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SYSTEMS AND METHODS FOR IMAGE-FEATURE-BASED RECOGNITION

RELATED APPLICATIONS
[001] This application claims priority to U.S. Provisional Patent Application
No. 81/837,858, filed February 10, 2014, the contenis of which are hereby
incorporated by reference in their entirety.
FIELD

[002] The present disclosure relates to visual object recognition, and more

specifically, to methods and systems for recognition of content and objects in digital
images, and methods and systems for rapid delivery of additional content and/or
information related to the recognized content objects. Methods and systems
disclosed herein may also be applicable {o search services and conteni-based image
retrieval and recognition processes.

BACKGROUND

(0031 In today’s world, nearly everyone has a camera-enabled mobile device
with them at all times. Mobile device users have grown used to being able to use the
mobile device {0 obtain additional information about the world around them using
their mobile device. Mobile device users {oday will use the Internet {o oblain
additional information, research prices, view products before buying, and even
purchase items or content. Users today want such access as quickly and efficiently
as possible, with the fewest number of steps as possible.

[004] A desire for more information can be triggered by, for example, viewing
an object or scene in the world around us, something seen in print, such as a
biliboard, poster, or movig, or by something seen on a screen, such as a movie, TV
show, website, or other digital content.

[005] Thers are existing techniques for facilitating the delivery of additional
information about items or content to a user's mobile device. For example, a marker,
such as a one-dimensional barcode or two-dimensional QR-code, can be altached
physically to a product, or can be printed next to an image of the product on a printed
page, poster, or billbeoard. In some cases, artificially-generated patterns may be
added to images. By scanning the code or artificially-generated pattern, either with a
special purpose scanning device or using the camera function and an app on the
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user's mobile device, more information can be delivered to the user. The additional
information can either be directly coded into the marker, or the information coded
into the marker can be used to retrieve additional information from a database.

{0068] Technically more sophisticated is the recognition of images without the
insertion of artificial markers, since not every object has, or can have, such a marker,
For these cases, techniques have been developed {0 recognize images using a
combination of object recognition algorithms and pattern maiching. The Vicla-Jones
method, for example, as described in “The Rapid Object Detection Using a Boosted
Cascade of Simple Featurss,” by Paul Viola and Michael Jones, performs a cascade
of predefined scan operations in order to assess the probability of the presence of a
certain shape in the image, and a classification algorithm, such as AdaBoost, to
identify the object. Using an “integral image” as a random pixel access daia
structure, the Vicla-Jones method selects a small number of critical visual features
from a larger generic set {o vield a subset of classifiers, then combines progressively
more complex classifiers in a "cascade” (AdaBoost) to allow background regions o
be discarded and move computations on promising object-like regions to be
performed. Classification methods typically have two phases, a training phase and a
test phase, during which the training date may be used {o identify objects.
Classification methods are computationally intensive and rely on the careful pre-
selection of training images. These types of object recognition methods are typically
used in the detection of objects with the same shape and characteristics, such as
faces, traffic signs, brand logos, and the like.

[007] Other approaches utilize distinct attributes or features present in
images for image-based detection and recognition. In these systems, characteristics
are extracted from a set of training images, and then the system detects whether
there are corresponding characteristics among either a set of snapshots, or between
a snapshot and a training set of images. Applications of image-based detection and
recognition span from panorama and image stitching, sparse 3D Reconstruction,
augmentad reality (8.g., Microsoft® Photosynth™, VisualSFM™, Qualcomm®
vuforia™), to image search and recognition services provided by Google® Goggles™
and Kooaba™™ / Vuforia™ Cloud Recognition. These image-based recognition
techniques are used only to recognize objects and do not extract extra information
deposited within the image. Further, existing technologies typically require the
fransmission of data-dense media files (such as the image itself or video and/or

.
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audio data) from a capturing device (e.9., a smariphone) (o a processing server over
a network, which further delays the recognition of the object. Existing methods also
require that all additional information associated with the object be transmitted from a
server back to the mobile device, thereby taking time and being unusable in
situations where there is no network connection to the server.

[008] There exist some methods and systems for exiracting certain features
from video and generating a “fingerprint’ for transmitting o a content identification
saerver for use in identifying the content. U.8. Patent No. 8,783,274 to Yu, for
example, extracts VDNA (Video DNA) fingerprints from captured contents. The 274
patent, however, is specifically concerned with exiracting fingerprints from video (that
is capturing a sequence of images), including from the accompanying audio.

[00%] There also have been some attempts to provide some methods and
systems for automatic recognition of media content, but all have to date been
unsatisfactory. Any existing methods and systems that work for stationary media do
not easily adapt well to use with video. Systems that generate VDONA fingerprints are
computationally intensive and use large media files that are difficult to transmit
quickly over a network. Moreover, any system that uses VDNA fingerprints must be
concerned with spikes in usage, because multiple accesses over the network at the
same time will further exacerbate the bandwidth problem. Systems that attempt to
recognize video media and objects therein must solve the problem of capturing a
good usable image that contains the items of interest. Such systems must also
account for the time delay that inevitably cccurs between the moment when the
scene that may have interested a user was displayed and the moment when the user
initiates caplure.

[010] Hence, there is a need for systems and methods that reguire only a
minimal amount of media data (such as a single image, instead of a VDNA-siyle
fingerprint generation which requires using a series of images together with audio
data) to detect or recognize an object or content, and which does not require
transmission of media data over a network. Moreover, there is also s need for a
system that is scalable to handle large volume of training data from the video frames,
to overcome fimitations that are typically associated with image recognitions using
video frames as training set. Such limitations may include comparing vast amount of
single images or video frames to classical image recognition domains, and huge

redundancy in the fraining data set generated from video frames. Furthermore, there
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is also a need to spead up and improve the accuracy of the recognition process,
gspecially when the image recognition is performed over a video. Lastily, there is also
a need to filter out redundant queries fo handle spikes in queries, 1o reserve precious
network and computation resources.

BRIEF DESCRIPTION OF THE DRAWINGS

[011] The accompanying drawings, which are incorporated in and constitute
a part of this disclosure, illustrate several embodiments and, together with the
description, serve to expiain the disclosed principles. In the drawings:

[012] FIG. 1A is a diagram illustrating an exemplary system for providing
users with additional information refated to an item of interest in displayed digital
content, consistent with embodiments of the present disclosurs.

[013] FIG. 1B illustrates use of exemplary methods and systems described
herein for obtaining more information about objects or things in displayed digital
content.

[(014] FIG. 10 illustrates use of exemplary methods and systems described
hersin for providing more information o users about objects or things in a digital
media.

015] FIG. 2A illustrates the prior art process of generating from the salient
points in an image a coliection of feature descriptor vectors to be assembled as
image fingerprints.

[018] FiG. 2B are diagrams illustrating prior art methods for finding a fitling
transform that maiches the corresponding feature locations of the query image and
the reference image.

[017] FIG. 3is a block diagram illustrating an exemplary systerm for obltaining
additiona! information on an object of interest in an image snapshot, consistent with
embodiments of the present disclosure.

[018] FIG. 4A is a flow chart illustrating an exemplary method for querying an
Image Feature Index database fo process a live camera video feed as input,
consistent with embodiments of the present disclosure.

[019] FIG. 48 is a flow chart Hllustrating an exemplary method for processing
the resuit of querying the Image Feature Index database {o find malching image,
consistent with embodiments of the present disclosure.
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[020] FIG, 4C is a flow chart {llustrating an exemplary method for querying a
cached image set before querying the image feature index database {o find matching
image, consistent with embodiments of the present disclosure.

[021] FiGs. 8A-5H are diagrams illustrating prior art methods for querying,
organizing and accessing the image feature index database.

[022] FiGs. 8A-8E are diagrams illustrating other exemplary methods for
guerying, organizing and accessing the Image Feature Index database, consistent
with embodiments of the present disclosure.

[023] FIG. 7 is a block diagram illustrating an exemplary system for
processing image fingerprints, consistent with embodiments of the present
disclosure.

[024] FIG. 8 is a block diagram illustrating ancther exemplary system for
processing image fingerprints, consistent with embediments of the present
disclosure.

[025] FiG. 8is a block diagram illustrating an exemplary system on which

embodiments of the present disclosure can be implemented.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[026] Reference will now be made in detail to the embodiments, the
examples of which are illustrated in the accompanying drawings. Whenever
nossible, the same reference numbers will be used throughout the drawings to refer
to the same or like parts.

[0271 Methods and systems are described herein that provide users with an
information rich viewing experience, by providing users with additional information
about people, places, and things that they see in digital content or the world around
them. The methods and systems described herein offer several advantages over
prior art systems. First, methods and systems herein operate on a single image
frame, whether captured from video, print, or the world around the user. The
methods and systems herein may be practiced by an application operated on a
user's mobile device connected to a web-based server, provided the mobile device
has image capture functionality, and the server provides an image recognition

service. In fact, one of the advantages of the inventions disclosed herein is that
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these methods and systems may be implemented using photos made with handheld
consumer cameras as found in smart phones and {ablets.

[028] In methods and systems described herein, a "fingerprint” of the
snapshot is exiracted and used to identify additional information. Methods and
systems are described herein for identifying and describing image features and
generaling a unigue fingerprint of the single image. In addition, the original image
need not be stored on the user's mobile device, as the fingerprint may be used for
displaying back o the user with the additional information, if desired.

