-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. The present 10 invention is of particular although not exclusive
application in processing image data in the form of content displayed on a computer screen for display on
a television, or other display device such as a projector, etc. 15 BACKGROUND OF THE INVENTION
Electronic image conter iMEQHOW rANDISPIYEEM FOR | FROCES\EING IEhECTRORI ectiMAeRvision, etc,
by 20 transmitting the content either in a formabgiitapie fBgepaigppy 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 M&8iDcCEIVEHHoANSENRRONa home network to enable display of a home computer's
contents on adelevision to enable image content to be enjoyed in a separate location to the 30 computer,

e.g. a lounge room,.,or for use intpresenti .a comgft%r's cqQntents on 2 more cc?nven;?nt viewing device,
. . The rgreS.Ffl_'l‘l lr%VFn on r ates P a m? o an system . Pr
such as a projection screen. The digital media receiver enables confen prewously%cces& e on the

computer to be diSprBRASHNIcRSIEHTPNET dBBRS ReeMovwiRer B5RERY sueRA device enables
the display of the e Coutatars eatanisiinege apeadusesas;ofaiablesscaagaetased with display
quality and robust ‘:iségfa%n' wgg%g?g@@%&%ﬁ%é%nﬁ Qlllg%ﬂgdljcDﬁgée%rlséggglprqectors, can

display high definition image content whi ewed as an incoming stream of data from a computer,

have large baRdwidfVRREr8Mhetts. Lo MBraSIHRENALEBRS WY BEBnfGetF"duce bandwidth
requirements howepplhest inay redupe oneges guglitymenglearddicih imecbenstvmmgahd processor

intensive. This is espgaeialix ewidept wheR rayitigle HIgES areunestnd g}_;%_g_@yd%\ﬂc%and/or
multiple display dev(%:ig. A further teé: nlqlge ene&se[lj%éi IS %reduce the gumber of image frames
transmitted per seESERIRETEY thR tyﬁltc ﬁ§ r ﬁYer Yrﬁgﬁefgﬁ /of 2udidBEA %’fs‘ﬁayed.
etc.
15

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.



is SUMMARY OF THE INVENTION According to one aspect of the invention there is provided a method
of processing electronic image content for display, the method comprising: 20a 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 25 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; 30said image composer constructing a new image for display comprising said different pixels

from said second greideniified, by sajsbcarararaten i Rixels1ofsaid firtgrray complenggtary to said
different pixels of the second array; and 35outputting.the new Ima [ - 3 -.and may include

age for display.
one or more compRts?a ST kiky S88 ifthiR S%e?ﬁgbicggmlgo]rﬁﬁ‘uﬂﬁi{%épacb‘ﬂm‘éﬁ?guch as a digital
camera, PDA, mobikigiionevken INbaeasnbsdiareninheniage sonqamer s datirecfardmo the computing

system, whichsis gJeBRESHY SxCOMRBRET 1MeE & 1BLAcaRIHURICRLRRS RAMGI dHoWe el Wl Den

appreciated by a persqgn skilled in the art that the computing system may incorporate the display device.
10 Also, any one o‘f c%%&ﬂ%ﬁfer@?ﬁ a%%%rﬁﬁnlﬁln%ys?/%tegrﬁ r%gﬁlﬁt%u?a%é}%n Eﬂ?‘xels as an image

fragment to at least ®ABIFRHET DI ANER VRl RSN TARE ORI HRgBe dtdtgsatamto the
display device, or ai&tbseddiaimeagmpiaaeagng it visecaseas sraga pemesser, remipissfram is the

computer to receivg Jmage.Goryent fordisplayan,variaus. ypes ebisplav.devices. ln.anesxagple, the

one computer outputting the iImage fragment is a source computer which may additionally output control

information totontr& FiBfasi ey #Reinth oon @t FiRte cdisPI ARt SRfmuniRaffatiER&vork for
transmitting imagetachedrims ikibphayetimey eoa veadbocer winelesshbérand thgnegamirsostions

protocol may be TERARJQE (aliadlg,datadtansiel kaulbipdiNaangteod {y;18a3a persongskillegyn the art

that the different pixels from the second, array idg{]tifieg bj}/ the _om%_arato form image data, in particular,
an image fragment:.I etMBEE, Tt iR tHdRFst86G Hat A it ge iEHoAES 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 imageoiayaraw o biigpet Rixektorassign 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
ﬂamesandthu&iﬁﬁﬁﬁéﬂiﬁ%,%ﬁWQH&tasPeCt of the invention there is provided

a method of processing electronic image content for
display, the method comprising:

20 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

25 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;

30 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

35 outputting the new image for display.

The computing system may be a distributed computing system



- 4 - portion is outputted via TCP/IP to the image composer. It is also of benefit to authenticate receipt of
data for security. Thus, the method further comprises the image composer authenticating receipt to the
computer when situated remotely. In the event the image composer is encompassed within the computing
system, authentication may be performed between components of the system to ensure reliability. In
another embodiment, all ¢.) communication of data betwe8n a remote image composer and the
computing system may be performed via hand-shake authentication protocols for reliable data transfer. It
is to be understoocibyl amagrsanckilidd iotlee att thalrks acigpidedevice They bayefelred to as a

television in the spegificatian buh @AY dagyde anlGR SEERfRLPIdIgCIosIs: 3k o whichdgairg yideo
content, in particular the image component thereof, to be received’in a standardised format using a

standardised audigividh8ii@HaEBMSF R ad BB 1P MEAPESABonEN 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 imagegntryBaY Rerfie, recrednisiel astpyludised iRlisHasesHah 88 @4, or the

destination computermmz{%ﬂcl:lude the image compaser to const{léct a new image for %l‘srglay ona

CO .syste 1S gener a comp: r - a .
connected computer SEreen Using the receive image fgagmen 38 A Geserived above, it iS'desirable to

control display of tk@ hREgEBBREPR BHENT APEHDBEIMeMO¥EN®Sl infobmuiidd iP6utputted in addition to
the image data to eppid digtadobiiednpgesenntex il e die eéhaoss-tisplagrdahess. The control

nformation may be.4aghia 35 "epoicly capyoLhe oy eL e sy seyipedagiding pausing

resuming, starting and stopping ay of the image content. Furthermore, the contro - information

may be emplo¥ed B} §fow S0 REE cBhpths SIRLRERDRLAT s§sETBHAPHSHSHEY e
destination displaycaebpeet 0 dddfiees ritclpd e lagl|astingrihénsgpeoficsghtot dfshatispéms® In another

embodiment, the copirok ipfraatignLosiseaHbe Lixal arrayiee ggﬂﬁggggtlaméewd arrays. The
pixel array size infgrmation facilitates the display device to c%lange its display of different sized image 10
content from togglé‘&‘%ﬁ%%’é%ﬁm d%tr%s?%ﬁ]eg é‘lﬁ?ﬁ'l?%o \ied él%%'beo(fesaf?ébi'é‘?oe@%%ﬂfeaﬂdio and/or

video content or ddmagedRpRyeFsddditicewi R Asoanddmadedpmagesepontriensiigcfiaefor the

display of 15:jdectlpschmihi easa: dt is&lesiobleitadeumsashaesie, Hdeo angiadpagr content as

streaming data across ﬂg% gelgcomgu&caélggs {eiw g< e reduce Qlalndwdth requirements. | Inocl),lnee

example, a video (‘Yl%rlé' dlspla%%ewithm a corﬁﬁu r esl%t%%slrhage, W%lflc% r%a? at’a smaller
computer outputting the image fragment is a source
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



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 via the computer identifying which pixels of the portion of the screen
displaying the video clip have changed at a suitably high réfresh 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 pixelspodthe daslitsponragetexetlidingt TECRAE® clijp phisés tonthgemagemaseposer, in addition
with audio and video data of the video clip as streaming data. In this method, the audio and video data 35
is overlaid with the_data comprising_the different pixels to disela the image content including the video
clip without lag and itk BuPHES Foh SRR AGh 18 BYT PREC HafH s TaRRaRTe R ErgAR bl
requirements. In asegier ekamplelhiis streheimptisieds Haghlted onprehs®y itleeménagethe image
composer and;typigakhiplosate tiith 8@t € b alt iheforckdatistmay beronyyrpsee anghiae memory may be
random access mesmﬁ{}/ té)ergdug% gl;oe?ssingItliqmgh'léh% sener may zJi_Isgl bg iggaramgg(ieaxt_e more than one
image composer so that more than-one ?Fﬁage composer can receive the Tante sfr'eamlng §ata for
display. 10 FurtheCRSPR3GEami M Bhtis oo rgeRId fe MEHOTY, indiRan tigadia@dvices may be
customised to disptayyditfered posiarsdoibewdenmibmpaifeatan\o@ne hees ydieenatively, the memory
and image compogglJ7iay Ped9galgd 4 ggch i@gggg&qgg@ngmg)%v&gnggmatélﬁ 15 streaming data is

stored locally. In the embodiment where there is more than one iImage composer, a skilled person will
appreciate thdt theT@TRRPACEBHECR 184stIHPuRFEYIRRI@ SSPPRNITRLG tHePPE FR%gé@R8mposer,
in particular correspbadmonipwningeyetreposerywhieh pelofatenkid animndgendroskaiag device. In this
case, output of the;Qiffgent Pielsi e Npied Brsakl ¢ypP@iaris fynaeRisepdpsach 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 employinghhultiplecipndife todpysscad prcasttsongekintilashtior dbheforebichhat

corresponding; display depicay. deThednathpdpaayalsedpedde snartasingdhe Rl siilisatiarnate of the
computer to avoid redudr}qégggfé%esba\éailable to processes o &Sthan those for lf?roce%sing iImage data.

