-1 AMETHOD AND SYSTEM FOR PROCESSING ELECTRONIC IMAGE
CONTENT FOR DISPLAY FIELD OF THE INVENTION 5 The present
invention relates to a method and system for processing electronic image
content for display, and particularly to an image processor; and to computer
program code for performing this method-Thepresent 10 invention is of
particular although not exclusive application in processing image data in the
form of cAnMETHRDIAKD BYSTEMXOR KROGE 88 INSD|BL.BOTRONECISEMAGE

or other display device such as sgpieiaetoFHC oI BAGKGROUND OF THE
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BACKGROUND OF THE INVENTION

Electronic image content is commonly displayed on a
display device, such as a projector, television, etc, by
20 transmitting the content either in a format suitable for
receipt by the display device or via an intermediary
device which typically receives raw electronic image
content and outputs the content in a format suitable for
display, such as VGA or HDMI for standard interfacing.
25
One existing intermediary device is a digital media
receiver, for use within a home network to enable display
of a home computer’s contents on a television to enable
image content to be enjoyed in a separate location to the
30 computer, e.g. a lounge room, or for use in presenting a
computer’s contents on a more convenient viewing device,
such as a projection screen. The digital media receiver
enables content previously accessible on the computer to
be displayed and accessed on any display device. However,
35 while such a device enables the display of the home
computer’s contents, there are a number of problems

associated with display quality and robustness.



projectors, can display high definition image content which, when viewed as
an incoming stream of data from a 5 computer, have large bandwidth
requirements. Compression techniques may be employed to reduce
bandwidth requirements however these may reduce image quality and are
both time consuming and processor intertsive. This is especially evident
when multiple computers are connected 10 to the device and/or multiple
display devices. A further technique employed is to reduce the number of
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According to one aspect of the invention there is provided
a method of processing electronic image content for
display, the method comprising:

a computing system receiving a first image comprising
a first array of pixels;

said computing system receiving a second image
comprising a second array of pixels;

a comparator of said computing system identifying
which pixels of the second array are different from
corresponding pixels of the first array by comparing said
first array and said second array and outputting said
different pixels of said second array to at least one
image composer;

said image composer constructing a new image for
display comprising said different pixels from said second
array identified by said comparator and pixels of said
first array complementary to said different pixels of the
second array; and

outputting the new image for display.

The computing system may be a distributed computing system



telecommunications network. However, it will be appreciated by a person

skilled in the art that the computing system may incorporate the display

device. 10 Also, any one of the computers in a computing system may

output different pixels as an image fragment to at least one image composer,
where the image composer may be incorpctated into the display device, or

an intermediary image processing device as an image processor, remote
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computer which may additionally output control information

to control display of the image content. In this case,

20 the telecommunications network for transmitting image and
control information may be a wired or wireless LAN and the
communications protocol may be TCP/IP for reliable data

transfer.

25 It is understood by those persons skilled in the art that
the different pixels from the second array identified by
the comparator form image data, in particular, an image
fragment. Furthermore, it is understood that an image is
formed from an array of pixels, each of which is assigned

30 a collection of bits dependent on pixel qualities such as
colour and opacity. For example, an image may have 8 bits
per pixel to assign these qualities. Thus, the image
fragment only has those pixels found different from
corresponding pixels in the first array and the

35 complementary pixels are those not found different from
the first array. Typically, only a portion of the image

changes between frames and thus, in preference, only that



ensure reliability. In another embodiment, all 10 communication of data
between a remote image composer and the computing system may be
performed via hand-shake authentication protocols for reliable data transfer.
It is to be understood by a person skilled in the art that 15 a display device
may be referred to as a television in the spécification but may include an
LCD screen, projector, etc, all of which require video content, in particular

the poatie compenentiheteefdtoria raeivarint stanelaidisee: formaossng
a standardised audio/video interface, such as 20 HDMI, VGA, component
videg, etc. In addition, the skilled person will appreciate that the displa
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display device or devices, including adjusting the size or resolution of the
display. s In another embodiment, the control information comprises the pixel
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etc, all of which require video content, in particular the
image component thereof, to be received in a standardised
format using a standardised audio/video interface, such as

20 HDMI, VGA, component video, etc.

In addition, the skilled person will appreciate that the
display device may also be a computer screen of a
destination computer. In this case, the image content may
25 be received using a standardised interface such as VGA, or
the destination computer may include the image composer to
construct a new image for display on a connected computer

screen using the received image fragment.

30 As described above, it is desirable to control display of
the image content and, in an embodiment, control
information is outputted in addition to the image data to
control display of the image content on the one or more
display devices. The control information may be used to

35 remotely control the display of the display device
including pausing, resuming, starting and stopping display

of the image content. Furthermore, the control



content or data for display, in addition to the above described image content,

in particular for the display of 1s video clips. In this case, it is desirable to
transmit audio, video and/or image content as streaming data across the
telecommunications network to reduce bandwidth requirements. In one

example, a video clip is displayed withina domputer desktop image, which

may be at a smaller 20 display size than the full computer screen. In this
exampliee thea tliffere mceyinhExdsfrbayadirstaredyland a sesoncearcamputer of
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requirements. In one example, a video clip is displayed
within a computer desktop image, which may be at a smaller

20 display size than the full computer screen. In this
example, the difference in pixels from a first array and a
second array separated in time may apply only to the
changes in the video clip being displayed rather than the
rest of the computer desktop image. Thus, a skilled

25 person will appreciate that one method of displaying the
video clip is wvia the computer identifying which pixels of
the portion of the screen displaying the video clip have
changed at a suitably high refresh rate. However, such a
high refresh rate would require a high bandwidth

30 requirement and may thus be jerky. Another method may be
to output the different pixels of the desktop image
excluding the video clip pixels to the image composer, in
addition with audio and video data of the wvideo clip as
streaming data. In this method, the audio and wvideo data

35 is overlaid with the data comprising the different pixels
to display the image content including the wvideo clip

without lag and without need for such a high refresh rate



may be located in each image processing device so that the 15 streaming
data is stored locally. In the embodiment where there is more than one image
composer, a skilled person will appreciate that there may also be at least
one display device corresponding to that 20 image composer, in particular
corresponding to an image composer whicl® isHocated in an image
processing device. In this case, output of the different pixels identified by
saidtdoazpafator e syncdonised tbaeadwirdahe composementpsovide
synchronised display on the corresponding display 25 devices. For example,
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different pixels of said second array to at least one
In the embodiment where there is more than one image

composer, a skilled person will appreciate that there may
also be at least one display device corresponding to that

20 image composer, in particular corresponding to an image
composer which is located in an image processing device.
In this case, output of the different pixels identified by
said comparator is synchronised to each image composer to
provide synchronised display on the corresponding display

25 devices. For example, one method includes a source
computer displaying and controlling the display of image
content across multiple display devices employing multiple
image composers to process the image and control data for
each corresponding display devices.

30
The method may also include monitoring the CPU utilisation
rate of the computer to avoid reducing resources available
to processes other than those for processing image data.
In one embodiment, the computer suspends the comparator

35 from identifying which pixels of the second array are
different from corresponding pixels of the first array by

comparing the first array and the second array and outputs



image composer, whereby said image composer is arranged to construct a
new image for display comprising said different pixels from said second
array identified by said comparator and 20 pixels of said first array
complementary to said different pixels of the second array and output the
new image for display. According to anothet aspect of the present invention
there 25 is provided a device for processing electronic image content for
disptayethitidfacenbmpiiseals anfmabe coapmsdr arraaget ¢o tikecimage
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different pixels from said second array 35 identified by said comparator and
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present invention there Is provided-a data signal comprising the above

LhrograMPESGe RS BRIEE PHSCRIZYICN G ¥RESHRAWINGS In order that
the inventien bempareadiear|yods caatadhethmpubodignenyts vethnewdsnged to

desqipegl ¥ yayalaraginlen With Fefelence e aGUYPAPANG i Fferent
dravings; 1 S SoRPHE isasshsralg e ola sySlem Yy comparing
said first array and said second array and output said
15 different pixels of said second array to at least one
image composer,
whereby said image composer is arranged to construct
a new image for display comprising said different pixels
from said second array identified by said comparator and
20 pixels of said first array complementary to said different
pixels of the second array and output the new image for

display.

According to another aspect of the present invention there

25 is provided a device for processing electronic image

content for display, the device comprising:
an image composer arranged to:
receive a first image comprising a first array
of pixels;

30 receive pixels of a second image comprising a
second array of pixels which differ from
corresponding pixels of the first array;

construct a new image for display comprising
said different pixels from said second array

35 identified by said comparator and pixels of said
first array complementary to said different pixels of

the second array; and



processing electronic image content for display according to an embodiment

of the invention; Figure 2 is a flow chart of the method implemented by the

system of Figure 1 according to the present invention; 25 Figure 3 is a flow

chart of the method of Figure 2 showing information sent over a network

between a computing, image processingdévice and a display device;

Figure 4A is a schematic view of the system of Figure 1; 30 Figure 4B is a
schematic view oicthesysterheof figureitageufe 4 Cdsspdahematic view of

the system of Figure 1; Figure 5 is a schematic view of the system of Figure

35 1_showing multiple computers connected across a network to multiple
devié&S?dﬁ?rB&eé%?ngaEfé’éJ{}Sﬁicﬁﬁ%@‘étco%fer‘fthﬁ/hPc‘ﬁ? fifftn 1R ESRR&CR theTe
to miiiphr diepiigcevicamp et Sty pe edr amsctrdeatichiiel ofhien spsteqnsed
Figuiensd shiMing a sRIvebbvardiaedhe devices incorporating a memory

for access by the corresponding devices; Figure 7 is a schematic view of the
system of Figure 55 showing the processing device with a memory; and
FiguRe89% didgictfagniet betheasResth stFigde pPreoggpf Epvention there
DESERIPAdONILA Accosdipgie anmsabatdilie miedienpesapiriyeAtorhe

ther ﬂg‘péoxﬂggc&gaws@méo for processing electronic image content for
display incluting®a computing system 12 having a comparator 14 for

Lteceiving a first and a second image, 15 and arranged to identify which pixels
of thedustridiaye tdfernmphérosespiabe se€onthenpge sadtouipehéion there

diffesentpixals as and %r%@ﬁﬁtﬂ?&ﬂn}?ﬁ%ﬁ@“ﬁﬂéeraﬂ@vésprogram
descrltgd, the computing system may include one or more computers, or
deviE& ﬁaving computing capabilities 20 such as a digital camera, PDA,

mobile phone, etc, and thus includes the components of a display,
1ProceAseF IMUKECRIPTION OF THE DRAWINGS

In order that the invention be more clearly ascertained,
embodiments will now be described, by way of example, with
reference to the accompanying drawings, in which:

20 Figure 1 is a schematic view of a system for
processing electronic image content for display according
to an embodiment of the invention;

Figure 2 is a flow chart of the method implemented by
the system of Figure 1 according to the present invention;

25 Figure 3 is a flow chart of the method of Figure 2
showing information sent over a network between a
computing, image processing device and a display device;

Figure 4A is a schematic view of the system of Figure

1;
30 Figure 4B is a schematic view of the system of figure
1;
Figure 4C is a schematic view of the system of Figure
1;

Figure 5 is a schematic view of the system of Figure
35 1 showing multiple computers connected across a network to
multiple devices for processing electronic image content

which, in turn, is connected to multiple display devices;



device, hard-drive, etc. Furthermore, as the image composer 16 may be
arranged remote from the computing system and the comparator, it will be
appreciated by a 25 person skilled in the art that the image composer 16

would include similar hardware, such as a processor, etc, to construct an

image for display. If the image composer—w@re-located within the computing
system then hardware could be shared. Furthermore, if the image composer
were 30 locaiegthrathth a slispl®ctiewneat istichizswa pfojebier shatiwarefSuthgure
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the image compaoser 16 constructs a new 35 image fqr. display by a display
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accepted by a television or similar device, such as HDMI. The display may
also be a plasma or LCD screen, projector, hand-held viewing device, etc.

