at each said image-capturing
event.

The system of claim 17 or 18, further comprising cor-
rection data indicative of characteristics of said im-
age-capturing device (32a, 32b) including focal
length, sensor size, radial distortion, principal point
offset and alignment, said image and data acquiring
software (90) utilizing said correction data to correct
captured images.

The system of one of the claims 17 to 19, further
comprising an output data file created by said image
and data acquiring software (90), said output data
file including a plurality of image files and positional
data corresponding to each of said plurality of image
files.

The system of one of the claims 17 to 20, further
comprising a platform (20) carrying said image-cap-
turing device (32a, 32b) a predetermined distance
above a surface of interest.

The system of claim 21 wherein said image-captur-
ing device (32a, 32b) captures oblique images of an
area of interest as said oblique images by:

subdividing the area (200) of interest into a plu-
rality of sectors (202a, 202b, 202c);

guiding said platform (20) along a first path (202)
to thereby target one or more target sectors with
said image-capturing device (32a, 32b);
capturing with said image-capturing device
(32a, 32b) one or more oblique images to there-
by cover an entirety of each said target sector
in oblique images captured from a first perspec-
tive;

guiding said platform (20) along a second path
(204) to thereby target said target sectors;
capturing with said image-capturing device
(82a, 32b) one or more oblique images to there-
by cover an entirety of each said target sector
in oblique images captured from a second per-
spective;

repeating said guiding and capturing steps
along paths substantially parallel to and spaced
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apartfrom saidfirst and second paths (202, 204)
and capturing one or more oblique images to
thereby coveran entirety of each of said plurality
of sectors in oblique images captured from each
of said first and second perspectives; and
recording positional data indicative of a geo-lo-
cation of said image-capturing device (32a, 32b)
at each image-capturing event.

The system of claim 22, wherein said second path
(204) is substantially parallel relative to and 180°
(one-hundred and eighty degrees) from said first
path (202).

The system of claim 23, wherein said second path
(204) is also spaced apart from said first path (202).

The system of one of the claims 22 to 24, wherein
said platform (20) is guided along a third path (206)
to thereby target one or more target sectors with said
image-capturing device (32a, 32b), said third path
(206) being substantially perpendicular to said first
and second paths (202, 204);

saidimage-capturing device (32a, 32b) captures one
or more oblique images to thereby capture an en-
tirety of each said target sector in oblique images
captured from a third perspective; wherein

said platform (20) is guided and said image-captur-
ing device (32a, 32b) captures said oblique images
along paths substantially parallel to and spaced
apart from said third path (306); and
saidimage-capturing device (32a, 32b) captures one
or more oblique images to thereby cover an entirety
of each of said plurality of sectors in oblique images
captured from said third perspective.

The system of claim 25, wherein

said platform (20) is guided aleng a fourth path (208)
to thereby target one or more target sectors with said
image-capturing device (32a, 32b), said fourth path
(208) being substantially parallel with said third path
(206) and 180° (one-hundred and eighty degrees)
from said third path (206);

saidimage-capturing device (32a, 32b) captures one
or more obliqgue images to thereby capture an en-
tirety of each said target sector in oblique images
captured from a fourth perspective; and

said guiding and capturing steps are repeated along
paths substantially parallel to and spaced apart from
said fourth path (208) and capturing one or more
oblique images to thereby cover an entirety of each
of said plurality of sectorsin oblique images captured
from said fourth perspective.

The system of claim 26, wherein said fourth path
(208) is also spaced apart from said third path (206).
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Cemputerisiertes System zum Darstellen, Erdposi-
tionsbestimmen und Durchfiihren von Messungen
auf der Grundlage aufgenommener schrager Bilder,
umfassend:

ein Computersystem (130) mit einem Speicher
(132);

eine Bild- und Datendatei (120), auf die durch
das System (130) zugegriffen werden kann, und
die eine Vielzahl von Bilddateien umfasst, die
einer Vielzahl aufgenommener schréger Bilder
entsprechen, wobei die Bild- und Datendatei
(120) weiterhin Positionsdaten umfasst, die zu
der Vielzahl von Bilddateien gehéren; und
eine Bildanzeige- und -analyse-Software (140),
die von dem System (130) zum Lesen der Bild-
und Datendatei (120) und zum Anzeigen min-
destens eines Teils der aufgenommenen schra-
gen Bilder als ein angezeigtes schrages Bild
ausgefihrt wird, wobei die Bildanzeige- und
-analyse-Software (140) die Erdpositionen von
zwei oder mehr ausgewéhlten Punkten zumin-
dest teilweise auf der Grundlage der Positions-
daten berechnet, wobei die Bildanzeige- und
-analyse-Software (140) einen Abstand zwi-
schen allen zwei oder mehr ausgewéahlten
Punkten innerhalb des angezeigten schragen
Bildes berechnet;

gekennzeichnet durch

eine Grundebenendatendatei eine mosaikartige
Grundebene (160) darstellt, wobei die Grunde-
benendatendatei der Bildanzeige- und -analy-
se-Software (140) Daten bereitstellt, wobei die
Grundebenendatendatei eine mosaikartige
Grundebene darstellt, welche zumindest einen
Teil des innerhalb des aufgenommenen schré-
gen Bildes dargestellten Gelandes nah anna-
hert, wobei die mosaikartige Grundebene wei-
terhin eine Vielzahl zusammenhangender Bil-
der umfasst, wobei die mosaikartige Grundebe-
ne weiterhin eine Vielzahl zusammenhangen-
der Facetten (162a, 162b, 162c, ...) umfasst,
wobei jede der Vielzahl von Facetten einen ent-
sprechende Abstand und Steigung aufweist,
wobei die Grundebenendatendatei eine Viel-
zahl von Eckpunkten umfasst, wobei jeder der
Vielzahl ven Eckpunkten entsprechende Héhe-
lagen aufweist und Ecken der Vielzahl der zu-
sammenhangenden Facetten (162a, 162b,
162c, ...) definiert, wobei jede der zusammen-
héngenden Facetten sich zwei aus der Vielzahl
der Facetten teilt; und

die Bildanzeige- und -analyse-Software (140),
die identifiziert, welche der Vielzah| der Facetten
zu einem ausgewahlten Punkt auf dem ange-
zeigten schragen Bild gehdrt, und die eine Héhe
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des ausgewahlten Punkts abhéngig zumindest
teilweise von der Hohenlage der Eckpunkte der-
jenigen Facette berechnet, die zu dem ausge-
waéhlten Punkt gehért, wobei die Bildanzeige-
und -analyse-Software (140) die berechnete
Héhenlage zum Berechnen des Abstandes zwi-
schen demausgewahlten Punktund einem oder
mehreren weiteren ausgewahlten Punkten ver-
wendet.

System nach Anspruch 1, wobei die Bildanzeige-
und -analyse-Software (140) die Erdpositionen nur
bei Bedarf berechnet.

System nach Anspruch 1 oder 2, wobei die Bildan-
zeige- und -analyse-Software (140) eine H8he eines
innerhalb des angezeigten schrigen Bildes vorhan-
denen Objekts berechnet, und zwar durch Berech-
nen des Abstandes zwischen zwei oder mehr aus-
gewahlten Punkten.

System nach einem der Anspriche 1 bis 3, wobei
die mosaikartige Grundebene (160) dem angezeig-
ten schragen Bild Uberlagert und angepasst ist.

System nach einem der Anspriche 1 bis 4, wobei
die Bildanzeige- und -analyse-Software (140) nut-
zerauswéahlbare Messmodi umfasst, auf die durch
Pulldown-Meniis, Symbolleisten und / oder Tasta-
turkommandos zugegriffen werden kann.

System nach einem der Anspriche 1 bis 5, wobei
jedes der Bilder von einer Bildaufnahmevorrichtung
(32a, 32b) und zu entsprechenden Bildaufnahmeer-
eignissen aufgenommen wurden, wobei die Positi-
onsdaten der Bild- und Datendatei umfassen:

Zeitdaten, die der Zeit jedes Bildaufnahmeer-
eignisses entsprechen;

Positionsdaten, die dem Ort der Bildaufnahme-
vorrichtung (32a, 32b) zu jedem Bildaufnahme-
ereignis entsprechen;

Ausrichtungsdaten, die der Ausrichtung der
Bildaufnahmevorrichtung (32a, 32b) zu jedem
Bildaufnahmeereignis entsprechen;
Korrekturdaten, die Korrekturfaktoren flir die
Bildaufnahmevorrichtung (32a, 32b) entspre-
chen; und

Héhenlagendaten, die einer durchschnittlichen
Héhenlage der durch die Bildaufnahmevorrich-
tung (382a, 32b) aufgenommenen Oberflache
entsprechen.

System nach Anspruch 6, wobei die Positionsdaten
einen Breitengrad, einen Langengrad und eine Ho6-
henlage der Bildaufnahmevorrichtung (32a, 32b) zu
jedem Bildaufnahmeereignis umfassen.
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System nach Anspruch 6 oder 7, wobei die Austrich-
tungsdaten ein Rollen, Stampfen, Gieren und eine
Ausrichtung der Bildaufnahmevorrichtung (32a,
32b) zu jedem Bildaufnahmeereignis umfassen.

System nach einem der Anspriiche 6 bis 8, wobei
die Bildaufnahmevorrichtung (32a, 32b) eine Kame-
ra ist und die Korrekturdaten eine Brennweite, eine
SensorgriBe, ein Bildseitenverhaltnis, einen Haupt-
punktversatz, eine Verzerrung und/ oder einen Bild-
punktabstand umfassen.

System nach einem der Anspriiche 6 bis 9, umfas-
send:

eine Eingabevorrichtung (1344, 134b) zum Aus-
wahlen eines Anfangspunkts und eines End-
punkts auf dem angezeigten schragen Bild; und
die Bildanzeige- und -analyse-Software (140)
zum Auslesen von Positionsdaten aus der Da-
tendatei, die zu dem Anfangspunkt und dem
Endpunkt gehéren; zum Referenzieren der
Grundebenendatei, die zur mosaikartigen Grun-
debene gehért, die eine Vielzahl von Facetten
aufweist, wobei jede der Facetten einen zuge-
hérige Abstand und Steigung aufweist, wobei
die mosaikartige Grundebene mit einem Gelén-
den des angezeigten schragen Bildes nahezu
Ubereinstimmt; zum Verbinden der Anfangs-
und Endpunkte mit Linienabschnitten, wobei die
Linienabschnitte an den Abstand und die Stei-
gung der Facetten angepasst sind, um dem Ge-
lande zu folgen; und zum Berechnen des gera-
den Abstands entlang der Liniensegmente zwi-
schen den Anfangs- und Endpunkten, wobei der
Abstand und die Steigung der Facetten berlick-
sichtige werden.

System nach einem der Anspriiche 1 bis 10, wobei
die Bildanzeige- und - analyse-Software (140) die
mosaikartige Grundebene auf das angezeigte
schrage Bild Uberlagert.

System nach Anspruch 10 oder 11, umfassend:

die Eingabevorrichtung (134a, 134b) zum Aus-
wahlen eines oder mehrerer Zwischenpunkte
auf dem angezeigten schragen Bild; und

die Bildanzeige- und -analyse-Software (140)
zum Auslesen von Positionsdaten aus der Da-
tendatei, die zu dem einen oder den mehreren
Zwischenpunkten gehéren; zum Verbinden be-
nachbarter Zwischenpunkte miteinander und
zum Verbinden des Anfangs- und Endpunkts mit
benachbarten Zwischenpunkten durch Linien-
abschnitte, wobei die Linienabschnitte an den
Abstand und die Steigung der Facetten ange-
passt sind, um dem Gelénde zu folgen; und zum
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Berechnendes Abstands entlang der Linienseg-
mente zwischen dem Anfangs- und dem End-
punkt.

System nach einem der Anspriiche 1 bis 12, wobei
die Vielzahl der Facetten (162a, 162b, 162c, ...) je-
weils gleichen Flachen des angezeigten schragen
Bildes entsprechen.

System nach einem der Anspriiche 1 bis 13, wobei
die Vielzahl der Facetten (162a, 162b, 162c, ...) je-
weils eine gleiche Zahl von Bildpunkten des ange-
zeigten schragen Bildes umfasst.

System nach einem der Ansprliche 1 bis 14, umfas-
send eine Eingabevorrichtung (134a, 134b) zum
Auswahlen eines oder mehrerer Zwischenpunkte
auf dem angezeigten schriagen Bild; und die Bildan-
zeige- und -analyse-Software (140) zum Auslesen
der Positionsdaten, die zu den Zwischenpunkten ge-
héren.

System nach einem der Anspriiche 1 bis 15, wobei
der Abstand einen Abstand zwischen zwei oder
mehr ausgewéhlten Punkten, einen Hdhenunter-
schied zwischen zwei oder mehr ausgewdahlten
Punkten, einen H&henlagenunterschied zwischen
zwei oder mehr ausgewahlten Punkten und eine
durch zumindest drei Punkte umfasste Flache um-
fasst.

System nach einem der Anspriche 1 bis 16, umfas-
send:

eine Bildaufnahmevorrichtung (32a, 32b), wo-
bei die Bildaufnahmevorrichtung (32a, 32b)
schrage Bilder zu Bildaufnahmeereignissen
aufnimmt, wobei die Bildaufnahmevorrichtung
(32a, 32b) Bilddatensignale ausgibt, die den
aufgenommenen Bildern entsprechen;

mindestens eine Erdpositionsbestimmungsvor-
richtung (34, ..., 44), wobei die mindestens eine
Erdpositionsbestimmungsvorrichtung (34, ...,
44) zumindest ein zugehoriges Erdpositionsbe-
stimmungssignal ausgibt, wobei jedes der min-
destens einen Erdpositionsbestimmungssigna-
le zumindest teilweise eine Erdposition der Bild-
aufnahmevorrichtung (32a, 32b) wahrend jedes
Bildaufnahmeereignisses anzeigt; und

ein Computersystem (46), das Bilddatensignale
und das mindestens eine Erdpositionsbestim-
mungssignal empfangt und speichert;

Bild- und Datenaufnahme-Software (90), wel-
che die Bilddatensignale und das mindestens
eine Erdpositionsbestimmungssignal liest, wo-
bei die Software (90) jedes Bilddatensignal mit
einem zugehdrigen mindestens einen Erdposi-
tionsbestimmungssignal fir jedes Bildaufnah-
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meereignis verknupft.

System nach Anspruch 17, wobei die mindestens
eine Erdpositionsbestimmungsvorrichtung und das
mindestens ein Erdpositionsbestimmungssignal
entsprechend umfassen:

eine Uhr (38), die Zeitdatensignale an das bild-
aufnehmende Computersystem (46) ausgibt,
die einen Zeitpunkt jedes Bildaufnahmeereig-
nisses angeben;

einen GPS-Empfanger (34), der GPS-Signale
empféngt und Positionsdatensignale an das
bildaufnehmende Computersystem (46) aus-
gibt, die einen L&ngengrad und einen Breiten-
grad der Bildaufnahmevorrichtung (32a, 32b) zu
jedem Bildaufnahmeereignis angeben;

eine Tragheitsnavigationseinheit (36), die Ge-
schwindigkeitsdatensignale an das bildaufneh-
mende Computersystem (46) ausgibt, die eine
Geschwindigkeit der Bildaufnahmevorrichtung
(32a, 32b) zu jedem Bildaufnahmeereignis an-
geben;

ein Gyroskop (40), das ein Stampfsignal, ein
Rollsignal und ein Giersignal an das bildaufneh-
mende Computersystem (46) ausgibt, die ein
entsprechendes Stampfen, Rollen und Gieren
zu jedem Bildaufnahmeereignis angeben;
einen Kompass (42), der Ausrichtungsdatensi-
gnale an das bildaufnehmende Computersy-
stem (46) ausgibt, die eine Ausrichtung der Bild-
aufnahmevorrichtung (32a, 32b) zu jedem Bild-
aufnahmeereignis angeben; und / oder

einen Héhenmesser (44), der Hohenlagenda-
tensignale an das bildaufnehmende Computer-
system (46) ausgibt, die eine Hdhenlage der
Bildaufnahmeverrichtung (32a, 32b) zu jedem
Bildaufnahmeereignis angeben.

System nach Anspruch 17 oder 18, weiterhin um-
fassend Korrekturdaten, die Eigenschaften der Bild-
aufnahmevaorrichtung (32a, 32b) angeben, ein-
schlieBlich Brennweite, SensorgrtBe, radiale Ver-
zerrung, Hauptpunktversatz und Ausrichtung, wobei
die Bild- und Datenaufnahme-Software (90) die Kor-
rekturdaten verwendet, um aufgenommene Bilder
zu korrigieren.

System nach einem der Anspriche 17 bis 19, wei-
terhin umfassend eine Ausgabedatendatei, die
durch die Bild- und Datenaufnahme-Software (90)
erzeugt wird, wobei die Ausgabedatendatei eine
Vielzahlvon Bilddateien und zu der Vielzahl von Bild-
dateien gehoérige Positionsdaten umfasst.

System nach einem der Anspriche 17 bis 19, wei-
terhin umfassend eine Plattform (20) zum Tragen
der Bildaufnahmevorrichtung (32a, 32b) um einen
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vorbestimmten Anstand oberhalb der von Interesse
seienden Oberflache.