In one embodimen??tﬁglcomputer suspuend‘gatxe Jé%?np%rgto?IéS rom ?(fern?ﬁ}ﬂhgﬁv ?@neglngc,’of the

second array are diffrendfdnrdorrdsndiRANkER Jf e ArFARES Ty cafpRATT e _Fairh$ and the
second array and auipgés complamditferanidael® pf the decansariaetd the imagetodapetesaden a

CPU utilisation threghqld {s exagedled. I gagembodirget, f1&,1e A 15,807 £egording.fo gaother

aspect of the present invention thére is provide a system for processing electronic image content for
display, the sSystenteUmpridifty: a SIS rdfigRd to receive a firstimage  comprising a first

array of pixels and a second image 10 comprising a second array of pixels;  a comparator of said
computing system girafgiedo ddentify whigh pixels fdhe sacnd arrapsre diffarentfap qoresponding
pixels of the first arfay bi/ comparin said flrstfrray and said second array and o%tput said
isplay 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



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 proBessing electronic image content for display, the
device comprising: an image composer arranged to:  receive a first image comprising a first array of
pixels; 30receive pixefe pihatstoonhapabe cemplisingda secaidlaway 08 pixetsawhbicinghifferdfram

corresponding pixels of thfirst 2HaY sSAIStHChA eyt image for display semprisingsaid different pixels

from said second array 35identified by said comparator and. pixels of said first arraz complementary to
said different pixelgbgwge&%‘ﬁl&?aﬁ%nﬂe-vg‘9851{pu’fﬂ?& SR FFLRPRY - RecSHATy RBFanother
aspect of the presastsmtaritiopnthefe Bhsrodidedlayomputer program code which when executed
implements the above method. According to another aspect of the present invention there is provided a

computer readable_ medium.comprising the ahove _program code. 10 According to another, aspect of the
present invention Egrea%?ﬁgsﬁeg%ﬁﬁ%?g%dl ctc??nepr%?r?gtﬁl%ﬁaﬁbl}/%oﬁ%%é% o 8%%[3%
DESCRIPTION Ol PRReMWWAYS8YInHtder it theinfdmidn Bethaecwwst\pasaytminedhe

embodiments will pawdP dascapes ilnewiy £ exaltphs Widriclereaece o theaadeappagying drawings, in
which: 20Figure 1 j5.3 seREPAUGNIENal 3 SYSEILI 2y of different sized image

10 content from toggled sources without a resizing delay.

It would also be desirable to receive audio and/or video
content or data for display, in addition to the above
described image content, in particular for the display of

15 wvideo clips. 1In 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
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



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;
25Figure 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; 30Figure 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 ameswdikrtohaultipsdtedices toupdadetisngrelgatieementage content which, in turn, is
connected to multiple display devices; - 9 -  Figure 6 is a schematic view of the system of Figure 5
showing a server intermediate the devices incorporatin%a memory for access bé the carresponding

devices:  Figure™ iR SERSRafE TRy thES siEnt SPEfiTe SR iy PR BHE8Sing Uetice with a
memory; and Figunegdry siatbeirmpdipbithblsysiarae Fepmpds ©F BRGEEYPESTRIPTION 10

According to an embedigeat ohthe REseREINVeRtien, dbeeda nMavdehasysieradRfes Brsessing

electronic image corlJltg-anor diseonllgyéincludind%g c]g)arlnnpcyting scystem 12 havi)gég g comgpcfrator 14 for

receiving a first ang a seco%dn}mages,( 15%h arrangedp { iaer‘?t?ﬁs/svvﬁ'lllc‘?f‘{l %Ir Is-6F th #gtelmage differ from

those of the seconBiR@@ePofplitthe dileretepr@B B ¥nIhageRghdrREBeRiiAfe® eMffposer
16. As described, thieai0rapidingnaideBonpy St dsookd &t NMse €otHutieisnar dfdges having

compuﬂngcapab“@gﬁposer can receive the same streaming data for display.
10 Further, as the streaming data is recorded onto the
memory, individual display devices may be customised to
display different portions of the streaming data at any
one time. Alternatively, the memory and image composer
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 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



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 witdinthe computing system then hardware could
be shared. Furthermore, if the image composer were 30 located within a display device, such as a
projector, hardwarelseicH affferensupmkeidd nefiviarkep ostscenudd alsoaye sharebleniaagenbodiment, the
image composer 164Q05LuEts,MBRWSTibtRas o1 floplav Ry exlislay flgvics. suchagadelevision, from

the received image fragment from the comparator 14 and, the pixels of the first image - 10 -
complementary in BBSitiEART tHEgRhy oFB&eTshtBecﬁB?&\ggé?rag ent. Thus, the image composer 16

requires additional hardware to receive and forward data, particularly to receive image data and output
display data i a fo{aedin gceepted sy tel QUpenOr SHNtddPses shieh asvdRivi ohhe Hisplay may
also be a plasma c%_rsLCD s‘(;r.egn, grog’e(s:g% h@gfhelgovéeewiggndevé&eégtt__(%olzrilqtlére.2 is aeflow chart of the
method 18 implementé)drﬁy 15%hé sygtem an procegsmg eTeCHONIC image con ent- 1Ha method 18
includes initially reEERRFE0 & IFstdrEREBOM e G AT eMhrefBrFiRéRIAs described, images typically
are formed from an array=f @bsgdateiact) eyt isassgirdiatsleelasddits dapasitenhageixel 15

qualities. Also, it ngp%’gg_)ggg%atgd Pyxtggs%ﬁjg_%d g‘yftt}gig{éﬂat é@l%ege_cgggi%i@aggawtent for display

may be the image displayed o a source computer screen of the computing system or a’screen of a

source electrohic RRIRFSFAGs & PISKRAiRTRAY itfudR - &a4E electronic 20 images, such as desktop
images, or a video clip shovwwpmphinahe desktopaind udompludtingd exy stemudoredatgedisopthe desktop

may display just an gudioigp heingRIPEdANd Bahistaseaudia datais,pulpuites erbedigplay device
for display. In the case where the |ma8e 25 co_nteﬁot InCItl‘:de%% S _q%Jence of sta\% |ma§es or frames, such
as the display of t r@&nﬁﬁt@f%i%%lﬁ, bﬂﬂ/ Y bﬁﬁ B Fih&MRade ﬁgnﬁgfﬁgt 2o &ﬁ%ﬁﬁﬁgframes. In

an embodiment, theamdtHoErES: fath e ncinde SR HRF 80 2ax sadprahithaprtpwhpesikg a second

array of pixelss In ay exapeie: the it and sesand insagenmaydiaieaed/astby teseorgpeter. Further, the
computer may inCIE%% a_comparator for identifying 24 which pixels of the secondary array of pixels differ
from corresponding p|>%=fs 3BT e first array. That is, comparing pixels of corresponding co-ordinates of
each array to identify whi¥RpE&IRY d¥RiINICHR, FRMBPEPSizéDf IWE ARIAJL Se &aRtHTAYEES the
same however, in heneaseiwhgee they ade £1P1,a/trapalphidrs algyridamdna B€ énpietneriied by the

computer to enlarge f SNk ANaNay & 89%_'35‘? ?iff&éﬁ%ﬂ@?@e@p’@a@%‘lrhc%ﬁﬁé%%%ge%”

corresponding pixels and the different pixels idéntified. The comparator of the computing system may
then output 26 thePR foltt Rt 15 BE REGI cﬁﬁg‘ﬁ’&mﬁ%e’hﬂnﬁd@fo‘?’o@ﬁﬁﬁqﬁ one

example, the differeinkels 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



10 pixels are outputted across a network to an image composer remote from the computing system.
However, in another example, the image composer is incorporated within the computing system. The
image composer may perform the step of constructing a new image for display, the new image 15
comprising both the different pixels and pixels of the first array complementary to the different pixels. In
one example the new image is formed by overlaying the d&ferent 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 aswopuiiniieheeWfermaige x s mvithi sigd syof the first image. In 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 |ocated jn multiple
viewing locations StRAIEMGE rdsnEBREBRE-SFRTHIPE HitRePTRE FR&tho] BT Proasiye&&ctronic
image content may 8lspr3vvitdkd e20 tpmpnt eife pPiffrgaarpigeidecvbsisch nehearkesessreatdan one
image composer rempiefiamtiernRBhgsS M oan 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 &#feReiB6rceRs2aF BRIe@BRECE1 PE THRGhPFREITHrodesMylerclbRitSmage
content is also shaig pxaviodeahart 3dnmpligie B stawing thedinagewnmiariis Se”f @es a
telecommunicatiom@go&gs%q@ncgagmputing system (source computer) 34 and one image
processing device (image procéssor) 36, and finally to a display device (television) 38 for display. In the
embodiment Shown, the image composer 42 is remote from the computer and its comparator 40, and is
incorporated withilAt@andinagetproeesasth 6. dspeatisafeti blee prageptocessendt orcludesfeatures
necessary for it to funGipBJAYRRENIICAY -SSR @ NERRRSSPL 2RY PONET SHBOY. ge@&%ﬂures to enable
it to communicate acrgss the network and to any display device such as suitable 15 ports, interfaces, etc.
The flow chart 32 &85%hows 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 20 type described above but,
in this case, acompriaier #8 sdenitresdiaicihefust ipmRIN@9ull image and thus the different pixels
outputted correspond to the second image received. In the example shown, image 44 is outputted to the
image processor 36 which, in turn, 25 recognising that the complementary pixels are null, outputs the
image for display ByPthenervisidir 88 tRR atRTSRIetBB NIt PaERetHKABME RFFF ERFdMREeipt of the
image or a successtbd@pintfsheimagaswapbe deisitrddby thaimags/prfessampd & reguitdd by the
method. 30 In the gxanaple.showny tgﬁéeg%@ggl E.%Be SESEIV g),/ the, compuier forms the first image

