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GESTURE-BASED VISUAL SEARCH

BACKGROUND

[0001] Mobile devices such as mobile phones have not only become a daily necessity

for communication, but also prevailed as portable multimedia devices for capturing and

presenting digital photos, playing music and movies, playing games, etc. With the advent

of mobile device technology, mobile device vendors have developed numerous mobile

applications for various mobile platforms such as Windows Mobile®, Android® and

iOS®. Some mobile applications have been adapted from counterpart desktop

applications. One example application that has been adapted from a desktop counterpart is

a search application. A user may want to perform search related to an image. The user

may then type in one or more keywords to the search application of his/her mobile device

and perform a text-based search based on the keywords. However, due to a small screen

size and small keyboard of the mobile device, the user may find it difficult to perform a

text-based search using his/her mobile device.

[0002] Some mobile device vendors have improved usability of the search application

in the mobile device by allowing a user to perform a voice-based search using voice

recognition. A user may provide a voice input to the search application, which may

translate the voice input into one or more textual keywords. The search application may

then perform a search based on the translated keywords. Although the voice-based search

provides an alternative to the text-based search, this voice-based search is still far from

perfect. For example, to recognize the voice input accurately, the voice-based search

normally requires a quiet background, which may be impractical for a mobile user

travelling in a noisy environment.

[0003] Furthermore, a user may wish to search for an object in an image or an object

in a place where the user is located. However, if the user does not know what the object

is, the user may provide an inaccurate or meaningless description to the search application,

which may result in retrieving irrelevant information.

SUMMARY

[0004] This summary introduces simplified concepts of gesture-based visual search,

which is further described below in the Detailed Description. This summary is not

intended to identify essential features of the claimed subject matter, nor is it intended for

use in limiting the scope of the claimed subject matter.

[0005] This application describes example embodiments of gesture-based visual

search. In one embodiment, an image may be received from a client with or without



contextual information associated with the image. Examples of contextual information

associated with the image include, but are not limited to, type information of an object of

interest (e.g., a face, a building, a vehicle, text, etc.) in the image and location information

associated with the image (e.g., physical location information where the image was

captured, virtual location information such as a web address from which the image is

available to be viewed or downloaded, etc.).

[0006] In response to receiving the image, the image may be segmented into a

plurality of segments. In one embodiment, the image may be segmented into a plurality of

segments based on the contextual information associated with the image. Upon

segmenting the image, part or all of the image may be returned to the client for selection

of one or more of the segments. In one embodiment, the selected segment(s) of the image

may include an object of interest to a user of the client. Additionally or alternatively, the

one or more selected segments of the image may include text associated with the image.

A search query may be formulated based on the selected segment(s). In some

embodiments, the query may also be based on the received contextual information

associated with the image. In some embodiments, the query may be presented to the user

of the client device for confirmation of the search query. A search may be performed

using the search query to obtain one or more search results, which may be returned to the

client.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The detailed description is set forth with reference to the accompanying

figures. In the figures, the left-most digit(s) of a reference number identifies the figure in

which the reference number first appears. The use of the same reference numbers in

different figures indicates similar or identical items.

[0008] FIG. 1 illustrates an example environment including an example gesture-based

visual search system.

[0009] FIG. 2 illustrates the example gesture-based visual search system of FIG. 1 in

more detail.

[0010] FIG. 3A and FIG. 3B illustrate an example index structure for indexing images

in an image database.

[0011] FIG. 4 illustrates an example method of performing a gesture-based visual

search.



DETAILED DESCRIPTION

Overview

[0012] As noted above, a user may find it difficult to perform a search on his/her

mobile device using existing mobile search technologies. For example, the user may wish

to find more information about an image or an object in the image. The user may perform

a search for the image or the object by typing in one or more textual keywords to a textbox

of a search application provided in his/her mobile device (e.g., a mobile phone). Given a

small screen size and/or a small keyboard (if available) of the mobile device, however, the

user may find it difficult to enter the keywords. This situation becomes worse if the one or

more textual keywords are long and/or complicated.

[0013] Alternatively, the user may input one or more keywords through voice input

and voice recognition (if available). However, voice-based search typically requires a

quiet background and may become infeasible if the user is currently located in a noisy

environment, such as a vehicle or public place.

[0014] Worst still, if the user does not know what an object in the image is, the user

may not know how to describe the object or the image in order to perform a text-based

search or a voice-based search. For example, the user may note an image including a

movie actor and may want to find information about this movie actor. The user may,

however, not know or remember his name and therefore be forced to quit the search

because of his/her lack of knowledge of the name of the actor.

[0015] In yet another alternative, the user may perform an image search using the

image as a search query. Specifically, the user may provide an image to a search

application or a search engine, which retrieves a plurality of database images based on

visual features of the provided image. Although such an image search may alleviate the

requirement of providing a textual description for the image, the approach becomes

cumbersome if the image is not a stored image in the mobile device (e.g., an image shown

in a web page of a web browser). Using current image search technologies, the user

would first need to download the image manually from the web page and then manually

upload the image to the search application or the image search engine. Furthermore, if the

user is only interested in obtaining information about an object shown in the image, visual

details of the image other than the object itself constitute noise to the image search and

may lead to retrieval of images that are irrelevant so the search.



[0016] This disclosure describes a gesture-based visual search system, which

instantiates a search query related to an object of interest shown in an image by receiving a

segment of an image that is of interest.

[0017] Generally, a client device may obtain an image, for example, from a user. The

image may include, but is not limited to, an image selected from a photo application, an

image or photo captured by the user using a camera of the client device, an image frame of

a video played on the client device, an image displayed in an application such as a web

browser which displays a web page including an image, or an image (e.g., web pages,

videos, images, eBooks, documents, slide shows, etc.) from media stored on or accessible

to the client device.

[0018] Upon obtaining the image, the client device may send the image or location

information of the image to a gesture-based visual search system for image segmentation.