System nach Anspruch 21, wobeidie Bildaufnahme-
vorrichtung (32a, 32b) schrage Bilder einer von In-
teresse seienden Flache als die schragen Bilder auf-
nimmt mittels:

Unterteilen der von Interesse seienden Fléche
(200) in eine Vielzahl von Sektoren (202a, 202b,
202c¢);

Flhren der Plattform (20) entlang eines ersten
Pfads (202), um so mit der Bildaufnahmevor-
richtung (32a, 32b) auf einen oder mehrere Ziel-
sektoren zu zielen;

Aufnehmen eines oder mehrerer schréger Bil-
der mit der Bildaufnahmevorrichtung (32a, 32b),
um damit eine Gesamtheit jedes der Zielsekto-
ren mit schragen Bildern, die aus einer ersten
Perspektive aufgenommen werden, abzudek-
ken:;

Flhren der Platiform (20) eines zweiten Pfads
(204), um so auf die Zielsektoren zu zielen;
Aufnehmen eines oder mehrerer schréger Bil-
der mit derBildaufnahmevorrichtung (32a, 32b),
um damit eine Gesamtheit jedes der Zielsekto-
ren mit schragen Bildern, die aus einer zweiten
Perspektive aufgenommen werden, abzudek-
ken;
Wiederholen der Fihrungs- und Aufnahme-
schritte entlang von Pfaden, die im wesentlichen
parallel und beabstandet von dem ersten und
zweiten Pfad (202, 204) liegen, und Aufnehmen
eines oder mehrerer schrager Bilder, um damit
eine Gesamtheit jedes der Vielzahl der Zielsek-
toren mit schragen Bilder, die sowohl aus der
ersten als auch aus der zweiten Perspektive auf-
genommen werden, abzudecken; und
Aufnehmen von Positionsdaten, die eine Erdpo-
sition der Bildaufnahmevorrichtung (32a, 32b)
zu jedem Bildaufnahmeereignis anzeigen.

System nach Anspruch 22, wobei der zweite Pfad
(204) imwesentlichen parallelzumundum 180° (ein-
hundertachtzig Grad) gedreht zum ersten Pfad (202)
liegt.

System nach Anspruch 23, wobei der zweite Pfad
(204) vom ersten Pfad (202) auch beabstandet ist.

System nach einem der Anspriiche 22 bis 24, wobei
die Plattform (20) entlang eines dritten Pfads (206)
gefiihrt wird, um so mit der Bildaufnahmevorrichtung
(32a, 32b) auf einen oder mehrere Zielsektoren zu
zielen, wobei der dritte Pfad (206) im wesentlichen
senkrecht zum dem ersten und dem zweiten Pfad
(202, 204) liegt;

die Bildaufnahmevorrichtung (32a, 32b) ein oder

EP 1 418 402 B1

10

15

26.

20

25

30

35

27.

40

30

mehrere schrage Bilder aufnimmt, um damit eine
Gesamtheit jedes Zielsektors mit schragen Bildern,
die aus einer dritten Perspektive aufgenommen wer-
den, abzudecken; wobei

die Plattform (20) geflihrt wird und die Bildaufnah-
mevorrichtung (32a, 32b) die schragen Bilder ent-
lang ven Pfaden aufnimmt, derim wesentlichen par-
allel und beabstandet von dem dritten Pfad (306)
liegen; und

wobei die Bildaufnahmevorrichtung (32a, 32b) ein
oder mehrere schrage Bilder aufnimmt, um damit
eine Gesamtheit jedes aus der Vielzahl der Zielsek-
toren mit schragen Bildern, die aus der dritten Per-
spektive aufgenommen werden, abzudecken.

System nach Anspruch 25, wobei

die Plattform (20) entlang eines vierten Pfads (208)
gefihrt wird, um so mit der Bildaufnahmevarrichtung
(32a, 32b) auf einen oder mehrere Zielsektoren zu
zielen, wobei der vierte Pfad (208) im wesentlichen
parallel zum und um 180° (einhundertachtzig Grad)
gedreht zum dritten Pfad (2086) liegt;

die Bildaufnahmevorrichtung (32a, 32b) ein oder
mehrere schrage Bilder aufnimmt, um damit eine
Gesamtheit jedes Zielsektors mit schragen Bildern,
die aus einer vierten Perspektive aufgenommen
werden, abzudecken; und

die Fuhrungs- und Aufnahmeschritte entlang von
Pfaden wiederholt werden, die im wesentlichen par-
allel zu und beabstandet von dem vierten Pfad (208)
liegen, und Aufnehmen eines oder mehrerer schra-
ger Bilder, um damit eine Gesamtheit jedes der Viel-
zahl der Zielsektoren mit schragen Bilder, die aus
der vierten Perspektive aufgenommen werden, ab-
zudecken.

System nach Anspruch 26, wobei der vierte Pfad
(208) von dem dritten Pfad (206) auch beabstandet
ist.
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Systéme numérisé destiné a afficher, géolocaliser
etfaire des mesures basées surdesimages obliques
capturées, comprenant :

un systéme d’ordinateur (130) comportant une
mémoire (132) ;

un fichier (120) d’images et de données acces-
sible audit systéme (130) et comprenant une
pluralité de fichiers d'images correspondant a
une pluralité d’images obliques capturées, ledit
fichier (120) d'images et de données compre-
nant en cutre des données de position corres-
pondant a ladite pluralité de fichiers d’'images ;
et

un logiciel (140) d’affichage et d’analyse d'ima-
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ges exécuté par ledit systeme (130) pour lire
ledit fichier (120) d’images et de données et af-
ficher au moins une partie des images obliques
capturées en tant guimage oblique affichée, le-
dit logiciel (140) d’affichage et d’analyse d’'ima-
ges calculant les géolocalisations de deux ou
de plus de deux points sélectionnés dans ladite
image oblique affichée en se basant au moins
en partie sur lesdites données de position, ledit
logiciel (140) d'affichage et d’analyse d’images
calculant une distance de séparation entre deux
quelcongques des deux ou plus de deux points
sélectionnés dans ladite image oblique
affichée ;

caractérisé par

un fichier de données de plan de sol représen-
tant un plan de sol (160) en mosaique, ledit fi-
chier de données de plan de sol fournissant des
données audit logiciel (140) d'affichage et
d’analyse d’'images, ledit fichier de données de
plan de sol représentant un plan de sol en mo-
saique quiapproxime étroitement au moins une
partie du terrain décrit dans lesdites images obli-
ques capturées, ledit plan de sol en mosaique
comprenant en outre une pluralité d’images in-
terconnectées, ledit plan de sol en mosaique
comprenant en outre une pluralité de facettes
interconnectées (162a, 162b, 162c, ....), chacu-
ne des facettes de ladite pluralité ayant un pas
et une pente respecitifs, ledit fichier de données
de plan de solcomprenant une pluralité de som-
mets, chacun des sommets de ladite pluralité
ayant des élévations respectives et définissant
des coins de ladite pluralité de facettes intercon-
nectées (162a, 162b, 162c¢, ....), deux des som-
mets de ladite pluralité étant partagés par cha-
cune des facettes interconnectée ; et

ledit logiciel (140) d’affichage et d’analyse
d’images identifiant laquelle des facettes de la-
dite pluralité correspond & un point sélectionné
sur ladite image oblique affichée, et calculant
une élévation dudit point sélectionné dépendant
au moins en partie de I'élévation des sommets
de la facette correspondant au point sélection-
né, ledit logiciel (140) d’affichage et d’analyse
d’images utilisant ladite élévation calculée pour
calculer ladite distance de séparation entre ledit
point sélectionné et un ou plusieurs autres
points sélectionnés.

Systéme selon la revendication 1, dans lequel ledit
logiciel (140) d’affichage et d’analyse d’images ne
calcule lesdites géolocalisations que si nécessaire.

Systéme selon la revendication 1 ou 2, dans lequel
ledit logiciel (140) d’affichage et d’analyse d’'images
calcule une hauteur d’un objet dans ladite image obli-
que affichée en calculant la distance de séparation
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entre deux ou plus de deux points sélectionnés.

Systéme selon 'une des revendications 1 & 3, dans
lequel ledit plan de sol en mosaique (160) est su-
perposé et s’adapte a ladite image oblique affichée.

Systéme selon 'une des revendications 1 a 4, dans
lequel ledit logiciel (140) d’affichage et d’analyse
d'images comprend des modes de mesure sélec-
tionnables par l'utilisateur, accessibles par au moins
soit des menus déroulants, soit des barres d'outils,
soit des commandes de clavier.

Systéme selon 'une des revendications 1 & 5, dans
lequel chacune desdites images a été capturée par
un dispositif (32a, 32b) de capture d'image et lors
d’événements respectifs de capture d’'image, lesdi-
tes données de position dudit fichier d'images et de
données comprenant :

des données de temps représentant 'instant de
chague événement de capture d'image ;

des données de localisation représentant la lo-
calisation du dispositif (32a, 32b) de capture
dimage a chaque événement de capture
d’image ;

des données d’orientation représentant I'orien-
tation du dispositif (32a, 32b) de capture d’image
a chaque événement de capture d’'image ;

des données de correction représentant des
facteurs de carrection pour le dispositif (32a,
32b) de capture d’image ; et

des données d’élévation représentant une élé-
vation moyenne de la surface capturée par le
dispositif (32a, 32b) de capture d’image.

Systéme selon la revendication 6, dans lequel les-
dites données de localisation comprennent |a latitu-
de, la longitude et l'altitude du dispositif (32a, 32b)
de capture d'image & chaqgue événement de capture
d'image.

Systéme selon la revendication 6 ou 7, dans lequel
|lesdites données d’orientation comprennent le rou-
lis, le tangage, le lacet et le cap dudit dispositif (32,
32b) de capture d'image lors de chaque événement
de capture d'image.

Systéme selon 'une des revendications 6 & 8, dans
lequel ledit dispositif (32a, 32b) de capture d’image
est une caméra et lesdites données de correction
comprennent au moins soit la distance focale, soit
lataille du capteur, soit le rapport d’allongement, soit
le décalage du point principal, soit la distorsion, soit
le pas des pixels.

Systéme selon l'une des revendications 6 a 9,
comprenant :
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un dispositif d’entrée (134a, 134b) destiné a sé-
lectionner un point de départ et un point final sur
limage oblique affichée ; et

ledit logiciel (140) d’affichage et d’analyse
d’images destiné a retrouver a partir dudit fichier
de données les données de position correspon-
dant audit point de départ et audit point final ; a
reférencer ledit fichier de données de plan de
solcorrespondant auditplan de solen mosaique
comportant une pluralité de facettes, chacune
desdites facettes ayant un pas et une pente res-
pectifs, leditplan de sol en mosaique s’adaptant
étroitement & un terrain de ladite image oblique
affichée ; a connecter lesdits points de départ
etfinalavec des segments de droite, lesdits seg-
ments de droite étant conformes auxdits pas et
pente desdites facettes afin de suivre ainsi ledit
terrain ; et a calculer la distance linéaire le long
desdits segments de droite entre lesdits points
de départ et final en tenant ainsi compte desdits
pas et pente desdites facettes.

Systéme selon'une des revendications 1 210, dans
lequel ledit logiciel (140) d’affichage et d’analyse
d'images superpose ledit plan de sol en mosaique
sur ladite image oblique affichée.

10 ou

Systéme selon la revendication

comprenant :

11,

ledit dispositif d’entrée (134a, 134b) destiné a
sélectionner un ou plusieurs points intermédiai-
res sur ladite image oblique affichée ; et

ledit logiciel (140) d’affichage et d’analyse
d’images destiné a retrouver a partir dudit fichier
de données les données de position correspon-
dant au(x)dit(s) un ou plusieurs points
intermédiaires ; a connecter les points intermé-
diaires adjacents I'un a l'autre, et a connecter
lesdits points de départ et final aux points inter-
médiaires adjacents, au moyen de segments de
droite, lesdits segments de droite étant confor-
mes auxdits pas et pente desdites facettes, afin
de suivre ainsi ledit terrain ; et a calculer la dis-
tance le long desdits segments de droite entre
lesdits points de départ et final.

Systéme selonl’'une des revendications 1 212, dans
lequel chacune des facettes ladite pluralité (162a,
162b, 162c, ....) correspond a des surfaces égales
de ladite image oblique affichée.

14. Systéme selonl'une desrevendications 1 a 13, dans

15.

lequel chacune des facettes de ladite pluralité (162a,
162b, 162c, ....) comprend un nombre égal de pixels
de ladite image oblique affichée.

Systéme selon 'une des revendications 1 & 14, com-
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prenant un dispositif d’entrée (134a, 134b) destiné
a sélectionner un ou plusieurs points intermédiaires
sur ladite image oblique affichée ; et ledit logiciel
(140) d’affichage et d’analyse d’'images destiné are-
trouver les données de position correspondant
auxdits points intermédiaires.

Systéme selon 'une des revendications 1 a 15, dans
lequel ladite distance de séparation comprend une
distance entre deux ou plus de deux points sélec-
tionnés, une différence de hauteur entre deux ou
plus de deux points sélectionnés, une différence en
élévation entre deux ou plus de deux points sélec-
tionnés, et une surface comprenant au moins trois
points.

Systéme selon l'une des revendications 1 a 16,
comprenant :

un dispositif de capture d’image (32a, 32b), ledit
dispositif de capture d’image (32a, 32b) captu-
rant des images obliques lors d'événements de
capture dimage, ledit dispositif de capture
dimage (32a, 32b) délivrant des signaux de
données d’image correspondant aux images
capturées;

au moins un dispositif de géolocalisation (34, ...,
44) délivrant au moins un signal de géolocalisa-
tion correspondant, chacun desdits au moins un
signal de géolocalisation étantindicatif au moins
en partie d’'une géolocalisation dudit dispositif
de capture d’'image (32a, 32b) pendant chaque
événement de capture d’'image ; et

un systéme d’ordinateur (46) recevant etmémo-
risant lesdits signaux de données d’image et le-
dit au moins un signal de géolocalisation ; et
un logiciel (90) d’acquisition d’images lisant les-
dits signaux d’image et ledit au moins un signal
de géolocalisation, ledit logiciel (90) associant
chague signal de données d'image avec ledit au
moins un signal de géolocalisation correspon-
dant pour chaque événement de capture d’'ima-

ge.

Systéme selon la revendication 17, dans lequel ledit
au moins un dispositif de géolocalisation et ledit au
moins un signal de géolocalisation comprennent au
moins :

soit une herloge (38) délivrant audit systéme
d’ordinateur (46) de capture d’'image des si-
gnaux de données de temps indicatifs d’un ins-
tant de chacun desdits événements de capture
d'image ;

soit un récepteur de systeme de pasitionnement
global (GPS) recevant des signaux GPS et dé-
livrant audit systéme d’ordinateur (46) de cap-
ture d'image des signaux de données de loca-
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lisation indicatifs d’une longitude et d'une latitu-
de dudit dispositif (32a, 32b) de capture d'image
a chaque événement de capture d’'image ;

soit une unité (36) de navigation par inertie dé-
livrant audit systéme d’ordinateur (46) de cap-
ture d’image des signaux de données de vitesse
indicatifs d’'une vitesse dudit dispositif (32a, 32b)
de capture d'image a chaque événement de
capture d’'image ;

soit un gyroscope (40) délivrant audit systéme
d’ordinateur (46) de capture d'image un signal
de tangage, un signal de roulis et un systéme
de lacet respectivement indicatifs d’un tangage,
d’unroulis et d’un lacet dudit dispositif (32a, 32b)
de capture d’image a chaque événement de
capture d’'image ;

soitun compas (42) délivrant audit systéeme d’or-
dinateur (46) de capture d'image des signaux
de données de cap indicatifs d’un cap dudit dis-
positif (32a, 32b) de capture d'image a chaque
événement de capture d’'image ; et

soit un altimétre (44) délivrant audit systéme
d’ordinateur (46) de capture d’image des si-
gnhaux de données d’altitude indicatifs d’une al-
titude dudit dispositif (32a, 32b) de capture
d’image a chaque événement de capture d'ima-

ge.

Dispesitif selon la revendication 17 ou 18, compre-
nant en outre des données de correction indicatives
des caractéristiques dudit dispositif (32a, 32b) de
capture d’image comprenant la distance focale, la
taille du capteur, la distorsion radiale, le décalage et
I"alignement du point principal, ledit logiciel (90) d’ac-
quisition d'images et de données utilisant lesdites
données de cotrrection pour corriger les images cap-
turées.

Systéme selon 'une des revendications 17 a 19,
comprenant en outre un fichier de données de sortie
créé par logiciel (90) d’acquisition d'images et de
données, ledit fichier de données de sortie compre-
nant une pluralité de fichiers d’'images et de données
de position correspondant a chacun des fichiers
d'images de ladite pluralité.

Systéme selon 'une des revendications 17 a 20,
comprenant en outre une plate-forme (20) portant
ledit dispositif (32a, 32b) de capture d’'image a une
distance prédéterminée au-dessus d’une surface in-
téressante.

Systéme selon la revendication 21, dans lequel ledit
dispositif (32a, 32b) de capture d'image capture des
images obliques d’'une zone intéressante en tant que
dites images obliques en :

subdivisant la zone intéressante (200) en une
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pluralité de secteurs (202a, 202b, 202c¢) ;
guidant ladite plate-forme (20) selon un premier
chemin (202) de maniére a viser ainsiun ou plu-
sieurs secteurs cibles avec ledit dispositif (322,
32b) de capture d'image ;

capturant au moyen dudit dispositif (32a, 32b)
de capture d'image une ou plusieurs images
obliques de maniére a couvrir ainsi une totalité
de chacun desdits secteurs cibles dans les ima-
ges obliques capturées a partir d’une premiére
perspective ;

guidant ladite plate-forme (20) selon un deuxié-
me chemin (204) de maniére a viser ainsi lesdits
secteurs cibles ;

capturant au moyen dudit dispositif (32a, 32b)
de capture d'image une ou plusieurs images
obliques de maniére a couvtrir ainsi une totalité
de chacun desdits secteurs cibles dans les ima-
ges obliques capturées a partir d'une deuxiéme
perspective ;

répétant lesdites étapes de guidage et de cap-
ture selon des chemins sensiblement paralléles
auxdits premier et deuxiéme chemins (202, 204)
et espacés de ceux-ci, et capturant une ou plu-
sieurs image(s) oblique(s) de maniére a couvrir
ainsi une totalité de chacun des secteurs cibles
de ladite pluralité dans les images obliques cap-
turées a partir de chacune desdites premiére et
deuxiéme perspectives ; et

enregistrant les données de position indicatives
d’'une géolocalisation dudit dispaesitif (32a, 32b)
de capture d'image a chaque événement de
capture d’'image.

