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REAL TIME OBJECT SCANNING USING A MOBILE PHONE
AND CLOUD-BASED VISUAL SEARCH ENGINE

RELATED APPLICATIONS

[0001] This application claims priority from U.S. Patent Application No.
13/768,051 (Atty. Docket No. YAH1P297), entitled “Real Time Object Scanning
Using a Mobile Phone and Cloud-Based Visual Search Engine,” by Zhong et al, filed
on February 15, 2013, which is incorporated herein by reference in its entirety and for

all purposes.

BACKGROUND OF THE INVENTION

[0002] Mobile phones and smart mobile phones are becoming extremely
common. Many people now carry everywhere a device that includes a powerful
processor, a high-resolution video camera, and a connection to the Internet. One
possible practical application of these devices is image recognition. When a smart
phone user is presented with an item that he desires to know more about, he can
photograph the item and use image recognition software to identify it. Depending on
his preferences he may simply be given the name of the object, or automatically be
connected with search results regarding the object, shopping information regarding
the object, or any other appropriate information. A particularly useful application of
this technology is for visually impaired people; enabling them to identify objects they
are not able to identify themselves without assistance. Frequently, when a user takes a
photo with a smart phone for the purposes of object identification, the user does not
take the photo that best enables the object to be identified — for instance, the image
can be blurry or from an angle that makes recognition difficult. This is particularly a
problem when assisting blind users, as they cannot see the photo image themselves to

verify its quality
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BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various embodiments of the invention are disclosed in the following

detailed description and the accompanying drawings.

[0004] Figure 1 is a block diagram illustrating an embodiment of a network
System.
[0005] Figure 2 is a block diagram illustrating an embodiment of an image

tagging system.

[0006] Figure 3 is a block diagram illustrating an embodiment of a mobile
device.
[0007] Figure 4 is a flow diagram illustrating an embodiment of a process for

using a system for real time object scanning.

[0008] Figure 5A is a flow diagram illustrating an embodiment of a process

for processing a video stream.

[0009] Figure 5B is a flow diagram illustrating an embodiment of a process

for processing a key frame.

[0010] Figure 6 is a flow diagram illustrating an embodiment of a process for

processing an image frame.

[0011] Figure 7 is a flow diagram illustrating an embodiment of a process for

determining if a frame is a key frame.

[0012] Figure 8 is a flow diagram illustrating an embodiment of a process for

tagging an object.
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DETAILED DESCRIPTION

[0013] The invention can be implemented in numerous ways, including as a
process; an apparatus; a system; a composition of matter; a computer program product
embodied on a computer readable storage medium; and/or a processor, such as a
processor configured to execute instructions stored on and/or provided by a memory
coupled to the processor. In this specification, these implementations, or any other
form that the invention may take, may be referred to as techniques. In general, the
order of the steps of disclosed processes may be altered within the scope of the
invention. Unless stated otherwise, a component such as a processor or a memory
described as being configured to perform a task may be implemented as a general
component that is temporarily configured to perform the task at a given time or a
specific component that is manufactured to perform the task. As used herein, the term
‘processor’ refers to one or more devices, circuits, and/or processing cores configured

to process data, such as computer program instructions.

[0014] A detailed description of one or more embodiments of the invention is
provided below along with accompanying figures that illustrate the principles of the
invention. The invention is described in connection with such embodiments, but the
invention is not limited to any embodiment. The scope of the invention is limited
only by the claims and the invention encompasses numerous alternatives,
modifications and equivalents. Numerous specific details are set forth in the
following description in order to provide a thorough understanding of the invention.
These details are provided for the purpose of example and the invention may be
practiced according to the claims without some or all of these specific details. For the
purpose of clarity, technical material that is known in the technical fields related to
the invention has not been described in detail so that the invention is not unnecessarily

obscured.

[0015] Real time object scanning using a mobile phone and cloud-based visual
search engine is disclosed. A system for tagging an object comprises a processor
configured to: determine a key frame, wherein determining a key frame comprises:
determining if an image is stable; and in the event that the image is stable:
determining if the image has been stable for a predetermined duration; and in the

event that the image has been stable for the predetermined duration: identifying the
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current frame as a key frame; and determine a tag for an item in the key frame. A
memory is coupled to the processor and is configured to provide the processor with
instructions. An interface is configured to receive an image (e.g., for processing by

the processor).

