1 SPECI FI CATI ON REAL Tl ME DATA STREAM PROCESSCR Background of |nvention
Field of the invention [0001] The invention relates generally to real-tine
i mage processing systens. More particularly, nethods and apparatus for
efficiently processing nmulti-format video streans including those derived
frombi-directional, packetized, non-point to point data comunications
networks into a single format vided streamsuitable for display on a

sel ected di splay device. Description of the Related Art [0002] Displ ay
devi ces generally include a display screen including a nunber of

hori zontal |ines. The nuﬁrﬁmrlgAIlmgt ical lines defines the
resolution of the corre ] i"getfa devi ce. Resol utions of

typi cal screens available in the market place include 640 x 480, 1024 x
768 etc. In order to display a source inmage on a display screen, each
source image is transmtted as a sequence of franmes each of which includes
a nunber of horizontal scan lines. Typically, a tine reference signal, or
signals, is provided in order to divide the analog signal into horizonta

scan lines and frames. In the VGA SVGA environnments, for exanple, the

ref erence sign nnglgde YNl rpn I @n ere the
VSYNC si gnal i MALthMESDATAﬂS?REMl gnal

i ndi cat es the begi nni ng of S l4pe. Therefore, in order to
di spl ay a source inage, thepﬁgmsaﬁl ed into a nunber of

poi nts and each point is displayed on a pixel in such a way that point can

be reﬂﬁﬁﬁg@hﬁﬁnéﬁgflﬁVéﬁEkﬁ@ta el ement. Display signals for each pixel on
P may

the dis e generated using the correspondi ng display data el enent.

[ 0003] Feldafthednverttion il | ustrates a conventional NTSC standard TV
di spl ayed image 2 100. The image 100 is forned of an active picture 10 that

S 1088112 CATRE ichBfkid T RAMes deNIr 36 rétihEfindgEcdsHhg sJREHS ot ST de of
thébacgive plc{ureI O01s a anEing oSt °
particularly, methods| and apparatus for efficiently processing multi-format video
streams including those derived from bi-directional, packetized, non-point to point
data communications networks into a single format video stream suitable for display

on a selected display device.

Description of the Related Art

[0002] Display devices generally include a display screen including a number of
horizontal lines. The number of horizontal and vertical lines defines the resolution of
the corresponding digital display device. Resolutions of typical screens available in the
market place include 640 x 480, 1024 x 768 etc. In order to display a source image
on a display screen, each source image is transmitted as a sequence of frames each of
which includes a number of horizontal scan lines. Typically, a time reference signal, or
signals, is provided in order to divide the analog signal into horizontal scan Iin_es and
frames. In the VGA/SVGA environments, for example, the reference signals include a
VSYNC signal and an HSYNC signal where the VSYNC signal indicates the beginning of
a frame and the HSYNC signal indicates the beginning of a next source scan line.
Therefore, in order to display a source image, the source image is divided into a
number of points and each point is displayed on a pixel in such a way that point can
be represented as a pixel data element. Display signals for each pixel on the display

may be generated using the corresponding display data element.

[0003] For example, Fig. 1 illustrates a conventional NTSC standard TV displayed image



region 11 suitable for line and field blanking. The active picture 10 uses
frames 12, pixels 14 and scan lines 16 to formthe actual TV i mge. The
frame 12 represents a still inage produced fromany of a variety of
sources such as an anal og video canera, an analog television, etc. [0004]
“Information in frame 12 is represented by any nunber of pixels 14. A pi xel
(an acronymfor "picture element")2is the smallest distinguishable and
resolvable area in an inage as well as the discrete |ocation of an

i ndi vi dual photo-sensor in a solid state canmera. Each pixel in turn

repr esent [ iLized natlo and. i s. ented, by 8 bits,

i Phougn. Satsitage abf iolomheg Phabiitive Piirep i ERe Brevisf 142 niageh scan
line 16 i ngd ufkeadieY imadeiRforMation. BUtsidd of tHehREGO it #RN 05E€AblaRting hori zont al
line of- information within frane 12. In NTSC video (a tel evision standard

usi ng i nt egicckdsuitablgmipr lingandfieldplanking. Fh%ﬂ@w@fp'thfeo‘rormftﬁsdﬁnwﬂéars every
60th of aa&? €9%%n a3 chi A% Iéfo%h’[i(?ﬁygctaal Mhﬂgz ﬁﬂﬂf Y%t\ése?l‘n%g of a
c Mes o or

second an ont’rnuous presentation of I on produce a
pi cture. <l ienagempoduzed fimr argrof asiarigtyofagurees sweh ameanala‘g videoeanadra,

I nformation i erlodlcally refreshed on the screen to produce the,

di spl ay s‘@b?'f’%‘ié)'éf‘iyg’é?" ef‘(ﬁ)OOS] The nunber of franes-per-second (fps) is

al so an essential factor in the perception of a noving image. Filns are

shofooau] 24 MmferamsbrumUfadme 1 2lissppryetted by ARy hembehefaiied!s 14 enppaiel Ogh each
frame two tines_for a net 48 fps to avoid flickering. NTSC television uses
60 i nt er | 3EQY™ fog| Bistyre lemept} mé@%afﬁa"%ﬁﬁel'wmu'eﬂ?@ée w Feselvabip@reaiift er | aced

fields arg, |q'ia§9|a§‘%ﬂ a8 e YiSEreleQBtation s aR AHiARRGIR o - sEP{!Br‘i‘H L56iPhhte
instances 1n'tine, they are called even field and odd field alternatively.

The 60 f p@mesn Epch pwekloeuvet@pmerassilmgt@ intonplatiow and ismdtevrepres@tedh of a
Seoon BRSO R A BT hay BEGGPRSSIF LY oiP AnB ARGl Cel g 0y Mot

i nt er net dl a'to uses usea I Mmages can ave a 10
Fps frandineasancli@&001y dumbleﬁ'dEplth Tah, shretyy rteb@enma_:ra hoszontdldmefodr mats in a

single display, the variou Str must be processed into a single
vi deo st r"érgf tgn wh ‘Pa}ﬁ’é"(')e ?%JI’ g8(‘,’ ?%ﬁ?ﬁs'% tandardiusipodltegachde, such as
a monit orscam fBVer‘le\éhh HBidtdFenfo ARG AW RarsQveRBoth 9Ph 3¥&Md, d Wathel S
particularly inportant when attenpting to display inmages from

(including 2 fields) appears every 30th of a second and the continuous presentation of

frames of information produce a picture. On a computer monitor using progressive

scan, a frame of information is periodically refreshed on the screen to produce the

display seen by a user.

[0005] The number of frames—per-second (fps) is alsc an essential fact‘or in the
perception of a moving image. Films are shot at 24 Fps and usually displayed at movie
theaters repeating each frame two times for a net 48 fps to avoid flickering. NTSC
television uses 60 interlaced fields (fps) per second and PAL uses 50 fps. The
interlaced fields are displaced one vertical line and happen at two different instances
in time, they are called even field and odd field alternatively. The 60 fps can be
perceived as a single complete frame every 30 th of a second whereas film is scanned
progressively as a complete frame. Most internet media today uses 15 fps and useable

moving images can have a 10 Fps frame rate.