Systéme selon la revendication 22, dans lequel ledit
deuxiéme chemin (204) est sensiblement paralléle
par rapport audit premier chemin (202) et a 180°
(cent quatre-vingts degrés) de celui-ci.

Systéme selon |la revendication 23, dans lequel ledit
deuxiéme chemin (204) est également espacé dudit
premier chemin (202).

Systéme selon 'une des revendications 22 a 24,
dans lequel

|ladite plate-forme (20) est guidée selon un troisieme
chemin (206) de maniére aviserainsi un ouplusieurs
secteurs cibles au moyen dudit dispositif (32a, 32b)
de capture d’image, ledit troisiéme chemin (206)
étant sensiblement perpendiculaire auxdits premier
et deuxiéme chemin (202, 204) ;

ledit dispositif (32a, 32b) de capture d'image capture
une ou plusieurs image(s) oblique(s) de maniére a
couvrir ainsi une totalité de chacun desdits secteurs
cibles dans les images obliques capturées & partir
d’'une troisi€me perspective ; dans lequel

ladite plate-forme (20) est guidée et ledit dispositif
(32a, 32b) de capture d'image capture lesdites ima-
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ges abliques selon des chemins sensiblement pa-
ralléles audit troisi@me chemin (206) et espacés de
celui-ci ; et

ledit dispoesitif (32a, 32b) de capture d’image capture
une ou plusieurs image(s) oblique(s) de maniére a
couvrir ainsi une totalité de chacun des secteurs de
ladite pluralité dans les images obliques capturées
a partir de ladite troisieme perspective.

Systéme selon la revendication 25, dans lequel
ladite plate-forme (20) est guidée selon un quatriéme
chemin (208) de maniere a viser un ou plusieurs
sedeur(s) cible(s) avec ledit dispositif (32a, 32b) de
capture d'image, ledit quatriéme chemin (208) étant
sensiblement paralléle audit troisiéme chemin (206)
et a 180° (cent quatre-vingts degrés) dudit troisiéme
chemin ;

ledit dispositif (32a, 32b) de capture d’image capture
une ou plusieurs image(s) oblique(s) de maniére a
couvrir ainsi une totalité de chacun desdits secteurs
cibles dans les images obliques capturées a partir
d'une quatriéme perspective ; et

lesdites étapes de guidage et de capture sont répé-
tées selon des chemins sensiblement paralléles
audit quatriéme chemin (208) et espacés de celui-ci
etcapturant une ou plusieurs image(s) oblique(s) de
maniére a couvrir ainsi une totalité de chacun des
secteurs cibles de ladite pluralité dans les images
obliques capturées a partir de ladite quatrieme pers-
pective.

Systéme selon la revendication 26, dans lequel ledit
quatrieme chemin (208) est également espacé dudit
troisieme chemin (206).
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"SISTEMAS PARA CAPTAR IMAGENS E DADOS DE
GEOLOCALIZA¢aO CORRESPONDENTES a8 MESMAS
E PARA VISUALIZAR, GEOLOCALIZAR E EFETUAR
MEDI¢SES COM BASE EM IMAGENS OBLIQUAS
CAPTADAS E MéTODOS DE FAZER MEDIGSES
DENTRO DE UMA IMAGEM OBLIQUA VISUALIZADA E
DE CAPTAR IMAGENS OBLiQUAS DE UMA 4REA DE
INTERESSE". Um sistema computadorizado para exibigéo,
geolocalizagdo e tomada de medicdes de imagens
obliquas captadas inclui um arquivo de dados acessivel
pelo sistema de computador. O arquivo de dados inclui
uma pluralidade de arquivos de imagem correspondentes
a uma pluraiidade de imagens obliquas captadas, e dados
posicionais correspondentes as imagens. Software de
exibigao e analise de imagem é executado pelo sistema
para leitura do arquivo de dados e exibir pelo menos uma
parte das imagens obliquas captadas.; O software
recupera os dados posicionais para um ou mais pontos
selecionados pelo usuario sobre a imagem exbida, e
calcula uma distancia de separag¢do entre quaisquer dois
ou mais pontos selecionados. O caiculo da distancia de
separagdo ¢ selecionavel pelo usuario para determinar
varios parametros inclusive distancia linear entre, area
abrangida dentro, elevagéo relativa de, e diferencga de
altura entre pontos selecionados.
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Method and apparatus for capturing, geolocating and measuring oblique
images

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities than the EPO;
in particular, the EPO does not guarantee that they are complete, up-fo-date or fit for specific purposes.

Description of corresponding document: EP 1418402 (A1)
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application Serial No. 60/425,275, filed November 8, 2002.
TECHNICAL FIELD

[0002] The present invention relates to photogrammetry. More particularly, the present invention relates to a method and apparatus
for capluring oblique images and for measuring the objects and distances between the objects depicted therein.

BACKGROUND

[0003] Photogrammetry is the science of making measurements of and between objects depicted within photographs, especially
aerial photographs. Generally, photogrammetry involves taking images of terrestrial features and deriving data therefrom, such as, for
example, data indicating relative distances between and sizes of objects within the images. Photogrammetry may also involve
coupling the photographs with other data, such as data representative of latitude and longitude. In effect, the image is overlaid and
conformed to a particular spatial coordinate system.

[0004] Conventional photogrammetry involves the capture and/or acquisition of orthogonal images. The image-capturing device, such
as a camera or sensor, is carried by a vehicle or platform, such as an airplane or satellite, and is aimed at a nadir point that is directly
below and/or vertically downward from that platform. The point or pixel in the image that corresponds to the nadir point is the only
point/pixel that is truly orthogonal to the image-capturing device. All other points or pixels in the image are actually oblique relative to
the image-capturing device. As the points or pixels become increasingly distant from the nadir point they become increasingly oblique
relative to the image-capturing device and the ground sample distance (i.e., the surface area corresponding to or covered by each
pixel) also increases. Such obliqueness in an orthogonal image causes features in the image to be distorted, especially images
relatively distant from the nadir point.

[0005] Such distortion is removed, or compensated for, by the process of ortho-rectification which, in essence, removes the
obliqueness from the orthogonal image by fitting or warping each pixel of an orthogonal image onto an orthometric grid or coordinate
system. The process of ortho-rectification creates an image wherein all pixels have the same ground sample distance and are
oriented to the north. Thus, any point on an ortho-rectified image can be located using an X, Y coordinate system and, so long as the
image scale is known, the length and width of terrestrial features as well as the relative distance between those features can be
calculated.

[0006] Although the process of ortho-rectification compensates to a degree for obtigue distortions in an orthogonal image, it
introduces other undesirable distortions and/or inaccuracies in the ortho-rectified orthogonal image. Objects depicted in ortho-
rectified orthogonal images may be difficult to recognize and/or identify since most observers are not accustomed to viewing objects,
particularly terrestrial features, from above. To an untrained observer an ortho-rectified image has a number of distortions. Roads that
are actually straight appear curved and buildings may appear to tilt. Further, ortho-rectified images contain substantially no
information as to the height of terrestrial features. The interpretation and analysis of orthogonal and/or ortho-rectfified orthogonal
images is typically performed by highly-trained analysts whom have undergone years of specialized training and experience in order
to identify objects and terrestrial features in such images.

[0007] Thus, although orthogonal and ortho-rectified images are useful in photogrammetry, they lack information as to the height of
features depicted therein and require highly-trained analysts to interpret detail from what the images depict.

[0008] Oblique images are images that are captured with the image-capturing device aimed or pointed generally to the side of and
downward from the platform that carries the image-capturing device. Oblique images, unlike orthogonal images, display the sides of
terrestrial features, such as houses, buildings and/or mountains, as well as the tops thereof. Thus, viewing an oblique image is more
natural and intuitive than viewing an orthogonal or ortho-rectified image, and even casual observers are able to recognize and
interpret terrestrial features and other objects depicted in oblique images. Each pixel in the foreground of an oblique image
corresponds to a relatively small area of the surface or object depicted (i.e., each foreground pixel has a relatively smait ground
sample distance) whereas each pixel in the background corresponds to a relatively large area of the surface or object depicted (i.e.,
each background pixel has a relatively large ground sample distance). Oblique images capture a generally trapezoidal area or view of
the subject surface or object, with the foreground of the trapezoid having a substantially smaller ground sample distance (i.e., a
higher resolution) than the background of the trapezoid.

[0009] Oblique images are considered to be of little or no use in photogrammetry. The conventional approach of forcing the
variously-sized foreground and background pixels of an oblique image into a uniform size to thereby warp the image onto a
coordinate system dramatically distorts the oblique image and thereby renders identification of objects and the taking of
measurements of objects depicted therein a laborious and inaccurate task. Comecting for terrain displacement within an oblique
image by using an elevation model further distorts the images thereby increasing the difficulty with which measurements can be made
and reducing the accuracy of any such measurements.

[0010] Thus, although oblique images are considered as being of little or no use in photogrammetry, they are easily interpreted and
contain information as to the height of features depicted therein.

[0011] Therefore, what is needed in the art is a method and apparatus for photogrammetry that enable geo-location and accurate
measurements within oblique images.

[0012] Moreover, what is needed in the art is a method and apparatus for photogrammetry that enable the measurement of heights
and relative heights of objects within an image.

[0013] Furthermore, what is needed in the art is a method and apparatus for photogrammetry that utilizes more intuitive and natural
images.

SUMMARY OF THE INVENTION

[0014] The present invention provides a method and apparatus for capturing, displaying, and making measurements of objects and
distances between objects depicted within oblique images.
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{0015] The present invention comprises, in one form thereof, a computerized system for displaying, geolocating, and taking
measurements from captured oblique images. The system includes a data file accessible by the computer system. The data file
includes a plurality of image files corresponding to a plurality of captured oblique images, and positional data corresponding 1o the
images. image display and analysis software is executed by the system for reading the data file and displaying at least a portion of
the captured oblique images. The software retrieves the positional data for one or more user-selected points on the displayed image,
and caiculates a separation distance between any two or more selected points. The separation distance calculation is
user-selectable to determine various parameters including linear distance between, area encompassed within, relative elevation of,
and height difference between selected points.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above-mentioned and other features and advantages of this invention, and the manner of attaining them, will become
apparent and be more completely understood by reference to the following description of one embodiment of the invention when read
in conjunction with the accompanying drawings, wherein: FIG. 1 illustrates one embodiment of a platform or vehicle carrying an
image-capturing system of the present invention, and shows exemplary orthogonal and oblique images taken thereby; FIG. 2 is a
diagrammatic view of the image-capturing system of FIG. 1; FIG. 3 is a block diagram of the image-capturing computer system of Fig.
2; FIG. 4 is a representation of an exemplary output data file of the image-capturing system of Fig. 1; FIG. 5 is a block diagram of one
embodiment of an image display and measurement computer system of the present invention for displaying and taking measurements
of and between objects depicted in the images captured by the image-capturing system of Fig. 1; FIG. 6 depicts an exemplary image
displayed on the system of Fig. 5, and illustrates one embodiment of the method of the present invention for the measurement of and
between objects depicted in such an image; FIGS. 7 and 8 illustrate one embodiment of a method for capturing oblique images of the
present invention; FIGS. 9 and 10 illustrate a second embodiment of a method for capturing oblique images of the present invention.

[0017] Corresponding reference characters indicate corresponding parts throughout the several views. The exemplifications set out
herein illustrate one preferred embodiment of the invention, in one form, and such exemplifications are not to be construed as limiting
the scope of the invention in any manner.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] Referring now to the drawings, and particularly to Fig. 1, one embodiment of an apparatus for capturing and geolocating
oblique images of the present invention is shown. Apparatus 10 includes a platform or vehicle 20 that carries image-capturing and
geolocating system 30.

[0019] Platform 20, such as, for example, an airplane, space shuttle, rocket, satellite, or any other suitable vehicle, carries image-
capturing system 30 over a predefined area of and at one or more predetermined altitudes above surface 31, such as, for example,
the earth’s surface or any other surface of interest. As such, platform 20 is capable of controlled movement or flight, either manned or
unmanned, along a predefined flight path or course through, for example, the earth's atmosphere or outer space. image-capturing
platform 20 includes a system for generating and regulating power (not shown) that includes, for example, one or more generators,
fuel cells, solar panels, and/or batteries, for powering image-capturing system 30.

[0020] Image-capturing and geo-locating system 30, as best shown in Fig. 2, includes image capturing devices 32a and 32b, a global
positioning system (GPS) receiver 34, an inertial navigation unit (INU) 36, clock 38, gyroscope 40, compass 42 and altimeter 44, each
of which are interconnected with image-capturing computer system 46.

[0021] Image-capturing devices 32a and 32b, such as, for example, conventional cameras, digital cameras, digital sensors, charge-
coupled devices, or other suitable image-capturing devices, are capable of capturing images photographically or electronically.
Image-capturing devices 32a and 32b have known or determinable characteristics including focal length, sensor size and aspect
ratio, radial and other distortion terms, principal point offset, pixe! pitch, and alignment. Image-capturing devices 32a and 32b acquire
images and issue image data signals (IDS) 48a and48b, respectively, corresponding to the particutar images or photographs taken
and which are stored in image-capturing computer system 46, as will be more particularty described hereinafter.

[0022] As best shown in Fig. 1, image-capturing devices 32a and 32b have respective central axes A1 and A2, and are mounted to
platform 20 such that axes A1 and A2 are each at an angle of declination &thetas; relative to a horizontal plane P. Declination angle
&thetas; is virtually any oblique angle, but is preferably from approximately 20 DEG (twenty degrees) to approximately 60 DEG (sixty
degrees) and is most preferably from approximately 40 DEG (forty degrees) to approximately 50 DEG (fifty degrees).

{0023] GPS receiver 34 receives global positioning system signals 52 that are transmitted by one or more global positioning system
satellites 54. The GPS signals 52, in known fashion, enable the precise location of piatform 20 relative to surface 31 to be
determined. GPS receiver 34 decodes GPS signals 52 and issues location signals/data 56, that are dependent at least in part upon
GPS signals 52 and which are indicative of the precise location of platform 20 relative to surface 31. Location signals/data 56
corresponding to each image captured by image-capturing devices 32a and 32b are received and stored by image-capturing
computer system 46.

[0024] INU 36 is a conventional inertial navigation unit that is coupled to and detects changes in the velocity, including translational
and rotational velocity, of image-capturing devices 32a and 32b and/or platform 20. INU 36 issues velocity signals/data 58 indicative
of such velocities and/or changes therein to image-capturing computer system 46, which stores velocity signals/data 58
corresponding to each image captured by image-capturing devices 32a and 32b are received and stored by image-capturing
computer system 46,

[0025] Clock 38 keeps a precise time measurement (time of validity) that is used to synchronize events within image-capturing and
geo-locating system 30. Clock 38 provides time data/clock signal 62 that is indicative of the precise time that an image is taken by
image-capturing devices 32a and 32b. Time data 62 is also provided to and stored by image-capturing computer system 46.
Alternatively, clock 38 is integral with image-capturing computer system 46, such as, for example, a clock software program.

[0026] Gyroscope 40 is a conventional gyroscope as commonly found on airplanes and/or within commercial navigation systems for
airplanes. Gyroscope 40 provides signals including pitch signal 64, roll signal 66 and yaw signal 68, which are respectively indicative
of pitch, roll and yaw of platform 20. Pitch signal 64, roll signal 66 and yaw signal 68 corresponding to each image captured by
mage-capturing devices 32a and 32b are received and stored by image-capturing computer system 46.

[0027] Compass 42, such as, for example, a conventional electronic compass, indicates the heading of platform 20. Compass 42
issues heading signal/data 72 that is indicative of the heading of platform 20. Image-capturing computer system 46 receives and
stores the heading signals/data 72 that correspond to each image captured by image-capturing devices 32a and 32b.

[0028] Altimeter 44 indicates the altitude of platform 20. Altimeter 44 issues altitude signal/data 74, and image-capturing computer
system 46 receives and stores the altitude signal/data 74 that correspond to each image captured by image-capturing devices 32a
and 32b.

{0029] As best shown in Fig. 3, image-capturing computer system 46, such as, for example, a conventional laptop personal computer,
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inciudes memory 82, input devices 84a and 84b, display device 86, and input and output (VO) ports 88. Image-capturing computer
system 46 executes image and data acquiring software 90, which is stored in memory 82. Memory 82 also stores data used and/or
calculated by image-capturing computer system 46 during the operation thereof, and includes, for example, non-volatile read-only
memory, random access memory, hard disk memory, removable memory cards and/or other suitable memory storage devices and/or
media. input devices 84a and 84b, such as, for example, a mouse, keyboard, joystick, or other such input devices, enable the input of
data and interaction of a user with software being executed by image-capturing computer system 46. Display device 86, such as, for
example, a liquid crystal display or cathode ray tube, displays information to the user of image-capturing computer system 46. YO
ports 88, such as, for example, serial and parallel data input and output ports, enable the input and/or output of data to and from
image-capturing computer system 46.

{0030] Each of the above-described data signals is connected to image-capturing computer system 46. More particularly, image data
signals 48, location signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68, respectively,
heading signal 72 and altitude signal 74 are received via VO ports 88 by and stored within memory 82 of image-capturing computer
system 46.

