ADAPTI VE DI SPLAY CONTROLLER BACKGROUND FIELD OF THE | NVENTI ON E [ 0001]
The invention relates to display devices. Mre specifically, the invention
describes a nulti-function display controller for LCD displays inplenented
as a single integrated circuit. OVERVIEW [0003] LCD displays such as

t hose used on portable, wreless comunication devices, digital TVs, and

the like are arranged ADAPRFVEIDISPhAY EONTROPLER array of the

rows and col unmms. The arrangenent of such segnments 1s done to greatly
reduce the nunber of external com%d i ncrease potential display
density. LCD controllers are use t he operation of the LCD
~display and supply the display drivers with data. There are many different
configurations of LCD controllers in existence. Currently, nost LCD

cont rol | er sSPIEE0F THE BNVENTIONased gr aphi cal data to be fetched froma nenory
circuit in a repetitive and cyclical fashion. In fetching the pixel-based

graphi cal d@tel] enquginv@atién felitestth Aisph9!devids PlBe ép@cif"i@ilhj, ﬁx&%‘venﬁon
Furthernore, to prevent flickering o he LCD display, the data nust be

o1 odet or m el o aA o AP Bl T ORI B TR ERb B HD et a1y

performthe.a ov«i%ﬁcﬁjes%r.i bed control functions, currently configured LCD
control | er STEF PFRABL HEM™Gi rcuits to performnon- LCD control functions

such as Franme Rate Conversion (FRC), notion conpensation, 1

. OVERVIEW

J
[0003] LCD displays such as those used on portable, wireless communication
devices, digital TVs, and the like are arranged in an x-y grid that is formed by an array
of the rows and columns, The arrangement of such segments is done to greatly reduce
the number of external connections and increase potential display density. LCD
controllers are used to control the operation of the LCD display and supply the display
drivers with data. There are many different configurations of LCD controllers in
existence. Currently, most LCD controllers require pixel-based graphical data to be
fetched from a memory circuit in a repetitive and cyclical fashio.n. In fetching the
pixel-based graphical data, enough data for the whole display is retrieved.

- Furthermore, to prevent flickering of the LCD display, the data must be provided to

the LCD display by the LCD controller and refreshed at a predetermined,
recommended rate.

[0004]  Although well suited to actually perform the above described control

-functions, currently configured LCD controllers rely on other circuits to perform non-

LCD control functions such as Frame Rate Conversion (FRC), motion compensation,




etc. thereby greatly increasing the cost and conplexity of inplenenting

t hese various non-control yet essential ancillary display support
functions. [0005] Therefore, what is desired is a single integrated circuit
arranged to perform LCD control functions as well as ancillary support
functions. SUVMARY OF THE DI SCLOSURE [0006] A nulti-function display
control | er ethaherelyogreatlysSnaeasingxhie cout dedcahplesing offimpldntenting @ss oaricne

i ncludes a video source converter unit that detects a video standard

cor r espondii-dorb e bilBitll ¥hHRRy AUHRATubborCrunc¥FSC,_PAL, 10801, 720P etc)

as well as converts the 1 nput mto a comon signal processing
format.. In descri bed odi ment,, the source converter ynit sets an
i nterlaced [9{"2530 f?ﬁt&e %gﬁlgf)ﬁgfef“ﬁ&ﬁ a §inglegniegrated fircuit aangeg & PQ%‘%FH" vi deo
stream The interlaced flag, is wused to enable or bypass the deinterl acer

and to nodilfD cartre) fuichionoas will asancfliannsuppert finetioesd sour ce det ect or . The
filmoriginated source detector unit coupled thereto is wused to determ ne

if the input video source SEMMARYON THEBISTLQSURE: using any one of a
nunber of inverse telecine.techniques. A de-interlace unit converts the

i nter | aced rpgggnal Atlﬂmarfeﬂau%ﬁﬁigﬁ@amgﬂn@m r@def\%géuiiﬂf) L pacaGAR Ve or

noti on conpensated de- interlacin ni ques. ranme rate
converter it then conver t he. progressi ve sca ignal to, di spl ay
frane rat elfﬂ)g%' ﬁé’lcgf’tsﬂ‘gf’e i esa%&‘dg‘éf)@ﬂfe Tfﬁ'é'%‘gprfuﬂ’gﬁéat%ﬁthS@ovﬁ&é’r si on or
not i on con&gnsat ion based frame rate conversion based upon signal content.
[0008] An &tagurgcerreanding tmibe inmus yisleg stiedma idniNTIC, Bilade8ei, Ag0Retd) nenory
resources by adaptively scaling the input video streamusing a scaling
pi ot ocol baseell asponvess tetinpe videpalgin o 2 agEimen dighpl prvcdseiag fotida®nin | n one
enbodi ment, the out put

the described embodiment, the source converter unit sets an intertaced video flag

when the input video stream is an interlaced video stream. The interlaced flag, is

used to enable or bypass the deinterlacer and to modify the operation of the film

originated source detector.The film originated source detector unit coupled thereto is

used to determine if the input video source is a film originated source using any one

of a number of inverse telecine.techniques. A de-interlace unit converts the interlaced

signal to progressive scan using either motion adaptive or motion compensated de-

interlacing techniques.

e

[0007] A frame rate converter unit then converts the progressive scan signal to a

display frame rate using either drop and repeat based frame rate conversion or motion

cqmpensation based frame rate conversion based upon signal content.

