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(57) ABSTRACT 
Exemplary embodiments for performing server-assisted 
object recognition and tracking are disclosed herein. For 
example, in certain embodiments of the disclosed technol 
ogy, one or more objects are efficiently recognized and 
tracked on a mobile device by using a remote server that can 
provide high capacity computing and storage resources. 
With the benefit of high-speed image processing on a remote 
server and high-bandwidth communication networks con 
necting the mobile device and the remote server, it is 
possible to identify an object and to track changes in the 
object’s characteristics or location, so that a user experiences 
seamless, real-time tracking. 
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SERVER-ASSISTED OBJECT RECOGNITION 
AND TRACKING FOR MOBILE DEVICES 

FIELD 

0001. This disclosure pertains to visual recognition and 
tracking of objects that appear in a camera viewfinder of a 
mobile electronic device. 

BACKGROUND 

0002 Today's mobile electronic devices are capable of 
performing a wide variety of functions. For example, 
“smartphones' are mobile devices that combine wireless 
communication functions with other functions, such as 
mapping and navigation using a global positioning system 
(GPS), wireless network access (e.g., electronic mail and 
Internet web browsing), digital imaging, digital audio play 
back, personal digital assistant (PDA) functions (e.g., Syn 
chronized calendaring), and the like. Although many mobile 
devices are hand held, they can also have a larger form 
factor. For example, they may take the form of tablet 
computers, laptop computers, portable gaming devices, or 
other similar electronic devices capable of remote commu 
nication. A common feature of Smartphones and other simi 
lar mobile devices is a built-in digital camera for receiving 
and recording image data. In addition to capturing photo 
graphs, the digital camera can be used as a generic visual 
input device, thus greatly expanding the capability of the 
mobile device. 

SUMMARY 

0003. This summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the detailed description. This summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used to limit 
the scope of the claimed subject matter. Although the 
disclosed technology is particularly Suited to implementa 
tion on mobile devices, it can be applied to a variety of 
electronic devices. For example, the disclosed technology 
can be used in connection with an image sensor attached to 
a gaming console, television, robotic device, or other device 
or machine that uses machine vision (e.g., automobiles, 
airplanes, factory vehicles, factory equipment, or other Such 
machinery). Similarly, although embodiments of the dis 
closed technology concern a visual tracking feature, the 
“augmented reality” (AR) technology disclosed herein is not 
limited to such an implementation, but can also be imple 
mented in conjunction with other device features or pro 
grams. 
0004 Among the embodiments disclosed herein are 
methods and devices that provide a way to efficiently 
provide real-time recognition and tracking of objects in a 
scene or digital image over time, from one image frame to 
the next. For example, in one embodiment, a system com 
prising a remote server and a mobile electronic device 
operates to recognize multiple objects in a scene and to 
compare a current view to a previous view in order to track 
the movement of the objects. The mobile device, equipped 
with a camera having a viewfinder, can send selected por 
tions of image data to the remote server for image analysis 
and object recognition. The remote server can then return 
processed object data for display on the mobile device. Once 
an object is identified, it can be tagged or highlighted so that 
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it can be followed automatically in Subsequent frames. 
“Objects’ include, for example, vehicles, buildings, land 
marks, landscapes, animals, human beings, human faces, 
text, advertisements, books, and other Such image subject 
matter. 

0005 With the benefit of high speed image processing on 
the remote server and high bandwidth communication net 
works connecting the mobile device to the remote server, it 
is possible to share computing resources between the mobile 
and the server. By sharing resources, Substantially immedi 
ate, seamless, and real-time tracking of an object’s charac 
teristics or location can be accomplished. For example, the 
use of server-side resources enables the recognition and 
tracking of objects that could otherwise be too computation 
ally intensive and too space prohibitive to run solely on a 
mobile device. The sharing of computing resources between 
the remote server and the mobile device also allows for 
faster text processing among multiple text objects. Thus, for 
example, multiple text objects can be efficiently translated 
from and/or into multiple languages. Applications of the 
disclosed technology include Video Surveillance, robotics, 
travel, and other applications that rely, for example, on one 
or more of text translation, object recognition, or facial 
recognition. 
0006. The foregoing and other objects, features, and 
advantages of the disclosed technology will become more 
apparent from the following detailed description, which 
proceeds with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a block diagram illustrating an example 
mobile computing device which can be configured to imple 
ment embodiments of the disclosed technology. 
0008 FIG. 2 is a system diagram showing a mobile 
device and a server connected via a network and which can 
be configured to implement embodiments of the disclosed 
technology. 
0009 FIG. 3 is a block diagram of a generalized com 
puting environment Suitable for implementing embodiments 
of the disclosed techniques and technologies. 
0010 FIG. 4 is a block diagram illustrating an example 
Software architecture for a visual tracking application. 
0011 FIG. 5 is a flow diagram showing an exemplary 
implementation of a visual tracking method. FIG. 5 further 
indicates computing tasks that are implemented on a client 
mobile device and computing tasks that are implemented on 
a remote Server. 

0012 FIG. 6 is a flow diagram showing an exemplary 
implementation of a text-based visual tracking method. FIG. 
6 further indicates computing tasks that are implemented on 
the client mobile device and computing tasks that are 
implemented on the remote server. 
0013 FIG. 7 is a flow diagram showing an exemplary 
implementation of a visual tracking method that uses pre 
liminary object detection. FIG. 7 further indicates comput 
ing tasks that are implemented on the client mobile device 
and computing tasks that are implemented on the remote 
SeVe. 