[0016] In some embodiments, real time object identification is performed
using a mobile phone including a camera and a processor. A mobile phone user
performs real time object identification by initiating the object identification process
(e.g., by launching an app) and holding their phone steady so the camera captures a
steady image of the object of interest. Rather than the user making an indication (e.g.,
pushing a button, manually triggering, voice triggering, etc.) that the image is of the
desired object, the app determines that the image is steady (e.g., features of interest
are not blurry), when the image has been steady for a predetermined duration, and
when the visual content is sufficiently different from the previous key frames, the
image is captured and processed. By analyzing each frame of the image stream, the
app is able to ensure that a high quality image is received for image processing (e.g.,
in focus, within the frame, etc.). If the app requires the user to push a button to
indicate that an image should be captured, it is forced to rely on the user to take a
good quality image. This is particularly burdensome when the app is used for assisting

a blind user, who will likely have difficulty taking a high quality image.

[0017] In some embodiments, an image is steady in the event that an object of
interest is within a camera view for a predetermined time. In some embodiments, a
steady image refers to an image from the perspective of a device with a camera, where
the image, or rather stream of images, includes the same subject matter within the
view of the camera. In some embodiments, the image is received via an interface to
be processed. In some embodiments, the image or stream of images is steady or
within the view of the camera for a predetermined period of time. In some
embodiments, the predetermined period of time is indicative of a length of time to

express the intent of interest in the objects in the view of the camera.

[0018] In some embodiments, when the object identification process is
initiated, the processor receives an image stream from the camera. Each image frame
is analyzed until a key frame is detected. A key frame comprises an image frame

where the image is steady and has been held steady over a predetermined duration,
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and where the visual content is different from the previous key frames. When a key
frame is detected, the image is provided to object identification software for
identifying an object in the image. In some embodiments, the object is identified by
an automated object identification process. In some embodiments, the object is
identified by a human object identifier. In some embodiments, it is determined
whether the object can be identified by an automated object identification process,

and if not, the object is identified by a human object identifier.

[0019] In some embodiments, the system comprises a processor for image
recognition which performs the expensive computation of analyzing a new object and
a key frame processor which performs the less expensive identification of frames that
are susceptible frames to having a new object. If the frame is identified as being
susceptible by the key frame processor, the frame is sent on to the image recognition

Proccessor.

[0020] Figure 1 is a block diagram illustrating an embodiment of a network
system. In the example shown, the network system of Figure 1 comprises image
tagging system 102 communicating with network 100. The network system of Figure
1 performs real time object scanning using a mobile phone (e.g., smart mobile phone
108) and a cloud-based visual search engine (e.g., image tagging system 102). In
some embodiments, the image tagging system is on the mobile device where key
frame identification happens. In some embodiments, object recognition is performed
on the cloud-based visual search engine due to the power consumption load it
requires. Image tagging system 102 comprises a system for assigning tags to objects
in images. In various embodiments, network 100 comprises one or more of the
following: a local area network, a wide area network, a wired network, a wireless
network, the Internet, a cellular network, or any other appropriate network. In the
example shown, a user submits an image to be tagged to image tagging system 102
via network 100. In some embodiments, the image to be tagged is created using a
mobile device (e.g., camera enabled cellular telephone 106, smart mobile phone 108,
or another mobile device, for instance a wireless enabled digital camera, a tablet
computer, a laptop, a tablet, a camera, etc.) and conveyed to network 100 via wireless
access point 104. In some embodiments, the image to be tagged is located on a user’s

home computer (e.g., computer 110), either after it was uploaded by the user from a
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digital camera or other image creation device or downloaded from the Internet, and is
submitted through a wired connection to network 100. In some embodiments, the
image tagging system user comprises a web site or other computing system that uses
image tagging as part of its service, and images are submitted from the user’s system

server (e.g., server 112) through network 100, to image tagging system 102.

