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(57) Abstract: A method, apparatus and computer program product are provided to facilitate the review of at least portions of a pan-
oramic image and to increase the likelihood that a viewer consumes at least those portions of the panoramic image that are con-
sidered to be both interesting and of aesthetic value. In the context of a method, one or more regions within a panoramic image are
identified based upon a saliency of the one or more regions. The method also includes identitying candidate subimages that at least
partially overlap with at least one of the regions identitied within the panoramic image. The method further includes scoring the can-
didate subimages based upon predefined criteria and causing information for one or more of the candidate subimages to be provided
based upon scores associated therewith.
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METHOD AND APPARATUS FOR IDENTIFYING SALIENT SUBIMAGES WITHIN A
PANORAMIC IMAGE

TECHNICAL FIELD

An example embodiment relates generally to the processing and review of a panoramic
image and, more particularly, to the identification of one or more salient subimages within the

panoramic image that may be of interest to a viewer.

BACKGROUND

Panoramic images, such as 360° images, have a wide field of view and represent a large
amount of information. While panoramic images are popular with viewers for a variety of
purposes including virtual reality applications and other types of applications, the consumption of
the large amount of content provided by a panoramic image can be challenging with it oftentimes
becoming tedious for a viewer to examine the entire panoramic image. For example, it may be
difficult or at least be less intuitive and require more effort for a viewer to examine those portions
of the panoramic image which lie behind the viewer.

The challenges associated with the consumption of the large amounts of information
provided by a panoramic image are exacerbated in instances in which a panoramic image is
viewed on a device that has not been specifically designed for the display of a panoramic image,
such as a smartphone, a television monitor, a computer monitor or the like. In this regard, devices
that have not been specifically designed to facilitate the consumption of the large amounts of
information provided by a panoramic view do not generally permit the viewer to display the
panoramic image in its entirety and the viewer must, instead, scroll to view other portions of the
panoramic image. As such, at least some viewers have not fully consumed the content provided
by a panoramic image such that the resulting user experience has been less fulsome than it could

have been.

BRIEF SUMMARY

A method, apparatus and computer program product are provided in accordance with an
example embodiment in order to facilitate the review of at least portions of a panoramic image
and to increase the likelihood that a viewer consumes at least those portions of the panoramic
image that are considered to be both interesting and of aesthetic value. In this regard, the more
interesting and aesthetically pleasing portions of a panoramic image may be identified and those

portions may be highlighted for a viewer. Additionally, two-dimensional images of the portions of
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the panoramic image that are determined to be more interesting and aesthetically pleasing may be
generated such that a viewer, if so desired, can readily review at least these two-dimensional
images with a display that is not specifically designed for the consumption of a panoramic image.
Consequently, the method, apparatus and computer program product of an example embodiment
enhance the user experience associated with the large amount of information provided by a
panoramic image.

In an example embodiment, an apparatus is provided that includes at least one processor
and at least one memory storing computer program code with the at least one memory and the
computer program code configured to, with the processor, cause the apparatus to identify one or
more regions within a panoramic image based on the saliency of the one or more regions. The at
least one memory and the computer program code are configured to, with the processor, cause the
apparatus to identify candidate subimages that at least partially overlap with at least one of the
regions identified within the panoramic image. The at least one memory and the computer
program code are further configured to, with the processor, cause the apparatus to score the
candidate subimages based upon predefined criteria and to cause information for one or more of
the candidate subimages to be provided based upon scores associated therewith, such as by
causing information including positional parameters regarding the one or more candidate
subimages to be stored in association with the panoramic image.

In order to identify the one or more regions within the panoramic image, the at least one
memory and the computer program code are configured to, with the processor, cause the
apparatus of an example embodiment to analyze the panoramic image in order to define the
saliency map; and to detect one or more regions within the panoramic image that are most salient
as defined by the saliency map. In order to identify the one or more regions within the panoramic
image, the at least one memory and the computer program code are configured to, with the
processor, cause the apparatus of an example embodiment to define one or more connected
components within the panoramic image. Each connected component includes at least one region
within the panoramic image that is detected to be the most salient. In an instance in which two or
more regions within the panoramic image that are to be detected to be most salient overlap or
abut, the at least one memory and the computer program code are configured to, with the
processor, cause the apparatus to define a connected component so as to include the two or more
regions that overlap or abut. The at least one memory and the computer program code are
configured to, with the processor, cause the apparatus of this example embodiment to identify
candidate subimages by identifying one or more candidate subimages that at least partially
overlap with a respective connected component. In this regard, the at least one memory and the
computer program code are further configured to, with the processor, cause the apparatus of this

example embodiment to identify the candidate subimages by identifying the candidate subimages
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from among subimages at different locations and of different scales that at least partially overlap
with a respective connected component.

The at least one memory and the computer program code are configured to, with the
processor, cause the apparatus of this example embodiment to score the candidate subimages by
ranking the candidate subimages identified for each connected component and to cause
information for the one or more of the candidate subimages to be provided by causing at least one
candidate subimage for each connected component to be recommended based upon the ranking.
The at least one memory and the computer program code are further configured to, with the
processor, cause the apparatus of an example embodiment to define one or more bounding boxes
with each bounding box including a respective connected component and to separately repeat the
identification of the one or more regions, the identification of the candidate subimages and the
scoring of the candidate subimages for each bounding box.

In another example embodiment, a method is provided that includes identifying one or
more regions within a panoramic image based upon the saliency of the one or more regions. The
method of this example embodiment also includes identifying candidate subimages that at least
partially overlap with at least one of the regions identified within the panoramic image. The
method further includes scoring the candidate subimages based upon predefined criteria. Further,
the method includes causing information for one or more of the candidate subimages to be
provided based upon scores associated therewith, such as by causing information including
positional parameters regarding the one or more candidate subimages to be stored in association
with the panoramic image.

The method of an example embodiment identifies one or more regions within a
panoramic image by analyzing the panoramic image in order to define a saliency map and
detecting the one or more regions within the panoramic image that are most salient as defined by
the saliency map. The method of this example embodiment identifies one or more regions within
a panoramic image by defining one or more connected components within the panoramic image.
Each connected component includes at least one region within the panoramic image that is
detected to be most salient. In an instance in which two or more regions within the panoramic
image that are detected to be most salient overlap or abut one another, the method of this example
embodiment defines a connected component so as to include the two or more regions that overlap
or abut. The method of this example embodiment identifies the candidate subimages by
identifying one or more candidate subimages that at least partially overlap with the respective
connected component. The method of this example embodiment identifies the candidate
subimages by identifying the candidate subimages from among subimages at different locations
and of different scales that at least partially overlap with the respective connected component.
The method of an example embodiment scores the candidate subimages by ranking the candidate

subimages identified for each connected component and causes information for the one or more of
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the candidate subimages to be provided by causing at least one candidate subimage for each
connected component to be recommended based upon the ranking. The method of an example
embodiment also includes defining one or more bounding boxes with each bounding box
including a respective connected component. The method of this example embodiment also
includes separately repeating the identification of one or more regions, the identification of the
candidate subimages and the scoring of the candidate subimages for each bounding box.