0014 FIG. 8 is a flow diagram showing an exemplary 
implementation of a dynamic visual tracking method. FIG. 
8 further indicates computing tasks that are implemented on 
the client mobile device and steps that are implemented on 
the remote server. 
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0015 FIG. 9 is a flow diagram showing an exemplary 
implementation of a visual tracking method that involves 
image registration. FIG. 9 further indicates computing tasks 
that are implemented on the client mobile device and steps 
that are implemented on the remote server. 
0016 FIG. 10 is a flow diagram showing an exemplary 
implementation of a predictive approach to a visual tracking 
method. FIG. 10 further indicates computing tasks that are 
implemented on the client mobile device and computing 
tasks that are implemented on the remote server. 
0017 FIG. 11 is a flow diagram showing an exemplary 
implementation of a modeling approach to a visual tracking 
method. FIG. 11 further indicates computing tasks that are 
implemented on the client mobile device and computing 
tasks that are implemented on the remote server. 

DETAILED DESCRIPTION 

I. General Considerations 

0018 Disclosed below are representative embodiments 
of methods, apparatus, and systems for performing server 
assisted visual recognition and tracking. The disclosed 
methods, apparatus, and systems should not be construed as 
limiting in any way. Instead, the present disclosure is 
directed toward all novel and nonobvious features and 
aspects of the various disclosed embodiments, alone and in 
various combinations and Sub-combinations with one 
another. Furthermore, any features or aspects of the dis 
closed embodiments can be used alone or in various com 
binations and sub-combinations with one another. The dis 
closed methods, apparatus, and systems are not limited to 
any specific aspect or feature or combination thereof, nor do 
the disclosed embodiments require that any one or more 
specific advantages be present or problems be solved. 
0019. Although the operations of some of the disclosed 
methods are described in a particular, sequential order for 
convenient presentation, it should be understood that this 
manner of description encompasses rearrangement, unless a 
particular ordering is required by specific language set forth 
below. For example, operations described sequentially may 
in some cases be rearranged or performed concurrently. 
Moreover, for the sake of simplicity, the attached figures 
may not show the various ways in which the disclosed 
methods, apparatus, and systems can be used in conjunction 
with other methods, apparatus, and systems. Furthermore, as 
used herein, the term “and/or means any one item or 
combination of items in the phrase. 

II. Example Computing Environments 

0020 FIG. 1 is a schematic block diagram of an exem 
plary mobile computing device (100) capable of implement 
ing embodiments of the techniques described herein. The 
mobile device (100) includes a variety of optional hardware 
and software components, shown generally at (102). In 
general, a component (102) in the mobile device can com 
municate with any other component of the device, although 
not all connections are shown for ease of illustration. The 
mobile device can be any of a variety of computing devices 
(e.g., cell phone, Smartphone, handheld computer, laptop 
computer, notebook computer, tablet device, netbook, media 
player, Personal Digital Assistant (PDA), camera, video 
camera, or the like) and can allow wireless two-way com 
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munications with one or more mobile communications net 
works (104), such as a Wi-Fi, cellular, or satellite network. 
(0021. The illustrated mobile device (100) includes a 
controller or processor (110) (e.g., a signal processor, micro 
processor, ASIC, or other control and processing logic 
circuitry) for performing such tasks as signal coding, data 
processing, input/output processing, power control, and/or 
other functions. An operating system (112) controls the 
allocation and usage of the components (102) and Support 
for one or more application programs (114). Such as a visual 
recognition and tracking application that implements one or 
more of the innovative features described herein. In addition 
to visual recognition and tracking software, the application 
programs can include common mobile computing applica 
tions (e.g., telephony applications, email applications, cal 
endars, contact managers, web browsers, messaging appli 
cations) or any other computing application. 
(0022. The illustrated mobile device (100) includes 
memory (120). Memory (120) can include non-removable 
memory (122) and/or removable memory (124). The non 
removable memory (122) can include RAM, ROM, flash 
memory, a hard disk, or other well-known memory storage 
technologies. The removable memory (124) can include 
flash memory or a Subscriber Identity Module (SIM) card, 
which is well known in Global System for Mobile Commu 
nications (GSM) communication systems, or other well 
known memory storage technologies. Such as "smart cards.” 
The memory (120) can be used for storing data and/or code 
for running the operating system (112) and the applications 
(114). Example data can include web pages, text, images, 
Sound files, image data, video data, or other data sets to be 
sent to and/or received from one or more network servers or 
other devices via one or more wired or wireless networks. 
The memory (120) can be used to store a subscriber iden 
tifier, such as an International Mobile Subscriber Identity 
(IMSI), and an equipment identifier, such as an International 
Mobile Equipment Identifier (IMEI). Such identifiers can be 
transmitted to a network server to identify users and equip 
ment. 

0023 The mobile device (100) can support one or more 
input devices (130), such as a touchscreen (132) (e.g., 
capable of capturing finger tap inputs, finger gesture inputs, 
multi-finger tap inputs, multi-finger gesture inputs, or key 
stroke inputs from a virtual keyboard or keypad), micro 
phone (134) (e.g., capable of capturing Voice input), camera 
(136) (e.g., capable of capturing still picture images and/or 
video images), physical keyboard (138), buttons and/or 
trackball (140) and one or more output devices (150), such 
as a speaker (152) and a display (154). Other possible output 
devices (not shown) can include piezoelectric or other haptic 
output devices. Some devices can serve more than one 
input/output function. For example, touchscreen (132) and 
display (154) can be combined into a single input/output 
device. 