44 to be subsequently received by the comparator 40. AlSo received is a subsequent second image 46.
The compardtor 40 may FeEEES dtntfy hiSFRERAEAfe YiBkeR ben & iR WP mages and output
only the different peis48 sitran Blags:fregrientinegss domhetviork oo tivb spdgey provessdidg and

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;



- 13 - thus to the incorporated image composer 42, rather than outputting an image with a full array of
pixels which has a larger packet size. Receipt of the image fragment 48 may be acknowledged if required
by the method. By way of example, a hand-shake authentication protocol may be employed between the
image processor 36 and the computer 34, where packets of data are not transferred until an
acknowledgement is received. 10 It will be appreciated by2hose skilled in the art that the
telecommunication networks may be a wired or wireless LAN, and the communication protocol is typically
TCP/IP. This protocol en&hilguntiee nadge prosebsoratbine lotatedoehyueersysmeate &6nFthguoenputer,

not just within the 15 samiesyse indRe example oha SOMENeWOTH Oy ILIe Same HPYALIRLG the

example of a teachingﬁenwronment. Also, it wjll be further ag reciated that other networks and protocols

may be employed B8uBIFRSXIDA °%0 FREFHRGRETAIOEP A5SRRY Ptk BV fragment 48 and
construct a new image foF d@pte/ doragriging themaide frageent A8thel Fiysit S0 offhE figstzeray

complementary in pogiienimineakay pbpslsiteghass obthediagesfragmerty Themqew image 52 is then
outputted for display 25 t? theu'g_aIe 'siog 38 a%irr%aeg%ggtarinéhe JL_or guitabl%f%r thg tE,Ievisioen, such as
VGA or HDMI, over a sui Abte cable. it wiff alSo be appregla?ed By those SRifed n e art 30 fat 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 syst%ﬂgiﬁ%mﬁgmwmage 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 fot processing electronic image content may be embodied in at a computer 56 for processing
the electronic imageccontdandn tins ambmuhodandnd cofiptiter Jfriasknies Hovetiteicompatatarel 4

arranged to identify whigh,pixglsofdhg fisstdmage dier fradhess althersecopdinaoemigeoutput the
different pixels as an image frggme(gjt{ aqg?the_lm%%g composer 16 arran%;ad to constru%ctﬁ new image for
display by the disp?éif'&. Ee 585RR é’plé}l/"g %ﬁrff{') @,ﬁﬁﬁ%ﬁ%’oﬁ _5@ 3tt$fgvils 0 888 for
example, from the 2ecsived Fasg frAgmEpr froactevdargparafdinatd gedirelsetandfikmaggge
complementary in gasitiar atiearray of pglsitehainage fagmento Ehe Heage sewppsggd6, and thus
the computer 56, quiputs the new image to the 15 television, 59 for display. A person skilled in the art will
appreciate that an c(%'(%l#%fe %F %nqtﬁ]é(r%?nb%%irﬁ]]gﬁt osfetﬁgréglls'&arrnﬁgﬁov%ﬁ%n ﬂg_cu?le%mgrh(}ﬁy be when an
image processor iSéffRFRRtaPa 2 taiF affhelBrAdem fERomRRESiRG M1 diBIEfing EQFSHIC image
content. For example, a user dsshing bedisptaye mageptaniart fsgmtteraasiedidisk wary isertdke disk

directly into the imags processar and haye the image canient,displaysd s he JIags HFQeessr can

incorporate 25 computer processing capabilities. A further embodiment is shown in Figure 4B. It can be
seen from thidfiguFeHat e By SEHTEG torTBEESsiInG Mtag&eBitkRit BROMRcILBES the*BSmBBEF 56 with

the 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



30 comparator 14 however the image composer 16 is located remote from the computer and is
incorporated within the display device 58. In 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 - 15 —cd@®parator 14 and the image composer 16,
located within the television, may be over a telecommunications network of the type described above.
Further, a person sidhiesllientbe tzitrwilliappreaateithat fherelea\albeayorefinpi et coneputbes6, each
with its own compargiorel 4s 19 identify ana-pyiput the image fragrigpb ithelimagefpnpeser 16 and thus

the television 58. In such an example where the television incorporates the image composer 16 and,

accordingly, suitabt& AAF PR A RPESIAES i& BriRGEd V5168 P PF HRFTth &R Ragment from one or
more of the connep@utcormdtiyadross ereaweycrhagehdiad acanteteutbaispdtayxtdata display

on the screenH9. ArtiY frdhied arabedimend d-apua inbliokire de it old B seem i the figure that
that the system 62 for processing.image ﬁg(?Ient include the computer 56.with_ the.comparator 14
arranged to identif)c/I veE gﬁf’eresrﬁ%}xesg,_as es'crik:['agitlﬁ)éabc%\'/%l,)e:!dg%\_nn}ﬁ?_é)gaei"rszfgnl_?gnt'?l Fﬂhﬁglrr%t &an be
seen that the comp&ratdiCESRpURFPZSR; Pagd RAGMBAL B r TEREHssiSe K A& the B&Sabilities of the
computer 56, over a telecommunications network to the image composer 16 located within a stand-alone

Image processor 64; [jgdmage COMROSSY, 191{%%@ cgesiyels g NEW INROg{gh dizRIAVQp Hie screen 59

of the display 25 deviCe 58 using the same method as described above. The embodiment shown in
Figure 4C is showi e Y tRMiFHh MBI G eSLEFFHEREEN IRIReRPRESHe: more*than one
computer 56, in systsrh68, I8 viuidess)eidl taatbhy tormoed thargo2® imade pedcesmag@s, over a

telecommunicationsopgiwpds A8, Whighyaay bedisplayedepgie thar ogedlisplakdevichaged as the
television or computer screfgg 9 andgr(gsject r 70. The network is shown as, an Internet c:‘?ud, but may be
I

a LAN as describeB¥aH6v2: & HEEBES thdiWe %3nﬁ)ﬁf€ry56’ ista’fl‘glasn’irr?aab% o fts computer
screen 72 as deskwipicdntést assdgneds anaged ledsdinn ibdilkscdemententeroarrddixsd, and - 16
- via the projestor a%a;si&%&@.memcgbimm@mﬂm Bbtf@gb@?ae%aibsﬁ Pskya o RIQcARS§ing imaglle
content. In one example, the ima ocessor 64 may output audio content treaming the sequentia
images with audio € at;celt‘bethaerttéIeg@s%ncgegr%eﬁ%%%gf% an’ aél%fmﬁ%ﬁzr? 2 di%gﬁ t?%h%?gr%puter
desktop content inBRjesReiGBuiA@e, diFBIRNET M pRttEQYORT IRCPBNBEEEr I #ReRisPlay device
58 for receipt by it Bpeakaiput( Hyasgiseemxanpte, Hursenge fracessaresd neeatipohiideo content in
addition to image cangls b SiRATUNG tihaeayaitiahinages:with gydioand videg flata o fhedisplay
device. For example, the source computer may wish 15 to display a video clip on the display device. In
this case, thé VideF BT ERdiCHTR VB o WRRX PR aSARRE 10 e n¥FE RO HbEBr 85 Afbss the network
68 as streaming datat hnithnetdyeandiel e kidraye ine Viddionggiphie s paiydowinid thedbarcdad@mmputer

desktop image ong1so, 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



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 video 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 contrdithe display of the video 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 consmtotodtel mdigrenatontiemsanesthoweaedia, playe the theaseureb epenpriverywhich

processes both cogypands and videg Glipfaia {0 Quipyt aLdip MSQé/idﬁ.(p%qgﬁmEgagg}ingﬂ@ta. By
or

way of example, streamln'g?data maﬁ be communicated across the netw 8 using known

communication chSRFEEEPfe £8n IFh T 1 P r HAEFBRY S RREF ESmPlter are then sent
in a format that is @iBIseiReabkripatesiamgeayobesserde dodtimeesly der disphgndbvice via these
channels. Alsg, onge comynuRigateR isasteblished, fivte s caRiEROLS @nmMunication to keep the
source computer and image processor synchronised. One part of the application, which may run on either
the source computer or image processor, acts as an agent, 10 which receives commands and player
synchronisation datBeh grRRIEREemn et Ithes eRaRplel ik aYSHEBSIRE dHeR kB3 Eofbuter and
will control the videm&agitesal gatboidndhE fasea €nvisobacakeldhersotsess eaipuiigiesBtap. If a
command is recei\éggwbgmg%oqggc [j’[wi%rY;S spch &g,eco&%ﬁ]?f@ysgh@la&irg§g dt acts on the
uta

player accordingly as these Tommands are not player controls, re commands for the corresponding

display devicks. FERSSHTpIRTH ABEBAHFE Wit #%e BispRYRRfcdR 2ProfBager iceTBeSRKhes to
pause the 20 projectmntiehfztbe agkat wigarntriohthesyideerragnizwalader acéordarght. Hather than these

projection commangs,ha agerinay Alprecsissdayerirglaind &2 WL RS FeSiZfs mute, volume
change and so on, whic it_also\;asses to the agent to act %on. 25 In the abov% example, the video
PR Hhy

fragment itself maf?é%ﬁ:‘t“{'c}ggo 4 ﬁte?m()nea'}éﬁeﬁfugg&t? . fs Bk, BSEViIRED 1 n&MSE overlaid
with the image fragrfiesonshietriog tacnerMgéragéofrrenddsmmbasburtbsonimpmagey the

comparator k4. Th@dﬂ@ﬁﬁ.ﬁﬂﬁ@eﬂbi&p%@ i%ﬁﬂf@@iﬁiﬁ@ﬁﬂﬂét@&@h@'@i@@ﬁéﬁ&ﬁ vigeo and audio
and data to synchrppise.dafa ith an, applcalionduaning a,an age pragessorad.in ong.example, the
image processor 64 1S ocated within a 35554 laptop, a a’in another example, the

ser computer, suc :
image processor 68%aMRkRed ReMmBRM¥irdMaAge |dfto OFMRA dorreRpBRd2YF B8y device, and the
laptop includes a |datDpeaceaan piftebs. hs, itmbemﬂébpbﬂﬂﬂﬂg@cbﬂxﬂsim@daimnw&e used to
translate resolutiony whgre e espULion ttﬂ%é%@?s@@%&é?ﬂgﬂé%gge&l@p@ diffes 8Q g the

image can be resized accordingly. The video fragment or clip, which may be overlaid on the image

environment dt the"&igpla§ RfdeMethods, Ba¥eDseFTRAGVED HR inRREERFonhit ¥ Brovide a
displayed image camsigienswith the soondeisdegkgo meagh. ffwrsiiite popersda will Blsapepprésiate that
further algorithms grd gduigs-gaydgd requitehiyMlRAENt BiRSiRBw 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.