[0006]
In order to display these various video formats in a single display, the various

video streams must be processed into a single video stream having video format
consistent with a display device, such as a monitor or TV, on which the images are to

be displayed. This is particularly important when attempting to display images from



3 such di sparate sources as an NTSC TV source (which is continuous in
nature) at 60 fps interlaced or 30 fps progressive and internet nedia
(which is packet based) at 15 fps or even lower. Additionally, it would be
advant ageous to integrate the requisite video processing into the display
“itself in order to provide a cost effgctive solution. [0007] Therefore what
is desired is an efficient method and apparatus for processing any of a
nunber of multi-format data streans (including video data and network data)
into a single format data stream suitable for display on a nonitor Summary
of Invention épOOB] According to the present invention, nethods, apparatus,
and syst efgchadispargiesorees @s pRNTHE JYesodradwhich imgnatingpusin| naturebatrffk fp§i deo
data stre i i ) i LhSRL.AaY. Vd [ 9] A
cont i gur b o4l br 305 BlcBreshEaHs ML AEE LR W SERCCHISATAC R LT 1
a di spl ayr exventlohayv iAdditianaldys tooiudd bel adwintajeods mphtagrat thié guiite vileounber of
ports each of _whjch is, cqonfij ed to receive an i pput data stream a
unber *of PERBTNTAER HHelsPIab kiAo GFOct P PEviRtcht O clIRF R al48oBoupl ed (o a
correspondi ng one of the ports suitable for converting a correspondi ng

i NPYBCOTat a Skieeefore wha i< Oeshred pON kffigiead Metddemhddpbaratsst foe prodassindgny
associ ated_converted data streamattrihutes, an i nage conpositor unit

arranged P BURBERF M -tosRekeata atrepr s (vgvding¥ides dpGrandnedwekdtdtdded dat a

stream @ h 9RYR BANNERS shéirh saﬁarb@@&ﬁ%istp@a(y%@%ﬁnme conposi ted data
streamto forman enhanced data stream and a display unit interface

arranged process the enhanced data stream suitable for.display on the

di spl Summary{oplaventionhod of adaptively providing a data streamto a
di splay unit having an associated set of display attributes. Receiving a

nyghes) Oof AlRMbing S theShre8@inhtian, MMABE!, aBharafis! SRPYRERDakNPUt poOrts,

converting the input data streans to a corresponding converted data stream
havi ng aisslosedfardrecassiog nouimbxr of swltédonmattvidepslateestreansriptssa singlg t he

converte cﬂ%rﬁz%t%rg@@ngogﬁ%%mge conpositor, enhancing the conposited

data stream an ssrn & enhanced data streamfor di splay on the
display unit. [0011] Conputer program product for adaptively providing a
ddeePAt r eacenfiguraliie pdadyime data processor arranged to provide a data stream to a

display unit having an associated set of display attributes. A number of ports each of
which is configured to receive an input data stream, a number of adaptive image
converter units each of which are coupled to a corresponding one of the ports suitable
for converting a corresponding input data stream to a corresponding converted data
stream having associated converted data stream attributes, an image compositor unit
arranged to combine the converted data streams to form a composited data stream,
an image enhancer unit arranged to enhance the composited data stream to form an
enhanced data stream, and a display unit interface arranged process the enhanced

data stream suitable for display on the display unit.

[0010] A method of adaptively providing a data stream to a display unit having an
associated set of display attributes. Receiving a number of input data streams at a
number of corresponding input ports, converting the input data streams to a
corresponding converted data stream having associated converted data stream
attributes, compositing the converted data streams by an image compositor,
enhancing the composited data stream, and processing the enhanced data stream for

display on the display unit.

[0011] Computer program product for adaptively providing a data stream to a display

unit having an associated set of display attributes. computer code for receiving a




unit having an associated set of display attributes conputer code for
receiving a 4 nunber of input data streans at a nunber of correspondi ng

i nput ports, conmputer code for converting the input data streans to a
correspondi ng converted data stream having associ ated converted data
"stream attributes, conputer code for conpositing the converted data
streanms by an image conpositor, coffputer code for enhancing the conposited
data stream conputer code for processing the enhanced data stream for

di splay on the display unit, and conputer readable nmediumfor storing the
conput er Brief Description of Drawings [0012] The invention will be

code. . /
better uﬂ‘df@g%rjt?fd'ﬁiptﬁ aF"eﬁéWﬁc"éﬁ'B‘"?Wé"fS?ﬂ’ AEINGSARULIPOTtS oFPMPUtEKen i n
conj unct kfa ok &&hvghmg&ﬁs@rgmaxﬂa%egﬁ@% BQ3rred dRHg (!ang?]rté]d ddth YgkiqAtes a
TV picture. F

conventional NTSC standar [0014] Fig.” 2 shows a representative
enmbodi nelaving asspeated\converted datpstesmmattdbutes, zomputke sope foraesipogitiogr cui t

havi ng lti-format _Vvideo receiver port. a user interfac port, and a
netvvorkaﬁhﬁgb‘fegceg.‘;%%ﬁtiﬁ"ﬂyg@ agh SRS G ARy ‘(-]%flePTF ngngteess for
concur r eqiimposiéd deasiiRgmaA covipiner codel fov pRessH the Thh&RFE dath SF&df flaNce Wit h
an enbodi nent of the invention. [0016] Fig. 4 illustrates a conputer system
enpl oyeditRIaY apthedisplay jaitiand campyier rt?étaaﬁﬂ reedimaSer Figfing thereonmaitect ed

Enbodi mefyiys [ 0017] Reference will now be nade in detail to a particular
enbodi ment of the invention an exanple of which is illustrated in the

acco i r aw.ngs. ile the invention wll be described in

conj m#gﬁﬁgFﬁﬂtfﬂﬁpﬁmeM%modi ment, it will be understood that it
is not intended to limt the invention to the descri bed enbodi nent. To the
co@Pidry, he jnyentiorewillde: hester voderstpiod dyrrafieranse to thedioflowiapidessijptand

equi val . | uded within,the spirit and scope of the
i nventi g%ﬂezls'ﬁgggjlﬁﬁgp ‘y'lﬂ'? e“acg%‘é'ﬁa ad™? ‘(j:'llagl' > [0018] In one enbodi nent, an
i nt eg{ ated video processor suitable for concurrently processing any of a
ndfBEI of Findbdlugtrates atqonventionalW TH§ standacd ¥ ipittexd. vi deo format
[0014] Fig. 2 shows a representative embodiment of the invention impilemented as a
video processing circuit having a multi-format video receiver port, a user interface

port, and a network interface.

[0015] Fig. 3 shows a flowchart detailing a process for concurrently processing a number

of video data streams in accordance with an embodiment of the invention.

[0016] Fig. 4 illustrates a computer system employed to implement the invention.
Detailed Description of Selected Embodiments

[0017] Reference will now be made in detail to a particular embodiment of the invention
an example of which is iilustrated in the accompanying drawings. While the invention
will be described in conjunction with the particular embodiment, it will be understood
that it is not intended to limit the invention to the described embodiment. To the
contrary, it is intended to cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined by the appended

claims.