0024. A wireless modem (160) can be coupled to one or 
more antennas (not shown) and can Support two-way com 
munications between the processor (110) and external 
devices, as is well understood in the art. The modem (160) 
is shown generically and can include, for example, a cellular 
modem for communicating at long range with the mobile 
communication network (104), a Bluetooth-compatible 
modem (164), or a Wi-Fi-compatible modem (162) for 
communicating at short range with an external Bluetooth 
equipped device or a local wireless data network or router. 
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The wireless modem (160) is typically configured for com 
munication with one or more cellular networks. Such as a 
GSM network for data and voice communications within a 
single cellular network, between cellular networks, or 
between the mobile device and a public switched telephone 
network (PSTN). 
0025. The mobile device can further include at least one 
input/output port (180), a power supply (182), a satellite 
navigation system receiver (184), such as a Global Position 
ing System (GPS) receiver, sensors (186), such as, for 
example, an accelerometer, a gyroscope, a compass, or an 
infrared proximity sensor for detecting the orientation or 
motion of the device (100), a transceiver (188) (for wire 
lessly transmitting analog or digital signals) and/or a physi 
cal connector (190), which can be a USB port, IEEE 1394 
(FireWire) port, and/or RS-232 port. The illustrated compo 
nents (102) are not required or all-inclusive, as any of the 
components shown can be deleted and other components can 
be added. 

0026. The mobile device can determine location data that 
indicates the location of the mobile device based upon 
information received through the satellite navigation system 
receiver (184) (e.g., GPS receiver). Alternatively, the mobile 
device can determine location data that indicates the location 
of the mobile device in another way. For example, the 
location of the mobile device can be determined by trian 
gulation between cell towers of a cellular network. Or, the 
location of the mobile device can be determined based upon 
the known locations of Wi-Fi routers in the vicinity of the 
mobile device. The location data can be updated every 
second or on Some other basis, depending on implementa 
tion and/or user settings. Regardless of the Source of location 
data, the mobile device can provide the location data to a 
map navigation tool for use in map navigation. For example, 
the map navigation tool periodically requests, or polls for, 
current location data through an interface exposed by the 
operating system (112) (which in turn can get updated 
location data from another component of the mobile device), 
or the operating system (112) pushes updated location data 
through a callback mechanism to any application (such as 
the visual recognition and tracking application described 
herein) that has registered for Such updates. 
0027. With the visual recognition and tracking applica 
tion and/or other Software or hardware components, the 
mobile device (100) can implement the technologies 
described herein. For example, the processor (110) can 
update a scene and/or list, view, or track objects in real time. 
As a client computing device, the mobile device (100) can 
send requests to a server computing device, and receive 
images, object data, or other data in return from the server 
computing device. 
0028. Although FIG. 1 illustrates a mobile device in the 
form of a Smartphone (100), more generally, the techniques 
and solutions described herein can be implemented with 
connected devices having other screen capabilities and 
device form factors, such as a tablet computer, a virtual 
reality device connected to a mobile or desktop computer, an 
image sensor attached to a gaming console or television, and 
the like. Computing services (e.g., remote server computa 
tion) can be provided locally or through a central service 
provider or a service provider connected via a network, Such 
as the Internet and/or a wireless network. Thus, the visual 
recognition and tracking techniques described herein can be 
implemented on a connected device such as a client com 
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puting device. Similarly, any of various centralized comput 
ing devices or service providers can perform the role of a 
server computing device and deliver the recognition or 
tracking data to the connected devices. 
0029 FIG. 2 illustrates a generalized example of a suit 
able implementation environment (200) in which described 
embodiments of the disclosed technology can be imple 
mented. In example environment (200), various types of 
services (e.g., computing services, such as the computing 
tasks described below and performed as part of visual 
recognition and tracking) are provided by a computing cloud 
(210). For example, the computing cloud (210) can comprise 
a collection of one or more computing devices (e.g., one or 
more servers, such as remote servers (212)), which can be 
located centrally or distributed and which provide cloud 
based services to various types of users and devices con 
nected via a network (215), such as the Internet and/or a 
high-speed wireless network (e.g., a 3G, 4G, or more 
advanced network). For ease of discussion, the computing 
devices in the computing cloud 210 are sometimes referred 
to herein as “servers' or “remote servers.” Further, it should 
be understood that any other form of client-server network 
can be used to implement the disclosed technology instead 
of the illustrated cloud computing configuration. 
0030 The implementation environment (200) can be 
used in different ways to accomplish computing tasks. For 
example, Some tasks (e.g., processing image data input from 
the camera and rendering a viewfinder image showing the 
image currently captured by the camera) can be performed 
on a connected mobile devices (240), while other tasks (e.g., 
computationally-intensive operations or storage of data to be 
used in Subsequent processing) can be performed by com 
puting devices within the computing cloud (210). 
0031. In the example environment (200), the servers 
(212) provide services for the connected device (240). The 
mobile device (240) typically has limited processing, bat 
tery, and storage capacity, and a small size screen (245). For 
example, the mobile device (240) could be a mobile phone, 
Smartphone, personal digital assistant, tablet computer, or 
similar device. By contrast, the computing devices in the 
computing cloud (210) typically have Substantial process 
ing, power Supply, and storage capacity. 
0032. The use of remote server (“server-side') resources 
(212) for the recognition and tracking applications described 
hereindepends on the ability of the network (215) to provide 
high-bandwidth communications and on the ability of the 
processor of the one or more remote servers (212) to handle 
computationally-intensive and storage-intensive tasks, 
thereby allowing the real-time (or substantially real-time) 
recognition and tracking of objects such that the user expe 
rience is relatively smooth and seamless. In certain imple 
mentations, computationally-intensive tasks may be accom 
plished using high performance parallel computing 
resources on the server side. To the extent that computing 
and storage resources associated with the remote server(s) 
can be utilized efficiently, the mobile device resources can 
then be reserved for local tasks. Further, the use of the 
remote server to perform computationally intensive tasks 
can preserve the battery of the mobile device. 
0033 FIG. 3 illustrates a generalized example of a suit 
able computing environment (300) for implementing the 
computing resources in the computing cloud 210 (e.g., for 
the implementing the servers 212). With reference to FIG. 3, 
the computing environment (300) includes at least one 
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central processing unit (310) and memory (320). In FIG. 3, 
this most basic configuration (330) is included within a 
dashed line. The central processing unit (310) executes 
computer-executable instructions and may be a real or a 
virtual processor. In a multi-processing system, multiple 
processing units execute computer-executable instructions 
to increase processing power and as such, multiple proces 
sors can be running simultaneously. The memory (320) may 
be volatile memory (e.g., registers, cache, RAM), non 
volatile memory (e.g., ROM, EEPROM, flash memory, etc.), 
or some combination of the two. The memory (320) stores 
software (380) that can, for example, implement the tech 
nologies described herein. A computing environment may 
have additional features. For example, the computing envi 
ronment (300) includes storage (340), one or more input 
devices (350), one or more output devices (360), one or 
more communication connections (370), and one or more 
touchscreens (390). An interconnection mechanism (not 
shown) Such as a bus, a controller, or a network, intercon 
nects the components of the computing environment (300). 
Typically, operating system Software (not shown) provides 
an operating environment for other Software executing in the 
computing environment (300), and coordinates activities of 
the components of the computing environment (300). 
0034. The storage (340) may be removable or non 
removable, and includes magnetic disks, magnetic tapes or 
cassettes, CD-ROMs, CD-RWs, DVDs, or any other non 
transitory storage medium which can be used to store 
information and that can be accessed within the computing 
environment (300). The storage (340) stores instructions for 
the software (380), which can implement technologies 
described herein. 
0035. The input device(s) (350) may be a touch input 
device. Such as a touchscreen, keyboard, keypad, mouse, 
pen, or trackball, a voice input device, a scanning device, or 
another device, that provides input to the computing envi 
ronment (300). The output device(s) (360) may be a display, 
touchscreen, printer, speaker, CD-writer, or another device 
that provides output from the computing environment (300). 
0036. The communication connection(s) (370) enable 
communication over a communication medium (e.g., a 
connecting network) to another computing entity. The com 
munication medium conveys information Such as computer 
executable instructions, compressed graphics information, 
or other data in a modulated data signal. 
0037 Computer-readable media are any available media 
that can be accessed within a computing environment (300). 
By way of example, and not limitation, with the computing 
environment (300), computer-readable media include 
memory (320) and/or storage (340). As should be readily 
understood, the term computer-readable storage media 
includes non-transitory storage media for data storage Such 
as memory (320) and storage (340), and not transmission 
media such as modulated data signals. 