Fig%%%ﬂiﬁgp%ﬁggﬁﬁwethod 18 implemented by 10 the system of

processing electronic image content. The method 18 includes initially
Lteceiving 20 a first image comprising a first array of pixels. As described,
imadescoyppidally are fenmethfrodisertray Of tivee | prespbndf whickntion, there
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16. As described, the computing system may include one or
more computers, or devices having computing capabilities
20 such as a digital camera, PDA, mobile phone, etc, and thus
includes the components of a display, processor, input
device, hard-drive, etc. Furthermore, as the image
composer 16 may be arranged remote from the computing
system and the comparator, it will be appreciated by a
25 person skilled in the art that the image composer 16 would
include similar hardware, such as a processor, etc, to
construct an image for display. If the image composer
were located within the computing system then hardware
could be shared. Furthermore, if the image composer were
30 located within a display device, such as a projector,
hardware such a power supply and network ports could also

be shared.

In an embodiment, the image composer 16 constructs a new
35 image for display by a display device, such as a
television, from the received image fragment from the

comparator 14 and the pixels of the first image



display device for display. In the case where the image 25 content includes a
sequence of static images or frames, such as the display of the computer
screen, only a portion of the image changes between sequential frames. In

an embodiment, the method 18 further includes receiving 30 22 a second
image comprising a second array of pixets.18 an example, the first and
second images may be received by the computer. Further, the computer
mayadneipdemecdrapgraior fppelebiityng B4 vechapixels effhpisecondasy the
array pf gixels, AFREIRM CHRAPONEING Riglse3RohHuslist agayFhatiss
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multifhe telexip@bsige system or a screen of a source electronic

device such as a PDA, which may include static electronic

20 images, such as desktop images, or a video clip shown
within the desktop including both video and audio data.
Also, the desktop may display just an audio clip being
played and in this case audio data is outputted to the
display device for display. In the case where the image

25 content includes a sequence of static images or frames,
such as the display of the computer screen, only a portion

of the image changes between sequential frames.

In an embodiment, the method 18 further includes receiving
30 22 a second image comprising a second array of pixels. 1In
an example, the first and second images may be received by
the computer. Further, the computer may include a
comparator for identifying 24 which pixels of the
secondary array of pixels differ from corresponding pixels
35 of the first array. That is, comparing pixels of
corresponding co-ordinates of each array to identify which

pixels differ. Typically, the array size of the first and



located in multiple viewing locations such lounge rooms and bedroom within

a house. The method of processing electronic image content may also 30

include outputting the different pixels across a network to more than one

image composer remote from the computing system. An example of such a
method being employed is in a teachingerMironment where a lecturer with a
source computer wishes to display and control electronic image 35 content,
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42 is remote from the computer and its comparator 40, and is incorporated
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across the network and to any display device such as suitable 15 ports,
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different pixels into their corresponding position in the

array of pixels of the first image however it is envisaged

20 that other methods may be employed to construct the new
image such as combining the different pixels with pixels
of the first image. 1In any event, the new image is
outputted 30 for display. The method may also include
outputting the new image for display to any number of

25 display devices, such as where multiple televisions are
located in multiple viewing locations such lounge rooms

and bedroom within a house.

The method of processing electronic image content may also

30 include outputting the different pixels across a network
to more than one image composer remote from the computing
system. An example of such a method being employed is in
a teaching environment where a lecturer with a source
computer wishes to display and control electronic image

35 content, in the form of desktop content, to be transmitted
wirelessly, to a plurality of students’ displays, such as

computer screens, and projectors.



by the image processor 36 if required by the method. 30 In the example
shown, the second image to be received by the computer forms the first
image 44 to be subsequently received by the comparator 40. Also received
is a subsequent second image 46. The comparator 40 may then 35 identify
which pixels are different between the two ?ages and output only the
different pixels 48 as an image fragment across the network to the image
processor 36 and - 13 thus to the incorporated image composer 42, rather

thanpRUtLigLan dPage Yibaa il praehriyels Whinh §as R IAgaEPackel1 so
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The flow chart 32 also shows the method implemented by the
system of Figure 1 over time. In one example, initially,
the computer 34 receives a first and second image of the
type described above but, in this case, a comparator 40
identifies that the first image is a null image and thus
the different pixels outputted correspond to the second
image received. 1In the example shown, image 44 is
outputted to the image processor 36 which, in turn,
recognising that the complementary pixels are null,
outputs the image for display by the television 38. An
acknowledgement packet acknowledging either receipt of the
image or a successful display of the image may be returned

by the image processor 36 if required by the method.

In the example shown, the second image to be received by
the computer forms the first image 44 to be subsequently
received by the comparator 40. Also received is a
subsequent second image 46. The comparator 40 may then
identify which pixels are different between the two images
and output only the different pixels 48 as an image

fragment across the network to the image processor 36 and



telecommunications network allowing the display device or devices to be
located anywhere. 35 In another example, the system of processing

electronic image content is further described by reference to Figures 4A, 4B
and 4C. Thus, referring to Figure 4A, it can be - 14 seen from the schematic
view that the system 54 for processing eledBonic image content may be
embodied in at a computer 56 for processing the electronic image content.
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embodiment of the system shown in Figure 4A may be when an image
processor is employed as a 20 stand alone system for processing and
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and protocols may be employed such as UDP.

20 The image composer 42 may receive the image fragment 48
and construct a new image for display comprising the image
fragment 48 and pixels 50 of the first array complementary
in position in the array of pixels to those of the image
fragment. The new image 52 is then outputted for display

25 to the television 38 as image data in the form suitable
for the television, such as VGA or HDMI, over a suitable
cable.

It will also be appreciated by those skilled in the art

30 that the image data outputted to the display device may
also be outputted over a wired or wireless
telecommunications network allowing the display device or
devices to be located anywhere.

35 In another example, the system of processing electronic
image content is further described by reference to Figures

4A, 4B and 4C. Thus, referring to Figure 4A, it can be



35 display device has the processing capability to construct a new image for
display using separate image composers 16. Also, in this embodiment,
communication between the - 15 comparator 14 and the image composer
16, located within the television, may be over a telecommunications network
of the type described above. Further, a perddn skilled in the art will
appreciate that there may be more than one 5 computer 56, each with its own
comparaioifbbdntotithentdy hemmth tdtp ut thewintdgetfrafaesiytotién iBdgEor
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164, @l & igeeampunietionsdietwgrk 68, which may be displayed on
more than one display device, such as the television or computer screen 59

and projector 70. The network is shown as an Internet cloud, but may be a
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Figure 4A may be when an image processor is employed as a
20 stand alone system for processing and displaying
electronic image content. For example, a user wishing to
display image content from a recorded disk may insert the
disk directly into the image processor and have the image
content displayed as the image processor can incorporate

25 computer processing capabilities.

A further embodiment is shown in Figure 4B. It can be
seen from this figure that the system 60 for processing
image content also includes the computer 56 with the

30 comparator 14 however the image composer 16 is located
remote from the computer and is incorporated within the
display device 58. 1In this embodiment, the display device
may be a television with a screen 59 and it is envisaged
that if there is more than one display device, each

35 display device has the processing capability to construct
a new image for display using separate image composers 16.

Also, in this embodiment, communication between the



image is desired to be viewed on the user screen 59, and - 16 via the

projector 70, using the method implemented by the above described system

of processing image content. In one example, the image processor 64 may
output audio 5 content, by streaming the sequential images with audio data

to the television screen 59. Thus, in an exakdple, in addition to the computer
desktop content images being outputted, audio data is outputted from the
compuotgpdeathexlidianddvich & Sifina gecatpnipoitespdakerd.ckiatreanothehin
exarpple, {he IRAGS BIPCERSY 84 MAYAUIRUL Yideosmaniantda eagHO Nt work
image_content, by streaming_ the sequential images with audio and videq )
datath HESGEYRS RSRE” FBF SxARRHE the S50 ERTomAuBPRESRWER TBiEd +n
displdyea sidkowlip brappriicyliafy deticatinthereamavthbe/idwrelig-hadioone
and yisipeutaa IS BansRiiedyiq e FAgaeOBRRSRAIRA 8er054 [he Betvikt i fy

withif t

eonaZ?2 scre

68 as_streaming, data. In.the example where the video.clip is displayed
eSS e (IR REde S R Ry 16 ana

ce compu compu

mayBegisphgetietavhidirn d8playldizEteh hR FFRRCsHRERSINthS
casg dhevdiBaent piretarideptifiesby Hee Gamgaraiompd &ihel eoamdfer

apply Q0L 9;! &1%?[“%9%5?1%?%@%@@%‘9 £1ucing 1he ddeq iR ey o

in the case wherethe 25 vi

o clip is full screen, the comparator outputs a

Lhull XRF&EKEe HRSJIMRAE t5e 2ampRterih g obitit RBn8E fif8dn with
the streareingelidirnpdveies datadsis thdeideetoliprtk cootrbhiine display oimage
the \idgo slip @Bntherdisklay deyiceasugh 89 PEHSEndak slEeR0 Hyone
example, the source computer 56 and image processor 64 run applications
to communicate information from a custom media player on the source
computl Whicif pridessesntind toantadds shovkrlebrelBidmaeo 8Gtput It can
1 audipangedn vigeenadaas stigaping Hata. thaway Ré exyvplan BLeHBIRg

dataﬁ?%%é’gscﬁﬁmi‘%%e‘jﬁ%%@éﬁéh?nggtv‘i‘géflﬁgdgs@ﬁek”ggvrﬁ‘puter 56 with
communication channerls. The commands an

20

25

30

35

the comparator 14 arranged to identify the different
pixels, as described above, as an image fragment.

Further, it can be seen that the comparator 14 outputs the
image fragment for transmission, via the capabilities of
the computer 56, over a telecommunications network to the
image composer 16 located within a stand-alone image
processor 64. The image composer 16 then constructs the
new image for display on the screen 59 of the display

device 58 using the same method as described above.

The embodiment shown in Figure 4C is shown in more detail
in Figure 5, where it can be seen that there may be more
than one computer 56, in system 66, to provide image
content to more than one image processor 64, over a
telecommunications network 68, which may be displayed on
more than one display device, such as the television or
computer screen 59 and projector 70. The network is shown
as an Internet cloud, but may be a LAN as described above.
It can be seen that the computer 56 displays an image on
its computer screen 72 as desktop content and that this

image is desired to be viewed on the user screen 59, and



- 17 player data from the source computer are then sent in a format that is
understandable by the image processor and ultimately the display device via
these channels. Also, once communication is established, there is

continuous 5 communication to keep the source computer and image

processor synchronised. One part of theapdfication, which may run on either

the source computer or image processor, acts as an agent, 10 which
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act upon. 25 In thé above example, the video fragment itself may react to
1Bbove mentioned agent's controls. In this case, the video fragment is
overkxd anihtthe imegerirslen erthisleimber: frorpites Bty eédnviay et ph t
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to the image composer 64 across the network 68 as
streaming data. In the example where the video clip is
displayed within the source computer desktop image on a

20 computer screen 72, it may be displayed at a smaller
display size than the computer screen. In this case, the
different pixels identified by the comparator 14 of the
computer apply only to the portion of the desktop image
excluding the video clip. Thus, in the case where the

25 wvideo clip is full screen, the comparator outputs a null
difference. In addition, the computer may output control
information with the streaming audio and video data for
the video clip to control the display of the wvideo clip on
the display device, such as pause, play, etc.