{0008] An adaptive scaler unit preserves bandwidth, processing and memory

resources by adaptively scaling the input video stream using a scaling protocol based
~ upon a native resolution and a display resolution. In one embodiment, the output

interface provides additional image processing such as image enhancement, edge




interface provides additional inmage processing such as inmage enhancenent,
edge 2 } enhancenent, contrast enhancenent, etc. In one inplenentation, an
optional noise reducer unit is used renove any noise fromthe image
stream [0009] In another enbodi nent, a nethod of processing an incom ng
video stream having a native video format froma video source to an

out goi ng viedbancsmesntacortmst entarspinayt, b, dn dacsipdplymentationadn eptitinaliodge f or mat by
an adaptive nulti-function display controller is described. The nethod

i ncl udes  t hedicet hifivs NG PRRIOIE LA Foi&ORNRRHd Aot Bfeant, NCON Ng Vi deo stream to
a common video format suitable for subsequenf(g vi deo processing,

de-interl agj theginpyt viden strea if needed, to form a,progressive
scan Vi deoﬁ@@éam Ing T PREC mFPtaﬁénr%l&)tdé)f(%(f?\?ﬁrg FHOHTREE Vé‘%ﬂ\?&?'ﬂl ng the
progressive scan video streamat a native franme rate to the display frane
rate usi ng heHBZadatYe Bideo formakiremtacidesrdpurcsitorn awfgeing yidsoisteamyfar scal i ng
prot ocol based upon the native video format and the display fornmat,

scal i ng t helisplayty adisiday wiit andigsay feeuatrbydnfadaptiliesmiiayfunaiontdigplagi spl ay uni t
based upon the scaling protocol, and providing the outgoing video stream

to the di spbaoliid dest@RRUOIThE Mesiidd ihclﬁ&&tti?@fqn%wg%dérpﬁfoggg&gaﬁg :]tqh rogram

product is described for for processing an iInc aving a

native vide 1 vi deg source to an gut.goi vi deo, stream f or

G spl ay by LopbEPie bR SRfnad PleS o Rafe 1 ulibalestoed

mul ti-function display controller. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011]
FIG 1 shoRECCSESSiish de-diterdacing the inpur video strepns yisesded: ruformmparogiessivef a nul ti -
function display controller in accordance with an enbodi nent of the

|;ﬁ\)}e nti on. scan video stream, selecting a frame rate conversion mode, converting the progressive

scan video stream at a native frame rate to the display frame rate using the selected

frame rate conversion mode, providing a scaling protocol based upon the native video

format and the display format, scaling the input video stream as required for display

on the display unit based upon the scaling protocol, and pro?iding the outgoing video

stream to the display unit.

[0010]  In still another embodiment, computer program product is described for

for processing an incoming video stream having a native video format from a video
) | source to an outgoing video stream for display by a display unit at a display format by

an adaptive multi-function display controller.

BRIEF DESCRIPTION OF THE DRAWINGS
{0011]  FIG. 1 shows a general configuration of a system that includes of a multi-
function display controller in accordance with an embodiment of the invention.
_ [0012] FIG. 2 shows a particular implementation of the multi-function display
| controller of FIG. 1.
| [0013]  FIG. 3 shows a flowchart describing a process in accordance with an

embodiment of the invention.




[0012] FIG 2 shows a particular inplenentation of the nulti-function
display controller of FIG 1. [0013] FIG 3 shows a flowchart describing a
process in accordance with an enbodi ment of the invention. 3 [0014] FIG 4
illustrates a systemenployed to inplenent the invention. DETAILED
DESCRI PTI ON OF SELECTED EMBCDI MENTS [ 0015] Reference will now be made in
detail to al0034ki cHl@r4 Bhsoateneastent ethployed tou@plen@it &6 ifveagpr.e of which is
illustrated in the acconpanyi ng drawings. Wile the invention will be
described In COrDETAILYN PESCRIPTION OFSHIACPERRMEDbIMENTY | | De

L 1

understood that Tt TS not rnmended to 1Tt e he descri bed
endeqd to cover alternatives,

enbodi nent . t he ntrary.. it .is int eJ.

nodi fi cati o[rqg?slandR%gedfﬂc\?ﬁgﬁ'f’? bfsm?Fg)}n Eta%qﬁ?:f‘ ByLigvig ?IH]P‘P&‘PFFE? offher it and
scope of the invention as defined by the appended clains. [0016] FIG 1
shows a gen@FHitiop SArXyuPIsaf shigdris Hlusirated in the @cedmtanying deatengsa Whilock
diagramrepresentation of a multi-function display controller 102 coupl ed
to a vi dedhsvesion 94! bandeseriblidincayjuddioniwittabe phdisiiaeembsdiman, BRRdi ment
of the invention. It should be noted that the controller 102 is well

suited for BaudeiR it Hs nBbinfendkd ifint {Sifgﬁg{/e%g%t&éhé%égh?@d‘d as such, can

be incorporated in or coupled to t evi ce such as an LCD

panel ). Th | gr 102 receives. a com n vi deo sigpal, 108 fromthe
vi deo sourgee %iﬁ t'aﬁoélibnghﬁ‘g%@i’ gt E?aqogﬁr @?e&f?gwe%m 1G3fgRs and s gnal .
In the case where the video signal 108 is anal og, the video source 104

i ncl udes sSHBIVRSAISagMmaypednadndiy wighip the spirifiand scdperof éhedmpinsion andefiretog

tel evision

f} by the appended claims.

S

[0016] FIG. 1 shows a general configuration of a system 100 that includes a
block diagram representation of a multi-function display controller 102 coupled to a
video source 104 and a display 106 in accordance with an embodiment of the
invention. It should be noted that the controller 102 is well suited for implementation
as a single integrated circuit and as such, can be incorporated in or coupled to the
display device 106 (such as an LCD panel). The controller 102 receives an incoming
video signal 108 from the video source 104 that can be either an analog signal or a
digital signal. In the case where the video signal 108 is analog, the video source 104
includes some form of an analog source such as for example, an analog television

| broadcast, analog VCR, DVD player, camcorder, laser disk player, TV tuner, set top
box (with satellite DSS or cable signal), film, and the like. In the case where the
incoming video signal 108 is digital, then the video source 104 includes a digital

~ video source such as for example a digital television broadcast (DTV), digital still
camera, and the like that can be any number and type of well known digital formats

such as, SMPTE 274M-1995 (1920 x 1080 resolution, progressive or interlaced scan),




broadcast, anal og VCR, DVD pl ayer, canctorder, |aser disk player, TV tuner,
set top box (with satellite DSS or cable signal), film and the like. In
the case where the incomng video signal 108 is digital, then the video
source 104 includes a digital video source such as for exanple a digital
tel evision broadcast (DTV), digital still canera, and the |like that can be
any nunber SMETEVI9EM199%{1280xR IR0 redbBitibal pr@edihlescad ishyélBas stiddddd 274M 1995
(1920 x 1080 resolution, progressive or interlaced scan), 4 SWMTE

296M 1997 ( 426 Qlggsion, progressive scan), as well as standard
480 progressi e0 gan vslrcglzo. f'OOl?] In the case where the video source 104

provi des a g signal, an, 6 analog-to-digital cqnver ter, or ADC (not
shown) , ing@ﬁ} in o]%tg%i?ﬁF@@elie ¢ Wgeo squsger L napvidesanamalpgsigiah A anal og
voltage or current signal into a discrete series of digitally encoded

number s ( si apakagytoidbgiral nopverter, e AP et shosm),dpgndgikin ar eowfilgl toahe | nage dat a
word suitable for digital processing. Any of a wide variety of ADC can be

used. By wn&bilﬁn@mﬁver@tah%alé)%@&ltégé@r d6t@ent SRNalGHRAMIScrbtB e8esHRNUT act ur ed
by: Philips, Texas Instrunent, Anal og Devi ces, Brooktree, and others.

