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SYSTEMS, METHODS, AND MEDIA FOR DETECTING CONTENT CHANGE
IN A STREAMING IMAGE SYSTEM

FIELD OF INVENTION

The present invention is in the field of streaming image systems.
More particularly, the present invention relates to systems, methods and

media for detecting content change in a streaming image system.

BACKGROUND

The ability to stream images or other content from a server to
multiple clients is a quickly-growing need. Multi-media applications that
utilize streaming images continue to increase in popularity and include
video games, navigation software, streaming movies or video, and the like.
These applications, however, often are network-resource intensive and
result in bandwidth bottlenecks and network slowdowns when content
providers use them to distribute content, particularly to large numbers of
users. As the popularity of streaming image applications continues to
increase, the network performance problems associated with them will be

exacerbated.

To reduce the impact of streaming image content on a network,
content providers often compress their images before transmission. The
client system must then decompress the image upon receipt before
displaying the image to a user. Depending on the level of compression,
network traffic can be significantly decreased by utilizing compression.
One compression scheme for video images is motion-JPEG which extends the
Joint Photographic Experts Group (JPEG) digital image compression standard
to videos by encrypting each frame in the JPEG format. The JPEG group
created the ISO/IEC International Standard 10918-1 ITU-T Recommendation
T-81 (hereinafter ‘JPEG’) to create a decoding/encoding standard. JPEG
and Motion-JPEG are lossy compression standards and thus information is
lost during the compression process. Motion-JPEG provides good per-frame
compression levels but some of its compression steps, such as Huffman

coding, are not always necessary and can slow performance.

The Moving Pictures Experts Group (MPEG) created another family of
compression standards that include MPEG-1, MPEG-2, and MPEG-4 (ISO/IEC
International Standards 11172, 13818, and 14496, respectively). The MPEG

working group designed the MPEG standards to work for multi-media
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streaming and utilize block-based motion compensated prediction (MCP) to
assist in compression. For many applications, MPEG improves upon the
performance of motion-JPEG. For interactive streaming image applications,
however, MPEG is not optimal. MPEG requires a server to generate
multi-frame movies to achieve good compression levels, making it less
useful for interactive applications that have frame-by-frame interactions.
Instead, MPEG is designed and optimized for streaming predictable content,

such as movies or other videos, to client devices.

Interactive streaming image systems provide significant challenges
to content providers desiring to distribute content from a server to
multiple clients. Interactive streaming image systems typically receive
user input for each frame so that each image frame is customized based on
the latest user information. A map-based application, for example, might
provide an image frame based on user position and heading so that the
application could create an image showing the user what they would see at
that position and heading. In another example, an application that
displays a virtual view of what is behind an automobile may base its image
on the current position, direction, and speed of the automobile. Because
each frame must be recalculated based on new information, MPEG does not
provide an efficient method as it does not achieve its best compression
rates when working with single frames. Similarly, motion-JPEG does not
provide any advantage when used with interactive streaming image systems
as it applies a compression method that may be too resource-intensive for
each image frame. There is, therefore, a need for an effective mechanism
for managing a streaming image system, particularly when the streaming

image system is interactive.

SUMMARY

The present invention accordingly provides, in a first aspect, a
method for detecting a content change between image frames in a streaming
image system, the method comprising: selecting by a content change
detector a change detection algorithm from a plurality of change detection
algorithms; comparing by the content change detector a first image frame
of an image stream with a second image frame of the image stream using the
selected change detection algorithm; and in the event of detecting a
content change between the first image frame and the second image frame,
generating by the content change detector an indication of the content

change.
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The method may further comprise transmitting by the content change
detector the indication of the content change.

The method may further comprise receiving by the content change
detector an indication of a user’s selection of a change detection
algorithm; and wherein selecting by the content change detector the change
detection algorithm from a plurality of change detection algorithms
comprises selecting by the content change detector the change detection

algorithm based on the user’s selection.

The method may further comprise receiving by the content change
detector an indication of system capabilities; and wherein selecting by
the content change detector the change detection algorithm from a
plurality of change detection algorithms comprises selecting by the
content change detector the change detection algorithm based on the system

capabilities.

Preferably, selecting by the content change detector the change
detection algorithm from a plurality of change detection algorithms
comprises selecting by the content change detector a default change

detection algorithm.

Preferably, the plurality of change detection algorithms comprises
one or more of a compression size comparison algorithm, a vector
processing algorithm, an indexed vector processing algorithm, or a scene

tracking algorithm.

Preferably, one of the plurality of change detection algorithms is a
compression size comparison algorithm, and wherein the content change
detector is adapted to apply the compression size comparison by comparing

a compressed first image frame and a compressed second image frame.

In a second aspect, there is provided a computer program, preferably
embodied in machine-accessible medium containing instructions effective,
when executing in a data processing system, to cause said data processing
system to perform operations comprising: selecting by a content change
detector a change detection algorithm from a plurality of change detection
algorithms; comparing by the content change detector a first image frame
of an image stream with a second image frame of the image stream using the
selected change detection algorithm; and in the event of detecting a
content change between the first image frame and the second image frame,
generating by the content change detector an indication of the content

change.
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The machine-accessible medium may further comprise transmitting by

the content change detector the indication of the content change.