In a further example embodiment, a computer program product is provided that includes
at least one non-transitory computer-readable storage medium having computer-executable
program code instructions stored therein with the computer-executable code instructions including
program code instructions configured to identify one or more regions within a panoramic image
based upon the saliency of the one or more regions. The computer-executable program code
instructions also include program code instructions configured to identify candidate subimages
that at least partially overlap with at least one of the regions identified within the panoramic
image. The computer-executable program code instructions further include program code
instructions configured to score the candidate subimages based upon predefined criteria and
program code instructions configured to cause information for the candidate subimages to be
provided based upon scores associated therewith.

In yet another example embodiment, an apparatus is provided that includes means for
identifying one or more regions within a panoramic view based upon a saliency of the one or
more regions. The apparatus also includes means for identifying candidate subimages that at least
partially overlap with at least one other region identified in a panoramic image. The apparatus
further includes means for scoring the candidate subimages based upon predefined criteria and
means for causing information for one or more of the candidate subimages to be provided based
upon scores associated therewith.

In an example embodiment, an apparatus is provided that includes at least one processor
and at least one memory storing computer program code with the at least one memory and
computer program code configured to, with the processor, cause the apparatus to at least identify
candidate subimages that at least partially overlap with at least one region identified within a
panoramic image based upon the saliency of the at least one region. The at least one memory and
the computer program code are also configured, with the processor, to cause the apparatus to
score the candidate subimages based upon a criteria that takes into account a correlation between
categories of objects within the candidate subimages. The at least one memory and the computer
program code are further configured to, with the processor, cause the apparatus to cause
information for one or more of the candidate subimages to be provided based upon scores
associated therewith.

In order to score the candidate subimages, the at least one memory and the computer

program code are configured to, with the processor, cause the apparatus of an example
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embodiment to score the candidate subimages based upon the criteria that utilizes information
regarding different types of features.

The at least one memory and the computer program code are configured to, with the
processor, cause the apparatus of an example embodiment to define, for a set of object descriptors
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In another example embodiment, a method is provided that includes identifying candidate
subimages that at least partially overlap with at least one region identified within a panoramic
image based upon a saliency of the at least one region. The method of this example embodiment
also scores the candidate subimages based upon the criteria that takes into account a correlation
between categories of objects within the candidate subimages. For example, the method may
score the candidate subimages based upon the criteria that utilizes information regarding different
types of features. The method further includes causing information for one or more of the
candidate subimages to be provided based upon scores associated therewith.

In a further example embodiment, a computer program product is provided that includes
at least one non-transitory computer-readable storage medium having computer-executable
program code instructions stored therein with the computer-executable program code instructions
including program code instructions configured to identify candidate subimages that at least
partially overlap with at least one region identified within a panoramic image based upon a
saliency of the at least one region. The computer-executable program code instructions also
include program code instructions configured to score the candidate subimages based upon a
criteria that takes into account a correlation between categories of objects within the candidate
subimages. For example, the candidate subimages may be scored based upon the criteria that
utilizes information regarding different types of features. The computer-executable program code
instructions further include program code instructions configured to cause information for one or
more of the candidate subimages to be provided based upon scores associated therewith.

In yet another example embodiment, an apparatus is provided that includes means for
identifying candidate subimages that at least partially overlap with at least one region identified
within a panoramic image based upon the saliency of at least one region. The apparatus also
includes means for scoring the candidate subimages based upon a criteria that takes into account a
correlation between categories of objects within the candidate subimages. The apparatus further
includes means for causing information for one or more of the candidate subimages to be

provided based upon the scores associated therewith.
BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described certain example embodiments of the present disclosure in general
terms, reference will hereinafter be made to the accompanying drawings, which are not
necessarily drawn to scale, and wherein:

Figure 1A is an example of a panoramic image;

Figure 1B are examples of three candidate subimages from the panoramic image of
Figure 1A that were identified, for example, to be of interest and to have aesthetic value in

accordance with an example embodiment of the present invention;
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Figure 2 is a block diagram of an apparatus that may be specifically configured in
accordance with an example embodiment of the present invention;

Figure 3 is a flow chart illustrating operations performed, such as by the apparatus of
Figure 2, in accordance with an example embodiment of the present invention;

Figure 4 is an overview of the operations performed, such as by the apparatus of Figure 2,
in accordance with an example embodiment of the present invention;

Figure 5 is a flow chart illustrating operations performed, such as by the apparatus of
Figure 2, in accordance with another example embodiment of the present invention; and

Figure 6 is a visual representation of a panoramic image and other images and subimages
that are generated at various stages in accordance with an example embodiment to the present

invention.

DETAILED DESCRIPTION

Some embodiments will now be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all, embodiments of the invention are shown.
Indeed, various embodiments of the invention may be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these embodiments
are provided so that this disclosure will satisfy applicable legal requirements. Like reference

2% <6

numerals refer to like elements throughout. As used herein, the terms “data,” “content,”
“information,” and similar terms may be used interchangeably to refer to data capable of being
transmitted, received and/or stored in accordance with embodiments of the present invention.
Thus, use of any such terms should not be taken to limit the spirit and scope of embodiments of
the present invention.

Additionally, as used herein, the term ‘circuitry’ refers to (a) hardware-only circuit
implementations (e.g., implementations in analog circuitry and/or digital circuitry); (b)
combinations of circuits and computer program product(s) comprising software and/or firmware
instructions stored on one or more computer readable memories that work together to cause an
apparatus to perform one or more functions described herein; and (c) circuits, such as, for
example, a microprocessor(s) or a portion of a microprocessor(s), that require software or
firmware for operation even if the software or firmware is not physically present. This definition
of ‘circuitry’ applies to all uses of this term herein, including in any claims. As a further example,
as used herein, the term ‘circuitry’ also includes an implementation comprising one or more
processors and/or portion(s) thereof and accompanying software and/or firmware. As another
example, the term ‘circuitry’ as used herein also includes, for example, a baseband integrated

circuit or applications processor integrated circuit for a mobile phone or a similar integrated
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circuit in a server, a cellular network device, other network device, and/or other computing
device.

As defined herein, a “computer-readable storage medium,” which refers to a non-
transitory physical storage medium (e.g., volatile or non-volatile memory device), can be
differentiated from a “‘computer-readable transmission medium,” which refers to an
electromagnetic signal.

A method, apparatus and computer program product are provided in accordance with an
example embodiment in order to identify particular regions within a panoramic image, such as
regions that include features that are of interest and are of meaningful aesthetic value, such as by
being aesthetically pleasing. As such, the method, apparatus and computer program product of an
example embodiment may identify subimages from within the panoramic image that capture
particular regions of the panoramic image that have been identified, such as those regions within
the panoramic image that are of interest and that have meaningful aesthetic value. These
subimages may then be recommended or otherwise provided to a viewer to increase the likelihood
that the viewer will at least consider the subimages that have been identified and correspondingly
consume at least that portion of the content of the panoramic image that has been identified to be
of interest and of meaningful aesthetic value. In an example embodiment, the subimages that are
identified may be provided in a manner that facilitates the display of the subimages by a device,
such as a smart phone, a television monitor, a computer monitor or the like, that has not been
specifically designed for the display of a panoramic issue. As such, the method, apparatus and
computer program product of an example embodiment may enhance the user experience of a
viewer of a panoramic image, such as in conjunction with a virtual reality application or any other
type of application that utilizes panoramic images.

