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(57) Abstract: Methods, systems, and apparatus for recognizing objects and providing content related to the recognized objects are
described. In one aspect, a method includes capturing, by a user device, first image data of a first image displayed in a viewfinder of a
camera on the user device. An application operating on the user device sends the first image data to a server. The application receives,
from the server, data corresponding to object(s) depicted by the first image. The data includes, for each object, content related to the
object and a location within the first image to present the content. After receiving the data, subsequent image data of a subsequent image
displayed in the viewfinder is captured. The application determines, for each object within the viewfinder of the camera for which data
was received, a subsequent location of the object based on the location in the data received from the server.
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PROVIDING CONTENT RELATED TO OBJECTS DETECTED IN IMAGES

BACKGROUND

[0001] Computer visual analysis fechnigues can be used {o detect and recognize
cbiects in images. For example, optical character recognition (OCR) techniques can be
used {o recognize text in images and edge detection technigues can be used o detect
objects (e.g., products, landmarks, animals, etc.) in images. Conient related io the
detected objects can be provided o a user, €.¢., a user that captured the image in

which the object is detected.

SUMMARY

[008027 This specification describes technologies relating to presenting content related

to objects recognized in images.

1008031 In general, one innovative aspect of the subject matier described in this
specification can be embodiad in a method performed by one or more data processing
apparatus of g user device, the method including capturing, by the user device, first
image data of a first image displayed in a viewfinder of a camera on the user device.
The first image can be displayed by an application operating on the user device. The
application can send the first image data to a server sysiem that is external {o the user
device. The application can receive, from the server sysiem, data corresponding to one
or more objecis depicted by the first image. The data can include, for each object,
content related to the object and a location within the first image to present the content
on the viewfinder. After receiving the data corresponding to the one or more objects
depicted by the first image, subsequent image data of a subsequent image displayved in
the viewfinder on the user device can be captured. The subsequent image data can be
different from the first image data. The application can determine, for each ohject within
the viewfinder of a camera for which data was received from the server, a subseguent
location based on the location provided by the data received from the server system.
The subsegquent location can be different from the location provided by the data
received from the server system and corresponds to the object. For each object within
the viewfinder of the camera for which data was received from the server and for which
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a corresponding subseguent location was determined, content related {0 the object can
be presented in the viewfinder. Other implementations of this aspect include
corresponding apparatus, systems, and computer programs, configured o perform the

actions of the methods, encoded on computer storage devices.

(00047 These and other implementations can each optionally include one or more of
the following features. In some aspects, sending the first image data to a server system
that is external {o the user device can include detecting, by the user device, the
presence of one or more objects in the image data. Sending the firstimage datatoc a
server system that is external to the user device can be based upon the detecling.

[0005] In some aspects, detecting the presence of one or more objects in the image
data can include processing the image dala using a coarse classifier. Sending the first
image data can include selecting image datia of the first image data in which the
presence of one or more objects is determined and transmitting the selected image

data.

(00061 In some aspects, the application can include an application programming
interface (API) that determines the subsequent location for each object in the viewfinder
for which data was received from the server and causes the application to preseni the
content for each object in the viewfinder. The AP can include an on-device iracker that
tracks location of objects depicted in the viewfinder of the camaera.

(00071 In some aspects, the AP is configured to obtain, from the user device, context
data indicative of a context in which the first image was caplured. The context data can
inciude at least one of a geographic location of the client device at the time the image
was caplured or data identifying the application. The server can select the content for
each of the one or more objects based on the context data. The server system can use
the context data to disambiguate, for al least one object depiclted by the image, between

muitiple potential objects that match the at least one object.

(00081 In some aspects, the server system determines, for a given object depicted by
the first image, a category of the object. In response {0 determining the category of the
object, at least a portion of the first image that depicts the given object can be sentto a

content provider that recognizes objects of the determined category and that provides
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content related to objects of the determined category. The content provider can provide
content related to the given object. The content for the given object can be inciuded in
the data corresponding to one or more obiects depicted by the first image provided to

the application.

(00091 Some aspects can include presenting, by the application, an interface conirol
for a second application that presents content related to objects depicted in images.
The application can delect user interaction with the interface control and, in response,
cause the user device to launch the second application, capture additional image dala
of an additional image displaved in a viewfinder of a camera, and provide the additional
image data to the second application. The second applicaiion can obtain content
related {0 one or more objects depicted by the additional image and present the
additional image and the conient relaied o the one or more objects depicted by the

additional image.

(00101 In some aspects, the data corresponding to one or more objects depicted by
the first image is generated by an object recognizer. The object recognizer can include
a machine learming model to recognize objects in image data received from the mobile

davice.

00111 The subject matter described in this specification can be implemenied in
particular embodiments s0 as to realize one or more of the following advanitages.
Content related to objects recognized in images can be syndicated in various
applications that do not have the capability {0 recognize objects and/or identify content
related to the recognized objects, allowing such applications to provide content that may
be helpful to users and/or allow users to access content that the user may otherwise not
be able {0 access. Code of an application that presents content related to objects in
images can be implemented in anocther application to control processes for determining
when (o present content, requesting {(or selecting content), and/or presenting the
content such that the content is presented at appropriate times and in appropriate ways.
Special purpose application programming interfaces (ARIs) enable the applications {o

send images and context data to another system that recognizes the objects and
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provides content and data specifying where in the image to present the content to the

application.

(00121 Various features and advantages of the foregoing subject matter are described
below with respect to the figures. Additional features and advantages are apparent

from the subject matter described herein and the claims.

BRIEF DESCRIFTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram of an example environment in which a mobile device

presents content related to objects recognized in images.

[0014] FIG. 2 depicts a sequence of example screen shots of user interfaces that

present content related to objects recognized in an image.

[0015] FIG. 3 depicts another sequence of example screen shots of a user interfaces

that present an image.

[0016] FIG. 4 is a flow chart of an example process for presenting content related to

objects recognized in an image.

(00171 FIG. 5 is a flow chart of an example process for selecting content related to an
object recognized in an image received from an application and providing content for

presentation by the application.

[0018] FIG. 6 is a flow chart of an example process for launching an application o
present content related {0 an object recognized in an image captured by a different

application.

[0019] FIG. 7 is a flow chart of an example process for obtaining content related to an

object recognized in an image and presenting the content.

(00207 Like reference numbers and designations in the various drawings indicate like

elements.
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DETAILED DESCRIPTION

00211 In general, systems and technigues described herein can recognize objects in
images and present content related to the objects. A system (e.g., application and/or
server of a content distribution sysiem) can recognize objecis in images captured by an
application, .4., an image capturing application, and select content related to the
objects. The system can provide the content for presentation by the image capturing
application. For example, the image capturing application can include a special
purpose application programming interface (AP1) configured to send images caplured
from a viewfinder of a camera, and optionally context data for the image, to the system.
The context data can include geographic location data, e.q., that specifies a location of
a mobile device or the location at which an image was capiured, an identifier for the

application, time of day, etc.

[00227 The system can recognize objects in the images and select content based on
the objects and/or the context data. The system can then provide the content to the
image capturing application, e.g., with instruction data instructing the image capturing
application where in the image to present the content. The image capturing application
can present the content in the image and/or a viewfinder from which the image was
captured. The API of the application can determine a current location of the objects in
the viewfinder and present the content for the objects in at or near the ohjects in the

viewfinder, or al another location specified by the instruction data.

(06231 In some implementations, the sysiem that recognizes objects in images and
provides content for the objects is operated by a different entity than an entity that
distributes the application, e.g., the entities can be different organizations that develop
and distribute different applications. The entity that operates the system can provide
the API o other entities for integration in their applications so that the applicaiions can
request, from the system, content related 1o objects depicted in images captured by the

applications.
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(00247 In another example, the application can include a user interface control that,
when interacted with, causes a mobile device on which the application is installed to
launch another application, e.g., an image content application, and causes the
application {0 provide an image (e.g., an image being presented by the application) to
the image content application. The image content application can then recognize
objects in the image, select content related {o the recognized objects {or send the image
o another system that recognizes the object andfor selects the content), and present
the selected conteni. The application can also provide, o the image content
application, coniext data that can be used by the application {or other system) to select
the content that is presented.

(006251 The system, or image content application, can also request content from other
entilies, e.g., other content providers that can recognize objects in images and provide
content related o the recognized objects. For example, the system can recognize g
type of object in an image (2.g., that the image includes a bottle of wine). However, the
sysiem may not be able to recognize the actual object {e.q., the brand or type of wine)
or have access to details about the object. The system can provide the image (or the
portion that includes the object of interest) to the content provider with a request for
content related {o {e.q., information about) the object. The content provider can provide
the content to the system and the sysiem can cause the content to be presented by the

image capturing application or the image content application.