The location information of the image may include, but is not limited to, a web link at

which the image can be found. In one embodiment, the client device may send the image

or the location information of the image to the gesture-based visual search system

automatically. In another embodiment, the client device may send the image or the

location information of the image to the gesture-based visual search system upon request.

For example, in response to receiving a request for image segmentation (such as clicking a

designated button of the client device or a designated icon displayed on the client device)

from the user, the client device may send the image or the location information of the

image to the gesture-based visual search system.

[0019] In some embodiments, prior to sending the image or the location information of

the image to the gesture-based visual search system for image segmentation, the client

device may display the image to the user. Additionally or alternatively, the client device

may display the image to the user only upon segmenting the image into a plurality of

segments.

[0020] Additionally, the client device may further send contextual information

associated with the image to the gesture-based visual search system. In one embodiment,

the contextual information associated with the image may include, but is not limited to,

data captured by sensors of the client device such a Global Positioning System (i.e., GPS),

a clock system, an accelerometer and a digital compass, and user-specified and/or service-

based data including, for example, weather, schedule and traffic data. In an event that

personal information about the user such as GPS data is collected, the user may be



prompted and given an opportunity to opt out of sharing or sending such information as

personally identifiable information from the client device.

[0021] Additionally or alternatively, the contextual information associated with the

image may further include information of an object of interest shown in the image. By

way of example and not limitation, the information of the object of interest may include,

but is not limited to, type information of an object (e.g., a face, a person, a building, a

vehicle, text, etc.) in the image. In one embodiment, the user may provide this

information of the object of interest to the client device. Additionally or alternatively, the

client device may determine the information of the object of interest without human

intervention. By way of example and not limitation, the client device may determine the

information of the object of interest based on contextual information associated with an

application displaying the image or content that is displayed along with the image. For

example, the application may be a web browser displaying a web page. The web page

may include an article describing a movie actor and may include an image. In response to

detecting the image, the client device may determine that the object of interest depicts the

movie actor and the type information of the object of interest corresponds to a person

based on the content of the article shown in the web page of the web browser.

[0022] In response to receiving the image from the client device, the gesture-based

visual search system may segment the image into a plurality of segments. In an event that

location information of the image rather than the image itself is received from the client

device, the gesture-based visual search system may obtain the image based on the location

information. By way of example and not limitation, the gesture-based visual search

system may download the image at a location specified in the location information of the

image.

[0023] In one embodiment, the gesture-based visual search system may segment the

image based on a J-measure based segmentation method (i.e., JSEG segmentation

method). For example, the JSEG segmentation method may first quantize colors of the

received image into a number of groups that can represent different spatial regions of the

received image, and classify individual image pixel based on the groups. Thereafter, the

JSEG segmentation method may compute a proposed gray-scale image whose pixel values

are calculated from local window and name the proposed gray-scale image as a J-image.

The JSEG segmentation method may then segment J-image based on a multi-scale region

growing method.



[0024] Additionally or alternatively, the gesture-based visual search system may

segment the image based on contextual information associated with the image. By way of

example and not limitation, the gesture-based visual search system may receive contextual

information associated with the image (e.g., type information of the object of interest

shown in the image). The gesture-based visual search system may then segment the image

by detecting and segmenting one or more objects having a type determined to be the same

as a type indicated in the type information from the image. For example, the type

information may indicate that the object of interest is a face (i.e., the object type is a face

type). The gesture-based visual search system may employ object detection and/or

recognition with visual features (e.g., facial features for a face, etc.) specified to the type

indicated in the received type information and segment the detected and/or recognized

objects from other objects and/or background in the image.

[0025] Upon segmenting the image into a plurality of segments, the gesture-based

visual search system may return the segmented image (i.e., all segments in respective

original locations) to the client device. Alternatively, the gesture-based visual search

system may return parts of the segmented image to the client device in order to save

network bandwidth between the client device and the gesture-based visual search system.

For example, the gesture-based visual search system may return segments including or

substantially including the object of interest but not the background to the client device.

Additionally or alternatively, the gesture-based visual search system may return (all or part

of) the segmented image in a resolution that is lower than the original resolution of the

received image.

[0026] In response to receiving all or part of the segmented image, the client device

may then display all or part of the segmented image age at corresponding location of the

original image. In one embodiment, this process of image segmentation may be

transparent to the user. In another embodiment, the client device may notify the user that

the image is successfully segmented into a plurality of segments.

[0027] In either case, the user may be allowed to select one or more segments from the

plurality of segments of the image based on an input gesture. By way of example and not

limitation, the user may select the one or more segments by tapping on the one or more

segments (e.g., tapping on a touch screen of the client device at locations of the one or

more segments). Additionally or alternatively, the user may select the one or more

segments by drawing a shape (e.g., a rectangle, a circle, or any freeform shape), for

example, on the touch screen of the client device to bound or substantially bound the one



or more segments. Additionally or alternatively, the user may select the one or more

segments by cycling through the received segments of the segmented image using, for

example, a thumb wheel. Additionally or alternatively, the user may select the one or

more segments by using a pointing device such as a stylus or mouse, etc.

[0028] In response to receiving selection of the one or more segments from the user,

the client device may provide confirmation to the user of his/her selection. In one

embodiment, the client device may highlight the one or more selected segments by

displaying a shape (e.g., a rectangle, a circle or a freeform shape, etc.) that bounds or

enclose the one or more selected segments. Additionally or alternatively, the client device

may display one or more individual bounding shapes to bound or enclose the one or more

selected segments individually.

[0029] Additionally or alternatively, in response to receiving selection of the one or

more segments from the user, the client device may send information of the one or more

selected segments to the gesture-based visual search system in order to formulate an image

search query based on the one or more selected segments. In one embodiment, the client

device may send the actual one or more selected segments to the gesture-based visual

search system. In another embodiment, the client device may send coordinates of the one

or more selected segments relative to a position in the image (e.g., top left corner of the

image) to the gesture-based visual search system. In one embodiment, the one or more

selected segments may include an object of interest to the user. Additionally or

alternatively, the one or more selected segments may include text to be recognized.