III. Exemplary Server-Assisted Visual Recognition 
and Tracking Systems 

0038 FIG. 4 shows components of an exemplary visual 
recognition and tracking system (400) comprising a mobile 
device (401) (e.g., a mobile device such as the mobile device 
(100)), a remote computing environment (420), and com 
munication links (430) and (440) that are desirably wireless. 
The remote computing environment (420) can comprise, for 
example, one or more servers in a client-server network or 
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in a computing cloud (e.g., cloud (210)). The wireless 
communication links (430) and (440) can be supported by a 
wireless transceiver of the mobile device, such as wireless 
transceiver (104). 
0039 Components (402) within the mobile device (401) 
that have particular relevance to the exemplary visual rec 
ognition and tracking system (400) include one or more 
sensors (406), a tracking component (410), a camera (412), 
and a display (454). The tracking component (410) is 
sometimes referred to as the “tracker and can be imple 
mented by software or by dedicated hardware. The display 
(454) can be a touchscreen display as described above. 
0040 Components within the remote computing environ 
ment (420) include an image recognition component (422), 
a feature extractor (424), a feature database (426), and a 
communications link (432) that supports the transfer of 
image data (428) (e.g., a high-resolution image). The image 
recognition component (422) and the feature extractor (424) 
can be implemented as Software components or by dedicated 
hardware. 