[60268] FIG. 1 is a block diagram of an exampie environment 100 in which a mobile
device 110 presents content related {o objects recognized in images. The maobile
device 110 is an electronic device that is capable of requesting and receiving resources
over a data communication network 140, such as a local area network (LAN), a wide
area network (WAN), the internet, a mobile network, or a combination thereof. Example
mobile devices 110 include smariphones, tablet computers, and wearable devices (e.g.,

smart waiches). The environment 100 can include many mobile devices 110,

(00277 The mobile device 110 can include applications, e.¢., native applications
developed for a particuiar platform. For example, the mobile device 110 includes an

image contert application 114 and an image capturing application 120. This image

6
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content application 114 may be developed and distributed by an entity {e.g., an
organization) that operates a content distribution system 150 that provides conient
related to images. In some implementations, the image capturing application 120 may
be developed and distribuled by a different entity that is unaffilialed with the entity that
operates the content distribution system 150, For example, the image capturing
application 120 can be an application that presents images and the entily that develops
and distributes the image capturing application 120 may want to present content
provided by the content distribution system 150 with the images. In some
impiementations, the maobile device 110 may include only one of the two applications
114 and 120, For example, as described below, the mobile device 110 may notinclude
the image content application 114. In some implementations, the image content
application 114 and the image capturing application 120 can be developed and/or
distributed by the same entily.

(00281 In general, the image content application 114 can present content related to
objects depicted in images. The image content application 114 can control a camera
111 of the mobile device 110 to caplure images or present a viewfinder of the camera
111, For example, the image content application 114 may be a dedicated application
for controlling the camera 111, a camera-first application that controls the camera 111
for use with other features of the application 114, or ancther type of application that can
access and control the camera 111, The image content application 114 can present the
viewfinder of the camera 111 in user interfaces 119 of the camera application 114.

(00291 In general the image content application 114 enables a user to view conient
(e.g., information or user experiences) related to objects depicied in the viewfinder of
the camera 111 and/or view cortent related to objects depicted in images stored on the
moebile device 110 or stored at another location accessiblie by the mobile device 110,
The viewfinder is a portion of the mobile device's display that presents g live image of
the scene that is in the field of the view of the camera's lens. As the user moves the
camera 111 {e.g., by moving the mobile device 110), the viewfinder is updated to

present the current field of view of the lens.
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(00301 The image content application 114 includes an object detector 115, a user
interface generator 116, an APl 117, and an on-device tracker 118. The object detector
115 can detect objects in the viewfinder using edge detection and/or other object
detection techniques. In some implementations, the object detector 115 includes a
coarse classifier that determines whether an image includes an object in one or more
particular classes (e.g., categories) of objects. For example, the coarse classifier may
detect that an image includes an object of a particular class, with or without recognizing

the actual object.

(00311 The coarse classifier can detect the presence of a class of objects based on
whether or not the image includes (e.g., depicts) one or more features that are
indicative of the class of objects. The coarse classifier can include a light-weight model
to perform a low computational analysis {0 detect the presence of objecis within its
class(es) of objects. For example, the coarse classifier can detect, for each class of
objects, a limiled set of visual features depicted in the image o determine whether the
image incudes an object that falls within the class of objects. In a particular example,
the coarse classifier can defect whether an image depicts an object that is classified in
one or more of the following classes: {ext, barcode, landmark, media object (e.q., album
cover, movie poster, efc.), or artwork object (e.q., painting, sculpture, etc.). For
barcodes, the coarse classifier can determine whether the image includes parallel ines
with different widths.

(00321 In some implementations, the coarse classifier uses a frained machine leaming
model {e.q., a convolutional neural network) to determine whether images includes
objects in one or more classes based on visual features of the images. For example,
the machine learning model can be trained using labeled images that are labeled with
their respective class{es) of objects. The machine learning model can be trained {o
classify images into zero or more of a particular set of clagses of objects. The machine
learning model can receive, as inpuis, data related {o the visual features of an image
and output a classification into zere or more of the classes of objects in the particular

set of classes of objects.
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(00331 The coarse classifier can output data specifying whether a class of object has
been detected in the image. The coarse classifier can also output a confidence value
that indicates the confidence that the presence of g class of object has been detected in
the image and/or a confidence value that indicates the confidence that an actual object,
&.g., the Eiffel Tower, is depicted in the image. The object deiector may therefore
perform initial processing on a mobile device {0 determine whether an object is
represented in image data. If it is determined that an object is represented in the image
data, image data may be transmitted to a server for further processing. Use of
bandwidth for transmitting of image data may therefore be restricted by use of a light-
weight classifier, with only image data determined by the light-weight classifier being

fransmitted for further processing.

[0034] The object detecior 115 can receive image data representing the field of view
of the camera 111, e.g., what is being presented in the viewfinder, and detect the
presence of one or more objects in the image data. if at least one object is detecled in
the image data, the image content application 114 can provide {e.g., transmit} the image
data to a content distribution system 150 over the network 140, As described below,
the content distribution system 150 can recognize objects in the image data and provide

content related {o the objects {o the mobile device 110.

(003581 The image content application 114 can receive the content from the content
distribution system 1560 and present the content in a user interface 119 generated by the
user interface generator 116. In some implementations, the user interface generator
116 generates a user interface that presents the image represented by the image data
and the content received from the content distribution system 150 for the image. For
gxampie, the user interface generator 116 can generate a user interface that presents
content selected for a particular object depicted in the image adjacent to the object in
the image. The content can be presented in an overlay adjacent to {or within a
threshold number of pixels of} the object. In ancther example, the content can be

presented below or adjacent to the image.

[08361 The user interface generator 116 can also generate and update user interfaces

that present the viewfinder of the camera 111 and the content received from the content
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distribution system 150. In this example, the user interface generator 116 can present
content selected for a particular object near the object in the live image of the
viewfinder. For example, the user may move the mobile device 110 such that the
location of the object in the viewfinder changes over time (and may even leave the field
of view of the camera 111). The user interface generator 116 can interact with the on-
device tracker 118 to track the location of objects in the viewfinder.

(00371 The on-device tracker 118 can track the movement of objects detecied by the
object detector 115 across mulliple images. For example, the obiect detector 115 can
output data specifying the location (e.q., pixel coordinates) of an object detected in an
image. The pixel coordinates can include coordinates for multiple locations along the
perimeter of the object, e.¢., 1o outline the object. The on-device tracker 118 can then
monitor the movement of the object based on the movement of the visual content
depicted by the pixels at that location (e.g., within the pixel coordinates) across

subsequent images.

[00638] To track the movement of the object, the on-device tracker 118 can analyze
each subsequent image to identify the location of the visual content presented in the
pixel coordinates of the first image in which the object was detecled, similar to the way
the on-device tfracker 118 tracks the movement of individual pixels and groups of pixels.
For example, the on-device tracker 118 can determine the visual characteristics of each
pixel within the pixel coordinates for the object in the first image and the relative
orientation of the pixels {e.qg., distance and direction between pairs of pixels). In each
subsequent image, the on-device tracker 118 can attempt {o identify pixels having the
same (or similar) visual characteristics and the same (or similar) orientation. For
gxampie, the orientation of an object within the viewfinder may change based on a
change in orientation of the mobile device 110, a change in orientation of the object,
and/or a change in distance between the mobile device 110 and the object. Thus, the
on-device tracker 118 may determine that a group of pixels in a subsequent image
matches the object if the distance between each pair of pixels is within a threshold of

the distance between the pair of pixels in previous images.

10
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(00391 In another example, the on-device tracker 118 can determine that a group of
pixels in a subseguent image matches the object if the group of pixels has the same (or
similar) shape and visual characteristics (e.g., color and intensity) irrespective of
orientation or size. For example, the user may rotate the mobile device 110 or move
closer to the object in an attempt to capture a better image of the object. In this
example, the size and orientation of the object may change within the viewfinder, but

the shape and color should remain the same or similar.

[00407 In another example, the on-device tracker 118 can identify edges of the object
based on the pixel coordinates and track the movement of the edges from image to
image. If the mobile device 110 is substantially stili, the edges will likely not move much
between successive images. Thus, the on-device tracker 118 caniocate the edge in a
subsequent image by analyzing the pixels near (e.g., within a threshold number of

pixels of) the edge in the previous image.

(00411 The content distribution system 150 includes one or more front-end servers
160 and one or more back-end servers 170. The froni-end servers 160 can receive
image data from mobile devices, e.q., the mobile device 110. The front-end servers 160
can provide the image data {0 the back-end servers 170. The back-end servers 170
can identify {&.¢., select) content related to objects recognized in the image data and
provide the content {o the front-end servers 160, In turn, the front-end servers 160 can

provide the content to the mobile device 110 from which the image data was received.

(00421 The back-end servers 170 include an object recognizer 172 and a content
selector 174. The object recognizer 172 can process image data received from mohile
devices and recognize objects, if any, in the image data. The object recognizer 172 can
use computer vision and/or other object recognition techniques (e.g., edge malching,
pattern recognition, greyscale matching, gradient maiching, efc.) o recognize objects in

image data.

(08431 In some implementations, the object recognizer 172 uses a trained machine
learning model (e.qg., a convoiutional neural network) {0 recognize objects in image data
received from the mobile devices. For example, the machine learning model can be

trained using labeled images that are iabeled with their respective objects. The

11
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machine iearning model can be trained to recognize and cutput data identifying objects
depicted in images represented by the image data. The machine learning model can
receive, as inputs, data related to the visual fealures of an image and output data
identifying objects depicted in the image. The object recognizer 172 may therefore
perform procassing that is computationally more expensive than the processing
performed by the obhject detector 115.