[0030] Upon receiving the one or more selected segments from the client device, the

gesture-based visual search system may formulate a search query based on the one or

more selected segments. In one embodiment, the gesture-based visual search system may

extract visual features from the one or more selected segments. The gesture-based visual

search system may employ any conventional feature extraction method to extract the

features from the one or more selected segments. By way of example and not limitation,

the gesture-based visual search system may employ generic feature detection/extraction

methods, e.g., edge detection, corner detection, blob detection, ridge detection and/or

scale-invariant feature transform (SIFT). Additionally or alternatively, the gesture-based

visual search system may employ shape-based detection/extraction methods such as

thresholding, blob extraction, template matching, and/or Hough transform. Additionally

or alternatively, the gesture-based visual search system may employ any other feature

extraction methods including, for example, attention guided color signature, color



fingerprint, multi-layer rotation invariant EOH (i.e., edge orientation histogram),

histogram of gradients, Daubechies wavelet, facial features and/or black & white.

[0031] In one embodiment, rather than employing generic or unspecified feature

extraction methods, the gesture-based visual search system may employ one or more

feature extraction methods that are specific to detecting and/or extracting visual features of

the object of interest shown in the one or more selected segments. Specifically, the

gesture-based visual search system may determine which feature extraction method to be

used with which type of features, based on the received contextual information (e.g., the

type information).

[0032] By way of example and not limitation, if type information of an object of

interest shown in the image is received and indicates that the object of interest is of a

particular type (e.g., a face type), the gesture-based visual search system may employ a

feature extraction method that is specified to detect and/or extract features of that

particular type (e.g., facial features) in order to detect or recognize the object of interest

(e.g., faces) in the one or more selected segments. For example, if the type information

indicates that the object of interest is a building, the gesture-based visual search system

may employ a feature extraction method with features specified to detect and/or extract

edges and/or shapes of building(s) in the one or more selected segments.

[0033] Upon extracting visual features from the one or more selected segments of the

image, the gesture-based visual search system may compare the extracted visual features

with a codebook of features to obtain one or more visual words for representing the one or

more selected segments. A codebook of features, sometimes called a codebook of visual

words, may be generated, for example, by clustering visual features of training images into

a plurality of clusters. Each cluster or visual word of the codebook may be defined by, for

example, an average or representative feature of that particular cluster.

[0034] Alternatively, the gesture-based visual search system may compare the

extracted visual features of the one or more selected segments with a visual vocabulary

tree. A visual vocabulary tree may be built by applying a hierarchical k-means clustering

to visual features of a plurality of training images. Visual words of the visual vocabulary

tree may then be obtained based on results of the clustering.

[0035] In response to obtaining one or more visual words for the one or more selected

segments, the gesture-based visual search system may formulate a search query based on

the one or more visual words. In one embodiment, the gesture-based visual search system

may retrieve a plurality of images from a database based on the one or more visual words



for the one or more selected segments. Additionally, the gesture-based visual search

system may further obtain web links and textual information related to the one or more

selected segments from the database.

[0036] Additionally or alternatively, the gesture-based visual search system may

detect text in the one or more selected segments and perform object character recognition

for the one or more selected segments (e.g., a street sign, a label, etc.). Upon recognizing

the text in the one or more selected segments, the gesture-based visual search system may

perform a text-based search and retrieve one or more Images, web links and/or textual

information, etc., for the one or more selected segments.

[0037] Additionally, the gesture-based visual search system may further examine the

plurality of retrieved images and obtain additional information associated with the

plurality of retrieved images. By way of example and not limitation, the additional

information associated with the plurality of retrieved images may include textual

descriptions of the plurality of retrieved images, location information of the plurality of

retrieved images and/or time stamps of the plurality of retrieved images, etc. The gesture-

based visual search system may further retrieve additional images from the database or

from a text-based search engine using this additional information of the plurality of

retrieved images.

[0038] Upon retrieving search results (e.g., the plurality of retrieved images, web

links, etc.) for the one or more selected segments, the gesture-based visual search system

may return the search results to the client device which may then display the search results

to the user. The user may click on any of the search results to obtain detailed information.

Additionally or alternatively, the user may perform another search (e.g., an image search

or a text search) by tapping on an image (or a segment of the image if automatic image

segmentation has been performed for the image) or a text of the search results.

[0039] The described system allows a user to conduct a search (e.g., an image search

or a text search) without manually downloading and uploading an image to a search

application or a search engine. The described system further allows the user to conduct an

image search based on a portion of the image (e.g., an object shown in the image) without

requiring the user to manually segment the desired portion from the image himself/herself.

This, therefore, increases the usability of a search application of a mobile device and

alleviates the cumbersome process of providing textual keywords to the mobile device,

thus enhancing user search experience with the mobile device.



[0040] While in the examples described herein, the gesture-based visual search system

segments images, extracts features from the images, formulates a search query based on

the extracted features, and performs a search based on the search query, in other

embodiments, these functions may be performed by multiple separate systems or services.

For example, in one embodiment, a segmentation service may segment the image, while a

separate service may extract features and formulate a search query, and yet another service

(e.g., a conventional search engine) may perform the search based on the search query.

[0041] The application describes multiple and varied implementations and

embodiments. The following section describes an example environment that is suitable

for practicing various implementations. Next, the application describes example systems,

devices, and processes for implementing a gesture-based visual search system.

Exemplary Architecture

[0042] FIG. 1 illustrates an exemplary environment 100 usable to implement a

gesture-based visual search system. The environment 100 includes one or more users 102-

1, 102-2, . . . 102-N (which are collectively referred to as 102), a network 104 and a

gesture-based visual search system 106. The user 102 may communicate with the gesture-

based visual search system 106 through the network 104 using one or more client devices

108-1, 108-2, . . . 108-M, which are collectively referred to as 108.