0041. In general, the image recognition component (422) 
and the feature extractor (424) are configured to identify 
known objects or entities that are observed in a viewfinder 
image of the camera (412) on the mobile device (401). Once 
identified, data indicating the identity of the object (option 
ally with additional information about the object) and/or 
data for a reference frame bounding the object in the image 
can be generated (e.g., a “bounding box,” a jagged outline 
region, an alpha mask, or the like). In the illustrated embodi 
ment, the system (400) is further configured to track move 
ments of those objects (e.g., in real time or Substantially real 
time). As more fully explained below, the tracking can be 
performed by the mobile device (401) or can be performed, 
at least in part, by the computing resources in the remote 
computing environment (420). 
0042. In particular embodiments, the camera (412) is 
configured to capture digital images (470) and to send one 
or more digital images or selected portions thereof (470) to 
the remote computing environment (420) via the commu 
nication link (430) for analysis (e.g., object recognition/or 
and tracking). The captured images or image portions that 
are sent can be photos taken by the user (e.g., captured upon 
the user depressing a shutter button) or images captured by 
the camera as the user orients the mobile device toward a 
Subject with the camera enabled Such that a scene or 
viewfinder image is visible on the screen. In the latter case, 
images can be continuously captured by the camera and 
displayed, with selected images being periodically transmit 
ted to the remote computing environment (420). In particu 
lar embodiments, a user can point the mobile device in the 
direction of a scene, and select a portion of the image that 
is of particular interest by highlighting a portion of the scene 
in the viewfinder, for example, by manipulating a bounding 
rectangle or by tapping the portion of the scene of interest. 
In other embodiments, the entire image is sent to the remote 
computing environment (420). In still other embodiments, 
the mobile device selects one or more image portions to send 
without input from the user (e.g., using a suitable feature 
recognition technique (e.g., based on edge detection, lumi 
nance and/or chrominance contrast, repeating patterns, and 
the like)). Objects or entities suitable for detection and 
tracking include, but are not limited to, people, animals, 
faces, vehicles, landscape elements, buildings, text objects, 
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or any other objects that have distinguishing shapes, move 
ments, colors, or other characteristics and can be recognized. 
0043. In response to a service call from the mobile device 
(401), the remote computing environment (420) is config 
ured to recognize objects in the received images (470) or 
image portions. For example, the remote computing envi 
ronment (420) can use the image recognition component 
(422) (e.g., an image recognition server that accesses an 
image or feature database (426) and the feature extractor 
(424) (e.g., a feature extraction application running on the 
image recognition server). Together, the image recognition 
component (422) and the feature extractor (424) implement 
detailed object recognition (e.g., object recognition that has 
finer resolution and better feature extraction capabilities than 
those available on the mobile device). The image recogni 
tion component (422) and the feature extractor (424) can use 
any of a variety of object recognition techniques, such as, for 
example, objection recognition techniques based on one or 
more of edge detection, interest point detection, corner 
detection, blob detection, greyscale matching, gradient 
matching, matching to object templates, or any other object 
detection technique. In the illustrated embodiment, the fea 
ture extractor (424) is configured to extract features (e.g., 
edges, corners, blobs, or other such features modeling the 
shape of the object) from images (428) (e.g., the images 
(470) or a high-resolution image stored in the database (426) 
and matched to the images (470)) and to return object data 
(472) about the extracted features via a communication link 
(440) to the mobile device (401). The images (428) can be 
obtained directly from the mobile device or can be high 
resolution images generated from lower-resolution images 
supplied by the mobile device (401) or generated from 
comparing a lower-resolution image to a library of high 
resolution images and selecting the best match. The object 
data (472) can include, for example, one or more additional 
images of an object recognized in the one or more images 
(470) (e.g., a high-resolution image or other image from an 
image database), visual features of the recognized object 
(e.g., a model of the object produced by the feature extractor 
and comprising edge data, corner data, and/or blob data), 
decoded or translated text, and/or look-up information asso 
ciated with identified objects. For example, if the image 
analysis identifies an object of interest as a landmark (e.g., 
the statue of liberty), information about the statue, such as its 
size, materials, history, significance, location, latitude and 
longitude, maps, hours of operation, telephone contact infor 
mation, and the like, may be returned for display on the 
mobile device display (454) along with a higher-resolution 
image of the landmark. The object data (472) can also 
include “reference frame' data, or “tracking points, com 
prising data indicating the location of the object within the 
viewfinder image to facilitate Subsequently tracking the 
object. The reference frame data can comprise data for 
generating a reference frame (e.g., a “bounding box,” a 
jagged outline region, an alpha mask, or the like) around the 
recognized object. The reference frame can then be dis 
played as an overlay of the image on the display (454), 
thereby highlighting the object for the user. 
0044) The tracker (410) can be configured to monitor the 
recognized objects at Successive time intervals and match 
objects of an older viewfinder frame to those of a current 
viewfinder frame. The tracking can be performed, at least in 
part, by comparing the object data (including, for example, 
the reference frame data for the object) received from the 
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server 420 for two or more viewfinder image frames. The 
tracker (410) can also be configured to use additional inputs 
to track the objects, such as additional viewfinder images 
(414) supplied by the camera (412) or sensor data Supplied 
by sensors (406) (e.g., one or more accelerometers, gyro 
Scopes, or compasses for determining the orientation or 
location of the mobile device (401)). For example, in certain 
embodiments, the system (400) operates such that the view 
finder images from the camera (412) are only periodically 
sent to the remote computing environment (420) (e.g., every 
X images captured by the camera, where X is any value (Such 
as between 2-100)). For the viewfinder images that are 
captured in between the images sent to the remote comput 
ing environment (420), the tracker (410) can operate to track 
movement of the one or more recognized objects in the 
images. Tracking can be performed using any of a variety of 
techniques. For example, one or more of a block tracking, 
kernel-based tracking, contour tracking, tracking using a 
Kalman filter, tracking using a particle filter, or any other 
tracking technique can be used. 
0045. In particular implementations, the object reference 
frames can be displayed on the mobile device display (454). 
Although it may be advantageous to perform tracking after 
object data (472) is received from the remote server (420), 
tracking can also begin prior to receipt of the data (472). 
Furthermore, using embodiments of the disclosed system 
(400) and with appropriate coordination of computing 
resources, multiple objects can be tracked simultaneously 
and automatically. Additionally, in certain embodiments, the 
objects are tracked in the background, without the user's 
knowledge or without displaying the results to the user. In 
Such embodiments, the results can be shown to the user at 
any point in the process. 