(00441 The object recognizer 172 can also cutput a confidence value that indicates the
confidence that the image depicts the recognized object. For example, the object
recognizer 172 can delermine a confidence level for each object recognized in the
image based on a level of maich between features of the object and the features of the

image.

(004581 In some implementations, the object recognizer 172 includes multiple object
recognizer moduies, e.g., one for each class of objects that recognizes objects iniis
respective class. For example, the object recognizer 172 can include a text recognizer
module that recognizes text (e.9., recognizes characters, words, elc) in image data, a
barcode recognizer module that recognizes {e.q., decodes) barcodes {including QR
codes) in image data, a landmarks recognizer module that recognizes landmarks in
image data, andfor other object recognizer modules that recognize a particular class of

objects.

[0046] In some implementations, the image content application 114 provides, with the
image data for an image, data specifying the location {e.g., pixel coordinates) within the
image where a particular object or class of object was detected or selected by a user
(e.g., a tap target). This can increase the speed at which objects are recognized by
enabling the object recognizer 172 to focus on the image data for that location and/or by
enabling the object recognizer 172 to use the appropriate object recognizer module
(e.g., only the one for the cdlass of object specified by the dala received from the image
content appiication 116) to recognize the objeci{s} in the image data. This also reduces
the amount of computational resources that would be used by the other object

recognition modules.
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(00471 The content selector 174 can select content to provide 1o the image content
application 114 for each object recognized in the image data. The content can inciude
information related o the object (e.g., text that includes the name of the object and/or
facts about the object), visual treatments (e.g., other images or videos of the object or of
related objects), links to resources related {0 the object (e.g., links 1o web pages or
application pages at which the user can purchase the object or view additional
information about the object), or experiences related {o the object (augmented reality
video, playing music in response {0 recognizing a singer or poster of a singer), and/or
other appropriaie content. For example, if the object is a barcode, the selected content
may include a text-based caption that includes the name of the product that
corresponds o the barcode and information about the product, a link to a web page or
application page at which the user can purchase the product, and/or an image of the

product.

(00481 The content selector 174 can also select visual treatments that present texd
related {0 a recognized object. The visual frealments can be in the form of a text
caption that can be presented at the object in the viewfinder. The text included in the
captions can be based on a ranking of facts about the object, e.g., more popular facts
may be ranked higher. The content selector 174 can select one or more of the captions

for a recognized object to provide to the mobile device 110 based on the ranking.

(00491 The content selector 174 can select the text for a caption based on the level of
confidence output by the object recognizer 172, For example, if the level of confidence
is high {e.g., greater than a threshold), the {ext can include a popular fact about the
object or the name of the object. If the level of confidence is low {e.g., iess than a
threshold), the text can indicate that the object might be what the object recognizer 172

detected (e.g. "this might be a golden relriever”).

[00507 The content selector 174 can also select interactive controls based on the
object{s} recognized in the image. For example, if the object recognizer 172 detects a
phone number in the image, the content selector 174 can select g click-to-call user
interface control (e.qg., icon) that, when interacted with, causes the mobile device 110 {0

call the recognized phone number.

13
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(00511 The conteni can be stored in a content data storage unit 178, which can
inciude hard drives, flash memory, fast access memory, or other data storage devices.
in some implementations, the content data storage unit 178 includes an index that
specifies, for each object and/or type of object, content that can be provided for the
object or type of object. The index can increase the speed at which content is selected

for an object or type of object.

(00521 After the content is selected, the content can be provided to the mobile device
110 from which the image data was received, stored in a content cache 178 of the
content distribution system 150, and/or stored af the top of a memory stack of the front-
end servers 160. In this way, the content can be quickly presentad to the user in
response to the user requesting the content. If the content is provided {o the mobile
device 110, the image content application 114 can store the content in a local cache or
other fast access memory of the mobile device 110, For example, the image content
application 114 can store the content for an object with a reference to the object so that
the image content application 114 can identify the appropriate content for the object in

response to determining o present the content for the object.

(006531 In some implementations, the image capturing application 120 can invoke the
image content application 114 to present content related {o an image provided by the
image capturing application 120. The APl 117 of the image content application 114
defines methods and protocols that allow the image capturing application 120 to
communicate with the image content application 114 using AP{ calls. The image
capiuring application 120 can include a corresponding API APLA 123, The APRIs 117
and 123 can be special purpose APIs that define what data can be sent between the
two applications 114 and 120. For example, the APIs can specify a particular set of

data fields that can be populated with data and included in the API calls.

[0054] The image content application 114 and/or the image capturing application 130
can also store content and other data securely, e.g., using encryption, o prevent other
applications from altering the data or pretending to be the image content application 114

or the image capturing application 120. For example, one of the APIs of the image
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capturing application 120, .¢., one provided by the content distribution system 150, can

provide these security features.

(005851 The image content application 114 and/or the content distribution system 150
can include security features that control what applications can iaunch or otherwise
make API calis fo the image content application 114 or to the content distribution
system 150. For example, the image content application 114 can include a whitelist of
package names for applications that are eligible to connect to the image content
application 114, e.g., as a client of the image content application 114, VWhen the image
content application 114 receives an API call or request {0 connect to or launch the
image content application 114, the image content application 114 can compare, to the
whitelist, the package name for the application that sent the API call or reguest. if the
package name matches a package name in the whitelist, the image content application
114 can allow the application to connect and make API calls to the image content
application 114. I not, the image content application 114 can block the application from
making AP calls o the image content application 114. The front-end servers 160 of the

content distribution 150 can handle requests and/or AP cails in a similar manner.

[00656] The image content application 114 and/or the content distribution system 140
can also perform signature checks for applications that attempt to access or launch the
image content application 114 or that attempt to access the content distribution system
180. For example, sach application that is eligible to access the image content
application 114 or the content distribution system 150 may have {o be signed by an
entity that develops the image content application 114 or ancther entity that verifies the
authenticity of applications. When an application attempis to access or launch the
image contert application 114, the image content application 114 can compare a digital
signature of the application {o the digital signature generated by the entity that develops
the image content application 114, if the signatures malch, the application is the same
application that was signed by the entity and the image content application 114 can
gliow the application to connect and make AP calls to the image content application
114. If not, the application could be a fraudulent application and the image content
application 114 can block the application from making API calls to the image conient

application 114. In some implementations, the application may be required to provide
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its signature with each API call {o the image content application 114. The front-end
servers 160 of the content distribution system 150 can handle requests and/or AR calls
in a similar manner. These securily fealures can prevent attacks on the image content

application and/or the content distribution system 150,

(005871 One example AP call that can be sent from the image capturing application
120 o the image content application 114 is a request to present content for an image
provided by the image capturing application 120. For example, the image capturing
application 120 may alsc be able to control the camera 111 to capture images. The
image capturing application 120 may also be an image storage application (e.g., a
gallery application). The image capturing application 120 can generate an AP| call that
inciudes an image and optlionally context data. The context data can inciude location
data (e.g., GPS coordinates of the mobile device 110), an identifier of the image
capturing application 120 generating the API call, a location of a tap target {e.q., pixel
coordinates within the image of a location in the image selected by a user), an identifier
for the user, the time and/or date when the image was capiured, and/or other

appropriate context data related to the image.

[0058] The image capturing application 120 includes a user interface generator 121
that generates user interfaces 125 that present images (and optionally content related
to the images as described below). In some implementations, the user interfaces 125
inciude an icon {(or other selectable user interface control) for the image content
application 114. For example, the user interface control can be presented when one or
more images are being presented by a user interface 125. The user interface control
can be for invoking the image content application 114 to present content related {0 an
image that is being presented by the image capturing application 120. VWhen the image
capturing application 120 detects g user interaction with {(e.g., selection of) the user
interface control, the image capturing application 120 can cause the image content
application 114 to launch if not already launched. The image capluring application 120
can also generate and send the AP call (with the image and optionally context data) to
the image content application 114, if the image capturing application 120 is presenting
a live image in a viewfinder, user interaction with the user interface control can cause
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the image capturing application 120 to capture a still image of the live image and

provide the image to the image content applicationt 14.

(00591 The user interface generator 116 of the image content application 114 can
generate a user interface that presents the image included in the APl call and content
related to one or more objects recognized in the image. For example, in response to
receiving the AR call, the object detector 115 of the image content application 114 can
determine whether the image depicts one or more objects and, if so, send the image o
the content distribution system 150. The image content application 114 can receive
content related o the objeci(s) from the content distribution system 150 and present the
corntent with the image in the user interface 119, In some implementations, the image
content application 114 can send the image to the content distribution system 150

without attempting to detect objecis in the image.

(00601 The image content application 114 can also send, 1o the content distribution
system 150, the context data received from the image capturing application 120. As
described below, the object recognizer 172 can use the contexi data {0 recognize
objects in the image and/or the content selector 174 can use the context data to select

content related to objects recognized in the image.

