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COGNITIVE IMAGE SEARCHING BASED ON PERSONALIZED IMAGE
COMPONENTS OF A COMPOSITE IMAGE

BACKGROUND

[0001] The present invention relates in general to programmable computers. More specifically, the present
invention relates to computing systems, computer-implemented methods, and computer program products that
cognitively perform image searches based on personalized image components or sub-images of a composite

image.

[0002] Online search engines include search functionality that allows a user to perform so-called image searches
based primarily on an image rather than a search query. A technique known as “reverse image search’ is a
content-based image retrieval (CBIR) query technique that involves providing a CBIR system with a sample image
that, in effect, will be used as an image-based search query. Reverse image search is characterized by a lack of
search terms, which removes the need for a user to guess at keywords or terms that may or may not return a
correct result. Reverse image search allows users to discover content that is related to a specific sample image;

the popularity of an image; manipulated versions; derivative works; and the like.

[0003] A composite image is an image that contains multiple different identifiable objects. For example, a single
composite image can include a building; a car passing in front of the building; two people walking into the building; a
tree next to the building; and the like. Object detection is a computer technology related to computer vision and
image processing that deals with detecting instances of semantic objects of a certain class (e.g., humans, buildings,
or cars) in digital images and videos. Object detection is widely used in computer vision tasks such as image
annotation, vehicle counting, and activity recognition. Automatic image annotation is a process by which a
computer system automatically assigns metadata in the form of captioning or keywords to a digital image, which
enable automatic image annotation to be used in image retrieval systems to search, organize, and locate images of

interest from a database.

SUMMARY

[0004] Embodiments of the invention are directed to a computer-implemented method of performing an electronic
search. The computer-implemented method comprises receiving, using a processor, a composite electronic image
including a plurality of electronically identifiable objects, wherein the composite electronic image is associated with
a user. The processor is used to segment the composite electronic image into sub-images by providing at least one
of the sub-images for each of the plurality of electronically identifiable objects. For each of the sub-images, the
processor is used to perform personalized sub-image search operations. The personalized sub-image search

operations comprise selecting a sub-image-to-be-searched from among the sub-images; associating the sub-
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image-to-be-searched with personalized metadata of the user; and searching, based at least in part on the

personalized metadata of the user, a database to return a set of search images.

[0005] Embodiments of the invention are also directed to computer systems and computer program products
having substantially the same features as the computer-implemented method described above.

According to one aspect, there is provided: a computer system for performing an electronic search, the computer
system comprising a memory communicatively coupled to a processor, the processor configured to perform
processor operations comprising:  receiving a composite electronic image comprising a plurality of electronically
identifiable objects, wherein the composite electronic image is associated with a user; segmenting the composite
electronic image into sub-images by providing at least one of the sub-images for each of the plurality of
electronically identifiable objects; and for each of the sub-images, performing personalized sub-image search
operations comprising: selecting a sub-image-to-be-searched from among the sub-images; associating the sub-
image-to-be-searched with personalized metadata of the user; and searching, based at least in part on the

personalized metadata of the user, a database to return a set of search images.

[0006] According to another aspect, there is provided a computer program product for performing an electronic
search, the computer program product comprising a computer readable program stored on a computer readable
storage medium, wherein the computer readable program, when executed on a processor, causes the processor to
perform a method comprising: receiving a composite electronic image comprising a plurality of electronically
identifiable objects, wherein the composite electronic image is associated with a user; segmenting the composite
electronic image into sub-images by providing at least one of the sub-images for each of the plurality of
electronically identifiable objects; and for each of the sub-images, performing personalized sub-image search
operations comprising: selecting a sub-image-to-be-searched from among the sub-images; associating the sub-
image-to-be-searched with personalized metadata of the user; and searching, based at least in part on the

personalized metadata of the user, a database to return a set of search images.

[0007] Additional features and advantages are realized through techniques described herein. Other
embodiments and aspects are described in detail herein. For a better understanding, refer to the description and to

the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Preferred embodiments of the present invention will now be described, by way of example only, and with
reference to the following drawings:

[0009] FIG. 1 depicts a composite image that can be input to a personalized sub-image search systemin
accordance with embodiments of the invention;

[0010] FIG. 2 depicts an object detection and image segmentation module that can be used in a personalized

sub-image search system in accordance with embodiments of the invention;
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[0011] FIG. 3 depicts an image component cognitive search module that can be used in a personalized sub-
image search system in accordance with embodiments of the invention.

[0012] FIG. 4A depicts an image component cognitive search module that can be used in a personalized sub-
image search system in accordance with embodiments of the invention;

[0013] FIG. 4B depicts examples of sub-images with personalized tags/metadata generated in accordance with
embodiments of the invention;

[0014] FIG. 5 depicts a flow diagram illustrating a methodology according to embodiments of the invention;
[0015] FIG. 6A depicts a combined block diagram and flow diagram illustrating a personalized sub-image search
system in accordance with embodiments of the invention;

[0016] FIG. 6B depicts, in accordance with embodiments of the present inventions, equations utilized by the
system and flow diagram depicted in FIG. 6A;

[0017] FIG. 7 depicts a machine learning system that can be utilized to implement embodiments of the invention;
[0018] FIG. 8 depicts, in accordance with embodiments of the invention, a learning phase that can be
implemented by the machine learning system shown in FIG. 7; and

[0019] FIG. 9 depicts details of an exemplary computing system capable of implementing various embodiments of
the invention.

[0020] In the accompanying figures and following detailed description of the disclosed embodiments, the various
elements illustrated in the figures are provided with three digit reference numbers. In some instances, the leftmost

digits of each reference number corresponds to the figure in which its element is first illustrated.

DETAILED DESCRIPTION

[0021] For the sake of brevity, conventional techniques related to making and using aspects of the invention may
or may not be described in detail herein. In particular, various aspects of computing systems and specific computer
programs to implement the various technical features described herein are well known. Accordingly, in the interest
of brevity, many conventional implementation details are only mentioned briefly herein or are omitted entirely

without providing the well-known system and/or process details.

[0022] Many of the functional units of the systems described in this specification have been labeled as modules.
Embodiments of the invention apply to a wide variety of module implementations. For example, a module can be
implemented as a hardware circuit including custom VLSI circuits or gate arrays, off-the-shelf semiconductors such
as logic chips, transistors, or other discrete components. A module can also be implemented in programmable
hardware devices such as field programmable gate arrays, programmable array logic, programmable logic devices
or the like. Modules can also be implemented in software for execution by various types of processors. An
identified module of executable code can, for instance, include one or more physical or logical blocks of computer
instructions which can, for instance, be organized as an object, procedure, or function. Nevertheless, the

executables of an identified module need not be physically located together, but can include disparate instructions
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stored in different locations which, when joined logically together, function as the module and achieve the stated

purpose for the module.

[0023] The various components, modules, sub-function, and the like of the systems illustrated herein are depicted
separately for ease of illustration and explanation. In embodiments of the invention, the operations performed by
the various components, modules, sub-functions, and the like can be distributed differently than shown without
departing from the scope of the various embodiments of the invention describe herein unless it is specifically stated

otherwise.