[0031] In use, image-capturing computer system 46 executes image and data acquiring software 80, which, in general, controls the
reading, manipulation, and storing of the above-described data signals. More particularly, image and data acquiring software 90
reads image data signals 48a and 48b and stores them within memory 82. Each of the location signals 56, velocity signals 58, time
data signal 62, pitch, roll and yaw signals 64, 66 and 68, respectively, heading signal 72 and altitude signal 74 that represent the
conditions existing at the instant an image is acquired or captured by image-capturing devices 32a and 32b and which correspond to
the particular image data signals 48a and 48b representing the captured images are received by image-capturing computer system
46 via /O ports 88. image-capturing computer system 46 executing image and data acquiring software 90 issues image-capture
signal 92 to image-capturing devices 32a and 32b to thereby cause those devices to acquire or capture an image at predetermined
locations and/or at predetermined intervals which are dependent at least in part upon the velocity of platform 20.

[0032] Image and data acquiring software 90 decodes as necessary and stores the aforementioned signals within memory 82, and
associates the data signals with the corresponding image signals 48a and 48b. Thus, the altitude, orientation in terms of roll, pitch,
and yaw, and the location of image-capturing devices 32a and 32b relative to surface 31, i.e., longitude and latitude, for every image
captured by image-capturing devices 32a and 32b is known.

[0033) Platform 20 is piloted or otherwise guided through an image-capturing path that passes over a particular area of surface 31,
such as, for example, a predefined area of the surface of the earth or of another planet. Preferably, the image-capturing path of
platform 20 is at right angles to at least one of the boundaries of the area of interest. The number of times platform 20 and/or image-
capluring devices 32a, 32b pass over the area of interest is dependent at least in part upon the size of the area and the amount of
detail desired in the captured images. The particular details of the image-capturing path of platform 20 are described more particularly
hereinafter,

[0034] As platform 20 passes over the area of interest a number of oblique images are captured by image-capturing devices 32a and
32b. As will be understood by those of ordinary skill in the art, images are captured or acquired by image-capturing devices 32a and
32b at predetermined image capture intervals which are dependent at least in part upon the velocity of piatform 20.

[0035] Image data signals 48a and 48b corresponding to each image acquired are received by and stored within memory 82 of
image-capturing computer system 46 via VO ports 88. Similarly, the data signals (i.e., image data signals 48, location signals 56,
velocity signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68, respectively, heading signal 72 and altitude signal
74) corresponding to each captured image are received and stored within memory 82 of image-capturing computer system 46 via O
ports 88. Thus, the location of image-capturing device 32a and 32b relative to surface 32 at the precise moment each image is
caplured is recorded within memory 82 and associated with the corresponding captured image.

[0036] As best shown in Fig. 1, the location of image-capturing devices 32a and 32b relative to the earth corresponds to the nadir
point N of orthogonal image 102. Thus, the exact geo-location of the nadir point N of orthegonal image 102 is indicated by location
signals 56, velocity signals 58, time data signal 62, pitch, roil and yaw signals 64, 66 and 68, respectively, heading signat 72 and
altitude signal 74. Once the nadir point N of orthogonal image 102 is known, the geo-location of any other pixel or point within image
102 is determinable in known manner.

[0037] When image-capturing devices 32a and 32b are capturing oblique images, such as oblique images 104a and 104b (Fig. 1),
the location of image-capturing devices 32a and 32b relative to surface 31 is similarly indicated by location signals 56, velocity
signals 58, time data signal 62, pitch, rolt and yaw signals 64, 66 and 68, respectively, heading signal 72, altitude signal 74 and the
known angle of declination &thetas; of the primary axes A1 and A2 of image-capturing devices 32a and 32b, respectively.

[0038] It should be particularly noted that a calibration process enables image and data acquiring software 90 to incorporate
correction factors and/or correct for any error inherent in or due to image-capturing device 32, such as, for example, error due to
calibrated focal length, sensor size, radial distortion, principal point offset, and alignment.

{0039] Image and data acquiring software 90 creates and stores in memory 82 one or more output image and data files 120. More
particularly, image and data acquiring software 90 converts image data signals 48a, 48b and the orientation data signals (i.e., image
data signals 48, location signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68, respectively,
heading signal 72 and altitude signal 74) into computer-readable output image and data files 120. As best shown in Fig. 4, output
image and data file 120 contains a plurality of captured image files I1, 12,. .., In corresponding to captured oblique images, and the
positional data CPD1, CPD2, ..., CPDn corresponding thereto.

[0040] Image files I1, 12, ..., In of the image and data file 120 are stored in virtually any computer-readable image or graphics file
format, such as, for example, JPEG, TIFF, GIF, BMP, or PDF file formats, and are cross-referenced with the positional data CPD1,
CPD2, ..., CPDn which is also stored as computer-readable data. Altematively, positional data CPD1, CPD2, ..., CPDn is embedded
within the coresponding image files 11, 12, ..., In in known manner. image data files 120 are then processed, either by image and data
acquiring software 90 or by post-processing, to correct for errors, such as, for example, errors due to flight path deviations and other
errors known to one of ordinary skill in the art. Thereafter, image data files 120 are ready for use to display and make measurements
of and between the objects depicted within the captured images, including measurements of the heights of such objects.

[0041] Referring now to Fig. 5, image dispiay and measurement computer system 130, such as, for example, a conventional desktop
personal computer or a mobile computer terminal in a police car, includes memory 132, input devices 134a and 134b, display device
136, and network connection 138. Image-capturing computer system 130 executes image display and analysis software 140, which is
stored in memory 132, Memory 132 includes, for example, non-volatile read-only memory, random access memory, hard disk memory,
removable memory cards and/or other suitable memory storage devices and/or media. Input devices 134a and 134b, such as, for
example, a mouse, keyboard, joystick, or other such input devices, enable the input of data and interaction of a user with image
display and analysis software 140 being executed by image display and measurement computer system 130. Display device 136,
such as, for example, a liquid crystal display or cathode ray tube, displays information to the user of image display and measurement
computer system 130. Network connection 138 connects image display and measurement computer system 130 to a network (not
shown), such as, for example, a local-area network, wide-area network, the Internet and/or the World Wide Web.
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[0042] In use, and referring now to Fig. 6, image display and measurement computer system 130 executing image display and
analysis software 140 accesses one or more output image and data files 120 that have been read into memory 132, such as, for
example, via network connection 138, a floppy disk drive, removable memory card or other suitable means. One or more of the
captured images 11, 12, ..., In of output image and data files 120 is thereafter displayed as displayed oblique image 142 under the
control of image display and analysis software 140. At approximately the same time, one or more data portions CPD1, CPD2, ...,
CPDn corresponding to displayed oblique image 142 are read into a readily-accessible portion of memory 132.

[0043] it should be particularly noted that displayed oblique image 142 is displayed substantially as captured, i.e., displayed image
142 is not warped or fitted to any coordinate system nor is displayed image 142 ortho-rectified. Rather than warping displayed image
142 to a coordinate system in order to enable measurement of objects depicted therein, image display and analysis software 140, in
general, determines the geo-locations of selected pixels only as needed, or "on the fly", by referencing data portions CPD1, CPD2, ...,
CPDn of output image and data files 120 and calculating the position and/or geo-location of those selected pixels using one or more
projection equations as is more particularly described hereinafter.

{0044} Generally, a user of display and measurement computer system 130 takes measurements of and between objects depicted in
displayed oblique image 142 by selecting one of several available measuring modes provided within image disptay and analysis
software 140. The user selects the desired measurement mode by accessing, for example, a series of puil-down menus or toolbars
M, or via keyboard commands. The measuring modes provided by image display and analysis software 140 include, for example, a
distance mode that enables measurement of the distance between two or more selected points, an area mode that enables
measurement of the area encompassed by several selected and interconnected points, a height mode that enables measurement of
the height between two or more selected points, and an elevation mode that enables the measurement of the change in elevation of
one selected point relative to one or more other selected points.

[0045] After selecting the desired measurement mode, the user of image display and analysis software 140 selects with one of input
devices 134a, 134b a starting point or starting pixel 152 and an ending point or pixel 154 on displayed image 142, and image display
and analysis software 140 automatically calculates and displays the quantity sought, such as, for example, the distance between
starting pixel 152 and ending pixel 154.

{0046) When the user selects starting point/pixel 152, the gea-location of the point corresponding thereto on surface 31 is calculated
by image display and analysis software 140 which executes one or more projection equations using the data portions CPD1, CPD2,
..., CPDn of output image and data files 120 that correspond to the particular image being displayed. The longitude and latitude of the
point on surface 31 corresponding to pixel 152 are then displayed by image display and analysis software 140 on display 136, such
as, for example, by superimposing the longitude and latitude on disptayed image 142 adjacent the selected point/pixel or in pop-up
display box elsewhere on display 136. The same process is repeated by the user for the selection of the end pixel/point 154, and by
image display and analysis software 140 for the retrieval and display of the longitude and latitude information.

[0047] The calculation of the distance between starting and ending points/pixels 152, 154, respectively, is accomplished by
determining the geo-location of each selected pixel 152, 154 "on the fiy". The data portions CPD1, CPD2, ..., CPDn of output image
and data file 120 corresponding to the displayed image are retrieved, and the geo-location of the point on surface 31 corresponding
to each selected pixel are then determined. The difference between the geo-locations corresponding to the selected pixels
determines the distance between the pixels.

[0048] As an example of how the geo-location of a given point or pixel within displayed oblique image 142 is determined, we will
assume that displayed image 142 corresponds to orthogonal image 104a (Fig. 1). The user of image display and analysis software
140 selects pixel 154 which, for simplicity, corresponds to center C (Fig. 1) of oblique image 104a. As shown in Fig. 1, line 106
extends along horizontal plane G from a point 108 thereon that is directly below image-capturing device 32a to the center C of the
near border or edge 108 of oblique image 104a. An extension of primary axis A1 intersects with center C. Angle DIAMETER is the
angle formed between line 106 the extension of primary axis A1. Thus, a triangle (not referenced) is formed having vertices at image-
capturing device 32a, point 108 and center C, and having sides 106, the extension of primary axis A1 and vertical (dashed) line 110
between point 108 and image-capturing device 32a.

[0049] Ground plane G is a substantially horizontal, flat or non-sioping ground plane (and which typically will have an elevation that
reflects the average elevation of the terrain), and therefore the above-described triangle includes a right angle between side/line 110
and side/line 106. Since angle DIAMETER and the altitude of image-capturing device 32 (i.e., the length of side 110) are known, the
hypotenuse (i.e., the length of the extension of primary axis A1) and remaining other side of the right triangle are calculated by simple
geometry. Further, since the exact position of image-capturing device 32a is known at the time the image corresponding to displayed
image 142 was captured, the latitude and longitude of point 108 are also known. Knowing the length of side 106, calculated as
described above, enables the exact gec-location of pixel 154 corresponding to center C of oblique image 104a to be determined by
image display and analysis software 140. Once the geo-location of the point corresponding to pixel 154 is known, the geo-location of
any other pixel in dispiayed oblique image 142 is determinable using the known camera characteristics, such as, for example, focal
length, sensor size and aspect ratio, radial and other distortion terms, etc.

[0050] The distance between the two or more points corresponding to two or more selected pixels within displayed image 142 is
calculated by image dispiay and analysis software 140 by determining the difference between the geo-locations of the selected pixels
using known aigorithms, such as, for example, the Gauss formula and/or the vanishing point formula, dependent upon the selected
measuring mode. The measurement of objects depicted or appearing in displayed image 142 is conducted by a substantially similar
procedure to the procedure described above for measuring distances between selected pixels. For example, the lengths, widths and
heights of objects, such as, for example, buildings, rivers, roads, and virtually any other geographic or man-made structure, appearing
within displayed image 142 are measured by selecting the appropriate/desired measurement mode and selecting starting and ending
pixels.

[0051] It should be particularly noted that in the distance measuring mode of image display and analysis software 140 the distance
between the starting and ending points/pixels 152, 154, respectively, is determinable along virtually any path, such as, for example, a
"straight-line” path P1 or a path P2 that involves the selection of intermediate points/pixels and one or more "straight-line" segments
interconnected therewith.

[0052] It should also be particularly noted that the distance measuring mode of image display and analysis software 140 determines
the distance between selected pixels according to a "walk the earth" method. The "walk the earth method" creates a series of
interconnected line segments, represented collectively by paths P1 and P2, that extend between the selected pixels/points and which
lie upon or conform to the planar faces of a series of interconnected facets that define a tessellated ground plane. The tessellated
ground plane, as will be more particularly described hereinafter, closely follows or recreates the terrain of surface 31, and therefore
paths P1 and P2 also closely follow the terrain of surface 31. By measuring the distance along the terrain simulated by the tessellated
ground plane, the "walk the earth" method provides for a more accurate and useful measurement of the distance between selected
points than the conventional approach, which warps the image onto a flat earth or average elevation plane system and measures the
distance between selected points along the flat earth or plane and substantially ignores variations in terrain between the points.

[0053] For example, a contractor preparing to bid on a contract for paving a roadway over uneven or hilly terrain can determine the
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approximate amount or area of roadway involved using image display and analysis software 140 and the "walk the earth”
measurement method provided thereby. The contractor can obtain the approximate amount or area of roadway from his or her own
office without having to send a surveying crew to the site to obtain the measurements necessary.

[0054] In contrast to the "walk the earth” method provided by the present invention, the "flat earth” or average elevation distance
calculating approaches inciude inherent inaccuracies when measuring distances between points and/or objects disposed on uneven
terrain and when measuring the sizes and/or heights of objects similarly disposed. Even a modest siope or grade in the surface being
captured results in a difference in the elevation of the nadir point relative to virtually any other point of interest thereon. Thus,
referring again to Fig. 1, the triangle formed by line 106, the extension of primary axis A1 and the vertical (dashed) line 110 between
point 108 and image-capturing device 32a may not be a right triangle. If such is the case, any geometric calculations assuming that
triangle to be a right triangle would contain errors, and such calculations would be reduced to approximations due to even a reiatively
slight gradient or slope between the points of interest.

[0055] For example, if surface 31 slopes upward between nadir point N and center C at the near or bottom edge 108 of oblique image
104 then second line 110 intersects surface 31 before the point at which such intersection would occur on a level or non-sloping
surface 31. if center C is fifteen feet higher than nadir point N and with a declination angle &thetas; equal to 40 DEG (forty degrees),
the calculated location of center C would be off by approximately 17.8 feet without correction for the change in elevation between the
points.

[0056] As generally discussed above, in order to compensate at least in part for changes in elevation and the resuitant inaccuracies
in the measurement of and between objects within image 142, image display and analysis software 140 references, as necessary,
points within displayed image 142 and on surface 31 to a pre-calculated tessellated or faceted ground plane generally designated
160 in Fig. 6. Tessellated ground plane 160 includes a plurality of individual facets 162a, 162b, 162c, etc., each of which are
interconnected to each other and are defined by four vertices (not referenced, but shown as points) having respective elevations.
Adjacent pairs of facets 162a, 162b, 162¢, etc., share two vertices. Each facet 162a, 162b, 162c, efc., has a respective pitch and
slope. Tessellated ground plane 160 is created based upon various data and resources, such as, for example, topographical maps,
and/or digital raster graphics, survey data, and various other sources.

[0057] Generally, the geo-location of a point of interest on displayed image 142 is calculated by determining which of facets 162a,
162b, 162c, etc., correspond to that point of interest. Thus, the location of the point of interest is calculated based on the
characteristics, i.e., elevation, pitch and slope, of facets 162a, 162b, 162¢, etc., rather than based upon a flat or average-elevation
ground plane. Error is introduced only in so far as the topography of surface 31 and the location of the point of interest thereon
deviate from the planar surface of the facet 162a, 162b, 162c, etc, within which the point of interest lies. That error is reducible
through a bilinear interpolation of the elevation of the point of interest within a particular one of facets 162a, 162b, 162¢, etc., and
using that interpolated elevation in the location calculation performed by image display and analysis software 140.

[0058] To use tessellated ground plane 160, image display and analysis software 140 employs a modified ray-tracing algorithm to find
the intersection of the ray projected from the image-capturing device 32a or 32b towards surface 31 and tessellated ground plane
160. The algorithm determines not onty which of facets 162a, 162b, 162c, etc., is intersected by the ray, but also where within the
facet the intersection occurs. By use of bi-linear interpolation, a fairly precise ground location can be determined. For the reverse
projection, tessellated ground plane 160 is used to find the ground elevation value for the input ground location also using bi-linear
interpolation. The elevation and location are then used to project backwards through a model of the image-capturing device 32a or
32b to determine which of the pixels within displayed image 142 corresponds to the given location.

[0059] More particularly, and as an example, image display and analysis software 140 performs and/or calculates the geo-location of
point 164 by superimposing and/or fitting tessellated ground plane 160 to at least a portion 166, such as, for example, a hill, of
surface 31. It should be noted that only a small portion of tessellated ground plane 160 and facets 162a, 162b, 162c, etc., thereof is
shown along the profile of portion 166 of surface 31. As discussed above, each of facets 162a, 162b, 162c, etc., are defined by four
vertices, each of which have respective elevations, and each of the facets have respective pitches and slopes. The specific position
of point 164 upon the plane/surface of the facet 162a, 162b, 162c, etc., within which point 164 (or its projection) lies is determined as
described above.

[0060] Tessellated ground plane 160 is preferably created outside the operation of image display and measurement computer system
130 and image display and analysis software 140. Rather, tesseliated ground plane 160 takes the form of a relatively simple data
table or look-up table 168 stored within memory 132 of and/or accessible to image display and measurement computer system 130.
The computing resources required to calculate the locations of all the vertices of the many facets of a typical ground plane do not
necessarily have to reside within image display and measurement computer system 130. Thus, image display and measurement
computer system 130 is compatible for use with and executable by a conventional personal computer without requiring additional
computing resources.