(06611 In some implementations, the image content application 114 includes the
object recognizer 172 (or a scaled down version of the object recognizer 172) and the
content selector 174 (or a scaled down version of the object recognizer 172). In this
exampie, the image content application 114 can recognize objects in the image
received from the image capluring application 120, select content for each object, and

present the content with the image.

[00621 If the image content application 114 is not instalied on the mobile device 110,
the image capturing application 120 can prompt the user to install the image content
application 114 in response to detecting user interaction with the user interface control.
For example, the image capturing application 120 can present a link to another
application {e.g., an application store) from which the image contert application can be

downloaded.
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(00631 Ancther AP call that can be sent from the image capturing application 120 to
the image content application 114 is a request {o present the user interface control. For
gxample, the image content application 114 may only present content for images under
certain circumstances or may only be capable of supporting certain images or context.
This AP call can include a reguest to present the user interface control and context
data, e.g., location data for the mobile device 110, an identifier of the image capturing
application 120 generating the API call, an identifier for the user, the time and/or date
when the image was captured, a language being presented by the image capturing
application 120, version of the image capturing application 120, capabilities or model of
the mobile device 110, and/or other appropriate context data. For example, the image
content application 114 may not support all languages and therefore may not allow the
user interface control to be presented within images that include text in unsupported
languages.

(00641 The image content application 114 can determine whether the user interface
control should be presented based on the context data. The image content application
114 can then generate an API call to the image capluring application 120 with data
specifying whether the user inferface control can be presented. if the data indicates
that the user interface control can be presented, the user interface generator 121 can

present the user interface control in the user inferface 125.

[0065] The image capturing application 120 also includes an on-device tracker 122.
The on-device tracker 122 can operate the same as, or similar to, the on-device fracker
118. In other examples, the mobile device 110 may include an on-device tracker that is
shared by the two applications 114 and 120. As described below, the on-device tracker
122 can be used to track the location of objects in a viewfinder of the camera 111
presented in user interfaces 125 generated by the user interface generator 121 s0 that
content received from the content distribution system 150 can be presented with the
objects in the viewfinder.

[0066] The image capturing application 120 also includes an API-B 124 that enables
the image capturing application 120 to transmit API calls with requests for content to the

front-end servers 160 of the content distribution system 150 and to receive content from
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the front-end servers 160. The front-end servers 180 include a special purpose API 162
for receiving API calls from the image capturing application 120. The AP 162 can
specify a particular set of data fields that can be populated with data and included in the
AP calis.

(00671 The data fields of an API call for a request for content generated by the image
capturing application 120 can include a field for an image data defining an image and
one or more fields for context data. The context data fields can include respective fields
for location data (e.g., GPS coordinates of the mobile device 110), an identifier of the
image capturing application 120 generating the API cali, a location of a tap target (e.qg.,
pixel coordinates within the image of g location in the image selected by a user), an
identifier for the user, a language for the user (e.g., the current language being used on
the mobile device 110), the time and/or date when the image was captured, an identifier
for a previous application used on the mobile device 110, previous images presented in
the viewfinder {e.g., images of the same objects at different angles), information
exiracted from the previous images (e.g., object tracking information, {ext identified in
the previous images, etc.), depth of view information, and/or other appropriate context
data related to the image or the mobile device 110. The API-B 124 can be implemented
such that there is no added latency or excessive RAM usage {o store content received

from the front-end servers 160 of the content distribution system 150,

(00681 The front-end servers 160 can transmit, {o the mobile device 110, content
related {0 objects recognized in the image using one or more AP calls. in some
implementations, the front-end servers 160 send a ranked list of content that is ranked
based on relatedness to the object, a confidence that the object in the image is the
recognized object, the image capturing application 120 that sent the image, and/or other
appropriate data.

00697 The front-end servers 1680 can also transmit, using one or more AR calls, data
specifying the location in the image where the content is {o be presented. For example,
the object recognizer 172 can determine the pixel coordinates of a recognized object
(andfor other objects) in the image. The content selector 174 can specify that certain

content should be presented near the recognized object and certain content can be
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presented adjacent to the image or elsewhere in the user interface 125. For content
that is to be presented near the object, the front-end servers 160 can send, to the image
capturing application 120, data specifying the pixel coordinates of the object in the
image. The front-end servers 160 can also send data specifying either the pixel
coordinates where the content should be presented, data specifying a maximum
number of pixels form the object the content should be presented, or data specifying

that the content should be presenied adjacent o the object.

[00701 If the image capturing application 120 is presenting the viewfinder of the
camera 111 in the user interface 125, the location of the object can move as the user
moves the mobile device 110. The image capturing application 120 can interact with
the on-device tracker 122 {0 determine the current location of the object and present the

cortent in the appropriate place near the object in the viewfinder.

06711 In some implementations, user interaction with conient provided by the content
distribution system 150 within the image capturing application 120 can cause the maobile
device 110 {0 open an application (e.g., the image content application 114 or ancther
application) of the entity that operates the content distribution system 150 and
distributes the image content application 114, For example, the content can include link
(e.g., deep links) to applications that present additional content related to the objects or

to the provided content.

(00721 In some implementations, the image capturing application 120 includes code or
files of the image content application 114 that the image capluring application 120 can
use to perform operations that would normally be performed by the image content
application 120, For example, the image capturing application 120 can include a library
of the image content application 114 and/or the API-B 124 can include code that
performs the operations. In this example, application developers can include the
functionality and/or ability to communicate with the content distribution system 150 by
downloading the library or API-B 124, including the library or API-B 124 in the
developer's application and/or configuring the functionality of the library or API-B 124 for

use with the application.
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(00731 The image capturing application 120 can use the library or API-B 124 o
determine when to send an image to the content distribution system 150, For example,
the library or API-B 124 can be used to implement the functions of the object recognizer
115 of the image content application 114, In this example, when the image capturing
application 120 is going to present an image in the user interface 125, the image
capluring application 120 can use the library or API-B 124 to determine whether the
image includes an object and, if s0, send the image and context data to the content

distribution system 150.

(006741 In another example, the image capturing application 120 can use the library {0
API-B 124 fo track objecis detecled in images and to present content related to the
objects near the objects. For example, the library or API-B 124 can implement the
functions of the on-device tracker 122. The image capluring application 120 can also
use the library or API-B 124 o determine where and how to present the content, e.g.,
using a set of rules. For example, the rules may specify that certain types of content
should be presented near the object and other types of content can be presented below

or adjacent {o the image.

(06751 In some implementations, the image content application 114 can perform some
pre-processing prior {o receiving a request (e.g., an API call) from the image capluring
application 120, For example, if the image content application 114 detects that the
image capturing application 120 is running or is depicting an image, .¢., when the icon
is being presented by the image capturing application 120. The image content
application 114 can start some services prior {o receiving an image from the image
capturing application 120. For example, the image content application 114 can initiate
its search services and/or initiate a new session prior to the user selecting the icon {o
launch the image content application 114. This can reduce latency in launching the
image contert application 114 and presenting the image and resuits by the image

content appiication 114,

[0076] Anocther way 1o reduce latency is for the image content application 114 and the
image capturing application 120 to share memory. For example, the applications can

use a shared memory approach to send images from the image capturing application
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120 to the image content application 114. In this way, the image content application
114 can receive an image from the image capturing application 120 aimost
instantaneocusly. For example, the image content application 114 can provide, with an

AP1 call, metadata that identifies the image or the memory location of the image.

(00771  In some implementations, the content distribution system 150 can request
content from one or more conient providers 180. Each content provider 180 can
provide content related to objects of g particular type or category. For example, one
content provider may specialize in recognizing wines based on images of wine botlies
and providing content (e.g., data identifying the wine, information about the wing,

images of the wine botlles, and so on) related to the recognized wines.

(006781 If the object recognizer 172 determines that an image includes a particular type
of object, but cannot recognize the actual object, the object recognizer 172 can send
(via the front-end servers 160) the image {o the appropriate content provider 180 with a
request for content related {0 the object. The content provider 180 can recognize the
obhject and provide conient related o the object {0 the front-end servers 160. In tum, the
front-end servers 160 can send the content o the image content application 114 or
image capturing application 120 that sent the image to the content distribution system
150.

(608791  In some implementations, the image content application 114 can request
content from the content providers 180 in a similar manner, e.¢., in implementations in
which the image content application 114 selects content related {o objects. In some
implementations, applications, e.g., native applications, provided by the content
providers 180 can recognize objects and provide data identifying the objects and/or
content related to the objects. Such appilication can be installed on the mobile device
110, In this example, the image content application 114 can request content from the
applications on the mobile device 110 rather than sending a request {0 remote servers
or the content providers 180, which can increase the speed at which content is

presented.

[0080] FIG. 2 depicts a sequence 210 of example screen shots 210 and 220 of a user

interface 211 that presents content related to objects recognized in an image 213. The
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example user interface 211 is generated and presented by a photo sharing application.
in the screen shot 210, the user interface 211 presents a viewfinder 212 of a camers
which includes 3 live image 213 of the scene in front of the camera. The user interface
211 also includes g content user interface control 214 for an image content application
and share user interface control 215 for sharing the image 213 {(e.g., within the photo
sharing application, using a messaging application, using a social networking

application, or using another appropriate application).