[0043] The client devices 108 may be implemented as any of a variety of conventional

computing devices including, for example, a personal computer, a notebook or portable

computer, a handheld device, a netbook, an Internet appliance, a portable reading device,

an electronic book reader device, a tablet or slate computer, a television, a set-top box, a

game console, a mobile device (e.g., a mobile phone, a personal digital assistant, a smart

phone, etc.), a media player, etc. or a combination thereof.

[0044] The network 104 may be a wireless or a wired network, or a combination

thereof. The network 104 may be a collection of individual networks interconnected with

each other and functioning as a single large network (e.g., the Internet or an intranet).

Examples of such individual networks include, but are not limited to, Personal Area

Networks (PANs), Local Area Networks (LANs), Wide Area Networks (WANs), and

Metropolitan Area Networks (MANs). Further, the individual networks may be wireless

or wired networks, or a combination thereof.

[0045] In one embodiment, the client device 108 includes a processor 110 coupled to

memory 112. The memory 112 includes one or more applications 114 (e.g., a search

application, a viewfmder application, a media player application, a photo album



application, a web browser, etc.) and other program data 116. The memory 112 may be

coupled to or associated with, and/or accessible to other devices, such as network servers,

routers, and/or other client devices 108.

[0046] The user 102 may view an image using the application 114 of the client device

108. In response to detecting the image, the client device 108 or one of the applications

114 may send the image to the gesture-based visual search system 106 for image

segmentation. The gesture -based visual search system 106 may segment the image into a

plurality of segments, and return some or all of the segments to the client device 108. For

example, the gesture-based visual search system 106 may only return segments including

or substantially including an object of interest to the user 102 but not the background or

other objects that are not of interest to the user 102.

[0047] In response to receiving the segmented image (i.e., some or all of the segments)

from the gesture-based visual search system 106, the user 102 may select one or more

segments from the received segments. The client device 108 may then send the one or

more selected segments to the gesture-based visual search system 106 to instantiate a

search. The gesture -based visual search system 106 may formulate a search query based

on the one or more selected segments and retrieve search results using the search query. In

one embodiment, the gesture-based visual search system 106 may retrieve search results

from a database (not shown) included in the gesture-based visual search system 106.

Additionally or alternatively, the gesture-based visual search system 106 may retrieve the

search results from a search engine 118 external to the gesture-based visual search system

106. The gesture -based visual search system 106 may then return the search results to the

client device 108 for display to the user 102.

[0048] Although the gesture -based visual search system 106 and the client device 108

are described to be separate systems, the present disclosure is not limited thereto. For

example, some or all of the gesture -based visual search system 106 may be included in the

client device 108, for example, as software and/or hardware installed in the client device

108. In some embodiments, one or more functions (e.g., an image segmentation function,

a feature extraction function, a query formulation function, etc.) of the gesture-based

visual search system 106 may be integrated into the client device 108.

[0049] FIG. 2 illustrates the gesture-based visual search system 106 in more detail. In

one embodiment, the system 106 can include, but is not limited to, one or more processors

202, a network interface 204, memory 206, and an input/output interface 208. The



processor 202 is configured to execute instructions received from the network interface

204, received from the input/output interface 208, and stored in the memory 206.

[0050] The memory 206 may include computer-readable media in the form of volatile

memory, such as Random Access Memory (RAM) and/or non-volatile memory, such as

read only memory (ROM) or flash RAM. The memory 206 is an example of computer-

readable media. Computer-readable media includes at least two types of computer-

readable media, namely computer storage media and communications media.

[0051] Computer storage media includes volatile and non-volatile, removable and

non-removable media implemented in any method or technology for storage of

information such as computer readable instructions, data structures, program modules, or

other data. Computer storage media includes, but is not limited to, phase change memory

(PRAM), static random-access memory (SRAM), dynamic random-access memory

(DRAM), other types of random-access memory (RAM), read-only memory (ROM),

electrically erasable programmable read-only memory (EEPROM), flash memory or other

memory technology, compact disk read-only memory (CD-ROM), digital versatile disks

(DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage

or other magnetic storage devices, or any other non-transmission medium that can be used

to store information for access by a computing device.

[0052] In contrast, communication media may embody computer readable

instructions, data structures, program modules, or other data in a modulated data signal,

such as a carrier wave, or other transmission mechanism. As defined herein, computer

storage media does not include communication media.

[0053] The memory 206 may include program modules 210 and program data 212. In

one embodiment, the gesture-based visual search system 106 may include an input module

214. The input module 214 may receive an image or location information of an image

(e.g., a link at which the image can be found and downloaded) from the client device 108.

Additionally, the input module 214 may further receive contextual information associated

with the image from the client device 108. Contextual information associated with the

image may include, but is not limited to, data captured by sensors of the client device such

a Global Positioning System (i.e., GPS), a clock system, an accelerometer and a digital

compass, and user-specified and/or service-based data including, for example, weather,

schedule and/or traffic data. Additionally or alternatively, the contextual information

associated with the image may further include information of an object of interest shown

in the image. By way of example and not limitation, the information of the object of



interest may include, but is not limited to, type information of an object (e.g., a face, a

person, a building, a vehicle, text, etc.).

[0054] In one embodiment, the gesture-based visual search system 106 may further

include a segmentation module 216. Upon receiving the image (and possibly contextual

information associated with the image), the input module 214 may send the image (and the

contextual information associated with the image if received) to the segmentation module

216. The segmentation module 216 may segment the image into a plurality of segments.

In one embodiment, the segmentation module 216 may employ any conventional

segmentation method to segment the image. By way of example and not limitation, the

segmentation module 216 may segment the image based on JSEG segmentation method.

Additional details of the JSEG segmentation method may be found in "Color Image

Segmentation," which was published in Proc. IEEE CVPR, 1999, page 2446.

[0055] Additionally or alternatively, the segmentation module 216 may segment the

image into a predetermined number of segments based on one or more criteria. Examples

of the one or more criteria include, but are not limited to, file size of the image, resolution

of the image, etc.