[0061] Calculating tessellated ground plane 160 outside of image display and measurement computer system 130 enables virtually
any level of detail to be incorporated into tessellated ground plane 160, i.e., the size and/or area covered by or corresponding to each
of facets 162a, 162b, 162c, etc., can be as large or as small as desired, without significantly increasing the calculation time, slowing
the operation of, nor significantly increasing the resources required by image display and measurement computer system 130 and/or
image display and analysis software 140. Display and measurement computer system 130 can therefore be a relatively basic and
uncomplicated computer system.

[0062] The size of facets 162a, 162b, 162c, etc., are uniform in size throughout a particuiar displayed image 142. For example, if
displayed image 142 corresponds to an area that is approximately 750 feet wide in the foreground by approximately 900 feet deep,
the image can be broken into facets that are approximately 50 square feet, thus yielding about 15 facets in width and 18 facets in
depth. Alternatively, the size of facets 162a, 162b, 162c¢, etc., are uniform in terms of the number of pixels contained therein, i.e., each
facet is the same number of pixels wide and the same number of pixels deep. Facets in the foreground of displayed image 142, where
the pixe! density is greatest, would therefore be dimensionally smaller than facets in the background of displayed image 142 where
pixe! density is lowest. Since it is desirable to take most measurements in the foreground of a displayed image where pixel density is
greatest, creating facets that are uniform in terms of the number of pixels they contain has the advantage of providing more accurate
measurements in the foreground of displayed image 142 relative to facets that are dimensionally uniform.

[0063] Another advantage of using pixels as a basis for defining the dimensions of facets 162a, 162b, 162c, elc., is that the location
calculation (pixel location to ground location) is relatively simple. A user operates image display and measurement computer system
130 to select a pixel within a given facet, image display and analysis software 140 looks up the data for the facet corresponding to the
selected pixel, the elevation of the selected pixel is calculated as discussed above, and that elevation is used within the location
calculation.

[0064] Generally, the method of capturing oblique images of the present invention divides an area of interest, such as, for example, a
county, into sectors of generally uniform size, such as, for example, sectors that are approximately one square mile in area. This is
done to facilitate the creation of a flight plan to capture oblique images covering every inch of the area of interest, and to organize
and name the sectors and/or images thereof for easy reference, storage and retrieval (a process known in the art as "sectorization").
Because the edges of any geographic area of interest, such as a county, rarely falls on even square mile boundaries, the method of
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capturing oblique images of the present invention provides more sectors than there are square miles in the area of interest - how
many more depends largely on the length of the county borders as well as how straight or jagged they are. Typically, you can expect
one extra sector for every two to three miles of border. So if a county or other area of interest is roughly 20 miles by 35 miles, or 700
square miles, the area will be divided into approximately from 740 to 780 sectors.

[0065) The method of capturing oblique images of the present invention, in general, captures the oblique images from at least two
compass directions, and provides full coverage of the area of interest from at least those two compass directions. Referring now to
Figs. 7 and 8, a first embodiment of a method for capturing oblique images of the present invention is shown. For sake of clarity, Fig.
7 and 8 is based on a system having only one image-capturing device. However, it is to be understood that two or more image-
capturing devices can be used.

[0066] The image-capturing device captures one or more oblique images during each pass over area 200. The image-capturing
device, as discussed above, is aimed at an angle over area 200 to capture oblique images thereof. Area 200 is traversed in a
back-and-forth pattem, similar to the way a lawn is mowed, by the image-carrying device and/or the platform to ensure double
coverage of area 200.

[0067] More particularly, area 200 is traversed by image-carrying device 32 and/or platform 20 following a first path 202 to thereby
capture oblique images of portions 202a, 202b, and 202c of area 200. Area 200 is then traversed by image-carrying device 32 and/or
platform 20 foliowing a second path 204 that is parallel and spaced apart from, and in an opposite direction to, i.e., 180 DEG
(one-hundred and eighty degrees) from, first path 202, to thereby capture oblique images of portions 204a, 204b, 204c of area 200.
By comparing Figs. 7 and 8, it is seen that a portion 207 (Fig. 8) of area 200 is covered by images 202a-c captured from a first
direction or perspective, and by images 204a-c captured from a second direction or perspective. As such, the middle portion of area
200 is 100% (one-hundred percent) doubfe covered. The above-described pattern of traversing or passing over area 200 along
opposing paths that are parallel to paths 202 and 204 is repeated until the entirety of area 200 is completely covered by at least one
oblique image captured from paths that are parallel to, spaced apart from each other as dictated by the size of area 200, and in the
same direction as paths 202 and 204 to thereby one-hundred percent double cover area 200 from those perspectives/directions.

{0068 if desired, and for enhanced detail, area 200 is covered by two additional opposing and parallel third and fourth paths 206 and
208, respectively, that are perpendicular to paths 202 and 204 as shown in Figs. 9 and 10. Area 200 is therefore traversed by image-
carrying device 32 and/or platform 20 following third path 206 to capture oblique images of portions 206a, 206b and 206c of area
200, and is then traversed along fourth path 208 that is parallel, spaced apart from, and opposite to third path 206 to capture oblique
images of portions 208a, 208b and 208c of area 200. This pattern of traversing or passing over area 200 along opposing paths that
are parallel to paths 206 and 208 is similarly repeated until the entirety of area 200 is completely covered by at least one oblique
image captured from paths that are parallel to, spaced apart from as dictated by the size of area 200, and in the same direction as
paths 206 and 208 to thereby one-hundred percent double cover area 200 from those directions/perspectives.

{0069] As described above, image-carrying device 32 and/or platform 20, traverses or passes over area 200 along a predetermined
path. However, it is to be understood that image-carrying device and/or platform 20 do not necessarily pass or traverse directly over
area 200 but rather may pass or traverse an area adjacent, proximate to, or even somewhat removed from, area 200 in order to
ensure that the portion of area 200 that is being imaged falls within the image-capture fieid of the image-capturing device. Path 202,
as shown in Fig. 7, is such a path that does not pass directly over area 200 but yet captures oblique images thereof.

{0070} The present invention is capable of capturing images at various levels of resolution or ground sample distances. A first level of
detail, hereinafter referred to as a community level, has a ground sample distance of, for example, approximately two-feet per pixel.
For orthogonal community-level images, the ground sample distance remains substantially constant throughout the image.
Orthogonal community-level images are captured with sufficient overlap to provide stereo pair coverage. For oblique community-level
images, the ground sample distance varies from, for example, approximately one-foot per pixel in the foreground of the image to
approximately two-feet per pixel in the mid-ground of the image, and to approximately four-feet per pixel in the background of the
image. Oblique community-level images are captured with sufficient overlap such that each area of interest is typically covered by at
least two oblique images from each compass direction captured. Approximately ten oblique community-level images are captured per
sector.

[0071] A second level of detail, hereinafter referred to as a neighborhood level, is significantly more detailed than the community-level
images. Neighborhood-level images have a ground sample distance of, for example, approximately six-inches per pixel. For
orthogonal neighborhood-level images, the ground sample distance remains substantially constant. Oblique neighborhood-level
images have a ground sample distance of, for example, from approximately four-inches per pixel in the foreground of the image to
approximately six-inches per pixel in the mid-ground of the image, and to approximately ten-inches per pixel in the background of the
image. Oblique neighborhood-level images are captured with sufficient overlap such that each area of interest is typically covered by
at least two oblique images from each compass direction captured, and such that opposing compass directions provide 100% overlap
with each other. Approximately one hundred (100) oblique area images are captured per sector.

[0072] It should be particularly noted that capturing oblique community and/or neighborhood-level images from all four compass
directions ensures that every point in the image will appear in the foreground or lower portion of at least one of the captured oblique
images, where ground sample distance is lowest and image detail is greatest.

{0073] In the embodiment shown, image-capturing and geo-locating system 30 includes a gyroscope, compass and altimeter.
However, it is to be understood that the image-capturing and geo-locating system of the present invention can be alternately
configured, such as, for example, to derive and/or calculate altitude, pitch, roll and yaw, and compass heading from the GPS and INU
signals/data, thereby rendering one or more of the gyroscope, compass and altimeter unnecessary. In fact,

[0074] In the embodiment shown, image-capturing devices are at an equal angle of declination relative to a horizontal plane.
However, it is to be understood that the declination angles of the image-capturing devices do not have to be equal.

[0075] in the embodiment shown, image-capturing computer system executes image and data acquiring software that issues a
common or single image-capture signal to the image-capturing devices to thereby cause those devices to acquire or capture an
image. However, it is to be understood that the present invention can be alternately configured to separately cause the image-
capturing devices to capture images at different instants and/or at different intervals.

{0076] In the embodiment shown, the method of the present invention captures obligue images to provide double coverage of an area
of interest from paths/perspectives that are substantially opposite to each other, i.e., 180 DEG (one-hundred and eighty degrees)
relative to each other. However, it is to be understood that the method of the present invention can be alternately configured to
provide double coverage from paths/perspectives that are generally and/or substantially perpendicular relative to each other.

[0077] While the present invention has been described as having a preferred design, the invention can be further modified within the
spirit and scope of this disclosure. This disclosure is therefore intended to encompass any equivalents to the structures and elements
disclosed herein. Further, this disclosure is intended to encompass any variations, uses, or adaptations of the present invention that
use the general principles disclosed herein. Moreover, this disclosure is intended to encompass any departures from the subject
matter disclosed that come within the known or customary practice in the pertinent art and which fall within the limits of the appended
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Method and apparatus for capturing, geolocating and measuring oblique
images

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities than the EPO;
in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes.

Claims of corresponding document: EP 1418402 (A1)

1. A system for capturing images and geo-location data corresponding thereto, comprising: an image-capturing device, said image-
capturing device capturing oblique images at image-capturing events, said image capturing device issuing image-data signals
corresponding to captured images; at least one geo-locating device, each said at least one geo-locating device issuing a
corresponding at least one geo-locating signal, each said at east one geo-locating signal being indicative at least in part of a
geo-location of said image-capturing device during each image capturing event; and a computer system receiving and storing said
image-data signals and said at least one geo-locating signal; and image and data acquiring software reading said image-data signals
and said at least one geo-locating signal, said software associating each said image-data signal with a corresponding said at least
one geo-locating signal for each image-capturing event.

2. The system of claim 1, wherein said at least one geo-locating device and said at least one geo-locating signal respectively
comprise at least one of: a clock issuing to said image-capturing computer system time data signals indicative of a time of each said
image-capturing event; a globai-positioning system (GPS) receiver receiving GPS signals and issuing to said image-capturing
computer system location data signals indicative of a longitude and latitude of said image-capturing device at each said image-
capturing event; an inertial navigation unit (INU) issuing to said image-capturing computer system velocity data signals indicative of a
velocity of said image-capturing device at each said image-capturing event; a gyroscope issuing to said image-capturing computer
system a pitch signal, a roll signal, and a yaw signal respectively indicative of a pitch, roll and yaw of said image capturing device at
each said image-capturing event; a compass issuing to said image-capturing computer system heading data signals indicative of a
heading of said image-capturing device at each said image-capturing event; and an altimeter issuing to said image-capturing
computer system altitude data signals indicative of an altitude of said image-capturing device at each said image-capturing event.

3. The system of claim 1, wherein said at least one geo-iocating device and said at least one geo-locating signal respectively
comprise: a clock issuing to said image-capturing computer system time data signals indicative of a time of each said image-capturing
event; a global-positioning system (GPS) receiver receiving GPS signals and issuing to said image-capturing computer system
location data signals indicative of a longitude and latitude of said image-capturing device at each said image-capturing event; an
inertial navigation unit (INU) issuing to said image-capturing computer system velocity data signals indicative of a velocity of said
image-capturing device at each said image-capturing event; a gyroscope issuing to said image-capturing computer system a pitch
signal, a roll signal, and a yaw signal respectively indicative of a pitch, roll and yaw of said image capturing device at each said
image-capturing event; a compass issuing to said image-capturing computer system heading data signals indicative of a heading of
said image-capturing device at each said image-capturing event; and an altimeter issuing to said image-capturing computer system
altitude data signals indicative of an altitude of said image-capturing device at each said image-capturing event.

4. The system of claim 1, further comprising correction data indicative of characteristics of said image-capturing device including focal
length, sensor size, radial distortion, principal point offset and alignment, said image and data acquiring software utilizing said
correction data to comrect captured images.

5. The system of claim 1, further comprising an output data file created by said image and data acquiring software, said output data
file including a plurality of image files and positional data corresponding to each of said plurality of image files.

6. The system of claim 1, further comprising a platform carying said image-capturing device a predetermined distance above a
surface of interest.

7. A computerized system for displaying, geolocating, and making measurements based upon captured oblique images, comprising: a
computer system having a memory; an image and data file accessible by said system and including a plurality of image files
corresponding to a plurality of captured oblique images, said image and data file further including positional data corresponding to
said plurality of image files; image display and analysis software executed by said system for reading said image and data file and
displaying at least a portion of the captured oblique images as a displayed image, said software retrieving said positional data of one
or more selected points within said displayed image, said software calculating a separation distance between any two or more
selected points within said displayed image.

8. The system of claim 7, further comprising a ground plane data file representing a tessellated ground plane, said ground plane data
file accessible by said computer system, said ground plane data file representing a tessellated ground plane that closely
approximates at least a portion of the terrain depicted within said captured oblique images.

9. The system of claim 8, wherein said tessellated ground plane further comprises a plurality of interconnected facets, each of said
plurality of facets having a respective pitch and slope.

10. The system of claim 9, wherein said ground plane data file comprises a plurality of vertices, each of said plurality of vertices
having respective elevations and defining comners of said plurality of interconnected facets, two of said plurality of vertices shared by
each of said interconnected facets.

11. The system of claim 10, wherein said image display and analysis software identifies which of said plurality of facets corresponds
to a selected point on said displayed image, and calculates an elevation of said selected point dependent at least in part upon the
elevation of the vertices of the facet corresponding to the selected point, said image display and analysis software using said
calculated elevation for calculating said separation distance between said selected point and one or more further selected points.

12. The system of claim 11, wherein said image display and analysis software calculates a height of an object within said displayed
image by calculating the separation distance between two or more selected points.

13. The system of claim 8, wherein said tessellated ground plane is one of superimposed upon and fit to said displayed image.

14. The system of claim 7, wherein said image display and analysis software includes user-selectable measuring modes accessible
through at least one of pull-down menus, toolbars and keyboard commands.

15. The system of claim 7, wherein each of said images were captured by an image-capturing device and at respective image
capturing events, said positional data of said image and data file including: time data representing the time of each image-capturing
event; location data representing the location of the image-capturing device at each image-capturing event; orientation data
representing the orientation of the image-capturing device at each image-capturing event; correction data representing correction
factors for the image-capturing device; and elevation data representing an average elevation of the surface captured by the image-
capturing device.
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16. The system of claim 15, wherein said location data includes latitude, longitude, and altitude of the image-capturing apparatus at
each image-capturing event.

17. The system of claim 15, wherein said orientation data includes roll, pitch, yaw and heading of said image-capturing device at
each image-capturing event.

18. The data set of claim 15, wherein said image-capturing device is a camera and said comrection data includes at least one of focal
length, sensor size, aspect ratio, principle point offset, distortion, and pixel pitch.

19. A computerized method for taking measurements within a displayed oblique image, comprising: selecting with an input device a
starting point and an end point on the displayed image; retrieving from a data file positional data corresponding to said starting point
and said end point; referencing a ground plane data file corresponding to a tessellated ground plane having a plurality of facets, each
of said facets having a respective pitch and slope, said tessellated ground plane closely matching a terrain of said displayed oblique
image; connecting said starting and end points with line segments, said line segments conforming to said pitch and slope of said
facets to thereby follow said terrain; and calculating the linear distance along said line segments between said starting and end points
thereby taking into account said pitch and slope of said facets.

20. The method of claim 19, wherein said tessellated ground ptane is superimposed upon said displayed oblique image.

21. The method of claim 19, comprising the further steps of: selecting with an input device one or more intermediate points on the
displayed image; retrieving from said data file positional data corresponding to said one or more intermediate points; and connecting
adjacent intermediate points to each other, and connecting said starting and end points to adjacent intermediate points, with line
segments, said line segments conforming to said pitch and slope of said facets to thereby follow said terrain; and calculating the
distance along said line segments between said starting and end points.

22. The method of claim 19, wherein said plurality of facets each correspond to equal areas of said displayed oblique image.
23. The method of claim 19, wherein said plurality of facets each includes an equal number of pixels of said displayed oblique image.

24. A computerized method for taking measurements from an oblique image displayed on a computer system, at least one input
device connected to said computer system, an image data file accessible by said computer system, said image data file including
captured images and positional data corresponding thereto, said computerized method comprising: placing the computer system into
a desired one of a plurality of measurement modes, the desired measurement mode configured for calculating a desired
measurement; selecting a starting point on the displayed image; retrieving the positional data cormesponding to said starting point;
selecting an end point on the displayed image; refrieving the positional data corresponding to said end point; and calculating the
desired measurement dependent at least in part upon said positional data of said starting and end points.

25. The method of claim 24, comprising the further steps of: selecting one or more intermediate points on said displayed image; and
retrieving the positional data corresponding to said intermediate points.

26. The method of claim 24, wherein said plurality of measurement modes comprise a distance measuring mode calculating a
distance between two or more selected points, a height measuring mode calculating a height difference between two or more
selected points, a relative elevation measurement mode calculating the difference in elevation of two or more selected points, and an
area measurement mode calculating the area encompassed by at least three points.

27. Amethod of capturing oblique images of an area of interest with an image-capturing device carried by a platform, each oblique
image captured at a respective image-capturing event, said method comprising: subdividing the area of interest into a plurality of
sectors; guiding the platform along a first path to thereby target one or more target sectors with the image-capturing device; capturing
with the image-capturing device one or more oblique images to thereby cover an entirety of each said target sector in oblique images
captured from a first perspective; guiding the platform along a second path to thereby target said target sectors; capturing with the
image-capturing device one or more oblique images to thereby cover an entirety of each said target sector in oblique images
captured from a second perspective; repeating said guiding and capturing steps along paths substantially parallel to and spaced
apart from said first and second paths and capturing one or more oblique images to thereby cover an entirety of each of said plurality
of sectors in oblique images captured from each of said first and second perspectives; and recording positional data indicative of a
geo-location of said image-capturing device at each image-capturing event.

