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(57) Abstract: Computerized methodology for organizing and/or retrieving pixel data for rendering digital images. In one embodi -
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domain by way of spatial and temporal registration assigned to pixels forming the image. The method may further include storing
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COMPUTERIZED METHOD FOR TRANSFORMING AN IMAGE
FROM AN IMAGE-SEARCHABLE DOMAIN TO A PIXEL-SEARCHABLE DOMAIN

FIELD OF THE INVENTION

The present invention is generally related to computerized techniques for
organizing and/or retrieving pixel data for rendering digital images, and, more
particularly, to computerized techniques that allow transforming an image from an

image-searchable domain to a pixel-searchable domain.

BACKGROUND OF THE INVENTION

Vision is an important source of information for humans, and the acquisition and
utilization of images, such as digital images, has numerous applications in a broad
range of endeavors, such as industrial, medical, ecological, scientific, engineering,
publishing, educational, and other endeavors. For example, in a power generation
application there may be a large number of digital images capturing visual examinations
and inspections performed throughout the manufacturing and service life of a typical
component for a combustion gas turbine engine. Within a given business organization,
these images may be acquired by different personnel and for meeting different
objectives.

To augment traditional manual visual inspections, it is known to utilize the
capabilities of modern optical imaging devices with computers and software in systems,
often referred to as computer aided visual inspections. See United States patent
numbers 8,477,154 and 8,244,025 as examples of computer aided inspection of objects
based on processing of acquired images of the objects, each commonly assigned to the
assignee of the present invention. The widespread use of digital images is intensifying
the need to develop more effective ways Tor organizing and/or refrieving such images.
Disclosed embodiments are believed to successfully address at least such needs.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention is explained in the following description in view of the drawings that

show:
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FIG. 1 is a flow chart of a non-limiting embodiment of a method embodying
aspects of the present invention, as may be used for transforming an image from an
image-searchable domain to a pixel-searchable domain.

FIG. 2 is a flow chart of a non-limiting embodiment of a method embodying
further aspects of the present invention.

FIG. 3 is a flow chart of a method embodying yet further aspects of the present
invention.

FIGs. 4 and 5 are respective schematics that may be used for conceptualizing
example coordinate systems that may be used for assignment of pixel coordinates for
forming spatially and temporally registered pixel data in the context of imaging an
object, such as a component of a combustion turbine engine.

FIG. 6 is a schematic of an example coordinate system that may be used for
assignment of pixel coordinates for forming spatially and temporally registered pixel
data in the context of imaging an object such as an organ in a body of a human being.

DETAILED DESCRIPTION OF THE INVENTION

The present inventor has innovatively recognized certain limitations in connection
with known techniques for organizing and/or retrieving digital images in an image-
searchable domain. The ready availability of computer storage, such as local hard
drives, removable memory storage devices, Internet Web servers, etc., has dramatically
increased the quantity of digital images that may be stored by users. However, users
can be overwhelmed quickly by a large volume (potentially thousands) of unorganized
or poorly organized digital images.

In a typical image-searchable domain, the stored digital images may commonly
use respective file identifiers, such as file names, etc., associated with respective
images. However, such file identifiers may be haphazardly constructed without the
benefit of any systematic protocol for organizing the image files and/or may use non-
descriptive file names such as “ImageComponent0001”, etc. Accordingly, users may
need to review large numbers of digital images in order to locate a desired digital
image. This is conceptually analogous to the proverbial challenge of finding a needle in
a haystack (i.e., finding a given image file among the large number of files in the

storage devices). The inability to easily retrieve a desired digital image can be
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frustrating. Moreover, although large numbers of digital images may have been
accumulated at diverse sites of a given business organization, just a small fraction of
such digital images may be put to practical use at such diverse sites as a result of the
inability to appropriately organize such digital images and the concomitant difficulties in
retrieving such digital images.