[0018]
In one embodiment, an integrated video processor suitable for concurrently
processing any of a number of video data streams having an associated video format

for display on a selected video display unit at a selected video format is described.




for display on a selected video display unit at a selected video format is
described. 5 The video processor includes any of a nunber of input ports,
that includes, but is not limted to, a nulti-format video port, a user
interface port, and a network interface. In the described enbodi nent, any
*of a nunber of multi-format video streans received by the multi-format
video port are converted by way of a format converter unit to a
progressive scan video format. Such formats include conponent, conposite,
serial digital, parallel digital, RG, or consuner digital video.- The
digital video S|gnal can be any nunber and type of well known digital
fornmats Jhemdaa progesspr inchurgs popsf @ noner gf inpwirartss Hhagincides, NP Eot

296M - 199%&4?@% r)tg%llzlzf) an%f%E& bQHéan?e? i Hhcedsort A p‘iar{eﬁ?’l?rt‘iﬁﬁ eﬁf’g?%grgf“ ve

scan vi deo hé "ou e Vi ormat - convar

interf acmemnstnlmwlemlbm:hmehuvan\koﬁ ah@mbercef rauld-feaakt ddapitreaths received

correspondi,ng i mage verter unit th assures that each signal provided
edBiiEs ¥

to an i "E"SF Vi RP poit are ¢qryedety vy ?‘HB‘ﬁ‘E FRIEHE" Y IR % he

di spl ay. pﬂobre%?ﬂé'k&’anﬂ@dé@fd?ﬂa@ Rath fdhmhRen8adecathporent, Rohosie,iseRmt data, the
format converter unit provides a de-interlacing function that converts an

interl acéleltaina@fellclcsi!@ttahd%ﬁﬁ, At 69nsaed digitahedeq. The dlqstabgrdegsigmei wode type

I mage) . p9§ gﬂﬁ Qs n i to be

di spl aye yJ ee; C(Jf ng Iukr?ra?'“ecﬁ@gar' f%ﬁ%eﬁﬂﬁs' %ﬁﬁE% to %g?b%% ately

interl ac:eloamasn‘mguen) [SOPTE P 98Mel 9976(d28C @209k dditian)] 4s, wélhast stimdard ombi nes
' ' | e video data stream suitable for

each of e provided signals to a

di spl ay %ﬂ’ ?rﬁgre&?'ébe%ﬁ? ‘gﬁlﬁ% The quinyts ﬂnetEEWIdSB OVWBH‘IWHP”"‘{%@ Usthgl e vi deo
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enhancenment algorithns to the video data stream Such enhancenents include

edge corqog¥rtesminitabat asaures shiigaceriond! previded trhan imigaroeosivdrdedt isi gnal i s,
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bypass asses acer I'nclu erelnin ose cases
wher e thaerfdieslpham daa,cbaforenar em\teaedumpbamclsesprdngmmcm faaedort thae | mage.
[0020] In the descr*ﬂefﬁi enbadi nent, E’ I nvent |_ ve processor i s incorporated

in a i fPRYSAY"E image tgaian-loteriacad mags §-¢- 8 ESiVREFAMYPEo enabl e

the progasgar Inttﬁohaesrtdaﬂﬁﬁ)d’ m@&@@@dwh\ékmnrlmtehﬁcéﬂﬂ ifabaYs tol B @uplayROHA T Ng A
separate unit. In this ma§ avid recei ver so equi pped can dlrectly

recei ve RGNS pringescribas pelow 'éé"é%‘ﬂtq nepriafely verdpgeghe image.

[0019] The image compositor unit, in turn, combines each of the provided signals to a
single video data stream suitable for display on the display unit. in the described
embodiment, the single video data stream is input to a video enhancer unit arranged
to provide selected enhancement algorithms to the video data stream. Such
enhancements include edge correction, contrast enhancement, etc. The enhanced
video signal is, in turn, provided to a display unit interface that includes a progressive
bypass which bypasses an interlacer unit included therein in those cases where the

display is configured to display a progressive scan type image.

[0020] In the described embodiment, the inventive processor is incorporated in a ‘
integrated circuit or other such device in such a way as to enable the processor to be
incorporated within the display without requiring a separate unit. in this way, a video
receiver so equipped can directly receive and display in any selected format video data
from any number and kind of video source such as satellite, cable, packetized network

data, and the like.

[0021]
The invention will now be described in terms of a real time input video data



from any nunber and ki nd of video source such as satellite, cable,
packeti zed network data, and the |ike. [0021] The invention wll now be
described in terns of a real time input video data 6 stream processing unit
suitable for integration with a video display system It should be noted,
* however, that the described enbodi nents are for illustrative purposes only
and should not be construed as limtipng either the scope or intent of the
i nvention. [0022] Accordingly, Fig. 2 shows a representative enbodi nent of
the invention inplemented as a video processing circuit 200 having a
multi-format video receiver port 202, a user jnterface port ZOﬁEband a

o]

net wor k SUFRABY wrae%ssmqn'tzwabHErfOf Inkeqration Wit a v'déﬂﬁ&@'mftent Heshg
processi lﬂagncﬁb{ Xy 2{%991*% erib&d @'}18%«? ifleh&Gdrk YorlifMiRrafivdlhaRJoRY¥s oflgVvi ce 208

having a disp suitable for ayl ng any 1 nmages provided thereto
i n a pararidshoald ndtdeaohstruesitas IFaiting eithgy] the scapetdiastenteftbs imeetien.t he di spl ay
210 is a CRT progressive scan type di splay, then only progressive scan
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di spl ay dpiddimédtethelvideo pro€88inB e s 200 % inBdrborkedl W&Ym‘ﬂ% Adiypigeo signals
that are appro riate only for the dedicated display and no other. However,

i n t hos «levige 888 \iadna atdmlam Yo yiabledosfiisplayipg payimageg providetbthemiteect | y
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bei ng couple e rnven |ve clrcul can be used
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pr ocessiifterifdet Gppel displBy, &h&ﬁ@nl?ﬁ&@ﬁad&ﬁ@?& vildisigh e reuRapRIbBE Circuit 200
i s configurable, the display unit 210 provides a set of display attributes

212 (suéﬁpﬁ’ye‘i\ol or space, progressive vs interlaced, resolution,

[0023) Therefore, in those cases where the video processing circuit 200 is directly
incorporated into the display device 208 having a dedicated display unit, then the
video processing unit 200 provides a video signals that are appropriate only for the
dedicated display and no other. However, in those cases where the video processing
circuit 200 is not directly incorporated into the display device 208 but is nonetheless
capable of being coupled to the display device, the inventive circuit 200 can be used
to process video signals for any of a number of different type displays each arranged‘
to display video signals of a corresponding format. In these cases then the video
processing circuit 200 is a configurable video processing circuit. In those cases where
the video processing circuit 200 is configurable, the display unit 210 provides a set of
display attributes 212 (such as color space, progressive vs interlaced, resolution,
refresh rate, etc.) to a system controller unit 214, It should be noted that the display
attributes can be described in terms of Extended Display ldentification Data (EDID)
that is a VESA standard data format that contains basic information about a monitor
and its capabilities, including vendor information, maximum image size, color
characteristics, factory pre-set timings, frequency range limits, and character strings
for the monitor name and serial number. The system controller unit 214 uses the set
of display attributes 212 to configure the various elements of the video processing

circuit 200 in order to provide a video signal of the appropriate kind and format for



refresh rate, etc.) to a systemcontroller unit 214. It should be noted
that the display attributes can be described in terns of Extended D spl ay
Identification Data (EDID) that is a VESA standard data format that
contains basic informati on about a nmonitor and its capabilities, including
- vendor information, maxi numimnmage size, color characteristics, factory
pre-set timngs, frequency range linfts, and character strings for the
nonitor name and serial nunber. The systemcontroller unit 214 uses the set
of display attributes 212 to configure the various el ements of the video
processing circuit 200 in order to provide a video signal of the

appr opr i displak by theadidplay 2 h@t Fof exariipldi wmrashebysma‘\ed&ilceriloéys al:ﬁ)gnalFor exarrpl e,

when the | spl a deyi ce, 208 tel evi sion vi deo signal
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I nterlaced scan), SMPTE 296M 1 997 §’1280 X 720 resol ution, progressive

scan), aeroa;éqspwaer iteringad acusSMPTE 298NS 997 928A X/ 1286salHtO®r aphi cs. [ 0024]
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synchronj zation signals. The display data usually represents color

i nt ensi tthe freggediopfeerdf capdirpide amandmeerapddiipor welk-knews digital s provi de a
time reiggy n?ﬁ?%ucﬁﬂ?']Pé@%ﬁ\dPe?ﬁp Emt‘%mb :t;%s?e%:r &%ﬁgl gh.lahe Q?Al”ﬁcé’f an

i mage. roni zation signhals typlca e
synchrormrzamSumersllggnatnsles.epar ating each line and vertical synchronization
signal s separating each frane. Each frame usually corresponds to an i nmage
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accordi ng or mat nown 1h the art.
corresponding synchronization signals. The display data usually represents color
intensity for different points and the synchronization signals provide a time reference
such that each point is associated with a point of an image. Synchronization signals
typically include horizontal synchronization signals separating each line and vertical
synchronization signals separating each frame. Each frame usually corresponds to an
image and frames are encoded at 60 Hz in conventional television signals according

to NTSC format known in the art.

