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ACCELERATING BITMAP REMOTING BY IDENTIFYING AND

EXTRACTING 2D PATTERNS FROM SOURCE BITMAPS
BACKGROUND OF THE INVENTION

[0001] Although computers were once isolated and had minimal or little interaction with
other computers, computers now interact with a wide variety of other computers through
Local Area Networks (LANs), Wide Area Networks (WANSs), dial-up connections, and
the like. With the wide-spread growth of the Internet, connectivity between computers has
become more important and has opened up many new applications and technologies. The
growth of large-scale networks, and the wide-spread availability of low-cost personal
computers, has fundamentally changed the way that many people work, interact,
communicate, and play.

[0002] One increasing popular form of networking may generally be referred to as
remote presentation systems, which can use protocols such as Remote Desktop Protocol
(RDP), Independent Computing Architecture (ICA), and others to share a desktop and
other applications with a remote client. Such computing systems typically transmit the
keyboard presses and mouse clicks or selections from the client to a server, relaying the
screen updates back in the other direction over a network connection (e.g., the Internet).
As such, the user has the experience as if their machine is operating as part of a LAN,
when in reality the client device is only sent screenshots of the applications as they appear
on the server side.

[0003] Two common techniques to send graphics data to a client are sending graphic
primitives and other operations, which tell a sub-routine on the client side what and how to
draw something, and sending a bitmap image to the client for display. Often times, it
requires less bandwidth to send a graphics primitive than the visual result of the execution
of that graphics primitive. For instance, a text primitive for the 11-character string, “Hello
world” could be expressed in 11 Unicode bytes. If each character is to be displayed in a
12-pixel-by-12-pixel area, then the bitmap representation of “Hello world” would require
approximately 200-times more bytes to express, and therefore approximately 200-times
more bandwidth.

[0004] Likewise, the graphics primitive representation of both opaque rectangles, and
scrolls of an image require at least an order of magnitude less bandwidth than their bitmap
counterparts. A graphics primitive representation of an opaque rectangle typically

requires no more than four bytes. The equivalent bitmap representation may be highly
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compressed, but will still generally require at least a few kilobytes. Likewise, an image
scroll (sometimes referred to as a “screen-to-screen blit”) may be expressed in a graphics
primitive as a command that occupies approximately 10 bytes. The bitmap form of
moving an 800-pixel-by-400-pixel window may require up to 1.83 MB (the 800-by-400
pixel area, multiplied by 3 bytes-per-pixel and doubled to account for both the old position
and the new position), or approximately 10,000 times the space.

[0005] There are times when the graphics primitives are not available to send, such as
when a previously stored image is to be sent. In such a case, where a bitmap frame is to
be sent to a client (such as an application window), the bitmap frame may be subdivided
into tiles. Those tiles are then cached on the client side, and when a tile is repeated
between two bitmaps, rather than re-sending the client the tile, the server sends an
instruction for the client to display the cached tile. This may greatly reduce the bandwidth
costs of a remote presentation session, especially where tiles are frequently repeated.

[0006] However, even using these techniques for caching bitmap tiles, the bandwidth
requirements of sending bitmaps still greatly exceeds that of sending graphics primitives.
Further, there are many cases where caching proves to be ineffective, such as when a
window is scrolled a number of pixels that is not an even multiple of the number of pixels
in a dimension of a tile — even though the image is still substantially the same, because it
does not align with the tiles in the same way, already cached tiles are unusable.
SUMMARY OF THE INVENTION

[0007] It would therefore be an improvement over the prior art to reduce the bandwidth
required to send bitmap images across a remote presentation session.

[0008] In an embodiment of the present disclosure, a server system analyzes an image to
be sent in a remote presentation session for possibly repetitive features (either repetitive
within the image, or as among a plurality of images that the server will send in the
session). These features may include things such as text, and an application’s navigation
buttons.

[0009] The server identifies each instance of a feature within the image by locating
segments in the image which have the highest probability of being repeated. Each such
found segment is then said to be a feature, and is assigned a hash signature.