The machine-accessible medium may further comprise receiving by the
content change detector an indication of a user’s selection of a change
detection algorithm; and wherein selecting by the content change detector
the change detection algorithm from a plurality of change detection
algorithms comprises selecting by the content change detector the change

detection algorithm based on the user’s selection.

The machine-accessible medium may further comprise receiving by the
content change detector an indication of system capabilities; and wherein
selecting by the content change detector the change detection algorithm
from a plurality of change detection algorithms comprises selecting by the
content change detector the change detection algorithm based on the system

capabilities.

Preferably, selecting by the content change detector the change
detection algorithm from a plurality of change detection algorithms
comprises selecting by the content change detector a default change

detection algorithm.

Preferably, the plurality of change detection algorithms comprises
one or more of a compression size comparison algorithm, a vector
processing algorithm, an indexed vector processing algorithm, or a scene

tracking algorithm.

Preferably, one of the plurality of change detection algorithms is a
compression size comparison algorithm, and wherein the content change
detector is adapted to apply the compression size comparison by comparing

a compressed first image frame and a compressed second image frame.

In a third aspect, there is provided a content change detector
system, the system comprising: a component interface module, the component
interface module being adapted to receive an image frame to be compared; a
plurality of change detection modules, each of the change detection
modules having an associated change detection algorithm, the plurality of
change detection modules being adapted to compare the received image frame
with a previous image frame using its associated change detection
algorithm; and an algorithm selector in communication with the component

interface module, the algorithm selector being adapted to select one of
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the plurality of change detection algorithms for comparing the received

image frame with the previous image frame.

Preferably, the component interface module is further adapted to
receive an indication of one or more of a user selection of a change

detection algorithm or an indication of system capabilities.

Preferably, the component interface module is further adapted to
transmit an indication of comparison results of the image frame to be

compared and the previous image frame.

Preferably, the plurality of change detection modules comprise one
or more of a compression size comparison algorithm module, a vector
processing algorithm module, an indexed vector processing algorithm
module, a scene tracking algorithm module, and a client information

analysis algorithm module.

Preferably, the algorithm selector selects one of the plurality of
change detection algorithms based on an indication of a user’s selection

of a change detection algorithm.

Preferably, the algorithm selector selects one of the plurality of

change detection algorithms based on an indication of system capabilities.

The problems identified above are thus addressed by systems, methods
and media for detecting content change in a streaming image system. One
embodiment provides a method for detecting a content change between image
frames in a streaming image system. Embodiments may include selecting a
change detection algorithm from a plurality of change detection algorithms
and comparing a first image frame of an image stream with a second image
frame of the image stream using the selected change detection algorithm.
Embodiments may also include, in the event of detecting a content change
between the first image frame and the second image frame, generating an
indication of the content change. Further embodiments may include
selecting the change detection algorithm based on a user’s selection or

system capabilities.

Another embodiment provides a machine-accessible medium containing
instructions effective, when executing in a data processing system, to
cause the system to perform a series of operations for transitioning
compression levels in a streaming image system. The series of operations

generally includes detecting a content change between image frames in a
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streaming image system. Embodiments may include a series of operations
for selecting a change detection algorithm from a plurality of change
detection algorithms and comparing a first image frame of an image stream
with a second image frame of the image stream using the selected change
detection algorithm. Embodiments may also include a series of operations
for, in the event of detecting a content change between the first image
frame and the second image frame, generating an indication of the content
change. Further embodiments may include a series of operations for
selecting the change detection algorithm based on a user’s selection or

system capabilities.

One embodiment provides a content change detector system. The
system may generally include a component interface module for receiving an
image frame to be compared and a plurality of change detection modules
each having an associated change detection algorithm, where the change
detection modules are adapted to compare the received image frame with a
previous image frame using its associated change detection algorithm. The
system may also generally include an algorithm selector in communication
with the component interface module to select one of the plurality of
change detection algorithms for comparing the received image frame with

the previous image frame.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will now be
described, by way of example only, with reference to the accompanying

drawings in which:

FIG 1 depicts an environment for a system for streaming images from
a server to a plurality of clients and detecting content changes in the

image stream according to one embodiment;

FIG 2 depicts a content change detector of the interactive image

streaming system of FIG 1 according to one embodiment;

FIG 3 depicts an example of a flow chart for generating, encoding,

and transmitting a new image frame according to one embodiment;

FIG 4 depicts an example of a flow chart for receiving user input
and receiving and displaying an image frame to a user according to one

embodiment; and
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FIG 5 depicts an example of a flow chart for selecting a change
detection algorithm and comparing the content of successive image frames

according to one embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

The following is a detailed description of example embodiments of
the invention depicted in the accompanying drawings. The example
embodiments are in such detail as to clearly communicate the invention.
However, the amount of detail offered is not intended to limit the
anticipated variations of embodiments; but, on the contrary, the intention
is to cover all modifications, equivalents, and alternatives falling
within the scope of the present invention as defined by the appended
claims. The detailed descriptions below are designed to make such

embodiments clear to a person of ordinary skill in the art.