[00811 In this example, the photo sharing application can use a special purpose APl to
send the image 213 (e.g., a still image capiured from the viewfinder 212) to a content
distribution system, such as the content distribution system of FIG. 1. The photo
sharing application can include an on-device tracker, e.g., as part of the AP|, that tracks
the location of groups of pixels (or delected objecis) as they move within or in an out of
the viewfinder 212. While wailing for the content, the pholo sharing application can use

the on-device tracker to track the location of groups of pixels (or objects).

(006821 The pholo sharing application can receive, from the content distribution
system, content related {0 one or more objects recognized in the image 213 and data
specifying where the content is to be presented within the user interface 211. For
example, as shown in the screen shot 220, the user interface 211 has been updated {0
present a content element 223 that identifies a gray chair in the updated image 222 and
a content element 224 that identifies a gray couch in the updated image 222, In this
exampie, the content distribution system has recognized the gray chair and the gray

couch and selected caplions with text that identify the chair and couch.

(608831 The content elements 223 and 224 are presented over a portion of their
respective objects in the user interface. For example, the content distribution sysiem
can send data specifying the localion where each content element is {0 be presented in
the image 222. The data specifving the location can be at different levels of granularity.
For example, the location data may specify that the content element 223 is to be
presented within a threshold number of pixels of the gray chair. In another example, the
location data may specify that the content element 223 is to be presented over the top

of the gray chair or to one side of the gray chair.



WO 2020/113020 PCT/US2019/063632

[0084] FIG. 3 depicts ancther sequence 300 of example screen shots 310 and 320 of
a user interfaces 311 and 312 that present an image. The example user interface 311
is generated and presented by a photo sharing application. in the screen shot 310, he
user interface 311 presents an image 312 (e.g., a still image or live image of a
viewfinder), a content user interface control 314 for an image content application and a
share user interface control 315 for sharing the image 312.

(00851 VWhen the photo sharing application detects a user inferaction with (e.q.,
section of) the conient user interface control 314, the photo sharing application and
cause an image cortent application {(e.g., the image content application 114 of FIG. 1 to
faunch on the same mobile device as the photo sharing application Is execuiing. The
photo sharing application can also send the image 312 and context data {o the image

corient application, e.q., using one or more API calls.

(006861 As shown in the screen shot 320, the image content application can generaie a
user interface 321 that presents the image 312 and content elements 323-327 that
inciude content related to objects recognized in the image 312. For example, the image
corient application can receive the image 312 and context data from the photo sharing
application and provide the image 312 and context data o a content distribution system
(2.9., the content distribution system 150 of FIG. 1). The content distribution system
can recognize objects in the image 312 and select the content elements 323-327 or

their respective conient based on the objects and optionally the context data.

(608871  In this exampie, the content distribution system has recognized the gray chair
and the gray couch and selected a content element 323 that identifies the gray chair
and a content element 324 that identifies the gray couch. The content distribution
sysiem has aiso selected the content element 325 that indicates that the furniture in the
image 312 is sold by an Example Furniture Store, e.g., by determining that both the

gray chair and the gray couch are preducts sold by the Example Furniture Store.

(00887 The content distribution system has also provided content element 326 and
327 that include links {e.g., application deeplinks) {o shop for furniture or view similar
furniture, respectively. If the image content application detects user interaction with

(e.g., selection of) the content element 328, the image content application can cause a
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shopping application to launch and navigate to a page within the application where the
user can shop for furniture. If the image content application detecis user interaction
with {(e.g., selection of) the content element 327, the image content application can
cause another application (e.g., a web browser) {0 launch and show information or

content {e.q., images) of similar furniture.

[00891 In this exampie, the content distribution system may have provided data
specifying that the content elements 323 and 324 are to be presented near their
respective objects and that the content elemenis 325-327 are to be presented below or
adjacent to the image 312. In another example, the content distribution system can
provide data specifying which, if any, object each portion of content is related. The
content distribuiion system can also indicate that the content elemenis 325-327 are
related to multiple objects or {o the image 312 as a whole. The image content
application can then determine to present the content elements 323 and 324 that are
related to parlicular ohjects near the objects and {o preseni the content elements 325-
327 adjacent {o the image 312 or anocther appropriate location.

(00807 FIG. 4 is a flow chart of an example process 400 for presenting content related
to objects recognized in an image. Operations of the process 400 can be performed, for
example, by one or more data processing apparatus, such as a user device, e.g., the
mobile device 110 of FIG. 1. Operations of the process 400 can also be implemented as
instructions stored on a non-transitory computer readable medium. Execution of the
instructions cause one or more data processing apparatus to perform operations of the

process 400.

(00911 The user device captures first image data of a first image displayed in a
viewfinder of a camera on the user device (402). The first image can displayed by an
application operating on the user device. For example, the application can be present

the viewfinder of the camera in a user interface of the application.

(00921 The application sends the first image data to a server system that is external {o
the user device (404). For example, the application can send the first image data o a
server of a content distribution system that recognizes objects depicted in images and

provides content related to the objects for presentation by the application. As described
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above, the application can include an API that sends the image and opticnally context

data for the image o a server of a content distribution system.

(00931 The application receives, from the server system, data corresponding to ong or
more objects depicted by the first image (406). The server system can recognize the
one or more objects using one or more cbiect recognition technigues. For each
recognized object, the server system can select content related to the object. The
server system can also determine a location within the first image o present the
content. An example process for recognizing objects, selecting content for objects, and
determining a location o present content is illustrated in FIG. 5 and described below.
The data provided by the server system can include, for each recognized object,
content related o the object and the location within the first image to present the

content on the viewfinder.

(00941 After receiving the data corresponding o the one or more objects depicted by
the first image, the application can capiure subsequent image data of a subseguent
image displayed in the viewfinder on the user device (408). The subseqguent image
data can be different from the first image data. For example, the user device may be
moved by a user resulting in the scene in the viewlinder of the camera being different
form when the first image data was captured. The subseguent image data can
reprasent the subsequent image being presented in the viewfinder when, or at some

time after, the data is received from the server system.

(008581 The application determines, for each object within the viewfinder of a camera
for which data was received from the server, a subsequent location based on the
location provided by the data received from the server system (410). For example, the
application can use an on-device tracker to track the location of objects or groups of
pixels within the viewfinder. The application can determine, for each location received
from the server system, a currert location in the viewfinder that corresponds {o the
received location if the received location is within the subsequent image. For example,
the server system can provide, for an object, a caption for the object and location data
specifying that the caption should be presented over a particular portion of the object.

The application can use the on-device fracker to determine whether that portion of the



WO 2020/113020 PCT/US2019/063632

object is presented in the subseguent image and, if so, the location of that portion of the

object in the subseguent image.

(00961 For each object within the viewfinder of the camera for which data was
received from the server and for which a corresponding subsequent location was
determined, content related to the object is presented in the viewfinder (412). The
content can be presented in the location specified by the data received from the server

system.

100971 FIG. & is a flow chart of an example process 500 for selecting content related
to an object recognized in an image received from an application and providing content
for presentation by the application. Operations of the process 500 can be performed,
for example, by one or more data processing apparatus, such as the content distribution
system 150 of FIG. 1. Operations of the process 500 can also be implemented as
instructions stored on a non-transitory computer readable medium. Execution of the
instructions cause one or more data processing apparatus to perform operations of the

process 500.

(00981 Image data representing an image is received from an application (502). For
exampie, an application operating on a user device, e.g., @ mobile device can capture
an image using a camera of the user device and provide the image data representing
the image {o a content distribution system using one or more AP calls. The application
can also provide context data. As described above, the context data can include
location data (e.g., GPS coordinates of the mobile device), an identifier of the
application generating the AP call, a location of a tap {arget (2.q., pixel coordinates
within the image of a location in the image selected by & user), an identifier for the user,
the time and/or date when the image was captured, and/or other appropriate context
data related to the image.

(00891 One or more objects are recognized in the image (504). For example, as
described above, an object recognizer can use a frained machine learning model to
recognize objects in image data received from user devices. The object recognizer can

also use computer vision and/or other object recognition technigues (e.g., edge
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matching, pattern recognition, greyscale matching, gradient matching, etc.) to recognize

objects in image data.

(00100} in some implementations, the object recognizer can use the context data
to recognize objects in the image. For example, the object recognizer can use the
location at which an image was captured to disambiguate objects in the image. Ina
particular example, if the context data indicates that the image was captured near the
Eiffel Tower, the object recognizer can increase a confidence score that an object that
appears {o be the Eiffel Tower is actually the Eiffel Tower. The object recognizer can
then determine what object is depicled in the image based on the increased confidence
score for the Eiffel Tower and confidence scores for other objects that the object in the

image may be.

00101} The object recognizer can use the identifier of the application to recognize
the object{s) in the image. For example, if the application is direcled o a particular topic
or category, the object recognizer can increase the confidence score for objects that are
related 1o or directed to the particular topic or category. In a particular example, if the
application is directed to bird walching, the object recognizer can increase the
confidence scores for birds based on the data ideniifying the application as a bird
waliching application.