[0024] For convenience, some of the technical operations described herein are conveyed using informal
expressions. For example, a processor that has data stored in its cache memory can be described as the
processor “knowing” the data. Similarly, a user sending a load-data command to a processor can be described as
the user “telling” the processor to load data. It is understood that any such informal expressions in this detailed
description should be read to cover, and a person skilled in the relevant art would understand such informal

expressions to cover, the informal expression’s corresponding more formal and technical function and operation.

[0025] The descriptions provided herein make reference to “images.” It is understood that use of the term
“‘image,” unless specifically stated to the contrary, refers to electronic or digital representations of the image that

can be analyzed by a computer, stored in memory, electronically transmitted, and displayed on computer display.

[0026] Turning now to an overview of technologies related to embodiments of the invention, as previously noted
herein, multiple different objects are often displayed within a given image. For example, a single image may include
a building; a car passing in front of the building; two people walking into the building; a tree next to the building; and
the like. An image that depicts multiple identifiable objects is referred to as a composite image. For composite
images, known online search engines perform image searching by looking for images that are similar to the entire
composite image. However, if a user is interested in searching only one or more objects in the composite image,
known image searching techniques require the user to take multiple editing steps to create a new image where the
object of interest to the user is the primary object then searching the edited image. It is known that “user
experience” (UX) when interacting with computers is impacted by the amount of information that a user is required

to enter into a system in order to have that system perform a particular task.

[0027] Turning now to an overview of aspects of the invention, embodiments of the invention improve UX in
situations where a user wants to conduct an image search that is focused on particular objects in a composite
image. Embodiments of the invention provide computing systems, computer-implemented methods, and computer
program products that cognitively perform an image search based on computer-generated personalized image
components or sub-images of a composite image. In accordance with embodiments of the invention, the computing
system is configured to cognitively determine the objects in the composite image that are of interest to the user

without requiring that the user take actions to identify the objects of interest when submitting the image search
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request. For example, embodiments of the invention do not require a user who would like to perform an image
search focused on one or more objects in a composite image to take multiple editing steps to create a new image

where the object of interest to the user is the primary object.

[0028] In embodiments of the invention, in response to receiving a composite image and an image search request
from a user, a computer system automatically performs object detection and image segmentation processes on the
composite image to detect identifiable objects in the composite image and segment the composite image into sub-
images, wherein each sub-image corresponds to at least one of the identifiable objects. Optionally, automatic
image annotation can be applied to the sub-images to generate an initial assignment of descriptive metadata to the
sub-images. A cognitive processor receives the sub-images and, optionally, the initial assignment of metadata. In
accordance with embodiments of the invention, the cognitive processor is provided with image processing and
expression-based natural language processing capabilities. The natural language processing capability can be
implemented using a robust expression-based cognitive data analysis technology such as IBM Watson®. IBM
Watson® is an expression-based, cognitive data analysis technology that processes information more like a human
than a computer, through understanding natural language, generating hypotheses based on evidence and learning
as it goes. Additionally, expression-based, cognitive computer analysis provides superior computing power to
keyword-based computer analysis for a number of reasons, including the more flexible searching capabilities of
“word patterns” over “keywords’ and the very large amount of data that may be processed by expression-based

cognitive data analysis.

[0029] The cognitive processor in accordance with embodiments of the invention analyzes the sub-image, the
optional initial metadata, and a corpus of the user to perform a first cognitive analysis task of determining the level
of relevance of the sub-image to the user; capturing that level of relevant in natural language; and incorporating the
level of relevance into the metadata of the sub-image to create personalized metadata for the sub-image. In some
embodiments of the invention, the initial metadata can be used to augment or assist the cognitive processor in

performing the task of determining the level of relevance of the sub-image to the user.

[0030] Animage-based search engine performs an image search for each sub-image and its associated
personalized metadata, such that a set of image search results is generated for each sub-image. The cognitive
processor performs a second cognitive task of analyzing each sub-image, each sub-image’s associated
personalized metadata, and optionally the user’s corpus to rank each sub-image based on its relevance level {(or
importance level) to the user. In embodiments of the invention, the relevance score of each sub-image can be a
function of the relative size of the sub-image to the composite image; and the relative position of the sub-image
within the composite image. Each ranked sub-image and its associated sets of search results can be presented to
the user for review using, for example, a computer display. In some embodiments of the invention, the cognitive
processor can be configured to only display sub-images having a ranking level (or importance level) above a
threshold.
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[0031] In some embodiments of the invention, the user can provide user feedback about the search results to the
cognitive processor, and the user feedback can be stored and used to augment or improve future execution of the
first and second cognitive processor tasks. In some embodiments of the invention, the user feedback can be
derived from how the user interacts with the displayed search results. For example, if the user clicks immediately
on the fourth ranked sub-image and its associated search results without clicking on any other sub-image’s search
results, the cognitive processor can determine that the fourth ranked sub-image was ranked too low. If the user
clicks immediately on the top ranked sub-image and its associated search results without clicking on any other sub-
image’s search results, the cognitive processor can determine that the top ranked sub-image was ranked
appropriately. In some embodiments of the invention, the cognitive processor can directly solicit user feedback by
presenting questions about the ranking to the user through the display. For example, the cognitive processor could

ask the user to input at the display the user’s ranking of the top four sub-images ranked by the cognitive processor.

[0032] In some embodiments of the invention, the cognitive processor can evaluate the user feedback to
determine whether or not the user feedback would improve the quality of the current image search. If the cognitive
processor determines that the current image search can be improved by the user feedback, the cognitive processor
can update its first and second cognitive tasks based on the user feedback then repeat the image search. In some
embodiments of the invention, the above-described repeat of the image search can be offered as an options to the

user and only executed if the user inputs a user approval.

[0033] In some embodiments of the invention, the first and second cognitive tasks can be performed prior to the
image search such that the sub-images are ranked before they are searched. In some embodiments of the
invention, the first and second cognitive tasks can be further augmented by the user inputting, along with the search
image, a natural language identification of the object in the composite image that is of interest to the user. For
example, the user could submit an image search request that includes the composite image and natural language
text that reads “the flower in the bottom left corner.” Because the cognitive processor includes natural language
processing capabilities, UX is only minimally impacted because there is no need to require a specific format for the
natural language identification of the object of interest. The cognitive processor would use its natural language
processing capability to interpret the meaning of the text inputs and use that meaning to ensure that flowers in the
bottom left corner of the composite image are included among the sub-images identified by the object detection
process. The cognitive processor would also use the meaning of the text inputs to apply the appropriate ranking to

the sub-image(s) that show the flowers.

[0034] In some embodiments of the invention, the cognitive processor can perform its tasks and other cognitive or
evaluative operations using a trained classifier having image processing algorithms, machine learning algorithms,

and natural language processing algorithms.

[0035] In some embodiments of the invention, natural language processing capabilities of the cognitive processor

can include personalized Q&A functionality that is a modified version of known types of Q&A systems that provide
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answers to natural language questions. As a non-limiting example, the cognitive processor can include all of the
features and functionality of the DeepQA technology developed by IBM®. DeepQA is a Q&A system that answers
natural language questions by querying data repositories and applying elements of natural language processing,
machine learning, information retrieval, hypothesis generation, hypothesis scoring, final ranking, and answer
merging to arrive at a conclusion. Such Q&A systems are able to assist humans with certain types of semantic
query and search operations, such as the type of natural question-and-answer paradigm of an educational
environment. Q&A systems such as IBM's DeepQA technology often use unstructured information management
architecture (UIMA), which is a component software architecture for the development, discovery, composition, and
deployment of multi-modal analytics for the analysis of unstructured information and its integration with search
technologies developed by IBM®. As applied to the cognitive processor tasks, the Q&A functionality can be used to
answer inquiries such as what is the relevance of a given sub-image to the user, or what is the proper ranking of the

sub-images based on the relevance of each sub-image to the user.