[0056] Additionally or alternatively, the segmentation module 216 may segment the

image based on the contextual information associated with the image. By way of

example and not limitation, the gesture-based visual search system 106 may receive

contextual information associated with the image (e.g., type information of an object of

interest shown in the image). The segmentation module 216 may then segment the image

by detecting and segmenting one or more objects having a same type as a type indicated in

the type information from the image. For example, the type information may indicate that

the object of interest is a face or the object type is a face type. The segmentation module

216 may employ object detection and/or recognition with visual features (e.g., facial

features for a face, etc.) of the type indicated in the received type information, and may

segment the detected and/or recognized objects from other objects and/or background in

the image.

[0057] In response to segmenting the image into a plurality of segments, the gesture-

based visual search system 106 may return some or all of the segmented image (i.e., some

or all of the plurality of segments) to the client device 108 through an output module 218.

[0058] After sending some or all of the segmented image to the client device 108, the

input module 214 may receive information of one or more segments selected by the user

102 from the client device 108 to instantiate a search. In one embodiment, the



information of the one or more selected segments may include the actual one or more

segments selected by the user 102. In another embodiment, the information of the one or

more selected segments may include coordinates of the one or more selected segments

relative to a position in the image (e.g., top left corner of the image). In either case, the

one or more selected segments may include an object of interest to the user 102.

Additionally or alternatively, the one or more selected segments may include text to be

recognized.

[0059] In response to receiving the information of the one or more selected segments

from the client device 108, the gesture-based visual search system 106 may include a

feature extraction module 220 to extract visual features from the one or more selected

segments. In one embodiment, the feature extraction module 220 may employ any

conventional feature extraction method to extract visual features from the one or more

selected segments. By way of example and not limitation, the feature extraction module

220 may employ generic feature detection/extraction methods, e.g., edge detection, corner

detection, blob detection, ridge detection and/or scale-invariant feature transform (SIFT).

Additionally or alternatively, the feature extraction module 220 may employ shape-based

detection/extraction methods such as thresholding, blob extraction, template matching,

and/or Hough transform. Additionally or alternatively, the feature extraction module 220

may employ any other feature extraction methods including, for example, attention guided

color signature, color fingerprint, multi-layer rotation invariant EOH, histogram of

gradients, Daubechies wavelet, facial features and/or black & white.

[0060] In one embodiment, rather than employing generic or unspecified feature

extraction methods, the feature extraction module 220 may employ one or more feature

extraction methods that are specific to detecting and/or extracting visual features of an

object of interest shown in the one or more selected segments. Specifically, the feature

extraction module 220 may determine which feature extraction method to use with which

type of features, based on the received contextual information (e.g., the type information).

[0061] By way of example and not limitation, if type information of an object of

interest shown in the image is received and indicates that the object of interest is of a

particular type (e.g., a face type), the feature extraction module 220 may employ a feature

extraction method that is specified to detect and/or extract features of that particular type

(e.g., facial features) in order to detect or recognize the object of interest (e.g., faces) in the

one or more selected segments. For example, if the type information indicates that the

object of interest is a building, the feature extraction module 220 may employ a feature



extraction method with features specified to detecting and/or extracting edges and/or

shapes of building(s) in the one or more selected segments.

[0062] Upon extracting visual features from the one or more selected segments, the

gesture-based visual search system 106 may include a search module 222 for formulating

a search query and performing a search based on the search query. In one embodiment,

the search module 222 may compare the extracted visual features with a codebook of

features 224 to obtain one or more visual words for representing the one or more selected

segments. The codebook of features 224, sometimes called a codebook of visual words,

may be generated, for example, by clustering visual features of training images stored in

an image database 226. Each cluster or visual word of the codebook of features 224 may

be defined by, for example, an average or representative feature of that particular cluster.

[0063] Additionally or alternatively, the search module 222 may compare the

extracted visual features of the one or more selected segments with a visual vocabulary

tree 228. The visual vocabulary tree 228 may be built by applying a hierarchical k-means

clustering to visual features of a plurality of training images stored in the image database

226. Visual words of the visual vocabulary tree may then be obtained based on results of

the clustering. Detailed descriptions of this visual vocabulary tree may be found in

"Scalable recognition with a vocabulary tree," which was published in Proc. IEEE CVPR

2006, pages 2161-2168.

[0064] In response to obtaining one or more visual words (from the codebook of

features 224 or the visual vocabulary tree 228) for the one or more selected segments, the

search module 222 may formulate a search query based on the one or more visual words.

In one embodiment, the search module 222 may use the one or more visual words to

retrieve a plurality of images from the image database 226 or the search engine 118

external to the gesture-based visual search system 106. Additionally, the search module

222 may further obtain web links and textual information related to the one or more

selected segments from the image database 226 or the search engine 118.

[0065] Additionally or alternatively, the one or more selected segments may include

text. The gesture-based visual search system 106 may further include an object character

recognition module 230 to recognize text in the one or more selected segments. In one

embodiment, prior to recognizing the text, the object character recognition module 230

may determine a text orientation of the text in the one or more selected segments. By way

of example and not limitation, the object character recognition module 230 may employ

PCA (i.e., Principal Component Analysis), TILT (i.e., Transform Invariant Low-ranked



Texture) or any other text alignment method to determine the orientation of the text. For

example, the object character recognition module 230 may employ PCA to detect two

principal component orientations of the text in the one or more selected segments. In

response to detecting the two principal component orientations of the text, the object

character recognition module 230 may rotate the text, e.g., to align the text horizontally.

Additionally or alternatively, the object character recognition module 230 may employ

any other text alignment methods such as TILT (i.e., Transform Invariant Low-ranked

Texture) to determine the orientation of the text in the one or more selected segments.

Detailed descriptions of the TILT text alignment method may be found in "Transform

Invariant Low-rank Textures," which was published in Proceedings of Asian Conference

on Computer Vision, November 2010.

[0066] Additionally or alternatively, the object character recognition module 230 may

further receive an indication of the text orientation from the client device 108 through the

input module 214. The input module 214 may receive the indication of the text orientation

along with the one or more selected segments from the client device 108.