By way of example, Figure 1A depicts a panoramic image. The panoramic image may be
utilized in conjunction with a variety of applications, such as in conjunction with virtual reality
applications. In the example embodiment, the panoramic image provides a 360° field of view.
However, a panoramic image need not provide a 360° field of view, but may provide a more
limited field of view that is still larger than the field of view of a person at the same location from
which the panoramic image was captured. For example, the panoramic image may define a 270°
field of view in some embodiments. The panoramic image may have various shapes, such as
cylindrical or spherical. Further, the panoramic image may be a still image or a frame of a video
consisting of a plurality of sequential frames.

A panoramic image includes a substantial amount of information that may be challenging
for a viewer to consume, particularly on a device that is not specifically designed to support the
viewing of panoramic images. As such, the method, apparatus and computer program product of
an example embodiment is configured to identify particular regions within the panoramic image,

such as regions that are considered to be of interest and to have a meaningful aesthetic value.
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Subimages may be defined from within the panoramic image that capture the regions that have
been identified. In this regard, Figure 1B depicts three subimages that capture regions from
within the panoramic image that were determined to be of interest and to have the greatest
aesthetic value, such as by being considered the most aesthetically pleasing. As such, a viewer
may review the subimages and, as a result, at least be exposed to those regions of the panoramic
image that are considered to be of interest and of meaningful aesthetic value, even if the viewer
reviews little or any of the remainder of the panoramic image.

As noted above, an apparatus 10 is provided in order to identify candidate subimages
from a panoramic image. The apparatus may be configured in various manners. For example, the
apparatus may be embodied by a computing device carried by or otherwise associated with an
immersive user interface, such as may, in turn, be embodied by a head-mounted device, such as
virtual reality goggles or another type of virtual reality system. Alternatively, the apparatus may
be embodied by a computing device, separate from the immersive user interface, but in
communication therewith. Still further, the apparatus may be embodied in a distributed manner
with some components of the apparatus embodied by the immersive user interface and other
components of the apparatus embodied by a computing device that is separate from, but in
communication with, the immersive user interface. In those example embodiments in which the
apparatus is embodied, either entirely or partly, so as to be separate from, but in communication
with the immersive user interface, the apparatus may be embodied by any of a variety of
computing devices, including, for example, a mobile terminal, such as a portable digital assistant
(PDA), mobile telephone, smartphone, pager, mobile television, gaming device, laptop computer,
camera, tablet computer, touch surface, video recorder, audio/video player, radio, electronic book,
positioning device (e.g., global positioning system (GPS) device), or any combination of the
aforementioned, and other types of voice and text communications systems. Alternatively, the
computing device may be a fixed computing device, such as a personal computer, a computer
workstation, a server or the like.

Regardless of the manner in which the apparatus is embodied, the apparatus of an
example embodiment is configured to include or otherwise be in communication with a processor
12 and a memory device 14 and optionally the user interface 16 and/or a communication interface
18. In some embodiments, the processor (and/or co-processors or any other processing circuitry
assisting or otherwise associated with the processor) may be in communication with the memory
device via a bus for passing information among components of the apparatus. The memory
device may be non-transitory and may include, for example, one or more volatile and/or non-
volatile memories. In other words, for example, the memory device may be an electronic storage
device (e.g., a computer readable storage medium) comprising gates configured to store data (e.g.,
bits) that may be retrievable by a machine (e.g., a computing device like the processor). The

memory device may be configured to store information, data, content, applications, instructions,



WO 2017/115246 PCT/IB2016/057951

10

15

20

25

30

35

or the like for enabling the apparatus to carry out various functions in accordance with an example
embodiment of the present invention. For example, the memory device could be configured to
buffer input data for processing by the processor. Additionally or alternatively, the memory
device could be configured to store instructions for execution by the processor.

As described above, the apparatus 10 may be embodied by a computing device.

However, in some embodiments, the apparatus may be embodied as a chip or chip set. In other
words, the apparatus may comprise one or more physical packages (e.g., chips) including
materials, components and/or wires on a structural assembly (e.g., a baseboard). The structural
assembly may provide physical strength, conservation of size, and/or limitation of electrical
interaction for component circuitry included thereon. The apparatus may therefore, in some
cases, be configured to implement an embodiment of the present invention on a single chip or as a
single “system on a chip.” As such, in some cases, a chip or chipset may constitute means for
performing one or more operations for providing the functionalities described herein.

The processor 12 may be embodied in a number of different ways. For example, the
processor may be embodied as one or more of various hardware processing means such as a
coprocessor, a microprocessor, a controller, a digital signal processor (DSP), a processing element
with or without an accompanying DSP, or various other processing circuitry including integrated
circuits such as, for example, an ASIC (application specific integrated circuit), an FPGA (field
programmable gate array), a microcontroller unit (MCU), a hardware accelerator, a special-
purpose computer chip, or the like. As such, in some embodiments, the processor may include
one or more processing cores configured to perform independently. A multi-core processor may
enable multiprocessing within a single physical package. Additionally or alternatively, the
processor may include one or more processors configured in tandem via the bus to enable
independent execution of instructions, pipelining and/or multithreading.

In an example embodiment, the processor 12 may be configured to execute instructions
stored in the memory device 14 or otherwise accessible to the processor. Alternatively or
additionally, the processor may be configured to execute hard coded functionality. As such,
whether configured by hardware or software methods, or by a combination thereof, the processor
may represent an entity (e.g., physically embodied in circuitry) capable of performing operations
according to an embodiment of the present invention while configured accordingly. Thus, for
example, when the processor is embodied as an ASIC, FPGA or the like, the processor may be
specifically configured hardware for conducting the operations described herein. Alternatively, as
another example, when the processor is embodied as an executor of software instructions, the
instructions may specifically configure the processor to perform the algorithms and/or operations
described herein when the instructions are executed. However, in some cases, the processor may
be a processor of a specific device (e.g., a pass-through display or a mobile terminal) configured

to employ an embodiment of the present invention by further configuration of the processor by
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instructions for performing the algorithms and/or operations described herein. The processor may
include, among other things, a clock, an arithmetic logic unit (ALU) and logic gates configured to
support operation of the processor.

In some embodiments, the apparatus 10 may optionally include a user interface 16 that
may, in turn, be in communication with the processor 12 to provide output to the user and, in
some embodiments, to receive an indication of a user input. As such, the user interface may
include a display and, in some embodiments, may also include a keyboard, a mouse, a joystick, a
touch screen, touch areas, soft keys, a microphone, a speaker, or other input/output mechanisms.
Alternatively or additionally, the processor may comprise user interface circuitry configured to
control at least some functions of one or more user interface elements such as a display and, in
some embodiments, a speaker, ringer, microphone and/or the like. The processor and/or user
interface circuitry comprising the processor may be configured to control one or more functions
of one or more user interface elements through computer program instructions (e.g., software
and/or firmware) stored on a memory accessible to the processor (e.g., memory device 14, and/or
the like).