[0036] Turning now to a more detailed description of embodiments of the invention, FIG. 1 depicts a composite
image 100 that can be the subject of an analysis and image search performed by an image component cognitive
search module 302 (shown in FIG. 3) in accordance with aspects of the invention. The composite image includes
multiple objects, including an airplane 112, an apartment building 112, multiple flowerpots 114, two people 116, a

sign (for sale, for rent, etc.) 118, and a tree 120, configured and arranged as shown.

[0037] FIG. 2 depicts an object detection and image segmentation (ODIS) module 202. In some embodiments of
the invention, the ODIS module 202 can be incorporated within the cognitive search module 302 (shown in FIG. 3)
and is configured to perform object detection and image segmentation operations on the composite image 100.

The ODIS module 202 receives the composite image 100 from User-A, detects electronically identifiable objects in
the composite image 100, and segments the composite image 100 into sub-images 112A, 114A, 115A, 118A, 120A
(shown in FIG. 3), wherein each sub-image corresponds to at least one of the electronically identifiable objects. In
general, an object is electronically identifiable when the object can be electronically recognized and categorized at a
selected level of granularity. For example, even though a single leaf may be electronically identifiable, the
granularity of the ODIS module 202 can be set such that a tree is identified as object but each individual leaf on the
tree is not. Optionally, the ODIS module 202 can include automatic image annotation functionality that can be used
to apply to the sub-images 112A, 114A, 116A, 118A, 120A an initial assignment of tags and/or descriptive

metadata.

[0038] FIG. 3 depicts the cognitive search module 302 and inputs to the cognitive image search module, including
the sub-images 112A, 114A, 116A, 118A, 120A; a User-A corpus 320; and other User-A context & adjustments
(OUCA) 330. The User-A corpus 320 includes a user profile 322 and user activities 324. The user profile 322 is
completed by User-A and is a collection of settings and information associated with a User-A. The user profile 322
contains critical information that is used to identify User-A, such as User-A’s hame, age, photograph and individual

characteristics such as knowledge or expertise. The user profile 322 can be downloaded from a profile used by
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User-A on User-A's social media sites. In some embodiments of the invention, the user profile 322 can be
constructed to elicit from User-A profile information that would assist in constructing the personalized tags 432, 442
and personalized metadata 434, 444 (all shown in FIG. 4B), including specifically profile information such as
profession, hobbies, interests, music tastes, favorite authors, books read, and the like. The information in the user
profile 322 is submitted voluntarily by User-A. The OUCA 330 can include “input image properties” such as focus,
size of the composite image 100, and prominence of the sub-images within the composite image 100. The OUCA
330 can further include whether the object is the front versus the background of the composite image 100. The
QUCA 330 can further include feedback from User-A on the current personalized sub-image search results 312
The OUCA 330 can further include historical composite image searches performed by the cognitive processor 202,
as well as any overlap (e.g., common sub-images) between the current composite image search and other
historical composite image searches. In accordance with embodiments of the invention, the cognitive search
module 302 analyzes the various inputs (110A, 112A, 114A, 116A, 118A, 1204, 320, 330) to generate personalized
sub-image search results 312. A methodology 500 (shown in FIG. 5) depicts operations performed by the cognitive
search module 302 to generate the personalized sub-image search results 312 in accordance with embodiments of
the invention. The methodology 500 is explained in greater detail subsequently herein in connection with the
description of FIG. 5. A methodology 600 (shown in FIG. 6A) depicts operations performed by the cognitive search
module 302 to generate the personalized sub-image search results 312 in accordance with embodiments of the
invention. The methodology 600 is explained in greater detail subsequently herein in connection with the
description of FIG. 6A.

[0039] FIG. 4A depicts a cognitive search module 302A in accordance with embodiments of the invention. The
cognitive search module 302A can perform all of the operations performed by the cognitive search module 302
(shown in FIG. 3) but provides additional details of how the cognitive search module 302A can be implemented in
accordance with embodiments of the invention. The cognitive search module 302A includes the ODIS module 202,
an image processing module 402, a cognitive processor 404, and a search engine, configured and arranged as
shown. All of the modules 202, 402, 404, 405 include expression-based natural language processing capabilities
that can be used, where needed, to perform that module’s functions in accordance with embodiments of the
invention. The natural language processing capability can be implemented using a robust expression-based
cognitive data analysis technology such as IBM Watson®. |IBM Watson® is an expression-based, cognitive data
analysis technology that processes information more like a human than a computer, through understanding natural
language, generating hypotheses based on evidence and learning as it goes. Additionally, expression-based,
cognitive computer analysis provides superior computing power to keyword-based computer analysis for a number
of reasons, including the more flexible searching capabilities of “word patterns” over “keywords” and the very large

amount of data that may be processed by expression-based cognitive data analysis.

[0040] The ODIS 202 shown in FIG. 4A includes the same features and functionality as the ODIS 202 shown in
FIG. 2. In some embodiments of the invention, the ODIS 202 can be external to the cognitive search module 302A

or integrated within the cognitive search module 302A. The image processing module 402 provides image
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processing for the analysis performed by the cognitive processor 404 after the sub-images 110A, 112A, 114A,
116A, 118A, 120A have been generated. The cognitive processor 404 performs the primary cognitive analysis
used to build the sub-images with personalized tags/metadata 430 (shown in FIG. 4) and the sub-images with
personalized tags/metadata and user search guidance 440 (shown in FIG. 4), along with the primary cognitive
analysis used to rank the sub-images with personalized tags/imetadata 430 and the sub-images with personalized
tags/metadata and user search guidance 440. The search engine 406 performs the image searches based on the
sub-images with personalized tags/imetadata 430 and/or the sub-images with personalized tags/imetadata and user
search guidance 440. The search engine 406 includes browser functionality that enables the search engine 406 to
access a network 410 (e.g., a local network, a wide area network, the Internet, etc.) to pull data that matches the
sub-images with personalized tags/imetadata 430 and/or the sub-images with personalized tags/imetadata and user
search guidance 440 from a variety of web servers 420 representing a variety of location types such as blogs,

forums, news sites, review sites, data repositories, and others.

[0041] FIG. 4B depicts details of the sub-images with personalized tags/imetadata 430 and the sub-images with
personalized tags/metadata and user search guidance 440, which are depicted as examples. Similar examples can
be generated for the other sub-images of the composite image 100. In the example shown by the sub-images with
personalized tags/metadata 430, the sub-image 112A has been processed by the ODS module 202, the image
processing module 402, and the cognitive processor 404, and is now ready to be used by the search engine 406 to
conduct an image search. Similarly, in the example shown by the sub-images with personalized tags/metadata and
user search guidance 440, the sub-image 114A has been processed by the ODS module 202, the image
processing module 402, and the cognitive processor 404, and is now ready to be used by the search engine 406 to
conduct an image search. The sub-images with personalized tags/metadata 430 and the sub-images with
personalized tags/metadata and user search guidance 440 are then ranked by the cognitive processor 404 and

output by the cognitive search module 302A as the personalized sub-image search results 312.