At least in view of such recognition, the present inventor proposes a novel
methodology that allows transforming an image depicting an object from an image-
searchable domain to a pixel-searchable domain by way of spatial and temporal
registration assigned to individual pixels forming the image. Under this innovative
paradigm, the image files and associated file identifiers are no longer relevant and may
be discarded, since in a pixel-searchable domain, each pixel may be assigned
respective spatial coordinates and a time stamp that allows retrieval of pixel data of
interest, such as may render a desired surface or volume of an object, based on the
assigned spatial coordinates and time stamp. The pixel data may then be reconstituted
to render a desired image to a user, such as an image of a desired surface or volume of
an object.

While users may have no understanding of current file naming nomenclature,
and thus may be ineffective in finding a desired image based upon a file name search,
users nonetheless usually have a knowledge of spatial information for an image of
interest, such as wanting an image of a specific component of a specific plant. In an
embodiment of the invention, such a user can quickly and efficiently find such a desired
image by simply searching a database of pixel data organized by spatial information.
Such a search may also include a temporal search constraint, such as finding all
images of the component of interest (i.e. location of interest) over the past five years.
Because location and time are identifiers of common understanding to users, the
process of finding image data of interest by the described pixel searchable method is
much simpler than with prior art file name based (image searchable) methods.

In the following detailed description, various specific details are set forth in order
to provide a thorough understanding of such embodiments. However, those skilled in
the art will understand that embodiments of the present invention may be practiced
without these specific details, that the present invention is not limited to the depicted

embodiments, and that the present invention may be practiced in a variety of alternative
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embodiments. In other instances, methods, procedures, and components, which would
be well-understood by one skilled in the art have not been described in detail to avoid
unnecessary and burdensome explanation.

Furthermore, various operations may be described as multiple discrete steps
performed in a manner that is helpful for understanding embodiments of the present
invention. However, the order of description should not be construed as to imply that
these operations need be performed in the order they are presented, nor that they are
even order dependent unless otherwise so described. Moreover, repeated usage of the
phrase "in one embodiment" does not necessarily refer to the same embodiment,
although it may. Lastly, the terms "comprising”, "including”, "having", and the like, as
used in the present application, are intended to be synonymous unless otherwise
indicated.

FIG. 1 is a flow chart of one non-limiting embodiment of a computerized method
embodying aspects of the present invention, as may be used for transforming an image
from an image-searchable domain to a pixel-searchable domain. Subsequent to a start
step 10, step 12 allows transforming an image depicting an object from an image-
searchable domain (such as file name) to a pixel-searchable domain by way of a unique
registration for each pixel, such as spatial and temporal registration assigned to pixels
forming the image. Step 14 allows storing pixel data comprising the spatial and
temporal registration in an electronic storage. Step 16 allows retrieving pixel data
based on the assigned spatial and temporal pixel registration. Prior to a stop step 20,
step 18 allows reconstituting an image with the retrieved pixel data.

FIG. 2 is a flow chart of a computerized method embodying further aspects of the
present invention. In one non-limiting example, the transforming step may comprise the
following: subsequent to a start step 30, step 32 allows extracting pixels from the image
depicting the object. Step 34 allows assigning, to each extracted pixel, coordinates with
respect to an object-stable coordinate system indicative of a location of a portion of the
object depicted by the pixel in the image relative to the coordinate system. Depending
on the needs of a given application, the coordinate system may be a two-dimensional
coordinate system, or a three-dimensional coordinate system. Step 36 allows assigning
to each extracted pixel a time-stamp indicative of a time when the image is acquired.

Prior to a stop step 40, step 38 allows optionally assigning to extracted pixels a tag
4
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comprising information regarding one or more parameters capable of influencing the
object. The foregoing steps may be performed in images acquired over a period of time
of one or more objects to generate a plurality of temporally and spatially-registered
pixels over the period of time and relatable to respective object-stable coordinate
systems for the one or more objects.