30
In one example, the source computer 56 and image processor
64 run applications to communicate information from a
custom media player on the source computer which processes
both commands and video clip data to output audio and

35 video data as streaming data. By way of example,
streaming data may be communicated across the network 68

using known communication channels. The commands and



59. Thus, it can be seen that the synchronising data may be used to

translate resolution where the resolution of the source computer and the

user laptop differ so that the image can be resized accordingly. The video
fragment or 5 clip, which may be overlaid on the image environment of the
display screen, can also be resized relativeltd the image environment to
provide a displayed image consistent with the source desktop image. The
skillgd pgesondaitl aalf @ @p pré@atedhatkirivenpigosithrmaganthraduslestnayn a
be 1pJepuired o imaleMens Luis siaf 4 200K example Jhe JP8gessor and

processar 64 may be controlled and remotell/,p erated via commupication
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may be remotely controlled using a controlling application on the computer
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the EBRPEAAG syBitn kg teeFBanes cbafptbrorarresponding display

devices. For example, in the example where the display

device is a projector, if a user wishes to pause the

20 projection, then the agent will control the video fragment
data accordingly. Other than these projection commands,
the agent may also receive player related commands such as
resize, mute, volume change and so on, which it also
passes to the agent to act upon.

25
In the above example, the video fragment itself may react
to above mentioned agent's controls. In this case, the
video fragment is overlaid with the image fragment
identified from the image environment of the source

30 computer by the comparator 14. The video fragment is
comprised of data to enable both playback of the video and
audio and data to synchronise data with an application
running on an image processor 64. In one example, the
image processor 64 is located within a user computer, such

35 as a laptop, and in another example, the image processor
64 is located remote from the laptop, which corresponds to

a display device, and the laptop includes a laptop screen



telecommunications network 68. The client-server arrangement of the server

73 and image processors 64 5 (clients) allows for each client to individually
control the display of the received streaming data. An alternative

embodiment is shown in Figure 7 where the image processor 64 includes the
memory 72 to store the received streantind 8ata upon the user's request for

later 10 retrieval. It will be appreciated by a person skilled in the art that the
ment®y 72himay beilbcated rbactelghirorhahe timagepretassoei Sintprdata may
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! . ) isplay video and audio
L¢lipseenihe LobR BB IR B0 HHE? 18&5Fing streamed image data and

audio and video data at each image processor 64. This client - server

arraRgergRBLAlse RERYAIBS ¥arieyothes fendlipgaliias, sugh asLpnpalliing a
remote medlf pI%er f&om a servir plf?/er. Fordr|Tr]15Lance, contrqlllng?f_unctl n%
suclFREEEp: B8R P BhbsY, GESE TE %y Be TPANIRAES TR Rt ween

servepfi-vaneo| ahmpldrat tinn glicniniidplay eoreansopRrgiel nnFEatiens on

140 a pRdicséaplicatplageaiiydly 3@ AhmagiepHsdesyPCeasor o this
group. of cliﬁgt plgly{ers 55an Iso %e establigiged fr8m the serverdo indiqually

control edeh client aayé'rs. fthe 2hove exama;l)?e, the custom media p a?/er

servEpmotely operated using a desired communication channel.

For example, a television may receive basic operational
ASCII commands like turn-on and turn-off. Also, the

20 television may be remotely controlled using a controlling
application on the computer 56 which outputs control data,
in addition to the above streaming image and audio/video
data, to the image processor 64. The control data, image
and audio/video data may be bundled together in packets to

25 Dbe transmitted across the telecommunications network using
TCP/IP and may further be bundled with authentication
protocols to ensure secure transfer of data. In one
example, hand shake protocols for all communications
across the telecommunications network are used to reduce

30 instances of unauthorised use and reduce risk of data

piracy.

A still further embodiment is shown in Figure 6. It can
be seen from the figure that intermediate the image

35 processor 64 is a memory 72 for storing the streaming
image and/or audio and video data for retrieval by at

least one image processor 64. In the embodiment shown,



component is divided into three main domains, namely, content
transmission, control transmission and connection transmission. There are
two channels for communication from server to client, one for the content
transmission 10 and the other is for control and connection transmission.
The content transmission is the actual vided2auadio or both being streamed
from server to client component. Controls like mute, stop, pause, play,
resizehechoeater yskesv, bodsryedcldse aopmneds; CaB esiablded b the

remUISHEERTAEE SEORIFOMRPNEN: LRGNt sABLRIS iR, eennect,

disconnect, Eg?use_ and un-gause may alsg be established from one server to

ok RSP TBASRRAFIE tRSEYEh Sidia fASer LAEROT SRANEEan be
paugatk angenendd, of - fhssctkavetiséSnacciedma gay poantes 20nené 4
a\t/VithQ%tJ{(t!jéﬁUﬁ@%QL?thrfﬁenb%éblie@lIéﬁt\éigs(t)hﬁﬁldj:akm?f@mf%ﬁqtrol
ran ited.via Sige INg_moauies,and, wnen tnerg 1S a c e In the
user%lrl:]~I erélégpcl)'la eos%r%grec%rrﬁggﬁevrﬁ,da %%fae f)lénél?eq ir%f?ﬁhg ?#g control
tranShESIRAE Seat fMPRUNRRECSc e MméRiaFADPESer cRE Gt he
remaigdgterifeosée Ho5ysehnmnshakd Ut NinsRorac Ty Ebrenisaiért he

°°”tE%Ié@i‘é&ﬁsﬂg'}e%m&aﬁ%g“HS%W‘XH@%QB%“8” PAGKEISARSEM ater

to all connected clients. Thése are sent in addition to the Image content an

Ltontfst tratRKAdsion Packets arkfeRRE 861288 PYlagePRFSGR Skilled in
conrgutioantitth plrtichkamelrentyor tRomapf bleentochts] itnetideely from

appregiatech Ryaths skilledgusrsen thatdhess sapmandsdngluge e Follauinope
high priority commands: connect, %§c%:mect aége and resume. 35 Further,
the ARCEBREBRER GTtHE BOOREANTIE HERATSEpSRtes on a remote

system which will be - 21 passive until it receives any information from a

15€rveq ABBCHY8SPMinkNicatipueewess heroraacCieshalivataagpisivat ions,
components IS maintaj:ned after.a connection, is initia{l»igstablisheq:an% each
. such .as ﬁ-. cu? om Egne aaapp.arxg?ﬁ to \}:ro € an ihtuitive user
client receives three )g)es of data’'fro e server, namely, content
UanéﬂEﬁﬁﬁﬁce to display image content on a display device.
The media player may also have a function to enable
recording of the image content displayed and in this case

20 the memory is used for recording.

By way of example, the custom media player may be
implemented with software operating on both the source
computer 56 and the image processors 64 in a client-server

25 arrangement, where the source computer acts as a server.
However, it is envisaged, such as the example above, that
the server may be distinct from the source computer. 1In
this example, the display screen 59 and projector 70
display video and audio clips from the source computer

30 after receiving streamed image data and audio and video
data at each image processor 64. This client - server
arrangement also provides wvarious other functionalities
such as controlling a remote media player from a server
player. For instance, controlling functions such as stop,

35 mute, play, pause, close, etc, may be transmitted from the
server to control display on the client display screens.

Further, connections to a particular client player running



control transmission and connection transmission. Also, each client operates
on its data without disturbing the other clients. The first information a client
receives is connection transmission, which provides information 10 regarding
the type of connection and information regarding the server to which a
connection has been established. Othercdthectivity commands also include
disconnect, pause and resume. The second information received is the

content tiakdnhisstoni mdnyeh istheastmt vislecaargraugiodsS adnitentt bpiayers
streaggd ér:pgat%sgyga&fégxe@efeemr@ﬂ@@am%a&%r%@affalfml1y

the server in_order to Ifs%nc ronise the clients. For example, volume control,
stopCRRY* BAUSE T8 hECRbsBIRER%: relocate, full screen are received at

each client to completely control 20 the display from the server and thus

SOUreq GORYP HBL VR aéuahgwaraale iBy¥ioe matiple %SIHWEV%EQVT@E
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connesiinsmbse iegyled DRbYeemerCt seUIehoonylliefaid dbadAgeation
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stop, resume, etc, the 30 image processing algorithms send image data from

l%acﬁ%rﬁaﬁepa&%gsﬁtﬁ@ﬁngg@m%swdefsﬁwwma ERanEmhssion.

deskrbpe conterere-détestesheirsxshonothentibe, dnmisiadoisindamnegeddaryor
usage,ehnewokly bapgdwidi dn sadditiqahe distinct inite AUhMEnent .
algorlthms n}a?v i‘ 35 decide the static computer deskto image size hent
contERORE e 1o PR RiecH 8Reh BSMBGterEhaMhe SRR proteLsste
withsifeahy énéamasiionsodsenceoP@iidingt @2 cannbetivétgtialehéphinds

@xarﬂelﬁaﬁéw\A/ﬂﬂerﬁhezﬁaseéffb@rﬁ eashueaputer imﬁf@@aelruwu&mrols

image, processors t the.same time, making the connectivit topol y O the
syst%m any 10 tlai}faja’ln’y a?ls eac(:aﬁ |m§g('§% procépssor c%ax‘be conr?ec é‘(f fo

one SHPdipaedishrsm d@VI%e?WﬁE%ﬂ‘éﬁn%@é’iv@%ﬁﬁe ETORERT AsHyRing

fromthe custom media player, each of which can be paused,

connected, un-paused and disconnected at any point of

20 time, without disturbing the other client players. The
video and audio content is transmitted via VLC streaming
modules and, when there is a change in the user interface
of the server component, a data packet including the
control transmission is sent to the connected custom media

25 player clients via remote interfaces to be synchronised.
Furthermore, each synchronisation control transmission
packet and connectivity transmission packets are sent to
all connected clients. These are sent in addition to the
image content and control transmission packets and enable

30 a server player to start a connection with a particular
client or group of clients. Thus, it will be appreciated
by the skilled person that these commands include the
following high priority commands: connect, disconnect,
pause and resume.

35
Further, the client component of the above example

typically operates on a remote system which will be



many source computers at a time, and each source computer can be
connected to multiple image processors at a time, making the connectivity
topology that of Many-to-Many. If 10 this condition exists, the choice to make
any one of the computers the primary source or destination can be toggled
using the above mentioned application, on Z3e fty, in real time. Also, at any
point of time, the display or projection may be paused, resumed, started and
stopped eiwéSune {l}. Eigure8shows asitd difgraratshowifraem a server.

imp!gmeg@éwe OE%%E%iDSWdH&%TEHUEﬂeC%%@%@%&t and
addition to image data, to control one or more_display 20 devices in a .

MarS S5 BRI E St 5l DPERE R BRCDE REoF (RaCHENSTHARE 1o
autobweits saddrithesttheldes hiedl senid deaklopcikigptwhiehdiaeas fthree types

resizeel whea tha-dallanag Seevesr CORRRRIIBNS Aereaaiedteinesi §8ion,
source com‘ﬁutgrs and/or image Brogessors or]tthe fly 25 without any

. contﬁ _ran5ﬂ1551 a? i?nnec 1oq ﬁripsm1551 n. Also,
disconnections; or a change in states like pause, start, stop, resume, etc,

occl3chhe iR IRSFRE 6BtheTinitk udehataHey B idprFweiréag the
usingthe stata deRigs patirtie IIfangsuiade raR caswuierdaigmgerdceives is

description af i, figlfe adfoara iy ?Sv.fr?ﬂiodiﬁS:ﬁTPc?v‘i%%% N3 LARNIEn

describes if the image has to be_ 35 reset to full image or not, where O is false
Land 1S93FE- 2D 315"y BEt 6FirfiRAaRS 2s "ﬁ’ﬁae LBEorBhto., gegarding
functibe freer@xE todQwRiclS@, SCnERS, NG, BRA, B&S) SIdAabREshHERN,

URA RS} odnae@SHARyCRofmiafids FfY 351761 084S NisBBIh e pause
Legend SO - Start State 10 Scéﬁnch?msed connect SPS - ynchr0ﬂlse

Pau@SITREHIE - NG LDNRRERET SPAECSPRGHBRisEAFHISRAIS the

content transmission, which is the actual video and audio
15 content, being streamed from the server. Lastly, the
control commands are received from the server in order to
synchronise the clients. For example, volume control,
stop, play, pause, resume, close, resize, relocate, full
screen are received at each client to completely control

20 the display from the server and thus source computer.