[0042] FIG. 5 depicts a computer-implemented methodology 500 in accordance with embodiments of the
invention. The methodology 500 can be performed by the cognitive search module 302, 302A (shown in FIGS. 3
and 4A). Where appropriate, the description of the methodology 500 will make reference to the corresponding
elements of the modules 302, 302A. In accordance with embodiments of the invention, the methodology 500
begins at “start’ block 202 then moves to block 204 where the ODIS module 202 segments the composite image
100 into sub-images 112A, 114A, 116A, 118A, 120A, wherein each sub-image 112A, 114A, 116A, 118A, 120A
contains an electronically identifiable object in the composite image 100. Optionally, the ODIS module 202 can
apply automatic image annotation to the sub-images 112A, 114A, 116A, 118A, 120A to generate an initial
assignment of descriptive metadata to the sub-images 112A, 114A, 116A, 118A, 120A. The methodology 500 then
moves to block 506 where the cognitive processor 404 receives the sub-images 112A, 114A, 116A, 118A, 120A
and, optionally, the initial assignment of metadata. In accordance with embodiments of the invention, the cognitive
processor 404 uses image processing and expression-based natural language processing capabilities to analyze

the sub-image, the optional initial metadata, and the User-A corpus 320 to perform a first cognitive analysis task
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(TASK-1) of determining the level of relevance of the sub-image to User-A; capturing that level of relevant in natural
language; and incorporating the level of relevance into the metadata of the sub-image to create personalized
metadata for the sub-image. In some embodiments of the invention, the initial metadata can be used to augment or
assist the cognitive processor 404 in performing the task of determining the level of relevance of the sub-image to
User-A.

[0043] At block 508, the search engine 406 performs an image search for each sub-image and its associated
personalized metadata, such that a set of image search results is generated for each sub-image. At block 510, the
cognitive processor 510 performs a second cognitive task (TASK-2) of analyzing each sub-image, each sub-
image’s associated personalized metadata, and optionally the User-A corpus to rank each sub-image based on its
relevance level (or importance level) to User-A. At block 512, the cognitive processor displays each ranked sub-
image and its associated sets of search results to the user for review using, for example, a computer display. In
some embodiments of the invention, the cognitive processor can be configured to only display sub-images having a

ranking level (or importance level) above a threshold.

[0044] At decision block 514, the methodology 500 determines whether or not the User-A has provided feedback
about the search results to the cognitive processor 404. If the answer to the inquiry at decision block 514 is yes, at
block 516 the user feedback is stored and used to augment or improve the analysis performed by the cognitive
processor 404. For example, in embodiments of the invention where the cognitive processor 404 is implemented
using the classifier 710 (shown in FIG. 7), the user feedback is used as additional training data of the classifier 710.
In some embodiments of the invention, the user feedback can be derived from how User-A interacts with the
displayed search results. In some embodiments of the invention, the cognitive processor 404 can directly solicit

user feedback by presenting questions about the ranking to User-A through the display.

[0045] The methodology 500 then moves to decision block 518 to determine whether or not to return to decision
block 514 to check for additional user feedback or return to block 504 to repeats the analysis of the current
composite image 100. |In some embodiments of the invention, the cognitive processor 404 can evaluate at decision
block 518 the user feedback to determine whether or not the user feedback would improve the quality of the current
image search. If the cognitive processor 404 determines at decision block 518 that the current image search can
be improved by the user feedback, the cognitive processor 404 can update its first and second cognitive tasks
based on the user feedback then repeat the image search by returning to block 504. In some embodiments of the
invention, the above-described repeat of the image search can be offered as an options to User-A and only
executed if the User-A inputs a user approval. In the answer to the inquiry at block 518 is no, the methodology 500
returns to decision block 514 to continue checking for user feedback. If no additional user feedback is received at
decision block 514, the methodology 500 moves to decision block 520 to evaluate whether there are more
composite images 100 to be submitted for search. If the answer to the inquiry at decision block 520 is no, the
methodology 500 moves to block 522, waits, then returns to decision block 520. If the answer to the inquiry at

decision block 520 is yes, the methodology 500 returns to block 502.
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[0046] In some embodiments of the invention, the first and second cognitive tasks can be performed prior to the
image search such that the sub-images are ranked before they are searched. In some embodiments of the
invention, the first and second cognitive tasks can be further augmented by User-A inputting, along with the search
image, a natural language identification of the object in the composite image that is of interest to the user (e.g., as

shown by the sub-image with personalized tags/metadata and user search guidance 440 shown in FIG. 4B).

[0047] FIG. 6A depicts a computer-implemented methodology 500 in accordance with embodiments of the
invention, and FIG. 6B depicts Equations A-D that can be utilized in the methodology 600. The methodology 600
can be performed by the cognitive search module 302, 302A (shown in FIGS. 3 and 4A). Where appropriate, the
description of the methodology 600 will make reference to the corresponding elements of the modules 302, 302A.
In accordance with embodiments of the invention, User-A inputs a composite image 100 to the cognitive search
module 302, 302A. At block 602, the methodology 600 identifies different discrete sub-images 112A, 114A, 116A,
118A, 120A within the composite image 100 using image recognition techniques. At block 604, the methodology
600 creates personalized tags and metadata based on the OUCA 330 and the User-A corpus 320. At block 606,
the methodology 600 identifies and assigns the relative significance of each sub-image 112A, 114A, 116A, 118A,
120A within the composite image 100 based on many contextual factors such as listed in block 606, as well as any
of the OUCA 330 and/or the User-A corpus 320. Block 606 optionally allows the User-A to modify the relative
significance of the sub-images 112A, 114A, 116A, 118A, 120A by circling one or of the two sub-images 112A,
114A, 116A, 118A, 120A or portions of the sub-images 112A, 114A, 116A, 118A, 120A.

[0048] At block 608, the search engine 406 conducts an image search based on the sub-images with
personalized tags/metadata. At block 610, the search returns output by the search engine 406 at block 608 are
combined to sort and prioritize based on relative importance. The search results generated at block 610 are then
presented to User-A. User-A provides feedback on the search results in the form of opening the links, zooming of

certain portions, any downloads, modifying the searches in the subsequent pages or subsequent searches.

[0049] In embodiments of the invention, the OUCA 330 is built from a number of inputs including but not limited to
user profile and interests; history of images searched; and history of non-image related actions (documents,
browsing, etc). In some embodiments of the invention, the context is built as a set of tags. This set is constantly

updated with new information as the methodology 600 “learns” from user activities.

[0050] In embodiments of the invention, each sub-image 112A, 114A, 116A, 118A, 120A can be scored against
user context. Each sub-image can be assigned one or more tags such as the curated tags assigned by a
photographer of the composite image 100; crowd-sourced tags assigned by one or several “friends” of User-A on a
social network; auto-generated tags assigned by an image recognition algorithms; and tags from User-A’s history,

which are used by User-A for a similar composite image or similar sub-image.
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[0051] Once tag assignment completes, known tag stemming techniques are used to add related tags. A union
function is applied to all of the tags. A relevancy score is computed between “I” (the sub-image tags) and “C” (the
user context tags). The relevancy score is computed using a jaccard index as shown by Equations A-C shown in
FIG. 6B. The final relevance score of each sub-image is a function of a similarity score; the relative size of the sub-
image to the composite image; and the relative position of the sub-image within the composite image. The final

relevance sore can be computed using the linear weighted function shown at Equation D in FIG. 6B.