Systems, methods and media for detecting content change in a
streaming image system are disclosed. One embodiment provides a method
for detecting a content change between image frames in a streaming image
system. Embodiments may include selecting a change detection algorithm
from a plurality of change detection algorithms and comparing a first
image frame of an image stream with a second image frame of the image
stream using the selected change detection algorithm. Embodiments may
also include, in the event of detecting a content change between the first
image frame and the second image frame, generating an indication of the
content change. Further embodiments may include selecting the change
detection algorithm based on a user’s selection or system capabilities.
Other further embodiments may include transmitting the indication of the

content change.

The disclosed system may advantageously choose between multiple
change detection algorithms based on user input, system capabilities, or
other factors. The disclosed system may then apply the selected change
detection algorithm to successive image frames to determine if there is a
difference in content between the two image frames. This may allow for a
pluggable architecture that accepts any type of change detection algorithm
and allows the user (or the system) to select the algorithm that best
suits the situation. As new techniques are developed they may be added to
the available change detection algorithms, which may provide for a

flexible and adapted system.
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The disclosed content change detection system may advantageously be
used with a compression smoothing system. In one embodiment, upon
receiving an indication from the change detection system that a change in
content between successive image frames has occurred, the compression
smoothing system may transition the compression level of image frames from
one level to another and use a smoothing heuristic to make such changed
compression levels acceptable to a user. This may allow a server to
conserve bandwidth by smoothly increasing the compression level when only
a lower quality image is needed and likewise smoothly decreasing the
compression level when a higher quality image is needed. For an
interactive image streaming system, the server may smoothly provide
varying levels of compression depending on the user’s activity and
interaction with their environment. The disclosed content change
detection system may also be useful for streaming image systems that are
not interactive or any other image systems where detecting a change in

content between frames is useful.

While specific embodiments will be described below with reference to
particular configurations of hardware and/or software, those of skill in
the art will realize that embodiments of the present invention may
advantageously be implemented with other substantially equivalent hardware

and/or software systems.

Turning now to the drawings, FIG 1 depicts an environment for a
system for streaming images from a server to a client and detecting
content changes in the image stream according to one embodiment. In the
depicted embodiment, the interactive image streaming system 100 includes a
server 102 and a client 106 connected via a network 104. 1In an
interactive image steaming system, the client 106 may transmit client
information to the server 102 via network 104 and the server 102 may then
generate a new image frame based on the client information. After the
server 102 generates the new image frame, it may then encode the image
frame at a defined compression level and transmit the encoded image frame
and an indication of the compression level used to encode the image frame
to the client 106. The client 106 may then decode the image frame based
on the compression level and display the image to a user. Using the
interactive image streaming system 100, the client 106 and server 102 may
thus work together to generate each image frame of a streaming image
stream based on client information from each cycle. In response to
detecting changes in content in the stream, the interactive image
streaming system 100 may advantageously choose an appropriate level of

compression (as will be described in more detail subsequently) based on
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the client information, the differences in content between successive
images, and other information, which may result in more efficient use of
bandwidth and processing. A user (or system 100) may advantageously
choose a change detection algorithm to determine changed content between
successive images from a list of change detection algorithms based on user

preferences, system performance information, etc.

The server 102, the one or more clients 106, and any or all of their
components may execute on a general or special purpose computer system
such as one or more of a personal computer, workstation, server, mainframe
computer, notebook or laptop computer, tablet PC, desktop computer,
portable computer system, PDA, set-top box, mobile phone, wireless device,
or the like. The computer system may, in one embodiment, include a
central processing unit (CPU) and associated volatile and non-volatile
memory, including random access memory (RAM) and basic input/output system
read only memory (BIOS ROM), a system monitor, a keyboard, one or more
flexible diskette drives, a CD-ROM drive, a fixed disk storage drive (also
known as a “hard drive” or “hard disk drive”), a pointing device such as a
mouse, and an optional network interface adapter, all electrically
connected using a motherboard or system planar to electrically connect
these components together. The server 102 in one embodiment may be an
International Business Machine Corporation (IBM®) eServer or similar
server having one or more processors, or threads of processors, executing
software and/or one or more state machines coupled with data storage
devices such as RAM, read only memory (ROM), flash memory, compact disk
drives, hard drives, and the like. The client 106 in one embodiment may
be a wireless device having a processor coupled with data storage devices
and user input and output devices, such as a keypad and display screen.
Alternatively, a wireless handheld device may act as a server 102 to

stream images to a client 106 computer system via network 104.

Network 104 may be any type or combination of data communications
channels, such as the Internet, an intranet, a LAN, a WAN, an Ethernet
network, wireless network, etc. The Internet or other public network may
be particularly useful as network 104 when a centrally located server 102
is transmitting streaming image content to a plurality of distributed
clients 106 as communications between these will be facilitated.
Similarly, the Internet or other public network may also suited as network
104 when a plurality of distributed servers 102 stream image content to a
central client 106. Some or all of the servers 102 or clients 106 in
these examples may be communicating with the Internet network 104 via a

wireless network 104. Those skilled in the art will recognize, however,
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that the invention described herein may be implemented utilizing any type

of data communications channel.