[0018] The &g ' / ' S verter .unit 110 that
Getocts o GPaypeSlediimtRIiRaT (ArtARRERLEE F SRR ol (.

NTSC, PAL, .1080i 720P,. TE 296M 1997, etc) .and converts the input video
st ream 108 THE39¥8 5105 Sm?igg%&? digitejwecessine. #upiala Wi vansty ahADC Gan behe vi deo
signal 108 is conposite video, then the controller 102 decodes the input

vi deo st r edhtd.0By way of exrnplerothen APGniatludg foreesiptathbsr manufacued bys f or
exanple, a format having separate |una and chrona conponent signals each
of “whi ch arRhiligseTepadnetnnt, AataldeUDéviees, BoBR©sS kitDothé. t hi s

[0018]  The controller 102 includes a video source converter unit 110 that detects
a video format corresponding to the input video stream (i.e., NTSC, PAL, 1080i,
720P, SMPTE 296M-1997, etc) and converts the input video stream 108 to a common
signal processing format. For example, if the video signal 108 .is composite video,
then the controller 102 decodes the input video stream 108 into the common signal
processing format, such as for example, a format having separate luma and chroma
component signals each of which are then passed on for further processing. In this
way, the input video stream 108 can be converted to any video format space as
deemed appropriate.
[0019] Concurrently with the formatting, the source converter unit 110 determines
if the input video stream 108 is interlaced or non-interlaced (progressive scan). When
the input video stream 108 is an interlaced video stream, the source converter unit 110
~ sets an interlaced video flag 112. This flag is used to modify the operation of the film
originated source detector and to bypass the de-interlace. The film originated source
'._de_tector unit 114 coupled thereto determines if the input video stream 108 is film

originated. When the incoming video stream 108 is a derived from film, the film




way, the input video stream 108 can be converted to any video format space
as deened appropriate. [0019] Concurrently with the formatting, the source
converter unit 110 determines if the input video stream 108 is interl aced
or non-interlaced (progressive scan). Wien the input video stream 108 is
an interlaced video stream the source converter unit 110 sets an

i nt er| aced ovpardisb@ge ¥didctodinis] 4l se@ & Fnlio@Endted sovede fagt 16 thagg,at i on of the
film originated source detector and to bypass the de-interlace. The film

ori gi natedg &Hﬁug@t t%%l@fié@gac{é%ﬁt ﬁé‘&n&gk’ﬂhﬁq@ﬁ&&ﬁﬁ@ r 5 B3N 1RKe Lo L hE

i nput video s m  ori gl na I'ncom ng video stream
108 is a derived fromfilm orj.gi nate rce de ector unit
114 sets aiTaho fe fgfla?fdve%&iﬁgfﬂéané%fil 16 hag 16 3t E et "t a
de-interlace unit 118 and a franme rate converter unit 120. In the case

wher e bot h inpyé vidae etr¢aze 6B iziintedadet fidm brizinated videe)fthe de-tndertase uhitdg8 116 are
set (i.e., the input video stream 108 is interlaced filmoriginated

vi deo), theecentdsnheorigias! fufi franidSn tHea@nAAGILGidEN or@bd il ditbeess kilovid &es i n
the common video format in a process known as inverse-telecine (or 3:2/

2:2 lInver seg e 't&@%@l (Y 2ERRERe bﬁﬁd&%{)ﬁﬁét@g?sii? Hutel%H shﬁgﬁ”h ol JRblG N of a

fl|m0l’|g| nat e Inverse telecine I's us poses as

roduci ng DV etheo i | abl source eo W|th32
Bul I downg emﬁ}‘?ggmoﬁltgg’ﬁ Q?Ovi‘a"é" ¢ e?ﬂefsd?e PYBRFES 8 every five
fields unique, for progressive scan, two out of ever five franes are
uni que. vme@v@pgﬂ?]@ﬁlwhwefthegnlmvmlﬁbie sogmewvaswedaqnmfubfnuﬂldown-aﬁers are
passed into the Frame Rate Converter,
£y NTSC, interlaced video of 24 fps film has four of every five fields unique, for

progressive scan, two out of every five frames are unique. Whenever the film flag is
set, only the unique film fra:r_nes are passed into the Frame Rate Converter,
irrespective of whether the de-intelacer is used or not.

[0020] In any case, when the input video stream 108 is interlaced, the interlaced
video stream 108 is converted to progressive scan by the de-interlace 118 using either
spatial, motion adaptive or motion compensated de-interlacing techniques. It should
be noted that in the described embodiment, motion vectors generated for
implementation of the motion adaptive or motion compensated de-interlacing
techniques can be optionally stored in an onchip memory unit 120 for use in
subsequent operations, such as motion compensated frame rate conversion or noise
reduction (if any). The on chip memory unit 120 can take any appropriate form such
as a data and a vector cache that allows the high bandwidth required for motion
estimation and motion compensated frame interpolation as well as noise reduction
optionally provided by an optional noise reducer 121.

| _. :[0021] In order to more efficiently allocate processing, memory and bandwidth

related resources, a scaling factor SF is generated by a scaling factor generator unit