[0052] Additional details of machine learning techniques that can be used to aspects of preferred embodiments of
the present invention disclosed herein will now be provided. The various types of computer control functionality of
the processors described herein can be implemented using machine learning and/or natural language processing
techniques. In general, machine learning techniques are run on so-called “neural networks,” which can be
implemented as programmable computers configured to run sets of machine learning algorithms and/or natural
language processing algorithms. Neural networks incorporate knowledge from a variety of disciplines, including
neurophysiology, cognitive science/psychology, physics (statistical mechanics), control theory, computer science,
artificial intelligence, statistics/mathematics, pattern recognition, computer vision, parallel processing and hardware

(e.g., digital/analog/VLSl/optical).

[0053] The basic function of neural networks and their machine learning algorithms is to recognize patterns by
interpreting unstructured sensor data through a kind of machine perception. Unstructured real-world data in its
native form (e.g., images, sound, text, or time series data) is converted to a numerical form (e.g., a vector having
magnitude and direction) that can be understood and manipulated by a computer. The machine learning algorithm
performs multiple iterations of learning-based analysis on the real-world data vectors until patterns (or relationships)
contained in the real-world data vectors are uncovered and learned. The learned patterns/relationships function as
predictive models that can be used to perform a variety of tasks, including, for example, classification (or labeling)
of real-world data and clustering of real-world data. Classification tasks often depend on the use of labeled
datasets to train the neural network (i.e., the model) to recognize the correlation between labels and data. This is
known as supervised learning. Examples of classification tasks include identifying objects in images (e.g., stop
signs, pedestrians, lane markers, etc.), recognizing gestures in video, detecting voices, detecting voices in audio,
identifying particular speakers, transcribing speech into text, and the like. Clustering tasks identify similarities
between objects, which it groups according to those characteristics in common and which differentiate them from

other groups of objects. These groups are known as “clusters.”

[0054] An example of machine learning techniques that can be used to implement aspects of the invention, in
accordance with preferred embodiments, will be described with reference to FIGS. 7 and 8. Machine learning
models configured and arranged according to embodiments of the invention will be described with reference to FIG.
7. Detailed descriptions of an example computing system and network architecture capable of implementing one or

more of the embodiments of the invention described herein will be provided with reference to FIG. 9.
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[0055] FIG. 7 depicts a block diagram showing a classifier system 700 capable of implementing various aspects
of preferred embodiments of the invention described herein. More specifically, the functionality of the system 700 is
used in embodiments of the invention to generate various models and sub-models that can be used to implement
computer functionality in embodiments of the invention. The system 700 includes multiple data sources 702 in
communication through a network 704 with a classifier 710. In some embodiments of the invention, the data
sources 702 can bypass the network 704 and feed directly into the classifier 710. The data sources 702 provide
data/information inputs that will be evaluated by the classifier 710 in accordance with embodiments of the invention.
The data sources 702 also provide data/information inputs that can be used by the classifier 710 to train and/or
update model(s) 716 created by the classifier 710. The data sources 702 can be implemented as a wide variety of
data sources, including but not limited to, sensors configured to gather real time data, data repositories (including
training data repositories), and outputs from other classifiers. The network 704 can be any type of communications

network, including but not limited to local networks, wide area networks, private networks, the Internet, and the like.

[0056] The classifier 710 can be implemented as algorithms executed by a programmable computer such as a
processing system 900 (shown in FIG. 9). As shown in FIG. 7, the classifier 710 includes a suite of machine
learning (ML) algorithms 712; natural language processing (NLP) algorithms 714; and model(s) 716 that are
relationship (or prediction) algorithms generated (or learned) by the ML algorithms 712. The algorithms 712, 714,
716 of the classifier 710 are depicted separately for ease of illustration and explanation. In embodiments of the
invention, the functions performed by the various algorithms 712, 714, 716 of the classifier 710 can be distributed
differently than shown. For example, where the classifier 710 is configured to perform an overall task having sub-
tasks, the suite of ML algorithms 712 can be segmented such that a portion of the ML algorithms 712 executes
each sub-task and a portion of the ML algorithms 712 executes the overall task. Additionally, in some embodiments

of the invention, the NLP algorithms 714 can be integrated within the ML algorithms 712,

[0057] The NLP algorithms 714 include speech recognition functionality that allows the classifier 710, and more
specifically the ML algorithms 712, to receive natural language data (text and audio) and apply elements of
language processing, information retrieval, and machine learning to derive meaning from the natural language
inputs and potentially take action based on the derived meaning. The NLP algorithms 714 used in accordance with
embodiments of the invention can also include speech synthesis functionality that allows the classifier 710 to
translate the result(s) 720 into natural language (text and audio) to communicate aspects of the result(s) 720 as

natural language communications.

[0058] The NLP and ML algorithms 714, 712 receive and evaluate input data (i.e., training data and data-under-
analysis) from the data sources 702. The ML algorithms 712 includes functionality that is necessary to interpret and
utilize the input data’s format. For example, where the data sources 702 include image data, the ML algorithms 712
can include visual recognition software configured to interpret image data. The ML algorithms 712 apply machine

learning techniques to received training data (e.g., data received from one or more of the data sources 702) in order
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to, over time, create/train/update one or more models 716 that model the overall task and the sub-tasks that the

classifier 710 is designed to complete.

[0059] Referring now to FIGS. 7 and 8 collectively, FIG. 8 depicts an example of a learning phase 800 performed
by the ML algorithms 712 to generate the above-described models 716. In the learning phase 800, the classifier
710 extracts features from the training data and coverts the features to vector representations that can be
recognized and analyzed by the ML algorithms 712. The features vectors are analyzed by the ML algorithm 712 to
“classify” the training data against the target model (or the model's task) and uncover relationships between and
among the classified training data. Examples of suitable implementations of the ML algorithms 712 include but are
not limited to neural networks, support vector machines (SVMs), logistic regression, decision trees, hidden Markov
Models (HMMs), etc. The learning or training performed by the ML algorithms 712 can be supervised,
unsupervised, or a hybrid that includes aspects of supervised and unsupervised learning. Supervised learning is
when training data is already available and classified/labeled. Unsupervised learning is when training data is not
classified/labeled so must be developed through iterations of the classifier 710 and the ML algorithms 712.
Unsupervised learning can utilize additional learning/training methods including, for example, clustering, anomaly

detection, neural networks, deep learning, and the like.

[0060] When the models 716 are sufficiently trained by the ML algorithms 712, the data sources 702 that
generate “real world” data are accessed, and the “real world” data is applied to the models 716 to generate usable
versions of the results 720. In some embodiments of the invention, the results 720 can be fed back to the classifier

710 and used by the ML algorithms 712 as additional training data for updating and/or refining the models 716.