The server 102 may include components such as a communications
module 110, a content change detector 112, a content generator 114, a
content encoder 116, and a smoothing module 118. The communications
module 110 may facilitate the server 102 in transmitting information to a
client 106 via network 104 as well as receiving information from client
106 via network 104. The communications module 110 may use any type of
protocol in its communications with clients 106. In one embodiment, the
server 102 may receive client information from clients 106 using
communications module 110 and may transmit encoded image frames and/or
compression information to clients 106 using communications module 110.
Client information may include information identifying the client 106 or
its user (or the user’s preferences) as well as information relating to
the image that should be streamed to the client 106, such as the user’s
current location or orientation. In one example, for an image streaming
application that displays to a user a 3-dimensional (3-D) image based on
their current position, client information may include an indication of
the user’s position, such as coordinates. For another application that
displays to a user a virtual rendering of what they should see, client
information may also include directional information such as a compass
direction that provides an indication of the direction the user is
looking. Those skilled in the art will recognize that any type of

information may be included as client information.

The content generator 114 may generate a new image frame based on
the client information received by the communications module 110. The
content generator 114, which may be or utilize a multi-media or streaming
image application, may use any type of methodology to determine the
contents of a new image frame. The content generator 114 may, for
example, generate a new image frame based on the current location or
direction of the client 106 or its user, based on the received or
calculated speed of the user, based on the occurrence of an event, based
on the current time, based on current weather or lighting conditions,
based on the location of other clients 106 or users, or any other factors.
In one exemplary embodiment, content generator 114 generates a new image
frame to create a 3-D representation of the current location of the client
106. In another exemplary embodiment, content generator 114 may generate
a new image frame that depicts a virtual view of what a user with client
106 would see based on their current location and direction. The content

generator 114 in another embodiment may determine the velocity and
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direction of the client 106 based on repeated receipt of client
information and may then use the determined velocity and direction to
generate an appropriate new image frame. In yet another embodiment, the
content generator 114 may receive or capture an image and use that image

to create an image frame for client 106.

The content change detector 112 may analyze the new image frame
generated by the content generator 114 and compare it with the previous
image frame to determine if they differ so that the server 102 may change
the compression level in response to the changed content. The content
change detector 112 may use any type or combination of methodologies to
determine if the content between a new image frame and a previous frame
changed. In one embodiment, and as described in more detail subsequently,
the content change detector 112 may select a change detection algorithm
from a plurality of change detection algorithms. In one embodiment, a
user of the server 102 or of the client 106 may select a change detection
algorithm from a list of algorithms. In another embodiment, the content
change detector 112 may select a change detection algorithm based on
factors such as server 102 performance or capability, client 106
performance or capability, current network 104 conditions, or network 104
capabilities. For example, if limited computation resources were
available for the content change detector 112 it may choose a less
resource-intensive algorithm. Example change detection algorithms are

described in relation to FIGS 2, 4, and 5.

The content encoder 116 and smoothing module 118 may serve to, in
combination or singly, determine the appropriate level of compression for
the image frame to be transmitted to and encode the image frame at the
selected level of compression. In one embodiment, if there is no content
change between successive image frames (as determined by the content
change detector 112), the content encoder 116 may desire to improve the
qguality of the image frame to be transmitted (and thus lower the
compression level). In an interactive image streaming system, a static
image (not changing between successive frames) indicates that the image
from the client’s point of view is stationary and image quality is thus
raised in importance. In contrast, if successive images differ from each
other, the client 106 point of view has motion and a lower quality of
image may be utilized (with higher compression levels). When a user is
viewing an image depicting motion, details in the image may be less
important as details become blurred and the eye accounts for the loss in
detail. When a user is viewing an image that is still, image details may

be more important as the user will be more likely to see any flaws or lack
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of details, compression artifacts, and the like. In one embodiment, the
smoothing module 118 may vary the compression level via the lossy
quantization step of compression standards such as Motion-JPEG or MPEG by
using multiplier lookup tables for different levels of compression as
required, though those skilled in the art will recognize that the

smoothing module 118 may use any type of smoothing mechanism.

The disclosed system may adapt the compression level based on the
motion depicted in the image stream (as represented by the difference, or
lack thereof, between successive images) based on the perceived motion of
the user and/or client 106. As described in more detail in relation to
FIG 3, the content encoder 116 may use the smoothing algorithms of the
smoothing module 118 to smooth the transition between different levels of
compression to improve the user experience. The smoothing module 118 may
determine a new level of compression for the image frame by running a
smoothing heuristic to generate a multi-frame smoothing routine. When
successive images vary between each frame (implying motion), the content
encoder 116 may increase the compression level and reduce the bandwidth
requirements without detracting from the user’s viewing experience. When
successive images are the same (implying a stationary client 106), the
content encoder 116 may decrease the compression level and increase the
quality of the image. While such action may increase the bandwidth
requirements, streaming image quality for the user may be preserved. 1In
one embodiment, the content encoder 116 may not need to transmit
successive identical images and instead may transmit only an indication to
the use the previous image, saving bandwidth in the stationary user
situation. 1In an alternative embodiment, the content encoder 116 and
smoothing module 118 may base the selected compression level also on the
magnitude or degree of change between frames as determined by the content
change detector 112 so that slight changes to the image frame do not cause

large jumps in the level of compression.