[0010] Then, the server replaces the area that is occupied by each feature, with a pre-
determined value. The pre-determined value can be the dominant color of the area, or a
repetition of the neighboring pixels, so as to maximize run-lengths and therefore

compression. Then, the server divides the image into tiles.
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[0011] The server then caches the new features and new tiles. The server determines,
which, if any of the features and tiles are already stored on a client computing device of
the remote presentation session. Where the client has a feature or tile stored already, the
server instructs the client to display it in its appropriate location within the image. Where
the client does not have a feature or tile stored already, the server sends it to the client with
an indication both to store it and to display it in its appropriate location within the image.
[0012] The disclosure encompasses systems, methods and computer-readable storage
media for implementing these teachings.

[0013] While the disclosure makes reference to “bitmap” images, it may be appreciated
that these teachings may be applied to images represented in a variety of formats.

[0014] It can be appreciated by one of skill in the art that one or more various aspects of
the disclosure may include but are not limited to circuitry and/or programming for
effecting the herein-referenced aspects of the present disclosure; the circuitry and/or
programming can be virtually any combination of hardware, software, and/or firmware
configured to effect the herein-referenced aspects depending upon the design choices of
the system designer.

[0015] The foregoing is a summary and thus contains, by necessity, simplifications,
generalizations and omissions of detail. Those skilled in the art will appreciate that the
summary is illustrative only and is not intended to be in any way limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The systems, methods, and computer-readable media for accelerating bitmap
remoting by extracting non-grid tiles from source bitmaps are further described with
reference to the accompanying drawings in which:

[0017] FIG. 1 illustrates an exemplary general purpose computing environment in which
in which the techniques described herein may be embodied.

[0018]  FIG. 2 illustrates a sample image to be transmitted in a remote presentation
session.

[0019] FIG. 3A illustrates the sample image of FIG. 2 after it has been converted to a
black-and-white representation of the image.

[0020] FIG. 3B illustrates the image of FIG. 3A after it has been segmented to identify
one or more features.

[0021] FIG. 4 illustrates the identified features of FIG. 3B applied to the sample image of
FIG. 2.
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[0022] FIG. 5A illustrates another sample image, similar to that of FIG. 2, to be
transmitted in a remote presentation session.

[0023] FIG. 5B illustrates a text-only segmentation of the image of FIG. 5A.

[0024] FIG. 5C illustrates a non-text segmentation of the image of FIG. 5A.

[0025] FIG. 6A illustrates a tile that partially contains a feature.

[0026] FIG. 6B illustrates the tile of FIG. 6A after the feature has been removed and
replaced with the dominant characteristic of the tile.

[0027] FIG. 7 illustrates exemplary operational procedures for a server accelerating
bitmap remoting by extracting non-grid tiles from source bitmaps.

[0028] FIG. 8 illustrates exemplary operational procedures for a client accelerating
bitmap remoting by extracting non-grid tiles from source bitmaps.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0029] FIG. 1 is a block diagram of a general purpose computing device in which the
techniques described herein may be employed. The computing system environment 120 is
only one example of a suitable computing environment and is not intended to suggest any
limitation as to the scope of use or functionality of the presently disclosed subject matter.
Neither should the computing environment 120 be interpreted as having any dependency
or requirement relating to any one or combination of components illustrated in the
exemplary operating environment 120. In some embodiments the various depicted
computing elements may include circuitry configured to instantiate specific aspects of the
present disclosure. For example, the term circuitry used in the disclosure can include
specialized hardware components configured to perform function(s) by firmware or
switches. In other examples embodiments the term circuitry can include a general purpose
processing unit, memory, etc., configured by software instructions that embody logic
operable to perform function(s). In example embodiments where circuitry includes a
combination of hardware and software, an implementer may write source code embodying
logic and the source code can be compiled into machine readable code that can be
processed by the general purpose processing unit. Since one skilled in the art can
appreciate that the state of the art has evolved to a point where there is little difference
between hardware, software, or a combination of hardware/software, the selection of
hardware versus software to effectuate specific functions is a design choice left to an
implementer. More specifically, one of skill in the art can appreciate that a software
process can be transformed into an equivalent hardware structure, and a hardware structure

can itself be transformed into an equivalent software process. Thus, the selection of a
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hardware implementation versus a software implementation is one of design choice and
left to the implementer.