IV. Exemplary Embodiments for Performing 
Server-Assisted Object Recognition and Tracking 

0046 FIGS. 5-11 are flow diagrams of exemplary 
embodiments of a visual recognition and tracking method, 
wherein a modified distribution of computing tasks is shown 
for each different implementation. In FIGS. 5-11, client-side 
mobile device processing tasks are shown on the left side of 
the figures, whereas server-side processing tasks are shown 
on the right side of the figures. 
0047. With reference to FIG. 5, in one exemplary imple 
mentation (500), the server-side processing tasks (530-560) 
are completed before tracking takes place on the mobile 
device (570-590). In this case, the mobile device (501) is 
configured to capture a digital image (510) and select image 
data (520) for analysis. The mobile device (501) can then 
place a service call (524) to the remote server (502), where 
the selected image data is transmitted to the remote server 
for analysis (530) and object recognition (540). The selected 
image data provided as input to the remote server can be for 
the current frame in the viewfinder. Furthermore, the image 
data can be for a partial or a full viewfinder frame, with a 
range of resolution options. When the image recognition 
server (502) recognizes an object, object data can be created 
(550) and returned as a recognition result (560, 565) by the 
remote server (502) to the mobile device (501) for display on 
the mobile device screen. The mobile device (501) can be 
configured to track the object of interest by comparing the 
object data to Subsequent frames of viewfinder image data 
(580) (e.g., a current viewfinder image) and recording the 
changes in the object data (590). Alternatively, in other 
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implementations, certain steps shown in FIG. 5 on the server 
side can be partly accomplished as client-side tasks; like 
wise, other tasks shown in FIG. 5 on the client side can be 
partly accomplished on the server side. 
0048 FIG. 6 illustrates an exemplary method (600) for 
performing text translation according to an embodiment of 
the disclosed technology. In FIG. 6, the image recognition 
server (602) is configured to recognize foreign language text 
within a scene in the camera viewfinder for translation into 
one or more target languages that can be selected by the 
mobile device user. In this case, client-side tasks begin with 
capturing a viewfinder scene (610) as a digital image and 
selecting an image portion that includes the text of interest 
(620). A service call is made (624) to the remote server (602) 
to initiate server-side tasks. The server-side tasks include, 
for example, extracting one or more text objects (630) (e.g., 
using a Suitable optical character recognition (OCR) tech 
nique)), identifying the text language based on the OCR 
results (e.g., Italian, Russian, Chinese, and the like) (640), 
and translating the text into the user's desired language(s) 
(650) (e.g., using any of a variety of available language 
translation applications). Data for the translated text (e.g., 
data representing the content of the translated text and/or for 
displaying the translated text in place of the original text) 
can then be returned (660, 665) to the mobile device (601) 
for display on the mobile device screen (670) in the user's 
native language. For situations in which a user is located in 
a foreign country where both the language and the alphabet 
are unfamiliar (e.g., an American traveling in China), Such 
an automatic text translator can be an invaluable travel tool. 
In this implementation, the use of server-side computing 
resources can allow for the recognition and translation of 
text objects to occur rapidly and accurately. Further, because 
the server-side computing resources can be substantial, 
multiple text objects can be recognized. 
0049 FIG. 7 illustrates an exemplary method in which 
preliminary object detection (700) is implemented on the 
mobile device (701) so that initial tracking tasks commence 
on the client side prior to sending a service call to the remote 
server (702). In this case, a digital image is captured (710), 
and using coarse-grained detection of for example, text 
objects (720), the mobile device (701) can quickly detect 
regions of the viewfinder frame image that appear to contain 
text, or regions that have characteristics of words (e.g., by 
using edge detection techniques and/or simple optical char 
acter recognition (OCR) techniques). In general, coarse 
grained detection comprises detection that has lower reso 
lution and/or is less computationally intensive than the 
object recognition performed by the server. The mobile 
device can also begin tracking the locations of the text in real 
time. In the illustrated embodiment, a server request (724) to 
decode and translate the text is made in parallel. The 
decoding of the text can be performed using optical char 
acter recognition techniques (OCR). Furthermore, the OCR 
that is applied by the server can be programmed to recognize 
multiple languages. Once the words are fully recognized and 
decoded, results can be translated into multiple languages on 
the server side (705) in parallel with tracking activities on 
the mobile device side (780, 790), and then transmitted as 
translated text objects (760, 765) for display on the screen of 
the mobile device (770). Use of preliminary detection by the 
mobile device accelerates the tracking process. Tracking can 
also be refined by server-side computation, for example, by 
Supporting both word recognition and translation of a broad 
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range of languages without restricting space on the mobile 
device. It should be noted that the embodiments described 
above with respect to FIGS. 6 and 7 are not limited to textual 
recognition, but can be adapted for any other type of object 
identification and tracking. 
0050 FIG. 8 illustrates an exemplary dynamic tracking 
method (800) in which the speculative detection of objects 
of interest is accomplished as client-side tasks (801) and 
then confirmed or refined by remote server-side tasks (802). 
For example, in the illustrated embodiment, after capturing 
a digital image (810), speculative detection of objects (820) 
can be performed. The speculative detection of objects can 
be performed using a variety of computationally efficient 
techniques that identify areas in the viewfinder image that 
exhibit certain criteria indicative of objects of interest. For 
example, the detection can be performed by identifying 
high/low contrast transitions, areas having a defined border, 
or areas that have a repetitive pattern. Once possible objects 
of interest are identified, display (870) and tracking (880, 
890) can commence in the mobile device (801) while, in 
parallel, a service call is made (824) to the remote server 
(802) for confirmation and further refinement. The image 
data sent to the server can be for a partial or a full viewfinder 
frame, with a range of resolution options. This approach 
allows for objects of interest to be dynamically tracked (880, 
890) and for details from recognition results (830-850) to be 
filled in when they are available and received after trans 
mission from the server (860, 865). Dynamic tracking can 
involve multiple service calls to the remote server, and 
falsely recognized objects can be culled from Subsequent 
viewfinder images. In this way, object data can become more 
highly detailed and refined with each iteration. During this 
process, false positives can be faded out from the mobile 
device display if the recognition component at the server 
(802) fails to confirm a region or object as a known entity. 
0051. As noted above in Section III, the object data sent 
from the server can include reference frame data, which 
identifies the location of the object within the analyzed 
viewfinder image. This reference data can be initially com 
puted by the server and used to assist the tracking performed 
by the client. FIGS. 9-10 illustrate more detailed implemen 
tations illustrating how the server can provide information 
for initiating or refining the tracking being performed by the 
client. 