I rrespective of whether the de-intelacer is used or not. [0020] In any
case, when the input video stream 108 is interlaced, the interlaced video
stream 108 is converted to progressive scan by the de-interlace 118 using
either spatial, notion adaptive or notion conpensated de-interlacing
techniques. It should be noted that in the described enbodi ment, notion

vectors genge aaeeorhpdred th n@IRNiddd efbl@ion (BeseiRh ity videtafoirinuedetictatitiyl on
conpensated de-interlacing techniques can be optionally stored in an

onchip me eysoﬂfyetCO&%thc; Dhit !t'?@iahﬁ thes&égﬁ%ﬁﬁﬁrt gg%%?%éoﬂ{llﬁ?l l‘%ny [{AS motion

conpensated frane rate conve on Or nol se I on The on chip
menory uni. 0 ca ke an ropri.at of m such as data and a vector
cache t hat @%&KBVIH%&:@W"@%qu)%&%gfﬁﬁeﬁ@guﬂ’rté?ﬁef%ﬁs rYB’Ffeotﬁe ng%‘fei Yi€$9 on and
notion conpensated frame interpolation as well as noise reduction

opt i onal | y rgsobaiod enlisbbe dowmspaled imadrdemtioseset thd désptay roquirefrg0B 1Y then or der to
nore efficiently allocate processing, nenory and bandwi dth rel ated

resour ces, daphk§alobnde it OideSktrdasn DIFS hphrofriddly dowaslaleddyfaddvalscgdener at or
unit 6 122 that conpares the native video resolution (based on the video

format det Gk 9ds Biuptbd B (OURG SATIEE U6 bl of OBk hbud b ed out pu

di spl ay resol ution‘base ata channel 124. In

t hose cases t he, natiye video, resolutio st he downscal ed in order
o et 1 nEoRlsnAy Adelroalade Senti pbal up e cadte TtREEPREt Ui deo
stream 108 is appropriately downscal ed by a downscaler unit 126 coupled to
t he sourceusiéd¥érter 110 by way of a controllable switch 128 controlled by
a downscal er enabl e signal Sd, provided by the scaling factor generator

U{fi it 122. [0022] For example, in a particular implementation, a scaling factor indicating

whether the input video stream is to be upscaled (SF >1.0), downscaled, (SE < 1.0), or
not scaled (SF = 1.0) based upon a comparison of the resolution of the incoming
video stream and display resolution provided by the data channel 124 is determined.
If the scaling factor is less than 1.0 (indicative of downscaling), the downscaler unit
126 downscales the video stream whereas when the scaling factor is not less than 1.0,
the downscaler unit is disabled and the input video stream is passed directly to the
film originated source detector unit and subsequent upscaling, if needed.

[0023] It should be noted that as implemented, the controller 102 adaptively
configures a scaling protocol based upon the native resolution of the input video
stream 108 and the display requirements of the display 104 in real time. For example,
for most downscaling situations (horizontal and vertical) it is optimal to downscale
prior to de-interlacing and only then perform any required frame rate conversion.

o Therefore, as required, the controller 102 downscales the input video stream 108 as
needed prior to the de-interlacing and any required frame rate conversion.
. [ﬁ024] However, the inventive controller 102 is not limited to a particular scajing

protocol since other possible available downscaling protocols include, but are not

7




} [0022] For exanple, in a particular inplenentation, a scaling factor
indicating whether the input video streamis to be upscaled (SF >1.0),
downscal ed, (SF < 1.0), or not scaled (SF = 1.0) based upon a conpari son
of the resolution of the incomng video stream and display resol ution
provi ded by the data channel 124 is determned. |If the scaling factor is
| ess than iitdd o Ens¥Rinf opdRitiah pabl d%He-infeNScifPWRRE ShyPlipskilidg is 126
downscal es the video stream whereas when the scaling factor 1S not |ess

than 1.0, L el ' led. and. .t he . video streami s
passed di ré’%ﬁﬁ%ﬁgﬁﬁeﬂ ilr?ﬁg&oiir%'%le ﬁgggtgwg%h@i:e ég@@l&@%"}’ é?lvﬁ'?stcglé% subsequent
upscal ing, .if neede k)%0021:;}]]@ | t gﬁg_ul d he noted that as inplenented, the
control | er PI¢pc d%f’b“liq futablesen dg wputvideositieay 198 a%, dergxampiee d08on ¢ he
native resolution of the input video stream 108 and the display

r equi r ementapd dte dispdayliesqlitgn ik@dt 4t UX @A lresolution (FH0x 300 dhehis cher nost
downscal ing situations (horizontal and vertical) it is optimal to downscale

prior to dertipémil R&nEEARUM be pRIPMEE b HeModR¥cal@q gk befdd 4ame rate
conversion. Therefore, as required, the ctontroller 102 downscal es the

I nput vi de < ' he de-interlacing.and any
required f?%t}%r%&?@j@grﬁl\%zlgtgﬁ%c%qq?(ﬁ%ﬁé’dl@\?\fé e?{ageﬁ‘? VTRVE itkl/egfr%ﬁt roller
102 is not |imted to a particular scaling . protocol since other possible
avai | abl e cﬁ%}ﬁﬁ%‘é?rtf%gz%f@mibﬁ@n Wﬁ&fﬂ@% vidgg pe yeriicallyiupsealediby ayunsgalery
domnscalingBoperation prior to de-interlacing while any upscaling is

performed dPPeln gampral,duiaipraferabledordownicalecop viles isignal aflsoen mepradticablar
downscaling protocol would be suitable when the input video stream 108 is,

fory exanpl gincd Q8@iscaifiprieiedvaliBdthary baREAIUH dsQitll & pb6essthg AAENemBSO! Ut i on
(‘t400x1200). In this case horizonfal dovvnscal_i ng woul d %e performed by the

downscal er rés%@rc@@feﬂﬁi?ecﬁ?}f the controller 102. It should be noted that, in general, for

upscaling situations (horizontal and vertical), the downscaler unit 126 is bypassed (as
in FIG. 2) and to preferably de-interlace, frame rate convert and upscale in order.
[0025] Once an interlaced video is de-interlaced, the frame rate converter unit 120
receives the progressive scan video either from the de-interlace 118 or directly from
the film source detector unit 114 in the case of native progressive scan video. The
frame rate converter unit 120 then converts the progressive scan video to a display
frame rate using either drop and repeat based frame rate conversion or motion
compensation based frame rate conversion based upon signal content. For example, if
it is determined that motion compensation does not satisfactorily improve perceived

motion, then the drop and repeat type frame rate conversion is selected as opposed to
the motion compensation frame rate conversion since additional artifacts may be

introduced. A]ternaﬁvely if it is determined that motion compensation does not
- satisfactorily improve perceived motion, then the frame rate converter could choose to
' .modify the output frame rate such that it matches the input frame rate, If it is

determined that motion compensation improves the image quality, then motion

8




interlacing by the de-interlace 118 followed by franme rate conversion by
the frame rate converter 120 and only then would the video be vertically
upscal ed by an upscaler 130. In general, it is preferable to downscal e any
vi deo signal as soon as practicable F since downscaling preserves nenory
bandw dth as well as processing and nenory resources required by the
control | er chitihendatedsiiand htdxonersRd it Bdfe, ThOsWitth&getwdlthe HBASA NG
situations (horizontal and vertical), the downscaler unit 126 is bypassed
(as in Fl ' I f.rane r onvert and
upscale in %%%%?amfggi@f‘ %E)%gcg{af%mﬁﬁf Aen?% Iga?:eg 3& @?ng 1) gisgmalgésﬁﬁsﬁ%?q B8d, the
frame rate converter unjt receives the progressive scan video either