In the depicted embodiment, client 106 includes a communications
module 132, a decoder 134, a user display device 136, and a user input
device 138. The communications module 132 of the client 106, similarly to
the communications module 110 of the server 102, may facilitate the client
106 in transmitting information to server 102 via network 104 as well as
in receiving information from server 102 via network 104 using any type of
protocol. 1In one embodiment, the client 106 may transmit client
information or an indication of a user selection of a change detection
algorithm to server 102 using communications module 132 and may receive

encoded image frames and/or an indication of a compression level from
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server 102 using communications module 132. The decoder 134 may decode
the encoded image received by the communications module 132, such as by
decompressing the encoded image. The decoder 134 may use the indication
of the compression level received by the communications module 132 to
assist it in decoding the image by accessing a multiplier lookup tables
associated with the compression level. After the decoder 134 processes
the image, the user display device 136 may display the decoded image to
the user, such as by a display screen, printed images, holograms or any

other output device.

The user input device 138 may be any type of device to receive user
input, such as by keypad, keyboard, button, stylus, mouse, joystick,
virtual reality device, voice command, or eye movement. User input may
include user preferences such as a selection of a change detection
algorithm, a request for a higher or lower level of compression, a request
for faster screen rates, a user location or orientation, and the like.
Client 106 may also include devices that determine position information
such as a user location or orientation. Example devices may include a
Global Positioning System (GPS) receiver or other location-determining
device, electronic compass, or other devices. The position information
may be a type of client information that allows the server 102 in one
embodiment to customize each generated image frame based on the current

position of the client 106 and/or user.

The disclosed content change detector 112 may advantageously select
or provide a change detection algorithm for use in the interactive image
streaming system 100. By allowing users to choose the change detection
algorithm from a list or by selecting the change detection algorithm based
on current system 100 capabilities or conditions, the content change
detector 112 may utilize the appropriate change detection algorithm.

Using the selected change detection algorithm, the content change detector
112 may facilitate operation of the content encoder 116 and smoothing

module 118 to provide an effective mechanism for transitioning compression
levels with little impact on a viewer in an image streaming system such as

the disclosed interactive image streaming system 100.

FIG 2 depicts a content change detector of the interactive image
streaming system of FIG 1 according to one embodiment. In the depicted
embodiment, the content change detector 112 includes a component interface
module 202, an algorithm selector 204, and a plurality of change detection
algorithm modules. The change detection algorithm modules may include a

compression size comparison algorithm module 206, a vector processing



10

15

20

25

30

35

40

WO 2007/014871 PCT/EP2006/064522
14

algorithm module 208, an indexed vector processing algorithm module 210, a
scene tracking algorithm module 212, and a client information analysis
algorithm module 214. Those skilled in the art will recognize that the
content change detector 112 may include any type, combination, and number
of change detection algorithm modules. The content change detector 112
may determine if a change has occurred or it may alternatively also
determine the magnitude or degree of the change between image frames.

This may be useful when the magnitude or degree of change will have an

impact on the chosen compression level.

The component interface module 202 may facilitate transmitting and
receiving information from other components of the server 102, such as the
content encoder 116, smoothing module 118, or communications module 110.
The algorithm selector 204 may select the change detection algorithm for
use in analyzing and compressing an image stream. As described in more
detail in relation to FIG 5, the algorithm selector 204 may use
information such as a user selection or user preferences, system
performance or capabilities, default settings, and the like in making its

determination.

The compression size comparison algorithm module 206 may use a
comparison of the compression sizes of each image frame to determine
whether a change has occurred. The algorithm may compress the image
frames itself or receive compressed versions of the image frames. A
non-changing compressed image frame size in an interactive system likely
indicates that the client 106 is requesting the same image repeatedly and
the successive image frames are the same. While this algorithm ignores
the possibility that two different image frames are the same size when
compressed, in practice it may be an accurate indicator of changing image
streams as two completely different consecutive image frames are very
unlikely to have the same compressed image frame size. The compression
size comparison algorithm module 206 may use any methodology to determine
the size of the image frame, such as vector sum methodologies. This
algorithm may be particular beneficial for servers 102 that are
memory-constrained in capabilities more than they are

processor-constrained.

The vector processing algorithm module 208 may utilize vector or
statistic processing of bit maps of two successive image frames by using
Boolean analysis to determine if there is a difference between vectors.

To accomplish this, the vector processing algorithm module 208 may perform
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a Boolean sum check across each line of the image frames. This algorithm
will result in a computation of changes between the images and the
location of the changes. The vector processing algorithm module 208 may
process the sum check relatively gquickly, making this algorithm particular
suited for processor-constrained environments. The indexed vector
processing algorithm module 210 may perform an indexed version of the
vector or statistic processing algorithm when the image frames have more

regularity and speed is more critical.