It will be appreciated that the foregoing assignment of spatial, temporal and
optional tag information need not be limited to individual pixels since such assignment
may be performed on respective groups of pixel components. For example, digital color
image elements may be formed by a collection of a number of (e.g., three or four) pixel
component intensities, such as red, green and blue; or cyan, magenta, yellow and
black. Thus, in this example, each digital color image element, which may be comprised
of groups of pixel components, may be assigned the spatial, temporal and optional tag
information. It will be further appreciated that the foregoing assignment of spatial,
temporal and optional tag information can also be readily extended to voxels (volumetric
elements), which may be commonly used for the visualization and analysis
of medical and scientific data. For the sake of establishing a common terminology, the
term pixel is used herein, however, that term should be interpreted in a broad sense to
include other image elements such as, but not limited to, at least voxels and groups of
pixels or pixel components.

FIG. 3 is a flow chart of a computerized method embodying yet further aspects of
the present invention. Subsequent to a start step 50, step 52 may allow forming a cloud
of pixel data with the temporally and spatially-registered pixels. Step 54 allows storing
the cloud of pixel data in the electronic storage. Step 56 allows retrieving pixel data
matching a queried spatial and temporal pixel registration and the optional queried tag
information. Prior to stop step 60, step 58 allows reconstituting images from the
retrieved pixel data effective for monitoring and/or evaluating changes in the one or
more objects occurring over the period of time.

In one non-limiting application, the object may be a component of a combustion
turbine engine, such as stationary components (e.g., vanes) or rotatable components
(e.g., turbine blades) of the turbine engine. These components may be respectively
disposed at one or more power generation sites positioned at different geographical

locations. In this application, tag information may be indicative of operational conditions,
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such as a type of fuel being used in a given turbine engine, temperature information,
imaging conditions, such as imaging under white light, thermal imaging, etc., and/or
may be indicative of characteristics of the components, such as component style,
identification of applicable manufacturing badge, etc. In this application, the object-
stable coordinate system may be referenced to a geodetic coordinate system, such as
may be obtained from a global positioning system, etc.

In one non-limiting example, as illustrated in FIG. 4, a coordinate system 70 may
be associated with an imaging device 72, such as a camera, arranged to acquire one or
more images of an object 74, such as a component of a combustion turbine engine.
Imaging device 72 may include a global positioning system (GPS) module 76, or any
other means for acquiring positioning data (e.g., cellular or broadcast tower signals, Wi-
Fi signals, Radio-Frequency Identification (RFID) signals, etc., which may be used as
complementary (e.g., a hybrid positioning system), or as alternative options to GPS, as
may be used to establish geodetic coordinates (such as may be represented in terms of
latitude, longitude and height) in the coordinate system 70 associated with imaging
device 72. Pixel coordinates of the object relative to imaging device 72 may be
projected onto the imaging plane of the camera using techniques well-understood in the
art, such as by way of a model of the optics utilized by imaging device 72; or may be
obtained by way of projecting pixel position measurements onto the imaging plane of
the camera, such as may obtained with a 3-D laser scanning device or an ultrasound
scanning device.

In one non-limiting embodiment, a local coordinate system 78 may be associated
with object 74. By way of example, local coordinate system 78 may be obtained from a
3D computer-aided design (CAD) model of the turbine engine that locally maps the
coordinates of the various components of the turbine engine relative to one or more
local references of the turbine, such as a center line of the turbine engine, or other
predefined turbine reference.