In another example, the image processor 64 may be controlled and remotely operated via communication
between software applications running on an operating system on 15 the computer 56 and/or the image
processor 64. In this example, the display device 58 and screen 59 may be remotely 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 televisiohdnay 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 ippackeleie 2541 FenvaLiedrrrass Me-siacommupicalions BRWArK Using,TCP/IP

and may further be pundled with aythentication p%j%to_cols to ensure secure transfer of data. In one
[o

example, hand shaKEERBGDIE (o R ETHATRicAfionE al oL e tele EORMHP T AtRAs T8k are used
to reduce 30 instassastenihausiemiscevigge and edck cemkndicita piracpetk wolk kurirtwesisodiment is

shown in Figuge 6.dbrpuiLersgesyuraihe guedbatsignediytesne imaosns RhrEEESOr 64 is a
memory 72 for storir}% (t:hesstjr_%am@ iJr_ncaeqe arrlnd/o[a au@gcaggsvig o] §l§ta (91[1 éetpgval élattlgagt one image
processor 64. In tHe embodiment SROWN. - ﬂ) it n?emory i295cated in &'5erver 73 connected to the
computing system&HeRhay¥ s8arkcCon fetevieiameleédmhrmiciRPidetwolkedirhe client-server

arrangement of thembo@indratndshwge, prohesivadd (€bamislsaltow farcacbnoieat riomividually
control the display QLG EGe GRG0 2131 ANR E I UREOLS VUL ISIBHS T Where
or

the image processor 64 includes the mem 2 to store the received streaming data upon the user's

request for later 1(?Fét?i@\?aﬂ?ltﬂﬁl?58%f)ﬁfecy?z§ted byt pErAVAGRIET thB2rithaethe memory 72 may
be located remotelyrrore slseimdge procbsdest£clot exam pretesaenwrnfd2 may be incorporated in a

stand-alone hard-djygeis BrAddiiRp dhaiSRmDYter A may sup futherarnlications sugBAs a custom

media player to provide an intuitive user interface to djﬂs}%ag image content on a display device. The

media player may 3 Xre ZRESRTEEREbR T otthe %acgoé“&urﬂéﬁ:ﬁ&l p%§§8 3Rd in this
case 20 the memoenes msivor ke @rdinge Brwayddsedapldeticausivisbmadiasyayathey be
implemented;with peffware apfratraeadotlathe 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. In this example,

the display screenBearfd pibjcttar #0 3k pihsRAdEB e difo BRINREMLAR LIPS eSmbBYitdr 13D after
receiving streameairsagamdatt aridyandiolarshdded thaén at dachomeagexpimsbasoriark tliud thent - server

arrangement also pigyidesariols oferfupctoualities sel.as gontroling aramalsmggiagglayer from a

server player. For instance, controlling functions such as stop, 35 mute, play, pause, close, etc, may be
transmitted fidm tHeYB5ELR EORRI dRRPRPoR e ciight tdfarastend. ERATB5TedBns to a
particular client playdendrirfing s 20hadn &lobeftiimsigeimagessos ax angrblpiohagentapldydriswan also be

established from t%éera@mmdﬁb{@p@t@heg@&ewt&@ﬂsgmwecebqyrée@eel@dthe custom
media player server component js diyided_into three main]c_iom ins, namely, conﬁnt_transmission, control

transmission and CONPection ﬁ%ﬁgﬁlsSionI.nrhterg af& NG chafnicls Tr communicatidn from server to
client, one for the @ipttiERHiesiohel Clanagehapee 85T céhtryhdimheordiediBaMransmission. The
content transipissiga doteiddtg \WHeR aikio ebhplherring steapipediensesverdorjient component.

Controls like muteb%t,(:)g,u;gasuscei‘1 glalxﬁ ée&%iz% orglo&g;%lsggv% fnl:a}{get(é?%%ioéjfg 1, el panlg,le established
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.

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 images
and output only the different pixels 48 as an image

fragment across the network to the image processor 36 and



15 remotely from the server component. Connectivity controls like connect, disconnect, pause and
un-pause may also be established from one server to many other servers running the 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 interfacé 3f 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 syhblwsnisedt kartharnetse eatkdynslagaisatinpasarobiRansmaisbsn pfacket and
connectivity transnyigsigdiackgtssareseay Lo @ £ANaedRy £ligitsafhese gis.aand inRediion e the
image content and cantrol tranSmission packets and enable 30 a server player to start a connection with a

particular client or JroFF GRS T HusSt 3%t be BpPraditedhy the KiRIHSFEETNFRthE& commands
include the followimplighepragincwhedgaid: E6nregudisedniratt thauseetd osuniy, 3By20£ passive

until it receives anyipdppnationsframrselyeke R ac i eQARARIHERlIDRJIWE N Hag, cpanected client and

server components is Taint%ingd after a cl{mection is initiallg establi§ ed agd elgflch client receives three
t ?H‘lg oye etwleen (i'.t e t:.ma e.s'groc SSOrX and the %omc}::ute
ypes of data from server, hamely, content Fanam| ion, control transmission and connection

transmission. Also34aciBreift RrREREE DAk dabaviekrit BrtuibhiapfEasthedciaHid TR irst
information a clienasaetebda gonaattianstraksraiewd, which provides information 10 regarding the type
of connection and information regarding the server to which a connection has been established. Other
connectivity commands also include disconnect, pause and resume. The second information received is

the content transnidsidt tnibs [ SBRESIHAEAG PN G BRER LAt BrikdSrdZhebttim the server.
Lastly, the control tbentaidscamenrendived irom e sevksimaylebé synciwedise theviheritesfsor

example, volume GokyyOl, 30 HHRY . duRen ISR IR #8328, relocale, full seiperca g sceived at
each client to completely control 2Q the dlls%ﬁ[ga% fr%m the server and thus source computer. In a further

example involving ﬁpl@%%?‘rﬁﬁﬁ rs b5oE cfﬁﬁ‘ﬁ"gﬁnﬁfﬁ%ﬁﬁﬁ?ﬁaﬁ PcRfe RiFEon detailing

the size of each canymeergagenrrbe disphaydche Savmprdidmiteeomugtalgbtithims kg be used to

decide the static dgsiiepipage Contats sizeampea i canmrmivNs st a4230/ed beiveszeagmsource

computer and the image Rrocessqr | 64:.1{1; far exa %Iebg carllaggg gllflstate occurs syncrll,lgs pause, start,

nI exa n nvironme
stop, resume, etc,lfhe 0 |mag¥ processing gﬁgoﬁt ms Send Image dath from each computer across to
the image processbf82 onkFwiéh s QfanfeuhRSkaRPEaféntisdctdatd ahBeint RRTSTRIIES thus
avoiding unnecessaiiy upage: otbavaik Ppabdwedib 1ioyadilittarciha gistbet. 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 anﬁl disconnections, hence avoidin
20 The image composer 4

may receive the image %ragment 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



- 22 - connectivity latency. This example is shown in the case where each computer is connected to
multiple image processors at the same time, making the connectivity topology of the system
Many-to-Many. That is, each image processor can be connected to one single output 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 processorsld artime, 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 destinatisaeaanfisotoggtes] ssihgriad above aventibaed telpplicytatenniie flgrin real time. Also,

at any point of time, te displaw oL RIIRGHORBaY R RAUSSH Eskined, Sterkapd stapped arvis the fly.

Figure 8 shows a state diaﬁ:am shawing an implementation of the method including outputting control
a

information, in addfticFPIBRHEgE da HR%RTRTBRE B I drR%iSHIES S Wt e REEMBRD 16 Rany
topology example.Herelii sareivbedbmendt, ditivect fipputeomat digeimdesddsitib thdietatic desktop

image which has tebgagasized when hefaleudorscuss poNegCiaS-H edogdaled Qﬁweﬁe the sourl:(e
computers and/or image processors.onthe fly 25 without any_disconnections; or a change, in states like
pause, start, stop, gé]'sl%rqﬁe,lé‘}%?gcéitﬁék eﬁwe%r?&e}:nt%%faﬁio#ofﬁﬁg fiﬁﬁg%ﬂ‘?orﬁg%gﬁaf}%%e implemented

using the state destigpatefh dHLAsESH 30 E8Mtt@YaAuddR IR désaPIRRtof tREAnfEAutomata
is as follows: Theiveddg@ nadmpcbestatedleserhagddhe snaga soslebeadmwseiitalyd image or not,

where 0 is false a%%éﬁ_ggeb&zgﬁg é’ﬁggfg f@g@i%tgtessé Eaiﬁcjin{tﬁéeaggﬂ?[?olgcg&wnction from
QxE to Q. Q ={SO, SC, SPS, NC, SPA, SRS, SRA, UPS, UPA, URA, UPS} E'={DS, DA, CS, CA, PS,
PA, RS, RA}do is 27e it ShatgotdgbrRes® tetfrdmtero s eSyntRbrieafRifrect 5% -

Synchronised PauséSinglediFediciagrediioagment from the comparator and the
pixels of the first image complementary in position in the
array of pixels to the image fragment. The image composer
16, and thus the computer 56, outputs the new image to the

15 television 59 for display.