[0026] In many instances digital data is encoded in television signals. For example, digital
data is often encoded in the vertical blanking interval (VBI) of a television signal (VBI
generally refers to the time duration or signal portion between frames). The V8I
duration provides sufficient time for the scan electronics of a (CRT based) television
system to move a scan position to point from the bottom end of a display screento
the top. The television signal corresponding to the VBI period typically does not
contain any display data (or image data), and thus a television signal portion

corresponding to the VBI period has been conveniently used to encode digital data.

[0027] Using the ability to encode digital data in a television system, broadcasters (or

television signal generators, in general) may send data corresponding to several



[0026] In many instances digital data is encoded in television signals. For
exanple, digital data is often encoded in the vertical blanking interval
(VvBI') of a television signal (VBI generally refers to the tinme duration or
signal portion between frames). The VBl duration provides sufficient tine
“ for the scan electronics of a (CRT pased) television systemto npbve a scan
position to point fromthe bottomend of a display screen to the top. The
tel evision signal corresponding to the VBI period typically does not
contain any display data (or imge data), and thus a tel evision signal
portion corresponding to the VBl period has been_convenjiently used to
encode diRplications ypeful f[%ou@wrr%?fn@a%%e,wprm%@m'a o8 5HE° dgmt%?v ata in a
tel evi sign,gyskfilis PaPBACASLES fxt Bh telbiEN URbRYs Jotbdongidfdsat ors, in
general ) may send éata correspondi ng to several 8 applications useful for
Vi ewer s.brbadcastdalepision guideolindiatiop the pufgram schesivt dnd somheth®l , to enabl e
the display of selected text on television dis S,. S0 onpani es
broadcascto"%ér'@\s/ipg?v%‘Hﬁf'ﬁ%u?f%iﬁ{%‘iwsn%asbﬁseu%?%grhg%]’ ‘3%85%@5‘"6{% sonme ot her
conpani asgril. Digiek dataQak Heupkegediindele@y®nisighahgstias omeVBlanp® hisen of a
television signal. Digital data can be encoded in television signal

por t i onFopexampleamenyise channgl of Fislevisiaihgional cambeyesd © Yiradm sletgrt o

tel evisi [ S d " jngly, the
mul ti-f odra?rhé?‘ c%}gaé‘gﬁéghceg'mgf@8%Pylﬂg?ﬁ%ggggﬁﬁjﬁ%@fl egg %g%ﬂépgﬁ@ui ts arranged
si ngly airciits arcamiged aingbyrortio cpebfnation g0 penfidrer a otmbenct fuoctsortsithat i ncl ude,

for exanple vi deo, decoder circuit,. a digitization ci it, an MPEG
decoder Madee TnexaEpises Vepsgpaet cretir nfatdiit Gl SbPHEaecd [oo2s)
The userrigit, QhTRFGR coricirdGi¢ akd @ WBH@scodecaRsitt 0 the circuit 200 for a user

i nput device 218 that can take the formof a renote control device. As a

r control device, a r_can invok ecifi er_supplied

OB b psermetsic gl S5 Pk ¥Rs afteRs Fo MO sib 2ol BRI R ot st
etc.) th@bic@d fg tHa€ean talke ithi formtd¥ aG@RlokOtontl dewte. ABaNRAicte Bdntidle di spl ayed
imge. In other situations, the user interface can enable closed

capt i onidRYCes diusabran inpkedipepifie ysefrsupakediartriciiage eich 8 "aY9BHOR ncor por at ed
into  thg,fiSplidve, ;ﬁgﬂ. AdsON@ntrdst, EROMAMSHE ubaR W uHR VISRl Pidle navi gation
control signals used for navigating various on-screen displays (0OSD) such
as menussgegrs dViDs displaerhimedgeglni atber, situationsaghe udes interfacendas anable t he dat a
provi deglo?é/d (t:ar;]) ioHi?lsrsuitgtﬂgtfordoelgﬁlg\?of textual information to be incorporated into

the display. Additionally, many user input devices provide navigation control signals )

used for navigating various on-screen displays (OSD) such as menus for DVDs,

channel guides, and the like. In this way, the data provided by the user input device

218 is typically asynchronous in nature.

[0029] The network interface 206 provides a bi-directional link between network
applications and data provided by a network (such as the Internet, intranets, LANs,
WANSs, etc.) and the inventive circuit 200. In most cases, the data provided by the
network to the network interface 206 is packetized in nature along the lines of ATM
data packets, Ethernet data packets, TCP/IP protocol type data packets and the like. In
order, therefore, to integrate what is essentially discrete data packets consistent with
that received by the network interface 206, the packetized data must be
decompressed and depacketized by a depacketizer 220 included in or coupled to the

network interface 206 and a memory unit 231.

[0030]
it should be noted that each of the data streams from each of the ports has a

clock associated with it. For example, in the case of the multi-format video receiver -



218 is typically asynchronous in nature. [0029] The network interface 206
provides a bi-directional |ink between network applications and data
provi ded by a network (such as the Internet, intranets, LANs, WANs, etc.)
and the inventive circuit 200. In nost cases, the data provided by the
"network to the network interface 206 is packetized in nature along the
lines of ATM data packets, Ethernét data packets, TCP/IP protocol type
data packets and the like. In order, therefore, to integrate what is
essentially discrete data packets consistent with that received by the
network interface 206, the packetized data nust be deconpressed and
depacket iPPEF Wy 2 idsaslack & iigern BErasnhel thaagen intesiace guses iterdacerrdocknet wor k

it er f acq, 20Gna ey EEAB thelHibhork Hherrh A0 Merddri okl Dokt each of

the data swireans from eac e ports has a PISOCI a Withit.
For exanpipst video chreinteriazed ind heveruésiolutfonr(nat7 20i xde80 h ehereasthOngabtk 202, a
of the user a user, interface

video clggck (0O, vid I n the S interface,

cl ock u?’at,a C%Hldi ?%p?ﬁéesﬁ'ﬁg8"‘83'9?'%”%'{’%? 'e'r’r?togr“fxai@ '%a"’rﬁ"ﬂﬂ“f'%t’l ock 4 net
(for exaepwded ek Vi dn repiséntiths frameda ahpwRbmimSAled sighal(dud®. 720 X
480 1) whereas the né& rk data could be progressive and higher resol ution
(i.e., 18230 famgs ppysecpnd (fRpkpregreasive Moo fasdnteriaens) wheters thednetwark epr esent
the fra ; in ' ' ' su r anes r second
(fps) p?§8§'§g'§?€§°§?¥e@t ?@?ﬂ?&?gg@%&‘%ﬁ%ae%? H'é’a”f?e W(I-)I%k net %Qé‘ vi deo

cl ock 4)anemcal()iseultPef 7sHz, Fareressapp| enuldibe 78 Hzoul d be 60 Hz, 4 net (such
as froma PC) could be 72 Hz, wherea¥ 4) 1.1f i could be 75 Hz. [00311 An