0.052 FIG. 9 illustrates an exemplary image registration 
method (900) in which tracking is initiated by the server 
(902) and then further carried out within a set of client-side 
mobile device tasks (901). In the illustrated embodiment, 
after capturing a digital image (910), the mobile device can 
obtain selected image data (920) and supply the selected 
image data (924) to the remote server (902) for object 
recognition (e.g., by comparing the selected image data to an 
existing set of registered images). Furthermore, the image 
data can be for a partial or a full viewfinder frame, with a 
range of resolution options. Once an object is recognized 
(940), a sub-image and reference frame are created (950). 
The Sub-image can comprise, for example, parts of an 
image, such as tracking points, that are of particular interest. 
In this embodiment, the Sub-image and reference frame are 
returned (960) to the mobile device (901). The client mobile 
device (901) then attempts to match (980) the sub-image and 
the reference frame to a corresponding portion of the current 
viewfinder frame. For example, the client can compute 
translation and rotation data pertaining to the Sub-image 
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(970) to recognize the object at a new location and rotation 
in the current viewfinder frame. This approach can be useful 
for tracking objects moving with respect to the viewfinder 
frame while the viewfinder remains substantially stationary. 
0053 FIG. 10 illustrates an exemplary method (1000) in 
which the server uses sensor information from the client 
mobile device to predict a location of the object when the 
mobile device is in motion. According to this approach, the 
remote server assumes that objects visible through the 
viewfinder of the mobile device remain substantially sta 
tionary, and the client can then track Subsequent movements 
of the mobile device user with respect to a stationary object. 
After capture of a digital image (1010), selected image data 
is obtained (1020) by the mobile client (1001) and trans 
mitted to the remote server (1024). Furthermore, the image 
data can be for a partial or a full viewfinder frame, with a 
range of resolution options. In addition to providing a 
selected image portion, the mobile device can provide 
sensor data from sensors (e.g., accelerometer, gyroscope, 
compass data, or combinations thereof). The sensor data can 
include data from the time the image portion was obtained 
and/or can include data sensed after the image portion was 
obtained (indicating movement of the mobile device after 
the image was captured). In this embodiment, the remote 
server (1002) is then configured to analyze the image portion 
(1030), recognize an object (1040), and create a multi 
dimensional representation (1050), such as a reference 
frame, or other 2-D or 3-D representation, of the recognized 
object for use in the subsequent tracking (1070) by the 
mobile device (1001). The sensor data provides further 
information that the remote server (1002) can use to calcu 
late a predicted location (1060) for the object. The location 
prediction and the multi-dimensional representation can 
then be transmitted (1065) to the client. Alternatively, the 
client mobile device can record sensor data from the time of 
the query to the server and perform tracking calculations for 
the multi-dimensional object representation once it is 
received from the server. 

0054. In certain embodiments, a combined approach that 
uses both the image registration approach (900) and the 
predictive approach (1000) is used. In such embodiments, 
the techniques are used together to provide a more seamless 
and fluid tracking experience. 
0055 FIG. 11 illustrates yet another embodiment in 
which the remote server (1102) generates and returns to the 
client a detailed model of a recognized object. According to 
this approach, a digital image is captured (1110) by the client 
mobile device and selected low-resolution image data is 
obtained (1120) and provided (1124) to the remote server. 
The image data can be for a partial or a full viewfinder 
frame, with a range of resolution options. An object of 
interest can be detected (1150) and a detailed model of the 
object generated (1160) by the server (e.g., a list of all the 
features of the object, their relative orientation, and/or other 
detailed object data). In the illustrated embodiment, the 
detailed model is generated from a high-resolution image 
available to the server and identified as corresponding to the 
image or image portion sent by the client by matching it to 
the image data and/or by using other data sent from the 
mobile device (e.g., longitude and latitude information). The 
detailed model can then be transmitted to the client (1165). 
As illustrated, the detailed model can also be at least 
partially displayed (1170) and used for tracking (1180, 
1190). The client mobile device (1101) can also use the 
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detailed model to conserve processing resources. For 
example, the model can be used to allow the client mobile 
device to match features in the current viewfinder frame to 
a wider variety of features as indicated by the detailed 
model. Feature extraction on the mobile device can then be 
halted when a desired number of feature matches is 
achieved. This approach is particularly suitable for identi 
fying two-dimensional or three-dimensional “human Scale 
objects Such as people, animals, vehicles, landmarks, and the 
like. 