[0061] In embodiments of the invention, the ML algorithms 712 and the models 716 can be configured to apply
confidence levels (CLs) to various ones of their results/determinations (including the results 720) in order to improve
the overall accuracy of the particular result/determination. When the ML algorithms 712 and/or the models 716
make a determination or generate a result for which the value of CL is below a predetermined threshold (TH) (i.e.,
CL < TH), the result/determination can be classified as having sufficiently low “confidence” to justify a conclusion
that the determination/result is not valid, and this conclusion can be used to determine when, how, and/or if the
determinations/results are handled in downstream processing. If CL > TH, the determination/result can be
considered valid, and this conclusion can be used to determine when, how, and/or if the determinations/results are
handled in downstream processing. Many different predetermined TH levels can be provided. The
determinations/results with CL>TH can be ranked from the highest CL>TH to the lowest CL>TH in order to prioritize

when, how, and/or if the determinations/results are handled in downstream processing.

[0062] In embodiments of the invention, the classifier 710 can be configured to apply confidence levels (CLs) to
the results 720. When the classifier 710 determines that a CL in the results 720 is below a predetermined threshold
(TH) (i.e., CL < TH), the results 720 can be classified as sufficiently low to justify a classification of “no confidence”

in the results 720. If CL > TH, the results 720 can be classified as sufficiently high to justify a determination that the
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results 720 are valid. Many different predetermined TH levels can be provided such that the results 720 with
CL>TH can be ranked from the highest CL>TH to the lowest CL>TH.

[0063] The functions performed by the classifier 710, and more specifically by the ML algorithm 712, can be
organized as a weighted directed graph, wherein the nodes are artificial neurons (e.g. modeled after neurons of the
human brain), and wherein weighted directed edges connect the nodes. The directed graph of the classifier 710
can be organized such that certain nodes form input layer nodes, certain nodes form hidden layer nodes, and
certain nodes form output layer nodes. The input layer nodes couple to the hidden layer nodes, which couple to the
output layer nodes. Each node is connected to every node in the adjacent layer by connection pathways, which
can be depicted as directional arrows that each has a connection strength. Multiple input layers, multiple hidden
layers, and multiple output layers can be provided. When multiple hidden layers are provided, the classifier 710 can

perform unsupervised deep-learning for executing the assigned task(s) of the classifier 710.

[0064] Similar to the functionality of a human brain, each input layer node receives inputs with no connection
strength adjustments and no node summations. Each hidden layer node receives its inputs from all input layer
nodes according to the connection strengths associated with the relevant connection pathways. A similar
connection strength multiplication and node summation is performed for the hidden layer nodes and the output layer

nodes.

[0065] The weighted directed graph of the classifier 710 processes data records (e.g., outputs from the data
sources 702) one at atime, and it “learns’ by comparing an initially arbitrary classification of the record with the
known actual classification of the record. Using a training methodology knows as “back-propagation” i.e.,
“backward propagation of errors”), the errors from the initial classification of the first record are fed back into the
weighted directed graphs of the classifier 710 and used to modify the weighted directed graph’s weighted
connections the second time around, and this feedback process continues for many iterations. In the training phase
of a weighted directed graph of the classifier 710, the correct classification for each record is known, and the output
nodes can therefore be assigned “correct’ values. For example, a node value of “1” (or 0.9) for the node
corresponding to the correct class, and a node value of “0” (or 0.1) for the others. It is thus possible to compare the
weighted directed graph’s calculated values for the output nodes to these “correct’ values, and to calculate an error
term for each node (i.e., the “delta” rule). These error terms are then used to adjust the weights in the hidden layers

so that in the next iteration the output values will be closer to the “correct” values.

[0066] FIG. 9 depicts a high level block diagram of the computer system 900, which can be used to implement
one or more computer processing operations in accordance with aspects of preferred embodiments of the present
invention. Although one exemplary computer system 900 is shown, computer system 900 includes a
communication path 925, which connects computer system 900 to additional systems (not depicted) and can
include one or more wide area networks (WANSs) and/or local area networks (LANs) such as the Internet,

intranet(s), and/or wireless communication network(s). Computer system 900 and the additional systems are in
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communication via communication path 925, e.g., to communicate data between them. In some embodiments of
the invention, the additional systems can be implemented as one or more cloud computing systems 50. The cloud
computing system 50 can supplement, support or replace some or all of the functionality (in any combination) of the
computer system 900, including any and all computing systems described in this detailed description that can be
implemented using the computer system 900. Additionally, some or all of the functionality of the various computing

systems described in this detailed description can be implemented as a node of the cloud computing system 50.

[0067] Computer system 900 includes one or more processors, such as processor 902. Processor 902 is
connected to a communication infrastructure 904 (e.g., a communications bus, cross-over bar, or network).
Computer system 900 can include a display interface 906 that forwards graphics, text, and other data from
communication infrastructure 904 (or from a frame buffer not shown) for display on a display unit 908, Computer
system 900 also includes a main memory 910, preferably random access memory (RAM), and can also include a
secondary memory 912. Secondary memory 912 can include, for example, a hard disk drive 914 and/or a
removable storage drive 916, representing, for example, a floppy disk drive, a magnetic tape drive, or an optical
disk drive. Removable storage drive 916 reads from and/or writes to a removable storage unit 918 in a manner well
known to those having ordinary skill in the art. Removable storage unit 918 represents, for example, a floppy disk,
a compact disc, a magnetic tape, or an optical disk, flash drive, solid state memory, etc. which is read by and
written to by removable storage drive 916. As will be appreciated, removable storage unit 918 includes a computer

readable medium having stored therein computer software and/or data.

[0068] In alternative embodiments of the invention, secondary memory 912 can include other similar means for
allowing computer programs or other instructions to be loaded into the computer system. Such means can include,
for example, a removable storage unit 920 and an interface 922. Examples of such means can include a program
package and package interface (such as that found in video game devices), a removable memory chip (such as an
EPROM, or PROM) and associated socket, and other removable storage units 920 and interfaces 922 which allow

software and data to be transferred from the removable storage unit 920 to computer system 900.

[0069] Computer system 900 can also include a communications interface 924. Communications interface 924
allows software and data to be transferred between the computer system and external devices. Examples of
communications interface 924 can include a modem, a network interface (such as an Ethernet card), a
communications port, or a PCM-CIA slot and card, etcetera. Software and data transferred via communications
interface 924 are in the form of signals which can be, for example, electronic, electromagnetic, optical, or other
signals capable of being received by communications interface 924. These signals are provided to communications
interface 924 via communication path (i.e., channel) 925. Communication path 925 carries signals and can be
implemented using wire or cable, fiber optics, a phone line, a cellular phone link, an RF link, and/or other

communications channels.
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[0070] Various embodiments of the invention are described herein with reference to the related drawings.
Alternative embodiments of the invention can be devised without departing from the scope of this invention.

Various connections and positional relationships (e.g., over, below, adjacent, etc.) are set forth between elements in
the following description and in the drawings. These connections and/or positional relationships, unless specified
otherwise, can be direct or indirect, and the present invention is not intended to be limiting in this respect.
Accordingly, a coupling of entities can refer to either a direct or an indirect coupling, and a positional relationship
between entities can be a direct or indirect positional relationship. Moreover, the various tasks and process steps
described herein can be incorporated into a more comprehensive procedure or process having additional steps or

functionality not described in detail herein.