[0021] Figure 2 is a block diagram illustrating an embodiment of an image
tagging system. In some embodiments, image tagging system 200 comprises image
tagging system 102 of Figure 1. Image tagging system 200 comprises an image
tagging system for receiving an image and providing one or more tags for one or more
objects in the image. In the example shown, image tagging system 200 comprises web
interface 202, computer vision engines 204, human computation module(s) 206,
object databases 208, results processor 210, learning module 212, and dashboard 214.
Web interface 202 comprises an interface accessible through the World Wide Web for
submitting images to image tagging system 200. In some embodiments, web interface
202 comprises a graphical user interface (GUI), enabling a user to casily submit
images to image tagging system 202. In some embodiments, web interface 202
comprises an application programming interface (API), enabling a programmer to
create software that submits images and other information to image tagging system
200 and receives tags from image tagging system 200. In some embodiments, web
interface 202 uses a communication interface other than the World Wide Web (e.g., a

local area network, a wide area network).

[0022] In the example shown, computer vision engines 204 comprises a set of
one or more computer vision engines for automatically identifying objects in images
received by image tagging system 200. In various embodiments, the computer vision
engines use an instance recognition module, a classification module, an optical
character recognition module, a face identification module, a barcode recognition
module, a clock recognition module, a color detection module, or any other
appropriate module. In some embodiments, ecach different module utilized by
computer vision engines 204 is utilized by a separate computer vision engine. In some
embodiments, computer vision engines 204 comprise more than one computer vision
engine, and the separate computer vision engines execute their modules in parallel. In

some embodiments, computer vision engines 204 utilize information stored in object
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databases 208 as part of executing computer vision modules. In some embodiments,
an instance recognition module utilizes object databases 208 as its instance library. In
some embodiments, a classification module utilizes object databases 208 as its class

representation library.

[0023] In the example shown, human computation module(s) 206 comprises
one or more human computation modules for image recognition. A human
computation module for image recognition comprises one or more humans each
capable of recognizing images and providing tags for the images. In some
embodiments, a human computation module relays any tags provided by its humans
directly to results processor 210. In some embodiments, a human computation module
requests tags from human taggers. In some embodiments, a human computation
module receives a request for tags from a results processor. In some embodiments, the
human computation module provides various processing functionality prior to
providing the tags to results processor 210. In various embodiments, processing
functionality includes determining a status of a human tagger, determining a validity
of a tag based on a status of a human tagger (e.g., valid tag is determined in the event
that the tag is received from a tagger indicated as an expert or reliable tagger),
confirming a validity of a tag based on receipt from multiple human taggers (e.g.,
valid tag is determined in the event that the same tag is received from a majority of
taggers or a minimum number of taggers or both), marking a tag with a validity status
based on a status of a human tagger, or any other appropriate processing functionality.
In some embodiments, human computation module(s) 206 comprises more than one
human computation module. In various embodiments, human taggers are divided into
separate human computation modules based on specialty, experience, age, location,
average time to provide results, tagger status, or any other appropriate tagger

classification.

[0024] Results processor 210 comprises a results processor for receiving and
processing tags from computer vision engines 204 and human computation module(s)
206. In the example shown, results processor 210 ranks the received tags according to
a predetermined ranking algorithm and provides the highest ranked tag or tags to the
image tagging system user (e.g., the user that originally provided the image). In

various embodiments, the predetermined ranking algorithm utilizes a module ranking



10

15

20

25

30

WO 2014/126735 PCT/US2014/014293

(e.g., tags received from a computer vision instance module rank more highly than
tags received from a computer vision classification module), a module score (e.g.,
tags received from the same module are ranked based on a score assigned to them by
the module they are received from), or any other appropriate ranking criteria. In some
embodiments, results processor 210 requests tags from computer vision engines 204.
In some embodiments, results processor 210 requests tags from human computation
module(s) 206. In some embodiments, results processor 210 requests tags from
human computation module(s) 206 in the event that computer vision engines 204 are

not able to provide tags.

[0025] Learning module 212 comprises a module for updating object
databases 208 based on the results of an image query. In some embodiments, if an
instance recognition module or a classification module are able to determine tags for
an image based on information stored in object databases 208 without finding an
identical image stored in object databases 208, the learning module then stores the
image in object databases 208 associated with the determined tags. In some
embodiments, the learning module determines whether adding the image to object
databases 208 will broaden the space of images associated with the determined tag.
The learning module may then choose to store the image in object databases 208 only
if it does broaden the space of images associated with the tag. In some embodiments,
if computer vision engines 204 is not able to determine a tag associated with the
image but human computation module(s) 206 is, learning module 212 stores the
image and associated tag in object databases 208, so that the image can be
automatically identified if it is submitted in future queries. In some embodiments,
learning module 212 processes an image before storing it and any associated tags in
object databases 208. In various embodiments, processing comprises background
subtraction, object geometry processing, object class representation creation, or any

other appropriate processing.