[028] Using systems and methods described herein, retrieving additional
information by identifying the media or content related to the initial snapshotin
performed using the fingerprint as a query. image Feature-Based Recognition, as
described herein, uses a feature index to identify a smaller set of candidate matches
from a larger database of images. Use of the feature index enables faster searches
over large image sets. Existing solutions using feature indexing fail in scenarios with
huge sets {hundreds of millions} image features with a great number of similarities,
as typically seen in collections of single frames extracted from video material.
instead, the methods and systems described herein overcome the problems with the
prior art using a distance metric and a radical hash table design exploiting
probabiiistic effects. The methods and systemns described hergin automatically sort
out distinct image features over redundant ones, allowing only the more distinctive
data points {0 remain resident within the index, vielding a lean index that can be
guickly used in the identification process. In contrast, traditional Approximate
Nearest-Neighbor {ANN) methods store all data points unfillered which greatly
deteriorates their matching performance.

[030] The methods and systems described herein provide means for
handling large amounts of image data while maintaining image resolution and
distinctiveness. The methods and systems described herein will also handle spikes
in request traffic due to high periods of use.

[031] Further, in some embodiments described herein, additional information
may be identified without performing full-scale image recognition on the mobile
device. Methods and systems described herein introduce use of a stand-alone
replicable layer that operates between the web-communication layer and a search

system on a server to intercept and handle many of the requests. By selectively
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caching and identifying similar or equivalent requests at the mobile device, fewer
reguests need {o be forwarded (o the server.

[032] The multiple inventions described herein may be implemented alone or
in various combinations with one another. Each of the various inventions will be
described in further detall below.

[033] FIG. 1A is a diagram showing at a high level a system 100 for
connecting content providers 101 to users 102 through visual media 103, using
some or all of the inventions described herein, Content providers 101 may be, for
example, producers, retailers, advertisers, media content owners, and other entities
that have product or content. Visual media 103 may be, for example, a television
broadcast, movie, print, or billboard. The visual media can be delivered, via
distribution network 104, to a video media broadcasting platform 108 or a printed
media 106.

[034] In the system shown in FIG. 14, a user 102 has a mobile device, such
as tablet 121 or smartphone 122. The mobile device may aiso be, in some
embodiments, a camera with a processor, memory, and wireless communication
capability. In some embodiments, the mobile device comprises an accelerometer,
gyroscope, or other device for detecting the orientation of the mobile device. In
embodiments described herein, the mobile device is Internet-enabled. Embodiments
of the mobile device will be described in more detall below with respect to FIGS. 3, 8,
and 8.

[035] In some embodiments, user 102 can congume content 123 as
displayed or broadcasted on platforms 105 and 106 directly. Content 123 may also
be displaved directly in the user's maobile device.

[038] In a first step, user identifies something of interest about which he or
she would like {o leamn more information. The thing of interest may be, for exampie,
an item displayed in content 123 or 124, such as a product, prop, clothing, or other
objects. The thing of interest could also be the location of the scene itself, or the
topic depicted in the scene. In some embodiments, the thing of interest is the
particular content itself, for example, the movie, video, or program that is being
displayed.

[037] Using an end-user application and the camera functionality on the
user's mobile device, the user takes a snapshot of the screen depicting the thing of
interest. The snapshot may be a close-up of the thing iiself, or can include the
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surrounding area of the thing of interest, The snapshot may aiso comprise more than
just the display device that is displaying the content and the content being displayed
on the screen. In some embodiments, such as when content 121 or 122 is being
displayed on the user's mobile device, the user may take a snapshot of the screen
depicting the thing of interest by taking a screen capture.

[038] FiG. 18 Hustrates use of exemplary methods and systems described
herein for obtaining more information about objects or things in displayed digital
content. As shown in FiG. 4B, the user may hold mobile devices 121 or 122 such
that a large area of view (including the thing of interest) is shown on the screen. In
some embodiments, the entire area of view is captured. in some embodiments, the
system may automatically determine that only a certain portion of the area of view
{(such as the display screen showing content) is material, and only the display screen
is captured. In some embodiments, the user may indicate, via interface 150, a subset
of the image shown in the display by, for example, touching or circling the thing of
interest with the uset's finger or a stylus, as indicated by portion 151, The end-user
app may then capture only portion 151 of the image in the display of the mobile
device. If a portion is indicated, portion 151 of the image is then used o generate a
query to be processed by an image database. The image database can then retum
an image 152, which is determined {0 be matching with at least part of portion 151,
for displaying at the mobile devices.

[039] Additional information 153 may be selecied based on the captured
image, and displayed {o the user. The additional information 153 displayed will be
information related to or associated with the meadia content in the snapshot. The
additional information 153 may be selected based on the entire snapshot or any
identified portion 151.,

[040] In some embodiments, image 152 may be displayed along with
additional information 153, either above, below, or beside additional information 153.
In some embodiments, image 152 may include tags 154 (also called annotations)
that correlate to the additional information 154, In at least some embodiments, the
tags 154 appear next to some or all of the items as depicted in image 152, for which
additional information 153 has been identified, In some embodiments, tags 154 may
be used by the user {o navigate to parts of additional information 153 asscciated with
the item marked by the tag. By clicking on a tag, for example, the user may be taken

to the associated information on the screen which may be search results oralink
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additional information. in some embodiments, the tag is itself represents a hyperlink
to additional information.

{0411 in the embodiment shown in FIG. 1€, image 163 displayed in the
center has already been annotated. The diagram on the left shows a directory 162
which stores, in a hierarchy, additional information 184, Additional information 164
can be associated with a particular tag 168 pointing to an object (e.g., a sofa as
Hlustrated in FIG. 4€), and can include information related to the object. The
information can include images, text description, pricing, links to further information,
etc., that are pertinent to the object, and the information is stored in a hierarchical
structure under directory 162. As lllustrated in FIG. 1C, after the user activates {ag
1686, at least part of additional information 1684 is displayed. For example, image 167
of the sofa, textual description 188 of the sofa, and other information, can be
displayed.

[042] Returning now to FIG, 1A, after the user takes a snapshot, the end-
user app generates a fingerprint of the snapshot or the indicated portion of the
snapshot. There exist many known methods for generating a fingerprint of an image.
Generally, as a first step, these methods detect salient points in the image using a
salient point detection algorithm, such as Features from Accelerated Segment Test
(FAST), Harris, Maximally stable extremal regions (MSER), etc., or the equivalent.
The salient points can then be used, as shown in FIG. 24, to generate feature
descriptor vectors. As shown in FIG. 24, salient points 218a and 218b of an image
218 can be represented respectively by vectors 220z and 220b. Scale-invariant
feature transform (SIFT), Speaded Up Robust Features {SURF), Binary Robust
Invariant Scalable Keypoint (BRISK), Fast Retina Keypoint (FREAK), are examples
of known methods for generating feature descriptor vectors. Feature descriptor
vectors can be a fixed-size vector of floating point numbers or bits that characterize
the pixel patch (e.g., a 84-dimensional or 128-dimensional floating point vector, or a
512-dimension bit vector.) The vector can be generated by sampling the pixel
patches, arranged within the image according to pixel grid 222, within a descriptor
sampiing grid 224, and the vector values can be chosen such that a distance
between two vectors representing two pixel paiches correlates with a degree of
similarity (.g., in luminance/brightness) between the two pixel paiches.

0431 As shown in FIG. 2B, the image content can be differently oriented as
compared to corresponding content in the reference image, and matches can still be
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found. For example, query features 242 of guery image 240 may be found to malch
with gquery features 252 of reference image 250. The reiative pose (or orientation) of
the image content 240 can then be derived from g set of relationships between the
locations of each of query features 242 within guery image 240, and the locations of
the corresponding reference features 252 within reference image 250. The set of
relationships can be represented as a transformation matrix. In some embodiments,
the transformation matrix can be calculated iteratively o transform the locations of
the features of reference image 250, until the fransformed locations of the features of
the reference image fit with the locations of the at least some of the features of query
image 240. For each iteration of transformation matrix calculation, the validity of the
transformation matrix can be checked by determining whether there is a fitfor a
consensus set of corresponding features between the refersnce image (for which the
feature locations has been fransform with the transformation matrix} and the query
image (for which the feature locations are not fransformed). In some embodiments,
the transformation mairix can be calculated using least squares approximation. As
discussed later with respect to the inventive methods described in FiGs. 4A and 4B,
the determination of pose can be performed at either the mobile device or at the
SBrver.

[044] A combination of feature descriptors can then be used {0 represent one
or more visual features included in a query image, which are graphically rendered in
a combination of pixel paiches corresponding to the feature descriptors. The
combination of feature descriptors can also be used to identify, with a certain degree
of certainty, a reference image including the features descriptors. The identification
of the reference image can be based on a relationship between the fealure
descriptors associated with the reference image and the feature descriptors
extracted from (and associated with) the guery image and included in the fingerprint.
The relationship between the feature descriptors can determine the likelihood of
success of the identification.