The apparatus 10 may optionally also include the communication interface 18. The
communication interface may be any means such as a device or circuitry embodied in either
hardware or a combination of hardware and software that is configured to receive and/or transmit
data from/to a network and/or any other device or module in communication with the apparatus.
In this regard, the communication interface may include, for example, an antenna (or multiple
antennas) and supporting hardware and/or software for enabling communications with a wireless
communication network. Additionally or alternatively, the communication interface may include
the circuitry for interacting with the antenna(s) to cause transmission of signals via the antenna(s)
or to handle receipt of signals received via the antenna(s). In some environments, the
communication interface may alternatively or also support wired communication. As such, for
example, the communication interface may include a communication modem and/or other
hardware/software for supporting communication via cable, digital subscriber line (DSL),
universal serial bus (USB) or other mechanisms.

Referring now to Figure 3, the operations performed by the apparatus 10 of Figure 2 in
accordance with an example embodiment of the present invention are depicted. As shown in
block 20, the apparatus of an example embodiment includes means, such as the processor 12 or
the like, for identifying one or more regions within a panoramic image based upon the saliency of
the one or more regions. As shown in Figure 4, for example, a panoramic image, such as a
panoramic image having a 360° field of view, is provided as shown by block 30. Thereafter,
region(s) within the panoramic image are identified based upon the saliency of the region(s) as

shown at block 32.
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Although the region(s) within the panoramic image may be identified based upon the
saliency of the region(s) in various manners, the operations performed by the apparatus 10 of an
example embodiment in order to identify the region(s) within the panoramic image based upon
the saliency of the region(s) are depicted in Figure 5. As shown in block 50 of Figure 5, the
apparatus of this example embodiment includes means, such as the processor 12 or the like, for
analyzing the panoramic image in order to define its saliency map. The saliency map of a
panoramic image may be generated in various manners including, for example, the technique
described by Stas Goferman, et al., Context-Aware Saliency Detection, IEEE Trans. Pattern Anal.
Mach. Intell. 34, 10 (October 2012), pp. 1915-1926. In an example embodiment, the saliency
map may associate a value with each pixel or group of pixels that is representative of a measure of
saliency of the pixel or group of pixels. The saliency map may create a visual representation of
the saliency of the pixels or groups of pixels with the pixel value representative of a measure of
saliency of the respective pixel or group of pixels. By way of example, the visual representation
of the saliency of the panoramic image of block 30 of Figure 4 is depicted in block 32, which
identifies the most salient pixels with a white color, the least salient pixels with a black color and
pixels of intermediate levels of saliency with gray colors ranging from black representative of less
salient to white representative of more salient.

As shown in block 52 of Figure 5, the apparatus 10 of this example embodiment also
includes the means, such as the processor 12 or the like, for detecting the one or more regions
within the panoramic image that are most salient as defined by the saliency map. In order to
detect the one or more regions within the panoramic image that are most salient, the apparatus,
such as the processor, of this example embodiment may identify those regions within the
panoramic image for which the saliency value as defined by the saliency map satisfies predefined
criteria, such as by equaling or exceeding a predefined saliency threshold. By having identified
one or more regions within the panoramic image based upon the saliency of the region(s), those
regions that are considered to be of most interest, such as defined by the technique of generating
the saliency map, will have been identified.

Returning now to Figure 3 and as shown in block 22, the apparatus 10 of an example
embodiment also includes means, such as the processor 12 or the like, for identifying candidate
subimages that at least partially overlap with at least one of the regions identified within the
panoramic image. The candidate subimages may be identified in various manners. For example,
a window that defines a subimage may be repeatedly repositioned throughout the panoramic
image and a determination as to whether the subimage defined by the window qualifies as a
candidate subimage is made. In this regard, the apparatus, such as the processor, may define a
window of a predefined size and may repeatedly position the window at different locations within
the panoramic image with the subimage defined by the window at each different location being

evaluated in order to identify candidate subimages that at least partially overlap with at least one
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of the regions identified within the panoramic image. In an example embodiment, the apparatus,
such as the processor, may be configured to repeat this process for windows having different sizes
or different scales with the window of each different size or scale being positioned at a plurality of
different locations within the panoramic image in order to identify those candidate subimages
defined by the window that at least partially overlap with one of the regions identified within the
panoramic image.

In order to qualify a subimage as defined by a window as a candidate subimage, the
apparatus 10 of an example embodiment, such as the processor 12, may be configured to require
not just any overlap between the subimage defined by the window and a region of interest that has
been identified within the panoramic image, but to require a significant overlap between the
subimage and at least one of the regions of interest. By way of example, the apparatus, such as
the processor, may define a significant overlap to correspond to at least a predefined percentage of
the pixels of the subimage defined by the window overlapping with (or including) at least one
region of interest identified in the panoramic image. Thus, in an instance in which the subimage
defined by the window overlaps with a region of interest identified within the panoramic image
such that at least the predefined percentage of pixels of the subimage correspond to or overlap
with the region of interest identified within the panoramic image, the subimage defined by the
window may be identified as a candidate subimage. However, in an instance in which the
subimage defined by the window overlaps slightly with a region identified within the panoramic
image such that the percentage of pixels of the subimage that overlap or that correspond to the
region identified to be of interest is less than the predefined percentage, the subimage will not be
identified as a candidate subimage. By way of example, block 34 of Figure 4 illustrates the
identification of a plurality of candidate subimages that significantly overlap with at least one of
the regions identified within the panoramic image.

As shown in block 24 of Figure 3, the apparatus 10 of an example embodiment further
includes means, such as the processor 12 or the like, for scoring the candidate subimages based
upon predefined criteria. In this regard, the apparatus, such as the processor, may be configured
to score the candidate subimages by ranking the candidate subimages based upon the predefined
criteria such that the candidate subimage that most fully satisfies the predefined criteria is ranked
the highest, while the candidate subimage that least satisfies the predefined criteria is ranked the
lowest. In this regard, block 36 of Figure 4 depicts the scoring, including the ranking, of a
plurality of candidate subimages.

The candidate subimages may be scored in accordance with a variety of different types of
predefined criteria. In an example embodiment, however, the predefined criteria represents an
aesthetic value, such that candidate subimages having a higher aesthetic value would be
considered more aesthetically pleasing while candidate subimages having a lower aesthetic value

would be considered less aesthetically pleasing. In an example embodiment, the apparatus 10,
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such as the processor 12, may utilize a computational aesthetics scoring algorithm, such as
described by Luca Marchesotti, et al., Assessing the aesthetic quality of photographs using
generic image descriptors, International Conference on Computer Vision (ICCV '11),
Washington, DC, USA, pp. 1784-1791 (2011), in order to score the candidate subimages based
upon predefined criteria established by the computational aesthetics scoring algorithm.

In another example embodiment depicted in Figure 4, the apparatus 10, such as the
processor 12, may be trained, such as offline relative to the analysis of a panoramic image, so as
to recognize images that are aesthetically pleasing relative to images that are less aesthetically
pleasing and to correspondingly score the images based upon the relative degree of aesthetic value
provided by a respective image. As such, a plurality of images, such as of different predefined
aesthetic values, as shown at block 42 may be provided to the apparatus, such as the processor, in
order to train the apparatus as shown at block 40 to recognize the features of an aesthetic image
and to discriminate between images of different aesthetic value.