[0030] Computer 141 typically includes a variety of computer-readable mediar.
Computer-readable media can be any available media that can be accessed by computer
141 and includes both volatile and nonvolatile media, removable and non-removable
media. The system memory 122 includes computer-readable storage media in the form of
volatile and/or nonvolatile memory such as read only memory (ROM) 123 and random
access memory (RAM) 160. A basic input/output system 124 (BIOS), containing the
basic routines that help to transfer information between elements within computer 141,
such as during start-up, is typically stored in ROM 123. RAM 160 typically contains data
and/or program modules that are immediately accessible to and/or presently being
operated on by processing unit 159. By way of example, and not limitation, FIG. 1
illustrates operating system 125, application programs 126, other program modules 127,
and program data 128.

[0031] The computer 141 may also include other removable/non-removable,
volatile/nonvolatile computer storage media. By way of example only, FIG. 1 illustrates a
hard disk drive 138 that reads from or writes to non-removable, nonvolatile magnetic
media, a magnetic disk drive 139 that reads from or writes to a removable, nonvolatile
magnetic disk 154, and an optical disk drive 140 that reads from or writes to a removable,
nonvolatile optical disk 153 such as a CD ROM or other optical media. Other
removable/non-removable, volatile/nonvolatile computer storage media that can be used in
the exemplary operating environment include, but are not limited to, magnetic tape
cassettes, flash memory cards, digital versatile disks, digital video tape, solid state RAM,
solid state ROM, and the like. The hard disk drive 138 is typically connected to the
system bus 121 through an non-removable memory interface such as interface 134, and
magnetic disk drive 139 and optical disk drive 140 are typically connected to the system
bus 121 by a removable memory interface, such as interface 135.

[0032] The drives and their associated computer storage media discussed above and
illustrated in FIG. 1, provide storage of computer-readable instructions, data structures,
program modules and other data for the computer 141. In FIG. 1, for example, hard disk
drive 138 is illustrated as storing operating system 158, application programs 157, other
program modules 156, and program data 155. Note that these components can either be
the same as or different from operating system 125, application programs 126, other

program modules 127, and program data 128. Operating system 158, application
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programs 157, other program modules 156, and program data 155 are given different
numbers here to illustrate that, at a minimum, they are different copies. A user may enter
commands and information into the computer 141 through input devices such as a
keyboard 151 and pointing device 152, commonly referred to as a mouse, trackball or
touch pad. Other input devices (not shown) may include a microphone, joystick, game
pad, satellite dish, scanner, or the like. These and other input devices are often connected
to the processing unit 159 through a user input interface 136 that is coupled to the system
bus, but may be connected by other interface and bus structures, such as a parallel port,
game port or a universal serial bus (USB). A monitor 142 or other type of display device
is also connected to the system bus 121 via an interface, such as a video interface 132. In
addition to the monitor, computers may also include other peripheral output devices such
as speakers 144 and printer 143, which may be connected through a output peripheral
interface 133.

[0033] The computer 141 may operate in a networked environment using logical
connections to one or more remote computers, such as a remote computer 146. The
remote computer 146 may be a personal computer, a server, a router, a network PC, a peer
device or other common network node, and typically includes many or all of the elements
described above relative to the computer 141, although only a memory storage device 147
has been illustrated in FIG. 1. The logical connections depicted in FIG. 1 include a local
area network (LAN) 145 and a wide area network (WAN) 149, but may also include other
networks. Such networking environments are commonplace in offices, enterprise-wide
computer networks, intranets and the Internet.

[0034] When used in a LAN networking environment, the computer 141 is connected to
the LAN 145 through a network interface or adapter 137. When used in a WAN
networking environment, the computer 141 typically includes a modem 150 or other
means for establishing communications over the WAN 149, such as the Internet. The
modem 150, which may be internal or external, may be connected to the system bus 121
via the user input interface 136, or other appropriate mechanism. In a networked
environment, program modules depicted relative to the computer 141, or portions thereof,
may be stored in the remote memory storage device. By way of example, and not
limitation, FIG. 1 illustrates remote application programs 148 as residing on memory
device 147. It will be appreciated that the network connections shown are exemplary and

other means of establishing a communications link between the computers may be used.
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[0035] FIG. 2 illustrates a sample image 202 to be transmitted in a remote presentation
session. Image 202 contains both text 204 and a sub-image 206. This image may
comprise an entire computer desktop, or some subset thereof, such as a window for an
application.