[045] The fingerprint is a digital representation of certain features extracted
from the snapshot. The fingerprint can include (or be generated based on) a set of
festure descriptors tailored for the purpose of the query. The feature descriptors to
be included in the generation of the image fingerprint can be selected by the user.
The end-user application can then detect salient points within the image portion 151,
and generate the feature descriptors accordingly. When the user does not make a
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selection, the end-user application may detect salient points from the entirety of the
snapshot, and generate fingerprints associated with the delected salient points
accordingly. In some embodiments, the user can further select a particular object in
an image via a tapping action on interface 150, and the end-user application can
prigritize the transmission of fingerprints associated the selected object.

048] Referring back fo FiG. 14, after a fingerprint of the snapshot image is
obtained or generated, the fingerprint is used to obtain additional information. In at
least one embodiment, the fingerprint is transmitted to a server 140 via
communications link 130. The fingerprint may be transmitted wirelessly {0 the server
via a wireless link, or via another communications link.

0471 Server 140 may comprise, for example, one or morg replicable query
caches 141, an image matching module 142, and an Image Feature Index database
143. These components, within the dashed circle, may also be referred {0 as the
Geenee search system.

[048] Replicable query caches 141 can function as an entry point to the
Geense Search System. Replicable guery caches 141 can receive guery fingerprints
directly from mobile devices. Before forwarding an incoming query fingerprint to the
image matching module 142, the incoming query fingerprint is compared to the
fingerprints previously received. If a match is found, a prior response {o the
previously-received fingerprints (e.g., a set of candidate images, or a maiching
image, of no matching images, etc.) can be returned. If the incoming query
fingerprint does not match with the previously-received fingerprints, the incoming
guery fingerprint can then be forwarded to image matching module 142

[049] In some embodiments, image matching module 142 receives the
incoming query fingerprint directly. Image matching module 142 forwards the query
fingerprint to iImage Feature Index database 143, and further processed. From the
further processing, a set of candidate images {or fingerprint references to those
images) is identified and returned to the image matching module 142, Annotations
database 144 stores a set of reference images, from which the candidate images are
to be identified, and a mapping between the set of reference images and the feature
descriptors representing features included in the reference images. For reference
images that are annotated, annotation database 144 aiso stores a mapping between

the annotation and additional information associated with the annotation.
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[050] After receiving the candidate image fingerprints from Image Feature
Index database 143, the image matching module 142 then compares the fingerprints
of the candidate images to the query fingerprint (or portion thereof), and determines
if there is a match. If there is a match, it then retrieves the malching image along with
annotations attached {o it from the annotations database 144, and returns this as a
resuit,

[051] As will be described in more detall below, Image Feature Index
database 143 provides a searchable index for feature descriptors extracted from
reference images provided previously to the annotations database. Various
embodiments of Image-Feature-index-based search consistent with the present
disclosure are described below with respect to, for example, FiGs. 8A-6E.

0521 Server 140 may aiso comprise a content provider interface 145. The
content provider interface 145 may be implemented as a web service. Content
providers may use the content provider interface to provide media material {and
additional annotations 1o be attached thereon) intended {o be included to Geenee
Search. At least part of the media material, and the additional annotations, can then
be stored at annotations database 144,

[053] it should be understood that server 140 could be one serveror a
collection of servers. In some embodiments, server 140 can include a plurality of
sarvers coupled together to form a cloud 160. Further, aithough Image Feature Index
143 and annotations database 144 are shown as residing on server 140, they can
also reside in other storage areas accessible to server 140. In some embodiments,
content provider interface 148 is a cloud-based application.

[054] As an illustrative example, referring back to FIG. 1B, the user chooses
a particular scene of a TV show, being broadcasted on a TV, and takes a snapshot
of it, to include the particular scene in the guery, which is then fransmitted to server
140, Within server 140, the query can yield a set of candidate images including a
reference image of the particular scene, if feature descriptors associated with the
screenshot are also stored in Image Feature Index database 143. The image
Matching module 140 detects a maiching image among the candidate images, and
can return the matching image, or an indication of no matching image, as a response
to the user's query. Additional information associated with the matching candidate
image can also be retrieved from annotation database 144. In some embodiments,

the user can further select an object in the snapshot via tapping to limit the scope of
L 4.
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qguery to the feature descriptors associated with the object. The user can also select
an object in the matching image, returned by server 140 in response to a query, to
acquire other additional information.

image Feature-Based Recognition on the Mobils Device

[085] Fi. 3 is a block diagram illustrating an exemplary system for oblaining
additional information on an object of inferest in an image snapshot, consistent with
embodiments of the present disclosure. System 300 may be, for example, a mobile
device comprising at least one processor, memory, communication hardware and
software, and a camera. In some embodiments, system 300 is a client device 810 as
shown in FIG. 8. As system 300 may be operated by a user attempting to obtain
additional information on an object of interest, system 300 may also be referred o as
a user's mobile device. FIG, 3 illustrates various modules, which may be
implemented in hardware or software, that may be present on system 300,
consistent with methods and systems described hersin. As shown in FIG. 3, sysiem
300 includes an image acquisition module 310, a feature descriptor generation
module 320, a fingerprint generation module 330, and an additional data acquisition
module 340.

[056] Image acquisition module 310 acquires data representing a first image
or “snapshot’. The snapshot may be captured by, for example, a camera, or camera
functionality of a smartphone or tablet. In some embodiments, 3 snapshot of the
antire scene visible to the camera is taken and stored. In some embodiments, & user
may indicate one or more portions of the scene visible on the display, and only the
indicated portions are stored. Image acquisition module 310 can also acquire image
data from other sources (e.g., from a local or remote data storage device). The first
image data is transmitted to feature descriptor generation module 320 for further
processing.

[057] Feature descriptor generation module 320 can extract one or more
features based on the pixel values represented by the first image dala, and can
generate numerical representation of the exiracted features. In some embodiments,
feature descriptor generation module 320 detects and locates salient points within
the selected one or more portions of the first image, and generates feature

descriptors to represent the salient points. Methods and systems for detecting and
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locating salient points, and generating feature descriptor vectors therefrom, are
described above.

[058] Fingerprint generation module 330 generates an image fingsrprint
based on the feature descriplor vectors generated by feature descriptor generation
module 220. The fingerprint can include {or be generatad based on) a set of feature
descriptors based on salient points detected in a portion of the captured image (ora
specific depicted object) selected by the user, or salient points detected in the
entirety of the captured image.

[050] Afer the fingerprint is generated, the fingerprint is used to acquire
additional information by additional data acquisition module 340, In some
embodiments, the fingerprint is tfransmitted to another system (e.g., system 700 as to
be described in FIG. ¥ or server 940 of FIG. 8) over g network o be used in
identifving additional information. The process of searching for and identifying
additional information based on the fingerprint will be described in more detail below
with respect to, for example, FIG. 44

[060] in some embodiments, the processing of the guery includes
determining, with a certain degree of certainty, that the feature descriptors of the
guery image match with the feature descriptors of a candidate image. Based on this
determination, the processor of the query can then identify the media content {e.g.
an image depicting a scene of a TV show, an image of a published adverlisement,
etc.) being depicted in the query image. Details about the processing of the guery
will be described later in, for example, FiG. 8A-BE.

[081] After the querying with the fingerprint is processed, additional data
acquisition module 340 can acquire additional data based on the result of the query.
For example, based on the query, a second image including the object represented
by the fingerprint in the query is located, with g certain degree of certainty, and
additional data acquisition module 340 can acquire the second image for displaying.
The second image can include additional information associated with the object that
is not depicted in the first image (e.g., a different viewpoint, a different background,
additional items now depicted in the first image, etc.). Moreover, additional data
related o the object can also be acquired by additional data acquisition module 340
Referring back to the llustrative example described earlier in FiGs 18-C, after a
guery including the feature descriptors of the sofa is processed, a sofa of a specific
brand and model is identified from the query, and the brand and mode! information
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can be acguired by addilional data acquisition module 340 and displayed {o the user,
Moreover, as a result of the identification, other information, such as the price, the
vendors who are selling the sofa, elc., can also be acquired by additional data

acquisition module 340 and displayed to the user.

image-Feature-Based Search

[062] For a given guery image, Image-Feature-Based Search finds matches
within a large collection of images (training setl) by comparing the pre-extracted
image features of the training set with those exfracted from the query image. In order
to keep these costly per-image comparisons at a minimum, an additional search data
structure is used to preselect a coarse candidate set efficiently. This search data
structure, called the Image Feature Index, allows a similarily search {e.g.,
approximate nearest neighbor {ANN) lookup) to be performed, whers a given query
image feature data point can be mapped fo its closest corresponding data points of a
training set of images. The images associated with these data points will be
retrieved as a set of candidate images. As will be described later, the Image Feature
index provides a mapping table capable of indexing / addressing feature data points.
Such a mapping table can be a hash table, and the relationship between the address
and the feature data points can be defined according to a hash function.

[083] Reference is now made to FIG, 44 which is 3 flow chart iflustrating an
exempiary method for performing image feature-based recognition from video,
without the user taking a snapshot, consistent with embodiments of the present
disclosura. in step 402, a stable camera image (L.e., ohjects appear to he stationary)
is captured by the user's mobile device. In some embodiments, the mobile device
may determine that an image is stable when it detects fittle or no movement using,
for example, an accelerometer sensor of the mobile phone or other device that
detects movement. After detecting little or no movement, the mobile device may
capture one or more images. In some embodiments, where multiple images are
captured, the mobile device may determine which of the multiple images is the most
stable image, and use the most stable image as the query image.