It will be appreciated by those skilled in the art that the geodetic coordinates
obtained for the coordinate system 70 associated with the imaging device 72 may be
related to the local coordinate system 78 of the object by way of vector analysis, as may
be performed in a processor 80. Thus, one can go from the geodetic coordinate system

70 to the local coordinate system 78 so that pixels extracted from an image of the
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component may be spatially and temporally registered at the local level for each
geographical site. For example, presuming two similar turbine engine installations at
two different sites, the geodetic coordinates would identify site location while the local
coordinates would allow tracking any desired component relative to the CAD model of
the turbine engine. Thus, a user by way of a user interface, such as graphical user
interface (GUI) 81, for example, would be able to query pixel data from a storage device
82 for any desired turbine installation site and for any desired component of interest
over a desired period of time. For example, presuming a user is interested in monitoring
or inspecting changes over a desired period of time in features 84 (such as could be
indicative of structural changes, etc.,) that may be located within an area (or volume) 86
of component 74, then the user may query pixel data with coordinates encompassing
the area (or volume) 86 over the desired period of time. Once such pixel data is
retrieved, images of the area (or volume) of interest may be reconstituted by processor
80 which would allow the user to visually monitor or inspect such changes over the
desired period of time. It will be appreciated that the pixel data may have originated
from many sources, including images from engineering models, etc.

It will be appreciated that the hardware illustrated in FIG. 4 (or FIG. 5) may vary
depending on the needs of given application. Thus, the depicted example is not meant
to imply structural limitations with respect to aspects of the present invention.
Accordingly, the foregoing configuration is shown by way of illustration and not by way
of limitation. As such, other configurations may be implemented. For example, it is
envisioned that the imaging device (e.g., camera) could be configured with appropriate
modules to automatically form the cloud of pixel data with the temporally and spatially-
registered pixels. This could be performed in a camera integrating the means for
determining positioning (e.g., GPS positioning or other positioning systems that may
utilized in combination with GPS; or may be utilized as alternative options to GPS) in
conjunction with ultrasonic or laser scanning modules for performing pixel space
mapping. This would allow the camera to determine geodetic coordinates and then
projecting such coordinates onto local coordinates which would conveniently allow
performing the pixel registration with a single device, e.g., the camera. One envisioned
example implementation may involve an integration of a laser scanning module in the

camera where each pixel in an image frame may be scanned (e.g., sequentially parked
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on) by a laser beam from the laser scanning module; a processing module in the
camera would then embed the appropriate coordinates (geodetic and/or local
coordinates) and time stamp onto the pixel being presently parked on by the laser
beam, then proceed to the next pixel till each pixel in the image frame is temporally and
spatially-registered. It will be appreciated that the laser scanning operation for
embedding the appropriate coordinates could be implemented with more than one
scanning beam.

As may be conceptually appreciated in FIG. 5, in case the object 74 is a rotatable
object or otherwise a movable object, the local coordinate system 78 may be configured
to establish a reference frame which accounts for any such rotation (motion) so that the
coordinate system behaves as an object-stable coordinate system. For example, in
case of rotation of the object 74 by an angle 6 relative to a predefined fixed reference
(Ref), then local coordinate system 78 may also be referred to such fixed reference
frame, which would allow vectorially relating the local coordinates of the rotating object
with respect to such fixed reference.

Although the description above has been provided in the context of inspection of
components in a turbine engine, it will be appreciated that aspects of the present
invention are not limited to such applications. For example, the foregoing concepts of
transforming an image from an image-searchable domain to a pixel-searchable domain
may be applied to the field of medical imaging. In this application, the object may
comprise at least a portion of an organ in a body of a subject, such as heart, brain, etc.
In this application, tag information may be indicative of biographical and demographical
information of the subject, such as age, gender, social security number, etc., and/or
may be indicative of appropriate physiological information in connection with the
subject. In this application, an object-stable coordinate system 90, such as may be
conceptualized in FIG. 6, may be associated with an individualized model of the subject
and such coordinate system may be referenced to at least one anatomical feature of the
subject, such as bone landmarks which can bear a constant spatial relation with respect
to soft tissues. Thus, in this case, the temporally and spatially-registered pixels would
allow retrieving pixel data based on pixel coordinates associated with the individualized
model of the subject. This would allow medical personnel to efficiently retrieve pixel