[0071] The following definitions and abbreviations are to be used for the interpretation of the claims and the

nu nouy

includes,

nouy

including,” “has,” “having,

nu

specification. As used herein, the terms “comprises,” “comprising, containg’
or “containing,” or any other variation thereof, are intended to cover a non-exclusive inclusion. For example, a
composition, a mixture, a process, a method, an article, or an apparatus that comprises a list of elements is not
necessarily limited to only those elements but can include other elements not expressly listed or inherent to such

composition, mixture, process, method, article, or apparatus.

[0072] The terminology used herein is for the purpose of describing particular embodiments of the invention only
and is not intended to be limiting of the present invention. As used herein, the singular forms “a’, “an” and “the” are
intended to include the plural forms as well, unless the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,” when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or components, but do not preclude the presence or

addition of one or more other features, integers, steps, operations, element components, and/or groups thereof.

[0073] Additionally, the term “exemplary” and variations thereof are used herein to mean “serving as an example,
instance or illustration.” Any embodiment or design described herein as “exemplary” is not necessarily to be

nu

construed as preferred or advantageous over other embodiments or designs. The terms “at least one,” “one or
more,” and variations thereof, can include any integer number greater than or equal to one, i.e. one, two, thres,
four, etc. The terms “a plurality” and variations thereof can include any integer number greater than or equal to two,
i.e., two, three, four, five, etc. The term “connection” and variations thereof can include both an indirect

“connection” and a direct “connection.”

[0074] The terms “about,” “substantially,” “approximately,” and variations thereof, are intended to include the
degree of error associated with measurement of the particular quantity based upon the equipment available at the

time of filing the application. For example, “about’ can include a range of + 8% or 5%, or 2% of a given value.
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[0075] As used herein, in the context of machine learning algorithms, the terms “input data,” and variations
thereof are intended to cover any type of data or other information that is received at and used by the machine

learning algorithm to perform training, learning, and/or classification operations.

[0076] As used herein, in the context of machine learning algorithms, the terms “training data,” and variations
thereof are intended to cover any type of data or other information that is received at and used by the machine
learning algorithm to perform training and/or learning operations.

nu

[0077] Asused herein, in the context of machine learning algorithms, the terms “application data,” “real world

nu

data,” “actual data,” and variations thereof are intended to cover any type of data or other information that is

received at and used by the machine learning algorithm to perform classification operations.

nou

[0078] The phrases “in signal communication”’, “in communication with,

nu

communicatively coupled to,” and
variations thereof can be used interchangeably herein and can refer to any coupling, connection, or interaction
using electrical signals to exchange information or data, using any system, hardware, software, protocol, or format,

regardless of whether the exchange occurs wirelessly or over a wired connection.

[0079] The present invention may be a system, a method, and/or a computer program product. The computer
program product may include a computer readable storage medium (or media) having computer readable program

instructions thereon for causing a processor to carry out aspects of the present invention.

[0080] The computer readable storage medium can be a tangible device that can retain and store instructions for
use by an instruction execution device. The computer readable storage medium may be, for example, but is not
limited to, an electronic storage device, a magnetic storage device, an optical storage device, an electromagnetic
storage device, a semiconductor storage device, or any suitable combination of the foregoing. A non-exhaustive list
of more specific examples of the computer readable storage medium includes the following: a portable computer
diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable programmable
read-only memory (EPROM or Flash memory), a static random access memory (SRAM), a portable compact disc
read-only memory (CD-ROM), a digital versatile disk (DVD), a memory stick, a floppy disk, a mechanically encoded
device such as punch-cards or raised structures in a groove having instructions recorded thereon, and any suitable
combination of the foregoing. A computer readable storage medium, as used herein, is not to be construed as
being transitory signals per se, such as radio waves or other freely propagating electromagnetic waves,
electromagnetic waves propagating through a waveguide or other transmission media (e.g., light pulses passing

through a fiber-optic cable), or electrical signals transmitted through a wire.

[0081] Computer readable program instructions described herein can be downloaded to respective
computing/processing devices from a computer readable storage medium or to an external computer or external

storage device via a network, for example, the Internet, a local area network, a wide area network and/or a wireless
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network. The network may comprise copper transmission cables, optical transmission fibers, wireless transmission,
routers, firewalls, switches, gateway computers and/or edge servers. A network adapter card or network interface
in each computing/processing device receives computer readable program instructions from the network and
forwards the computer readable program instructions for storage in a computer readable storage medium within the

respective computing/processing device.

[0082] Computer readable program instructions for carrying out operations of the present invention may be
assembler instructions, instruction-set-architecture (ISA) instructions, machine instructions, machine dependent
instructions, microcode, firmware instructions, state-setting data, or either source code or object code written in any
combination of one or more programming languages, including an object oriented programming language such as
Smalltalk, C++or the like, and conventional procedural programming languages, such as the “C” programming
language or similar programming languages. The computer readable program instructions may execute entirely on
the user's computer, partly on the user's computer, as a stand-alone software package, partly on the user's
computer and partly on a remote computer or entirely on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user's computer through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the connection may be made to an external computer (for
example, through the Internet using an Internet Service Provider). In some embodiments, electronic circuitry
including, for example, programmable logic circuitry, field-programmable gate arrays (FPGA), or programmable
logic arrays (PLA) may execute the computer readable program instructions by utilizing state information of the
computer readable program instructions to personalize the electronic circuitry, in order to perform aspects of the

present invention,

[0083] Aspects of the present invention are described herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer program products according to embodiments of the
invention. It will be understood that each block of the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations and/or block diagrams, can be implemented by computer

readable program instructions.

[0084] These computer readable program instructions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of the computer or other programmable data processing
apparatus, create means for implementing the functions/acts specified in the flowchart and/or block diagram block
or blocks. These computer readable program instructions may also be stored in a computer readable storage
medium that can direct a computer, a programmable data processing apparatus, and/or other devices to function in
a particular manner, such that the computer readable storage medium having instructions stored therein comprises
an article of manufacture including instructions which implement aspects of the function/act specified in the

flowchart and/or block diagram block or blocks.
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[0085] The computer readable program instructions may also be loaded onto a computer, other programmable
data processing apparatus, or other device to cause a series of operational steps to be performed on the computer,
other programmable apparatus or other device to produce a computer implemented process, such that the
instructions which execute on the computer, other programmable apparatus, or other device implement the

functions/acts specified in the flowchart and/or block diagram block or blocks.

[0086] The flowchart and block diagrams in the Figures illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and computer program products according to various embodiments
of the present invention. In this regard, each block in the flowchart or block diagrams may represent a module,
segment, or portion of instructions, which comprises one or more executable instructions for implementing the
specified logical function(s). In some alternative implementations, the functions noted in the block may occur out of
the order noted in the figures. For example, two blocks shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block diagrams and/or flowchart illustration, and combinations
of blocks in the block diagrams and/or flowchart illustration, can be implemented by special purpose hardware-
based systems that perform the specified functions or acts or carry out combinations of special purpose hardware

and computer instructions.

[0087] The terminology used herein is for the purpose of describing particular embodiments only and is not
intended to be limiting of the present invention. As used herein, the singular forms “a”, “an” and “the” are intended
to include the plural forms as well, unless the context clearly indicates otherwise. It will be further understood that
the terms “comprises’ and/or “comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or addition of one or

more other features, integers, steps, operations, element components, and/or groups thereof.