[0036] Image 202 may be received by a server from the graphics stack of the server. The
server may then process the image according to the following techniques and transmit it to
a client with which it is conducting a remote presentation session for display on the
client’s display device. In an embodiment, the server comprises the computing device of
FIG. 1.

[0037] FIG. 3A illustrates sample image 202 of FIG. 2 after it has been converted to a
black-and-white representation of the image 302. This may be accomplished using a
thresholding scheme. In a thresholding scheme, all pixel values (e.g., a red-green-blue
(RGB) value) of an image below a threshold may be set to black (in RGB, this may be
expressed as hexadecimal 000000), and all pixel values of an image above the threshold
may be set to white (in RGB, this may be expressed as hexadecimal FFFFFF).

[0038] FIG. 3B illustrates image 302 of FIG. 3A after it has been segmented to identify
one or more features 302b. In an embodiment, the server may segment image 202
directly. Depending on specifics of the overall session system — such as available client
and server processing resources and bandwidth — the optimal feature size for session
performance may vary. In embodiments, a feature may be a word, some subset of a word
(including a letter), an application’s navigation icon (such as a “print document” button),
or a sub-image within the image to be sent in the remote presentation session (such as an
image displayed by a web browser when the web browser window is to be sent in the
session). A feature may be thought of as having a boundary — a perimeter that
encompasses the feature. In the embodiments depicted, the boundaries are rectangular in
shape. However, it is possible to use the present techniques with boundaries of a variety
of shapes.

[0039] In an embodiment, the client discussed herein may comprise the computing device
of FIG. 1.

[0040] In an embodiment, the server and client communicate in the course of the remote
presentation session to determine a feature granularity to be used. This may be negotiated
when the server and client initiate the remote presentation session. This may also be
renegotiated during the course of the remote presentation session as the parameters of the

session change, such as if the client’s available processing resources are diminished.
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[0041] In an embodiment, the server identifies the features of image 302 by processing
image 302 with a connected segments algorithm. The connected segments algorithm
determines a bounding box for the features of the image. These bounding boxes may then
be applied back to image 302 to determine the boundaries of each feature relative to image
302 as a whole.

[0042] The server may perform the connected segments algorithm as follows. It labels
cach pixel of image 302 as being part of text or the background by using an intensity
threshold — if the pixel is black or close to black, it is considered text, and otherwise it is
considered background (if the image comprised light colored text on a dark background,
this would be reversed). The server then finds all 4-connected groups of pixels of those
pixels determined to be text. A pixel may be considered to be 4-connected if it is
immediately to the right, left, above or below a pixel determined to be text. In an
embodiment, the server finds all 8-connected groups of pixels (the 4-connected groups,
plus those only connected diagonally) rather than all 4-connected groups of pixels. The
server then determines a bounding box for each 4-connected group of text pixels. In an
embodiment the bounding box is a rectangle made up of horizontal and vertical lines that
encompasses the 4-connected group of pixels such that no smaller bounding box exists.
[0043] FIG. 4 illustrates in image 402 the identified features of image 302b applied to
image 202. When the features are identified relative to original image 202, then that
image 202 may be processed to separate the features from the rest of the image.

[0044] FIG. 5A illustrates another sample image 502, similar to that of FIG. 2, to be
transmitted in a remote presentation session.

[0045] FIG. 5B illustrates a text-only segmentation 502b of image 502 of FIG. 5A. It
may aid the techniques disclosed herein to separate the text and image portions of image
202 and then perform operations on each sub-image. In an embodiment where this
segmentation operation is performed, text-only segmentation may be performed by
performing an optical character recognition (OCR) algorithm on the image and removing
from the image anything that is not a recognized character.

[0046]  FIG. 5C illustrates a non-text segmentation 502c of image 502 of FIG. 5A.
Where the server executes the OCR algorithm described in the detailed description of FIG.
5B, the server may produce image 502c¢ by removing every character that the OCR
algorithm identifies.