[0067] In one embodiment, the user 102 may draw a line (using a finger, a pointing

device, etc.) on the screen of the client device 108 to indicate the text orientation of the

text within the one or more selected segments. Additionally or alternatively, the user 102

may indicate an estimate of the text orientation by providing an estimate degree of angle

of the text orientation with respect to the vertical or horizontal axis of the image.

Additionally or alternatively, in some embodiments, the user 102 may indicate the text

orientation of the text by drawing a bounding shape (such as a rectangle or substantially

rectangular shape, etc.) to bound or substantially bound the text, with the longer edge of

the bounding shape indicating the text orientation of the text to be recognized. The client

device 108 may then send this user indication of the text orientation to the object character

recognition 230 through the input module 214 of the gesture-based visual search system

106.

[0068] Upon recognizing text in the one or more selected segments by the object

character recognition module 230, the search module 222 may perform a text-based search

and retrieve one or more Images, web links and/or textual information, etc., for the one or

more selected segments from the image database 226 or the search engine 118.

[0069] Additionally, the search module 222 may further examine the plurality of

retrieved images and obtain additional information associated with the plurality of

retrieved images. By way of example and not limitation, the additional information



associated with the plurality of retrieved images may include, but is not limited to, textual

descriptions of the plurality of retrieved images, location information of the plurality of

retrieved images and time stamps of the plurality of retrieved images, etc. The gesture-

based visual search system may further retrieve additional images from the image database

226 or from the search engine 118 using this additional information of the plurality of

retrieved images.

[0070] In response to receiving search results (e.g., the plurality of database images,

web links and/or textual information), the output module 218 may return the search results

to the client device 108 for display to the user 102. In one embodiment, the gesture-based

visual search system 106 may further receive another segmentation request or search

request from the client device 108 or the user 102, and may perform the foregoing

operations in response to the request.

Example Image Database

[0071] In one embodiment, images in the image database 226 may be indexed. By

way of example and not limitation, an image index may be based on invented novel file

indexing paradigm. Visual features and contextual information and/or metadata of an

image may be used for constructing an image index for that image. In one embodiment,

scale-invariant feature transform (SIFT) may be chosen to represent a local descriptor of

the image due to its scale, rotation and illumination invariant properties. Prior to

constructing the index, the visual vocabulary tree 228 may be built by using a hierarchical

k-means clustering while visual words of the visual vocabulary tree 228 may be created

based on results of the clustering. During constructing the index, an individual SIFT point

of a particular image may be classified as one or more of the visual words (i.e., VW) of the

visual vocabulary tree 228. Information of the image may be recorded along with these

one or more visual words of the visual vocabulary tree 228 and associated contextual

information. FIG. 3A and 3B show an example index structure 300 of an inverted file

indexing paradigm. FIG. 3A shows an inverted file index 302 of visual words for a

plurality of images using the visual vocabulary tree 228. FIG. 3B shows an index

structure 304 for contextual information associated with each image or image file.

Although FIG. 3A and 3B describe an example index structure, the present disclosure is

not limited thereto. The present disclosure can employ any conventional index structure

for indexing images in the image database 226.



Example Gesture-based visual search with Contextual Filtering

[0072] In one embodiment, a score measurement scheme may be used with contextual

filtering. By way of example and not limitation, an example score measurement is given

in Equation (1) below, where query q may be defined as one or more segments selected by

the user 102 using tap-to-select mechanism from the image or photo taken using the client

device 108. The database images (e.g., stored in the image database 226) may be denoted

as d . qi and d refer to respective combinations of term-frequency and inverse document

frequency (TF-IDF) values for the query q and the database or indexed images d as shown

in Equation (2).

s q, d = \\q - d \\ - j q

(!)

i = tfqi idfqi, di = tf . idf . (2)

[0073] For example, for q tfq . may be an accumulated number of local descriptors at

a leaf node i of the visual vocabulary tree 228. idfq . may be formulated as ln(N/Ni),

where N is total number of images in the image database 226, for example, and N is

number of images whose descriptors are classified into the leaf node i .

[0074] Additionally, (q , a contextual filter in Equation (1), may be obtained based

on contextual information associated with the query or the image from which the one or

more segments are selected by the user 102. By way of example and not limitation, this

contextual information may include, but is not limited to, location information associated

with the image from which the one or more segments are selected by the user 102. For

example, the user 102 may use a camera (not shown) of the client device 108 to take a

photo of a building such as the Brussels town hall. The location information in form of

GPS data may then be sent along with the photo to the gesture-based visual search system

106 for image segmentation and/or image search.

Alternative Embodiments

[0075] In one embodiment, the search module 222 of the gesture -based visual search

system 106 may retrieve a plurality of database images based on the extracted features of

the one or more selected segments and the contextual information associated with the

image from which the one or more segments are selected. By way of example and not

limitation, the contextual information may include location information of the image from



which the image is obtained. For example, the image may be a photo taken at a particular

physical location using the client device 108. The client device 108 may record the photo

along with GPS data of that particular location. When the search module 222 of the

gesture-based visual search system 106 formulates the search query, the search module

222 may formulate the search query based at least in part on the extracted visual features

and the GPS data, and retrieve images from the image database 226 or from the search

engine 118. For example, the search module 222 may use this GPS data to narrow or limit

the search to images having an associated location within a predetermined distance from

the location indicated in the GPS data of the image from which the one or more segments

are selected.

[0076] For another example, the location information in the contextual information

associated with the image may be a virtual location (e.g., a web address) from which the

image is downloaded or is available for download. When the search module 222

formulates the search query, the search module 222 may access a web page addressed at

the virtual location and examine the web page to discover additional information related to

the image. The search module 222 may then incorporate any discovered information into

the search query to obtain a query that is more desirable to the intent of the user 102. For

example, the web page addressed at the virtual address may be a web page describing a

movie actor. The search module 222 may determine that the user 102 is actually

interested in obtaining more information about this movie actor. The search module 222

may obtain information of this movie actor such as his/her name, movie(s) in which he

appeared, etc., from the web page, and formulate a search query based on this obtained

information and/or the extracted visual features of the one or more selected segments. The

search module 222 may then obtain search results using this search query.