A person skilled in the art will appreciate that an
example of another 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 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



SPA - Synchronised Pause All SRA - Synchronised Restart All is SRS - Synchronised Restart Single UPS
- 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, ard & value n at SC, NC, UPS and URA is 1. Also,
the symbols, indicating controls between states are as follows: 35 SO - SC (CS) SO - NC (CA) SC - SO
(DS, DA) - 24 - SEonpRB{PSY Sl - All(EBeCANSRS c<BiapdErSRS - I6¢Bted SRERISPS (PS, RS,

DS) SPS - SPA (Pﬁépt%lékﬁg«l%nc%%ﬁ gséfpé@)é“@el%Qém%ﬂuﬁs ABAUEA NC - UPS

(PS) NC - SO(DA)SPA SRS(RS SPA
he type described above.’ Further, a person skilled in

the art will appreciate that there may be more than one

5 computer 56, each with its own comparator 14, to identify
and output the image fragment to the image composer 16 and
thus the television 58. 1In such an example where the
television incorporates the image composer 16 and,
accordingly, suitable hardware and software is provided to

10 receive the image fragment from one or more of the
connected computers across the network so that a new image

can be constructed for display on the screen 59.

A still further embodiment is shown in Figure 4C. It can

15 be seen from the figure that that the system 62 for
processing image content may include the computer 56 with
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

20 image fragment for transmission, wvia 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

25 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

30 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.

35 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



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 - UPS (RS) 30 UPS - UPA (PA) UPS - URA (PA)
UPS - UPS (RS, PS) UPS - UPS (RS, CS, CA) URA - UPS (CS, PS) 35 URA - SPA (PA) URA - NC (CS,
CA) URA - SO (DA) - 25 - UPS - URS (RS, CS, CA, DS)16PS - SPS (PA) UPS - URA (RA) UPS - UPA
(PA) UPS - UPS (PS, DS) UPS - SO (DA) UPA - SO (DA) UPA - URS (RS, CS, CA) UPA - UPS (DS)
10 UPA - URA (RAjila aditdl fortbdeexamplt) thaisyisigmtinayneaplesde riinfpitkerealedtinys tiiad maintain

a source computers,|oyeCELLtlisatian stigh dmage cariueasyigogiend issontigl 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 caprofbtie expimpdCP B2 dtiisgeoPrraess eonfiduredyinautivres, theddigorithm

makes apt use of resauwes avisjjalledkhinakes he sequential images with audio

data to the television screen 59. Thus, in an example, in
addition to the computer desktop content images being
outputted, audio data is outputted from the computer to
the display device 58 for receipt by its speakers.

10
In another example, the image processor 64 may output
video content in addition to image content, by streaming
the sequential images with audio and video data to the
display device. For example, the source computer may wish

15 to display a video clip on the display device. In this
case, the video clip audio and video data is transmitted
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



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 urdet 3tudy and computes the interval time for which
the threads have to 35 wait execute within the CPU cap off value. Pseudo Code: - 26 - Function 1.

This function takepdaypae difta infportantiasksoofresptamngtitseade sktep trhage .sEns runs @

synchronisation wigh, ihe-imagedifference algarithiu AL exgCywing opR G¥clp A capukirglhg desktop, it

waits for the image difference_algorithm to complete its execytion. DeoktoplmageCaptureThread Functfo
rectangle = Screet' ResBRHSAY {EMBDRERBD a&?gﬁ?elff&ﬁ“nﬁze?—%n‘r{)gﬁféﬁﬁbirgh Also,
20Thread|_waitTinearcif ¢oBpimized widinfold s, le feabl/agNadb st A5parfniduguse Deskt
opScreen 5 communication to keep the source computer and image

processor synchronised.

One part of the application, which may run on either the
source computer or image processor, acts as an agent,

10 which receives commands and player synchronisation data in
the first instance. In this example, the agent resides on
the source computer and will control the video fragment
data within the image environment of the source computer
desktop. If a command is received by the source computer,

15 such as connect, pause, play, resume, it acts on the
player accordingly as these commands are not player
controls, but are commands for the corresponding 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



Threadlwaitime_2= Note Current Time 30SetgeDiffernce_AntoResetEvent Threadf wetitTime_f = Note
Current Time 35 Function 2. This function computes the image difference which has to be sent
400ver 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. 45ImdgeDiffernceComputdtionThread FtInCti O
_rectangle = Screen Resolution _tempDeoktopim&ge's Pk eiFormat = Form&t32PppArgh SOwhile
(Connected) Im&geDiffeoResetEve.or Desimage to he Cc:sutured SSThreadf_TotaiNai"waitTime
Thread2_waitlsme5 9f. (Offthmige) iaitdan bié NMesWadihdainesecayebd poifsimg data may

Computeim&geDifigregee dnadZ ylispe T NAGGUEEWEUTE the resolution of
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the source computer and the user laptop differ so that the
image can be resized accordingly. The video fragment or
clip, which may be overlaid on the image environment of
the display screen, can also be resized relative to the
image environment to provide a displayed image consistent
with the source desktop image. The skilled person will
also appreciate that further algorithms and modules may be

required to implement this step.

In another example, the image processor 64 may be
controlled and remotely operated via communication between
software applications running on an operating system on
the computer 56 and/or the image processor 64. 1In this
example, the display device 58 and screen 59 may be
remotely operated using a desired communication channel.
For example, a television may receive basic operational
ASCII commands like turn-on and turn-off. Also, the
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
be 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
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
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,



- 27 - set CareThre d AutoResetEvent Threadl _ aitisme_2 = Note Current Time 5 10Function 3.  This
function computes the wait time which is being used by the above mentioned threads to make their CPU
utilization below the specified limit. It takes a lot of statistics on to come out with the wait time which is the
arithmetic mean of ten times collected. 150nce attained, this computation executes no more.
PerEorm5nceUdateTirnerTicJc Function 20TotaiCPUUsal®Valus = Get Total CPU usage value Call
UpdateProcessnhreadiAalues Function to Update Thread CPU values 25_optimi sing if _count10
increment _co= 30t HetateRbymins= lataitdRlAvg & Te=n@RB Y Us3gevahmcteédptuce BHiread waitTime =

_CaptureThread_vajiTime;4 Jhigrligh Wirdine 35 _dmageD Thsspriag:endveadyvaitnme +

Thread2_TotalWa Tlme
lecommunications 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 streaming data upon the user’s request for later

10 retrieval. It will be appreciated by a person skilled in
the art that the memory 72 may be located remotely from
the image processor 64, for example the memory 72 may be

incorporated in a stand-alone hard-drive.

15 In addition, the computer 56 may run further applications,
such as a custom media player to provide an intuitive user
interface 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



40else _totalCPUAym = _titaiCPU4vg / count _CaptureThread CPUAvg = _CaptureThread CPUAvg /
_count 45 ImageDifiThread =Avg = _ImageDifiThread =Avg / _count _CaptureThrealL wait Time =
_CaptureThread wait Time / _count 50 ImageDifThread waitTime = _ImageDifThread waitTime _count
_percentCPUReduction = Ltotal CPUAvg - (Req,JiredCPU_CapC / _totalCPOAvg) SS'- 100
_reducedTl_CPU = L_CapthreThread =Avg * centCPUR&duc- on) / 100 60_reducedT2_CPU =
LiImageDiffThreao: _percentCPUReduct oni/ 100 _reducedTl_CPg_Percent =CaptareThread_CPUAym -
_reducedTl_CPU)d&h &Laplurentiredamgyé 1prozéssoaducedd 2gCilip Reficedtient players

(CTmaceDiffLhreadh CRYAYC perediicedis W) from the server to individually
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control each client player.

In the above example, the custom media player server
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
and the other is for control and connection transmission.
The content transmission is the actual video, audio or
both being streamed from server to client component.
Controls like mute, stop, pause, play, resize, relocate,
skew, enlarge, close, open, etc, can be established
remotely from the server component. Connectivity controls
like connect, disconnect, pause and un-pause may also be
established from one server to many other servers running
the custom media player, each of which can be paused,
connected, un-paused and disconnected at any point of
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
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
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.

Further, the client component of the above example

typically operates on a remote system which will be



_ImageDiffTioread_agi * 100 5 _T1 NewWaitTime(O_Captur.eThr.ead_waitTime * 100) /
_reducedll_CPU Percent)) - Tl waitTime 10_TO_NewWaitTime(LImageDiThread_waitTime
_reducedIC_CPU_Percent))- _Ti_waitrime _optimising = false _Optimize = true Function 4.  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 wilFb&#sed in the following computations.
GetAilFrocessThreadflst Function _ThreadsList = Get ail the threads in running in CPU Filter out those
which are of this proresswalyuOFlLnttionréceiSiase dinig algdidlirnawilaonfeomthe tserwam. CPU

guzzling threads, v nggd 19" ecahikiesadyBAlBUNAILA® pRLAUBHAL ISEdoR 19UElkOLIg CPU.