In a further example involving multiple computers 56, the
above control information may include information
detailing the size of each computer image to be displayed.
25 Distinct finite automata algorithms may be used to decide
the static desktop image content’s size when the
connections are toggled between each source computer and
the image processor 64. If, for example, a change of
state occurs, such as pause, start, stop, resume, etc, the
30 image processing algorithms send image data from each
computer across to the image processor 64 only when a
change in desktop content is detected and not otherwise,
thus avoiding unnecessary usage of network bandwidth. 1In
addition, the distinct finite automata algorithms may also
35 decide the static computer desktop image size when
connections are toggled between each computer and the

image processor without any disconnections, hence avoiding



SRA - Synchronised Restart All 15 SRS - Synchronised Restart Single URS

- Unsynchronised Restart Single URA - Unsynchronised Restart All UPS -
Unsynchronised Pause Single UPA - Unsynchronised Pause All 20 DS -
Disconnect Single DA - Disconnect All CS - Connect Single CA - Connect

All 25 PS - Pause Single PA - Pause AlFR&2 Restart Single RA - Restart All
30 In Figure 8, the value n at SO, SPS, SRA, SRS, UPA and UPS is 0, and

the valnmactt ISGHNCl BEShagd URMhis1 eklsopllee $gmbbtswimdicatitige case

contzals Petwerh Sl atee?s fQllawsaae0y 6 (Pl t 21N Enl&fd SC -

SO (DS, DA) - 24 - Sc - SPS (PS) SC - NC (CS,.CA) . SPS -'SO (DA) "SPS -

SC RIS EPSsE (BRe Rﬁ“gsf’gi‘% R N AR E%)f\’:‘ﬁ)y

NC tePsi(GR) NE -tNE© (€8st ManiC-tSPaRA) NthatPss(PSRaeiC image

S0 BRICEEForSBEn(B2) SbtthebBeu (@3, 6A¢ 18:3A e« SRAPRA) display
device, where it can receive image content as input from
many source computers at a time, and each source computer
can be connected to multiple image processors at a time,
making the connectivity topology that of Many-to-Many. If

10 this condition exists, the choice to make any one of the

computers the primary source or destination can be toggled

using the above mentioned application, on the fly, in real

time. Also, at any point of time, the display or

projection may be paused, resumed, started and stopped on

15 the fly.

Figure 8 shows a state diagram showing an implementation
of the method including outputting control information, in
addition to image data, to control one or more display

20 devices in a Many-to-Many topology example. Here it can
be seen that distinct finite automata algorithms decide
the static desktop image which has to be resized when the
following occurs: connections are toggled between the
source computers and/or image processors on the fly

25 without any disconnections; or a change in states like

pause, start, stop, resume, etc, occurs.

The implementation of the finite automata may be
implemented using the state design pattern in any suitable

30 computer language.
A description of the finite automata is as follows:
The value n at each state describes if the image has to be

35 reset to full image or not, where 0 is false and 1 is

true.



SPA - SO (DA) SPA - SPA (DS) SPA - SPS (DS) SRA - SO (DA) 20 SRA -
NC (CS, CA) SRA - SPA (PA) SRA - SPS (DA) SRA - SRA (DS) SRA -

UPS (PS) 25 SRS - NC (CS, CA) SRS - SO (DA) SRS - SRS (DS, PS) SRS

- URA (RA) SRS - URS (RS) 30 URS - UPA (PA) URS - URA (PA) URS -
UPS (RS, PS) URS - URS (RS, CS, CAY BRA~ UPS (CS, PS) 35 URA -

SPA (PA) URA - NC (CS, CA) URA - SO (DA) - 25 - UPS - URS (RS, CS,

CA, DS)URSsSEPS fPAL LIRS - tRA4RA) FURS -fiRAHRAS&SLUBS -dyRBols,

(PS DEUMRS 5:5C £3A) BB £ SH(DA) UPA - URS (RS, CS, CA) UPA -
UPS (DS) 10 UPA - URA (RA) In a still further example, the system may

implement further algorithms that maintain a source computer's low CPU
utilisatisn {9 h iPRge Wity NéasySBYgleSBFY 1SBAntrIRSift WPe URA, UPS}

Mang-ta-Mary coanectionscin adstionr A9 thegalgasithms to transmit control
and&y%%?gﬁgkq%itial state.

Legend
S0 - Start State

10 SC - Synchronised connect
SPS - Synchronised Pause Single
NC - No Connection
SPA - Synchronised Pause All
SRA - Synchronised Restart All

15 SRS - Synchronised Restart Single
URS - Unsynchronised Restart Single
URA - Unsynchronised Restart All
UPS - Unsynchronised Pause Single
UPA - Unsynchronised Pause All

20
DS - Disconnect Single
DA - Disconnect All
CS - Connect Single
CA - Connect All

25 PS - Pause Single
PA - Pause All
RS - Restart Single
RA - Restart All

30 In Figure 8, the value n at SO, SPS, SRA, SRS, UPA and UPS

is 0, and the value n at SC, NC, URS and URA is 1. Also,
the symbols, indicating controls between states are as

follows:

35 S0 - sC (Cs)
SO0 - NC (Ca)
SC - SO (Ds, DA)



data. The CPU utilisation algorithm initially reads the source computer's CPU
utilisation and tunes other algorithms to automatically cap off the required
CPU 20 utilisation to a pre configured limit. Thus, the algorithm makes apt
use of resources available and makes room for other applications for the
user of the source computer. 25 Furtherdéil of the algorithms is given
below. The Auto Initial CPU cap off algorithm. The Auto Initial CPU cap off
algodthm irgealy (Rayls the user's CPU utilization and tunes the above
algogghms gg ayggpa&gglly to a pre configured limit. Thus, making apt use of
resources av. 'Iak&g: and making room for other applications for the user. For
the 810 s&Con &’[he algorithm takes records of the threads under study
and S&nput8€ tH®ferval time for which the threads have to 35 wait execute
withigetge CRRYsapeddf valge. mispudo Code: - 26 - Function 1. This function

take on the jmportant tasks of capturing the desktop image. This
runs%ggync%%%isgé%fwith the image difference algorithm. After executing

one eF8eof¥aptfifg thB)5 desktop, it waits for the image difference
algoNthm teepsmpibese its execution. DesktapZmageCapture Tl_read
Fungdion_ lﬁée?@gglec%reen Resolution _ i-empDeski-opl age's _-relFormat
= Formai-32bppArgb 15°,0h i.le iConnected) CaptureT:Srea d-_Au

l%ReggRVetﬁﬁgaiﬂ‘égﬁ)se signal Threadl TotalWait Time = Threadl -it Time 2
20 THe-ea UPSIit TASE 2 i,f ( Optimize) "u” for TI Ne w'r,'ai i-Time seconds 25
perfeien CagpfuxghdesktopSr_reen Threacil waitTime _ = Note Current Time
30 Sse£t>p:" :_aasel?sl eErﬁ%% AutcReset. vent.

SPA - URS (CS, CA)
15 SPA - SRA (RA)
SPA - SO (DA)
SPA - SPA (DS)
SPA - SPS (DS)
SRA - SO (DA)
20 SRA - NC (CS, CA)
SRA - SPA (PA)
SRA - SPS (DA)
SRA - SRA (DS)
SRA - UPS (PS)
25 SRS - NC (CS, CA)
SRS - SO (DA)
SRS - SRS (DS, PS)
SRS - URA (RA)
SRS — URS (RS)
30 URS - UPA (PA)
URS - URA (PA)
URS - UPS (RS, PS)
URS - URS (RS, CS, CA)
URA - UPS (CS, PS)
35 URA - SPA (PA)
URA - NC (CS, CA)
URA - SO (DA)



Thread2 wait Time = .Tote Current Time 35 Function 2. This function
computes the image difference which has to be sent 40 over to the remote
client system. This thread works in along with image capture thread. The
wait value computed by this algorithm will be used in this thread. 45 Ir.:a
geDi (fernce Computation Thx'ea a' Functi@® -rectangle = Screen Resolution
_tempDesktopTmage's PixeiFormai- = Format32bppArgb 50 while
(Conuested) URagEREf eee AAtoRsetEvent Wait for Desktop Image to be
Capiysed SS5sPyregsig) ToaliraiTi.me = .Th.read2 wai.t.Time . Thread2
waitTime . .. (-Optimize) wait for New/'iait Time seconds 60 perform
CompPur-¢ ‘H%fﬁye(ﬁf‘ﬁerence Threw d2 waitTime Note Current Time - 27
Set GBSi-urddPRed®XutoResetRvent Threadl wait Time Note Current Time
5 10yegnctiogers Thessfunsgen computes the wait time which is being used by
the gP ve ti?ﬁ< threads to make their CPU utilization below the
specified limit. It takées a lot of statistics on to come out with the wait time
whicPP2 tie &AthiRéic mean of ten times collected. 15 Once attained, this
compartienuxecyes, naoreaPerformsbnceUpdateTimer Tick Function 20
TotalpRUUsggeVahus = Get Total CPU usage value Call UpdatePracess
T'hr. eadlralues Function to Update Thread CPU values 25 _ -optimising

1¢ oHFR ndBRefRBdunt ky 1

In a still further example, the system may implement
further algorithms that maintain a source computer’s low
CPU utilisation, high image clarity, easy toggle and

15 control shift in the Many-to-Many connections, in addition
to the algorithms to transmit control and image packet
data. The CPU utilisation algorithm initially reads the
source computer’s CPU utilisation and tunes other
algorithms to automatically cap off the required CPU

20 utilisation to a pre configured limit. Thus, the
algorithm makes apt use of resources available and makes
room for other applications for the user of the source

computer.
25 Further detail of the algorithms is given below.

The Auto Initial CPU cap off algorithm.

The Auto Initial CPU cap off algorithm initially reads the
user’s CPU utilization and tunes the above algorithms

30 automatically to a pre configured limit. Thus, making apt
use of resources available and making room for other
applications for the user. For the first 10 seconds, the
algorithm takes records of the threads under study and
computes the interval time for which the threads have to

35 wait execute within the CPU cap off value.

Pseudo Code:



30 _ totalCPUAvg = -total CPUAvg + Total CPL'Usagelralue __ Ca F.t ure
T:Sr.ead__ ,a.i.t.Time =__ CaF.ture::Sreed_.aai.t Time + Threadl|
TocalWaitTime 35 Ima aeDiffThread ._tTime = Ima aeDiffThread ._tTime +
Thread- Total Wait Time - 40 else _ total CPUAvg = -total CPUAvg / -count
-Capture Threes =CPUAvg = -Capture Th. 26 =CPUAvg _count: 45 na
aeDlthhr sac; CPTvaa = na aeDitfThr saci CPTCwva i count -Capture Th.

ea =walt 11 é n_& apture Th, ea = wait Tire count 50_Imaa To Threa,, .