1084] In some embodiments, particularly those in which a useris taking a
snapshot of video, there may be a delay between what is displayed on the scresn
and when the snapshot is taken afier the user initiates the taking of the shapshot.
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Often, because time has elapsed, the captured snapshot no longer contains the
items or scene of interest. In some embodiments described herein, an image faken
some amount of time {e.g. one second) prior to the snapshot being taken is used as
the guery image.

10851 in step 404, the query image is used to find a matching image within
the reference image set. Fealure descriptors are extracted from the salient points
detected in the guery image, and a fingerprint is generated from the exiracted
feature descriptors. The fingerprint is then transmitted to a server, where image
feature-based recognition is performed fo find a set of candidate images, from which
a matching image can be found.

[086] if a matching image cannot be found, in step 408, meaning that no
further analysis can be carried out for that particular camera image, step 402 is re-
executed to acquire a different stable image.

{067] If a matching image is found in step 408, step 408 can then be
executed, at the mobile davice. In step 408, the pose of the query image can be
estimated. The estimation of pose and fit can aiso be part of the determination about
whether a query image and a reference image maich, as to be described in FIG. 48,
After determining that the two images fit, the pose information may be transmitted {o
the mobile device in step 410. In some embodiments, the pose information may be
displayed at the mobile device.

[068] Instep 412, the system determines if tracking is lost. Tracking can be
determined based on, for example, whether a substantial change inpose is
detected. In some embodiments, steps 402 through 412 can be used to first train the
system to identify and track things of interest {as indicated by the user or through
other means). A tracking can be lost when, for example, the person who operates
the mobile device shifts the shooting direction substantially, or a new cbject that has
not been identified before appears in the video.

[069] Once the system is capable of tracking the thing of interest, step 414
can be executed to start processing live camera images, from which salient points
can be detected and located in step 418, and feature descriptors are generated in
step 418. The feature descriptors can then be used {o estimate the pose again in
step 408.

070] With such the arrangement as shown in FIG. 44, content that has
already be identified before may not need to be queried again. Therefore, the
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number of accesses to the image feature database (gither located remotely or local
io the device that generates the guery) can be reduced. This is especially useful
when a mobile device is used to generate query from a live video, when itis
expected that images of the same object with identical features are captured
repeatedly. Performance may be improved by not having to query the Image Feature
database repeatedly for identical features. In this case, the mobile device can act as
a gatekeeper to determine whether a tracking is lost {e.g., via steps 408 through
412}, and access the database only when the tracking is lost {&.g., the person who
operates the camcorder shifts the shooting direction substantially, or a new object
that has not be identified before appears in the video).

[071] Reference is now made to FiG. 4B, which illustrates an exemplary
method for determining whether a candidate image matches with a query image, as
described hersin. In step 432, a query including an image fingerprint is received. In
step 436, one or more feature descriptor vectors for the salient points of the query
image are obtained from the fingerprint. In step 438, the image Featurs Index
database is queried, and a set of candidate image’s fingerprints are obtained based
on the featurs descriptors in the query. In some embodiments, the candidate images
are stored in a database (e.g. annotations database 144 of FIG. 1A). The reference
images may be stored along with corresponding fingerprints and annotations. In
some embodiments, the reference images and annotations are provided by the
corntent providers.

[072] Steps 440-448 illustrate a loop that compares all candidates with the
guery image by using the direct matching comparison technigue as shown in, for
example, FIG. 2B, and can be part of step 404 of FIG. 4A. In step 440, a reference
image is obtained from the set of candidate images, and may then be removed from
the set. In step 442, feature distances between the query image and the reference
image are calculated. These feature distances may be used to identify the
corresponding features between the query image and the reference image. The
feature distances may be expressed, for example, using Euclidean distance in the
feature space. In such an example, for M features in a guery image and N features in
a reference image, the result may be an ¥MxN Matrix of Euclidean distances.
Typically only a ceriain percentage {(e.g., 20%) of the closest features is accepted as
a ‘correspondence”. In step 444, based on the identified corresponding features, a

pose (e.g., orientation) of the reference image relative to the query image can be
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estimated, in a similar manner as described in FIG, 2B. The guery image and the
reference image are then compared in step 448, taking into account any difference in
the poses of the query image content and the reference image content, to determine
whether the guery image mailches the reference image. In some embodiments, step
448 is execuled in a similar manner as described in FIG. 2B, where a homographic
fransformation is applied to the reference image, and then a determination is made
whether at least part of the query image, including the consensus set of features, fit
into the transformed reference image, from which it is determined whether the two
images match. If it is determined that the two images do not match, step 448 will be
executed o determine whether there are any images leff in the set of candidate
images. If there are remaining candidate images, steps 440, 442, 444, 4486, and 448
will be repeated for the next reference image, until no more images are leftin the
candidate set. If none of the reference images in the candidate set maiches with the
guery image, it will be concluded that there is no match, and an appropriate
indication will be returned fo the mobile device in step 450.

[073] FIG. 4C is a flow chart ilustrating exemplary method for querying a
cached image set before querying the image feature index database to find matching
image, consistent with embodiments of the present disclosure. In some
embodiments, reference images that have been found to match a guery can be
depusited in a cached image set database. In some embodiments, the method of
FiG. 4C can be implemented by replicable query caches 141 of FIG. 1A. A two-tier
search can be performed by first searching the cached image set database. As the
cached image set database is typically much smalier than the full reference image
database, the search requires less time and fewer computational resources. In some
embodiments, the cached image set database can also be organized in the same
way as the reference image database (e.g. employing image feature index), buton a
smaller scale. In some embodiments, the cached image set database can also store
a mapping between a previously-received query fingerprint and its corresponding
matching reference image. The cached query can alsc be associated with multiple
users. When multiple identical queries {a.g., queries including the same fingerprint)
are received from different users, only one of the query is processed (either by
nerforming a search at the cached image set database, or at the reference image
database), and other users who submit the same query can be forwarded with the

search resull.

- 18 -



WO 2015/125025 PCT/IB2015/000908

[074] As shown in FiG. 4C, a query fingerprint is retrieved in step 432, and
feature descriptors are selected from the fingerprint in step 4386, Steps 432 and 436
are the same as FIG. 4B and their description is notf repeated. The selected feature
descriptors can be then used fo search the cached image set database in step 463.
The search can be done based on performing a search for the current query feature
descriptors within the cached image sef, or by comparing the current query
fingerprints with previous-received query fingerprint.

[075] In some embodiments, if a cached query image is found in slep 464,
the user (or the mobile device associated with the user) can be registered and
associated with the cache hit, in step 465, As described before, associating the user
with a history of cache hits can be useful in refining the cache access policy. And
then step 466 can be executed, where the retrieved reference image is compared
with the query image to determine if they are matching, similar to steps 440 through
448 of FIG. 4B. The search result can be reported in step 467, following which
additional information can be provided to the user based on the search result.

[078] On the other hand, if no cached guery image is found in step 464, the
query fingerprint will then be submitted to query the reference image database in
step 488. In step 469, if a match is found, the query fingerprint can be added to the
cached image set database and be associated with the matching reference image
found in step 468. In some embodiments, the search result can also be broadcasted
to other users, in step 470. The broadcasting can be useful in discouraging other

users from submitting the same query to the system.

image Feature Index

0771 A key feature of the noval image feature-based recognition methods
and systems described herein is the image feature index. The methods and systems
descrived trade in compensabie loss in video frame accuracy for jossy probabilistic
data management, enabling drastically lowered computational costs and storage
requirements in conjunction with automatic pruning of less distinctive image content.
Such methods and systems are particularly suitable for managing reference image
data generated from videos.

[078] To understand the new methods and systems described herein, the
following is a description of prior art systems. FIG, 5A-5H illustrate the problems
associated with known methods for using hash tables. In FIG. BA, hash table §10is
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used to organize feature descripfors associated with a set of training images, from
which candidate images may be selected. Hash table 510 include a bucket array
512, where each bucket address is associated, via hash functions, with one or more
segments of the feature space. Each bucket can then store references to features
(e.g. features 514) that reside geometrically within the bucket- associated space
segment. Each hash bucket can have an unlimited number of slots, and can contain
an unlimited number of feature references. Hash buckets are associated with feature
descriptors (and vector components thereof) based on a relationship between the
feature descriptors, determined from the location of the feature vector component
within the feature space, the hash address associated with the feature space
segmeni, and the hash bucket associated with that address. In some cases, one of
more hash functions are applied {o the feature descriptor vector, and the output of
the hash functions can be used to determine which addresses (and which hash
buckets) the feature descriptor should be associated with.

[079] In some cases, hash functions are used to partition a fealure space
515, which is the name given to a collection of features which can be represented by
a set of feature descriptors. When the feature descriptors are expressed as vectors,
a feature descriptor vector will have a component in each of the dimension. The
hash functions can then partition the vector space (representing the feature space)
into one or more areas (e.g., feature space area 518), where each area can have a
coliection of feature vector components representing dataset features 514, and sach
area can be associated with a hash bucket address. Each feature vector is then
mapped by the hash functions into the hash buckets, and vectors meeting certain
criteria (e.g., representing similar features) may be mapped into the same area (and
hence mapped to the same hash bucket).