data from a cloud of pixel data conducive to monitoring changes that occur in an organ
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or region of interest of the subject independently of any image file naming convention
that a given imaging service center may utilize. It will be appreciated that the number of
fields that may benefit under this innovative paradigm are practically limitless. For
example, temporally and spatially-registered pixels stored in an appropriate cloud of
pixel data would allow biologists or ecologists located practically anywhere in the world
retrieving pixel data effective for monitoring temporal and/or spatial changes, such as
may be indicative of ecological and biodiversity changes that may occur in land-based
and/or marine-based habitats, such as may involve reefs, or a marine or coastal region
of interest located anywhere in the world. This capability of retrieving visual information
with any desired temporal and spatial selectivity is practically non-realizable in an
image-searchable domain.

Certain aspects of the present invention may be embodied as systems and/or
computer-implemented methods. Furthermore, various aspects of the present invention
may take the form of a computer program product on a computer-usable storage
medium having computer-usable program code embodied in the medium or a computer
program product accessible from a computer-usable or computer-readable medium
providing program code for use by or in connection with a computer or any instruction
execution system. The computer program product aspects of the present invention may
have computer usable or computer readable program code portions thereof, which are
stored together or distributed, either spatially or temporally across one or more devices.

Computer program code for a processor to carry out operations of the method
described above may be written in a high-level programming language, such as Java, C
or C++, for development convenience, or other programming languages. Some
modules or routines may be written in assembly language or even micro-code to
enhance performance and/or memory usage. It will be further appreciated that the
functionality of any or all of the program modules may also be implemented using
discrete hardware components, one or more application specific integrated circuits
(ASICs), or a programmed digital signal processor or microcontroller. A code in which a
program of the present method is described can be included as a firmware in a RAM, a
ROM and a flash memory. Otherwise, the code can be stored in a tangible computer-
readable storage medium such as a magnetic tape, a flexible disc, a hard disc, a

compact disc, a photo-magnetic disc, a digital versatile/video disc (DVD). The code can
9
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be configured for use in a computer or computing device which includes a memory,
such as a central processing unit (CPU), a RAM and a ROM as well as a storage
medium such as a hard disc.

The “step-by-step process” for performing the method herein is a specific
algorithm, and may be shown as a mathematical formula, in the text of the specification
as prose, and/or in a flow chart. The instructions of the software program create a
special purpose machine adapted to carry out the particular algorithm. Thus, in any
means-plus-function claim, or functional claiming, herein in which the disclosed
structure is a computer, or microprocessor, programmed to carry out an algorithm, the
disclosed structure is not the general purpose computer, but rather the special purpose
computer programmed to perform the disclosed algorithm.

A general purpose computer, or microprocessor, may be programmed to carry
out the algorithm/steps of the present method creating a new machine. The general
purpose computer becomes a special purpose computer once it is programmed to
perform particular functions pursuant to instructions from program software/code herein.
The instructions of the software program that carry out the algorithm/steps electrically
change the general purpose computer by creating electrical paths within the device.
These electrical paths create a special purpose machine for carrying out the particular
algorithm/steps.

Unless specifically stated otherwise as apparent from the discussion, it is
appreciated that throughout the description, discussions utilizing terms such as
“processing” or “computing” or “calculating” or “determining” or “displaying” or the like,
refer to the action and processes of a computer system, or similar electronic computing
device, that manipulates and transforms data represented as physical (electronic)
quantities within the computer system's registers and memories into other data similarly
represented as physical quantities within the computer system memories or registers or
other such information storage, transmission or display devices.

While various embodiments have been shown and described herein, it will be
apparent that such embodiments are provided by way of example only. Numerous
variations, changes and substitutions may be made without departing from aspects of
the invention herein. Accordingly, it is intended that the invention be limited only by the

spirit and scope of the appended claims.
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CLAIMS

The invention claimed is:

1. A computerized method comprising:

transforming an image depicting an object from an image-searchable domain to
a pixel-searchable domain by way of spatial and temporal registration assigned to pixels
forming the image;

storing pixel data comprising the spatial and temporal registration in an electronic
storage,;

retrieving pixel data from the electronic storage based on the assigned spatial
and temporal registration; and

reconstituting an image with the retrieved pixel data.