[0026] Dashboard 214 comprises an interface for an image tagging system
administrator to gain information about the current status of the image tagging
system. In the example shown, the dashboard system can provide information to a

system administrator on image queries, tags that have been applied to images, system
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users, image taggers, and system status, as well as allowing the administrator to train

the computer vision module by adding images and tags at his discretion.

[0027] Figure 3 is a block diagram illustrating an embodiment of a mobile
device. In some embodiments, mobile device 300 comprises smart mobile phone 108
of Figure 1. In various embodiments, mobile device 300 comprises a smart mobile
phone, a tablet computer, a laptop computer, an embedded system, or any other
appropriate mobile device. Mobile device 300 performs real time object scanning. In
some embodiments, mobile device 300 interacts with a cloud-based visual search
engine to perform real time object scanning. In the example shown, mobile device
300 comprises camera 302, image processor 304, object databases 306, network
interface 308, results processor 310, and user interface 312. Camera 302 comprises a
camera for recording images. In some embodiments, camera 302 comprises a still
camera (e.g., records only one still image at a time). In some embodiments, camera
302 comprises a video camera (e.g., records images at a given rate, e.g., 5 frames per
second, 10 frames per second, 30 frames per second, etc.). Image processor 304
comprises an image processor for processing images. In various embodiments, image
processor 304 performs image cropping, image filtering, image transforming, image
parameter extraction, object identification, object tagging, key frame detection, or any
other appropriate image processing function. Object databases 306 comprise(s) one or
more databases of object tags. In some embodiments, object databases 306
comprise(s) a copy of object databases 208. In some embodiments, object databases
306 comprises a subset of object databases 208. Network interface 308 comprises a
network interface for communicating with a network (e.g., network 100 of Figure 1).
In some embodiments, object databases 306 are updated using network interface 308.
In some embodiments, images are uploaded (e.g., to an image tagging system) and
tags are downloaded via network interface 308. Results processor 310 comprises a
processor for receiving and processing image tagging results (e.g., from object
databases 306, image processor 304, or network interface 308). Results processor 310
determines result quality, selects the best results, and processes results for display by
user interface 312. User interface 312 receives results from results processor 310 and
displays results for a user. In various embodiments, user interface 312 receives an

application start command, receives a stream select start command, displays an image
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stream to a user, displays an image tag to a user, or performs any other appropriate

user interface function.

[0028] Figure 4 is a flow diagram illustrating an embodiment of a process for
using a system for real time object scanning. In some embodiments, the process of
Figure 4 is executed by a mobile device user using an app for real time object
scanning using a mobile phone and cloud-based search engine. In some embodiments,
the search engine is on the mobile phone. In the example shown, in 400, the app is
launched. In 402, the camera is pointed at an object. In some embodiments, the
camera is pointed at the object the user is interested in identifying. The user does not
need to make an indication (e.g., click a button, etc.) to the mobile device that the
camera is pointed at the object of interest or that the camera should take a photograph.
In 404, the device is held stable. In some embodiments, the device is held stable for at
least a predetermined period of time (e.g., 0.5 seconds, 5 seconds, etc.). In 406, an
object identification is received. In some embodiments, an object identification is
determined by the device and presented to the user. In some embodiments, the device
interacts with an image tagging system (e.g., communicating via a network) to
determine an object identification. In some embodiments, the image tagging system
determines an object identification. In some embodiments, the image tagging system
interacts with a human to determine an object identification. In some embodiments, an

object identification comprises an object tag.

[0029] Figure 5A is a flow diagram illustrating an embodiment of a process
for processing a video stream. In some embodiments, the process of Figure 5A is
executed by a mobile device (e.g., mobile device 300 of Figure 3). The process of
Figure 5A is used by a mobile device for real time object scanning without interaction
from a user (e.g., without requiring the user to make an indication of the object of
interest or manually indicate to take a photograph). In the example shown, in 500, an
image frame is processed. In some embodiments, processing an image frame
comprises determining if the image frame is a key frame. In some embodiments, an
image frame received from a camera is processed. In various embodiments, image
frames are captured at 1 frame per second, 5 frames per second, 10 frames per second,

30 frames per second, or at any other appropriate rate. In 502, the process waits for
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the next image frame. Once the next image frame has been received, control passes

back to 500.