in or CONnV, | u t of f.he multi-format
Vi eg ]1 ecg?%;‘e'ﬁegtof?t%%cf“iog&%ron |£g§jr(gd'%% g tgéﬁg\:g?tﬁut ﬁﬁ%f"ﬁ'&%&rﬁﬁg"@ﬁ deo data
st reans Videarecgivargraas20 iz cafigurey pe comaeaché arcoiiing viled daass@hms té g t hose

cases where the incaomn data styeamis already a progressive scan type
format, RREGEYS ﬁc[agrty%ecﬂﬂ&o ?"Gﬁ'@f'i' '?FCF?ar‘b;t'bH%%&asﬁFt“@QEﬁ ANCORINGart of the

i nput  f oda@btremnwedieay B prdgréive stadlBypeTb@hdtagR de-MedHatingGuhétidWi@vi des for
conversion of interlaced video data to progressive video data whereas in
t hose cdW@assgHaftadether. Aspatt of it inpdfosmpt coivegeiynih? dig redesinterlacedeo data, a

progr essiyK&irRYiPBrvidel Feiddnv RAST SR ING dI Vit eBr d R &S progressive video data
whereas in those cases where the input video data is already progressive video data, a

progressive bypass circuit bypasses the interlacer,

[0032] A number of image converter blocks 222 through 226 are provided to convert
input progressive scan data streams to a progressive output image size and timing
based upon a progressive clock provided ¢ prog by a progressive display clock 228
that runs at the display rate of the display 210. In addition to converting the input
video data streams, each of the image converter blocks interfaces with the memory
unit 231 (or a memory controller unit if included therein). In this way, each of the
image converter units can write the input video data directly to the memory unit 231 ‘
or provide processed image data into the memory unit 231. in the described
embodiment, the image converter blocks include sub circuits taken singly on in
combination that function as a horizontal scaler, a vertical scaler as well as a temporal
scaler. The temporal scaler is arranged to provide frame rate conversion using various
sub circuits taken singly or in combination to perform selected video processes such’
as any number and type of well known motion compensation techniques. For
example, in the case of data provided by the user interface 218 that will be part of the
displayed image, the associated image converter block 224 must provide at least a

temporal scaler in order to match the displayed user input information to the frame



[ 0032] A nunber of inmage converter blocks 222 through 226 are provided to
convert input progressive scan data streans to a progressive output inage
size and timng based upon a progressive clock provided prog by a
progressive display clock 228 that runs at the display rate of the display
- 210. in addition to converting the input video data streans, each of the
I mge converter blocks interfaces wi tH the menory unit 231 (or a nenory
controller unit if included therein). In this way, each of the inmge
converter units can wite the input video data directly to the menory unit
231 or proviﬁﬁwp[ocessed I mage data into the nmenory unit 231. In the
descri betpte 8h¥8dlisRiaed IMRZe. i mage converter bl ocks include sub circuits
taken singly on in conbination that function as a horizontal scaler, a

verdosspl samlsemeassestliiwoatd Be dRARAGAbUs B RbESS alNAide® ERQApRIor 6 eleer 1S
arranged to provide frane rate conversion using various sub circuits taken

singly offata heingFreradin Bie memerimg 43 1seich s Bythese ersep whersheydeqch'  as any
nunber : | ' . | or exanpl e,
" the. REgek iR find Bulko- AR IR AL of QRARATG BR MBS P e "hart of
t he di spbdyeth thesgamory eit233 poitatandial mage nceswerésare lwbosehvetlduentost provi de

at least a tenporal scaler in . order to match the displayed user input
" or mat 8 Aed 5 oh RumbpR EP1Ee)s pld B Ghta A FIYRL YRR PeRIRt e BRI B Some
cases, idituaBon ¢ ;ha_uaéqu:ﬂ&a&e(pwwh&_emagﬁs fmagt)is MbWASaftattd amAreibo t he
data being stored in the nenory unit 231 such as in those cases when the

video iWBE®. are bei ng downscal ed. Therefore, by downscaling the video
data prior to storing in the nenory unit 231, substantial nmenory resources

ar poganser Yesdditién tPstofiRg@vities d&Qdn BHETAEMoBf ulit 281, Sadhdf Gk ifage per pi xel
required post processing. Such a situation is picture in picture (PIP)

wher e a doavejtar blorkp bas thegbility enread vidgodasntpm the memgrydoin23) @od4] | n
additio ' Vj . L k t I mage
conver { oo Siihk R4 BAURR f bidog SRATN o HEYhode fonyERG LB ol | TP:
231 and th@r beessiae pake theatide cadata redidrfging thd memionhenit 23k & arebadyeof t he i mage
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is performed by writing video data into the memory at a first frame rate and read out
at a display rate. By providing memory resources to each of the image converter units,
the output frame rates have the same clock which could be locked to any of the input
video data streams (i.e.,d ., ,¢ ,or¢ ) or could be free running in that each
vid ui prog )
data stream comes in at its own rate but is locked to a display rate or ration of rates

that may be than any of the incoming rates.

[0035]
An image compositor 230 requests video data from selected ones of the image

converter blocks 222- 226. In the described embodiment, the image compositor 230
integrates all video signals provided thereto regardless of the source. Since all input
video signals are now the same format and the same clock, the image compositor 230
forms an output video stream by combining each of the input video signals based
upon a control signal provided by the system controller unit. The requested video data
is then composited in such as way to form an output video data stream 232 that, in
turn, is provided to a video enhancer unit 234 arranged to provide selective
enhancement algorithms to the video data stream. Such enhancements include edge
correction, contrast enhancement, sharpness control, color manipulation and control,
brightness, either adaptively or under user control and described in more detail in

issued U.S. patents 5940141, 5844617, 5237414, 5151783, 5014119, 4939576, and



conpositor unit as needed. If the frane rates are different, then frane
rate conversion is performed by witing video data into the nenory at a
first frame rate and read out at a display rate. By providing nenory
resources to each of the inmage converter units, the output franme rates

" have the sanme clock which could be |ocked to any of the input video data
streans (i.e., 4) vid, 1 ui , or 4) prog ) or could be free running in
that each data streamcones in at itld own rate but is |ocked to a display
rate or ration of rates that may be than any of the incom ng rates. [0035]
An i mage congositor 230 requests video data from sel ected ones of the inage

conver t et843PBL Rachefwhichare Ingorperatedeyciefaserredabatipigntes- f e enhanged
conposi t\f?(feozsi%lal ismrﬁgl'i'rﬁ&ﬁéviaéd 10’4 d8PIaF 'ugF%tﬁrfﬁ’tfe%Gjﬁlgt inbREes @ regardl ess of
t he source. I nput a

nce a video signals are now the sane format and the
sanme cl qohgressiee bypagewbishbgpasses a2 Bderldcer wt maluded tharemiicldwsscaseam by

conbi ni ng each of .the [nput_vid igpal.s based upon a .control signal

pr ovi ded’grl‘}ﬁ;e fﬁWeé?W@E g}ﬂ '&fﬁpf’%tl'rfeg?o aﬁﬁ[;y aﬂggrlgésdﬁee%c?g&y% 'We8data is then
conposited in such as way to forman output video data stream 232 that, in
t UIOD36]i s pIhe indestidrowidl nowdeodesktibetimrtetms of 2 Brbcassr Hgasdlivarased by de