2. The method of claim 1, wherein the transforming comprises:

extracting the pixels forming the image in the image-searchable domain;

assigning to each extracted pixel coordinates with respect to an object-stable
coordinate system indicative of a location of a portion of the object depicted by said
pixel in the image relative to the coordinate system; and

assigning to each extracted pixel a time-stamp indicative of a time when the

image in the image-searchable domain is acquired.

3. The method of claim 2, wherein the transforming is performed to images
acquired over a period of time of one or more objects to generate a plurality of
temporally and spatially-registered pixels over the period of time and relatable to
respective object-stable coordinate systems for the one or more objects.

4. The method of claim 3, further comprising forming a cloud of pixel data

with the temporally and spatially-registered pixels, and storing the cloud of pixel data in
the electronic storage.

11
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5. The method of claim 3, wherein the one or more objects comprise at least
a component of a combustion turbine engine respectively disposed at one or more

power generation sites positioned at different geographical locations.

6. The method of claim 5, wherein the object-stable coordinate system is
referenced to a geodetic coordinate system.

7. The method of claim 3, wherein the one or more respective objects
comprise at least a portion of a body of a human subject.

8. The method of claim 7, wherein the object-stable coordinate system is

referenced to at least one anatomical feature of the subject.

9. The method of claim 4, further comprising retrieving from the electronically
stored pixel data matching a queried spatial and temporal pixel registration, and
reconstituting images from the retrieved pixel data effective for monitoring and/or
evaluating changes in the one or more objects occurring over the period of time.

10. The method of claim 9, further comprising assigning to extracted pixels a
tag comprising information regarding one or more parameters capable of influencing the
object, and wherein the retrieving of pixel data from the electronic storage further

comprises matching queried tag information regarding one or more parameters.
11.  The method of claim 2, wherein the extracted pixels comprise respective

groups of pixel components, and wherein each of said groups is assigned a respective
spatial and temporal registration.

12
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12. A computerized method comprising:

a) extracting pixels from an image depicting an object;

b) assigning to each extracted pixel coordinates with respect to an object-
stable coordinate system indicative of a location of a portion of the object depicted by
said pixel in the image relative to the coordinate system; and

C) assigning to each extracted pixel a time-stamp indicative of a time when
the image is acquired.

13.  The method of claim 12, further comprising assigning to each extracted
pixel a tag comprising information regarding one or more parameters influencing the

object.

14.  The method of claim 12, performing steps a) through c) in images
acquired over a period of time of one or more objects to generate a plurality of
temporally and spatially-registered pixels over the period of time and relatable to

respective object-stable coordinate systems for the one or more objects.

15.  The method of claim 14, further comprising forming a cloud of pixel data
with the temporally and spatially-registered pixels, and storing the cloud of pixel data in

an electronic storage.

16. The method of claim 15, further comprising retrieving from the electronic
storage pixel data matching a queried spatial and temporal pixel registration, and
reconstituting images from the retrieved pixel data effective for monitoring and/or

evaluating changes in the one or more objects occurring over the period of time.

17. The method of claim 16, further comprising assigning to extracted pixels a
tag comprising information regarding one or more parameters capable of influencing the
object, and wherein the retrieving of pixel data from the electronic storage further

comprises matching queried tag information regarding one or more parameters.

18. A computerized method comprising:
13
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transforming a plurality of images by assigning registration information to each of
a plurality of image elements forming each image; and
retrieving desired image elements by searching the registration information.

19.  The method of claim 18, further comprising assigning registration

information comprising spatial and temporal information to each image element.

20. The method of claim 18, further comprising assigning registration
information to each pixel forming the images.

14
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