The scene tracking algorithm module 212 may use scene tracking or
other algorithms to attempt to predict the level at which the user of the
client 106 is interacting with her environment, using the prediction to
help determine whether a new image frame is the same as a previous image
frame. In one embodiment, the scene tracking algorithm module 212 may use
information relating to a user is interacting with an application to
anticipate what the user will do next or to gauge their level of
interaction. A user who is barely interacting with an application, for
example, may be more likely to have a content change in successive frames
of an interactive application. The scene tracking algorithm may provide a
high level of performance but may also large computational requirements

and be more difficult to generalize or extend to other applications.

The client information analysis algorithm module 214 may use client
information to determine if a change in an image frame has occurred using
any methodology. For example, the client information analysis algorithm
module 214 may determine for a location-based application that if the
user’s location has not changed (based on the client information), the
image frame to be next displayed to them need not change, either. The
client information analysis algorithm may be particularly useful for
certain types of applications, such as location-based applications, but

may not have applicability to other types of applications.

FIG 3 depicts an example of a flow chart for generating, encoding,
and transmitting a new image frame according to one embodiment. The
server 102 or any of its components, alone or in combination, may perform
the method of flow chart 300. Flow chart 300 begins with element 301,
selecting a change detection algorithm. At element 301, and as described
in more detail in relation to FIG 5, the content change detector 112 may
select a change detection algorithm based on user input, system
capabilities or loads, or other methodologies. After the content change
detector 112 selects a change detection algorithm, the method of flow

chart 300 continues to element 302, where the communications module 110
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may receive client information from a client 106 via network 104. After
receiving the client information, the content generator 112 may generate a
new image frame based on the received client information at element 304.
The content generator 112 may generate the new image frame using any type
of algorithm depending on the application. For example, the content
generator 112 may generate an image frame representing a view from the

user’s point of view if the application so required.

The smoothing module 118 may next determine a starting compression
level for the generated image frame at element 306. In one embodiment,
the smoothing module 118 may simply select the most recently-used
compression level as the starting compression level. 1In another
embodiment, the smoothing module 118 may base the starting compression
level on whether the system is within a multi-frame smoothing routine.
While within a multi-frame smoothing routine, the starting compression
level may be based on the compression level appropriate for the current
frame of the multi-frame smoothing routine. 1In one example, of the
smoothing module 118 started a compression routine that started at a
compression level of five (5) and ended at ten (10) over six (6) frames,
incrementing one compression level per frame, the starting compression
level for the third frame may be compression level seven (7) (5 + 2 = 7).
In one embodiment, the smoothing module 118 may utilize a multi-frame
smoothing routine that extends for one to two seconds in order to reduce
the impact on the user. 1In one example, if the image stream was being
transmitted at 15 frames per second a multi-frame smoothing routine of 15
to 30 frames to transition from one compression level to another may prove
useful. Those skilled in the art will recognize that the smoothing module

118 may utilize other multi-frame smoothing routines.

The content change detector 112 may compare the generated new image
to the previous image at element 308 after the smoothing module 118
determines the starting compression level using the change detection
algorithm it selected at element 301. The results of the image comparison
may include an indication that there was a change in content between the
frames, an indication that there was no change in content, or an
indication of the degree or amount of change. If the content change
detector 112 determines at decision block 310 that the content has changed
between the generated new image and the previous image frame, the method
of flow chart 300 continues to element 314. At element 314, the smoothing
module 118 may perform a smoothing heuristic on the new image to decrease
its quality and increase the level of compression. The smoothing module

118 increases the level of compression as the content change between
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images indicates that the user’s perspective is likely moving and that the
user is thus likely to tolerate lower image quality. If the content
change detector 112 determines at decision block 310 that the content has
not changed between the generated new image and the previous image frame,
the method of flow chart 300 continues to element 312. At element 312,
the smoothing module 118 may perform a smoothing heuristic on the new
image to increase its quality and decrease the level of compression. The
smoothing module 118 may decrease the level of compression as the lack of
content change between images indicates that the user’s perspective is
likely static and that the user is thus likely to require higher image

quality.

The smoothing module 118 may perform its smoothing heuristic at
elements 312 or 314 to change the compression level between an initial
compression level and a target compression level using any methodology.

In one embodiment, the smoothing module 118 may increment between the
initial compression level and the target compression level (in the
appropriate direction depending on whether it is increasing or decreasing)
through a series of compression quality steps resulting in a multi-stage
compression routine over multiple image frames. For example, the
smoothing module 118 may use five levels of compression between the
minimum and maximum levels of compression. For each level of compression,
however, the server 102 and client 106 may each need to contain a
multiplier lookup table for that level of compression. The number of
compression levels requires a trade-off between memory usage at both the
server 102 and client 106 and the smoothness of the heuristic and the
resulting streaming images. A higher number of compression levels may
result in a smoother transition between compression levels but may require
additional amounts of memory, which may be problematic particularly for a
client 106 that may have limited processing and memory resources. Three
or more levels of compression are typically desirable for smooth
transitions but one skilled in the art will recognize that lower levels
are possible with potentially degraded performance. The smoothing module
118 may, in generating a multi-frame smoothing routine, use a roughly
linear transition from one compression level to another or may
alternatively use any other type of algorithm, such as one biased towards

higher or lower compression levels.