sel ective nhancene | gorithns to the yideo data styeam Suc
enhancerfioWchart ﬁgqvﬂh@rgé%gaegaﬁ M4 f’%‘ﬁ?ha&o‘xﬁ‘?@ﬁ a Qﬁ%ﬁ%é’ﬁéﬂ?‘f%ﬂﬁ'ﬂ? pness
cont rol ,pr6Q@kQhg ARVl 8 Vigso e sE@RME M accolianghivitR 3h enfiddinfénadtamd i vel y or

under user control and described in nore detail in issued US. patents
5940141 im3atan Arcomirgiy the pEressAN batinvat 882 bygsdserninatien ehwhedheregl each
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vi deo signa i'splay unit 1nterface 236 that
i ncl udeslisplayptwihuesds webdypdmead, wherch s&tygfabspday anibiundseark peaidadnatt3odncl| uded

therein in those cases,, where the display 210 is confiqgured to display a

pr ogr es@NhePase Hp‘i’@/%@ displ _e“.‘ttr%ﬁ%]apﬂw%”?%\)'é%% RIRWEINS NIW B 2tescribed in
terms obosfiduré 8SF063WaMpcakt,| 4 SoBah RS Vdeoadatd IsQuediaidtantn@anoithe Fi 9. 3 that
shows a fl owchart detalllng a process for concurrentl processi ng a nunber

of vi debryhvides da@dmsonvertad daseshiran the dispiay %W%&qsnéhg?%fa"ﬂﬁ@gei nvent i on.
Accor di E&w?sittg?%%.gaég§€e§§eé9&d ik &&né@@mmeavms%mfmgé 413191 yghet her -

or not a se ay attributes is to be updated. If it I's determ ned
t hat t heorspositetl video data is selectively enhanced at 316. At 318, the enhanced video

data is displayed on a display unit.

[0037] Fig. 4 illustrates a computer system 400 employed to implement the invention.
Computer system 400 is only an example of a graphics system in which the present -
invention can be implemented. Computer system 400 includes central processing unit
(CPW) 810, random access memory (RAM) 420, read only memory (ROM) 425, one or
more peripherals 430, graphics controller 460, primary storage devices 440 and 450,
and digital display unit 470. As is well known in the art, ROM acts to transfer data and
instructions uni-directionally to the CPU 410, while RAM is used typically to transfer
data and instructions in a bi-directional manner. CPU 410 may generally include any
number of processors. Both primary storage devices 440 and 450 may include any
suitable computer-readable media. A secondary storage medium 480, which is
typically a mass memory device, is also coupled bi~directionally to CPU 410 and
provides additional data storage capacity. The mass memory device 480 is a
computer-readable medium that may be used to store programs including computer‘
code, data, and the like. Typically, mass memory device 480 is a storage medium such
as a hard disk or a tape which generaily slower than primary storage devices 440,

450, Mass memory storage device 480 may take the form of a magnetic or paper tape



di splay attributes is to be updated, then a set of display attributes are
provi ded at 304 and, based upon the display attributes, appropriate video
processing el enents are configured at 306. In any case, at 308 input video
data is received and at 310 the input video data is converted based upon
"the display attributes. At 312, an_inmage conpositor conposites sel ected
portions of the converted video dald while at 314, the conposi ted vi deo
data is selectively enhanced at 316. At 318, the enhanced video data is

di spl ayed on a display unit. [0037] Fig. 4 illustrates a conputer system

400 enpl oyed to inplenent the invention, Conputer, system 400 is only an
exanpl e eshder Yrepi qfeerswk-%mwmgwﬁec# “t"Hé’ep"PgE‘-'éFi‘f“' (P Ried P E9AMESN be

| mpl emenfefnedRAMHLRE m%¥§ﬁﬁmof\lfge\}i&qs{ﬁ%y?ﬁlrhtprp%pr%é)%§§itﬂzg unit (CPUY)
810, random access menory (RAM) 420, read only nemory (ROM) 425, one or
nmor e perinpdrepeated i3Pandgreifashios as pattraf|RAM 4268 vipralmemort or age devi ces 440
and 450, and digital display unit 470. As is well known in the art, ROM

2C[o3Bp - ¥ RURIEICAPA R Gffhnal5af B8 £bOEa Yok cOpERF bPRAdblh ShiddnCPU 410,

Mis use pi cal Iy rans dat a I'nstructions In a
bi - di r ectetworkl eganare nterGRLhetdOrknanangetranetlnetwarkclsintea aetwork oorbectiond

processors, Both prijmar rage, devi ces 440 and 450 may include any

Lt abt A0 e EPLARLTs S W HE SReLEEE (4R O Ror TR BIFABE: Wi oh i s
typi cal ltyie ZPOBIO rABADFeXeil@MifSithatioh fRINS eheCRiRbRY oP mightlotdut@ihatidro CPU 410
and provides additional data storage capacity. The mass nenory device 480

Cis a conphg BetweEgiahe sovrseipliperferatingrithe ahov crikpdgneshad stepgr i ncl udi ng
conput er; L ' TYPi : d | ce 480 is a
oo age ioffition, Whhdh is SR rlifsiehke as o BchRhid o TRATBRIRS e ERER 0 Lo
pri mary ustngrGRied dewmayds réddyedifsOm avb ssitmetedrty the nemgek, devexaenpl8On may t ake
the formof a netic o aper, tape. 12 reader or sgne othe | | - known
dovi co. e fagf PP Caek B, By arEm o Bt Mo AR e 1 e
Mass nMemevivesiiid Retedidd willby farhiaB@Rhops bBdiell Baketompeter hAkiWapOsRd €d i n
standard fashion as part of RAM 420 as virtual nenory. [0038] Finally, CPU

410 opt iFeftwrMe\Rr$ay be coupled to a conputer or tel econmunications networKk,
e.g. , an Internet network or an intranet network, using a network

Ccqoo3n)t i ONGraphics controller 460 generates analog image data and a corresponding
reference signal, and provides both to digital display unit 470. The analog image data
can be generated, for example, based on pixel data received from CPU 410 or from an
external encode (not shown). In one embodiment, the analog image data is provided
in RGB format and the reference signal includes the VSYNC and HSYNC signals well
known in the art. However, it should be understood that the present invention can be
implemented with analog image, data and/or reference signals in other formats. For
example, analog image data can include video signal data also with a corresponding

time reference signal.

[0040] Although only a few embodiments of the present invention have been described, it
shouid be understood that the present invention may be embodied in many other \
specific forms without departing from the spirit or the scope of the present invention.
The present examples are to be considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein, but may be modified within

the scope of the appended claims along with their full scope of equivalents.

[0041] While this invention has been described in terms of a preferred embodiment, there
are alterations, permutations, and equivalents that fall within the scope of this

invention. It should also be noted that there are may alternative ways of implementing




as shown generally at 495. Wth such a network connection, it is
contenplated that the CPU 410 m ght receive information fromthe network
or mght output information to the network in the course of perform ng the
above-descri bed nethod steps. Such information, which is often represented
~as a sequence of instructions to be d?ecuted using CPU 410, nay be
received fromand outputted to the network, for exanple, in the formof a
conput er data signal enbodied in a carrier wave. The above-descri bed
devices and materials will be famliar to those of skill in the conputer
hardware and software arts 0039] G aphics controll 460 gener at es

anal og |h%@ed€[9'éﬁ5éﬁ6d&%i‘fﬁ'ﬁ’é%é‘?ﬂﬂ”ﬁ@e"tr‘%Y%F'B‘Frdb'sstl‘ﬂﬁ%re "'5?1’6‘9‘3&@9? des both
to digi ttﬂ%m% rPie fﬁ?ér})re ddas iRBGdRY ch gﬁ&%mﬁ' gerﬁtﬂﬂtlbﬁ‘s gegerated, for
exanpl e, baséd on pi xe ata recelve rom CPU 410 or from an externm
encode (enolvalehwvas)fali withiortbe emmb sdiritend ,sc@;#aeofahabtegemmg&;ltl@at a is provided

in RGB format and the reference signal includes the VSYNC and HSYNC si gnal s
well known in the art. However, it should be understood that the present
invention can be inplenmented with anal og i mage, data and/or reference
signals in other formats. For exanple, analog i mage data can include video
signal data also with a corresponding tine reference signal. [0040]