Once the candidate subimages have been scored and, in some embodiments, ranked, the
apparatus 10 of an example embodiment also includes means, such as the processor 12 or the like,
for causing information for one or more of the candidate subimages to be provided based upon the
scores associated therewith. The candidate subimages for which information is provided may be
defined in various manners. For example, the apparatus, such as the processor, may be configured
to identify the candidate subimages for which information is to be provided to be each candidate
subimage that has a score that satisfies, such as by exceeding, a predefined threshold.
Alternatively, the apparatus, such as the processor, may be configured to identify a predefined
number of the candidate subimages that have the highest scores and, therefore, the highest
aesthetic value, for which to provide information. As shown in Figure 1B and in block 38 of
Figure 4, the three highest scoring candidate subimages may be identified and information related
thereto may be provided.

As noted above, the panoramic image may be a still image or may be a frame of a video
that includes a sequence of panoramic images. In an embodiment in which the panoramic image
is a frame of a video, the apparatus 10, such as the processor 12, may be configured to identify the
one candidate subimage having the highest score from each frame. An image file may then be
constructed including the highest scoring candidate subimage of each frame of the video such that
a viewer could view a representation of the video by viewing the sequence of candidate
subimages that have been identified. Thus, even in an instance in which the viewer is utilizing a
device that is not designed to display panoramic images, the viewer will be presented with the
features that are considered to be of interest and to have the greatest aesthetic value from each
frame of the video, such as in a slideshow.

The information for the one or more candidate subimages that is caused to be provided

may be provided in various manners. For example, the information may be stored in memory 14,
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such as metadata associated with the panoramic image. A viewer subsequently watching the
panoramic image may then select to view the one or more candidate subimages that were
considered to be of interest and of the greatest aesthetic value with the candidate subimages being
identified based upon the metadata associated with the panoramic image. Alternatively, the
information for the one or more candidate subimages that is caused to be provided may be
provided in the form of the candidate subimages themselves that are provided to a viewer for
presentation thereto.

In an embodiment in which the information for the one or more candidate subimages is to
be stored, such as as metadata associated with the panoramic image, the information may include
positional parameters identifying the location of the candidate subimage within the panoramic
image as well as, in some embodiments, the height and width of the candidate subimage. In this
regard, the panoramic image may be a spherical or cylindrical projection. In order to identify the
candidate subimages that at least partially overlap with at least one of the identified region(s) of
interest within the panoramic image, the spherical or cylindrical panoramic image may be
projected into a two dimensional plane with the center of projection located at the center of the
sphere or cylinder. The window that defines the subimages may then be repositioned and
evaluated relative to the two dimensional projection of the spherical or cylindrical panoramic
image. In this example embodiment, the positional parameters that may be provided in
conjunction with a candidate subimage may include not only the height and width of the
candidate subimage, but also the theta, yaw and pitch of the projection from the spherical or
cylindrical panoramic image onto the two dimensional plane in which theta, yaw and pitch are
angular translations or projections about the y, z and x axes, respectively.

In order to increase the image processing efficiency, the apparatus 10, such as the
processor 12, may be configured to utilize connected components. In this regard and as shown in
block 54 of Figure 5, the apparatus of this example embodiment includes means, such as the
processor or the like, for identifying one or more for identifying one or more connected
components within the panoramic image. In this regard, each connected component includes at
least one region within the panoramic image that is detected to be the most salient. In an instance
in which two or more regions within the panoramic image that are detected to be most salient,
such as by having a saliency value that satisfies, such as by exceeding, a predefined saliency
threshold overlap or abut one another, the apparatus also includes means, such as the processor or
the like, for defining a connected component so as to include each of the two or more regions that
overlap or abut. Thus, regions of interest that have been identified within a panoramic image
based upon the saliency of the regions and that either overlap or abut one another can be
combined into a single connected component, thereby increasing the efficiency with which the

subsequent image processing operations may be performed. In this example embodiment, each
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region that has been identified within the panoramic image based upon the saliency of the regions
is included in at least one of the connected components.

In this regard, Figure 6 depicts an embodiment in which a panoramic image 60 is
analyzed so as to define a saliency map as shown in block 62. Thereafter, connected components
may be defined within the panoramic image based upon the overlapping or abutting relationship
of regions within the panoramic image that have been identified as salient. A visual
representation 64 of the connected components based upon the saliency map 62 is shown in
Figure 6. Thereafter, the set of candidate subimages may be identified as shown in block 66 and a
subset of the candidate subimages may be identified based upon scoring (and ranking) all the
candidate subimages as shown at block 68. In an embodiment in which connected components
are defined, the apparatus 10, such as a processor 12, may then identify candidate subimages that
at least partially overlap with at least one of the connected components prior to further processing
the candidate subimages as described above.

In an example embodiment, the apparatus 10 further includes means, such as the
processor 12 or the like, for defining one or more bounding boxes as shown in block 56 of Figure
5. In this example embodiment, each bounding box includes a respective connected component
and, as such, may be at least as large as the connected component or may be larger. In order to
increase the granularity with which the subimages of interest and of aesthetic value are identified
from within the panoramic image, each bounding box may be separately processed in accordance
with the technique described above in conjunction with Figure 3 in order to identify one or more
subimages from within each bounding box that are considered to be of interest and of the greatest
aesthetic value. Thus, the apparatus of this example embodiment also includes means, such as the
processor or the like, for separately repeating the identification of the one or more regions for the
portion of the image within the bounding box based upon the saliency of the region(s), the
identification of the candidate subimages that at least partially overlap with at least one of the
identified region(s) from within each bounding box and the scoring of the candidate subimages
for each bounding box.

As such, a method, apparatus 10 and computer program product of this example
embodiment may initially identify the more interesting and aesthetically pleasing regions within
the overall panoramic image and may capture those regions within respective bounding boxes that
are then separately analyzed in accordance with the same process in order to identify one or more
candidate subimages within each bounding box that are of interest and of the greatest aesthetic
value. The candidate subimages that are identified in accordance with this example embodiment
may therefore be identified with increased granularity.

In order to improve the scoring of the candidate subimages, such as by improving the
ranking the candidate subimages, the method, apparatus 10 and computer program product of an

example embodiment may utilize information regarding the category of objects within the
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candidate subimages and/or multiple views, that is, multiple types of features. In this regard, for a
set of objects where each object is described by a feature vector ¥ = ixy. x5, --.x,,}, the class of the
object or order the objects is predicted according to a specific metric ¥ where ¥ = £{X7}, and the
class label for classification or the most relevant candidates are returned for ranking. While
learning the function f() from input-output training data, the original feature space & may be
projected to a new low dimension space X° to improve the classification/ranking performance.

As described above, a variety of different types of predefined criteria may be utilized in
order to score the candidate subimages, such as by scoring candidate subimages based upon the
relative aesthetic value of each candidate subimage. In an example embodiment, the apparatus 10
includes means, such as the processor 12 or the like, for scoring the candidate subimages based
upon a criterion that takes into account the correlation between categories of objects within the
candidate subimages. Various categories of objects may be defined. For example, objects
utilizing different modes of transportation, such as walking, driving, cycling or the like may be
separated into different categories. In this regard, information drawn from an image including
one category of objects may be correlated to an image including a different type of object if the
different types of objects have been correlated. Conversely, information drawn from an image
including one type of object may not be correlated to another image including a different type of
object if the different types of objects have not been correlated.