[080] That way, Locality sensitive hashing (LSH) can be used to perform the
similarity search, in which hash table 510 is associated with a family of hash
functions which can associate, with high probability, similar data points {e.g., veclors
constituting similar feature descriptors) with the same hash buckets. Locality
Sensitivity refers to the fact that the probability of association between data points
increases steadily for increasing similarity between the data points. As shown in FIG.
54, for a given query feature 519, the feature descriptor corresponding to the feature
519 can include a set of vector components 520 (denoted by "x"} along each veclor

dimension. For each vector component 520, an approximate k-nearest neighbor
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search (ANN) can be performed by selecting data points that share the same hash
bucket membership with the query vector component, and that are aiso within a
similarity distance limit 521 of the guery vector component. Those data points can
then be ranked according to, for example, a distance between a feature descriptor
vector including those data points as vector components, and the feature descriptor
representing the query features. A matching determination can be made based on
the ranking {e.g., shortest distance).

[081] FiG. 8B illustrates a prior art method 530 for performing the query
process to an image feature index database as described before. In step 531,
feature descriptors included in a query fingerprint are extracted and stored in a data
structure (.., a list), for looping through the individual features. Steps 534 through
537 are executed to perform a first round of feature descriptor retrigval from the
image feature index database in response to the query. As described before, a
family of hash functions is used to partition the feature sample space. Therefors,
each hash function in the family is retrieved in step 535 (after checking there is
unused hash function left in step 534), and then the retrieve function is used to
generate an address to a bucket based on a particular query feature descriptor in
step 535. The reference feature descriptor data points stored in the addressed
bucket is then collected in step 538. Steps 534 through 537 are repeated until all
hash functions in the family has been used, as determined in step 534

[082] After the reference feature descriptor data points are coliected, they will
be fillered via steps 538 through 542, where a distance is computed between each
coliected reference feature descriptor data point and the query feature descriptor
data point in step 540 and compared with a certain distance R in step 541, and only
those reference feature descriptors that within distance R will be accepted in step
542. Steps 538 through 542 are repeated until all reference data points collected
from steps 534 through 537 are analyzed.

[083] After all the guery features have been analyzed, reference images
containing the accepted features will be collected as candidate images in step 543,
The candidate images are then sorted according to, for example, a summed distance
(from the query feature descriptors) of the all the accepted reference feature
descriptors, in step 544, and the sorted list is reported in step 545. Based on the
sorted list, it can then be determined which candidate image to use for further

processing.
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[084] FIG. 8C illustrates a prior art method 550 for inserting a reference
image into an image feature index database as described before. In step 851,
reference features are extracted from a reference image. In some embodiments, the
reference features (represented by feature descriptors) are identified directly from a
fingerprint associated with the reference image. The extracted features will then be
selacted, one at a time, In step 553, The selected feature descriptor will then be input
to a family of hash functions, where each hash function of the family will be picked, in
step 555, fo calculate a bucket address from the selected feature descriptor, in step
558. The reference feature descriptor will then be added fo the bucket, by appending
the feature descriptor data point to an entry list of the bucket, in step 587, After all
the hash functions have been used to calcuiate the address for the selected feature
descriptor, in step 554, the next extracted feature descriptor will be selected for
processing in step 553, untit all of the extracted feature descriptors are processed,
as determined in step 552. Feature vectors will also be stored as hash keys
associated with the reference image in step 558.

[085] One potential drawback with the method described in FiGs 8A-5B is
that the selected bucket may not provide good coverage of feature data points that
similar fo the guery data points. For example, as shown in FiG, 8D, query feature
vector component 570 is mapped to feature space area 572. Within the similarity
distance Himit 571, only area portion 573, which is within the same feature space
area as query feature vector component 570, will be searched. Data point 574, being
also within area portion 573, is found to be the apparent nearest neighbor to query
feature vector component 570. However, data point 575 is the one that has the
shortest distance from query feature vector component 570, but is not selected
because it belongs to a different feature space area. Data point 575 will be found i
the search extends to adjacent buckets (and adjacent feature space area), but such
an arrangement can be very computation intensive since the number of adjacent
buckets grows exponentially for increasing dimensionality. Therefore, other than
extending the search o adjacent buckets, it is desirable o further improve the
likelihood that similar data points are associated with the same bucket, thus
improving accuracy of the search

[088] One known technigue to further improve the likelihood that similar data
points are associated with the same buckat is, as shown in FIG. 5E, to use multiple

hash tables 530 associated with different hash functions. In such a method, multiple
-3



WO 2015/125025 PCT/IB2015/000908

hash functions (e.g., hash function families 582 and 584} can partition the same
feature spaces in different vet overlapping manners (as denoted by the solid-line grid
and dotted-line grid), such that the feature descriptors included in a query can lead {o
accessing of muitipié buckets simultanecusly covering a set of overlapping feature
space areas simultaneaously in different tables, and the search can be confined to the
set of areas. Although the overlapping buckets allow better coverage of a partitionsd
feature space, it is possible that reference features that are not closest to the query
features can be included in a bucket addressed by the query features, and additional
filtering may need to be performed (e.g., by computing a distance between the
reference features in the bucket and the query feature) to determine whether the
reference features are {0 be included in the candidate image set.

[087] Another known technigue for improving LSH, as shown in FIG, §F, is
using an eniropy-based LSH to generate random data points near the query data
point. These random data points can also cause the hash functions to map feature
space areas 590, 592, and 594 into the same hash bucket. The similarity distance
limit 596 for ANN search can also be expanded (relative to similarity distance limit
521 of FIG. 5A) io include the random data points. Moreover, as shown in FIG, §G,
multi-probe LSH can derive additional query points by employing a query derived
probing sequence of allegedly neighboring buckets.

[088] While the aforementioned LSH technigues can improve bucket
coverage effect inherent to parameter space partitioning, there can be huge
computational cost and storage requirsment when the candidate images, whose
feature descriptors are to be extracted and organized under hash table 510, are
generated from a video. Because of the huge volume of data generated from a
video, it can be very time-consuming and computationally intensive to examine each
data point stored in any given bucket while performing the ANN search, which
involves calculation of the actual distance between each data point in 8 hash bucket
and the query data point. Moreover, as shown in FIG. 8H, video typically includes a
large amount of repeated image content and, as a result, the vast majority of
extracted image features may not contribute to any distinctive information, or can
cause a minority of distinctive image features to be lost in the majority of less
distinctive features, diluting any image match probability ranking that depends on
feature presence. Besides, over-cccupled hash buckets can aiso contribute

disproportionally many data points to candidate feature descriptor sets and thwart
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performance gains for certain recurring image features, while consistent feature
motions and transforms can diminish the ability of homographic alignment testing of

feature correspondences to reliably identify maiches.

Enhanced LSH

[089] Methods and systems describing a modified technique of LSH will be
provided in the following. The modified technigue can be used to expioit the
statistical coverage properties of the superposition of mulliple well-chosen non-
congruent hash functions as a coarse replacement distance metric. These methods
and systems regquire fewer computations and less storage.

(0901 The described method eliminates the need of performing distance
computations using the vector components of hash table stored data-points as in the
aforementioned prior art implementations of LSH based ANN. The positional
information hidden in multiple super-imposed non-congruent hash functions can be
tapped directly, by interpreting the overlapping hash buckets as an irreguiar super-
sampling of the continuous parameter space. Given the property of locality sensitive
hashing, the probability of a hash bucket collision between samples p; and query
sample g increases the closer they are. Interpreted reversely for a given set of L
different locality sensitive hash functions, this implies that the D dimensional feature
space area coverage of overlapping hash buckets within a similarity distance limit
around a query point g increases for smaller radil (Ry < Rg):

LT (L MO = T STl (P @)
2
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[092] in ather words, for a query point g the number of simultaneously
overlapping hash buckets addrassed by h{q) relates coarsely with the distance to the
query point, This observation can be used directly as a quantized distance ranking

metric:

i
Rp,q)= Z (Mg h(p)) ~ =lpugl
(093] i=1

[094] The closer a sample point p; comes to g, the higher is the probability
that it's covered by some of the overlapping hash buckets selected by g and as a
conseguence the more frequently it shows up as a duplicate when collecting all
points attached to the buckets. In a way, all spatial data point locations can be seen
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as lossy encoded or super-sampled within the bucket membership pattern of the
nash tables itself. This encoding serves as a replacement for the data point
focations.

[095] The quality and resclution of this encoding is defined by the hash
functions. First, the density of the overlapping buckets around a guery point
converges o a normal distribution {L.e., the more non-congruent hash functions are
used, the finer the resolution gels.):
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(098]

[097] Second, the absolute distance rank increases between closer sampies
and the rest {including noise}. Only the data points p that lie within a distance
corresponding to the largest bucket size to a query point g is subject to the

aforementioned relationship between bucket coverage and distance:
L
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fordatapointsp,r. {p-gi<R<jrg]

098] Those samples lying outside that large bucket size distance do not
share the same bucket covered area, but may share buckets due to hash address
coliisions / bucket aliasing. For given ideal hash functions, these collisions are
statistically distributed uniformly over the parameter space, and all samples that are
not subject to the distance-rank-relation have the same fixed chance Pegysion 10 show
up as false positives in the candidate set. The signal-to-noise gap can be adjusted
either by increasing the number of hash functions, or by increasing the table size,
effectively reducing the probability Peaiision.