120
fromthe dd®PAtErHeARy Vg4l gritgets.ect 1y from the film source detector unit
114 in the case of native progressive scan video. The frane rate converter

unit 120 t HEPREonvEen examiple, PYLSET rsed progessive sdadenled onat stilkyd ay frame rate
using either drop and repeat based franme rate conversion or notion

conpensat i applaatstely6BTanicatper SRONE TG dRPIFAIRV VB he Th&tPRle QREAMe FOr
example, if it is determned that notion conpensation does not

tisfactorg | j I t the d d,. t
Fram rate oonoer BB BRLGRLY S polBig Recal ottt ol BB ARRo SRRt P o

frame rate , conversiqQn.since additiopal artifacts may be. introduced.
Al ter nat | vaTSMAEiRE HeLd ¢ommes hefore o kel the Bl 5Fi0g Brasesed: Inghe eseer b,
satisfactorily inprove perceived notion, then the frane rate converter
coul d choodke g%mtqifbd@d gutpitdaiciiHaprogressine) stll eorsisthoft24bkz mdtiomat ches t he
input frane rate. If it is determned that notion conpensation inproves

the i mage qhatefory, a frhaora®edmené Gampensdiiad hé aMGud AeHERBY &SI on is done.

Thé swit chi ng betwee_n t he npdes of frarre rate conversion or the different
frame rat egohfer8A tb B ARG BRTstEAPRe IRPAT 106 based upon display

characteristics provided manually or automatically by way of the data channel 124.
[0027]  One of the advantages to using motion compensated frame rate conversion
- is that at low display refresh rates (for exa:fnple, 50 fields/sec for interlaced video
material, and 24 frames/sec for film-originated material) on progressive digital
'djsplay devices, a display artifact referred to as "area flicker” can occur. The area
flicker becomes more visible as the size of the display increases, due to the high
sensitivity to flicker in the human visual peripheral region. A simple solution for
reducing the area flicker is to increase the display refresh rate by repeating the input
fields or frames at a higher rate (for example, 100 fields/sec for intertaced video).
This solves the area flicker problem for static scenes. However, the repetition, does
not greatly change the motion of the video images, introduces a new artifact in scenes
with motion, known as “motion judder” or “motion smear,” particularly in areas with
'_ | high contrast, du@ to the human eye’s tendency to track the trajectory of moving

- objects. For this reason, motion compensated frame interpolation is used.




to not create any visual artifacts. [0026] For exanple, NTISC based
progressive scan video nust still be approximately 60 franes per second
for display. However, the nost the de-interlace 118 does with the film
based 3-2 pattern is keep count so it can easily predict whether the
matching field comes before or after the field being processed. In the case

of film {do2sye- Mt deacstdenitodimdndith®ohoREADfRsaEY hmekdte | consists of
24Hz notion. Therefore, a franme rate converter unit 120 will take the

uni que fil ; C . C [ LWhh the

i spl ay. 10BsBEP e R INEL SR oF ol (el o R b mlioh
automatically by way of the data channel 124. [0027] One aof the advantages
to using r’rﬁ'fi-le‘étﬁ%éﬁ’ré@ﬁg’ﬁ{eéa np ALSCEEPARRYDCEWESD IR S1RRTted; iagh motigh YLl i spl ay
refresh rates (for exanple, 50 fields/sec for interlaced video naterial,
and 24 fr appsirakng ad afdispiayed imageanedomelterlocl imege motoyr tegeitarg fginyi t al

di splay devices, a display artifact referred to as "area flicker" can

occur. Theoad fame td ihelhekt iPEERABE] BP4 thotibs vEdiér tAR chi Be biputed at he di spl ay
i ncreases, due to the high sensitivity to flicker in the human vi sual

peri pher al i i i r I I ! risto

i ncrease tﬁg&g%nggﬁvgy O'r%g rLagﬁeigﬂgpéh’%gcég%%gtp?)%g%vﬁgagl%gg%gg??% zfggl?)r frames
at a higher rate ;fO{Q xanpl e, 100 fields/sec for interlaced video). This
sol ves t heOhftés objectlexsl probl em for static scenes. However, the repetition,
does not greatly change the notion of the video i mages, introduces a new
artifact i tH028kneGenarally, foomasion ckmpensatzd approadhentq wodkewell, owo basit i on
snear," particularly in areas with high contrast, due to the human eye's

:ge;pdency t @ssbmtibing dte niaflé hiesiit Bicynabire GPiHe BBjecORbEET: 1) nodingi dbjetsIgRs 0N,

ion conpensated frame interpolation is used. 9
inertia, and 2) moving objects are large. The inertia assumption implies that a motion
vector changes only gradually with respect to a temporal vector sampling interval
(that is, the frame rate in the digital video). The large objects assumption implies that
a motion vector changes only gradually with respect to a spatial vector sampling
interval, that is, the vector field is smooth and has only few boundary motion
discontinuities.
- [0030] It should be noted that in addition to frame rate conversion, de-interlacing,

etc., the inventive display controller 102 both manipulates and positions the data, and
defines the display rate in terms of frame, line, and pixel rates, as well as the number
‘of active pixels per line and active lines per frame, based upon the requirements of a
particular display device coupled thereto. In the described embodiments, these
disélay requirements are communicated to the inventive display controller by way of
the data channel 124 coupling the display and the cqntrollcr. However, in some cases