In an example embodiment, a model for each category of objects may be defined. In this

regard, for a set of object descriptors X = {xy. x5, %], together with different types of category
information £ = {&;.5;, ». 5.}, a model for each category may be as follows:
X ¥ s—aTn»&F? W -»AQS\ ?mé’ §
Subject to »MI =R M =5 8e 8P
In this regard, # = &4 is the project model where each column - ; = % represents a -

dimensional projection vector for each category. £ £ &% is the data matrix, which contains s

samples and ¥ is the corresponding label information of ¥. ¥ is a membership matrix identifying

¥

which cluster each w; belongs to. In addition, L., X1 ¥ 1s a loss function, e.g., least square loss,

AN

Bayesian expected loss, etc. Fe{i'F &7 #7; enforces a clustering procedure on model

W o= {we & indicates which cluster

erin

v 8
each category belongs toand F2_, &% N} . enforces a #; ; norm on each model cluster w; > for

joint feature selection where £; is the index of the clusters.

The apparatus 10, such as the processor 12, of an example embodiment can be configured
to optimize the model by optimizing £ when fixing #¥. In this regard, given a fixed ¥, the
optimization problem can be simplified as follows:

MR g, TE{HF FTWTY
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subjectto Tr{FF } =§ FF = { FF 3T
According to Ky Fan matrix inequality, let § = ¥ $#" = 2087 ¢ B be the eigen
decomposition and g .-=. 3y be the eigenvectors corresponding to the & largest eigen values. The
membership matrix £ can be updated as ¥ = {8 5l
5 Additionally or alternatively, the apparatus 10, such as the processor 12, of an example

embodiment may be configured to optimize the model by optimizing ¥ when fixing £. In this

regard, an upper bound of the squared £;; norm in terms of some positive dummy variables

8 E BY{i = 1.2, dymay be defined as:

10
15

In another example embodiment, the apparatus 10 may include means, such as the
processor 12 or the like, for scoring the candidate subimages based upon a criterion that utilizes
information regarding different types of features, thereby optimizing the selection of a classifier.
A variety of different types of features may be identified, such as color, texture or the like. In this

20  example embodiment, information regarding an image that is based upon an image including one
type of feature may be correlated to images having a different type of feature if a correlation has
been established between the different types of features. Conversely, information drawn from an
image including one type of feature may not be correlated to another image including a different
type of feature if the different types of features have not been correlated.

25 In an example embodiment, the criteria utilized to score the candidate subimages may be

determined, for a set of objects ¥ = {x . x5, x,] that is described by multiple types of descriptors

fal e

R o

Y i iy s : : LERIRX iz
where ¥ = (" 7", . .»3"}is the -th descriptor and =, x.™,..., x;

s =

describes the same object ; from different views, in accordance with a model for supervised multi-

view feature learning as follows:
i ®
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In this regard, wit e RE is the projection vector of the i-th view and

_; L{w"", H' ¥} is a linear combination of loss functions from different views.

L{ w® g, ¥y can be any type of loss function, e.g., least square loss, Bayesian expected loss,

etc. In addition, .

T “1‘" R} --}‘pvpp =
§ —
> Ego i ¥

learns a dictionary &% ¢ 8% for each view by non-

negative factorization. g% g § g2 corresponding to the dictionary

im

&%, which can be used as the new feature set of data samples. &% is in lower dimension than ¥

if & = = In order to provide for correlation maximization among different views,

N
3 o
Yy ()
PR el

T

i

- 8% enforces different views that share similar codings such that different views may

be decided by similar words in the dictionary. This similarity captures the correlation among
different views.

In order to optimize the model for supervised multi-view feature learning, let

S8y

o e
= DHagi{ ¥l B LI¥.D

g

[ 3

a ”’f '
+
e
<
|
i

3

Subject to D g

As part of the optimization, after fixing w, & and & %, the apparatus 10, such as the processor

12, may be configured to compute Z&. In this regard, & can be updated by:

5 18 the (i,k)-th element in matrix & of any view. Additionally or alternatively, after fixing

&* and 5%, the apparatus 10, such as the processor 12, may be configured to compute &%, In
this regard, the formulation for &< can be snnphfled as follows:
Lo, Hoyd + aTeiBETHDT — 23D 8™+ oFelH HT — IFCV Y Y + Trief)
In addition, the apparatus 10, such as the processor 12, may be configured to update & by gradient
descent. In this regard, ¥ and &~ can be updated through gradient descent by fixing other
variables.
In an example embodiment, the apparatus 10, such as the processor 12, may be

configured to model multi-category multi-view feature learning as follows:

Subject to ¥t =

il D) mre e g
CERI R g

I
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In the foregoing model, the loss function: X¥_,L{i¥

" 18 the linear combination of

the loss function from different views. Ii¥ :¥Y can be any type of loss function, e.g., least

-

square loss, Bayesian expected loss, etc. In addition, X S i;- imposes a clustering

crits

. ] . 83 . 3 £
constraint on the model §* of each view. & is the cluster centers and & identifies the cluster

5  membership. In order to maximize the view correlation, 2.
membership of the models from different views that are similar to each other. As such, for the
same objects represented by different views, similar clustering structures exist among different

views. Group feature selection is also provided by ¥¥., ¥%_

i , which enforces a £

norm on each model cluster of each view sa;- for joint feature selection where 5;; is the index of
10  the clusters.
In order to optimize the foregoing model of multi-category multi-view feature learning,

the formulation can be reformed as:

Subjectto I, H. H* = &

15 where G+ = Diag¢ ¥ B/

The apparatus 10, such as the processor 12, is then configured to fix ¥, & and &** and

to compute &% as follows:

20 Additionally or alternatively, the apparatus 10, such as the processor 12, is configured to
fix ¥, & and & and to compute &% In this regard, the formulation of & *! can be simplified

as follows:

g

eyt

25

The apparatus 10, such as the processor 12, can further be configured to update %" and &
through gradient descent by fixing other variables.
In this example embodiment, the criteria by which the candidate subimages may be
enhanced or optimized such that the candidate images that have the greatest aesthetic value may

30  Dbeidentified with increased precision. As such, the user experience may be additionally enhanced
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by ensuring that a viewer will have ready access to the preferred subimages from within the
panoramic image.

Regardless of the criteria employed to determine the aesthetic value, the method,
apparatus 10 and computer program product facilitate the review of at least portions of a
panoramic image, thereby increasing the likelihood that a viewer consumes at least those portions
of the panoramic image that are considered to be both interesting and of aesthetic value.
Moreover, the portions that are identified to be of interest and of aesthetic value may be presented
as two-dimensional images so as to facilitate their presentation upon a wide variety of devices
including those with a display that is not specifically designed for the consumption of a
panoramic image.

As described above, Figures 3 and 5 illustrate flowcharts of an apparatus 10, method, and
computer program product according to example embodiments of the invention. It will be
understood that each block of the flowcharts, and combinations of blocks in the flowcharts, may
be implemented by various means, such as hardware, firmware, processor, circuitry, and/or other
devices associated with execution of software including one or more computer program
instructions. For example, one or more of the procedures described above may be embodied by
computer program instructions. In this regard, the computer program instructions which embody
the procedures described above may be stored by the memory device 14 of an apparatus
employing an embodiment of the present invention and executed by the processor 12 of the
apparatus. As will be appreciated, any such computer program instructions may be loaded onto a
computer or other programmable apparatus (e.g., hardware) to produce a machine, such that the
resulting computer or other programmable apparatus implements the functions specified in the
flowchart blocks. These computer program instructions may also be stored in a computer-
readable memory that may direct a computer or other programmable apparatus to function in a
particular manner, such that the instructions stored in the computer-readable memory produce an
article of manufacture the execution of which implements the function specified in the flowchart
blocks. The computer program instructions may also be loaded onto a computer or other
programmable apparatus to cause a series of operations to be performed on the computer or other
programmable apparatus to produce a computer-implemented process such that the instructions
which execute on the computer or other programmable apparatus provide operations for
implementing the functions specified in the flowchart blocks.