28. The method of claim 27, wherein said second path is substantially parallel relative to and 180 DEG (one-hundred and eighty
degrees) from said first path;

29. The method of claim 28, wherein said second path is also spaced apart from said first path.

30. The method of claim 27, comprising the further steps of: guiding the platform along a third path to thereby target one or more
target sectors with the image-capturing device, said third path being substantially perpendicular to said first and second paths;
capturing with the image-capturing device one or more oblique images to thereby capture an entirety of each said target sector in
oblique images captured from a third perspective; and repeating said guiding and capturing steps along paths substantially paraliel to
and spaced apart from said third path and capturing one or more obligue images to thereby cover an entirety of each of said plurality
of sectors in oblique images captured from said third perspective.

31. The method of claim 30, comprising the further steps of: guiding the platform along a fourth path to thereby target one or more
target sectors with the image-capturing device, said fourth path being substantially paraitel with said third path and 180 DEG
(one-hundred and eighty degrees) from said third path; capturing with the image-capturing device one or more oblique images to
thereby capture an entirety of each said target sector in oblique images captured from a fourth perspective; and repeating said
guiding and capturing steps along paths substantiatly parallel to and spaced apart from said fourth path and capturing one or more
oblique images to thereby cover an entirety of each of said pluraiity of sectors in oblique images captured from said fourth
perspective.

32. The method of claim 31, wherein said fourth path is also spaced apart from said third path.
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(54) Method and apparatus for capturing, geolocating and measuring oblique images

(57) A computerized system for displaying, geolocating, and taking measurements from captured oblique images
includes a data file accessible by the computer system. The data file includes a plurality of image files corresponding to
a plurality of captured oblique images, and positional data corresponding to the images. Image display and analysis
software is executed by the system for reading the data file and displaying at least a portion of the captured oblique
images. The software retrieves the positional data for one or more user-selected points on the displayed image, and
calculates a separation distance between any two or more selected points. The separation distance calculation is user-
selectable to determine various parameters including linear distance between, area encompassed within, relative ele-
vation of, and height difference between selected points.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application Serial No. 60/425,275, filed November
8, 2002.

TECHNICAL FIELD

[0002] The present invention relates to photogrammetry. More particularly, the present invention relates to a method
and apparatus for capturing obliqgue images and for measuring the objects and distances between the objects depicted
therein.

BACKGROUND

[0003] Photogrammetry is the science of making measurements of and between objects depicted within photographs,
especially aerial photographs. Generally, photogrammetry involves taking images of terrestrial features and deriving
data therefrom, such as, for example, data indicating relative distances between and sizes of objects within the images.
Photogrammetry may also involve coupling the photographs with other data, such as data representative of latitude and
longitude. In effect, the image is overlaid and conformed to a particular spatial coordinate system.

[0004] Conventional photogrammetry involves the capture and/or acquisition of orthogonal images. The image-cap-
turing device, such as a camera or sensor, is carried by a vehicle or platform, such as an airplane or satellite, and is
aimed at a nadir peint that is directly below and/or vertically downward from that platform. The point or pixel in the image
that corresponds to the nadir point is the only point/pixel that is truly orthogeonal to the image-capturing device. All other
points or pixels in the image are actually oblique relative to the image-capturing device. As the points or pixels become
increasingly distant from the nadir point they become increasingly oblique relative to the image-capturing device and
the ground sample distance (i.e., the surface area corresponding to or covered by each pixel) also increases. Such
obligueness in an orthogonal image causes features in the image to be distorted, especially images relatively distant
from the nadir point.

[0005] Such distortionis removed, or compensated for, by the process of ortho-rectification which, in essence, removes
the obliqueness from the orthogonal image by fitting or warping each pixel of an orthogonal image onto an orthometric
grid or coordinate system. The process of ortho-rectification creates an image wherein all pixels have the same ground
sample distance and are oriented to the north. Thus, any point on an ortho-rectified image can be located using an X,
Y coordinate system and, so long as the image scale is known, the length and width of terrestrial features as well as the
relative distance between those features can be calculated.

[0006] Although the process of ortho-rectification compensates to a degree for oblique distortions in an orthogonal
image, it introduces other undesirable distortions and/or inaccuracies in the ortho-rectified orthogonal image. Objects
depicted in ortho-rectified orthogonal images may be difficult to recognize and/or identify since most observers are not
accustomed to viewing objects, particularly terrestrial features, from above. To an untrained ocbserver an ortho-rectified
image has a number of distortions. Roads that are actually straight appear curved and buildings may appear to filt.
Further, ortho-rectified images contain substantially no information as to the height of terrestrial features. The interpre-
tation and analysis of orthogonal and/or ortho-rectfified orthogonalimages is typically performed by highly-trained analysts
whom have undergone years of specialized training and experience in order to identify objects and terrestrial features
in such images.

[0007] Thus, although orthogonal and ortho-rectified images are useful in photogrammetry, they lack information as
tothe height of features depictedtherein and require highly-trained analysts to interpret detail from what the images depict.
[0008] Oblique images are images that are captured with the image-capturing device aimed or pointed generally to
the side of and downward from the platform that carries the image-capturing device. Oblique images, unlike orthogonal
images, display the sides of terrestrial features, such as houses, buildings and/or mountains, as well as the tops thereof.
Thus, viewing an oblique image is more natural and intuitive than viewing an orthogonal or ortho-rectified image, and
even casual observers are able to recognize and interpret terrestrial features and other objects depicted in oblique
images. Each pixel in the foreground of an oblique image corresponds to a relatively small area of the surface or object
depicted (i.e., each foreground pixel has a relatively small ground sample distance) whereas each pixel in the background
corresponds to a relatively large area of the surface or object depicted (i.e., each background pixel has a relatively large
ground sample distance). Oblique images capture a generally trapezoidal area or view of the subject surface or object,
with the foreground of the trapezoid having a substantially smaller ground sample distance (i.e., a higher resolution)
than the background of the trapezoid.

[0009] Oblique images are considered to be of little or no use in photogrammetry. The conventional approach of forcing
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the variously-sized foreground and background pixels of an oblique image into a uniform size to thereby warp the image
onto a coordinate system dramatically distorts the oblique image and thereby renders identification of objects and the
taking of measurements of objects depicted therein a laborious and inaccurate task. Correcting for terrain displacement
within an oblique image by using an elevation model further distorts the images thereby increasing the difficulty with
which measurements can be made and reducing the accuracy of any such measurements.

[0010] Thus, although oblique images are considered as being of little or no use in photogrammetry, they are easily
interpreted and contain information as to the height of features depicted therein.

[0011] Therefore, what is needed in the art is a method and apparatus for photogrammetry that enable geo-location
and accurate measurements within oblique images.

[0012] Moreover,whatis neededinthe artis amethod andapparatus forphotogrammetry that enable the measurement
of heights and relative heights of objects within an image.

[0013] Furthermore, whatis neededinthe artis a method and apparatus for photogrammetry that utilizes more intuitive
and natural images.

SUMMARY OF THE INVENTION

[0014] The present invention provides a method and apparatus for capturing, displaying, and making measurements
of objects and distances between objects depicted within oblique images.

[0015] The present invention comprises, in one form thereof, a computerized system for displaying, geclocating, and
taking measurements from captured oblique images. The system includes a data file accessible by the computer system.
The data file includes a plurality of image files corresponding to a plurality of captured oblique images, and positional
data corresponding to the images. Image display and analysis software is executed by the system for reading the data
file and displaying at least a portion of the captured oblique images. The software retrieves the positional data for one
or more user-selected points on the displayed image, and calculates a separation distance between any two or more
selected points. The separation distance calculation is user-selectable to determine various parameters including linear
distance between, area encompassed within, relative elevation of, and height difference between selected points.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above-mentioned and other features and advantages of this invention, and the manner of attaining them,
will become apparent and be more completely understood by reference to the following description of cne embodiment
of the invention when read in conjunction with the accompanying drawings, wherein:

FIG. 1illustrates one embodiment of a platform orvehicle carrying an image-capturing system of the presentinvention,
and shows exemplary orthogonal and oblique images taken thereby;

FIG. 2 is a diagrammatic view of the image-capturing system of FIG. 1;

FIG. 3 is a block diagram of the image-capturing computer system of Fig. 2;

FIG. 4 is a representation of an exemplary output data file of the image-capturing system of Fig. 1;

FIG. 5 is a block diagram of one embodiment of an image display and measurement computer system of the present
invention for displaying and taking measurements of and between objects depicted in the images captured by the
image-capturing system of Fig. 1;

FIG. 6 depicts an exemplary image displayed on the system of Fig. 5, and illustrates one embodiment of the method
of the present invention for the measurement of and between objects depicted in such an image,;

FIGS. 7 and 8 illustrate one embodiment of a methed for capturing oblique images of the present invention;

FIGS. 9 and 10 illustrate a second embodiment of a method for capturing oblique images of the present invention.

[0017] Corresponding reference characters indicate corresponding parts throughout the several views. The exempli-
fications set out herein illustrate one preferred embodiment of the invention, in one form, and such exemplifications are
not to be construed as limiting the scope of the invention in any manner.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] Referring now to the drawings, and particularly to Fig. 1, one embodiment of an apparatus for capturing and
geolocating oblique images of the present invention is shown. Apparatus 10 includes a platform or vehicle 20 that carries
image-capturing and geclocating system 30.

[0019] Platform 20, such as, for example, an airplane, space shuttle, rocket, satellite, or any other suitable vehicle,
carries image-capturing system 30 over a predefined area of and at one or more predetermined altitudes above surface
31, such as, for example, the earth’s surface or any other surface of interest. As such, platform 20 is capable of controlled
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movement or flight, either manned or unmanned, along a predefined flight path or course through, for example, the
earth’s atmosphere or outer space. Image-capturing platform 20 includes a system for generating and regulating power
(not shown) that includes, for example, one or more generators, fuel cells, solar panels, and/or batteries, for powering
image-capturing system 30.

[0020] Image-capturing and geo-locating system 30, as best shown in Fig. 2, includes image capturing devices 32a
and 32b, a global positioning system (GPS) receiver 34, an inertial navigation unit (INU) 38, clock 38, gyroscope 40,
compass 42 and altimeter 44, each of which are interconnected with image-capturing computer system 486.

[0021] Image-capturing devices 32a and 32b, such as, for example, conventional cameras, digital cameras, digital
sensors, charge-coupled devices, or other suitable image-capturing devices, are capable of capturing images photo-
graphically or electronically. Image-capturing devices 32a and 32b have known or determinable characteristics including
focal length, sensorsize and aspect ratio, radial and other distortion terms, principal point offset, pixel pitch, and alignment.
Image-capturing devices 32a and 32b acquire images and issue image data signals (IDS) 48a and48b, respectively,
corresponding to the particular images or photographs taken and which are stored in image-capturing computer system
46, as will be more particularly described hereinafter.

[0022] As best shown in Fig. 1, image-capturing devices 32a and 32b have respective central axes A; and A,, and
are mounted to platform 20 such that axes A; and A, are each at an angle of declination 0 relative to a horizontal plane
P. Declination angle 6 is virtually any oblique angle, but is preferably from approximately 20° (twenty degrees) to ap-
proximately 60° (sixty degrees) and is most preferably from approximately 40° (forty degrees) to approximately 50° (fifty
degrees).

[0023] GPS receiver 34 receives global positicning system signals 52 that are transmitted by ocne or more global
positioning system satellites 54. The GPS signals 52, in known fashion, enable the precise location of platform 20 relative
to surface 31 to be determined. GPS receiver 34 decodes GPS signals 52 and issues location signals/data 56, that are
dependent at least in part upon GPS signals 52 and which are indicative of the precise location of platform 20 relative
to surface 31. Location signals/data 56 corresponding to each image captured by image-capturing devices 32a and 32b
are received and stored by image-capturing computer system 46.

[0024] INU 36 is a conventional inertial navigation unit that is coupled to and detects changes in the velocity, including
translational and rotational velocity, of image-capturing devices 32a and 32b and/or platform 20. INU 36 issues velocity
signals/data 58 indicative of such velocities and/orchanges therein to image-capturing computer system 46, which stores
velocity signals/data 58 corresponding to each image captured by image-capturing devices 32a and 32b are received
and stored by image-capturing computer system 48.

[0025] Clock 38 keeps a precise time measurement (time of validity) that is used to synchronize events within image-
capturing and geo-locating system 30. Clock 38 provides time data/clock signal 62 that is indicative of the precise time
that an image is taken by image-capturing devices 32a and 32b. Time data 62 is also provided to and stored by image-
capturing computer system 46. Alternatively, clock 38 is integral with image-capturing computer system 46, such as, for
example, a clock software program.

[0026] Gyroscope 40isaconventional gyroscope ascommonlyfound on airplanes and/or within commercial navigation
systems for airplanes. Gyroscope 40 provides signals including pitch signal 64, roll signal 66 and yaw signal 68, which
are respectively indicative of pitch, roll and yaw of platform 20. Pitch signal 64, roll signal 66 and yaw signal 68 corre-
sponding to each image captured by mage-capturing devices 32a and 32b are received and stored by image-capturing
computer system 46.

[0027] Compass 42, such as, for example, a conventional electronic compass, indicates the heading of platform 20.
Compass 42 issues heading signal/data 72 that is indicative of the heading of platform 20. Image-capturing computer
system 46 receives and stores the heading signals/data 72 that correspond to each image captured by image-capturing
devices 32a and 32b.

[0028] Altimeter44 indicatesthe altitude of platform 20. Altimeter 44 issues altitude signal/data 74, and image-capturing
computer system 46 receives and stores the altitude signal/data 74 that correspond to each image captured by image-
capturing devices 32a and 32b.

[0029] As best shown in Fig. 3, image-capturing computer system 46, such as, for example, a conventional laptop
personal computer, includes memory 82, input devices 84a and 84b, display device 86, and input and output (I/O) ports
88. Image-capturing computer system 46 executes image and data acquiring scftware 90, which is stored in memory
82. Memory 82 also stores data used and/or calculated by image-capturing computer system 46 during the operation
thereof, and includes, for example, non-volatile read-only memory, random access memory, hard disk memory, remov-
able memory cards and/or other suitable memory storage devices and/or media. Input devices 84a and 84b, such as,
for example, a mouse, keyboard, joystick, or other such input devices, enable the input of data and interaction of a user
with software being executed by image-capturing computer system 468. Display device 86, such as, for example, a liquid
crystal display or cathode ray tube, displays information to the user of image-capturing computer system 46. /O ports
88, such as, for example, serial and parallel data input and output ports, enable the input and/or output of data to and
from image-capturing computer system 46.
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[0030] Each of the above-described data signals is connected to image-capturing computer system 486. More partic-
ularly, image data signals 48, location signals 66, velocity signals 58, time data signal 62, pitch, roll and yaw signals 64,
66 and 68, respectively, heading signal 72 and altitude signal 74 are received via |/O ports 88 by and stored within
memory 82 of image-capturing computer system 46.

[0031] Inuse, image-capturing computer system 46 executes image and data acquiring software 90, which, in general,
controls the reading, manipulation, and storing of the above-described data signals. More particularly, image and data
acquiring software 90 reads image data signals 48a and 48b and stores them within memoary 82. Each of the location
signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68, respectively, heading signal
72 and altitude signal 74 that represent the conditions existing at the instant an image is acquired or captured by image-
capturing devices 32a and 32b and which correspond to the particular image data signals 48a and 48b representing the
captured images are received by image-capturing computer system 46 via I/O ports 88. Image-capturing computer
system 46 executing image and data acquiring software 90 issues image-capture signal 92 to image-capturing devices
32a and 32b to thereby cause those devices to acquire or capture an image at predetermined locations and/or at
predetermined intervals which are dependent at least in part upon the velocity of platform 20.

[0032] Image and data acquiring software 90 decodes as necessary and stores the aforementioned signals within
memory 82, and associates the data signals with the corresponding image signals 48a and 48b. Thus, the altitude,
orientation in terms of roll, pitch, and yaw, and the location of image-capturing devices 32a and 32b relative to surface
31, i.e., longitude and latitude, for every image captured by image-capturing devices 32a and 32b is known.

[0033] Platform 20 is piloted or otherwise guided through an image-capturing path that passes over a particular area
of surface 31, such as, for example, a predefined area of the surface of the earth or of another planet. Preferably, the
image-capturing path of platform 20 is at right angles to at least one of the boundaries of the area of interest. | he number
of times platform 20 and/or image-capturing devices 32a, 32b pass over the area of interest is dependent at least in part
upon the size of the area and the amount of detail desired in the captured images. The particular details of the image-
capturing path of platform 20 are described more particularly hereinafter.

[0034] As platform 20 passes over the area of interest a number of oblique images are captured by image-capturing
devices 32a and 32b. As will be understood by those of ordinary skill in the art, images are captured or acquired by
image-capturing devices 32a and 32b at predetermined image capture intervals which are dependent at least in part
upon the velocity of platform 20.

[0035] Image data signals 48a and 48b corresponding to each image acquired are received by and stored within
memory 82 of image-capturing computer system 46 via I/O ports 88. Similarly, the data signals (i.e., image data signals
48, location signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68, respectively,
heading signal 72 and altitude signal 74) corresponding to each captured image are received and stored within memory
82 of image-capturing computer system 46 via I/O ports 88. Thus, the location of image-capturing device 32a and 32b
relative to surface 32 at the precise moment each image is captured is recorded within memory 82 and asscciated with
the corresponding captured image.