[0047] FIG. 6A illustrates a tile 602, a portion of which contains a portion of a feature
604. The letter “h” comprises feature 604. A portion of feature 604 extends above tile
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602. Also in tile 602 is object 606. In an embodiment, object 606 may be identified as a
feature, or as part of feature 604.

[0048] FIG. 6B illustrates tile 602 of FIG. 6A after the feature 604 has been removed and
replaced with the dominant characteristic of the tile. “Dominant characteristic” is used
herein to denote an image that, if used to replace the feature in the tile, will aid in
compressing the tile. Often, the dominant characteristic of a tile is the dominant color of a
tile — the one color found most often within the portion of the tile unoccupied by the
feature. In the present embodiment, despite the presence of object 606, the dominant
characteristic is the white background that occupies most of the tile, so feature 604 is
replaced with all white.

[0049] In an embodiment where the feature occupies the entire tile, the tile may be
thought of as having no dominant characteristic, not having a portion unoccupied by the
feature from which to determine such a dominant characteristic. In this case, the feature
may be replaced with an image that is easily compressible, such as a solid color. It may be
beneficial to use the same dominant characteristic for all such tiles that are completely
occupied by features, as that would increase the number of cache hits for the tiles, and
therefore reduce the number of tiles that need to be sent to the client.

[0050] FIG. 7 illustrates exemplary operational procedures for a server accelerating
bitmap remoting by extracting non-grid tiles from source bitmaps. It should be
appreciated that not every operation must be executed in every embodiment of the present
disclosure, but that many functional subsets and permutations of these operational
procedures may be implemented.

[0051] Operation 702 depicts identifying a boundary for a feature of an image, such as
image 202, the feature corresponding to at least one tile of a tiling scheme for the image.
This may be accomplished, for example, by using the techniques discussed previously
with regard to FIGs. 3 and 4. In an embodiment, the tiling scheme involves dividing the
image into a grid of rectangular tiles. A feature is not restricted to this grid and may occur
over all or part of a plurality of tiles, part of a single tile, or occupy exactly one tile.

[0052] In an embodiment, identifying a boundary for a feature of an image is based on a
feature granularity and is performed by a host communications device. A feature
granularity may be something that affects how a feature is recognized, such as a size. In
an embodiment, the feature granularity may indicate that individual letters are to be treated
as separate features. In an embodiment, the feature granularity may indicate that

individual words are to be treated as separate features.
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[0053] In an embodiment the feature granularity is determined by a characteristic of the
server (or “host communications device”), the client (or “communications device”), or the
communications network. A characteristic of the host communications device, the
communications device, or the communications network may be something that affects
performance of the remote presentation session, such as the size of a packet sent across the
communications network, or the particularities of the system architecture of the host
communications device.

[0054] In an embodiment, identifying a boundary comprises producing a black-and-white
representation of the image as discussed with regard to FIG. 3. In an embodiment,
producing a black-and-white representation of the image comprises processing the image
according to a thresholding scheme as discussed with regard to FIG. 3. In an embodiment,
identifying a boundary for a feature comprises processing the image with a connected
segments algorithm as discussed with regard to FIG. 4.

[0055] In an embodiment, the feature comprises text, and identifying a boundary for the
feature comprises processing the image with an optical character recognition (OCR)
algorithm. The resulting text may be stripped from the image, such as by replacing it
within each tile of the image with the dominant characteristic of each tile, as discussed in
more detail below. Then the tiles may be sent, along with the text (such as expressed in
American Standard Code for Information Interchange — ASCII — format), and an
indication of where to overlay the text on the tiles, as discussed in more detail below.
[0056] In an embodiment, the feature comprises a horizontal or vertical line. The server
may perform a run-length counting algorithm on the image, both vertically and
horizontally. This algorithm will determine strings of matching or closely matching linear
pixels (such as those pixels that are all above or below a threshold value). These lines
may then be extracted from each tile of the image, such as by replacing it within each tile
of the image with the dominant characteristic of each tile, as discussed in more detail
below. The lines may then be separately encoded (such as by indicating start and stop
coordinates within the image, the line color, and the line width), and sent to the client for
display with the tiles, as discussed in more detail below.