Accordingly, blocks of the flowcharts support combinations of means for performing the
specified functions and combinations of operations for performing the specified functions for
performing the specified functions. It will also be understood that one or more blocks of the
flowcharts, and combinations of blocks in the flowcharts, can be implemented by special purpose
hardware-based computer systems which perform the specified functions, or combinations of

special purpose hardware and computer instructions.
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In some embodiments, certain ones of the operations above may be modified or further
amplified. Furthermore, in some embodiments, additional optional operations may be included.
Modifications, additions, or amplifications to the operations above may be performed in any order
and in any combination.

Many modifications and other embodiments of the inventions set forth herein will come
to mind to one skilled in the art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings. Therefore, it is to
be understood that the inventions are not to be limited to the specific embodiments disclosed and
that modifications and other embodiments are intended to be included within the scope of the
appended claims. Moreover, although the foregoing descriptions and the associated drawings
describe example embodiments in the context of certain example combinations of elements and/or
functions, it should be appreciated that different combinations of elements and/or functions may
be provided by alternative embodiments without departing from the scope of the appended claims.
In this regard, for example, different combinations of elements and/or functions than those
explicitly described above are also contemplated as may be set forth in some of the appended
claims. Although specific terms are employed herein, they are used in a generic and descriptive

sense only and not for purposes of limitation.
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THAT WHICH IS CLAIMED:

1. An apparatus comprising at least one processor and at least one memory storing
computer program code, the at least one memory and the computer program code configured to,
with the processor, cause the apparatus to at least:

identify one or more regions within a panoramic image based upon a saliency of the one
or more regions;

identify candidate subimages that at least partially overlap with at least one of the regions
identified within the panoramic image;

score the candidate subimages based upon predefined criteria; and

cause information for one or more of the candidate subimages to be provided based upon

scores associated therewith.

2. An apparatus according to Claim 1 wherein, to identify the one or more regions
within the panoramic image, the at least one memory and the computer program code are
configured to, with the processor, cause the apparatus to analyze the panoramic image in order to
define a saliency map; and detect the one or more regions within the panoramic image that are

most salient as defined by the saliency map.

3. An apparatus according to Claim 2 wherein, to identify the one or more regions
with the panoramic image, the at least one memory and the computer program code are
configured to, with the processor, cause the apparatus to define one or more connected
components within the panoramic image, wherein each connected component includes at least one
region within the panoramic image that is detected to be most salient, and wherein, in an instance
in which two or more regions within the panoramic image that are detected to be most salient
overlap or abut one another, the at least one memory and the computer program code are
configured to, with the processor, cause the apparatus to define a connected component so as to

include the two or more regions that overlap or abut.

4. An apparatus according to Claim 3 wherein the at least one memory and the
computer program code are configured to, with the processor, cause the apparatus to identify
candidate subimages by identifying one or more candidate subimages that at least partially

overlap with a respective connected component.
5. An apparatus according to Claim 4 wherein the at least one memory and the
computer program code are configured to, with the processor, cause the apparatus to identify the

candidate subimages by identifying the candidate subimages from among subimages at different
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locations and of different scales that at least partially overlap with a respective connected

component.

6. An apparatus according to Claim 4 wherein the at least one memory and the
computer program code are configured to, with the processor, cause the apparatus to score the
candidate subimages by ranking the candidate subimages identified for each connected
component, and wherein the at least one memory and the computer program code are configured
to, with the processor, cause the apparatus to cause information for the one or more of the
candidate subimages to be provided by causing at least one candidate subimage for each

connected component to be recommended based upon the ranking.

7. An apparatus according to Claim 3 wherein the at least one memory and the
computer program code are further configured to, with the processor, cause the apparatus to
define one or more bounding boxes with each bounding box including a respective connected
component, and to separately repeat the identification of one or more regions, the identification of

the candidate subimages and the scoring of the candidate subimages for each bounding box.

8. An apparatus according to Claim 1 wherein the at least one memory and the
computer program code are configured to, with the processor, cause the apparatus to cause
information for the one or more of the candidate subimages to be provided by causing information
including positional parameters regarding the one or more candidate subimages to be stored in

association with the panoramic image.

9. A method comprising:

identifying one or more regions within a panoramic image based upon a saliency of the
one or more regions;

identifying candidate subimages that at least partially overlap with at least one of the
regions identified within the panoramic image;

scoring the candidate subimages based upon predefined criteria; and

causing information for one or more of the candidate subimages to be provided based

upon scores associated therewith.

10. A method according to Claim 9 wherein identifying one or more regions within a
panoramic image comprises analyzing the panoramic image in order to define a saliency map and
detecting the one or more regions within the panoramic image that are most salient as defined by

the saliency map.
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11. A method according to Claim 10 wherein identifying one or more regions within
a panoramic image comprises defining one or more connected components within the panoramic
image, wherein each connected component includes at least one region within the panoramic
image that is detected to be most salient, and wherein, in an instance in which two or more
regions within the panoramic image that are detected to be most salient overlap or abut one
another, the method comprises defining a connected component so as to include the two or more

regions that overlap or abut.

12. A method according to Claim 11 wherein identifying candidate subimages
comprises identifying one or more candidate subimages that at least partially overlap with a

respective connected component.

13. A method according to Claim 12 wherein identifying the candidate subimages
comprises identifying the candidate subimages from among subimages at different locations and

of different scales that at least partially overlap with a respective connected component.

14. A method according to Claim 12 wherein scoring the candidate subimages
comprises ranking the candidate subimages identified for each connected component, and wherein
causing information for the one or more of the candidate subimages to be provided comprises
causing at least one candidate subimage for each connected component to be recommended based

upon the ranking.

15. A method according to Claim 11 further comprising defining one or more
bounding boxes with each bounding box including a respective connected component, and
separately repeating the identification of one or more regions, the identification of the candidate

subimages and the scoring of the candidate subimages for each bounding box.

16. A method according to Claim 9 wherein causing information for one or more of
the candidate subimages to be provided comprises causing information including positional
parameters regarding the one or more candidate subimages to be stored in association with the

panoramic image.

17. A computer program product comprising at least one non-transitory computer-
readable storage medium having computer-executable program code instructions stored therein,
the computer-executable program code instructions comprising program code instructions

configured to:
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identify one or more regions within a panoramic image based upon a saliency of the one
or more regions;

identify candidate subimages that at least partially overlap with at least one of the regions
identified within the panoramic image;

score the candidate subimages based upon predefined criteria; and

cause information for one or more of the candidate subimages to be provided based upon
scores associated therewith.