Lt Tire s _dé@l@&%c ﬁal&r@a,;rﬂf@n}%ﬂsaymgﬁﬁf&ﬁﬂ&%%]ﬁ% WELON e image
itotal CRU At (ReauiredGRY. CapCH! etal GPUUAVE)e55/n1d0F tedueedt the

CPU = d=kidre Thr sact sPUAvghe petpcent CPPRedaction)%-h00te0complete
reduced??2 EPF1°L 19fa geDifTh.read CPUAvg _percen* CPOReduction) /
100 .__reducedTl.__CPU Percent = CaptureT:SreedCPUAvg reducedTl
CPU) 65 “aptur=ThrewCRYAvgd100t28» reducedT2_ CPL_Percent = ((

l@I'magelefTHreed CPUAl\vg - .JeducedT?2 CPU) % _.Zmagel7-i ff;hrea
C.PUAvg) * 100 5ejd>ebi@ag¢fm@}a{|meﬂ(o(r_maza p|F|dE@a-EhEB§gtzﬁgb'T|me 100)
_reducedT|_CPU Percent)) TI-.-t Time 10 _T2_New'r,7aii- Time = (i_Ima

1@eDi =hrear -.-tlime %10,) , . reducedT2_CPU Pe.r cenJ)- _cptimising - false
15 -Optimize = true ¢

CaptureThread AutoResetEvent.Wait for set signal

Threadl_TotalWaitTime = Threadl_ waitTime 2 -

20 Threadl_waitTime 2

if (_Optimize)

wait for _T1_NewWaitTime seconds

25 perform CaptureDesktopScreen

Threadl_waitTime 2 = Note Current Time
30 Set ImageDiffernce_ AutoResetEvent

Thread2 waitTime 2 = Note Current Time

}
}

35 }

Function 2.
This function computes the image difference which has to be sent
40 over to the remote client system. This thread works in along with
image capture thread. The wait value computed by this algorithm
will be used in this thread.

45 ImageDiffernceComputationThread Function
{
_rectangle = Screen Resolution
_tempDesktopImage’s PixelFormat = Format32bppArgb

50 while (Connected)

{
ImageDiffernce AutoResetEvent.Wait for Desktop Image to be
Captured

55 Thread2 TotalWaitTime = Thread2 waitTime 2 -
Thread2 waitTime 1

if (_Optimize)
wait for _T2_ NewWaitTime seconds
60

perform ComputelImageDifference

Thread2_waitTime_ 1 = Note Current Time



20 Function 4. 25 In order to check compute the required wait time, we need

a record of all the threads that are running on the current CPU, along with

their CPU utilization values, which will be used in the following computations.

30 Ge ..i..LProcess:i'.7:rea d;iis Function _ThreadsList Get e.11 the threads

in running in CPU 35 .ilt e.r out those whicR&re o.- this racers 0. 40

Function 5. Since this al%orithm will concern the two main CPU guzzling

threads, we need to filter 6ut tHoseé threads Which do not affect or use too
much of the CPU. Hencegthisdfunetion will-fiker-out the-45 unnecessary
hreads and take into consideration only those two threads which are CPU
Intensive, which are the threads described above. 50 Ueda i-eProcess
Threadvalues Function For Every Thread in CPU Get CPUThreadvalue 55
(CPUThreadUal++-ie > 5.0) _f (opti'mi'sing) 60 Record First :i'hread if

1 T =eed-ZzNamgnrissnull) - 29 Thread _ - me _ current CPUThreadValueName
which eo.ntaiostemetra-thannpd% of the totat GRLkcers timia:beSelsesitd by the
(current@RUT hredd Vatde Narse & (ralsn s reel rKare| 10t Lizat goi-thelov the
Thread @%&Q%i;@h uré T'he, éﬁt@ﬁﬁ’?{A-Vq A EPOTH fFeddvaP eRibw Ut With

ic s the arithmet mean .0f ten ‘hlmes collected.
 secord Second . seath 15,1t (Threa,z2 76,00l check this name has diready

been

PerformanceUpdateTimer_Tick Function

{
20 TotalCPUUsageValue = Get Total CPU usage value

Call UpdateProcessThreadValues Function to Update Thread CPU
values

25 if _optimising
{
if _count < 10
{

increment _count by 1

30
_totalCPUAvg = _totalCPUAvg + TotalCPUUsageValue
_CaptureThread _waitTime = _CaptureThread waitTime +
Threadl_ TotalWaitTime
35
_ImageDiffThread waitTime = _ImageDiffThread waitTime +
Thread2_ TotalWaitTime
}
40 else
{
_totalCPUAvg = _totalCPUAvg / _count
_CaptureThread CPUAvg = _CaptureThread CPUAvg / _count
45
_ImageDiffThread CPUAvg = _ImageDiffThread CPUAvg / _count
_CaptureThread waitTime = _CaptureThread waitTime / _count
50 _ImageDiffThread waitTime = _ImageDiffThread waitTime /
_count
_percentCPUReduction = (_totalCPUAvg -
(RequiredCPU_CapOff / _totalCPUAvQg)
55 * 100
_reducedTl_CPU = (_CaptureThread CPUAvg *
_percentCPUReduction) / 100
60 _reducedT2_CPU = (_ImageDiffThread CPUAvg *

_percentCPUReduction) / 100

_reducedTl_CPU_Percent = ((_CaptureThread CPUAvg -
_reducedTl_CPU) /
65 _CaptureThread CPUAvg) * 100



ess.i.gned to Thread-_---Name LL it Thread | .lame not equal 20
cu.rrenCPL'Th.readUalueName it CPUThreadvalue (Total CPUUsage Value
0.3) 25 Thread 2 Name = current CpUThreadvalueNar:e - --. 30 .else >>
(c'+-irx-entCPUThreadUal+-,eName equals Threat __Name) Ado
CPUThreadValue to _ TmageDittThrea=CG8JAvg 35 The Partial Image
Send Processing algorithm. Image processing algorithms send image data
across to the 40 image processor.only when it detects a change.in deskiop
contentsanginotcotherwise, thus avoiding unnecessary usage of network
%andwidth. The following explains the transition that Hagpers torarimages) * 190
ased upon the decisions madg.in.the algorithms..45-Pseudo Code: « 100) /
Functien:3<a50 Jthis’Furetion eaptures the desktop image and intimates the
thread that computes the image difference. FAé-tidge ™@nd its related data
1@re sent in _datacontainer whigh, a-structural package-b5.StartCasptux-ingo, ,
F++-usdutioit Ado’_ReinitPesktoplma gePata to _dataContainer - 30 - while
(true) trait t .... Imageprocessed 5 _desktopim%@aitéﬁﬁtureDesktop Image
if (I_pauseCapture Threesgl)::signal that idesktopCa_.tured 10 Function 2.
1315

_Optimize = true
20 }

Function 4.

25

In order to check compute the required wait time, we need a record of
all the threads that are running on the current CPU, along with their CPU
utilization values, which will be used in the following computations.

30
GetAllProcessThreadList Function
{
_ThreadsList = Get all the threads in running in CPU
35
Filter out those which are of this process only.
}
40 Function 5.

Since this algorithm will concern the two main CPU guzzling
threads, we need to filter out those threads which do not affect or
use too much of the CPU. Hence, this function will filter out the

45 unnecessary threads and take into consideration only those two
threads which are CPU intensive, which are the threads described
above.

50 UpdateProcessThreadValues Function

{
For Every Thread in CPU
{
Get CPUThreadValue
55
if (CPUThreadValue > 5.0)
{
if (_optimising)
{
60 Record First Thread

if (Thread_1_Name is null)
{



This function computes the image difference between the present and
previous desktop images, if _resetlmage is not set to true. _resetimage is set
to true if the full image is needed instead of a partial one. This function
returns an image which is containing the change alone and not the 20
redundant portions. The conditions which s®_resetimage to true are restart
connection, connect single, new connectlon resend data and resolution

change. This function works along with { ﬁ&%ﬁf@g&%lﬁ@iﬁgﬁcﬁggmsa ion, "

one process after the other. 25 CcmputeTmageDiffex-encerkunctioncau/hile sumeion.

true) 30 vrai til deskopCapured .--desktoplmage to -_tempDes.ktoplma ge

5 if (-_.resetimage) _prev'Syn chrcnisedlmage null /Resolution has
Changed. Therefore get the new 40 screen co-ordiantes. _ .:ageRect = get
scregn rescjufion ( prevSynchroafSédimede ==Atl A5 F 74 thereras cauals
14€s0 tion Cﬁange this following COﬂdItIOI@J@ZLLﬁM@ng sending-
_i-ellpbesiEtplmage Sohich eould bel'ofthe previous resolution. 50 =f not
checked, OnDataUpdated will send" the image and maintain _tempCeskto’;
_*maae as the _prec'Syn chrcnisedimaae, which is of a different resolution
1¥rom the new empCes=.toplmage , ithémext55/Cyelesherée Causing an
exception in CeDi ff er e:]Ce Image fhncgg(gh( tempDesktaplmage. Width =,
image s precessnrdesktopWiath && 60 ---r mpDesktop.Zmage He.i ght =
---|ma%f pr-c cefggjr%%ggtggHeiaht) Save! terpbeskipplimagetasaial
image

25

30

35

40

45

50

55

emoryStréam /

if CPUThreadValue >
(TotalCPUUsageValue * 0.3)
{
Thread 2 Name =
currentCPUThreadValueName

}
}
else 1f (currentCPUThreadValueName equals
Thread_ 2 _Name)
Add CPUThreadValue to

_ImageDiffThread CPUAvg

}
}
}

The Partial Image Send Processing algorithm.

Image processing algorithms send image data across to the
image processor only when it detects a change in desktop
content and not otherwise, thus avoiding unnecessary usage
of network bandwidth. The following explains the
transition that happens to an image based upon the

decisions made in the algorithms.

Pseudo Code:

Function 1.

This Function captures the desktop image and intimates the thread
that computes the image difference. The image and its related data
are sent in _dataContainer, which a structural package.

StartCapturing Function

{
Add _unitDesktopImageData to _dataContainer



31 _ unitDeskcplrageData. width = .__tempDesktop.TmageJ idth _+
unitDesktoplmageData.height _ empDesktopSmage.Height 5 _
aifferencelmageArray imageMemoryStrean. ToArray C
_+unitDesktoplmageData.encodingSype = int)_encodingType
_uniDesktoplmageData. image3uffe.r = 103 &ifference T!r:a geArray
_unitDeskopZmageDaa.Tap.Le,ft_?' Cc C.rdiante =0
_unitDesktopZmageData , JopLeft_ Y_CoCrdi ante = 0 _ dataContainer[0J _
_+.mitDesktoplma geData 15 Call CnDataUpdated 'unction 20 else Call Ge
i-Differen celmage _Unction'i_imageDitfereitée) 25 Save _diftlrr:age as

image MemorysCrean,. sk WUpitDesktoplmageRata, width . .rfflmage, Width ._
uni.tDesktopSmageData.height = _~di fSmage.Height 30 _o’ifferenceima

geATTay = ma gelderoySirear TOATY I~

. - ‘topCaptured |,
10 tunitDesktoplmageData.encodingSype = mtﬁ encodingType

_uniDesktoplmageData. image3uffe.r = 35 _ciif tsren ce T!r:a geArray _

dataccntaln'er_0 _'un_tD.es:ktC'plmageDiata Call CnDataUpdated function

40 StayAgedebn 2. T . P7e wWa.i.t .Time seconds as computed 45
18ignal _Tmageprocessed 50 Function 3. Once the difference or a full image

is ready: Send i Hee @estinEtfort protgraft atid Gt retdirivaiie irtheresent and
ima etﬁﬁ?%&ﬁﬂf desktop images, 1f _resetImage is not set to true. _resetlImage
g 157 se o true if the full image is needed instead of a partial one. This

function returns an image which is containing the change alone and not the
20 redundant portions. The conditions which set _resetImage to true are
restart connection, connect single, new connection, resend data and
resolution change.
This function works along with the StartCapturing in synchronisation,
one process after the other.