(601023 in another example, if a particular object {or particular type of object) is
commonly recognized in images received from the application (e.q., at least a threshold
numbper times), the object recognizer can increase the confidence score thal represents
a likelihood that an object depicted in an image recsived from the application is the

particular object (or particular type of object)

(00103} Content is selected for the recognized object(s) (506). For example, as
described above, the content can include information related {o the object (e.g., fext that
inciudes the name of the object and/or facts about the object), visual freatments (e.g.,
other images or videos of the object or of related objects), links {o resources related to
the object (e.g., links to web pages or application pages at which the user can purchase

the object or view additional information about the object), or experiences related to the
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object (augmented reality video, playing music in response o recognizing a singer or

poster of a singer), and/or other appropriate content.

(00104} in some implementations, the content is selected based on the contexd
data. For example, the content may be selected based on the location at which the
image was captured. In a particular example, if the location corresponds {o a tourist
destination or museum, content that includes a description or additional information
about an object may be selecied instead of additional images of the object. If the image
was captured at a location that is far from the location of the object (e.g., an image of
the Eiffel Tower is captured in the U.S.), additional images of the object can be

selected.

[00108] Content can be selected based on the identifier of the application. For
example, the entity that develops and distributes the application can specify the types of
content provided for presentation by the application. In another example, historical data
can show that users of a particular application interact more frequently with certain
types of content than other types of content or that the users prefer certain types of

content.

(00106} The content can be ranked and the ranking can be provided to the
application. For example, the content for each object can be ranked separately if there
are mulliple objects recognized in the image. The content for each object can be
ranked based on the relevancy of the content to the object, a number of user
interactions the content has received when provided with images of the object (and/or
when presented by the application), and/or other appropriate data. The application can

select, from the ranked content, which content {o present with the image.

(001077 A focation to present each portion of content is identified (508). For
example, content that identifies an object, e.¢., a caption that identifies the object, may
be presented near (or partially over) the object in an image that includes the object.
Other content, e.q., captions that include links to other content, can be presented
adjacent to the image or another appropriate location that is not necessarily near the
object. For example, this type of content may be presented under the image in a

designated area.
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(00108} The location for each portion of content can be determined based on the
ranking of the content identiified for the object. For example, higher ranked content can
be presented near (or partially over) the object and lower ranked content can be

presented adjacent to the image.

(00109} The location for each portion of content can be a group of pixels, e.g.,
pixel coordinates for a group of pixels at or near the object. For example, the content
distribution system can determine that there are no objects depicted in the image to the
left of a recognized object and that this area is large encugh for the portion of content.
in response, the content distribution system can select this location for presenting the
portion of content. The content distribution system can specify, as the location data, the
pixel coordinates of the location in the image. In another example, the content
distribution system can specify, as the location data, the number of pixels in one or
more directions from a particular part of the recognized object. For example, the
location data may specify that the portion of content is 10 be presented ten pixeis above
and ten pixeis to the left of a top left pixel of the object.

00110} The content and data specifying the location to present the content is sent
o the application {(510). For example, a content distribution system can send the
content and the location data using one or more AP calls.

(60111} The application can present the content at the specified location (512},
For example, as described above, the application can have an on-device tracker {or
access to an on-device tracker) that tracks the location of groups of pixels or objects.
When the content is received, the application can determine, based on the on-device
tracker’s location of the groups of pixels or objects, a current iocation of each object and
present the content based on the current location. For example, if caplion is provided
for a presentation in an overiay next {0 the object, the application can determine the

current location of that object and present the caption next to the object.

06112} if the location data specifies pixel coordinates for the content, the
application can interact with the on-device tracker to determine the current location of
the pixel coordinates. For exampie, the on-device tracker can determine what object or

group of pixels was presented at the pixel coordinates in the image send to the content
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distribution system. The on-device tracker can then determine the current location of

the group of pixels in the live (or updated) image.

[001131 FiG. 6 is a flow chart of an example process 600 for launching an
application o present conteni related to an object recognized in an image capiured by a
different application. Operations of the process 600 can be performed, for example, by
one or more data processing apparatus, such as the mobile device 110 of FIG. 1.
Operations of the process 600 can also be implemented as insiructions stored on a
non-transitory computer readable medium. Execution of the instructions cause one or
more data processing apparaius (o perform operations of the process 600,

(00114} inferaction with an interface control is detected at a first application (602).
The interface control can be a control that reguests opening of a second application
different from the first application and for presentation of content related o an image
(e.g., alive image of a viewfinder) being presented by the first application. For
example, the first application can present the user interface control for invoking the

second application.

(00115} Animage is captured in response to the user interaction (6804). For
exampie, the first application can capture a still image of the live image in response (o

detecting the user interaction.

100116} Context data is ideniified (608). For example, the first application can
identify the context data in response {o detecting the user interaclion. As described
above, the context data can include location data (e.g., GPS coordinates of the mobile
device), an identifier of the application generating the AP call, a location of a tap target
(e.g., pixel coordinates within the image of a location in the image selected by a user),
an identifier for the user, the time and/or date when the image was captured, and/or

other appropriate context data related to the image.

0014171 The second application is faunched in response to the user interaction
(608). For example, the mobile device can launch the second application in response (o
the user interaction. If the second application is not installed on the mobile device, the
moebile device can prompt the user to downioad the second application.
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(00118} The first application provides the image and the context data to the
second application (610). The second application can obtain content related to objects
depicted in the image, optionally using the context data. For example, the second
application can provide the image and context data to a content distribution system with
a request for content related to objects recognized in the image. The content
distribution system can then recognize the objects, select conteni related to the objects,
and provide the content to the second application. in another example, the second
application can recognize the objects in the image and select content related to the

obhjects in a similar manner as the content distribution system.

00119} The second application presents the image and the content in an interface
of the second application (812). For exampile, the second application can present the
content for each object near the object in the image, e.g., using overlays that include the
content as described above.

1001203 in some implementations, the second application presents the image and
content when the second application opens. For example, the second application can
wait 1o present any content in the user interface until content for the objects in the image
has been recsived.

100121} FIG. 7 is a flow chart of an example process 700 for obtaining content
related to an object recognized in an image and presenting the content. Operations of
the process 700 can be performed, for example, by one or more data processing
apparatus, such as the content distribution system 150 and/or the mobile device 110 of
FIG. 1. Operations of the process 700 can also be implemented as instructions stored
on a non-transitory computer readable medium. Execution of the instructions cause ong

or more data processing apparatus {o perform operations of the process 700.

(601223 image data representing an image is received (702). For example, the
image data can be received by an image content application of a mobile device, e.q.,
from another application such as an image capturing application differernt from the
image contert application. In ancther example the image data can be received by a
content distribution system, e.g., from an image content application or another
application.
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(001231 One or more objects are detected in the image (704). For example, the
objects can be detected using vision analysis, machine learning models, coarse

classifiers, or other appropriate technigues as described above,

(00124} The image data is sent {0 a content provider with a request for content
related to the object(s) (708). In some implementations, the image data is sent to one
or more content providers in response to detecting an object, but not being able to
recognize the object. For example, if the content distribution system (or the image
content application) determines that a type or category of object may be depicted in the
image, the content distribution system {or the image content application) can send the

image data to a content provider that recognizes objects of that type or category.

[00125] The content distribution system (or image content application) can also
provide data specifying the location of the object in the image so that the content
provider can focus its ohject recognition on that portion of the image. In ancther
example, the content distribution system {or image content application) provides only

the portion of the image that includes the object.

(00126} The content provider can attempt to recognize the object in the image. If
successful, the content provider can provide data identifying the object and/or content
related to the object, e.g., images of the object, information about the ohjedt, links to
additional information about the object, and so on). The content distribution system {(or
image content application} can also identify (e.g., select) content based on the identity
of the objecl. If unsuccessful, the content provider can provide data indicating that the

content provider was not able {0 recognize the object.

(601277 The content is received from the content provider (708}

7

I s0Me cases,
muitiple types of objects may be delected in an image. In these cases, the image data
can be provided to multiple different content providers, &.¢., one or more for each fype
of object. Each content provider can provide content related {o the object(s) recognized
by the provider.

(00128} The content is presented (710). If the content is received by the image
content application, the image content application can present the content (e.g., with the

image as described above) or provide the content {o the image capluring application for
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presentation {e.g., if the image data was received from the image capturing application.
if the content is received by the content distribution system, the content distribution
system can provide the content to the application from which the image data was

racsived.

[00129] Embodiments of the subject matier and the operations described in this
specification can be implemented in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structures disclosed in this specification and their
structural equivalents, or in combinations of one or more of them. Embodiments of the
subject matier described in this specification can be implemented as one or more
computer programs, i.e., one or more modules of compuler program instructions,
encoded on computer storage medium for execution by, or to control the operation of,
data processing apparatus. Alternatively or in addition, the program instructions can be
encoded on an artificially generated propagated signal, e.¢., a machine-generated
electrical, optical, or electromagnetic signal, that is generated to encode information for
transmission to suitable receiver apparatus for execution by a data processing
apparatus. A computer storage medium can be, or be included in, a computer-readable
storage device, a computer-readabie storage substrate, a random or serial access
memory array or device, or a combination of one or more of them. Moreover, while a
computer storage medium is not a propagated signal, a computer storage medium can
be a source or destination of computer program instructions encoded in an artificially
generated propagated signal. The computer storage medium can aisc be, or be
included in, one or more separate physical components or media (e.g., multiple CDs,

disks, or other storage devices).