10100] The effect of increasing the number of hash functions is illusirated in
FIG. 8A. On the left, guery feature data point 683 is addressed {0 a buckel space
894. A number of hash functions are used to partition bucket space 894, where each
of hash-function addressed space (e.g. space 695) can overlap with data point 693,
Data points within portion of space 695 that does not overlap with 684 (e.g. space
698) may still be collected as candidate data points {due {o ifs association with a
hash function whose addressed space 895 overlaps with the query data point). The
density of overlapping buckets around the query point can be represented by a
distribution 880. As shown on the right, as the number of hash functions increases,
distribution 880 converges to become a Gaussian distribution. Due to the nature of a
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hash function, that is mapping an infinite parameter space to a finite set of buckets,
data-points that lie outside all segments 694, 695, 696, addressed by guery data
poirt 833, may still fall into the same hash bucket. Assuming ideal hash functions,
these so called bucket collisions appear as uniform noise, since they are not subject
o the locality sensitivity property.

[0101] FIG. 6B-C shows exemplary methods 602, 804, and 606 for organizing
the search data structure that further exploits the probabilistic nature of the
aforementioned distance rank metric. In some embodiments, as shown in FIG. 68,
multiple concurrent hash function address spaces can be superimposed in one
unified hash table 807, where the hash indexes from the hash families are mapped
to one set of hash buckets, allowing multiple hash functions o address the same
hash bucket, with each hash bucket storing a list of elements. Moreover, hash tables
808 and 808 of FIG. 8C illustrate a novel-storage approach of using a modified open-
addressing hash table layout, where a bucket has always either zero or one
glements. To resolve hash collisions {i.e., muitiple hash funclions pointing to the
same bucket), an open-addressing method can be employed. As shown by method
604 of FIG. 8C, when a feature data point is 1o be written to a bucket addressed at 3,
which already stores data. The hash table can be probed for empty bucket according
to a linear probing seguence. In this Hlustrative example, the hash table will be
traversed in a linear fashion (e.g., traversing buckets that are consecutively
addressed). When a hash table address is calculated for a query feature data point,
all slements starting from the calculated hash table address untit an empty bucket is
reached will be inciuded in the candidate data points. Candidate feature data points
collected along the probe sequence can be filtered using distance comparison,
where only those feature data points that are within a predefined similarity distance
o the guery feature data points are refained.

[0102] In some embodiments, as shown in method 808 of FIG. 6C, instead of
iinear probing, a probabilistic local probing can be used for resolving hash collision
by randomly scattering inserted data points in buckets within a predefined range
around the bucket originally addressed by the data points, and also no probing
sequence is tracked. Moreover, no filtering using distance comparison is performed,
and the feature's vector components, which are used for hash address calculation,

do not need to be stored.
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[0103] Since the aforementioned probabilistic distance metric uses occurrence
of feature data points as distance indicator, candidate data points that are collected
within a bucket but originaie from different hash addresses can appear as noise that
is statistically distributed over the feature space, when iater retrieved as a result of
quary. As described below, these data points can be differentiated from the correctly
collected data points based on a number of occurrences of these data points within a
block of bucket entries. For example, images that have been referenced equal or
less than the hash table intrinsic noise-level may be discarded (see, for example,
step 616 of FIG. 8D}, The noise can be mitigated (precisely steered) by, for example,
increasing the size of hash tables, increasing the number of hash functions, etc.

[0104] Moreover, as shown in FIG. 8C, under method 808, an eniry can be
averwritten by more recent data. For example, bucket addressed at 88 used to store
data points 820, but as a result of probabilistic local probing, it is overwritten by data
points 830, Since typically data points that are associated with over-occupied
buckets come from voluminous vet less distinctive features, the overwriting of these
data allow these features to be blurred out, and their influences to determining the
matching features can be reduced. This overwriting policy can also be adjusted to
handie the overflowing situation {L.e., when all the eniries in the hash table are stored
with data).

[0105] With a hash table arranged according to, for example, hash tables 807-
809 of FIG. 6B-C, adjacent areas in the hash table are roughly the equivalent of a
bucket list. Accordingly, for each hash address calculated from a feature data point,
a fixed-size block read of the hash table arcund the hash address can be performed
using, for example, paging functionality commonly employed in memaory-mapped file
accessing. Fach block being read in this manner can represent a bucket list, which in
turh represents an overlapped bucket oversampling feature space area partitionsed
by the hash function. As explained above, the number of simultaneously overlapping
hash buckets addressed by a query data point (i.e., the hash buckets that are
associated address calculated by applying the hash functions to the query data
point) relates coarsely with the distance of the query data point, such that the closer
a particuiar data point in the bucket comes to the query data point, the higher is the
probability of that particular data point being covered by at least some of the
overlapping hash buckets addressad by the query data point. As a result, that

particular data point can show up more frequently as a duplicate within the
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overlapping hash buckets (i.e., hash buckets mapped o overlapped feature space
area), and the number of occurrence of that particular data point within the
overlapping hash buckets (represenied by the block read} can be used to estimate
its distance from the query data point. Those data points that occur most frequently
within the block can then be determined to be the malching features in response to
the query, and included in the candidate data points. From the candidate data points,
the images associated with the candidate dala points can be acquired as candidate
images.

[0106] FIG, 8D illustrates an exemplary method for performing the query
process {0 an image Feature index database, with the database organized using, for
example, hash table 808 of FIG. 8C. Steps 532-536 are the same as those in FiG.
58 and their descriptions are not repeated here, After the bucket address is
determined in step 536, a block read of the hash table around that bucket, as
described above with reference to FIG. 8C, is performed in step 612, Each duplicate
reference feature data point collected is then counted by, for example, keeping track
of a reference counter associated with each reference feature data pointin step 613
After all the query data points are analyzed, the candidate images associated with
the collected reference feature data points are selected as matching candidates in
step 614. Each candidate image can be associated with a combination of reference
counters associated with each duplicate reference feature data points as determingd
in step 613. The combination of the reference counters can then be used to rank and
sort the candidate images in step 818, In step 818, candidate images with some
reference counters that are above a certain threshold can be discarded. Such a
threshold can be determined based on a predetermined noise level,

[0107] FiG. 8E illusirates a method for inserting a reference image into an
image feature index database as described before. Steps 551-556 are the same as
similarly-numbered steps of FIG. 5, and their description is not repeated here. In
step 621, after a first bucket address is determined for the reference feature quantity,
a random function is used to calculate a second bucket address. The random
function can be used o randomly scatter inserted data points in buckets within a
vredefined range around the bucket originally addressed by the data points, similar
to method 802 of FIG. 6B. The reference data point will then be stored at a bucket
addressed by the second address, in step 622. If there are other older data being
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stored in that bucket, that data will be discarded in favor of the reference data point,
in step 623.

[0108] FIG. 7 is a block diagram illustrating an exemplary system 700 with
which embodiments described herein can be implemented, consistent with
embodiments of the present disclosure. In some embodiments, system 700 can be
part of server 140 of FIG. 1A, In some embodiments, system 700 can be used to
process a query sent by, for example, system 300 of FIG. 3. In at least one
exemplary embodiment, system 700 comprises image matching module 752,
reference images database 720, hash table 730, hash table management module
740, candidate feature descriptors retrieval module 746, candidate image retrieval
module 750, and hash functions 770.

[0108] In at least some exemplary embodiments, image matching module 752
is image maiching module 142 as described above with respect {o FIG. 1A,

01101 Reference images database 720 can store a set of candidale images.
Each candidate image can be an image of visual media (8.g., a screenshot of a
scene during a TV show), and can include a set of pre-determined visual features.
These visual features can be pre-determined to be highly likely to be included in a
query to be processed by system 700. These features can be represented by the
aforementioned feature descriptors. Each reference image can then be associated
with one or more feature descriptors corresponding to at least some of the set of pre-
determined visual features included in the image. When a query including a set of
feature descriptors is received, one or more candidate images can be retrieved from
reference images database 720 in response o a guery based on a determination
that the feature descriptors included the retrieved candidate images match with at
ieast some of feature descriptors included in the fingerprint of the query, with a
certain degree of certainty. In some embodiments, those retrieved candidate images
can then be compared with the guery image (i.e., the image from which the query is
generated) to find the best matching candidate image.

[10111] Although a database of reference images is presented here, it shouid
be understood that there are other ways of grouping visual features in a database
(e.g., associating a combination of visual features or feature descriptors with a
pariicular object, instead of a candidate image), which are fully applicable to the

techniques disclosed herein and are within the scope of the present disclosure.
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[0112] Hash table 730 is associated with a set of hash functions 770. In some
embodiments, hash table management module 740 further includes a collision
resolving module 742 and an overflow handling module 744

[0113] In some embodiments, hash table management module 740, candidate
feature descriptors retrieval module 748, and candidate images retrieval module 750
can be configured to implement the processing of guery as disclosed in FIG. -8D-E.
Hash table management module 740 provides access to hash table 730 in response
to a query. Hash table management module 340 provides a mapping table that
maps the hash indexes (i.e. the addresses) of all the hash tables included in hash
table 730 to one set of hash buckets, similar to unified hash tables 602 604 and 606
of FIG. 6B-C. The addresses are calculated based on the feature descriptor data
points using hash functions 770.