. user supplied display requirements can also be provided that supercede or supplement

the display requirements of the display.
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conversion conputes an interpolated frane at an internediate point on a

| ocal notion trajectory, so that there is no discrepancy between an
expected i nmage notion due to eye tracking and a di splayed i mage notion.
The local image notion trajectory from one frane to the next is described

by a notiogoom¢t or Af Sifwit; &k RAVRONIRULE@ndthe YPséA& 120 ard M6&nSn FIG.SPa! | al
resol ution, such as at a pixel level, at an i'mage patch level, or at an

obj ect level.. [ 0029 raktly, -f.or tiQ 0 n £ o work
el 1+ two. st Al KRR of Rl By SRTRRHER P B SARIARFBRRY,
.nmotion: 1) noving objects have E inertia, and 2) nopving objects are |arge.
The i nert i dheElementaion ofihg eantroHen 102 todhat ghdisqrateentitiesn QRARSCHHRLY: gr adual | y
Wi th respect to a tenporal vector sanpling interval (that is, the frane
rate in théhaipcdlel 120i aidahe doMrachlar 6 cahjbe impleasaiedps b smglenpiliies that a
notion vector changes only gradually with respect to a spatial vector

sanpl ing  ifidc@ibd s¢alertddtariafiged 0 HeMBEh Béthfu'P@daqin'g and aRRiLaathsagnieal v few
boundary notion discontinurties. [0030] I't should be noted that in

addition t c J. erd l.acl . inventive

di spl ay co(riff %’%ﬁa@g%gntb%éjﬁﬁhg{ﬁﬁ%gﬁgﬁ %égggﬁﬁdgso@aﬁog ﬁ@kfaﬁ% p{c}%? Saf,h{éand
defines the display rate in ternms of frame, line, and pixel rates, as well
as the nunB¥fh asdmageenhpaconsns edeperhancemeent, ranteyt PHENFGRRY. GSer Irogme, based
upon the requirenents of a particular display device coupled thereto. In
t he descri bplemehatomentaptiond eeise refusgd wt 13@duisedmemo e znysotserfroomiheat ed t o
the inventive display controller by way of the data channel 124 coupling
t@q di spl aymagektich@. control l er. However, in some cases

[0032] FIG. 3 shows a flowchart detailing a process 300 of processing an input
video stream by a display controller in accordance with an embodiment of t.he
invention. The process 300 begins at 302 by receiving a video signal at the controller.
At 304, the input video standard is determined while at 306 a determination if the
input video is interlaced. If the input video is interlaced, then an interlace flag is set at
308. Inany case, at 310, the input video is converted to a common format while at
312 a determination is made if any scaling (either upscaling or downscaling) is
required based upon the native input video resolution and the display requirements. If
there is scaling, then the controller is optimally configured to perform the required
scaling, otherwise, control is passed directly to 316 where a determination is made if
the video is film originated video. If it is determined that the video is film originated
video, then a film source flag is set at 318. In any case, at 320, a determination is
made if the video is interlaced and if the video is interlaced, then at 322 the video is

_' - de-interlaced. In a particular embodiment, the de-interlacing is motion compensated -

Dbased de-interlacing having motion vectors generated therewith stored in a local

- 11




user supplied display requirenents can al so be provided that supercede or
suppl enent the display requirenents of the display. 10 [0031] As shown,

t he downscal er 126 and the upscaler 120 are shown in FIG 1 as discrete
entities for sinplicity of illustration only and should not be construed to
limt the inplenentation of the controller 102 to that of discrete

entities. Gherh®§. GOMY @KY, the profresdnCaliar is FRthean® chiivré (i aeakeaky)126 can be

i npl ement ed as single multi- function scal er unit arranged to perform

a
bot h upscalg%gpmw%es g@g& |ongﬁla{’8éwéerf%gdls gth%pe%nerrbodl ment, an out put

I nterface f 0GR such as i nage
enhancenent ge ncement, contrast enhancerrent etc. In one

i mpl ement at[p%ﬁﬂ ﬁﬂg% ﬁﬂ%ﬂat%&l systemd) eapiqysel fo mplement fasigveniitdve any noi se
fromthe imge stream [0032] FIG 3 shows a flowhart detailing a process
300 of . pr od&wsputer systemr®ltis oy de exanple aha psapbicslssEnain whinh thelpresent n
accordance with an enbodi nent of the invention. The process 300 begins at

302 by recehnwntign savbdligpl&hena. %Istehhm(ﬁﬂﬁl‘hﬂ@d defifral prédessidhunit (GPUNPUL Vi deo
standard is determ ned while at 306 a determination if the input video is

|t er | acedq1hl1oh5n WY mlRAR M) B aﬁ%ggomggsg,o@@yp&g bACG AT IS set

at 308. In ahy case to a comon

Upscal i ng GEIBISEHE 440 BRGSOl B@L&gg”p?ﬁ%o‘zﬁf& Vs Bmd S i aeo

resolution and the display requirenents. If there is scallng, t hen the
control | er digitabgdisplan iy 426nCPYear &l atealsoesofipledta dre argupre irguit/ostipat i ng,
ot herwi se, control is passed directly to 316 where a determi nation is nade

- i the vi dedicess4d0i thanmoay igiinas, et Medeolimitéd id, decaioten 45, fedk Baigimidee vi deo
i 5-filmoriginated
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic
or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other
well-known input devices such as, of course, other computers. Graphics controller
460 generates image data and a corresponding reference signal, and provides both to
digital display unit 470. The 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 image data is provided in RGB format and the reference signal
I includes the Vsync and Hgync signals well known in the art. However, it should be
understood that the present invention could be implemented with image, data and/or
| reference signals in other formats. For example, image data can include video signal
data also with a corresponding time reference signal.
[0034] Although only a few embodiments of the present invention have been
- described, it should be understood that the present invention might 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