Hence, this function will filter out the 45unnecessarét reads and take into consideration only those two

threads which are TPV e FSTE DRBH 3rd thEArREFE BESLR LA eSonnect ion is
SOUpdateProcessithisadtdive e FuabldrsRedEsad Faehddd MY G GHVElsrcticiee types

5 of data from the server, namely, content transmission,
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.
Other connectivity commands also include disconnect, pause
and resume. The second information received is 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



SS if (CPUThreadValue > O.()) if Loptimdsing) 60Record First Thread if (ThreadiNme is null) - 29 -
Thread |_Name = current CPUThreadVctlueNane which contribute more than 30% it the total CPU
consumtion. 5 else it (currentcPUhreadvalueName equals ThreadlName)

_Captur.eThr.ead CPUPlaa = _Captureinread_ CPUAvh 4 CPUThreadVa2ue 15 assigned to
Thread_|_Name 20current CPUThreaciVai uebrarne (FotdPUUsagetlaine ' 0 ") 25 current
CPUThreadVal uerv'ame Now record Second Thread (Thread 2_,Neine is check if this name has already
been if Thr.ead 1_dlanmeistriotdgyialatency. This example is shown in the case

where each computer is connected to multiple image
processors at the same time, making the connectivity
topology of the system Many-to-Many. That is, each image
5 processor can be connected to one single output 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.



it CPUThreadValue ThreaalL _Name = 30else it (current CPUThrea aWal ueName equals) Thread
2Name) Add CPUThreadtlaine to _ImageDifThread_CPUAvy 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 desktop content and not otherwise, thus avoiding unnecessary usage of network
bandwidth. The following explains the transition that happ&hsto an image based upon the decisions
made in the algorithms. 45 Pseudo Code: Function 1. 50 This Function captures the desktop image and
intimates the threa@ that eoraptitesfin€ image differenss. Ehelsnaimane itsat¢latef] datalsod sendin
_dataContainer, which g, sityciHrag pagkagas $35igrtCapturing Function Add _unstfesktopimagefata to
_oataContasner - 30 - while (true)

Q
5 E

{SO, Sc, SPS, NC, SPA, SRS, SRA, URS, UPA, URA, UPS}
(DS, DA, CS, CA, PS, PA, RS, RA}

do is the initial 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)



Wait till _ImageProcessed _desktopimage = CaptareDesktop Image if (!_giouseCaptureThread) Signal
that desktopCptured Function 2. 15 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 20redundant portions. The conditions which set_2#& set Image to true are restart connection,
connect single, new connection, resend data and resolution change.  This function works along with the
StartCapturing in syachras®satigPSpne process after the other. 25 a wh.ff(tru 30 till deskopCapured
desktoplT.mage tgctemﬁ@eﬁ@pil\@gge mage) _praaSynchrn: ed ge = null /Resolution has changed.
Therefore get the new imageRect = get screen resolution if LprevSynchron _dlicage == null) If then
is a resolution chafigg, tﬁissr%ll \Prfh)g oid sending

SPS - SC (DS)

5 SPS - SPS (PS, RS, DS)
SPS - SPA (PA)

SPS - NC (Cs, CAa)

NC - SPS (DS)

NC - NC (CS, CA)
10 NC - SPA (PA)

NC - UPS (PS)

NC - SO (DA)

SPA - SRS (RS)
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)



_tempDesktoplmage which could he of the pre' if not checked, OnDatagpoated will send the image and
_tempDesktoplmage as the _prevSynchroniseolmage, which is CS a different resolution from the new
_tempDesktoplmage of the next SScytle, hence causing an exception in Getaiferancelmage function
_tempDesktopimage.Width == Image processordesktopWiath 6TE 60 _tempSesktopimage.Beignt ==
_image processordesktopHeight) Save _tempDesktoptm&Je as imageMemoryStream - 31 -
_unitDesktoplrageData.width = tempSesktopimage)Width _unitDesktopimageData.height =
_tempSesktopLtagezpdetghvBsdil®erer@aimage AD8Yy = imageMemoryStreein. ToArr=y()

_unitDesktopimaggQgta..ergpga@gf,ype = (int)_encsdingType
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UPS - URA (RA)

UPS - UPA (PA)

UPS - UPS (PS, DS)

UPS - SO (DA)

UPA - SO (DA)

UPA - URS (RS, CS, CA)
UPA - UPS (DS)

UPA - URA (RA)

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
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
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.
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
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

wait execute within the CPU cap off value.

Pseudo Code:



_unitSesktopimageData_ImageSuffer = 10_differencelmageArray 15 20else
_unitDesktopimageData.ltpLeft_XL CoOrdiante = 0 _unitnesktoplmageData)TopLeft CCoCrdiante = 0
_dataContainerfOl = _unitDesktopimageData Call OnDataUpcated function Call GetDifferencelmage
Function if (_imageDifferenca) 25 Save _difflrage as imageMemoryStrean: 30
imageMemoryStreano.ToArrayi, (int)_encodingType _mmi#®esktopimageData.wicth = _dilmage)Width
_ounitDesktopimageDatgl.te_ight = diffimage.Height _cafoterencaimageArray =
_unitDesktopimageDAEeGeaharype =, ynitSeskiopimageData ImageSuffer = .. ..y.:ng
35_d”ﬂyence"nageA@§Q/égsktop image. This runs in synchronisation with the image

difference algorithm. After executing one cycle of capturing the

5 desktop, it waits for the image difference algorithm to complete
its execution.

DesktopImageCaptureThread Function

10 {
rectangle = Screen Resolution
_tempDesktopImage’s PixelFormat = Format32bppArgb
15 while (Connected)

{

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



45 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 SSused 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 OnDataypdatd Function - 32 - Send

_dataContainer to destination and get th% resutlt if %ﬁreagdeSAptdated%Desétination if
(imageUpdatedAtDestination) 21 prevSynchronisedimage will fie nuif When the image sent is first one or

when resolution is changed. if LprevSynchrgnisedimage== nulh L0-prevSynchronisedlmage = create a
dummy image5of size _image proc§ssordesktopWidth and _image processorgesktopHeight else

}
}

10 Function 3.

This function computes the wait time which is being used by the
above mentioned threads to make their CPU utilization below the
specified limit. It takes a lot of statistics on to come out with
the wait time which is the arithmetic mean of ten times collected.

15 Once attained, this computation executes no more.

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



15 prevSynchronisedimage = _currentDesktoplmage 20Function 4. Computing the image difference.
25Getnifferenceimage Function //This block gets the CoOrdinates for rectangel of differnoe _remainl =
value of one pixel stride in image | 30_remain:2 = value of one pixel stride in image 2 _ptri = point to
starting pixel in image | _ptr2 = point to starting pixel in image 35loop from i=0 till i < _height ( :loop from j
= 0 till j < width * 3 if i_ptrif01 !=_ptr2f01) 40 _topLeft_m =2/8f ttopLeft x > j) else _topLeft_x topLeivi_y =
| if (topLeft_y > i) else _topLeft_y 45 _igtmRight_x = j if (btmRight_x <) else _htmertight_z _btmRight_y

SO_ptrl+e- _ptr2++

_reducedT2_CPU) /

10

15

20

25

30

35

40

45

50

55

60

_reducedT2 CPU_Percent = ((_ImageDiffThread CPUAvg -
_ImageDiffThread CPUAvg) * 100

_TI1_NewWaitTime = ((_CaptureThread_waitTime * 100) /

_reducedTl_CPU_Percent)) -

_ Tl waitTime

_T2 NewWaitTime = ((_ImageDiffThread waitTime * 100) /

_reducedT2 CPU_Percent) )-

_ Tl waitTime
_optimising = false

_Optimize = true

Function 4.

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.

GetAllProcessThreadList Function

{
_ThreadsList = Get all the threads in running in CPU

Filter out those which are of this process only.

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

UpdateProcessThreadValues Function

{
For Every Thread in CPU

{
Get CPUThreadValue

if (CPUThreadValue > 5.0)
{

if (_optimising)

{

Record First Thread

i1f (Thread 1_Name is null)
{



_ptrl += _remain’' _ptr2 += _remain2 SS /Validate if the above coordinates are not same as
the cfrnern values of the complete 60image. if (I (LtopLeft_x == _iwidth) SS LtopLeft_y == _height) &S
LbtmRight_y == 0)) 65(_btmRight_y - topLeft y) 1= 0 && - 33 - (Lbtif:Right_z - _topieit_x) der the pixels
in row 0 and column 0 also even if 5they start from second row and second column. if LtopLaft m >= 2
&,1, topitft_y 10= _topieity. - 2 rectO f Change . = topR&ft—=z /5 rectCf. Change .Y = _topLeft_y

15 rectOChanga . Width = LbtmRight_x - _topLet_z) .3 3 _rectOChange Height = Ptmeght y -

ame = currentCPUThréadValueName

_tooLeft_y -cid the Exception wen rectanglggar than Z0réSolution, . “o oo 7 7ee

of the total CPU consumtion.
}

}

else 1if (currentCPUThreadValueName equals
Thread _1_Name)
10 _CaptureThread CPUAvg =
_CaptureThread CPUAvg + CPUThreadValue

Now record Second Thread

15 if (Thread 2 _Name 1is null)
{
check if this name has already been
assigned to Thread_ 1_Name
if Thread_1_Name is not equal
20 currentCPUThreadValueName
{
if CPUThreadValue >
(TotalCPUUsageValue * 0.3)

{
25 Thread_ 2 _Name =
currentCPUThreadValueName

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

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 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.