[0036] As bestshownin Fig. 1, the location of image-capturing devices 32a and 32b relative to the earth corresponds
to the nadir point N of orthogonal image 102. Thus, the exact geo-location of the nadir point N of orthogeonal image 102
is indicated by iocation signals 66, velocity signals 68, time data signal 62, pitch, roll and yaw signals 64, 66 and 68,
respectively, heading signal 72 and altitude signal 74. Once the nadir point N of orthogonal image 102 is known, the
geo-location of any other pixel or point within image 102 is determinable in known manner.

[0037] When image-capturing devices 32a and 32b are capturing oblique images, such as oblique images 104a and
104b (Fig. 1), the location of image-capturing devices 32a and 32b relative to surface 31 is similarly indicated by location
signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68, respectively, heading signal
72, altitude signal 74 and the known angle of declination 0 of the primary axes A, and A, of image-capturing devices
32a and 32b, respectively.

[0038] It should be particularly noted that a calibration process enables image and data acquiring software 20 to
incorporate correction factors and/or correct for any error inherent in or due to image-capturing device 32, such as, for
example, error due to calibrated focal length, sensor size, radial distortion, principal point offset, and alignment.
[0039] Image and data acquiring software 90 creates and stores in memory 82 one or more output image and data
files 120. More particularly, image and data acquiring software 90 converts image datasignals 48a, 48b andthe orientation
data signals (i.e., image data signals 48, location signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw
signals 64, 66 and 68, respectively, heading signal 72 and altitude signal 74) into computer-readable output image and
data files 120. As best shown in Fig. 4, output image and data file 120 contains a plurality of captured image files |,
I, . .., |,corresponding to captured obligue images, and the positional data C g4, Cppy, --- » Cpp,Corresponding thereto.
[0040] Imagefiles |4, I, ..., |, of the image and data file 120 are stored in virtually any computer-readable image or
graphics file format, such as, for example, JPEG, TIFF, GIF, BMP, or PDF file formats, and are cross-referenced with
the positional data Cpps, Cppys, --- » Cppy, Which is also stored as computer-readable data. Alternatively, positional data
Cppi1: Cppo, ---» Cppp I8 embedded within the corresponding image files 14, I, ..., I, in known manner. Image data files
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120 are then processed, either by image and data acquiring software 90 or by post-processing, to correct for errors,
such as, for example, errors due to flight path deviations and other errors known to one of crdinary skill in the art.
Thereafter, image data files 120 are ready for use to display and make measurements of and between the objects
depicted within the captured images, including measurements of the heights of such objects.

[0041] Referring now to Fig. 5, image display and measurement computer system 130, such as, for example, a
conventional desktop personal computer or a mobile computer terminal in a police car, includes memory 132, input
devices 134aand 134b, display device 136, and network connection 138. Image-capturing computer system 130 executes
image display and analysis software 140, which is stored in memory 132. Memory 132 includes, for example, non-volatile
read-only memory, random access memory, hard disk memory, removable memory cards and/or other suitable memory
storage devices and/or media. Input devices 134a and 134b, such as, for example, a mouse, keyboard, joystick, or other
such input devices, enable the input of data and interaction of a user with image display and analysis software 140 being
executed by image display and measurement computer system 130. Display device 136, such as, for example, a liquid
crystal display or cathode ray tube, displays information to the user of image display and measurement computer system
130. Network connection 138 connects image display and measurement computer system 130 to a network (not shown),
such as, for example, a local-area network, wide-area network, the Internet and/or the World Wide Web.

[0042] In use, and referring now to Fig. 6, image display and measurement computer system 130 executing image
display and analysis software 140 accesses one or more output image and data files 120 that have been read into
memory 132, such as, for example, via network connection 138, a floppy disk drive, removable memory card or other
suitable means. One or more of the capturedimages | ;, I, ..., |, of output image and data files 120 is thereafter displayed
as displayed oblique image 142 under the control of image display and analysis software 140. At approximately the
same time, one or more data portions Cppy, Cpps, ..., Cpp, coOrresponding to displayed oblique image 142 are read into
a readily-accessible portion of memory 132.

[0043] It should be particularly noted that displayed oblique image 142 is displayed substantially as captured, i.e.,
displayed image 142 is not warped or fitted to any coordinate system nor is displayed image 142 ortho-rectified. Rather
than warping displayed image 142 to a coordinate system in order to enable measurement of objects depicted therein,
image display and analysis software 140, in general, determines the geo-locations of selected pixels only as needed,
or"on the fly*, by referencing data portions Cpp; Cppo, ..., Cpp, Of OUtput image and data files 120 and calculating the
position and/or geo-location of those selected pixels using one or more projection equations as is more particularly
described hereinafter.

[0044] Generally, a user of display and measurement computer system 130 takes measurements of and between
objects depicted in displayed oblique image 142 by selecting cne of several available measuring modes provided within
image display and analysis software 140. The user selects the desired measurement mode by accessing, for example,
a series of pull-down menus ortoolbars M, or via keyboard commands. The measuring modes provided by image display
and analysis software 140 include, for example, a distance mode that enables measurement of the distance between
two or mere selected points, an area mode that enables measurement of the area encompassed by several selected
and interconnected points, a height mode that enables measurement of the height between two or more selected points,
and an elevation mode that enables the measurement of the change in elevation of one selected point relative to one
or more other selected points.

[0045] After selecting the desired measurement mode, the user of image display and analysis software 140 selects
with one of input devices 134a, 134b a starting point or starting pixel 152 and an ending point or pixel 154 on displayed
image 142, and image display and analysis software 140 automatically calculates and displays the quantity sought, such
as, for example, the distance between starting pixel 152 and ending pixel 154.

[0046] When the user selects starting point/pixel 152, the geo-location of the point corresponding thereto on surface
31 is calculated by image display and analysis software 140 which executes one or more projection equations using the
data portions Cppy, Cppo. ---, Cpp, of output image and data files 120 that correspond to the particular image being
displayed. The longitude and latitude of the point on surface 31 corresponding to pixel 152 are then displayed by image
display and analysis software 140 on display 1836, such as, for example, by superimposing the longitude and latitude on
displayed image 142 adjacent the selected point/pixel or in pop-up display bex elsewhere on display 136. The same
process is repeated by the user for the selection of the end pixel/point 164, and by image display and analysis software
140 for the retrieval and display of the longitude and latitude information.

[0047] Thecalculationofthe distance between startingand ending points/pixels 1562, 154, respectively, is accomplished
by determining the geo-location of each selected pixel 1562, 154 "on the fly". The data portions Cpp, Cpps; .., Cppy, Of
output image and data file 120 corresponding to the displayed image are retrieved, and the geo-location of the point on
surface 31 corresponding to each selected pixel are then determined. The difference between the geo-locations corre-
sponding to the selected pixels determines the distance between the pixels.

[0048] As anexample of howthe geo-location of a given point or pixel within displayed oblique image 142 is determined,
we will assume that displayed image 142 corresponds to orthogonal image 104a (Fig. 1). The user of image display and
analysis software 140 selects pixel 154 which, for simplicity, corresponds to center C (Fig. 1) of oblique image 104a. As
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shown in Fig. 1, line 106 extends along horizontal plane G from a point 108 thereon that is directly below image-capturing
device 32a to the center C of the near border or edge 108 of oblique image 104a. An extension of primary axis A,
intersects with center C. Angle & is the angle formed between line 106 the extension of primary axis A,. Thus, a triangle
(not referenced) is formed having vertices at image-capturing device 32a, point 108 and center C, and having sides 106,
the extension of primary axis A, and vertical (dashed) line 110 between point 108 and image-capturing device 32a.
[0049] Groundplane G is a substantially harizontal, flat or non-sloping ground plane (and which typically will have an
elevation that reflects the average elevation of the terrain), and therefore the above-described triangle includes a right
angle between side/line 110 and side/line 106. Since angle @ and the altitude of image-capturing device 32 (i.e., the
length of side 110) are known, the hypotenuse (i.e., the length of the extension of primary axis A,) and remaining other
side of the right triangle are calculated by simple geometry. Further, since the exact position of image-capturing device
32a is known at the time the image corresponding to displayed image 142 was captured, the latitude and longitude of
point 108 are also known. Knowingthe length of side 106, calculated as described above, enables the exact geo-location
of pixel 164 corresponding to center C of oblique image 104a to be determined by image display and analysis software
140. Once the geo-location of the point corresponding to pixel 154 is known, the geo-location of any other pixel in
displayed oblique image 142 is determinable using the known camera characteristics, such as, for example, focal length,
sensor size and aspect ratio, radial and other distortion terms, etc.

[0050] The distance between the two or more points corresponding to two or more selected pixels within displayed
image 142 is calculated by image display and analysis software 140 by determining the difference between the geo-
locations of the selected pixels using known algorithms, such as, for example, the Gauss formula and/or the vanishing
point formula, dependent upon the selected measuring mode. The measurement of objects depicted or appearing in
displayed image 142 is conducted by a substantially similar procedure to the procedure described above for measuring
distances between selected pixels. For example, the lengths, widths and heights of objects, such as, for example,
buildings, rivers, roads, and virtually any other geographic or man-made structure, appearing within displayed image
142 are measured by selecting the appropriate/desired measurement mode and selecting starting and ending pixels.
[0051] It should be particularly noted that in the distance measuring mode of image display and analysis software 140
the distance between the starting and ending points/pixels 152, 1564, respectively, is determinable along virtually any
path, such as, for example, a "straight-line" path P7 or a path P2that involves the selection of intermediate points/pixels
and one cr more "straight-line" segments interconnected therewith.

[0052] It should also be particularly noted that the distance measuring mode of image display and analysis software
140 determines the distance between selected pixels according to a "walk the earth” method. The "walk the earth method"
creates a series of interconnected line segments, represented collectively by paths P71 and P2, that extend between the
selected pixels/points and which lie upon or conform to the planar faces of a series of interconnected facets that define
a tessellated ground plane. The tessellated ground plane, as will be more particularly described hereinafter, closely
follows or recreates the terrain of surface 31, and therefore paths P7 and P2 also closely follow the terrain of surface
31. By measuring the distance along the terrain simulated by the tessellated ground plane, the "walk the earth” method
provides for a more accurate and useful measurement of the distance between selected points than the conventional
approach, which warps the image onto a flat earth or average elevation plane system and measuresthe distance between
selected points along the flat earth or plane and substantially ignores variations in terrain between the points.

[0053] Forexample, a contractor preparing to bid on a contract for paving a roadway over uneven or hilly terrain can
determine the approximate amount or area of roadway involved using image display and analysis software 140 and the
"walk the earth” measurement method provided thereby. The contractor can obtain the approximate amount or area of
roadway from his or her own office without having to send a surveying crew to the site to obtain the measurements
necessary.

[0054] Incontrasttothe "walk the earth” method provided by the present invention, the "flat earth” or average elevation
distance calculating approaches include inherent inaccuracies when measuring distances between points and/or objects
disposed on uneven terrain and when measuring the sizes and/or heights of objects similarly disposed. Even a modest
slope or grade in the surface being captured results in a difference in the elevation of the nadir point relative to virtually
any other point of interest thereon. Thus, referring again to Fig. 1, the triangle formed by line 106, the extension of
primary axis A, and the vertical (dashed) line 110 between point 108 and image-capturing device 32a may not be a right
triangle. If such is the case, any geometric calculations assuming that triangle to be a right triangle would contain errors,
and such calculations would be reduced to approximations due to even a relatively slight gradient or slope between the
points of interest.

[0055] Forexample, if surface 31 slopes upward between nadir point N and center C at the near or bottom edge 108
of oblique image 104 then second line 110 intersects surface 31 before the point at which such intersection would occur
on a level or non-sloping surface 31. If center C is fifteen feet higher than nadir point N and with a declination angle 6
equal to 40° (forty degrees), the calculated location of center C would be off by approximately 17.8 feet without correction
for the change in elevation between the points.

[0056] As generally discussed above, in order to compensate at least in part for changes in elevation and the resultant
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inaccuracies in the measurement of and between objects within image 142, image display and analysis software 140
references, as necessary, points within displayed image 142 and on surface 31 to a pre-calculated tessellated or faceted
ground plane generally designated 160 in Fig. 6. Tessellated ground plane 160 includes a plurality of individual facets
162a, 162b, 162¢, etc., each of which are interconnected to each other and are defined by four vertices (not referenced,
but shown as points) having respective elevations. Adjacent pairs of facets 162a, 162b, 162c, etc., share two vertices.
Each facet 162a, 162b, 162c, etc., has a respective pitch and slope. Tessellated ground plane 160 is created based
upon various data and resources, such as, for example, topographical maps, and/or digital raster graphics, survey data,
and various other sources.

[0057] Generally, the geo-location of a point of interest on displayed image 142 is calculated by determining which of
facets 162a, 162b, 162c¢, etc., correspond to that point of interest. Thus, the location of the point of interest is calculated
based on the characteristics, i.e., elevation, pitch and slope, of facets 162a, 162b, 162¢, etc., rather than based upon a
flat or average-elevation ground plane. Error is introduced only in so far as the topography of surface 31 and the location
of the point of interest thereon deviate from the planar surface of the facet 162a, 162b, 162¢, etc, within which the point
of interest lies. That error is reducible through a bilinear interpolation of the elevation of the point of interest within a
particular one of facets 162a, 162b, 162c, etc., and using that interpolated elevation in the location calculation performed
by image display and analysis software 140.

[0058] To use tessellated ground plane 160, image display and analysis software 140 employs a modified ray-tracing
algorithm to find the intersection of the ray projected from the image-capturing device 32a or 32b towards surface 31
andtessellated ground plane 160. The algorithm determines not only which of facets 162a, 162b, 162¢, etc., is intersected
by the ray, but also where within the facet the intersection occurs. By use of bi-linear interpolation, a fairly precise ground
location can be determined. For the reverse projection, tessellated ground plane 160 is used to find the ground elevation
value for the input ground location also using bi-linear interpolation. The elevation and location are then used to project
backwards through a model of the image-capturing device 32a or 32b to determine which of the pixels within displayed
image 142 corresponds to the given location.

[0059] More particularly, and as an example, image display and analysis software 140 performs and/or calculates the
geo-location of point 164 by superimposing and/or fitting tessellated ground plane 160 to at least a portion 166, such
as, for example, a hill, of surface 31. It should be noted that only a small portion of tessellated ground plane 160 and
facets 162a, 162b, 162¢, etc., thereof is shown along the profile of portion 166 of surface 31. As discussed above, each
of facets 162a, 162b, 162c, etc., are defined by four vertices, each of which have respective elevations, and each of the
facets have respective pitches and slopes. The specific position of point 164 upon the plane/surface of the facet 162z,
162b, 162¢, etc., within which point 164 (or its projection) lies is determined as described above.

[0060] Tessellated ground plane 160 is preferably created outside the operation of image display and measurement
computer system 130 and image display and analysis software 140. Rather, tessellated ground plane 160 takes the
form of a relatively simple datatable or look-up table 168 stored within memory 132 of and/or accessible to image display
and measurement computer system 130. The computing resources required to calculate the locations of all the vertices
of the many facets of a typical ground plane do not necessarily have to reside within image display and measurement
computer system 130. Thus, image display and measurement computer system 130 is compatible for use with and
executable by a conventional personal computer without requiring additional computing resources.

[0061] Calculating tessellated ground plane 160 outside of image display and measurement computer system 130
enables virtually any level of detail to be incorporated into tessellated ground plane 160, i.e., the size and/or area covered
by or corresponding to each of facets 162a, 162b, 162c, etc., can be as large or as small as desired, without significantly
increasing the calculation time, slowing the cperation of, nor significantly increasing the resources required by image
display and measurement computer system 130 and/or image display and analysis software 140. Display and meas-
urement computer system 130 can therefore be a relatively basic and uncomplicated computer system.

[0062] The size of facets 162a, 162b, 162¢, etc., are uniform in size throughout a particular displayed image 142. For
example, if displayed image 142 corresponds to an area that is approximately 750 feet wide in the foreground by
approximately 900 feet deep, the image can be broken into facets that are approximately 50 square feet, thus yielding
about 15 facets in width and 18 facets in depth. Alternatively, the size of facets 162a, 162b, 162c, etc., are uniform in
terms of the number of pixels contained therein, i.e., each facet is the same number of pixels wide and the same number
of pixels deep. Facets in the foreground of displayed image 142, where the pixel density is greatest, would therefore be
dimensionally smaller than facets in the background of displayed image 142 where pixel density is lowest. Since it is
desirable to take most measurements in the foreground of a displayed image where pixel density is greatest, creating
facets that are uniform in terms of the number of pixels they contain has the advantage of providing more accurate
measurements in the foreground of displayed image 142 relative to facets that are dimensionally uniform.

[0063] Another advantage of using pixels as a basis for defining the dimensions of facets 162a, 162b, 162c, eic,, is
that the location calculation (pixel location to ground location) is relatively simple. A user operates image display and
measurement computer system 130 to select a pixel within a given facet, image display and analysis software 140 looks
up the data for the facet corresponding to the selected pixel, the elevation of the selected pixel is calculated as discussed
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above, and that elevation is used within the location calculation.

[0064] Generally, the method of capturing oblique images of the present invention divides an area of interest, such
as, for example, a county, into sectors of generally uniform size, such as, for example, sectors that are approximately
one square mile in area. This is done to facilitate the creation of a flight plan to capture oblique images covering every
inch of the area of interest, and to organize and name the sectors and/or images thereof for easy reference, storage
and retrieval (a process known in the art as "sectorization"). Because the edges of any geographic area of interest, such
as a county, rarely falls on even square mile boundaries, the method of capturing oblique images of the present invention
provides more sectors than there are square miles in the area of interest — how many more depends largely on the
length of the county borders as well as how straight or jagged they are. Typically, you can expect one extra sector for
every two to three miles of border. So if a county or other area of interest is roughly 20 miles by 35 miles, or 700 square
miles, the area will be divided into approximately from 740 to 780 sectors.