Al t hough only a few enbodi nents of the present invention have been
described, it should be understood that the present invention may be
enbodied in many other specific forns wi thout departing fromthe spirit or
the scope of the present invention. The present exanples are to be
considered as illustrative and not restrictive, and the invention is not
to be limted to the details given herein, but may be nodified wthin the
scope of the appended clainms along with their full scope of equivalents.
[0041] While this invention has been described in terns of a preferred
enbodi ment, there are alterations, pernutations, and equivalents that fal
within the scope of this invention. It should al so be noted that there are
may alternative ways of inplenenting 13 both the process and apparatus of
the present invention. It is therefore intended that the invention be
interpreted as including all such alterations, pernutations, and

equi valents as fall within the true spirit and scope of the present

i nvention.



14 Cains [cl] 1. A configurable real tine data processor arranged to
provide a display data streamto a display unit having an associ ated set

of display attributes, conprising: a nunber of ports each of which is
configured to receive an input data stream a format converter unit

" coupled to one of the ports arranged to convert a corresponding input data
streamto a progressive type data strgam if needed; a nunber of adaptive
i mge converter units each coupled an associated one of the ports suitable
for converting a corresponding input data streamto a corresponding
convertyﬁhﬂgta stream havi ng associ ated converted data stream attri butes;
an i mage conpositor unit arranged to conbine the converted data streans to

forma conposited data,strea i mage _en I ' 0 enhance
thETbompos, t bk N BUEE AT Ak AR PERsar fufieed coifyudd RRAFSald SIOER.
interface ar&iphepe eDBi@ﬁlﬁE%n& havieghaacadiatead ot oF BRplaytaariblieem t he di spl ay
data; and a nenory unit bi-directionally coupled to each of the imge

converter usimRsisited t he i nage conpositor arranged to store sel ected

portions of - selgghgd, $ach REwHRhds S4drRARER ol FRiVd1%h inBBOGargONVer ter

units and to providet selected portions™to the I mage conpositor as

needed. [c2] 2. sreadmfi gurable real tine data processor as recited in claim

1, further conprising: a progr.essiye scan tin ener atQr r ed to

provi de a progred&r 9‘%‘8’3&‘35 ’Hfﬁ‘ﬂ"pi?dg??a?"et‘gtﬁnﬁgg%gﬂvg?qe roucﬁlr“fe?pguch t hat

the converted daidrespbhdAgTpat BatdlsO@ERSBIaRogRasIvE Wpe ddal arai,@anms. [c3] 3.

A configurabl e realcI Eli me data processor as recited in claiml1, further
needaed;

a number of adaptive image converter units each coupled an associated
one of the ports suitable for converting a corresponding input data
stream to a corresponding converted data stream having associated
converted data stream attributes;

an image compositor unit arranged to combine the converted data
streams to form a composited data stream,

an image enhancer unit arranged to enhance the composited data stream
to form an enhanced data stream;

a display unit interface arranged process the enhanced data stream to
form the display data; and

a memory unit bi-directionally coupled to each of the image converter
units and the image compositor arranged to store sefected portions of
selected ones of the data streams from the image converter units and to

provide the selected portions to the image compositor as needed.

'[c2] 2. A configurable real time data processor as recited in claim 1, further
comprising:
a progressive scan timing generator arranged to provide a progressive
scan timing signal to the converter units such that the converted data

streams are progressive scan type data streams.

[c3] 3. A configurable real time data processor as recited in claim 1, further
comprising:
a de-interlacing unit coupled to the format converter unit arranged to de-

interlace an interlaced type video stream as needed.



conprising: a de-interlacing unit coupled to the format converter unit
arranged to de- interlace an interlaced type video stream as needed. 15
[c4] 4. A configurable real time data processor as recited in claim2,
wherein the converter unit further conprises: a frane rate conversion unit
arranged to synchroni ze each converted data streamto a display frane
rate. [c5] 5. A configurable real tjnme data processor as recited in claim
4, wherein the display franme rate 13 locked to a selected frane rate. [ c6]
6. A configurable real tine data processor as recited in claimb5, - wherein
the |ocked frame rate corresponds to one of the incom ng data streans.
[d@3) 7. A cdnfiguofiaivhblerealiting dasa grcesyrdssedisd inslajra i whereimthgl ai m 5,
wherein the display. frame r is a free running frame rate. [c8] 8. A
confi gur abl §°P%: erf’ﬁ%“@?a ram%:pgééesssor as recited in claimi, wLer]ei n the
ports include, & frairfi€eate e6Mievsitn POt Rrrandeaingaynitvoniec eacheconvereed datha; a user
interface port arranged to receive user input commands; and a network

i nterface arrangd@amitod ¢eRidY Bame Fr3feconnected to a network arranged to
transcei ve packet based data to and fromthe network. [c9] 9. A

cqa]i gur abl &, peahfi§iriBle dedl Anf QRS pRstes A ak @editeddn klaint Wawherkin theerei n t he
data processor is an int _egirat ed circuit. [c] 0] 10. A configurable data
processor adisplayifrase fate isilagked 10 agplered frameralf-spl ay attributes are
Extended Display ldentification Data (EDID). [cl11l ] 11. A configurable real

tigg video BrRCBAMQUrale réf tintecdhth Prdce@oMab rediRE e tiBinh Bewhéliefpdhay i nterface
further conprises: an interlacer unit arranged to interlace a progressive

scan i mage Visked frame rateggrragpangsito pge ghtheipeamingsdta iR spl ay unit; and a
progressive scan bypass unit arranged to bypass the interlacer when the
dighl ay uni & ASom¥idUrP8IE 8t kv daPrdckdr db s&tlitaM inBlafm 5, wherein the

display frame rate is a free running frame rate.

[c8] 8. A configurable real time data processor as recited in claim 1, wherein the

ports include,
a video receiver port arranged to receive video data;
a user interface port arranged to receive user input commands; and
a network interface arranged bi-directionally connected to a network

arranged to transceive packet based data to and from the network.

[c9] 9. A configurable real time data processor as recited in claim 1, wherein the

data processor is an integrated circuit.

[c10] 10. A configurable data processor as recited in claim 1, wherein the display

attributes are Extended Display Identification Data (EDID).