(001307 The operations described in this specification can be implemented as
operations performed by a data processing apparatus on data stored on one or more

computer-readabie storage devices or received from other sources.

06131} The term "data processing apparatus” encompasses all kinds of
apparatus, devices, and machines for processing data, including by way of example a
programmable processor, a computer, a system on a chip, or multiple ones, or

combinations, of the foregoing. The apparatus can include special purpose logic
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circuitry, e.g., an FPGA (field programmable gate array) or an ASIC (application specific
integrated circuit). The apparatus can also include, in addition to hardware, code that
creates an execution environment for the computer program in question, .., code that
constitutes processor firmware, a protocol stack, a database management system, an
operating system, a cross-platform runtime environment, a virtual machine, or a
combination of one or more of them. The apparatus and execution environment can
realize various differeni computing model infrastructures, such as web services,

distributed computing and grid computing infrastructures.

(00132} A computer program (also known as a program, software, software
application, script, or code) can be writien in any form of programming language,
inciuding compiled or interpreted languages, declarative or procedural languages, and it
can be deployed in any form, including as a stand alone program or as a module,
component, subroutine, ohject, or other unit suitable for use in a computing
environment. A computer program may, but need not, correspond to a file in a file
gysiem. A program can be stored in a portion of a file that holds other programs or data
(e.g., one or more scripts stored in a markup language document), in a single file
dedicated to the program in question, or in mulliple coordinated files (e.g., files that
store one or more modules, sub programs, or portions of code). A computer program
can be deployed o be exscuied on one computer or on multiple computers that are
focated at one site or distributed across multiple sites and interconnectad by a

communication network.

(00133} The processes and logic flows described in this specification can be
performed by one or more programmable processors executing one or more computer
programs to perform actions by operating on input data and generating output. The
processes and logic flows can aiso be performed by, and apparatus can also be
implemented as, special purpose logic circuitry, .¢., an FPGA (field programmable gate

array) or an ASIC (application specific integrated circuit).

(00134} Frocessors suitable for the execution of a computer program include, by
way of example, both general and special purpose microprocessors, and any one or

more processors of any kind of digital computer. Generally, a processor will receive
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instructions and data from a read only memory or a random access memaory or both.
The essential elements of a computer are a processor for performing actions in
accordance with instructions and one or more memory devices for storing instructions
and data. Generslly, a computer will also include, or be operatively coupled to receive
data from or transfer data to, or both, one or more mass storage devices for storing
data, e.g., magnetic, magneto oplical disks, or oplical disks. However, a computer need
not have such devices. Moreover, a computer can be embedded in ancther device,
e.g., a mobile telephone, a personal digital assistant (PDA), a mobile audio or video
player, a game console, a Global Positioning System (GPS) receiver, or a portable
storage device {e.g., a8 universal serial bus (USB) flash drive), to name just a few.
Devices suitable for storing computer program instructions and data include all forms of
non volatile memory, media and memory devices, including by way of example
semiconductor memaory devices, e.q., EPROM, EEPROM, and flash memory devices;
magnetic disks, e.qg., internal hard disks or removable disks; magneio optical disks; and
CD ROM and DVD-ROM disks. The processor and the memary can be supplemented

by, or incorporated in, special purpose logic circuitry.

(60135} To provide for interaction with a user, embodiments of the subject matier
described in this specification can be implemented on a computer having a display
device, e.¢., a CRT {cathode ray tube) or LCD (liquid crystal display) monitor, for
displaying information to the user and a keyboard and a pointing device, e.¢g., a mouse
or a trackball, by which the user can provide input to the computer. Other kKinds of
devices can be used to provide for interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback, e.g., visual feedback,
auditory feedback, or tactile feedback; and input from the user can be received in any
form, including acoustic, speeach, or tactile input. In addition, a computer can interact
with a user by sending documenis 1o and receiving documents from a device that is
used by the user, for example, by sending web pages to a web browser on a user’'s
client device in response to requests received from the web browser.

1006136} Embodiments of the subject matter described in this specification can be
impiemented in a compuiing system that includes a back end component, e.g., as a

data server, or that includes a middleware component, e.g., an application server, or
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that includes a front end component, e.g., a client computer having a graphical user
interface or a Web browser through which a user can interact with an implementation of
the subject matier described in this specification, or any combination of one or more
such back end, middieware, or front end components. The components of the system
can be interconnected by any form or medium of digital data communication, e.g., a
communication network. Examples of communication networks include a local area
network ("LAN") and a wide area network (“WAN"), an infer-network (2.g., the internet),

and peer-to-peer networks (e.qg., ad hoc peer-io-peer networks).

(00137} The computing system can include clients and servers. A client and
server are generally remote from each other and typically interact through a
communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-server
relationship to each other. In some embodiments, a server tfransmiis daia (e.g., an
HTML page) to a client device (e.g., for purposes of displaying data to and receiving
user input from a user interacting with the dlient device). Data generated at the client
device {e.q., a result of the user interaction) can be received from the client device at

the server.

(00138} While this specification contains many spedcific implementation details,
these should not be construad as limitations on the scope of any inventions or of what
may be claimed, but rather as descriptions of features specific o particular
embaodiments of particular inventions. Certain features that are described in this
specification in the context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various feafures that are described in
the context of a single embodiment can aiso be implemented in multiple embodiments
separately or in any suitable subcombination. Moresover, although features may be
described above as acting in certain combinations and even initiaily claimed as such,
one or more features from a claimed combination can in some cases be excised from
the combination, and the claimed combination may be directed to a subcombination or

varigtion of a subcombination.
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[001391 Similarly, while operations are depicted in the drawings in a particular
order, this should not be understood as requiring that such operations be performed in
the particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable resuits. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of varicus system
components in the embodiments described above should not be undersiood as
requiring such separation in all embodiments, and it should be undersiood that the
described program components and systems can generally be integrated togetherin a

single software product or packaged into multiple software products.

100140} Thus, particular embodiments of the subject matter have been described.
Other embodiments are within the scope of the following claims. In some cases, the
actions reciied in the claims can be performed in a different order and still achieve
desirable resuilts. In addition, the processes depicted in the accompanying figures do
not necessarily require the particular order shown, or sequential order, to achieve
desirable resuls. In cerfain implementations, multitasking and paraliel processing may

be advantageous.



WO 2020/113020 PCT/US2019/063632

CLAIMS

What is claimed is:

1. A method performed by a user device, the method comprising:

capiuring, by the user device, first image data of a first image displayed in a
viewfinder of a camera on the user device, the first image displayed by an application
operating on the user deavice;

sending, from the application, the first image data to a server system that is
external 1o the user device;

receiving, by the application and from the server system, daia corresponding o
one or more objects depicted by the first image, wherein the data includes, for each
object:

content related o the object; and

a location within the first image 1o present the content on the viewfinder,
and

after receiving the data corresponding {o the one or more objects depicted by the
first image, capturing subseguent image data of a subsequent image displayed in the
viewfinder on the user device, the subsequent image data being different from the first
image data,

determining, by the application, for each object within the viewfinder of a camera
for which data was received from the server:

a subsequent location based on the location provided by the data
received from the server system, wherein the subsequent location is different from the
tocation provided by the data received from the server system, and corresponds o the
object; and

for each object within the viewfinder of the camera for which date was received
from the server and for which g corresponding subsequent location was determined,
presenting, in the viewfinder, content related to the object.

2. The method of claim 1, wherein sending the first image data to a server system

that is external to the user device comprises:
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detecting, by the user device, the presence of one or more objects in the image
datla;
wherein sending the first image data to a server sysiem that is exiernal {o the

user device is based upon the detecting.

3. The method of claim 2, wherein detecting the presence of one or more objecis in

the image dala comprises processing the image data using a coarse classifier.

4, The method of claim 3, wherein sending the first image data comprises:
selecting image data of the first image data in which the presence of one or more
objects is determined; and

transmitting the selected image data.

5. The method of claim 1, wherein the application comprises an application
programming interface (AP} that defermines the subsequent location for each object in
the viewfinder for which data was received from the server and causes the application

to present the content for each object in the viewfinder.

6. The method of claim &, wherein the APl includes an on-device tracker that tracks

tocation of objects depicted in the viewfinder of the camera.

7. The method of claim 5, wherein:

the APl is configured to obtain, from the user device, context data indicative of a
context in which the first image was caplured, the context data comprising at least one
of a geographic location of the client device at the time the image was captured or data
identifying the application; and

the server selects the content for each of the one or more objects based on the

context data.
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8. The method of claim 7, wherein the server system uses the context data to
disambiguate, for al least one object depicted by the image, between mulliple potential

objects that maich the at least one object.

9. The method of claim 1, wherein the server system:

determines, for a given object depicted by the first image, a category of the
ohiect,

in response to determining the category of the object, sending at least a portion
of the first image that depicis the given object to a content provider thai recognizes
objects of the determined category and that provides content reiated to objecis of the
determined category;

receiving, from the content provider, content related {o the given object; and

including the content for the given object in the data corresponding to one or

more objects depiclted by the first image provided {o the application.