[0065] The method of capturing oblique images of the present invention, in general, captures the oblique images from
at least two compass directions, and provides full coverage of the area of interest from at least those two compass
directions. Referring now to Figs. 7 and 8, a first embodiment of a method for capturing oblique images of the present
invention is shown. For sake of clarity, Fig. 7 and 8 is based on a system having only one image-capturing device.
However, it is to be understood that two or more image-capturing devices can be used.

[0066] The image-capturing device captures one or more oblique images during each pass over area 200. The image-
capturing device, as discussed above, is aimed at an angle over area 200 to capture oblique images thereof. Area 200
is traversed in a back-and-forth pattern, similar to the way a lawn is mowed, by the image-carrying device and/or the
platform to ensure double coverage of area 200.

[0067] More particularly, area 200 is traversed by image-carrying device 32 and/or platform 20 following a first path
202 to thereby capture oblique images of portions 202a, 202b, and 202c of area 200. Area 200 is then traversed by
image-carrying device 32 and/or platform 20 following a second path 204 that is parallel and spaced apart from, and in
an opposite direction to, i.e., 180° (one-hundred and eighty degrees) from, first path 202, to thereby capture oblique
images of portions 204a, 204b, 204c of area 200. By comparing Figs. 7 and 8, it is seen that a portion 207 (Fig. 8) of
area 200 is covered by images 202a-c captured from a first direction or perspective, and by images 204a-c captured
from a second direction or perspective. As such, the middle portion of area 200 is 100% (one-hundred percent) double
covered. The above-described pattern of traversing or passing over area 200 along opposing paths that are parallel to
paths 202 and 204 is repeated until the entirety of area 200 is completely covered by at least one oblique image captured
from paths that are parallel to, spaced apart from each other as dictated by the size of area 200, and in the same direction
as paths 202 and 204 to thereby one-hundred percent double cover area 200 from those perspectives/directions.
[0068] If desired, and for enhanced detail, area 200 is covered by two additional opposing and parallel third and fourth
paths 206 and 208, respectively, that are perpendicular to paths 202 and 204 as shown in Figs. 9 and 10. Area 200 is
therefore traversed by image-carrying device 32 and/or platform 20 following third path 206 to capture oblique images
of portions 206a, 206b and 206¢ of area 200, and is then traversed along fourth path 208 that is parallel, spaced apart
from, and opposite to third path 206 to capture oblique images of portions 208a, 208b and 208¢ of area 200. This pattern
of traversing or passing over area 200 along opposing paths that are parallel to paths 206 and 208 is similarly repeated
until the entirety of area 200 is completely covered by at least one oblique image captured from paths that are parallel
to, spaced apart from as dictated by the size of area 200, and in the same direction as paths 206 and 208 to thereby
one-hundred percent double cover area 200 from those directions/perspectives.

[0069] As described above, image-carrying device 32 and/or platform 20, traverses or passes over area 200 along a
predetermined path. However, it is to be understood that image-carrying device and/or platform 20 do not necessarily
pass or traverse directly over area 200 but rather may pass or traverse an area adjacent, proximate to, or even somewhat
removed from, area 200 in order to ensure that the portion of area 200 that is being imaged falls within the image-capture
field of the image-capturing device. Path 202, as shown in Fig. 7, is such a path that does not pass directly over area
200 but yet captures oblique images thereof.

[0070] The presentinvention iscapable of capturingimages at various levels of resolution or ground sample distances.
A first level of detail, hereinafter referred to as a community level, has a ground sample distance of, for example,
approximately two-feet per pixel. For orthogonal community-level images, the ground sample distance remains substan-
tially constant throughout the image. Orthogonal community-level images are captured with sufficient overlap to provide
stereo pair coverage. For obliqgue community-level images, the ground sample distance varies from, for example, ap-
proximately one-foot per pixel in the foreground of the image to approximately two-feet per pixel in the mid-ground of
the image, and to approximately four-feet per pixel in the background of the image. Oblique community-level images
are captured with sufficient overlap such that each area of interest is typically covered by at least two oblique images
from each compass direction captured. Approximately ten oblique community-level images are captured per sector.
[0071] A second level of detail, hereinafter referred to as a neighborhood level, is significantly more detailed than the
community-level images. Neighborhood-level images have a ground sample distance of, for example, approximately
six-inches per pixel. For orthogonal neighborhood-level images, the ground sample distance remains substantially con-
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stant. Oblique neighborhood-level images have a ground sample distance of, for example, from approximately four-
inches per pixel in the foreground of the image to approximately six-inches per pixel in the mid-ground of the image,
and to approximately ten-inches per pixel in the background of the image. Oblique neighborhood-level images are
captured with sufficient overlap such that each area of interest is typically covered by at least two oblique images from
each compass direction captured, and such that opposing compass directions provide 100% overlap with each other.
Approximately one hundred (100) oblique area images are captured per sector.

[0072] It should be particularly noted that capturing oblique community and/or neighborhood-level images from all four
compass directions ensures that every point in the image will appear in the foreground or lower portion of at least one
of the captured oblique images, where ground sample distance is lowest and image detail is greatest.

[0073] Inthe embodiment shown, image-capturing and geo-locating system 30 includes a gyroscope, compass and
altimeter. However, it is to be understood that the image-capturing and geo-locating system of the present invention can
be alternately configured, such as, for example, to derive and/or calculate altitude, pitch, roll and yaw, and compass
heading from the GPS and INU signals/data, thereby rendering one or more of the gyroscope, compass and altimeter
unnecessary. In fact,

[0074] Inthe embodiment shown, image-capturing devices are at an equal angle of declination relative to a horizontal
plane. However, itis to be understood that the declination angles of the image-capturing devices do not have to be equal.
[0075] Inthe embodiment shown, image-capturing computer system executes image and data acquiring software that
issues a common or single image-capture signal to the image-capturing devices to thereby cause those devices to
acquire or capture an image. However, it is to be understood that the present invention can be alternately configured to
separately cause the image-capturing devices to capture images at different instants and/or at different intervals.
[0076] In the embodiment shown, the method of the present invention captures oblique images to provide double
coverage of an area of interest from paths/perspectives that are substantially opposite to each other, i.e., 180° (one-
hundred and eighty degrees) relative to each other. However, it is to be understood that the method of the present
invention can be alternately configured to provide double coverage from paths/perspectives that are generally and/or
substantially perpendicular relative to each other.

[0077] While the present invention has been described as having a preferred design, the invention can be further
modified within the spirit and scope of this disclosure. This disclosure is therefore intended to encompass any equivalents
to the structures and elements disclosed herein. Further, this disclosure is intended to encompass any variations, uses,
or adaptations of the present invention that use the general principles disclosed herein. Moreover, this disclosure is
intended to encompass any departures from the subject matter disclosed that come within the known or customary
practice in the pertinent art and which fall within the limits of the appended claims.

Claims

1. A method of capturing oblique images of an area of interest with an image-capturing device carried by a platform,
each oblique image captured at a respective image-capturing event, said method comprising:

subdividing the area of interest into a plurality of sectors;

guidingtheplatform along afirst path tothereby target one ormoretarget sectors with theimage-capturing device;
capturing with the image-capturing device one or more oblique images to thereby cover an entirety of each said
target sector in oblique images captured from a first perspective; guiding the platform along a second path to
thereby target said target sectors;

capturing with the image-capturing device one or more oblique images to thereby cover an entirety of each said
target sector in oblique images captured from a second perspective; repeating said guiding and capturing steps
along paths substantially parallel to and spaced apart from said first and second paths and capturing one or
more oblique images to thereby cover an entirety of each of said plurality of sectors in oblique images captured
from each of said first and second perspectives; and

recording positional data indicative of a geo-location of said image-capturing device at each image-capturing
event.

2. The method of claim 1, wherein said second path is substantially parallel relative to and 180° from said first path.
3. The method of claim 1, wherein said second path is also spaced apart from said first path.
4. The method of claim 1, comprising the further steps of:

guiding the platform along a third path to thereby target one or more target sectors with the image-capturing
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device, said third path being substantially perpendicular to said first and second paths;

capturing with the image-capturing device one or more oblique images to thereby capture an entirety of each
said target sector in oblique images captured from a third perspective; and

repeating said guiding and capturing steps along paths substantially parallel to and spaced apart from said third
path and capturing one or more oblique images to thereby cover an entirety of each of said plurality of sectors
in oblique images captured from said third perspective.

5. The method of claim 4, comprising the further steps of:

guiding the platform along a fourth path to thereby target one or more target sectors with the image-capturing
device, said fourth path being substantially parallel with said third path and 180° from said third path;
capturing with the image-capturing device one or more oblique images to thereby capture an entirety of each
said target sector in oblique images captured from a fourth perspective; and

repeating said guiding and capturing steps along paths substantially parallel to and spaced apart from said
fourth path and capturing one or more oblique images to thereby cover an entirety of each of said plurality of
sectors in oblique images captured from said fourth perspective.

The method of claim 5, wherein said fourth path is also spaced apart from said third path.

A computerized method for taking measurements from an obliqgue image displayed on a computer system, at least
one input device connected to said computer system, an image data file accessible by said computer system, said
image data file including captured images and positional data corresponding thereto, said computerized method
comprising:

placing the computer system into a desired one of a plurality of measurement modes, the desired measurement
mode configured for calculating a desired measurement;

selecting a starting point on the displayed image;

retrieving the positional data corresponding to said starting point;

selecting an end point on the displayed image;

retrieving the positional data corresponding to said end point; and

calculating the desired measurement dependent at least in part upon said positional data of said starting and
end points.

The method of claim 7, comprising the further steps of:

selecting one or more intermediate points on said displayed image; and
retrieving the positional data corresponding to said intermediate points.

The method of claim 7, wherein said plurality of measurement modes comprise a distance measuring mode calcu-
lating a distance between two or more selected points, a height measuring mode calculating a height difference
between two or more selected points, a relative elevation measurement mode calculating the difference in elevation
of two or more selected points, and an area measurement mode calculating the area encompassed by at least three
points.

10. A computerized method for taking measurements within a displayed oblique image, comprising:

selecting with an input device a starting point and an end point on the displayed image; retrieving from a data
file positional data corresponding to said starting point and said end point;

referencing a ground plane data file correspending to a tessellated ground plane having a plurality of facets,
each of said facets having a respective pitch and slope, said tessellated ground plane closely matching a terrain
of said displayed oblique image;

connecting said starting and end points with line segments, said line segments conforming to said pitch and
slope of said facets to thereby follow said terrain; and

calculating the linear distance along said line segments between said starting and end points thereby taking
into account said pitch and slope of said facets.

11. The method of claim 10, wherein said tessellated ground plane is superimposed upon said displayed oblique image.
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The method of claim 10, comprising the further steps of:

selecting with an input device one or more intermediate points on the displayed image; retrieving frem said data
file positional data corresponding to said one or more intermediate points; and

connecting adjacent intermediate points to each other, and connecting said starting and end peints to adjacent
intermediate points, with line segments, said line segments conforming to said pitch and slope of said facets to
thereby follow said terrain; and

calculating the distance along said line segments between said starting and end points.

The method of claim 10, wherein said plurality of facets each correspond to equal areas of said displayed oblique
image.

The method of claim 10, wherein said plurality of facets each includes an equal number of pixels of said displayed
oblique image.

A computerized method for taking measurements within a displayed oblique image, comprising:

displaying an oblique captured image with positional data;

selecting with an input device two points including a starting point and an end point on the displayed image;
calculating the gec-locations of the selected points in the displayed oblique image based at least in part the
upon positional data of the displayed oblique image;

referencing a tessellated ground plane representing at least a portion of the terrain depicted within said captured
oblique images, said tessellated ground plane comprising a plurality of interconnected facets, each of said
facets having a respective pitch and slope, said tessellated ground plane comprising a plurality of vertices, each
vertex having an elevation and defining a corner of a facet, two of said vertices shared by each of said facets;
identifying which of said plurality of facets corresponds to selected points on said displayed oblique image and
calculating elevations of said selected points dependent at least in part upon the elevation of the vertices of the
facet corresponding to the selected point; and

calculating the distance between the selected points.

The method of claim 15 comprising the further step of superimposing an image of the upon said displayed oblique
image.

The method of claim 15, comprising the further steps of:

selecting with an input device one or more intermediate points on the displayed image; retrieving from said data
file positional data corresponding to said one or more intermediate points;

connecting adjacent intermediate points to each other;

connecting said starting and end points to adjacent intermediate points, with line segments, said line segments
conforming to said pitch and slope of said facets to thereby follow said terrain; and

calculating the distance along said line segments between said starting and end points.

The method of claim 15, wherein said plurality of facets each correspond to equal areas of said displayed oblique
image.

The method of claim 15, wherein said plurality of facets each includes an equal number of pixels of said displayed
oblique image.

The method of claim 15, comprising the further steps of:

selecting one or more intermediate points on said displayed image; and retrieving the positional data corre-
sponding to said intermediate points.

The method of claim 15 wherein the step of calculating distance comprises measuring the different in elevation
between two selected points or measuring area defined by at least three points.

The method of claim 15 comprising the further steps of capturing oblique images of an area of interest with an image-
capturing device carried by a platform, each oblique image captured at a respective image-capturing event, said
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method comprising:

subdividing the area of interest into a plurality of sectors;

guidingtheplatform along afirst path tothereby target one ormoretarget sectors with theimage-capturing device;
capturing with the image-capturing device one or more oblique images to thereby cover an entirety of each said
target sector in oblique images captured from a first perspective;

guiding the platform along a second path tothereby target said target sectors; capturing with the image-capturing
device one or more oblique images to thereby cover an entirety of each said target sector in oblique images
captured from a second perspective;

repeating said guiding and capturing steps along paths substantially parallel to and spaced apart from said first
and second paths and capturing one or more oblique images to thereby cover an entirety of each of said plurality
of sectors in oblique images captured from each of said first and second perspectives; and

recording positional data indicative of a geo-location of said image-capturing device at each image-capturing
event.

The method of claim 22, wherein said second path is substantially parallel relative to and 180° from said first path;
The method of claim 23, wherein said second path is also spaced apart from said first path.
The method of claim 22, comprising the further steps of: guiding the platform along a third path to thereby target

one or more target sectors with the image-capturing device, said third path being substantially perpendicular to said
first and second paths;

capturing with the image-capturing device one or more oblique images to thereby capture an entirety of each
said target sector in oblique images captured from a third perspective; and

repeating said guiding and capturing steps along paths substantially parallel to and spaced apart from said third
path and capturing cne or more oblique images to thereby cover an entirety of each of said plurality of sectors
in oblique images captured from said third perspective.

The method of claim 25, comprising the further steps of:

guiding the platform along a fourth path to thereby target one or more target sectors with the image-capturing
device, said fourth path being substantially parallel with said third path and 180° from said third path;
capturing with the image-capturing device one or more oblique images to thereby capture an entirety of each
said target sector in oblique images captured from a fourth perspective; and

repeating said guiding and capturing steps along paths substantially parallel to and spaced apart from said
fourth path and capturing one or more oblique images to thereby cover an entirety of each of said plurality of
sectors in oblique images captured from said fourth perspective.

27. The method of claim 26, wherein said fourth path is also spaced apart from said third path.
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file includes a plurality of image files corresponding
to a plurality of captured oblique images (32a and
32b), and positional data corresponding to the images.
Image display and analysis software is executed by
the system (46) for reading the data file and displaying
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morc uscr-sclected points on the displayed image,
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calculation is user-selectable to determine various
parameters including linear distance between, area
encompassed within, relative elevation of, and height
difference between selected points.
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OBLIQUE GEOLOCATION AND MEASUREMENT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Serial

No. 60/425,275, filed November 8, 2002. .

TECHNICAL FIELD
The present invention relates to photogrammetry. More particularly, the present
invention relates to a method and apparatus for capturing oblique images and for

measuring the objects and distances between the objects depicted therein.

BACKGROUND

Photogrammetry is the science of making measurements of and between objects
depicted within photographs, especially aerial photographs. Generally,
photogrammetry involves taking images of terrestrial features and deriving data
therefrom, such as, for example, data indicating relative distances between and sizes of
objects within the images. Photogrammetry may also involve coupling the photographs
with other data, such as data representative of latitude and longitude. In effect, the
image is overlaid and conformed to a particular spatial coordinate system.

Conventional photogrammetry involves the capture and/or acquisition of

orthogonal images. The image-capturing device, such as a camera or sensor, is
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orthogonal images. The image-capturing device, such as a camera or sensor, is
carried by a vehicle or platform, such as an airplane or satellite, and is aimed at a nadir
point that is directly below and/or vertically downward from that platform. The point or
pixel in the image that corresponds to the nadir point is the only point/pixel that is truly
orthogonal to the image-capturing device. All other points or pixels in the image are
actually oblique relative to the image-capturing device. As the points or pixels become
increasingly distant from the nadir point they become increasingly oblique relative to the
image-capturing device and the ground sample distance (i.e., the surface area
corresponding to or covered by each pixel) also increases. Such obliqueness in an
orthogonal image causes features in the image to be distorted, especially images
relatively distant from the nadir point.

Such distortion is removed, or compensated for, by the process of ortho-
rectification which, in essence, removes the obliqueness from the orthogonal image by
fitting or warping each pixel of an orthogonal image onto an orthometric grid or
coordinate system. The process of ortho-rectification creates an image wherein all
pixels have the same ground sample distance and are criented to the north. Thus, any
point on an ortho-rectified image can be located using an X, Y coordinate system and,
so long as the image scale is known, the length and width of terrestrial features as well
as the relative distance between those features can be calculated.

Although the process of ortho-rectification compensates to a degrée for oblique

distortions in an orthogonal image, it introduces other undesirable distortions and/or

0416
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