0056 Having described and illustrated the principles of 
the disclosed technology in the detailed description and 
accompanying drawings, it will be recognized that the 
various embodiments can be modified in arrangement and 
detail without departing from Such principles. For example, 
any technologies described herein for capturing still photos 
can also be adapted for capturing video. Elements of 
embodiments shown in Software may be implemented in 
hardware and vice versa. 

0057. In view of the many possible embodiments to 
which the principles of the disclosed invention may be 
applied, it should be recognized that the illustrated embodi 
ments are only preferred examples of the disclosed technol 
ogy and should not be taken as limiting the scope of the 
disclosed technology. Rather, the scope of the disclosed 
technology is defined by the following claims and their 
equivalents. We therefore claim all that comes within the 
Scope and spirit of these claims and their equivalents. 

1. A method, comprising: 
continuously capturing images by a camera of a mobile 

device; 
periodically transmitting selected ones of the images to a 

remote server for object recognition; 
receiving from the remote server object data for a recog 

nized object in the transmitted, images, the recognized 
object being a landmark in one or more of the selected 
ones of the images, the object data including one or 
more of data indicating the landmark's size, data indi 
cating the landmark's history, data indicating the land 
mark's hours of operation, data indicating the land 
mark's telephone contact information; and 

displaying the object data on the mobile device. 
2. The method of claim 1, further comprising performing 

preliminary object detection on the mobile device prior to 
the transmitting. 

3. The method of claim 2, wherein the preliminary object 
detection comprises a speculative detection of objects of 
interest in the images. 

4. The method of claim 3, further comprising refining the 
preliminary object detection based at least in part on the 
received object data. 

5. The method of claim 4, wherein the refining the 
preliminary object detection involves eliminating one or 
more objects recognized through the preliminary object 
detection. 

6. The method of claim 1, further comprising: 
capturing one or more additional images using the cam 

era; and 
tracking changes in a location of the recognized object in 

the one or more additional instances of digital image 
data, the tracking being performed based at least in part 
on the object data received from the remote server. 
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7. The method of claim 1, wherein the object data 
received from the server comprises a model of the recog 
nized object, the model include edge and corner data for the 
recognized object. 

8. The method of claim 1, wherein the transmitting and 
the receiving reduces a computational burden on the mobile 
device relative to performing object recognition only on the 
mobile device itself. 

9. The method of claim 1, further comprising transmitting 
sensor data to the remote server in addition to the images. 

10. The method of claim 9, wherein the sensor data further 
comprises one or more of data from an accelerometer 
associated with the mobile device, data from a compass 
associated with the mobile device, data from a gyroscope 
associated with the mobile device, or data associated with 
global positioning system coordinates for the mobile device. 

11. The method of claim 9, wherein the object data 
comprises data predicting a location of the recognized object 
based at least in part on the transmitted sensor data. 

12. One or more computer-readable storage media storing 
computer-executable instructions which when executed by a 
computing device cause the computing device to perform 
the method of claim 1. 

13. A method, comprising: 
by a mobile device: 

capturing an image using a camera on the mobile 
device, 

performing a coarse-grained detection technique to 
detect one or more text objects in the image, and 

making a service call to a remote server to perform 
remote translation services for the one or more text 
objects in the image. 

14. The method of claim 13, wherein the method further 
comprises: 
by the remote server, 

receiving at least a portion of the image from the 
mobile device; 

translating text from the one or more text objects into 
one or more different languages; and 
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transmitting data to the mobile device indicative of the 
translated text. 

15. The method of claim 13, wherein the method further 
comprises: 
by the remote server: 

receiving sensor data from the mobile device; and 
transmitting data indicating a predicated location of the 

translated text within an image, the predicted loca 
tion being based at least in part on the sensor data. 

16. The method of claim 14, wherein the translating 
comprises recognizing text in the one or more text objects 
using optical character recognition. 

17. The method of claim 16, wherein the optical character 
recognition is adapted to recognize multiple languages. 

18. A system, comprising: 
a memory or storage device storing a program; 
a processing unit operable to execute the program, 

wherein said execution of the program causes the 
processing unit to: 
receive image data from a mobile device; 
perform object recognition for the image data; 

generate data for an object recognized in the image data, 
the generated data including feature data modeling a 
shape of the recognized object within the image data; 
and 

transmit the feature data to the mobile device. 

19. The system of claim 18, wherein said execution of the 
program causes the processing unit to: 

receive sensor data from the mobile device; and 
generate prediction information indicative of an updated 

location of the recognized data, the prediction infor 
mation being based at least in part on the sensor data. 

20. The system of claim 18, wherein said execution of the 
program causes the processing unit to generate data for 
multiple objects recognized in the image data as a result of 
the object recognition. 

k k k k k 