[0088] The corresponding structures, materials, acts, and equivalents of all means or step plus function elements
in the claims below are intended to include any structure, material, or act for performing the function in combination
with other claimed elements as specifically claimed. The description of the present invention has been presented
for purposes of illustration and description, but is not intended to be exhaustive or limited to the invention in the form
disclosed. Many modifications and variations will be apparent to those of ordinary skill in the art without departing
from the scope and spirit of the invention. The embodiment was chosen and described in order to best explain the
principles of the invention and the practical application, and to enable others of ordinary skill in the art to understand

the invention for various embodiments with various modifications as are suited to the particular use contemplated.

[0089] It will be understood that those skilled in the art, both now and in the future, may make various

improvements and enhancements which fall within the scope of the claims which follow.
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CLAIMS

1. A computer-implemented method of performing an electronic search, the computer-implemented method
comprising:

receiving, using a processor, a composite electronic image comprising a plurality of electronically
identifiable objects, wherein the composite electronic image is associated with a user;

segmenting, using the processor, the composite electronic image into sub-images by providing at least
one of the sub-images for each of the plurality of electronically identifiable objects; and

for each of the sub-images, using the processor to perform personalized sub-image search operations, the
personalized sub-image search operations comprising:

selecting a sub-image-to-be-searched from among the sub-images;

associating the sub-image-to-be-searched with personalized metadata of the user; and

searching, based at least in part on the personalized metadata of the user, a database to return a set of

search images.

2. The computer-implemented method of claim 1, wherein the personalized metadata of the user comprises:
a description of the relevance of the sub-image-to-be-searched to the user;
arelative size of the sub-image-to-be-searched to the composite image; and

arelative position of the sub-image-to-be-searched within the composite image.

3. The computer-implemented method of claim 2, wherein the personalized metadata of the user is derived

from a corpus of information about the user.

4, The computer-implemented method of any preceding claim, wherein the personalized sub-image search
operations further comprise:
assigning a relevance level to the sub-image-to-be-searched;
wherein the relevance level comprises a relevance of the sub-image-to-be-searched to the user; and
ranking the sub-image-to-be-searched against the sub-images based at least in part on the relevance

level.

5. The computer-implemented method of any preceding claim, wherein the personalized sub-image search
operations further comprise:
presenting results of the personalized sub-image search operations to the user; and

receiving feedback from the user on the results of the personalized sub-image search operations.

6. The computer-implemented method of claim 5 further comprising repeating the personalized sub-image

search operations for the sub-image-to-be-searched based on the feedback.
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7. The computer-implemented method of claim 3, wherein the processor comprises a classifier trained to:
generate the personalized metadata of the user based on the corpus of information about the user; and
determine the relevance of the sub-image-to-be-searched to the user based at least in part on the corpus

of information about the user.

8. A computer system for performing an electronic search, the computer system comprising a memory
communicatively coupled to a processor, the processor configured to perform processor operations comprising:

receiving a composite electronic image comprising a plurality of electronically identifiable objects, wherein
the composite electronic image is associated with a user;

segmenting the composite electronic image into sub-images by providing at least one of the sub-images
for each of the plurality of electronically identifiable objects; and

for each of the sub-images, performing personalized sub-image search operations comprising:

selecting a sub-image-to-be-searched from among the sub-images;

associating the sub-image-to-be-searched with personalized metadata of the user; and

searching, based at least in part on the personalized metadata of the user, a database to return a set of

search images.

9. The computer system of claim 8, wherein the personalized metadata of the user comprises a description of

the relevance of the sub-image-to-be-searched to the user.

10. The computer system of claim 9, wherein the personalized metadata of the user is derived from a corpus

of information about the user.

1. The computer system of any of claims 8 to 10, wherein the personalized sub-image search operations
further comprise:

assigning a relevance level to the sub-image-to-be-searched;

wherein the relevance level comprises a relevance of the sub-image-to-be-searched to the user; and

ranking the sub-image-to-be-searched against the sub-images based at least in part on the relevance

level.
12. The computer system of any of claims 8 to 11, wherein the personalized sub-image search operations
further comprise:
presenting results of the personalized sub-image search operations to the user; and
receiving feedback from the user on the results of the personalized sub-image search operations.
13. The computer system of claim 12, wherein the processor operations further comprise repeating the

personalized sub-image search operations for the sub-image-to-be-searched based on the feedback.
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14, The computer system of claim 10, wherein the processor comprises a classifier trained to:
generate the personalized metadata of the user based on the corpus of information about the user; and
determine the relevance of the sub-image-to-be-searched to the user based at least in part on the corpus

of information about the user.

15. A computer program product for performing an electronic search, the computer program product
comprising a computer readable program stored on a computer readable storage medium, wherein the computer
readable program, when executed on a processor, causes the processor to perform a method comprising:

receiving a composite electronic image comprising a plurality of electronically identifiable objects, wherein
the composite electronic image is associated with a user;

segmenting the composite electronic image into sub-images by providing at least one of the sub-images
for each of the plurality of electronically identifiable objects; and

for each of the sub-images, performing personalized sub-image search operations comprising:

selecting a sub-image-to-be-searched from among the sub-images;

associating the sub-image-to-be-searched with personalized metadata of the user; and

searching, based at least in part on the personalized metadata of the user, a database to return a set of

search images.

16. The computer program product of claim 15, wherein the personalized metadata of the user comprises a

description of the relevance of the sub-image-to-be-searched to the user.

17. The computer program product of claim 16, wherein the personalized metadata of the user is derived from

a corpus of information about the user.

18. The computer program product of any of claims 15 to 17, wherein the personalized sub-image search
operations further comprise:
assigning a relevance level to the sub-image-to-be-searched;
wherein the relevance level comprises a relevance of the sub-image-to-be-searched to the user; and
ranking the sub-image-to-be-searched against the sub-images based at least in part on the relevance

level.

19. The computer program product of any of claims 15 to 18, wherein the personalized sub-image search
operations further comprise:
presenting results of the personalized sub-image search operations to the user; and
receiving feedback from the user on the results of the personalized sub-image search operations;
wherein the processor operations further comprise repeating the personalized sub-image search

operations for the sub-image-to-be-searched based on the feedback.
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20. The computer program product of claim 17, wherein the processor comprises a classifier trained to:
generate the personalized metadata of the user based on the corpus of information about the user; and
determine the relevance of the sub-image-to-be-searched to the user based at least in part on the corpus

of information about the user.

21, A computer program comprising program code means adapted to perform the method of any of claims 1 to

7, when said program is run on a computer.
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Equation (Eq)A 1= {curated-tags} U {crowd-sourced-tags} U {auto-tags} U {history-tags}
Equation (Eq)B  S={user-Corpus-tags}
Equalion (Eq)C ~ similarity score r= |1 18|/]10S)|
Equation (Eq)D s =w1*(r) +w2*(area of sub-image/area of image) +w3"{relative position score)
Where;
the relative position score is computed using an inverse
normalized function that measures the distance from the center of

the sub-image to the center of the composite image; and
w1, w2, w3 represent weighing associated with each score

FIG. 6B
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