[0077] In another embodiment, the gesture-based visual search system 106 may

further include other program data 232 storing log data associated with the client device

108. The log data may include, but is not limited to, log information associated with

image(s) segmented, segments of the image(s) selected by the user 102 through the client

device 108, search results returned to the client device 108 in response to receiving the

selected segments, etc. The gesture -based visual search system 106 may use this log data

or a predetermined time period of the log data to refine future search queries by the user

102.

[0078] In some embodiments, prior to sending the image to the gesture-based visual

search system 106, the client device 108 may receive an indication of an object of interest



in the image shown on the screen of the client device 108. The user may indicate this

object of interest in the image by drawing a line or a bounding shape to bound or

substantially bound the object of interest. By way of example and not limitation, the user

may draw a circle, a rectangle or any freeform shape to bound or substantially bound the

object of interest. In response to receiving this indication, the client device 108 may select

the image along with the indication of the object of interest to the gesture-based visual

search system 106. Upon obtaining the image and the indication of the object of interest,

the gesture-based visual search system 106 may apply image segmentation to an area of

the image that corresponds to the indication (i.e., the bounding shape) of the object of

interest or an area of the image that is larger than the indication of the object of interest by

a predetermined percentage (e.g., 5%, 10%, etc.) without segmenting the rest of the image.

This therefore may reduce the time and resource for the image segmentation done by the

gesture-based visual search system 106.

[0079] In one embodiment, upon obtaining the search results based on the formulated

query, the gesture-based visual search system 106 may further re-rank or filter the search

results based on the contextual information associated with the image. By way of example

and not limitation, the contextual information associated with the image may include

location information (e.g., information of a location where the image is captured, or

information of a location where the user 102 is interested in), and time information (e.g., a

time of day, a date, etc.). For example, the user 102 may visit a city and may want to find

a restaurant serving a particular type of dish at that city. The user 102 may provide his/her

location information by providing the name of the city to the client device 108, for

example. Alternatively, the user 102 may turn on a GPS system of the client device 108

and allow the client device 108 to locate his/her current location. The client device 108

may then send this location information to the gesture -based visual search system together

with other information (such as an image, a type of an object of interest, etc.) as described

in the foregoing embodiments. Upon obtaining search results for the user 102, the

gesture -based visual search system 106 may re-rank the search results based on the

location information, e.g., ranking the search results according to associated distances

from the location indicated in the location information. Additionally or alternatively, the

gesture-based visual search system 106 may filter the search results and return only those

search results having associated location within a predetermined distance from the location

indicated in the received location information.



Exemplary methods

[0080] FIG 4 is a flow chart depicting an example method 400 of gesture-based visual

search. The method of FIG. 4 may, but need not, be implemented in the environment of

FIG. 1 and using the system of FIG. 2 . For ease of explanation, method 400 is described

with reference to FIGS. 1 and 2 . However, the method 400 may alternatively be

implemented in other environments and/or using other systems.

[0081] Method 400 is described in the general context of computer-executable

instructions. Generally, computer-executable instructions can include routines, programs,

objects, components, data structures, procedures, modules, functions, and the like that

perform particular functions or implement particular abstract data types. The methods can

also be practiced in a distributed computing environment where functions are performed

by remote processing devices that are linked through a communication network. In a

distributed computing environment, computer-executable instructions may be located in

local and/or remote computer storage media, including memory storage devices.

[0082] The exemplary methods are illustrated as a collection of blocks in a logical

flow graph representing a sequence of operations that can be implemented in hardware,

software, firmware, or a combination thereof. The order in which the methods are

described is not intended to be construed as a limitation, and any number of the described

method blocks can be combined in any order to implement the method, or alternate

methods. Additionally, individual blocks may be omitted from the method without

departing from the spirit and scope of the subject matter described herein. In the context

of software, the blocks represent computer instructions that, when executed by one or

more processors, perform the recited operations.

[0083] Referring back to FIG. 4, at block 402, the client device 108 obtains an image.

By way of example and not limitation, the client device 108 may obtain an image by

capturing the image through a camera of the client device 108, selecting the image from a

photo application of the client device 108; or selecting the image from media (e.g., web

pages, videos , images, eBooks, documents, slide shows, etc.) stored on or accessible to

the client device.

[0084] At block 404, the client device 108 presents the image to the user 102. In an

alternative embodiment, block 404 may be optionally omitted. For example, the client

device 108 may present the image to the user 102 only after the client device 108 or the

gesture -based visual search system 106 has segmented the image into a plurality of

segments.



[0085] At block 406, the client device 108 provides the image or information of the

image to the gesture-based visual search system 106. In one embodiment, the client

device 108 may send the actual image to the gesture -based visual search system 106.

Additionally or alternatively, the client device 18 may a link at which the image can be

found or located to the gesture -based visual search system 106. The client device 108 may

send the image or the information of the image to the gesture-based visual search system

106 automatically or upon request from the user 102. In some embodiments, the client

device 108 may further send contextual information such as type information of an object

of interest shown in the image to the gesture-based visual search system 106.

[0086] At block 408, in response to receiving the image and possibly the contextual

information associated with the image, the gesture-based visual search system 106

segments the image into a plurality of segments. In one embodiment, the gesture-based

visual search system 106 may segment the image based on a JSEG segmentation method.

Additionally or alternatively, the gesture-based visual search system 106 may segment the

image based on the received contextual information associated with the image.

[0087] At block 410, the gesture-based visual search system 106 returns the

segmented image (i.e., the plurality of segments) to the client device 108.

[0088] At block 412, the client device 108 displays the segmented image to the user

102.

[0089] At block 414, the client device 108 receives an indication of selecting one or

more segments by the user 102. For example, the user 102 may tap on one or more

segments of the plurality of segments to indicate his/her selection.