10, The method of claim 1, further comprising:
presenting, by the application, an interface control for a second application that
presents content related {o objects depicted in images;
detecting, by the application, user interaction with the interface control and, in
response:
causing the user device to launch the second application;
capturing additional image data of an additional image displayed in a
viewfinder of a camera; and
providing the additional image data to the second application, wherein the
second application obtains content related to one or more objects depicted by the
additional image and presents the additional image and the content related to the one or

more objects depicted by the additional image.

11, The method of claim 1, wherein the data corresponding {0 one or more objects

depicted by the first image is generated by an object recognizer.
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12.  The method of claim 11, wherein the object recognizer comprises a machine

learning model {0 recognize objects in image daia received from the mobile device.

13. The method of claim 1, wherein:

the server sysiem compares at least one of a digital signature of the application
or a package name of the applicalion to a whitelist; and

provides the data corresponding to the one or more objects in response o the
digital signature or package name matching a corresponding signature or corresponding

package name in the whiielist.

14. A system comprising:
one or more data processing apparatus of a user device; and
a memory storage apparatus in data communication with the one or more data

processing apparatus, the memory storage apparatus storing instructions executable by
the one or more data processing apparatus and that upon such execution cause the
one or more data processing apparatus to perform operations comprising:

capturing, by the user device, first image data of a first image displayed in
a viewfinder of a camera on the user device, the first image displayed by an application
operating on the user device;

sending, from the application, the first image data {0 a server system that
is exiernal to the user device;

receiving, by the application and from the server system, data
corresponding to one or more objects depicted by the first image, wherein the data
inciudes, for each object:

content related {o the object; and
a location within the first image to present the conient on the

viewfinder: and

after receiving the data corresponding {0 the one or more objects depicted
by the first image, capturing subsequent image data of a subsequent image displayed in
the viewfinder on the user device, the subsequent image data being different from the

first image data;
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determining, by the application, for each object within the viewfinder of a
camera for which data was received from the server:

a subsequent location based on the location provided by the data
received from the server system, wherein the subsequent location is different from the
location provided by the data received from the server system, and corresponds {o the
object; and

for each object within the viewfinder of the camera for which data was
received from the server and for which a corresponding subsequent location was

determined, presenting, in the viewfinder, content related to the object.

15, The system of claim 14, wherein sending the first image data to a server system
that is external to the user device comprises:

detecting, by the user device, the presence of one or more objects in the image
data;

wherein sending the first image data to a server system that is external to the

user device is based upon the detecling.

16. The system of claim 15, wherein detecting the presence of one or more objects

in the image data comprises processing the image data using a coarse classifier.

17.  The sysiem of claim 16, wherein sending the first image data comprises:
selecting image data of the first image data in which the presence of one or more
objects is determined; and

transmitting the selected image data.

18.  The system of claim 14, wherein the application comprises an application
programming interface (AP1) that defermines the subseguent location for each object in
the viewfinder for which data was received from the server and causes the application

to present the content for each object in the viewfinder.
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18. The system of claim 18, wherein the APl includes an on-device tracker that

tracks location of objects depicted in the viewfinder of the camera.

20, The system of claim 8, wherein:

the APl is configured to obtain, from the user device, context data indicative of a
context in which the first image was captured, the context data comprising at least one
of a geographic location of the client device at the time the image was captured or dala
identifying the application; and

the server selects the content for each of the one or more ohjects based on the
context data.

21, The sysiem of claim 20, wherein the server system uses the context data to
disambiguate, for al least one object depicted by the image, between mulliple potential

objects that match the at least one object.

22.  The system of claim 14, wherein the server system:

determines, for a given object depicited by the first image, a category of the
object;

it response (o determining the category of the object, sending at least a portion
of the first image that depicts the given object o a content provider that recognizes
objects of the determined category and that provides content related to objects of the
determined category,

receiving, from the content provider, content related to the given object; and

including the content for the given object in the data corresponding to one or

more objects depicted by the first image provided to the application.

23.  The sysiem of claim 14, wherein the operations comprise:

presenting, by the application, an interface control for a second application that
presents content related to objects depicted in images,

detecting, by the application, user interaction with the interface control and, in

response:
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causing the user device o launch the second application;

capturing additional image data of an additional image displayed in a
viewfinder of a camera; and

providing the additional image data fo the second application, wherein the
second application obtains content related {0 one or more objects depicted by the
additional image and presents the additional image and the content related to the one or

more objects depicted by the additional image.

24.  The system of claim 14, wherein the data corresponding {0 one or more objects

depicted by the first image is generated by an object recognizer.

25, The sysiem of claim 24, wherein the objeci recognizer comprises a machine
learning model {o recognize objects in image data received from the mobile device.

26. A non-transitory computer storage medium encoded with a computer program,
the program comprising instructions that when executed by data processing apparatus
cause the data processing apparatus {o perform operations comprising:
capturing, by a user device, first image data of a first image displayed in a
viewfinder of a camera on the user device, the first image displayed by an application
operating on the user device,
sending, from the application, the first image data to a server system that is
external 1o the user device;
receiving, by the application and from the server system, daia corresponding o
one or more objects depicted by the first image, wherein the data includes, for each
object:
content related to the object; and
a location within the first image to present the content on the viewfinder;
and
after receiving the data corresponding to the one or more objects depicted by the

first image, capturing subseguent image data of a subsequent image displayed in the
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viewfinder on the user device, the subseguent image data being different from the first
image data;

determining, by the application, for each object within the viewfinder of a camera
for which data was received from the server:

a subsequent location based on the location provided by the data
received from the server system, wherein the subsequent location is different from the
location provided by the data received from the server system, and corresponds {o the
object; and

for each object within the viewfinder of the camera for which data was received
from the server and for which a corresponding subseguent location was delermined,

presenting, in the viewfinder, content related {o the object.

27.  The non-transitory computer storage medium of claim 26, wherein sending the
first image data {0 a server system that is exiernal {o the user device comprises:
detecting, by the user device, the presence of one or more objects in the image
data;
wherein sending the first image data to a server system that is external to the

user device is based upon the detecling.

28.  The non-transitory computer storage medium of claim 27, wherein detecting the
presence of one or more objects in the image data comprises processing the image

data using a coarse classifier.

29, The non-transitory computer storage medium of claim 28, wherein sending the
first image data comprises:

selecting image data of the first image data in which the presence of cne or more
objects is determined; and

transmitting the selected image data.

30.  The non-transitory computer storage medium of claim 26, wherein the application

comprises an application programming interface (AP!) that determines the subsequent
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location for each object in the viewfinder for which data was received from the server

and causes the application to present the conteni for each object in the viewfinder.

31.  The non-transitory computer storage medium of claim 30, wherein the API
inciudes an on-device tracker that tracks location of objects depicted in the viewfinder of
the camera.

32.  The non-transitory computer storage medium of claim 30, wherein:

the APl is configured o obtain, from the user device, context data indicative of a
context in which the first image was captured, the context data comprising at least one
of a geographic location of the client device at the time the image was captured or dala
identifying the application; and

the server selects the content for each of the one or more objects based on the

context data.

33.  The non-transitory computer storage medium of claim 32, wherein the server
sysiem uses the context data {o disambiguate, for at least one object depicted by the

image, betweean multiple polential objects that maich the at least one object.

34.  The non-transitory computer storage medium of claim 26, wherein the server
system:

determines, for a given object depicied by the first image, a category of the
object;

in response 1o determining the category of the object, sending at least a portion
of the first image that depicts the given object o a content provider that recognizes
objects of the determined category and thai provides content related to objects of the
determined calegory;

receiving, from the content provider, content related to the given object; and

including the content for the given object in the data corresponding to ong or

more objects depicted by the first image provided {0 the application.
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35, The non-transitory computer storage medium of claim 26, wherein the operations
comprise:
presenting, by the application, an interface control for a second application that
presents content related to objects depicted in images,
detecting, by the application, user interaction with the interface control and, in
response:
causing the user device {o launch the second application,
capturing additional image datla of an additional image displayed in a
viewfinder of a camera; and
providing the additional image data {o the second applicatlion, wherein the
second application obtains content related {0 one or more objects depicted by the
additional image and presents the additional image and the content related to the one or
more objects depicted by the additional image.

36.  The non-transitory computer storage medium of claim 28, wherein the data
corresponding to one or more objects depicted by the first image is generated by an

object recognizer.
37.  The non-transitory computer storage medium of claim 38, wherein the object

recognizer comprises a maching learning model to recognize objects in image data

raceived from the mobile device.
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Send, from the application, the firstimage datato a j 404
server system that is external to the user device

'

Receive, by the application and from the server system, j 406
data corresponding to one or more objects depicted by
the firstimage

!

Capture subsequent image data of a subsequent image j 408
displayed in the viewfinder on the user device

!

Determine, by the application and for each object within
the viewfinder of a camera for which data was received j 410
from the server, a subsequent location based on the
location provided by the data received from the server
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from the server and for which a corresponding
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