45
Pseudo Code:
Function 1.
50
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.
55 StartCapturing Function

{
Add _unitDesktopImageData to _dataContainer



ifrect0 Ch n ge . X + _rectOChang_width) _rectOChanga . Width = _rectOChanga . W ¢ (LrectOChanga
.Y + _rectOChanga+ 2) 25height) 30 tooLe ft oe." 35 _rac+CChanga . Haig= _rectOCheinge.Height alone
_tempDesktopL5age to _di:FE L5age TcpLeft_Z Goer di ante of unitDesktcplmagaData = TopLe t_ It
CoOrdiante of _unitDesktopimageData = _imageDif f erence = true 40else _imageDiference =alse Copy
_tempDesktcplmaga to _currantDesktcplmaga 45 Corme8florts from single client to multiple image
processors algorithm. The user display device, for example user laptop, on which SO a client component
program is running, can connegt to_more than one image processor at a time. All of these connections are
made through a single socket gonnection. The laptop maintains a list of all the active image processors
acting as servers. An active image'procéssor-i8"55 these fihich are connected at that point of time and

are actively communicating. Each apd.every,packetis comynunicated to the whole list. Additionally,

if (!_pauseCaptureThread)
Signal that __desktopCaptured
10 }

Function 2.
15
This function computes the image difference between the present and
previous desktop images, if _resetImage 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 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



- 34 - synchronising properties are in built to make sure that all the image processors receive the same
packet without a difference. 5 Pseudo Code: Function 1 This function makes a connection from the client
laptop (display device) to an image processor. This method also contains the 10authentication
mechanisms for the connection. Only if the connection is valid, that image processor is added to the list of
active servers. 15 Connectloimege pro.:mr(imege p Orr rédeiving connection from cii and send
acknowledgement. if (OnSuccessfulConnection) essoriPAddress[?; avtnenticete Connection with LP

.. . . . unitDas pImagelata.width = . .
_Addioimage procg,gggfgdgyk(y;g};}ggggr%ggpnPAdd]resse) ﬁbo_acﬁ?/elmage processorList.Add(image
processoraddress) _projectingimage processorCountssk feunetiona2 25& his:function is responsible for
sending the ingage—éﬁ’@oﬁ‘iéfffs‘é’ﬂﬁtﬁ packets to all the se%rc\ée%rrnsagthat are in the list added by the Function 1.

After sending @ach: data,packet. it waits, for agknowledgments from the image processor, after which the

subsequent packets are sent across. There is a thresholdtimestorta. encodingType =
(int)_encodingType
_unitDesktopImageData.imageBuffer =

10 _differenceImageArray
_unitDesktopImageData.TopLeft_X CoOrdiante = 0
_unitDesktopImageData.TopLeft_Y CoOrdiante = 0
_dataContainer[0] = _unitDesktopImageData
15
Call OnDataUpdated function
}
}
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
{



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 out off and deleted from the list of image processor. TriggerAynoSenct
35 while (Acknowledged by all the servers) imegeDete = PecketProtocni.GetPecketgeDete) foreack
server in aciveServerList 40 _socket.SendDataLimageData) to 1P44dress _projectingimage
processorCount-- 45Stars _ecknowledgerimer. It timeeou#Zhis connection and remove from _active
processor-Lift. 50 Function 3 This function is responsible for removing an image processor from the
connected image processer. list once the thigshor Wait SStime for ackhowledgement is over.
noviedgelimeOutHendier() - 35 - Remove...4i- (index) if LactChntewlns (deacbmage processorlPAddrec
indx = _active§erverLish.IndexOf(o?éaéﬁﬁfé’iﬁ’écﬁﬁfééé%ﬁﬂ@ﬁdéﬁ’éés) Remove deadimage

icrocesshrITAddresx from _FrojeCtingSﬁL\@rgwronisedImage will be null when the image sent

is first one or when
resolution is changed.
if (_prevSynchronisedImage == null)
10 _prevSynchronisedImage = create a dummy image of size
_1image processordesktopWidth and
_limage processordesktopHeight

else
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 &&



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 single socket. Data packets received from all the sources 25 are
sorted based on the source IP address; assembled if ith&3been fragmented earlier and display of that
connection is updated. Pseudo Code: 30 Function 1 This function makes,,fa connection from to the source
laptop. It also contains the authenticatiéfrmMéch@nisms for fie"Cofinéction. ORly if the connection is valid,
that source is added to the 35list of active sources. ConnectFromScurceReceived(Sourceaddreff); On
receiving connection from client, maléterl%\ggiﬁia’réi@ﬁﬁﬂ%@ﬁﬁé&l&ﬁoﬁﬂéd@éﬁ%?ﬂ?H@if0 also even if
(OnSuccefxfhiCfnnection) ~ Acrdroceurcalcitt(SccfcelPAddfeff) activeSourceLisf.Add(SclicceiPAddfesf)
_projectingScurceCcunt+c 45 ction with4P_Funetion<2>= 2This function deesanultiple operations on the
data packets received SObased on the'kind t%fo ng%k?/t :rec,?oi}!féjf!“}m and also based on which source has
sent it. It doesothe operations of: It accepts a.gonnection frogm a source which needs to project its content
to image processor. }

_rectOfChange.X = _topLeft_x / 3

_rectOfChange.Y = _topLeft_y
15 _rectOfChange.Width = (_btmRight_x — _topLeft_x) / 3
_rectOfChange.Height = _btmRight_y - _topLeft_y

//avoid the Exception when rectangle 1s bigger than

20 resolution
if ((_rectOfChange.X + _rectOfChange.Width + 2) < _width)
_rectOfChange.Width = _rectOfChange.Width + 2
if ((_rectOfChange.Y + _rectOfChange.Height + 2) <
25 _height)
_rectOfChange.Height = _rectOfChange.Height + 2
Clone _tempDesktopImage to _diffImage
30
TopLeft_X CoOrdiante of _unitDesktopImageData =
_topLeft_x
TopLeft_Y CoOrdiante of _unitDesktopImageData =
_topLeft_y
35
_1imageDifference = true
}
40 else _imageDifference = false
Copy _tempDesktopImage to _currentDesktopImage
}
45

Connections from single client to multiple image
processors algorithm.

The user display device, for example user laptop, on which

50 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

55 those which are connected at that point of time and are
actively communicating. Each and every packet is

communicated to the whole list. Additionally,



- 36 - On receiving the connection, it authenticates the connection and then adds this source IP address
into its list of actively projecting source list. Segregates the packets based on the header and finds out if
5it'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. 10DataProcessor(DataReceibed e) = 84eguiredLength = 6, count = 6; Pool
breakFrocessingidop = true; 15 _receivedArray = e.TctaiRece&Suffer; if LdncompleteSyteArray)
20Arrdyutility. Appendilytedorcis jpagtidiaupg reteweaAea iredenicdArtay makartswiksalkhat

_incompieteayteAay =¢Raise; aaybile fHdrsakPracessipgl eaR =diik geciiuedRagiaipias
GetPacketTypeLrec_elvedArraé%; _receivedFacketType = _receiveoPacketData.Packetlype; 30
35authenticat.-,0 4045 $588&5FedPacketrype)

5 Pseudo Code:

Function 1
This function makes a connection from the client laptop (display
device) to an image processor. This method also contains the
10 authentication mechanisms for the connection. Only if the
connection is valid, that image processor is added to the list
of active servers.

ConnectToImage processor (image processorIPAddress);

15 On receiving connection from client, authenticate Connection with IP
and send acknowledgement.
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 ()
{



case Authentication: //P it is authenticptiodo the tat Led, isconnect the packet ha if (_receivedPacketrype
== Authentication) _socket.SendSata(e.SourcelPAddress, Packetprotocol Getpacket (Acknowledge,
AcknowledgementStatus.AuthentipatipnSuc cessful)); race:. etnull; break; case InitialSetup: 50//Init the
view cldsss display setting accrodinsiV if L_recpivedPacketlype == InitialSetup) SSsetUpDasa =
PacketProtocol.GetPacketData((int)_receivedP acket Fy@b TteceivedArspv)i - 37 - rcivedArray = null;
break; 5 case PacketType.DataPacket: //if it 15 data packet, pass the data to Staticimage to get image

data if LreceivedPacketType, 5= DataPackel), .o oce verrios)

10
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{

_serverList.RemoveAt (index) ;

if (_activeServerList.Contains (deadimage processorIPAddress))

{
indx = _activeServerList.IndexOf (deadimage
processorIPAddress)
Remove deadimage processorIPAddress from _activeServerList
_projectingServerCount——

}

Connections from single image processor to multiple
clients.

A single image processor can connect to multiple client
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
single socket. Data packets received from all the sources
are sorted based on the source IP address; assembled if it
has been fragmented earlier and display of that connection

is updated.
Pseudo Code:

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
list of active sources.

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

Function 2
This function does multiple operations on the data packets received
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.



10_completeArray = _receivedArray; //Check it the image processor Client is still connected. If it is, you
will be receiving images. if ( SocrceConnected) 15 ImageData =
(Array2list)PacketProtocol.GntAacketliata (PacketCypeZiataPacket, completeArray); 20 //send the
image data to the view class for display. _disiflayaceDesktopimage by building Image from
_ImageDacalList; 25//if not, connection has been cut off, S default image processorServer display
image. else _disbliyypdatefesktopimage(nuli); 30_socket.Sendlata(s.SourcelPAddress,

PacbetProtocoI.GetPacbét(Pﬁb@}j‘zp’é.“ﬂckﬁ%vﬂ%?ié%%ndﬁleﬁﬁ@ﬁ%ﬁ@t&fﬁs F[ﬁﬁtaﬂ??%%‘f\?éﬁ)) 35

ived _ I b k_and adds this sdurce IP address into its list
_frecive Array— null; break, actively projecting source list.
" Segregates the packets based on the header and finds out if
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 wvalid packet.