[0030] Figure 5B is a flow diagram illustrating an embodiment of a process
for processing a key frame. In some embodiments, the process of Figure 5B is used to
indicate an object tag in a key frame to a user. In the example shown, in 520, a key
frame is received. In some embodiments, the key frame comprises a key frame
identified in 500 of Figure 5A. In some embodiments, a key frame comprises a frame
where the image is still (e.g., not blurry). In some embodiments, a key frame
comprises a frame where the image is still and the image has been still for a
predetermined number of frames before it. In some embodiments, a key frame
comprises a frame where the image’s visual content is different from the previously
detected key frames. In 522, an object is recognized in the key frame. In some
embodiments, the object is recognized by the mobile device. In some embodiments,
the object is recognized by an image tagging system. In 524, object recognition user
interface information is provided. In some embodiments, providing object recognition

user interface information comprises displaying an object tag.

[0031] Figure 6 is a flow diagram illustrating an embodiment of a process for
processing an image frame. In some embodiments, the process of Figure 6 is executed
by image processor 304 of Figure 3. An image processor uses the process of Figure 6
for processing a received image frame and determining if the image frame is locked
onto an object. In some embodiments, the process of Figure 6 implements 500 of
Figure 5A. In the example shown, in 600, an image frame is received. In some
embodiments, the image frame is received from a camera. In some embodiments, the
image frame is part of a video stream. In 602, it is determined whether there are points
to track. In the event that there are not points to track, in 604 points to track are
looked for, and then the process ends. In the event that there are points to track, in
606 displacement for point(s) are found. In 608, it is determined if a frame is a key

frame.

[0032] In some embodiments, features are extracted at salient locations such
as corners or object contours. A local patch centered around the salient location is
encoded. The encoding typically captures histograms of oriented edge energy. The

features are compared to the features in the previous frame, and are used to compute
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the optical flow. In some embodiments, optical flow is estimated using a Lukas
Kanade algorithm. It is determined which feature(s) is/are locked onto. In some
embodiments, feature(s) is/are used to determine an object tag. In some embodiments,
determining whether feature(s) is/are locked comprises checking to see if feature(s)
have been found in a previous frame. In some embodiments, if feature(s) have been
locked, the image is steady and a key frame can be detected. In the event feature(s)
is/are locked, it is determined if the frame is a key frame. If it is determined that
feature(s) have not been locked, feature(s) is/are looked for. In some embodiments, it
is determined whether feature(s) have been found. In the event feature(s) have been
found, the lock on to feature(s) is indicated. For example, a software module is
informed (e.g., by passing a message or indication) that the feature(s) are locked and
that the process may proceed (e.g., to process additional images to determine a key
frame). Or for example, the lock is stored or recorded (e.g., in a data structure or in
memory location(s)). In some embodiments, after the lock on to feature(s) is
indicated, the next time the process is executed (e.g., in response to the next image
frame received), it will be determined that feature(s) is/ are locked. If it is determined
that feature(s) have not been found, the process ends. In some embodiments, a lack of
lock on to features is indicated (e.g., stored, recorded, passed as an indication or

variable to a software module, etc.).

[0033] Figure 7 is a flow diagram illustrating an embodiment of a process for
determining if a frame is a key frame. In some embodiments, the process if Figure 7
implements 608. An image processor uses the process of Figure 7 for processing a
received image frame and determining if the image frame is a key frame. In the
example shown, in 700, movement of feature(s) (e.g., movement of features since the
last frame, blurriness of features, etc.) is determined. In 702, feature(s) with
substantial movement (e.g., features that have moved more than a threshold since the
last frame, features that are above a blurriness threshold, etc.) are removed. In 704, it
is determined whether at least N features remain. In the event that less than N
features remain, control passes to 706. In 706, feature(s) is/are reset. In the event that
it is determined in 704 that at least N features remain, control passes to 708. In 708,
stable frame counter is increased. In some embodiments, the value stored in the stable
frame counter represents the duration that the image has been stable. In 710, it is

determined whether there is an existing key frame for the feature(s). In the event that
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there is an existing key frame for the feature(s), the process ends. In the event that
there is not an existing key frame for the feature(s), then in 712 it is determined
whether there are enough stable frames. In the event that there are not enough stable
frames, the process ends. In the event that there are enough stable frames, in 714 the

image is stored as key frame, and the process ends.