After the smoothing module 118 has performed its smoothing
heuristic, the content encoder 116 may set the new compression level for
the image frame at element 316 based on the results from the smoothing

module 118. With the new compression level the content encoder 116 may
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then encode the new image frame based on the new compression level at
element 318. As described previously, the content encoder 116 may use any
type of encoding algorithm to encode the new image frame. The
communications module 110 may then transmit the encoded new image frame
and an indication of the new compression level to the client 106 at
element 320, after which the method of flow chart 300 terminates. The
method of flow chart 300 may also return to element 302 to repeat the

process for each frame (and may skip element 301 during normal operation).

FIG 4 depicts an example of a flow chart for receiving user input
and receiving and displaying an image frame to a user according to one
embodiment. The client 106 or any of its components, alone or in
combination, may perform the method of flow chart 400. Flow chart 400
begins with element 402, displaying a list of change detection algorithms.
At element 402, the user display device 136 may display a list of any
available change detection algorithms to a user so that they may choose
from the list. At element 404, the user input device 138 may receive an
indication of the user’s selection, such as by a user selecting an
algorithm from the displayed list. While the selection of a change
detection algorithm by the user is described as the user selecting an
algorithm from a list, other methodologies are also possible. The client
106 may, for example, either explicitly ask the user questions or infer
preferences that are implicit from the user’s behavior. The client 106
may make its determination based on direct feedback (questions or
inferences based on the current stream) or indirect feedback. Indirect
feedback may include determinations based on comparisons to other aspects,
such as past images or streams, related applications, similar users, or

similar hardware.

Examples of explicit or implicit queries and direct or indirect
feedback may provide further illumination. In one example, the client 106
may ask direct and explicit questions of the user to determine their
selection by asking the user if, based upon the stream, the settings
should be changed up or down. An explicit question related to the current
stream may provide an accurate portrayal of the user’s preferences but
does require the user to respond (and thus may impair the user’s
experience). In another example, the client 106 may present the user with
choices of different frames or streams before streaming images showing
differences between compression algorithms from which they may select. 1In
another example, the client 106 may infer user preferences that are
implicit in their behavior, such as by inferring that a user finds a

particular compression level acceptable based on the user’s continued
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viewing of the image stream. One skilled in the art will recognize that
the client 106 may utilize other methodologies for determining a selected

algorithm in addition to those described herein.

The communications module 132 may transmit the indication of the
user’s algorithm selection at element 406. Client 106 may utilize
elements 402, 404, and 406 in an embodiment where the user has a choice of
change detection algorithms and may execute the elements before or during
the receipt of streaming image content (such as an in an interrupt
routine). In one embodiment, client 106 may execute elements 402, 404,
and 406 before an image stream begins so that the elements need not be

repeated for each frame of the image stream.

After optionally processing the user’s selection of an algorithm,
flow chart 400 continues to element 408, receiving user input relevant to
the next frame. 1In one embodiment of element 408, the communications
module 132 may receive input from a user via user input device 138, as
described previously, or it may receive input from a different device such
as a location determining device. The user input device 138 may
optionally process the user input at element 410, such as by converting
the input to another form for transmission. At element 412, the
communications module 132 may next transmit an indication of the user

input to the server 102 via network 104.

After transmitting an indication of the user input, the method of
flow chart 400 may continue to element 414, where the communications
module 132 may receive an encoded image frame from the server 102 via
network 104. At element 416, the communications module 132 may also
receive an indication of the compression level for the encoded image frame
from the server 102 via network 104. 1In one embodiment, the
communications module 132 may receive the encoded image frame and the

indication of the compression level in the same transmission.

Using the indication of the compression level, the decoder 134 may
decode the encoded image frame at element 418. The decoder 134 may use a
lookup table related to the indicated compression level to perform a
dequantization step of the decoding process in one embodiment. After the
image frame is decoded, the user display device 136 may display the
decoded image frame to the user at element 420, after which the method of
flow chart 400 terminates. The method of flow chart 400 may also return

to element 408 to repeat the entire flow chart for each frame (without
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having to repeat the user selection of an algorithm at elements 402, 404,
406) .

FIG 5 depicts an example of a flow chart for selecting a change
detection algorithm and comparing the content of successive image frames
according to one embodiment. One or more components of the content change
detector 112 may perform the method of flow chart 500 in one embodiment,
such as during the execution of element 301 of FIG 3. Flow chart 500
begins with element 502, where the algorithm selector 204 may optionally
set the change detection algorithm to a default setting. The algorithm
selector 204 may set the default based on user input, based on the most

recently used change detection algorithm, or any other methodology.

At decision block 504, the algorithm selector 204 may determine
whether a user has made a selection of a preferred change detection
algorithm. TIf the user has made a selection, flow chart 500 continues to
element 508, where the algorithm selector 204 may receive an indication of
the user’s selection, such as from the component interface module 202.