[0057] In an embodiment, the feature comprises a screen-to-screen move (or “screen-to-
screen blit”), such as when a window is scrolled, and identifying a boundary for the
feature comprises processing the image to determine a motion vector of a portion of the
image relative to a portion of the prior image. The server may match motion vectors

between a plurality of images that are sent, or to be sent, to the client. The server may

10



10

15

20

25

30

WO 2011/071623 PCT/US2010/055737

match motion vectors by determining patterns of where image characteristics, such as text
and lines (as determined in the image using the above techniques) have moved. This may
then be represented to the client, by using much less bandwidth than sending each tile,
such as by indicating in which direction and how far the image has moved.

[0058] These techniques with regard to features may be run in combination — e.g., both
text and lines may be extracted from an image that is scrolled.

[0059]  Operation 704 depicts storing the feature in a cache when the feature is not
already stored in the cache. A server may maintain a cache of features, such as by
performing a hash algorithm on each feature as it is encountered, and storing a signature of
the feature in the cache based on the results of the hash algorithm, and a corresponding
position of the feature where it will be stored in a client cache. The signature of the
feature may be stored rather than the feature itself to minimize storage requirements. In
doing so, as each new feature is encountered, the server may determine whether the
feature has been previously encountered, so only a reference to the feature must be sent to
the client (the case where a cache hit is determined, and it is further determined that the
feature is identical to a feature stored in the cache that caused the hit), or that the feature
has not been previously encountered, so that the feature itself must be sent to the client
(the case where there is no cache hit, which indicates that an identical feature has not been
encountered previously).

[0060] In an embodiment, a cache has a maximum size, and thus a limited horizon.
Thus, when a cache has reached its maximum size, a determination is made on which
features and/or tiles must be removed to make room. This determination may be made
based on a heuristic of which features and/or tiles are least likely to be repeated, and
therefore least beneficial to have in the cache. Similarly, where the cache has reached its
maximum size, or may reach its maximum size, a similar determination may be made
concerning whether to add a new feature and/or tile to the cache.

[0061] In an embodiment, a cache comprises a highly structured (hierarchical) cache.
Such a highly structured cache may be organized based on different levels of granularity —
such as features, groups of features, and groups of groups of feature. For instance, where

G 9 66
a.

features like n,” and “d” are encountered, groups of those features — the word “and”
may be encountered as well. And groups that comprise such groups of features — such as
phrases that contain the word “and” may be encountered as well. These groups of features

may be cached in addition to the features themselves.
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[0062] Operation 706 depicts tiling the image according to the tiling scheme to produce
at least one tile, similar to the tile of FIG. 6. In an embodiment, a tile has the dimensions
of 12 pixels by 12 pixels, unless the image does not have dimensions that are an even
multiple of 12 pixels. In that case, no more than one tile in each column and one tile in
each row may have dimensions of less than 12 pixels by 12 pixels.

[0063]  Operation 708 depicts for each tile corresponding to the feature, replacing a
portion of the tile occupied by the feature with a image for the tile. This may be
accomplished, for example, by using the techniques discussed previously with regard to
FIGs. 6A and 6B.

[0064] Operation 710 depicts storing each tile in the cache that is not already stored in
the cache. In an embodiment, storing a tile is effectuated similar to storing a feature as
discussed in operation 704. In an embodiment, tiles and features are stored in separate
caches. In an embodiment, tiles and features are stored in a single cache. As it more
likely that a tile will collide with a tile and a feature will collide with a feature, than one
with the other, there may be performance benefits on certain systems to using two caches.
Likewise, the particulars of a given system may favor the use of a single cache.

[0065] Operation 712 depicts determining, based on the cache, whether a
communications device has cach tile, and the feature. In an embodiment, this
communications device is the client. As the server sends tiles and features to the client,
the client caches those tiles and features in one or more caches of its own. The client
cache may comprise a stored tile or feature and a corresponding result of the hash
algorithm performed on the tile or feature. So, if the server determines that a tile or
feature that represents the same image as the present tile or feature already exists in its
cache (done by looking at feature signatures), it has determined that the client already has
the tile or feature in its cache (or will be sent the tile or feature in transmitting data for the
current image). If there is no cache hit, then the client does not have the tile or feature. If
there is a cache hit, and the server determines that no previously cached tile or feature that
caused the hit (within the cache horizon) is identical to the present tile or feature, then the
client does not have the tile or feature. Otherwise, the server determines that the client
does (or soon will) have the tile or feature.