[0114] Collision resolving modute 742, which is part of hash table
management module 740, handies hash callision (i.e., when two different data points
are addressed to the same bucket) when associating a new data point (2.g., a set of
feature descriptors) with hash table 730. In some embodiments, collision resolving
module 742 implements the open-addressing and probing methods as described
before in reference to FiGs, 60 and 8K,

10115] Overfiow handling module 744, which is part of hash table
management module 740, handles the association of a new data point {e.g., a set of
feature descriptors) with hash table 730 in the case that no empty slot can be found
in the hash table. in some embodiments, overflow handling module 744 implements
the overwriting policy as described before in reference to FiGs. 8C and 6E.

[0116] Candidate feature descriptors retrieval module 748 accesses hash
table 730 to acquire a set of candidate feature descriptors data points. For each
feature descriptor included in a guery, candidate feature descriptors retrieval module
748 applies the hash functions to calculate the addresses, uses the addresses to
locate the buckets, and then retrieves all the data points associated with the buckets.
in the case where a probing sequence is not fracked, all the data points associated
with other buckets along the probing sequence will be retrieved as well. In the case
where probabilistic local probing is used, all the data points within the pradefined
range around the bucket addressed will also be retrieved. After the candidate feature
descriptors data points are retrieved, the data points are then sent to candidate
images retrieval module 750, which can then determine which set of the feature
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descriptors data points repeats the most frequently within the set of candidate data
points. These feature descriptors will be determined to be the most similar o the
feature descriptors included in the query, and can then be used to identify a set of
candidate images or other additional information in response {o the query. In soms
embodiments, candidale feature descriptors retrieval module 748 and candidate
images retrieval module 750 implement af least part of methods of FiGs. 6D and 8E.

[0117] After receiving the candidate image, image matching module 752 then
compares the fingerprints of the candidate images {o the query fingerprint (or portion
thereof), and determines if there is a maich. If there is a match, if then system 700
retrieves the matching image along with annotations attached ¢ it from the
annotations database 780, and returns the additional information and annotations to
the mobiie device,

{0118] In some embodiments, as shown in FIG. 8, an exemplary client
device 800 can include, in addition to system 300 of FIG. 3, a query cache 840 and
guery cache management module 850, to form a two-tier system for query
processing. Query cache 840 can store a mapping between previously-received
gueries and the feature descriptors (and/or candidate image(s)) retrieved from server
140 in response to those gueries, empioy a method similar to as described in FIG.
4C. When a new query is received, query cache management module 850 can
compare the content of the new guery with the content of the queries stored in query
cache 800. If a match is found in query cache 840, the associated feature
descriptors {(and/or candidate image(s)) can be provided as a response without
sending the query to server 130, If a match cannot be found in query cache 840
andfor the candidate images database 820, the guery will then be transmitied to
system 700,

[0119]  In some embodiments, such a two-tier system can also be
implemented between two different servers, or as part of system 700, {o handie
gueries originated from different client devices but include similar content. After a
first client device submits a first query which causes server 130 fo retrigve 8
matching image, another client device may submit a second query which includes
similar content. In that case, the second query can be handled by searching through
guery cache 840, and the result to the first query can be reused. Such an
arrangement can be useful {o handie spikes in queries with similar content. For
example, as described before, when a video is being broadcasted to millions of
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viewers, many of them may submit a query by taking a snapshot of an item of
interest that appears simultanecusly on their display devices, and these queries can
include very similar content. After the first query is processed by accessing the much
larger reference images database 720 and the resull is added to query cache 840,
the other queries including the same item of interest can then be handied by
accessing the query cache 840 instead, which can improve efficiency enormously,

{01207 FIG. 8 is a block diagram of an exemplary system 800 with which
embodiments described herein can be implemented, consistent with embodiments of
the present disclosure. As shown in FIG. 9, system 800 includes a client device 810,
a network 930, and a server 940, Client device 810 includes one oF more processors
8912, a memory device 914, a sforage device 918, a display 817, a network interface
918, a camera 119 {or other image generation device), and an accelerometer 822 {or
other orientation determination device), all of which can communicate with each
other via a bus 820. In some embodiments, display 817 is preferably a touchscreen.
The /O devices can include a microphone and any other devices that can acquire
and/or oufput a signal. Through network 930, client device 910 can exchange data
with a server 840, Server 940 also includes one or more processors 842, a memory
device 944, a siorage device 948, and a network interface 948, all of which can
communicate with each cther via a bus 950.

[0121] Both memories 914 and 844 can be a random access memory (RAM)
or other volatile storage devices for storing information and instructions to be
executed by, respectively, processors 812 and 942, Memories 914 and 944 also can
be used for storing temporary variables or other intermediate information during
gxacution of instructions to be executed by processors 812 and 942, Such
instructions, after being stored in non-transitory storage media accessible to
processors 812 and 814 (e.g., siorage devices 816 and 8486), render computer
systems 910 and 840 into special-purpose machines that are customized to perform
the operations specified in the instructions. The instructions can be organized into
different software modules, which can include, by way of example, components,
such as software componenis, object-oriented software components, class
components and task components, processes, functions, fields, procedures,
subroutines, segments of program code, drivers, firmware, microcods, circuitry, data,

databases, data structures, tables, arrays, and variables,
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10122] Ingeneral, the word "module,” as used herein, refers to logic
embodied in hardware or firmware, or to a collection of software instructions,
poasibly having entry and exit points, written in a programming language, such as,
for example, Java, Lua, C or C++. A soffware module can be compiled and linked
info an executable program, instalied in a dynamic link fibrary, or written in an
interpreted programiming language such as, for example, BASIC, Perl, or Python. it
will be appreciated that software modules can be callable from other modules or
from themselves, and/or can be invoked in response {o detected events or interrupts.
Software modules configured for execution on computing devices can be provided
on a computer readable medium, such as a compact disc, digital video dise, flash
drive, magnetic disc, or any other tangible medium, or as a digital download (and can
be originally stored in a compressed or installable format that reguires instaliation,
decompreassion, or decryption prior to execution). Such software code can be stored,
partially or fully, on a memory device of the executing computing device, for
execution by the computing device. Software instructions can be embedded in
firmware, such as an EPROM, It will be further appreciated that hardware modules
can be comprised of connected logic units, such as gates and flip-flops, and/or can
be comprised of programmabile units, such as programmable gate arrays or
processors. The modules or computing device functionality described herein are
preferably implemented as sofiware modules, but can be represented in hardware or
firmware. Generally, the modules described herein refer to logical modules that can
be combined with other modules or divided into sub-modules despite their physical
organization or storage.

[0123] Client device 910 and server 940 can implement the technigues
described herein using customized hard-wired Iogic, one or more ASICs or FPGAs,
firmware and/or program logic which in combination with the computer system
causes or programs client device 910 and server 940 to be a special-purpose
machine. According to some embodiments, the operations, functionalities, and
technigues and other features described herein are performed by client device 940
and server 840 in response {0 processors 812 and 942 exacuting one or more
sequences of one or more instructions contained in, respeclively, memories 814 and
944, Buch instructions can be read into memories 914 and 944 from another storage
medium, such as storage devices 816 and 846, Execution of the sequences of
instructions contained in memories 914 and 944 cause respectively processors 812
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and 942 to perform the process steps described herein. In alternative embodiments,
hard-wired circuitry can be used in place of or in combination with software
instructions.

[0124] The term "non-transitory media” as used herein refers {0 any non-
transitory media for storing data and/or instructions that cause a machine to operaie
in a specific fashion. Such non-transitory media can comprise non-volatile media
and/or volatile media. Non-volatile media can include, for example, optical or
magnetic devices, such as storage devices 818 and 8468, Volatile media can include
dynamic memory, such as memories 514 and 844. Common forms of non-transitory
media include, for example, a floppy disk, a flexible disk, hard disk, solid stale drive,
magnetic tape, or any other magnetic data storage medium, a CD-ROM, any other
optical data storage medium, any physical medium with patlerns of holes, a RAM, a
PROM, and EPROM, a FLASH-EPROM, NVRAM, any other memory chip or
cartridge, and networked versions of the same.