The algorithm selector 204 may then select the change detection algorithm
based on the user’s selection at element 510. As described in relation to
FIG 4, the user’s selection may include an indication of a user’s specific
selection of an algorithm, an indirect indication of the user’s
preference, an inferred indication of the user’s preference, or other
information. Alternatively, the algorithm selector 204 may ignore the
user’s request and leave the change detection algorithm as a default or
may select it based on other factors, such as when the change detection

algorithm selected by the user is unsuitable for some reason.

If the user has not made a selection (or if their selection is being
overridden), flow chart 500 continues to element 512, where the algorithm
selector 204 may receive an indication of system capabilities, such as
from the component interface module 202. System capabilities may include
performance or capability information about the server 102, network 104,
and/or client 106, such as computational or processing power, storage
space, memory, current loads, bandwidth, or the like. At element 514, the
algorithm selector 204 may select a change detection algorithm for the
available algorithms based on the received information about system
capabilities. For example, if the system capabilities indicate that
server 102 processing power is limited (such as if the server 102 were a
handheld wireless device), the algorithm selector 204 may select the
compression size comparison algorithm as it is less processor-intensive
than some other algorithms. In another example, the algorithm selector

may select the vector processing algorithm in a speed-constrained
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environment. In another example, the algorithm selector 204 may shift
processing to the server 102 if the client 106 has a large bandwidth
pipeline but little computational power. Similarly, if the client 106 has
little bandwidth but more computational power, the algorithm selector 204
may shift some or all of the processing to the client 106. Those skilled
in the art will recognize that the algorithm selector may utilize any
suitable methodology to decide between algorithms. After the algorithm
selector 204 selects a change detection algorithm at element 510 or 514,

as appropriate, the method of flow chart 500 terminates.

In general, the routines executed to implement the embodiments of
the invention, may be part of an operating system or a specific
application, component, program, module, object, or sequence of
instructions. The computer program of the present invention typically is
comprised of a multitude of instructions that will be translated by the
native computer into a machine-readable format and hence executable
instructions. Also, programs are comprised of variables and data
structures that either reside locally to the program or are found in
memory or on storage devices. In addition, various programs described
hereinafter may be identified based upon the application for which they
are implemented in a specific embodiment of the invention. However, it
should be appreciated that any particular program nomenclature that
follows is used merely for convenience, and thus the invention should not
be limited to use solely in any specific application identified and/or

implied by such nomenclature.

It will be apparent to those skilled in the art having the benefit
of this disclosure that the present invention contemplates methods,
systems, and media for detecting content change in a streaming image
system. It is understood that the form of the invention shown and
described in the detailed description and the drawings are to be taken
merely as examples. It is intended that the following claims be
interpreted broadly to embrace all the variations of the example

embodiments disclosed.
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CLAIMS

1. A method for detecting a content change between image frames in a
streaming image system, the method comprising:

selecting by a content change detector a change detection algorithm
from a plurality of change detection algorithms;

comparing by the content change detector a first image frame of an
image stream with a second image frame of the image stream using the
selected change detection algorithm; and

in the event of detecting a content change between the first image
frame and the second image frame, generating by the content change

detector an indication of the content change.

2. The method of claim 1, further comprising:

receiving by the content change detector an indication of a user’s
selection of a change detection algorithm; and

wherein selecting by the content change detector the change
detection algorithm from a plurality of change detection algorithms
comprises selecting by the content change detector the change detection
algorithm based on at least one of: the user’s selection; the system

capabilities; and a default change detection algorithm.

3. The method of claim 1 or claim 2, wherein the plurality of change
detection algorithms comprises one or more of a compression size
comparison algorithm, a vector processing algorithm, an indexed vector

processing algorithm, or a scene tracking algorithm.

4. The method of any of claims 1 to 3, wherein one of the plurality of
change detection algorithms is a compression size comparison algorithm,
and wherein the content change detector is adapted to apply the
compression size comparison by comparing a compressed first image frame

and a compressed second image frame.

5 A computer program comprising computer program code to, when loaded
into a computer system and executed thereon, cause said computer system to

perform all the steps of a method as claimed in any one of claims 1 to 4.

6. A content change detector system, the system comprising:

a component interface module, the component interface module being
adapted to receive an image frame to be compared;

a plurality of change detection modules, each of the change

detection modules having an associated change detection algorithm, the
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plurality of change detection modules being adapted to compare the
received image frame with a previous image frame using its associated
change detection algorithm; and

an algorithm selector in communication with the component interface
module, the algorithm selector being adapted to select one of the
plurality of change detection algorithms for comparing the received image

frame with the previous image frame.

7. The system of claim 6, wherein the component interface module is
further adapted to receive an indication of one or more of: a user
selection of a change detection algorithm; an indication of system

capabilities; or a default change detection algorithm.

8. The system of claim 6 or claim 7, wherein the plurality of change
detection modules comprise one or more of a compression size comparison
algorithm module, a vector processing algorithm module, an indexed vector
processing algorithm module, a scene tracking algorithm module, and a

client information analysis algorithm module.

9. The system of any one of claims 6 to 8, wherein the algorithm
selector selects one of the plurality of change detection algorithms based

on an indication of a user’s selection of a change detection algorithm.
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