18. A computer program product according to Claim 17 wherein, to identify the one
or more regions within the panoramic image, the computer program product further comprises
program code instructions configured to analyze the panoramic image in order to define a saliency
map; and detect the one or more regions within the panoramic image that are most salient as

defined by the saliency map.

19. A computer program product according to Claim 18 wherein, to identify the one
or more regions within the panoramic image, the computer program product further comprises
program code instructions configured to define one or more connected components within the
panoramic image, wherein each connected component includes at least one region within the
panoramic image that is detected to be most salient, and wherein, in an instance in which two or
more regions within the panoramic image that are detected to be most salient overlap or abut one
another, the at least one memory and the computer program code are configured to, with the
processor, cause the apparatus to define a connected component so as to include the two or more

regions that overlap or abut.

20. A computer program product according to Claim 19 further comprising program
code instructions configured to identify candidate subimages by identifying one or more candidate

subimages that at least partially overlap with a respective connected component.

21. A computer program product according to Claim 20 further comprising program
code instructions configured to identify the candidate subimages by identifying the candidate
subimages from among subimages at different locations and of different scales that at least

partially overlap with a respective connected component.

22. A computer program product according to Claim 20 further comprising program
code instructions configured to score the candidate subimages by ranking the candidate subimages
identified for each connected component, and wherein the at least one memory and the computer

program code are configured to, with the processor, cause the apparatus to cause information for
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the one or more of the candidate subimages to be provided by causing at least one candidate

subimage for each connected component to be recommended based upon the ranking.

23. A computer program product according to Claim 19 further comprising program
code instructions configured to define one or more bounding boxes with each bounding box
including a respective connected component, and to separately repeat the identification of one or
more regions, the identification of the candidate subimages and the scoring of the candidate

subimages for each bounding box.

24. A computer program product according to Claim 17 further comprising program
code instructions configured to cause information for the one or more of the candidate subimages
to be provided by causing information including positional parameters regarding the one or more

candidate subimages to be stored in association with the panoramic image.

25. An apparatus comprising at least one processor and at least one memory storing
computer program code, the at least one memory and the computer program code configured to,
with the processor, cause the apparatus to at least:

identify candidate subimages that at least partially overlap with at least one region
identified within a panoramic image based upon a saliency of the at least one region;

score the candidate subimages based upon a criteria that takes into account a correlation
between categories of objects within the candidate subimages; and

cause information for one or more of the candidate subimages to be provided based upon

scores associated therewith.

26. An apparatus according to Claim 25 wherein, to score the candidate subimages,
the at least one memory and the computer program code are configured to, with the processor,
cause the apparatus to score the candidate subimages based upon the criteria that utilizes

information regarding different types of features.

27. An apparatus according to Claim 25 wherein the at least one memory and the

computer program code are configured to, with the processor, cause the apparatus to define, for a

Xz.°, 2.} and different categories € = [y, €z, C ], 2

set of object descriptors £ = {1,

model for each category of object as follows:
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category, and wherein ¥ £ 8% is a data matrix which contains % samples, ¥ is the
corresponding label information of ¥ ard F is a membership matrix identifying a cluster to

which each w ; belongs.

28. An apparatus according to Claim 25 wherein the criteria utilized to score the
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29. A method, comprising:

identifying candidate subimages that at least partially overlap with at least one region
identified within a panoramic image based upon a saliency of the at least one region;

scoring the candidate subimages based upon a criteria that takes into account a correlation

between categories of objects within the candidate subimages; and
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causing information for one or more of the candidate subimages to be provided based

upon scores associated therewith.

30. A method according to Claim 29 wherein, scoring the candidate subimages is

based upon the criteria that utilizes information regarding different types of features.

31. A method according to Claim 29 further comprising defining, for a set of object

%} and different categories & = {z;, 5., &4, 1, 2 model for each

subifectic r{M)=k MWLM el
wherein E{§*~ £ 1 is a loss function, wherein TN WFEFTWT 3 enforces a clustering

procedure on model ¥ = o, -, w0, 1 to cluster the models according to correlations

i

=f iy
&

ks
therebetween, wherein & =y 2

§¥t , enforces a +; 3 norm on each model cluster s, > for
joint feature selection with 5; being an index of the clusters, wherein ¥ & &<*™ is a project
model in which each column w ; & K @ represents a <-dimensional projection vector for each
category, and wherein X € B**™ is a data matrix which contains % samples, ¥ is the

corresponding label information of & and F is a membership matrix identifying a cluster to

which each w ; belongs.

32. A method according to Claim 29 wherein the criteria utilized to score the

candidate subimages is determined, for a set of objects X :\,1 %5, %, ] with each object

¥ in which
TN

L AR . .
A, ,..., ¥;  describe the same object
+
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¥ owex " }is the i-th descriptor and X
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s g (¢ ~ S . . N s S
dictionary £% & R7™* for each view by non-negative factorization, wherein % € &7 is

the coding of X*** £ R**" corresponding to the dictionary £** which is usable as a new feature
set of data samples with &~ being in a lower dimension than X** in an instance in which

& < ¥, and wherein } T‘ =i} \HE g provides for correlation maximization among different

VIEWS.

33. A computer program product comprising at least one non-transitory computer-
readable storage medium having computer-executable program code instructions stored therein,
the computer-executable program code instructions comprising program code instructions
configured to:

identify candidate subimages that at least partially overlap with at least one region
identified within a panoramic image based upon a saliency of the at least one region;

score the candidate subimages based upon a criteria that takes into account a correlation
between categories of objects within the candidate subimages; and

cause information for one or more of the candidate subimages to be provided based upon

scores associated therewith.

34. A computer program product according to Claim 33 wherein, to score the
candidate subimages, the computer program product further comprises program code instructions
configured to score the candidate subimages based upon the criteria that utilizes information

regarding different types of features.

35. A computer program product according to Claim 33 wherein the computer
program product further comprises program code instructions configured to, to define, for a set of

1, a model for

‘?7 hE)

object descriptors ¥ = {x,.x., >, x_} and different categories £ = {ey, ga, ",

each category of object as follows:

(LW 11— e EE Ty £ 23S
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subjecttc »{MiI=& MLIMcFD
wherein L{#, X: ¥} is a loss function, wherein Fr{#FF W Y enforces a clustering

procedure on model ¥ = {wsy, w5, o, W} to cluster the models according to correlations

5,
5

K N S
therebetween, wherein £5-y 2 enforces a £, norm on each model cluster s;* for

.~

joint feature selection with 3, being an index of the clusters, wherein ¥° £ E*™ is a project

. . — o4 kd . . . .
model in which each column wr; € K™ represents a «-dimensional projection vector for each
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X £ BS™® js a data matrix which contains ¥ samples, ¥ is the

category, and wherein
corresponding label information of X and F'is a membership matrix identifying a cluster to

which each w ; belongs.

36. A computer program product according to Claim 33 wherein the criteria utilized

to score the candidate subimages is determined, for a set of objects & = Xy, ¥, Ywith
each object belng described by multiple types of descrlptors X W %% in which

descrlbe the same object
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dictionary &%~ £ &T™" for each view by non-negative factorization, wherein &7+ € 8L " is

Pl X R SN
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set of data samples with &%+ being in a lower dimension than X** in an instance in which
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d = m, and wherein i {#H Y —

F provides for correlation maximization among different

VIEWS.
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