[0125] For example, devices 121 and 122 of FiG. 1A can be implemented as
client davice 910, where system 300 of FIG. 3 and methods 400, 430, and 460 of
FiGs. 4A-4B can be implemented as software instructions stored in storage 816 and
memory 914. In some smbodiments, server 140 of FIG, 14 can be implemented as
server 940, where system 700 of FIG. 7 and methods 600, 802, 610 and 620 of
FiGs. 6B-8D can be implemented as software instructions stored in storage 946 and
memory 844,

[0128] Network interfaces 918 and 948 can provide a two-way dala
communication coupling to network 830. For example, network interfaces 8918 and
948 can be an integrated services digital network (ISDN) card, cable modem,
sateliite modem, or a modem to provide a data communication connection to a
corresponding type of telephone line. As another example, network interfaces 818
and 948 can be a local area network (LAN) card {o provide a data communication
connection to a compatible LAN, Wireless links can also be implemented. In any
such implementation, network interfaces 818 and 848 can send and receive
slectrical, electromagnetic or optical signals that carry digital data streams
representing various types of information, and provide the data stream to slorage
devices 816 and 948. Processors 812 and 942 can then convert the data into a
different form (e.g., by executing softwars instructions to compress or decompress

the data), and then store the converted data info the storage devices {e.9., storage
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devices 818 and 948), and/or transmit the converted data via network interfaces 918
and 948 over network 830,

[0127] According to some embodiments, the operations, techniques, and/or
components described herein can be implemented by an electronic device, which
can include one or more special-purpese computing devices. The special-purpose
computing devices can be hard-wired to perform the operations, techniques, andfor
components described herein, or can inciude digital electronic devices such as one
or more application-specific integrated circuits (ASICs) or field programmable gatle
arrays (FPGAs) that are persistently programmed fo perform the operations,
techniques and/or components described herein, or can include one or more
hardware processors programmed {o perform such features of the present disclosure
pursuant {o program instructions in firmware, memory, other sforgge, or a
combination. Such special-purpose computing devices can also combine cusiom
hard-wired logic, ASICs, or FPGAs with custom programming to accomplish the
technique and other features of the present disclosure. The special-purpose
computing devices can be deskiop computer systems, portable computer systems,
handheld devices, networking devices, or any other device that incorporates hard-
wired and/or program logic to implement the techniques and other features of the
present disclosure.

[0128] The one or more special-purpose computing devices can be generally
controlied and coordinated by operating system software, such as 108, Android,
Blackberry, Chrome O8, Windows XP, Windows Vista, Windows 7, Windows 8,
Windows Server, Windows CE, Unix, Linux, SunGS8, Solaris, VxWorks, or other
compatible operating systems. In other embodiments, the computing device can be
controlied by a proprietary operaling system. Operating systems control and
schedule computer processes for execution, perform memeory management, provide
file system, networking, /O services, and provide a user interface functionality, such
as a graphical user interface ("GUI"), among other things.

[0129] The aforementioned systems described herein have many uses and
may be used in a variety of scenarios. For example, the methods and systems
described herein may be used in systemns for delivering advertising o a user of a
mobile device. For example, a user can identify an item, topic, scenery, or location of
interest while visiting a place, reading a publication, or watching a movie. Using the

invertive systems and methods herein, the user can take a snapshot of the item, the
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scenery, or anything of interest, and generate an image. The image can be caplured
including surrounding area and at any view angle. The system then exiracts features
from the image, generates a query including feature descriptors corresponding to at
least some of the images, and submits the query for a search based on the extracted
features to a remote server. The additional information thal may be displayed {o the
user can be provided for free to the user, or some or all of the information may be in
the form of paid advertising. In some scenarios, one entity may provide the search
service and charge vendors for sending the additional information about products or
services that are sent to users. In some scenarios, mobile device users may be
charged for the abiiity to refrieve information on products or services using the
aforementioned methods and systems.

10130]  Inthe foregoing specification, embodiments have been described
with reference to numerous specific details that can vary from implementation to
implementation. Certain adaptations and modifications of the described
embodiments can be made. Other embodiments can be apparent o those skilled in
the art from consideration of the specification and practice of the invention disclosed
herein. itis intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the
following claims. It is also intended that the sequence of steps shown in figures are
only for fllustrative purposes and are not intended to be limited to any particular
sequence of steps. As such, those skilled in the art can appreciate that these steps
can be performed in a different order while implementing the same method.
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We Clalm:

1. A server for identifying and transmilting to a mobile device additional
information relating to a query image oblained by a user with a mobile device,

the server comprising:

a reference image database storing one or more reference feature
descriptors associated with one or more reference images,
wherein at least one reference image feature is mappedto a
pluralify of addresses in the reference image database using &
plurality of functions; and

a processor for executing one or more modules comprising:

a query receiving module for receiving, from the mobile device, a
first query including one or more query image feature

descriptors;

a candidate feature descriptors retrieval module for:
calculating, for each of the one or more query image feature
descriptors, a plurality of addresses using the plurality of
functions, and
for each of the plurality of addresses, calculating a number of
duplicate reference image feature descriptors stored
within a pre-defined region of the reference image

database,
a candidate images retrieval module for:
selecting a set of reference image feature descriptors based on
the calculated number of duplicate reference image

feature descriptors;

an image maltching modude for:
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comparing the selected set of reference image feature
descriptors with the one or more query image feature
descriptors {o determine if any reference image mages
the query image;

the server further configured to perform the steps of
if a matching reference image is determined, obtaining
additional information associaied with the at least one matching

reference image from an annotation database, and

transmitting the additional information to the mobile device for
displaying as additional information relating to the at least one
item of interest {0 the user.

2 The server of claim 1, wherein the processor is further configured {0 execule a
hash table management module,

3 The server of claim 2, wherein the hash table management module further
comprises a collision resolving module, for handling hash collisions; and
an overflow handling module for handling the association of a new data point

{.g., a set of feature descriptors) with an address in a hash table.

4. A computer-implemented method for identifving and displaying additional
information relating to a first query image oblained by a user with 3 mobile

device, the method comprising:
receiving, from the mobile device, a first query including oneg or more guery
image feature descriptors corresponding to at least one item of interest

o the user included in the first query image;

responsive {o recelving the first query, performing a similarity search, wherein
the similarity search comprises:
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for each of the query image feature descriptors, calculating a plurality
of addresses using a plurality of functions;

for each of the plurality of addresses, calculating a number of duplicate
reference image feature descriptors stored within a certain
region of a database, and wherein at least one reference image
featurs is mapped to a plurality of addresses in the reference
image database using the plurality of functions; and

determining one or more candidate images based on the number of
duplicate reference image feature descripiors within the certain
region of the reference image database associated with sach of
the plurality of addresses, the reference image database sioring
one or more reference image feature descriptors, each of the
reference image fealure descriptors associated with at least one
reference image

comparing the feature descriptors for the one or more candidate
images to the query image feature descriptors to determine if
there is a maich,; and

if there is a match, acquiring additional information associated with the match;
and

transmitting, fo the moebile device, the additional information associated with

the maich for displaying to the user.

5. The computer-implemented method of claim 4,

wherein the number of duplicale reference image feature descripiors
within a pre-defined region associated with an address reflects a
degree of similarity between the duplicate reference image fealure
descriptors and the first query image feature descriptors mapped {o the
address;
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and wherein the determination of one or more candidate images
comprises:

determining that the number of duplicate reference image feature
descripiors exceeds a pre-determined threshold; and
acquiring the one or more candidate images associated with the

duplicate reference image feature descriptors.

8. The computer-implemented method of claim 5, further comprising:

receiving, from the mobile device, a second query including one or more
second guery image fealure descriptors;

comparing the one or mors first query image feature descriptors with the

one or more second query image feature descriptors; and

based on a result of the comparison:
determining not to perform the similarity search, and
acquiring, based on a mapping between the first query and the one or
more candidate images stored in a guery cache, the one or maore

candidate images,

7. The method of claim 4, wherein
whersin reference image feature descriptors are stored within a database
based on a hash table including a plurality of buckets, each bucket
heing associated with an address;

wherein the hash table is associated with a family of hash functions, the
family of hash functions mapping one feature descriptor data pointto a
first set of addresses associated with a first set of buckets out of the
pluraiity of buckets, and each of the first set of buckets storing the one
second feature descriptor data peint.
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8. Acomputer-impiemented method for identifying and displaying additional
information relating to an image obtained by a user with a mobile device, the
method comprising:

acquiring at least one image using the mobile device, the at least one
image comprising ai least one item of inferest {0 the user about which
the user wishes to receive additional information,

extracting one or more first features from the at least one image, the one

or more first features corresponding to the at least one item of interest;

generating a first fingerprint representing the one or more first features;

transmitting, to a server, a first query including the first fingerprint, the
fingerprint aliowing the server o acquire one or more second images
and determine, based on one or more second images selected based
on the first query, that the server has additional information relating to
the al least one item of interest to the user; and

receiving, from the server, the additional information relating to the at least
one item of interest to the user and displaying the additional
information fo the user.

8. The computer-implementad method of claim 8, further comprising:

receiving, via the first interface on the mobile device, a user's selection of

a portion of the first image,
wherein extracting one or more first features from the at least one image

comprises exfracting one or more first features corresponding to the

selected portion; and
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wherein generating a first fingerprint comprises generating a first
fingerprint representing the one or more first featuras extracted from
the selected portion of the first image.

10. A device for identifying and displaying additional information relating to an
itemn of interest, the device comprising a processor for executing one or more
modules comprising:

an image acquisition module for acquiring an image inciuding the item
of interest;

a feature descriptor generation module for extracting one or more
image feature quantities associated with the image;

a fingerprint generation module for:

generating a query fingerprint based on the extracted oneg or more
image feature quantities; and

fransmitting the guery fingerprint to a server, wherein the query
fingerprint allows the server o perform, based on the guery
fingerprint, a similarity search in a database storing one or more
reference feature descriptors and to acquire one or more
candidate images associated with at least one of the one or
more reference feature descriptors based on a resuit of the
similarity search;

an image matching module for determining whether the image matches
with the one or more candidate images,; and

an additional database module for acauiring, based on the
determination at the image maiching module, additional information
associated with at least one of the one or more candidate images
for displaying as additional information relating to the at least one
item of interest to the user.
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