[c11] 11. A configurable real time video processor as recited in claim 6, wherein the

display interface further comprises:
an interlacer unit arranged to interlace a progressive scan image when the
display unit is an interlaced type display unit; and
a progressive scan bypass unit arranged to bypass the interlacer when the

display unit is a progressive scan type display unit.

fc12] 12. A method of adaptively providing a data stream to a display unit having an
associated set of display attributes, comprising:

receiving a number of input data streams at a number of corresponding



[c1l2] 12. A nethod of adaptively providing a data streamto a display unit
havi ng an associ ated set of display attributes, conprising: receiving a
nunber of input data streans at a nunber of corresponding 16 input ports;
converting the input data streans to a correspondi ng converted data stream
" havi ng associ ated converted data stigan1attributes; conpositing the
converted data streans by an i mage npositor; enhancing the conposited
data stream and processing the enhanced data stream for display on the
display unit. [c13] 13. A nethod as recited in claim12, further
conprising: providing a progressive scan timng signal such that the
converted data éﬁmﬁgﬁgsare progressive scan type data streams. [cl1l4] 14. A

method as reci t edohfarfAPinDidsut datt $thimsH8rIédrRisPShndi g BdrvBEed @hRCt ed
portions of selected ones of the data streans in a Tmenory unit; and

provi di ng t he sebteandapogrbmeateccaniertédrdaie strempagiribotesas needed. [cl5]
15. A nethod as reci tel-ﬁni g—uedoairr%%f tf lé%rgg her cgrrgri Sei%gr% oS}{nthoni zi ng each
converted data sfPEERM'YE & gp‘f %%1 % EY 4t PRt hod as

recited in clai medlancingrthleompodididatgireamt;@@li Ng the display frame rate to
a selected frame rate. [cl7] 17. A nmethod as recited in_claim 16, wherein
the | ocked framePfosetsiRbieLoPaRfgd dataostead (i display; HEHRidhPayHME st r eans.
[c18] 18. A nethod as recited in claim15, wherein the display frane rate

i S[casf ree riBA M@tHodaRBeditddan clati b, AltheAcsMbhaAgas recited in claim 12,
wherein the ports include, a video receiver port arranged to receive video
data; a user i ntBfoviding peragressivefgautiming dgal suchudat therpenvertashditads; and a

net wor k interfac&r@drnqsag}gz,g?(ée}kgsq{jers%gﬁ %@{a%alté’st?& cted to a network

arranged to transcelve p base ato and fromthe network.
[c14] 14. A method as recited in ciaim 12, further comprising:
storing selected portions of selected ones of the data streams in a

memory unit; and

providing the selected portions to the image compositor as needed.

[c15] 15. A method as recited in claim 13, further comprising:

synchronizing each converted data stream to a display frame rate.

[c16] 16. A method as recited in claim 15, further comprising:

locking the display frame rate to a selected frame rate.

[c17] 17. A method as recited in claim 16, wherein the locked frame rate corresponds

to one of the incoming data streams.,

[c18] 18. A method as recited in claim 15, wherein the display frame rate is a free

running frame rate.

[c19] 19. A method as recited in claim 12, wherein the ports include,
a video receiver port arranged to receive video data;
a user interface port arranged to receive user input commands; and
a network interface arranged bi-directionally connected to a network

arranged to transceive packet based data to and from the network.

fc20) 20. A method as recited in claim 12, wherein the data processor is an integrated

circuit.



[c20] 20. A nethod as recited in claim12, wherein the data processor is an
integrated circuit. 17 [c21] 21. A nethod as recited in claim12, wherein
the display attributes are Extended Display ldentification Data (EDI D).
[c22] 22. A nethod as recited in claim21, further conprising: interlacing
" a progressive scan video i mage whem+the display unit is an interlaced type
di splay unit; and bypassing the interlacing when the display unit is a
progressive scan type display unit. [c23] 23. Conputer program product for
adaptively providing a data streamto a display unit having an associ ated

set of display attributes, co I si.ng: . conpyter code for receivi a nunber
of 152Abut dgt éY-s’% methpd aétre%{teﬁ'd%[é'fm ]8? WBSFPRQ{‘Sd{‘ﬁﬂ?WgaW%?S %Sﬁf‘ge:”gg%rrput er

code for conpgbla, MentifCatidhibdia @iB). St reans to a corresponding converted
data stream having associ ated converted data stream attributes; conputer

code for conpositing the converted data streans by an inmage conpositor;
colfddl er codé2fAmelindasdretpdiin&lain o oflirther CoEPHSBEr eam conput er code for

processing the, CTRATER] Hfiodret e led it Dhchtne biafiafuafieys uni L and

conput er readabl e storing the conputer code. [c 24. Conput er
program product aserazed type display wiitre®@3, further conprising: conputer code

for providing a progressive scan tim jgpnal such that .the converted
data streans ar eg‘{ﬂjgﬂf'%&q '\%eréﬁ'gﬁ W'&?BSH%QFEQ&UP@AM proqrogfvessan ut er
program product g@spia@ehiked in claim23, further conprising: conputer code
for storing selected portions of selected ones of the data. streans in a

nenggé_]y uni t ;23§%%mcp(|).at ru;}rgéralgnogr%dggtrfop :gé)a\;/:itiglialg %révri] mgS gld%% s?tgea O{c} ai\ ons to the
I
display unit having an associated set of display attributes, comprising:
computer code for receiving a number of input data streams at a number
of corresponding input ports;
computer code for converting the input data streams to a corresponding
converted data stream having associated converted data stream
attributes;
computer code for compositing the converted data streams by an image
compositor; ‘
computer code for enhancing the composited data stream;
computer code for processing the enhanced data stream for display on
the display unit; and

computer readable medium for storing the computer code.

[c24] 24, Computer program product as recited in claim 23, further comprising:
computer code for providing a progressive scan timing signal such that

the converted data streams are progressive scan type data streams.

[c25]) 25. Computer program product as recited in claim 23, further comprising:
computer code for storing selected portions of selected ones of the data.
streams in a memory unit; and
computer code for providing the selected portions to the image

compaositor as needed.

[c26]
26. Computer program product as recited in claim 24, further comprising:

computer code for synchronizing each converted data stream to a display



conpositor as needed. [c26] 26. Conputer program product as recited in
claim 24, further conprising: conputer code for synchronizing each
converted data streamto a display 18 frane rate. [c27] 27. Conputer
program product as recited in claim26, further conprising: conputer code
- for locking the display frane rate to a selected frane rate. [c281 28.
Conput er program product as recitedl®n claim27, wherein the |ocked frame
rate corresponds to one of the incom ng data streans. [c291 29. Conputer
program product as recited in claim24, wherein the display frame rate is
a free running frame rate. [c30] 30. Conputer program product as recited in
cl ai m 23, wherei ffamedatgorts include, a video receiver port arranged to
recel ve video data; a user interface port arranged to receive user input
nds;  angy @aiprogiatt sfofdaeteas%&@éwﬂctld%zb F@eHdr QB ?Hysng.onnect ed to a
ne work arranged to transcel ve packet based data to and fromthe network.
[c31] 31. Conput eomputsyeeda for tngkiop the display framei ratectozs splerted fiaee &3 t he data
processor is an integrated circuit. [c32] 32. Conmputer program product as
re d in chai [ GRfhdd spl ay
I dg?lth]?fl cati %ﬁ dr[l)gcatnt?%t?Illl':m %ﬁwf@ggaddssﬁgé@ﬂrr';ﬁa@ zg?g/gfgﬁn{ ﬁp1re Eglﬂ%? ?gh recited
i n cl ai m 30, rateicarhespondsordngiofighe incomingtdata stoekens.or i nterl acing a.
progressive scan vi deo i mage when the display unit is an interlaced type

Qi @YY Uni .20 p%gé@%g@gf@%u&% rRURRSH i A whBIE thGidhlayihen the

di splay unlt e scan type display unit
frame rate is a free running frame rate.
[c30] 30. Computer program product as recited in cfaim 23, wherein the ports
include,

a video receiver port arranged to receive video data;
a user interface port arranged to receive user input commands; and
a network interface arranged bi-directionally connected to a network

arranged to transceive packet based data to and from the network.

[c31] 31. Computer program product as recited in claim 23, wherein the data

processor is an integrated circuit.

fe32] 32. Computer program product as recited in claim 23, wherein the display

attributes are Extended Display Identification Data (EDID).

[c33]) 33. Computer program product as recited in claim 30, further comprising:
computer code for interlacing a progressive scan video image when the -
display unit is an interlaced type display unit; and
computer code for bypassing the interlacing when the dispiay unit is a

progressive scan type display unit.