[0090] At block 416, in response to receiving the indication of selecting the one or

more segments by the user 102, the client device 108 sends information of the one or more

selected segments to the gesture-based visual search system 106. In one embodiment, the

client device 108 may send the actual one or more selected segments to the gesture-based

visual search system 106. In another embodiment, the client device 108 may send

coordinates of the one or more selected segments with respect to a position of the image

(e.g., a top left corner of the image) to the gesture -based visual search system 106.

[0091] At block 418, in response to receiving the information of the one or more

selected segments from the client device 108, the gesture -based visual search system 106

formulates a search query based on the one or more selected segments. In one

embodiment, the gesture -based visual search system 106 may extract visual features of the

one or more selected segments and formulate a search query based on the extracted visual



features. Additionally or alternatively, the gesture-based visual search system 106 may

perform object character recognition (OCR) on the one or more selected segments to

recognize a text shown in the one or more selected segments. The gesture-based visual

search system 106 may then formulate a search query based on the recognized text in

addition to or alternative of the extracted visual features of the one or more selected

segments.

[0092] At block 420, upon formulating the search query, the gesture-based visual

search system 106 performs a search (e.g., an image search, a text search or a combination

thereof) based on the search query to obtain search results.

[0093] At block 422, the gesture-based visual search system 106 returns the search

results to the client device 108.

[0094] At block 424, the client device 108 displays the search results to the user 102.

The user 102 may then be allowed to browse the search results or instantiate another

search by selecting a text, an image, or a segment of the text or the image displayed on the

client device 108.

[0095] Although the above acts are described to be performed by either the client

device 108 or the gesture-based visual search system 106, one or more acts that are

performed by the gesture-based visual search system 106 may be performed by the client

device 108, and vice versa. For example, rather than sending the image to the gesture-

based visual search system 106 for image segmentation, the client device 108 may

segment the image on its own.

[0096] Furthermore, the client device 108 and the gesture-based visual search system

106 may cooperate to complete an act that is described to be performed by one of the

client device 108 and the gesture-based visual search system 106. By way of example and

not limitation, the client device 108 may perform a preliminary image segmentation for an

image (e.g., in response to a selection of a portion of the image by the user 102), and send

the segmented portion of the image to the gesture -based visual search system 106 for

further or finer image segmentation.

[0097] Any of the acts of any of the methods described herein may be implemented at

least partially by a processor or other electronic device based on instructions stored on one

or more computer-readable media. By way of example and not limitation, any of the acts

of any of the methods described herein may be implemented under control of one or more

processors configured with executable instructions that may be stored on one or more

computer-readable media such as one or more computer storage media.



Conclusion

[0098] Although the invention has been described in language specific to structural

features and/or methodological acts, it is to be understood that the invention is not

necessarily limited to the specific features or acts described. Rather, the specific features

and acts are disclosed as exemplary forms of implementing the invention.



WHAT IS CLAIMED IS:

1. A system comprising:

one or more processors;

memory, communicatively coupled to the one or more processors, storing

instructions that, when executed by the one or more processors, configure the one or more

processors to perform acts comprising:

receiving an image from a client;

segmenting the image into a plurality of segments;

sending at least a portion of the segmented image to the client;

receiving, from the client, one or more selected segments of the plurality of

segments; and

in response to receiving the one or more selected segments from the client,

formulating a query based on the one or more selected segments.

2 . The system as recited in claim 1, wherein the acts further comprising:

receiving contextual information of the image; and/or

receiving type information of an object of interest in the image from the client.

3 . The system as recited in any one of the preceding claims, wherein

formulating the query comprises:

recognizing an object in the one or more selected segments, formulating the query

based on the recognized object in the one or more selected segment;

extracting features from the one or more selected segments, determining visual

words from a vocabulary tree based on the extracted features, and formulating the query

based on the determined visual words; and/or

recognizing a text in the one or more selected segments, and formulating the query

based on the recognized text.

4 . The system as recited in any one of the preceding claims, wherein

segmenting the image comprises:

segmenting the image based on color of the image; and/or

segmenting the image based on type information of an object of interest in the

image that is received from the client, wherein segmenting the image based on the

received type information comprises:

recognizing one or more objects having a type in accordance with the

received type information from the image;

segmenting the one or more objects from the image; and



rendering the one or more objects as the plurality of segments.

5. A method comprising:

under control of one or more processors configured with executable instructions:

displaying an image on a display of a client device, the image including a plurality

of segments;

receiving a selection gesture to select one or more segments from the plurality of

segments;

instantiating a search query based on the one or more selected segments.

6 . The method as recited in claim 5, further comprising receiving contextual

information of the image, wherein instantiating the search query is further based on the

contextual information of the image.

7 . The method as recited in any one of the preceding claims, further

comprising:

sending the search query to a search engine; and

receiving search results from the search engine.

8. The method as recited in any one of the preceding claims, further

comprising, prior to displaying the image:

segmenting, at the client device, the image into the plurality of segments;

providing the image to a gesture-based visual search system for segmentation, and

receiving the plurality of segments of the image from the gesture-based visual search

system; and/or

obtaining the image by:

capturing the image through a camera of the client device;

selecting the image from a photo application of the client device; or

selecting the image from media stored on or accessible to the client device.

9 . The method as recited in any one of the preceding claims, wherein

receiving the selection gesture comprises receiving one or more touch inputs to a user

interface of the client device, the one or more touch inputs corresponding to the one or

more selected segments, or receiving a bounding gesture that bounds or substantially

bounds the one or more selected segments.

10. One or more computer-readable media configured with computer-executable

instructions that, when executed by one or more processors, configure the one or more

processors to perform acts comprising:



receiving an image and contextual information associated with the image from a

client;

segmenting the image into a plurality of segments based on the contextual

information associated with the image;

returning the segmented image in a form of the plurality of segments to the client;

receiving a selection of one or more segments of the plurality of segments from the

client;

formulating a search query based on the one or more selected segments and the

contextual information associated with the image;

performing a search using the search query to obtain search results;

and

returning the search results to the client.
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