25
ComputeImageDifference Function
{
while (true)
30 {
Wait till _desktopCaptured
_desktopImage to _tempDesktopImage
35 if (_resetImage)
{
_prevSynchronisedImage = null
//Resolution has changed. Therefore get the new
40 screen co-ordiantes.
_IimageRect = get screen resolution
}
if (_prevSynchronisedImage == null)
45 {
If there is a resolution change, this following
condition will avoid sending
_tempDesktopImage which could be of the previous
resolution.
50 If not checked, OnDataUpdated will send the image and
maintain
_tempDesktopImage as the _prevSynchronisedImage,
which is of a different resolution from the new
_tempDesktopImage of the next
55 cycle, hence causing an exception in GetDifferencelmage
function
if (_tempDesktopImage.Width == _image
processordesktopWidth &&
60 _tempDesktopImage.Height == _image

processordesktopHeight)
{

Save _tempDesktopImage as imageMemoryStream



55 used or updated. This is necessary to maintain the same previous image
throughout, which is the source or client desktop and the receiving computer.
Only by doing this, the difference image will be appended without any miss
in a frame. Or else the source and destination images will not be the same.
60 CnDataUpdated Function - 32 Send —da#alontainer to destination and
get- the result if image L'pdatedAtDestination if (image Gpdated4tDestinati4
. . . unitBeskiopl. eData.width, = .
5 il preySyn chrenisedimage will hé nulf When the"imageé sent_,_ first one or
when resolution changed. _f ( prevsymeb:ronisedimeger=s=gnaull) 10 _prevfyn
hreniseéeifitage’ create’a’dtimmy i(rp%ge of size -ima%,e pracess o.r

desktapitdidth and.image. precessordeskicpRerant ‘else 15 _prevfynchronl

sed merge = _currentDeskoplmage:i20-Funetion 42-Computingthedmage
diffefefice:~"25 GetDifferencelmage Function Lhis block gets the Coordinates
) ~YunitDesktopImggeData.imageBulfer, =,
1 §or regtangel.of differnce,._ r. emalnT = value of One p|xeﬁ. st.rlée in image :
30 _remain2 = value of one pixel-stridesinkimages20sptrIrerpeint to Startivgte = 0
pixel in image __p t-r2 = point to-$tarting pixeliidge - '35 oop ot i = =~ °
-height loop from i = 0 till j < width3 t ktoptd[Qd 7o ptrl[0d) 40k - PpLefioX:
13topLeft x _else _tcpLeftx _ opLeft r==-topLeft y i)else _
Call OnDataUpdated function
topleft_y )
}
20 else
{
Call GetDifferencelmage Function
if (_imageDifference)
25 {
Save _diffImage as imageMemoryStream
_unitDesktopImageData.width = _diffImage.Width
_unitDesktopImageData.height = _diffImage.Height
30 _differenceImageArray =

imageMemoryStream.ToArray ()
_unitDesktopImageData.encodingType =
(int)_encodingType
_unitDesktopImageData.imageBuffer =
35 _differenceImageArray

_dataContainer[0] = _unitDesktopImageData
Call OnDataUpdated function
40 }
}

Stay idle for _T2 NewWaitTime seconds as computed

45 Signal _ImageProcessed

50
Function 3.

Once the difference or a full image is ready, send it to the
destination program and get a return value if the image has been

55 used or updated. This is necessary to maintain the same previous
image throughout, which is the source or client desktop and the
receiving computer. Only by doing this, the difference image will

be appended without any miss in a frame. Or else the source and
destination images will not be the same.
60
OnDataUpdated Function
{



45 _ btm24igh - x = jif ' btmR .ght.__x <j)else -burllght_::. btm,4igh
_ Y=.Tifi._btmd4igh __y<i.)else _btmRight_ 50 ptrl++ ptr2++ _ptrl
_remainl _.remain,. 55 //Vaiidate if the above coordinates are not same as
the ccrnern val+_ies of the complete 60 image. if (! (( opl;e f_x =_ -width)
&& (_tcpleft_Y _height) && i._btmRight- 22 -&& 65 btmRight_;- 0)) &&
i_btm:4:ght.__v-_topleft J!=0 &n - 33 - (LhtmRight_r. - _ tcpLeft x) ,
1=/ ljConside.r the pixels n.row 0 and column .9 alse even 1F 5 they start
from second rnw and second column. (topLe.. ~_x 2 && tcplLatty 2.)
top.Le,ft v = _opLeff y L& gr@raifoptEttert 122 téplefE x - 2 recC,fChenge.x
fopLe,ft_x/3 _rectCfChange .Y 5. dopLefty 15 ssect;CfChaice. Width,( BE.de sent
gh_xs rtoriceftnx:y+/ Bnere c't CfChar ae.Hei aht = _btmRiaht' - _ tooLeftv
/I-void the Exception whg%%?dféﬁre le 15 biggerthan 20 resolution if (L re
19tCfChange.Y + _reotCfC aﬁégei\%ﬁ L3 e%iiém E@éggif@h@mﬁﬁ-'{w&@t@f
= rest CtChamnaedth-de{krectCiChange. Y + -sect CfCha:ce.Hei aht + 2) 25 ,
-height) _rectCfChange.Height = _rect0Of _hange.Height ¥ “&lofgsscrdesktopeight
__tempDesktoF.Tma ge 40sd.ifflmege

15 _prevSynchronisedImage = _currentDesktopImage

}

£

20 Function 4.

Computing the image difference.

25 GetDifferencelImage Function

{

//This block gets the CoOrdinates for rectangel of differnce

_remainl = value of one pixel stride in image 1

30 _remain2 = value of one pixel stride in image 2
_ptrl = point to starting pixel in image 1
_ptr2 = point to starting pixel in image 2

35 loop from i = 0 till i < _height
{
loop from j = 0 till j < _width * 3
{

if (_ptrl[0] != _ptr2[0])
40 {
_topLeft_x = j 1f (_topLeft_x > j) else
_topLeft_x
_topLeft_y = I if (_topLeft_y > i) else
_topLeft_y
45 _btmRight_x = j if (_btmRight_x < j) else
_btmRight_x
_btmRight_y = I if (_btmRight_y < i) else
_btmRight_y
}
50 _ptril++
_ptra2++
}
_ptrl += _remainl
_ptr2 += _remainZ2
55 }

//Validate if the above coordinates are not same as the
cornern values of the complete
60 image.

if (!((_topLeft_x == _width) &&
(_topLeft_y == _height) &&
(_btmRight_x == 0) &&
(_btmRight_y == 0)) &&

635 (_btmRight_y - _topLeft_y) != 0 &&



30 TcpLefi-_% Cc Crdi ante of _ unitDesicpL.ageDaa = _toolLeft_x
TopLeft_Y_CoOrdi ante of _uni i-DesktopimageData t opLe f+'.__ 35
_imageDifference = true 40 else .:a aeDitferen ce .else Copy
_i-ell:pDesii-cpL.ace to _ currentDesicpL.age 45 Connections from single
client to multiple image processors algorithi#g. The user display device, for
example user laptop, on V\/(hL(:thRS%9 clignttcoLrnfpt()nent program IS running,
can connect to more , thah oné infage’ processor at a fimé. All Of these
connections are made through a single socket connection. The laptop
maintains a list of all the ?&?@é#ﬁﬁég‘é]ep?éﬁ‘é%%éﬁs%iﬁgaaﬁ sefvers! Apse even 1f
active image processor is 55 thase,which.are connected at that point of time
and are actively communicating:Z.Each andzevery:paicket is ~eommunicated to
the whole list. Ad.ditionallﬁ/, - g.glopsL)égg_hyrq:nifigngggPSrgiegs are in built to make
1@ure that all the image processprs receive thersame packet without a
difference. 5 Pseudo Code: Function 1 This function makes a connection
from the cl_ient laptop (dis_gleac_yg 09&‘Q9§Q.§9 an tig})@ggtggopgssor. T_his metho_d
also contains the 10 authesticationmechanissassfar the connection. Only if
1the connection is valid, %%n@?@e@@foﬁs(w@édgmmeIistoelf‘a‘étivé /3

. Height =
servers. ConnectT.. ..age proc__s0 /imagé proc

PLGriPAderess) 15 6r

receiving connection from client, au.hen.icae Conneco on ;a.ih z.P and send
,ackno 'i edgement. if Qnguziccesshal Coanect: o AddToimatfe Pigger than

resolutilon. . . .
proc_““SorList/image prog £,7, SiPAddress):20 _activeimage PICes + 2) « uiach)
sariist.Add(in:a geprccessarTPAa'drgssye. width = _rectOfChange.Width + 2

25

30

35

40

45

50

55

if ((_rectOfChange.Y + _rectOfChange.Height + 2) <

_height)
_rectOfChange.Height = _rectOfChange.Height + 2
Clone _tempDesktopImage to _diffImage
TopLeft_X CoOrdiante of _unitDesktopImageData =
_topLeft_x
TopLeft_Y CoOrdiante of _unitDesktopImageData =
_topLeft_y
_1imageDifference = true
}
else _imageDifference = false

Copy _tempDesktopImage to _currentDesktopImage

}

Connections from single client to multiple image
processors algorithm.

The user display device, for example user laptop, on which
a client component program is running, can connect to more
than one image processor at a time. All of these
connections are made through a single socket connection.
The laptop maintains a list of all the active image
processors acting as servers. An active image processor is
those which are connected at that point of time and are
actively communicating. Each and every packet is

communicated to the whole list. Additionally,



rrojectingimaae nrocessorcoura ++ Function 2 25 This function is responsible
for sending the image and mouse data packets to all the servers that are in
the list added by the Function 1. After sending each data packet, it waits for
acknowledgments from the image processor, after which the subsequent
packets are sent across. There is a thresha¥ time for 30 which the client is
going to wait for each image processor will acknowledge. If the timer times
out, $hatcdenoadisdmty magse ptdesssars dut dudld delketeatkemsthedistbht
Image ProcReSImadidgeSsyReserdQARwhile eknospledardviitnout a
server_sg .ageData = _acketProtocoi. GetPacket rimageData) ,.oreech server
. BBtIESEFRERr. ifist 40 _ socket.SendData( imageDaa) o TP,Add.ress

5jproﬂ,%(gi@(ggnﬁggeo:roc_esso_rCownt- 4_15 Start _ackno,..r ea'ge 'I'_imgr. If
ti:nesout, then disconnect this connection and remove Iron: _~cti vein:~ge
..CeS_ Omkniti 0a0sFuNction 3 This function is responsible for removing an
image processors framithe gonnectechimagei processor tist oncenthe dhreshotd splay
wait 55 timeferatkhoviedgenrenttisceveprAckiowletige Tinre0ut Frfifem@ the

*35 - foreach AdaRess teddSETvRT i 22 - - VerinVefi (MACt- veSeryer.Lish) .

connection 15 va ,— that Tmage process 1s adde , the 1ist

- se.rverLg.lgggl%eg/gﬂogggé; SIfL_~I ederverlrs't, éontalns( eadimage
processors PAddress+i) infix = _acti veServerLisc- indexnf /deadi:nage

. -acesso.r:'DAddaessy 40 Remover deadimagecceessariPAatdress from - i
?/eserVerLiSigﬁj@i@é@ﬁﬁ%@@iﬁ@%ﬁfﬁ iélent, authenticate Connection with IP

if (OnSuccessfulConnection)

{
_AddToimage processorList (image processorIPAddress)
20 _activeimage processorList.Add (image processorIPAddress)
_projectingimage processorCount++

}

Function 2

25 This function is responsible for sending the image and mouse
data packets to all the servers that are in the list added by the
Function 1. After sending each data packet, it waits for
acknowledgments from the image processor, after which the

subsequent packets are sent across. There is a threshold time for
30 which the client is going to wait for each image processor will
acknowledge. If the timer times out, that connection to image

processor is cut off and deleted from the list of image processor.

TriggerAsyncSend()

35 {
while (Acknowledged by all the servers)
{
_imageData = PacketProtocol.GetPacket (_ImageData)
foreach server 1in _activeServerList

40 {

_socket.SendData (_imageData) to IPAddress
_projectingimage processorCount—-—
}

45 Start _acknowledgeTimer. If timesout, then disconnect
this connection and remove from _activeimage
processorList.

}
}
50

Function 3
This function is responsible for removing an image processor
from the connected image processor list once the threshold wait
55 time for acknowledgement is over.