12




video, then a filmsource flag is set at 318. In any case, at 320, a
determnation is made if the video is interlaced and if the video is
interlaced, then at 322 the video is de-interlaced. In a particular

enbodi ment, the de-interlacing is notion conpensated based de-interlacing
havi ng noti on vectors generated therewith stored in a local 11 nmenory. In
any case, bbenddifegiweisitih vie scostest théagpeada] date abomwert heir fall scopeebsary)
prior to being forwarded to a display device for display thereon. [0033]
FIG 4 illg@hgak ~a system 400 enpl oyed to inplenment the invention
Comput er syste O is only an exanple of a graphics systemin which the

present inpyentio n_be. i mpl enent ed. . Syst em 400 i pcl.ude entra
processi ng ?Eﬁ (gﬂﬁﬁeﬂaﬁﬁwghgﬁ ﬁﬁﬂﬁﬁéﬁﬁ§ﬁ5F§mfﬂgﬁfcﬁﬁggfread only
menory (ROM) 425, one or nore peripherals 430, graphics controller 460,
primary st emhgdimeayitlese angabierationsd pormuggitons.dingiegaivalgnts ghas fallwithingln . CPUs
410 are al so coupled to one or nore input/output devices 490 that may
i ncl ude, beéoperce thioinventiont deishoald dieViectsedthahthas ard mamkaltaddtive wayse,
keyboar ds, m crophones, touch-sensitive displays, transducer card readers,
magneti c : €§g5 volee of shandwr i ting
recognizergfnﬁgggéﬂ% &%F@$ ﬁ%ﬁﬁ%?%%g%§%33¥g%gﬁgﬁgﬁﬁggﬁggTﬁégurse, ot her
hi. '
1

conput ers. &Sﬁgﬁ%g}éﬁb%%%n%%&egg@a{r%g%{#ﬁﬂl@n&da t%gﬁhgefrgt&qrgm ay uni t

G
correspondﬁﬁﬂggﬁﬁ
470. The inmage data can be generated, for exanple, based on pixel data
recei ved f permugrionsandsguivelents an fallwihindhe ey i@t andscopeyike presait one
enbodi nent, the image data is provided in RGB format and the reference
si gnal i nalvedgsn.t he VsyNo and Hsrnrc signals well known in the art.
However, it should be understood that the present invention could be
i npl emented with i mage, data and/or
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reference signals in other formats. For exanple, inmage data can include
video signal data also with a corresponding tine reference signal. [0034]
Al t hough only a few enbodi nents of the present invention have been
described, it should be understood that the present invention m ght 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 12 be nodified within
the scope of the appended clains along with their full scope of

equi val ent s. [Ogigghﬁyile this invention has been described in ternms of a
descri bed enbo . there are alterations, pernutations, and equival ents
that fall within the scope of this invention. It should al so be noted that
there are many alternative ways of inplenenting both the process and
apparatus of the present invention. It is therefore intended that the

invention be intier pr ginedagtsvel mditiLfdhdtibnalidpl Sontrdlldr@idh @IS recePRIARUL at i ons,
and equivalents as fall within the true spirit and scope of the present

venton. o 3nSAE o R i e MR e LVl cb g Bafl SRR BON o1 | e

arranged to recelve an |1 ncomn ream avli Nng an assocCl a (f native

video for n%d {)rro(x)q e%n\{nlu g%?ngsv(%hleo stream for display by a display unit at a display format,

comprising:

R—

a video source converter unit for ascertaining the native video format,
detecting if the incoming video stream is an interlaced video stream, and converting
the incoming video stream to a common video format suitable for subsequent video
processing by the controller;

a film source detector unit coupled to the video source converter unit arranged
to determine if the input video stream is as a film originated video stréam;

a de-interlace unit coupled to the film source detector unit for de-interlacing
the input video stream, if needed, to form a progressive scan video stream;

a multimode frame rate converter unit coupled to the de-interlace unit for
converting the progressive scan video stream at a native frame rate to the display
frame rate using any of a number of selectable frame rate conversion modes; and

an adaptive scaler unit arranged to scale the input video stream as required for
display on the display unit following a scaling protocol based, in part, upon a native

resolution of the incoming video stream and the display resolution.

2. An adaptive multi-function display controller as recited in claim 1,

_ wherein the de-interlace unit includes a motion vector generator unit for generating a

14




and provide an outgoing video streamfor display by a display unit at a
"display format, conprising: s a video source converter unit for
ascertaining the native video format, detecting if the incom ng video
streamis an interlaced video stream and converting the incom ng video
streamto a common video format suitable for subsequent video processing

by the Contxﬂc@ﬂoh%étoﬁu&i:llfé‘ﬁ@%feﬂﬁciﬁgﬂﬁc\@i&ﬁo sit&@hlh Eﬁbﬁ&eﬂﬂaﬂd@vﬁdﬂﬁn‘ﬂi&deo source
converter unit arranged to determne if the input video streamis as a

filmorigi ' =] - ' l.ed. film
source det g%#%? Cé#\?@ﬂ? %ﬂh&@iﬂch@gggglg ?‘Ir?gﬁ h&r}\% ﬁ%ﬁ’gl&??ﬁﬁ%gﬁ&g{%&%ﬁ? i f needed,
to forma progressi.ve scan videg,stream a nultinode frame rate converter
unit coupl 58““9%}0‘E%t§§§t1°ﬁ?% CIRRMPNEEIfor  converting the progressive scan
video streamat a native frane rate to the display franme rate using any of
a nunber of selectable franme rate conversion nodes; and an adaptive scal er
unit arranged to scale the input video streamas required for display on

the display uniB. fol hawidagive SealfiAdion onRa@ s rdcite@@ &lair/pON @ native
resol ution of the incom ng video stream and the display resolution. 2. An

adapti ve nmrfﬂcf&{ﬂﬁﬁghp%) di splay controller as recited in claiml1l, wherein
the de-interlace it includes a notion vector generator unit for

generating a 14 notion vector used for de-interlacing the videg stream if
needed, and whef &9HOP(RMPEsAlenLyPE BRiST Frdpesr upi that & Used egmiefvednotse FErp r v
device coupled to the notion vector generator unit for storing the notion
vector. 3. hevidaestreameil neddeil-ysingathe owtigh spttess stosed indh¢ memmsy desddet ed in
claim 2,

)

:gx____f
4. An adaptive multi-function display controller as recited in claim 1,
wherein the multimode frame rate converter unit comprises:
a selectable drop and repeat based frame rate converter unit;
a selectable motion compensation type frame rate converter unit;
a selectable temporal average frame rate converter unit; and
a frame rate conversion mode selector unit arranged to select the drop and
repeat based frame rate converter unit and/or the motion compensation type frame rate
converter unit and/or the temporal average frame rate converter unit wherein the

selecting is based upon a determination if motion compensation applied to the input

. video stream improves perceived motion.