10 DataProcessor (DataReceived e)

{
int requiredLength = 0, count = 0;
bool breakProcessingLoop = true;

15 _receivedArray = e.TotalReceivedBuffer;

if (_incompleteByteArray)
{

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

_IincompleteByteArray = false;

}

25 while (true)
{
breakProcessingLoop = true;
_receivedPacketData = GetPacketType (_receivedArray);
_receivedPacketType = _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));



40 case Pac*etlype.MocseCcrsorPac*et: if LreceivedPacketType == MocseCcrsorPacket)
_mouseDataArray = _receivedArray; 45 mouseData = PacketProtocol.GetPacketaata(Packeti
ype.MouseCursorPacket, 50 mouseDataArray) /Isend the image data to the view class for oksplay.
_displiyUpdateMouseDataLmouseData); SS _receivdArray = null; break; case
PacketTypef'luitipiePackets: 60 requiredLength = _recivedPacketData_ReguirecTrivivednytes; count = 0;
65for each byte in _receivedArray

_receivedArray = null;

}
break;

case PacketType.DataPacket:
//1if it is data packet, pass the data to StaticImage to get image data
if (_receivedPacketType == DataPacket)
{

10 _completeArray = _receivedArray;

//Check if the 1image processor Client is still connected. If it is, you will
be receiving images.
1f (_SourceConnected)
15 {
_ImageData =
(ArrayList)PacketProtocol.GetPacketData
(PacketType.DataPacket,
_completeArray);
20
//send the image data to the view class for display.
_display.UpdateDesktopImage by building Image from _ImageDataList;
}

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



- 38 - if (count !!! requiredLength) if (---receieedTempArray_| == null) _rez=ivedrempArray_i =
_recezvedrempArray Ifcountl = Byte/ 10else it (recezvedrempArray 2 == null)
_rece/vedrempArra.y2 = new hytet_rece/veclArray.Length reguiredLengthj; 15 receiyediempArray
ZIMath,Abs!count - CrequiredLength))1 = Byte; count++; 20 _receivedArrhy = receilzedTempArray_1;
_rez=ivedrempArray_| = null/ breakBracessingLocb = falst8 25break; case Packetrype!IncompietePacket:
_incompieteayteArray = true; 30_remacningincompleteByteLength =
_receivedPacketliata.Remaininginc=pieteByteLe ndth; spartiaiArray, = . receivedArrhy; _receivedArray =
null; 35break) case Paz*etType!ResoluticnChangeFacket:

5
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60

65

if (_receivedTempArray_1 == null)
_receivedTempArray_1 = initialize;

_receivedTempArray_1[count] = Byte;

}

else

{
if (_receivedTempArray_ 2 == null)

_receivedTempArray_2 = new byte[_receivedArray.Length -
requiredLength];

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

count++;
}
_receivedArray = _receivedTempArray_1;
_receivedTempArray_1 = null;
breakProcessingLoop = false;
break;

case PacketType.IncompletePacket:

_lIncompleteByteArray = true;
_remainingIncompleteByteLength =
_receivedPacketData.RemainingIncompleteByteLe

ngth;
_partialArray = _receivedArray;
_receivedArray = null;
break;

case PacketType.ResolutionChangePacket:

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

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

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

AcknowledgementStatus.ResolutionChangeSuccess
ful));

_receivedArray = null;
break;

}

//Check if there are any data fragments remaining
if (_receivedArray == null && _receivedTempArray_ 2 !=
null)
{
_receivedArray = new
byte[_receivedTempArray_ Z2.Length];
_receivedArray = _receivedTempArray_ 2;



RessiutionChangeData = 40(ResolutionChangePchtStructure)PacketPrstscsi

.GetPacketDatalreceivedPacketType, _receiveciArray);

ChangeDesktcpResolution(ResciutionChangeData. 45Width; ResolutionChangeData.Reight)i
_socket.Sendliata(e.SourcelPAddress, FacketProtocoi.GetFacket(Packe tType.Acknowiedge, 50

AcknowiedgementStatus.ResciutionChang.Success fuf))B9 - _receieedArray

= null; SSbreak/ //Check if there are any data fragments remalnlng if LrecelvedArrav = null &cc
receivedTem Arra

_receivedrempArray_2 != 60null) breakprocesérfe%zg /e Arggyse new

hyte! receivedTempArray:_2!Lengthj; recezvedArray = rez= |vedrempArray 2; -39-
recelvedTemaoArray 2 =nun; breakProceselngLoo = false; |f|breakProcessmgLoop| break;

eakProcessingLoop
break;
}
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10 15 - 40 - CLAIMS 1. 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 10 which pixels of the second array are different from corresponding pixels
of the first array by comparing said first array and said seé@nd-array and outputting said different pixels of
said second array to at least one image composer; 15said image composer constructing a new image for
display comprisingcIaddMfferent 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 20outputting the new
image for display. 2. A method as ¢laimed in claim 1, wherein said ima;ge composer is conpected to said

computing system over atelBRERIUNERFRETSRAPE B S W PR DL IRIHER T RRIM O further
comprising outputtitigspdid vliffarbet perekdbreemirkdedord:array identified by said comparator from said

computing sysfem via TGP/ kopyritgdelsegeman nietionsinffwarke 3Ps ¢ AnBgdodaioa!agiedin claim
3, further comprising §aid iglaggr%om%%seraut enticating receipt of said different pixels. 35 5. A method

as claimed in clairr?l, further comp¥ismg S’Jt}ﬁﬁ iﬁg the new image for display by at least one display
device. - 41 - 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 by comparing said
first array and said second array and 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.



6. A method as claimed in claim 5, further comprising outputting to the display device using an
audio/video interface. 5 7. A method as claimed in claim 5, further comprising 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. is 9. A method as claimed in claim &; fédher 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 clgimed in glaif S futhencomising sait.GamBUting SYSiep %Mﬁmgf&gtro'
information to control display of said aydio and/oy video data for display by at least pne display device. 25
11. A method as c%’i’tﬁgbﬁfﬁ%&%tg? e r R N G BUT i A < aﬁﬂﬁld“a;f'dﬁeg memory
intermediate said igrtgendaggoser. 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
methoq as g:llaimed7i.n.cIaKn %&L{{t@g acgm%(iasiriﬁe%S oHtpuitianlqnfrgm SEH(]:J: gggn}pugn% S¥§t§ﬂ said_different
pixels identified by said comparator to eac of the at1east one Image composers O RONStrucE said new
image for - 42 - disiAdPb ¢ BN Bt SUEHEE cOHERYSHiRG tCRRtikedgeledinpBadraon4 R method as
claimed in claim 13Jdugbelcanppiiag Sofhid £0Mpiiagesystant syacluantsitg ditppl afsaid different
pixels identified by sal mparator to each image composer to provide synchronised display on each
corresponding display device. 10 15. A method as claimed in claim 14, further comprising said computing
system outputting control information to synchronise display of said image content on each corresponding
display device. 15 86. A Retimichagiclasned aioladn in furieinomprishegredmpressdgesait thiflerent
pixels from said secopd anayidantifistiv said connaraior befare ipdting tQ said image.cypgoser. 20

17. A method as claimed in claim 1, wherein said computing system comprises at least one computer.
secon array.

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



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 said2mage composer when said comparator
exceeds a CPU utilisation threshold of said computing system. 35 - 43 - 21. A system for processing

electronic image cditepl &y digplapdhedystehagoripvisivng: aconaapiogdiste m artdngedinageceive a
first image compri%gg‘ﬁg'ggtlgr[ay of pixels and a second image comprising a second array of pixels; a
comparator of said computing system arranged to identify which pixels of the second array are different
from corresponding pixels of the first array by comparing 10 said first array and said second array and
output said differedtdpixel®d ahebhbsecohdadradynedativastiaganiniaye dompbsar, conprrebngaid image
composer is asranged & eRCt Agayy BRade frlisiian canmysihgrid differagatipixels is from said
second array identifie said comparator and pixels of said first.array complementary to said different
pixels of the secon a%ri%geé:gﬁ oﬂf‘pu?a"fﬁe Jr'lg\?vnl%)fgelé %?r §?§pfa?/+§0¢2%lﬁa§y£s) em a{:soclgﬁﬁ:gld in claim 21,
wherein said imagéRaffhReFROEHhdefe PEPYAdof ARG W3&E[ oFé SR IE@EcOMNRAFtions
network. 23. A sysiereapoRined irdilspnay, ddeieia 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 &t ledst-onddBpiRfb\i%. cladmedydBnfieiminad if eaiien, famrshsitPimage
composer outputs sa il displeytdovwresysihgmnas pudibAdeciotdriark. infbrmation to

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

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.



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. 5 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 10 display, the device comprising: an image
composer arranged to:  receive a first image comprisin§ first array of pixels; receive pixels of a
second image comprising a 15second 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 comparatos and pixely of saidLNirgh ¥ FeIglenUaYIRSId Miffprerd Aixela of agrsecond
array; and output the new image for dls§lay. 29. Computer program code which when executed
implements 25 thehERAYof g?ﬁ/eorfé’ FEBnTOTRE 281’ A computer readable medium comprising the

program code of claim 2% 3e®kyt dat fHysoemrarrpheqsograrecda vt chihiagst image

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

a comparator of said computing system arranged to
identify which pixels of the second array are different
from corresponding pixels of the first array by comparing

10 said first array and said second array and output said
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

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
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- 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 29.

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