[0066] Operation 714 depicts sending each tile and the feature that the communications
device does not have across a communications network to the computing device for
display. Each tile and feature that the client does not have may be determined according

to the techniques of operation 712. In an embodiment, each tile and feature is sent as a
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separate image within the context of the active remote presentation session. In an
embodiment, the server may improve session performance by grouping together features
into a single bitmap of features and/or tiles, and sending this compound bitmap to the
client along with an indication of which portion of the compound bitmap corresponds to
each feature and tile. In an embodiment, a separate compound bitmap may be used each
for features and for tiles.

[0067] In an embodiment, at least some of the tiles and features sent to the client are first
compressed before they are sent, and then uncompressed by the client after it has received
them.

[0068] Operation 716 depicts sending an indication of each tile and the feature that the
communications device does have across the communications network to the computing
device for display. Each tile and feature that the client has may be determined according
to the techniques of operation 712. For instance, a tile may be accompanied by two
integral values — one that indicates a number of pixels below the upper left hand corner
that the upper left hand corner of the tile is to be placed, and one that indicates a number
of pixels to the right of the upper left hand corner that the upper left hand corner of the tile
is to be placed

[0069] In an embodiment, the tile(s), feature(s) and indication(s) thereof sent according
to the techniques of operations 714 and 716 are sent along with an indication of where the
client is to place the corresponding tile or feature in the image that it recreates.

[0070] FIG. 8 illustrates exemplary operational procedures for a client accelerating
bitmap remoting by extracting non-grid tiles from source bitmaps. It should be
appreciated that not every operation must be executed in every embodiment of the present
disclosure, but that many functional subsets and permutations of these operational
procedures may be implemented.

[0071] Operation 802 depicts receiving a plurality of tile indications, each tile indication
comprising an tile or a location in a cache of a tile, and a location to display each tile
indication on a grid.

[0072] Operation 804 depicts receiving a feature indication, the feature indication
comprising a feature or a location in the cache of a feature, and a location to display the
feature.

[0073] In an embodiment where, the feature indication comprises a plurality of features,

as discussed in more detail with regard to FIG. 7, and an indication of the location of each
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feature within the feature indication, the client may determine each feature within the
feature indication based on each indication of the location of each feature.

[0074] In an embodiment, the feature comprises text, a line, or a motion between the
image and a previously received image. In an embodiment where the feature comprises
text, the feature indication comprises an indication of a font with which to display the text.
[0075] Operation 806 depicts displaying an image, the image comprising each tile
indication on the grid overlaid with the feature.

Conclusion

[0076] While the present disclosure has been described in connection with the preferred
aspects, as illustrated in the various figures, it is understood that other similar aspects may
be used or modifications and additions may be made to the described aspects for
performing the same function of the present disclosure without deviating there from.
Therefore, the present disclosure should not be limited to any single aspect, but rather
construed in breadth and scope in accordance with the appended claims. For example, the
various procedures described herein may be implemented with hardware or software, or a
combination of both. Thus, the methods and apparatus of the disclosed embodiments, or
certain aspects or portions thereof, may take the form of program code (i.c., instructions)
embodied in tangible media, such as floppy diskettes, CD-ROMs, hard drives, or any other
machine-readable storage medium. When the program code is loaded into and executed
by a machine, such as a computer, the machine becomes an apparatus configured for
practicing the disclosed embodiments. In addition to the specific implementations
explicitly set forth herein, other aspects and implementations will be apparent to those
skilled in the art from consideration of the specification disclosed herein. It is intended

that the specification and illustrated implementations be considered as examples only.
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CLAIMS
1. A method, comprising:

identifying a boundary for a feature of an image, the feature corresponding to at
least one tile of a tiling scheme for the image;

storing the feature in a cache when the feature is not already stored in the cache;