[0034] In some embodiments, an accelerometer measurement is used to
determine whether there are stable frames. In some embodiments, the accelerometer

is associated with a mobile phone.

[0035] In some embodiments, a key frame has different visual content from a
previous key frame. In some embodiments, a key frame has the same visual content

from a previous key frame.

[0036] Figure 8 is a flow diagram illustrating an embodiment of a process for
tagging an object. In some embodiments, the process of Figure 8 is executed by
mobile device 300 of Figure 3. The process of Figure 8 is used for real time object
scanning using a mobile phone and cloud-based search engine. In some embodiments,
the process of Figure 8 is executed on each frame of an incoming image stream. In the
example shown, in 800, it is determined whether the image is stable. If it is
determined that the image is not stable, the process ends. In some embodiments, the
process is then repeated on the next image frame. If it is determined in 800 that the
image is stable, control passes to 802. In 802, it is determined if the image has been
stable for a predetermined duration. If it is determined that the image has not been
stable for the predetermined duration, the process ends. In some embodiments, the
process is then repeated on the next image frame. If it is determined in 802 that the
image has been stable for the predetermined duration, control passes to 804. In 804,
the current frame is identified as a key frame. In 806, a tag is determined for an item
in the key frame. In some embodiments, the tag is determined by a machine. In some
embodiments, the process additionally determines whether the tag is determined by a
machine or by a human. In some embodiments, in the event it is determined that the

tag cannot be determined by a machine, the tag is determined by a human.

[0037] Although the foregoing embodiments have been described in some

detail for purposes of clarity of understanding, the invention is not limited to the

13
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details provided. There are many alternative ways of implementing the invention.

The disclosed embodiments are illustrative and not restrictive.

14
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WHAT IS CLAIMED IS:

CLAIMS

1. A system for tagging an object, comprising:
an interface configured to receive an image; and
a processor configured to:
determine a key frame, wherein determining a key frame comprises
determining that the image is stable; and

determine a tag for an item in the key frame.

2. A system as in claim 1, wherein determining that an image is stable comprises

determining a feature.

3. A system as in claim 2, wherein the feature is in a current frame and in a prior
frame.

4. A system as in claim 2, wherein the feature is one of a plurality of features.

5. A system as in claim 4, wherein a percentage of the plurality of features is

above a threshold for a predetermined number of frames.

6. A system as in claim 4, wherein a number of the plurality of features is above

a threshold for a predetermined number of frames.

7. A system as in any of claims 4, wherein each of the plurality of features is in a

current frame and a prior frame.

8. A system as in any of claims 4, wherein movement is determined associated

with each of the plurality of features.

9. A system as in any of claims 4-8, wherein in the event that a specific feature
of the plurality of features has movement above a threshold, remove the specific

feature point from the plurality of features.

10. A system as in any of claims 1, wherein the image is received from a camera

on a mobile device.

11. A system as in claim 10, wherein the mobile device comprises a mobile
phone.
12. A system as in claim 10, wherein the mobile device comprises a tablet.

15
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13. A system as in any of claims 1, wherein the tag is determined using a
computer vision engine.

14. A system as in any of claims 1, wherein the tag is determined using a human

computation module.

15. A system as in claim 14, wherein the human computation module requests the

tag from one or more human taggers.

16. A system as in claim 15, wherein the human computation module determines
validity of the tag.
17. A system as in any of claims 14 or 15, wherein the tag is determined using the

human computation module in the event that the tag could not be determined using

the computer vision module.

18. A system as in any of claims 1, wherein the key frame has visual content

different from visual content from a previous key frame.

19. A method for tagging an object, comprising:
determining a key frame, wherein determining a key frame comprises
determining that an image is stable; and

determining a tag for an item in the key frame.

20. A computer program product for tagging an object, the computer program
product being embodied in a tangible computer readable storage medium and
comprising computer instructions for:

determining a key frame, wherein determining a key frame comprises
determining that an image is stable; and

determining a tag for an item in the key frame.

16
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