AcknowledgeTimeOutHandler ()
{



Connections from single image processor to multiple clients. A single image
processor can connect to multiple client 20 display devices outputting image
content to be displayed. This is possible by maintaining a list of client or
sources that are actively connected to this image processor. All the
connections are made through one singte 88cket. Data packets received
from all the sources 25 are Islg%rdtgd ba%eddon the source IP address;
assembled if it has been fragmented earlier and display of that connection is
updated. PseudoCode: 30 Function 1 This function makes a connection
%rom to the source faptap: it “als6cortaingthe authentication mechanisms for
he connection. Only,if the coangction.is-valid, that seurce is.added to-the, 35, )
list of active sources. CdnnectFromSourceReceived ,'SdurceipAd'dressil; :fin
rece-iv.ing connectiori”from +2r et t, aitherificate‘Corinectioriwith 1P and
processorIPAJdress) . . .

1 send acknow edgement..40 if/UnSuccessul.Connection) -Addiosourcelisrl ;..
ou_ceiPAddress) - act:pveSourée:isirsturAdd !S'ourceiPAddre ss)
-projeci-ingSourcgfcount++ 45 Function 2 This function does multiple
operations on the data packets received 50 based on the kind of packet

1¥eceived from and also based on which source has sent it. It does the
opei@goneotinrgcprem sdnwtiohAgR dPXREes adittreanslibimbiect
its ceAtbanteSimage processor. - 36 On receiving the connection, it
authenticates the connection and then adds this source IP address into its
list A& &ctivebepriorecgiagsoocesksir Sspegamsdiat phokats baspd @ndhéent

> headarANthindfQuidebs outputting image content to be displayed.

This is possible by maintaining a list of client or
sources that are actively connected to this image
processor. All the connections are made through one
single socket. Data packets received from all the sources

25 are sorted based on the source IP address; assembled if it

has been fragmented earlier and display of that connection

is updated.

Pseudo Code:
30
Function 1
This function makes a connection from to the source laptop. It
also contains the authentication mechanisms for the connection.
Only if the connection is wvalid, that source is added to the
35 list of active sources.

ConnectFromSourceReceived (SourceIPAddress) ;
On receiving connection from client, authenticate Connection with IP
and send acknowledgement.
40 if (OnSuccessfulConnection)
{
_AddToSourceList (SourceIPAddress)
_activeSourcelList.Add (SourceIPAddress)
_projectingSourceCount++
45 }

Function 2
This function does multiple operations on the data packets received
50 based on the kind of packet received from and also based on which
source has sent it.
It does the operations of:
" Tt accepts a connection from a source which needs to project
its content to image processor.



5 it's a valid packet by checking the packet size. If the packet is valid, it
sends it to its respective processing function. If it isn't, it stores in the
temporary buffer and appends it with the other packets until it's a valid
packet. 10 DaaPra cess o.r (DaaRecei ved e) int requiredLength = 6, count =
u. kohl breakprocessingioop = true/ 15 —. afceivedAr..ray = e.
]TOaiRecei:-ved3u; fe.r; _f (i.accnplete3dyteA.rra_v) -_rpa.rtic LA.rrav =20
Anc-a yutl ATPERISS SR (FAIATRRY, o FLEFUE AR Ry - copmectior
_receiv'edArraé(c_EQQEt@i@r{gyéc@gg@@Ig@ﬁ\ée Araray = JfalSe 25 whife Wrud)
kreakPro r sessingl.oop = trug; teeeiviedPuckei:Pat =,GelRuckei--Tyre our it
{receiv'edArray))’ s recelvedPagketT ype cHeaelvedPacketData. Laecket Typelk
30 switch ( receaiveettPackeType) itaserda N enicaid s issaPeithérticatioressing
packet, do the F35c&dR@nicaia }ili‘ai"réd,' fScornéEPHTe ratket hardierraLy (pgffer and
ceivedPacket Type A uthehti Cat-"on) 40 -£86¢6ket SEhdD.a'o> @ Vattd packet:
1¢-.S'ourceiPAtdress. sacketprotzocol Getpacket (Acknowledge, .Xf cicno
l.)i.edgem ent i't.i t;| s.Authent z rer.z.CnSuc cessfU ., 45 _receiveoArray
null; break; case;jtoqﬁ%ﬁg@ﬁﬁjﬁgg@;y@ﬁgﬁﬁgﬁt’ew class'., display setting
acc.rodi:ngiy- ...~. |_r.e c.eivedPac:ket Type Snit_al.'etup) 55 cetUdData =
LPick et PrOt.C:_oi Get PickerDatintty ~.re:TgivPpeivedbufler;

if (_incompleteByteArray)
{

_partialArray =
20 ArrayUtility.AppendByteArray (_partialArray, receivedArray);
_receivedArray = _partialArray;

_IincompleteByteArray = false;

}

25 while (true)
{
breakProcessingLoop
_receivedPacketData
_receivedPacketType

true;
GetPacketType (_receivedArray);
_receivedPacketData.PacketType;

30
switch (_receivedPacketType)
{
case Authentication:
//1f it is authentication packet, do the
35 authentication, 1f failed,
isconnect the packet handler.

if (_receivedPacketType == Authentication)
{
40 _socket.SendData (e.SourceIPAddress,
PacketProtocol.GetPacket (Acknowledge,
AcknowledgementStatus.AuthenticationSuc
cessful));
}
45
_receivedArray = null;
break;

case InitialSetup:
50 //Init the view class's display setting
accrodingly
if (_receivedPacketType == InitialSetup)
{

55 setUpData =
PacketProtocol.GetPacketData ( (int)_receivedP
acketType, _receivedArray);

//Acknowledgement
60 __socket.SendData (e.SourceIPAddress,
PacketProtocol.GetPacket (PacketType.Ack
nowledge,
AcknowledgementStatus.BufferSizeSet));



acketType, _recei.: edArray); %;Ac_kno/ledgement 60 --,;s o:. ket.,~er dD.a

t.~(_.Jour:=ei'PArdress, PacketProtocol.GetPacket(Packet Type.Ack

fowledge, AcknowiedgementStatus.Bufr'erSizeSet), - 37 - _receivecArray =

null; break; 5 case Packet- Tyre. Dat-aPacket: /lif it is data packet, Pass the

data to Staticin:age to get image data ift_@teivedPacket Type ==

DataPacket; 10 _completeArray _recei ve dArray, /ICheck |f the image

processor Client is still connected. If it is, you will “be Técei'V. |ng images. 15

_Image_"ata =-.Y ayL , aoke'tPro'tocol. Ge'tPaoke tlata

%P.aoke‘.Tine.DataIa::ket, _co:rpletéAirayJi ; 20 //send the image data to

he view class for display. _ di splay. Up-dateDeskierlmage by building Image

from _Imagelatalist; 254/H=not; connection hxas been cutcoff;set defer. inkge data

image process o.rferver display imagé. else<:§pfay~(9ptateleskttolimage’
1{n+_7117; 30 _socket. SendData(e. SourceiRA ddress, PacketProtocal, ;

GetPacket(Packet- Tyre. Ackn o a/l edge, Acknowledgementftatus. .

DataReteivet 35 _récéivedAiray = n ﬁl-#e?’ifis b?‘e%l% A0eHged: If It ds, you will

PacketType.Mo+_7se C+_ 7rsorPaoket |ﬁ£_r(es&1ye<£ﬂ%a@4&wyre

1MouselursorPacket; [ {
_ImageData =
(ArrayList)PacketProtocol.GetPacketData
(PacketType.DataPacket,
_completeArray);
20

//send the image data to the view class for display.
_display.UpdateDesktopImage by building Image from _ImageDatalList;
}

25 //If not, connection has been cut off, set default image processorServer
display image.
else
_display.UpdateDesktopImage (null);

30 _socket.SendData (e.SourceIPAddress,
PacketProtocol.GetPacket (PacketType.
Acknowledge,
AcknowledgementStatus.DataReceived))

35 }

_receivedArray = null;

break;
40
case PacketType.MouseCursorPacket:
if (_receivedPacketType == MouseCursorPacket)
{
_mouseDataArray = _receivedArray;
45 }
_mouseData =
PacketProtocol.GetPacketData (PacketT
ype.MouseCursorPacket,
50 _mouseDataArray) ;
//send the image data to the view class for
display.
_display.UpdateMouseData (_mouseData);
55
_receivedArray = null;
break;
case PacketType.MultiplePackets:
60

requiredLength =
_receivedPacketData.RequiredTrimmedBytes;

count = 0;
65 for each byte in _receivedArray



_mouseDataArray _receivecLArray; 45 m~u_eData = Pa
cketPratacol.GetPacketData (PacketT yre.Mou 3e Cur, orPacket, so_mo is
eDat a.4rray) ; .//send the image data to the view class for display. -display.
UpdaeMouseData ( mouseDaa); 55 recei vedArray null; break; case
PackeTyre.!I~?ultirlePa ckets: 60 requi.red@®gth = _recei
vedPaoketData.Re quire o  Trimmedflytes; count- 65 for eachbyte in recei

vedArrav 38 _f (count C .requiredlength), f i-_freceivedTempAL, tayr_
null) 5 re celvediempArray | = initialize; _receivedTem,pArra y1(c_o+unt] =
Byte; 10 else (_x-e r_ei ve 0'Tem,pArx-ay2 = n(ﬂpeci%zc}’eg @Iy’ﬁgrlj@# lglif)allze
new .byte( _ ec=i ve ofArrav. liergth .-. _eauiredength]” 15" recelve di ’
empArray 2llda th,Abs ,(count - (req-uiredLength)} =Byter.count+44u20; = Byte;
_receivecktrray = _recei v'e dTem;pArray’| _se ceivedTempArray | = null;
1dreakProcessingloop = fdise; 25 break; case Packet Type.TncompletePa
cket: ncompleteBvteAr..ray = true; _~ enfal 0 9”‘ campieteByteLen gth
receivedTempArray 2 == null)
_receivedTempArray_2 = new byte[_recelvedArray Length -
requiredLength];
15

_receivedTempArray_2[Math.Abs (count - (requiredLength))] = Byte;
}

count++;
20 }

_receivedArray = _receivedTempArray_1;
_receivedTempArray_1 = null;
breakProcessingLoop = false;

25 break;

case PacketType.IncompletePacket:

_lIncompleteByteArray = true;

30 _remainingIncompleteByteLength =
_receivedPacketData.RemainingIncompleteByteLe
ngth;

_partialArray = _receivedArray;
_receivedArray = null;
35 break;

case PacketType.ResolutionChangePacket:

ResolutionChangeData =
40 (ResolutionChangePcktStructure)PacketProtocol
.GetPacketData (_receivedPacketType,
_receivedArray);

ChangeDesktopResolution (ResolutionChangeData.
45 width, ResolutionChangeData.Height);

_socket.SendData (e.SourceIPAddress,
PacketProtocol.GetPacket (Packe
tType.Acknowledge,

50
AcknowledgementStatus.ResolutionChangeSuccess
ful));
_receivedArray = null;
55 break;
}
//Check if there are any data fragments remaining
if (_receivedArray == null && _receivedTempArray_ 2 !=
60 null)
{
_receivedArray = new
byte[_receivedTempArray_ Z2.Length];
_receivedArray = _receivedTempArray_ 2;