tiling the image according to the tiling scheme to produce at least one tile;

for each tile corresponding to the feature, replacing a portion of the tile occupied
by the feature with a replacement image for the tile; and

storing each tile in the cache that is not already stored in the cache.
2. The method of claim 1, further comprising;:

determining, based on the cache, whether a communications device has each tile,
and the feature;

sending each tile and the feature that the communications device does not have
across a communications network to the computing device for display; and

sending an indication of each tile and the feature that the communications device
does have across the communications network to the computing device for display.
3, The method of claim 2, wherein determining, based on the cache, whether a
communications device has the feature comprises:

determining that the communications device has the feature when caching the
feature causes a cache hit of the cache; and

a cached feature of the cache represents the same image as the feature.
4. The method of claim 2, wherein identifying a boundary for a feature of an image is
based on a feature granularity and is performed by a host communications device, and
wherein the feature granularity is determined by a characteristic of the host
communications device, the communications device, or the communications network.
5. The method of claim 2, further comprising compressing at least one tile or the
feature before sending the tile or the feature to the communications device.
6. The method of claim 1, wherein identifying a boundary for a feature of an image
further comprises:

producing a black-and-white representation of the image.
7. The method of claim 1, wherein the feature is already stored in the cache, further
comprising:

identifying a second boundary for a second feature of the image;

determining that the second feature is not already stored in the cache;
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producing a compound feature comprising the feature and the second feature; and

sending the compound feature across a communications network to a
communications device, with an indication of how the feature and the second feature are
stored within the compound feature.
8. The method of claim 1, wherein the feature comprises a line, and identifying a
boundary for the feature comprises:

identifying as the feature a plurality of linear pixels of a substantially similar color.
9. The method of claim 1, wherein the feature comprises a motion between the image
and a prior image, and identifying a boundary for the feature comprises:

processing the image to determine a motion vector of a portion of the image
relative to a portion of the prior image.
10.  The method of claim 1, wherein a replacement image for a tile comprises a
dominant color of the tile.
11.  The method of claim 1, further comprising:

identifying a second boundary for a second feature of the image;

determining that the feature and the second feature represent the same image;

sending the feature across a communications network to a communications device;
and

sending an indication that the second feature corresponds to the feature across the
communications network to the communications device.
12. A system, comprising:

circuitry for receiving a plurality of tile indications, each tile indication comprising
an tile or a location in a cache of a tile, and a location to display each tile indication on a
grid;

circuitry for receiving a feature indication, the feature indication comprising a
feature or a location in the cache of a feature, and a location to display the feature; and

circuitry for displaying an image, the image comprising each tile indication on the
grid overlaid with the feature.
13.  The system of claim 12, wherein the feature indication comprises a plurality of
features, and an indication of the location of each feature within the feature indication,
further comprising;:

circuitry for determining each feature within the feature indication based on each

indication of the location of each feature.

16



WO 2011/071623 PCT/US2010/055737

14, The system of claim 12, wherein the feature comprises text, a line, or a motion
between the image and a previously received image.
15.  The system of claim 14, wherein the feature comprises text, and the feature further

comprises:

an indication of a font with which to display the text.
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702 identifying a boundary for a feature of an image, the feature corresponding to at
least one tile of a tiling scheme for the image

'

704 storing the feature in a cache when the feature is not already stored in the cache

706 tiling the image according to the tiling scheme to produce at least one tile

708 for each tile corresponding to the feature, replacing a portion of the tile occupied
by the feature with a image for the tile

'

710 storing each tile in the cache that is not already stored in the cache
712 determining, based on the cache, whether a communications device has each tile,
and the feature

'

714 sending each tile and the feature that the communications device does not have
across a communications network to the computing device for display

'

sending an indication of each tile and the feature that the communications device does
have across the communications network to the computing device for display
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802 receiving a plurality of tile indications, each tile indication comprising an tile or a
location in a cache of a tile, and a location to display each tile indication on a grid

804 receiving a feature indication, the feature indication comprising a feature or a
location in the cache of a feature, and a location to display the feature

806 displaying an image, the image comprising each tile indication on the grid overlaid
with the feature

FIG. 8
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