65



30 ecel ve C(..P'c Cke "LDaca-P.ema n2ng_7ncomplece3vccelLe ngth;
_partlalArray = _ recelvec.+lIrray; receivedA.rrav = null; 35 break; case
Packet Type.Resoluticn Ch an gePar_ket: PesolutionChangeData = 40 ,n.e
solu "t on.Oncnget Ck'=.~~."=Y act are i t ackeCt rot ocO
.GetPacketData(_recei vedPacket Type( e88ived_Array);
ChanaeDesktopn.esolutlon (4eso|ut|onchanaeData 45 0L:.d". P., esolu'.
J.n G~h.an geDa ta.i3e i.Qht),." e Senhatl oyggngr domes,
PacketProtocol. GetPacket(Hacke tType Ac;4nowl edge, 50 --. ckno wil
dgemen'=.~~. talus- 4esol utl on “h an eSuccess u+)) .rece.i. c--e
dAr..ray = null; 55 brea flte ck it ﬁ}gﬁépafrec any data‘fragments remaining if (
receivedA.rrav == null &3 _recei-vedTempA.rrav 2 60 null) _receivedArray
new bytel .recel vedTempAr..ray 2. .i;engh]; _x-e r_ei vedArray = _recei
1 yediempArray 2; 65 -39 - _rece_ved=emp_array_2 = null; break
P.rocess.ingLoop. = false; 5 it (kreak~'roc_essyngLnop) -reak; 10 15 -40 -
CLAIMS 1. A method of processing electronic image content for

15



display, the method comprising: 5 a computing system receiving a first image
comprising a first array of pixels; said computing system receiving a second
image comprising a second array of pixels; a comparator of said computing
system identifying 10 which pixels of the second array are different from
corresponding pixels of the first array byco#éaring said first array and said
second array and outputting said different pixels of said second array to at
leasCoAEMMage composer; 15 said image composer constructing a new
image for display comprising said different pixels from said second array
identified b% said comparator anc%gix_els of said first array, complementary to

said iffereht BRERCSE (RE BIFHHAP SFtt50 5TPBttin REH TP IHEFE 1o
dispriysplAaynethibe asetihioseccipmptains ingherein said image composer is
connected 0 sJSOFIRIY I NGyIASEMN W86 BviRIRCUNFURIHALIORS §ENVEIKp£R sing
3. Aarln Qgg as c]!%igned iP clq_i}rp %,sfyrther comprising outputting said
differen plxetls fron Yaid setond array identified by said comparator from
said compuitsyZRERUHATEC BB o8 firceistbitmanikagendndfigsiR. 30
4. A ¢oaipotl sbrjaigaesbisaiiadi ma 2 ranthe £ cpipesivlg said image composer

authenticatingeeeint of said, different RIXGIS#3 Ry JYEHISH ASEAIMed iy

claim 1, further comprising outputting the new image for display by at least
Lone "HmRy RESRES.- 25 %.hﬁ nfRABAAsTRE e AR TISMES SThiRREr £rom
comprsingspopditng Pitke Lssphfy tbecE issiy araagiobydernpiriiog. Said
7. A paetbed 25,Claimatinglaily 3MEhEr SOPRYSERd outputting said
different pixels of said second array to at least one
image composer;

15 said image composer constructing a new image for
display comprising said different pixels from said second
array identified by said comparator and pixels of said
first array complementary to said different pixels of the
second array; and

20 outputting the new image for display.

2. A method as claimed in claim 1, wherein said image
composer is connected to said computing system over a
telecommunications network.

25
3. A method as claimed in claim 2, further comprising
outputting said different pixels from said second array
identified by said comparator from said computing system
via TCP/IP over the telecommunications network.

30
4. A method as claimed in claim 3, further comprising
said image composer authenticating receipt of said

different pixels.

35 5. A method as claimed in claim 1, further comprising
outputting the new image for display by at least one

display device.



said computing system outputting control information to control display of

said image content on the display device. 10 8. A method as claimed in

claim 7, wherein said control information comprises a pixel array size of said

first and second array. 15 9. A method as claimed in claim 1, further

comprising said computing system receividd-aadio and/or video data and

outputting said audio and/or video data in addition to said different pixels

from said second array identified by said comparator as streaming data to

the iglage gomBesRIa 251014 MRthod ASclaimRdsn clitdkB8prising

comprising. said computing system outputting contrgl information to control

disp R YE BEGD e Bt RTVdERaY B BT IR ARG =o
devigatzx-faca method as claimed in claim 9, further comprising outputting
said streaming data to a memory intermediate said image composer. 30 12.
A method g5 glaimedindai 1 wheren seiduemor s Jocaled 10,3 senuct;
connected to sai compustlng system over a fel€communications NEIWork:
13. A¥Eth6aPRY AR SHTHAM PUHRHEF 289 pASABT 33 otffirfifmpkdaAn to
said eontr 8 odysian ywasiEdifaient ipixels ideritietith\oanitd e mjiaspid o
eachyaf theat least one image composers to construct said new image for -
42 isplayeby each display device corresponding to the image composers.

194. A method as claimed in claim 13, further comprising 5 said computing
systém syrkhwertisiod cakputlci saet differebbpmeld, idehigoselily saidd control
COMPARKRHIASAGD HBAGS £OBWOSELaRPVidlespchigisetdisplay M rst and
each corresponding display device. 10 15. A method as claimed in claim 14,
furthiet 23R r%ﬁ‘u’@a aid computing system outputting control information to

15 9. A method as claimed in claim 1, further comprising
said computing system receiving audio and/or video data
and outputting said audio and/or video data in addition to
said different pixels from said second array identified by

said comparator as streaming data to the image composer.

20
10. A method as claimed in claim 9, further comprising
said computing system outputting control information to
control display of said audio and/or video data for
display by at least one display device.

25

11. A method as claimed in claim 9, further comprising
outputting said streaming data to a memory intermediate

said image composer.

30 12. A method as claimed in claim 11, wherein said memory
is located in a server connected to said computing system

over a telecommunications network.

13. A method as claimed in claim 1, further comprising
35 outputting from said computing system said different
pixels identified by said comparator to each of the at

least one image composers to construct said new image for



synchronise display of said image content on each corresponding display

device. 15 16. A method as claimed in claim 1, further comprising

compressing said different pixels from said second array identified by said

comparator before outputting to said image composer. 20 17. A method as

claimed in claim 1, wherein said computindt8ystem comprises at least one

computer. 18. A method as claimed in claim 17, wherein said image content

origidataslfagmitiye aa tdastidse Lanpidsriasea c2ir elestronidiintageo 18hA image

methoghas glajged in claim 1, further comprising said computing suspending

said comparator from identifying which pixels of the second array are

different from 30 corresponding pixels of the first array by comparing said

first dfray dhdnetitedcarsd adrajmed cunpyingmais diffarsbhgixelcwiznicing

§e_|9<§'§§|i@ r%}bﬁ%ﬁfﬂ?%ﬁs%@ﬂ%%&%ﬁié?ﬁé&%&@&; Q3<§e§€|$._a CEU

utilisatign threshold of said .computing system. . A method as claime

i it A ATEr i SBLe 1 B & Sob 0y S3 o RS oS g

utiliskifiege- £PmMpPRyesy fienPoPpicte ssidiEordfetnddsrbatereroreach

displeyrhespstA@irmpnirisicye dempding system arranged to receive a

first image 5 comprising a first array of pixels and a second image

comprising a second array of pixels; a comparator of said computing system
L%rrafged t& &9 Ach FkekmsidndReCdAd Brrnd ard WhFdIER: FORPTising

correspich dirgnpixe isngf thg $itsinarmytiputdmpgriegitsald firsftamgtaion to

said SpreRd SHAYAE QUPNLSYE differentpigls absid:secgnd agay to at

least one |maé;e c_or%)o er, ﬁ\slhereéz% said image composer is arranged to

e

conSIRIE SSRENIHRI 1558 Ede W?s1ng said different pixels 15 from

said second array identified by said comparator and pixels of said first array

1compemenfapetonsid s¥fekealimed in claim 1, further comprising
compressing said different pixels from said second array
identified by said comparator before outputting to said

image composer.

20 17. A method as claimed in claim 1, wherein said

computing system comprises at least one computer.
18. A method as claimed in claim 17, wherein said image
content originates from the at least one computer as a

25 electronic image.

19. A method as claimed in claim 1, further comprising

said computing suspending said comparator from identifying

which pixels of the second array are different from

30 corresponding pixels of the first array by comparing said
first array and said second array and outputting said
different pixels of said second array to said image
composer when said comparator exceeds a CPU utilisation
threshold of said computing system.

35

20. A method as claimed in claim 19, wherein said

threshold is 30% of said computing system CPU utilisation.



pixels of the second array and output the new image for display. 20 22. A
system as claimed in claim 21, wherein said image composer is connected
to said computing system over a telecommunications network. 23. A system
as claimed in claim 22, wherein said 25 computing system outputs said
different pixels from said second array idedtfied by said comparator via
TCP/IP over the telecommunications network. 24. A system as claimed in
claim 21, wherein said image 30 composer outputs said new image for

display by 3t legst ane £y deuss 1 2% A SUIENbAs Elaimegdn il for
wherein said image composer outputs to the display device using an 35
audigﬁﬁé’éba%ter%tee. S¥° K SEMREFAREY in claim 21, wherein said - 44
computing 8ystemputipats said tifferanrpirgieddéctifieeicey vaidcdihpatatdmage
10 MeEmEAsQnRyINAaGE caPPasehlp SeNPiud F3ithnev dMagedeiddispiaye
by more tthi_ré one %org%sggrrllgin %ig la tdein_c}gzéstj. A system as claimed
in claim Ef wherein said computing ysten?comprlées at least one
computer. 28 SRR E_BEOF pRESIhE FORRIHI Moy ES/BnefFanged to
disploge el deviad Lo pHiSkgl andhagREosynaed a8PRged daaedriFE€drent
first iage eaPPUSIG AL, A AN LPISRIS, IRCepE XIS Of A SSEONIIMAYE; ng
comprising a 15 second array of pixels which differ from corresponding =

L hixeRAINE HrStarAEF 2¥n skt Seiey $RS58 Fo s ANy 20th SRR kaftp1d
diffedsrfl fPewea fropi saill sectnd aikdys sleotifie & by spid corapaiaasandne
pixelsRfaid Rdsdaray complementary to said different pixels of the

second array; and output the.new image for dis
Q%eréLy ga& image c%mposerp

I9¥'arranged to construct
a new image for display comprising said different pixels
15 from said second array identified by said comparator and
pixels of said first array complementary to said different
pixels of the second array and output the new image for

display.

20 22. A system as claimed in claim 21, wherein said image
composer is connected to said computing system over a

telecommunications network.

23. A system as claimed in claim 22, wherein said
25 computing system outputs said different pixels from said
second array identified by said comparator via TCP/IP over

the telecommunications network.

24. A system as claimed in claim 21, wherein said image
30 composer outputs said new image for display by at least

one display device.
25. A system as claimed in claim 21, wherein said image
composer outputs to the display device using an

35 audio/video interface.

26. A system as claimed in claim 21, wherein said



29. Computer program code which when executed implements 25 the
method of any one of claims 1 to 20. 30. A computer readable medium
comprising the program code of claim 28. 30 31. A data file comprising the
program code of claim 29.

10

15

20

25

30

- 44 -

computing system outputs said different pixels identified
by said comparator to more than one image composer to
construct said new image for display by more than one

corresponding display device.

27. A system as claimed in claim 21, wherein said

computing system comprises at least one computer.

28. A device for processing electronic image content for
display, the device comprising:
an image composer arranged to:
receive a first image comprising a first array
of pixels;
receive pixels of a second image comprising a
second array of pixels which differ from
corresponding pixels of the first array;
construct a new image for display comprising
said different pixels from said second array
identified by said comparator and pixels of said
first array complementary to said different pixels of
the second array; and

output the new image for display.

29. Computer program code which when executed implements

the method of any one of claims 1 to 20.

30. A computer readable medium comprising the program

code of claim 28.

31. A data file comprising the program code of claim 29.