5. An adaptive multi-function display controller as recited in claim I,
wherein the frame rate converter unit includes a selectable frame rate converter

bypass arranged to bypass the frame rate converter unit when deemed appropriate.
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further conprising: a notion conpensation type noise reducer unit that is
used renove noise from the video stream if needed, using the notion
vectors stored in the nmenory device. 4. An adaptive nulti-function display
controller as recited in claiml1l, wherein the nultinode franme rate
converter unit conprises: a selectable drop and repeat based franme rate
converter unit; sel ect gbl g notj.Qn conpensati on pe frapme rate, converter
unit; a select a§1 e tgﬁﬁg?ﬁiﬂ"‘?é'\‘}é?‘ “PP&IFFBEW&P%“@%%WE&MI@P‘%M a frame
rate conversion node selector unit arranged to select the drop and repeat
based frame%hgtcin when the apnlied mationsempensafien dossinohingunpepsativedmbiips f r ane
rate converter unit and/or the tenporal average franme rate converter unit
wher ei n t hethea@hbuthé dopiaad kpeshashbitarie f& convef@tuniis édlectdd. | On conpensati on
applied to the input video streaminproves perceived notion. 5. An
adaptive multi-function display controller as recited in claim1l1l, wherein
the frame rate converter unit includes a selectable franme rate converter
bypass arranged to bypass t.he fra rat e, converter- unit, when deeped
appropriate. 15 6. A&@ﬁ?@@%ﬁ@@%ﬁ@?ﬁﬁﬁoﬁF%%Feﬁ'é‘}?g{]ﬁ“dil‘?’@‘{rgs recited.
inclaim4, wherein when the applied notion conpensation does not inprove
per cei ved nBh¢Tsin whenitbg.applied motien gempensadon dqes a0t ipgpsexe percaieedmotionsonver t er
unit is selected. 7 An adaptive nulti-function display controller as

reci ted in tbemomly4he temberabaverag dasddfeanapiats @avertiriual iciaeessat i on does not

“inprove perceived notion, then only the tenporal average based frane rate

converter unit i s selected.

‘} 8 An adaptive multi-function display controller as recited in claim 4,
wherein when the applied motion compensation does not improve perceived motion,

then no frame rate conversion is selected.

9. An adaptive multi-function display controller as recited in claim 1,
: wherein the source detector unit includes an inverse telecine detector for determining
if the source of the input video stream is film by sensing an existing 3-2 pulidown or a

2-2 pulldown pattern in the interlaced video of the film source.

10.  An adaptive multi-function display controller as recited in claim 1,
: wherein the display is an EDID based display having a corresponding set of EDID and
wherein the scaler scales the video stream by upscaling or downscaling based upon

the set of EDID.

- 11, An adaptive multi-function display controller as recited in claim 1,
- wherein the scaling protocol includes a downscaling operation prior to a de-interlacing

" operation and a frame rate conversion operation thereby preserving bandwidth.
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E 8 An adaptive multi-function display controller as recited in claim4,
wherein when the applied notion conpensation does not inprove perceived
notion, then no frane rate conversion is selected. 9. An adaptive

mul ti-function display controller as recited in claiml1, wherein the
source detector unit includes an inverse tel ecine detector for determ ning
if the source of the input video streamis filmby sensing an existing 3-2
pul l down or a 2-2 pulldown pattern in the interlaced video of the film
source. 10. An apt i tr ited in
claim1l1, wher e?g t h§ﬁ gldg%}'we m:ﬁl'ri%hu Icﬁ%pg&s%éugﬁés}pals%&%g\??ﬁm{nﬁ
correspondl set of EDI D and mhereln the scal er scales the video stream.
by upscaliﬁ&gﬁ?cﬂﬁﬂﬁ§@%ling based upon the set of EDID. 11. An adaptive
mul ti-function display controller as recited in claiml1, wherein the

scal i ng pr ot ocoln oniphidtsface doptesica thengalepandathe displayiunit thas peovildesi nt er | aci ng
operation and a frame rate conversion operation thereby preserving

bandwi dt h. additidal imigerHtad¥siide sithl dslimhgd GrihbdeniéhE RH2Y erhaiden@int, @on@st r eCi t ed
inclaiml, further conprising: an out put interface coupled to the scaler
and the di gpla¥eH:t that provides additional image processing such as

i mage enhancenent edge enhancenent, contrast- enhancenent. 13.- A net hod of
processi ng an |nconing vi deo strean1having a native video format from a

vi deo source to an outgoing video streamfor display by a display wunit at

a di splay fornat by an ada gtlve mul ti-function display controller,
conpri si ng: A method of processing an incoming video stream having a native

i } - video format from a video source to an outgoing video stream for display by a display

unit at a display format by an adaptive multi-function display controller, comprising:

converting the incoming video stream to a common video format suitable for
subsequent video processing;

de-interlacing the input video stream, if necded, to form a progressive scan
video stream;

selecting a frame rate conversion mode;

converting the progressive scan video stream at a native frame rate to the
display frame rate using the selected frame rate conversion mode;

providing a scaling protocol based upon the native video format and the
display format;

scaling the input vided stream as required for display on the display unit based

upon the scaling protocol; and

providing the outgoing video stream to the display unit.

14. A method as recited in claim 13, further comprising:

~ determining if the input video stream is an interlaced video stream;
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converting the incomng video streamto a common video format suitable for
subsequent video processing; de-interlacing the input video stream if
needed, to forma progressive scan video stream selecting a frane rate
conversi on node; converting the progressive scan video streamat a native
frame rate to the display frame rate using the selected frame rate
conver si on node; gepﬁf@tmﬂan‘g)tlans'wm,agiprot ocol based upon the native video
format and the display format; scaling the input video streamas required
for display on tdmirtgm@hmﬁoﬂmbdtmbased upon the scaling protocol; and
provi ding the outgoing video streamto the display unit. 14. A nethod as
.recited in .claim13, further conprising: determning if the input video
streamis an interlaced vi deo stream 17 generating a notion vector; and
storing the notign vegtor rhchd as recited in claim14, further
conprising: retrrevi g‘ef}f?él%trﬁtégl Ip Hhfeidles compHgingisi ng t he noti on
vector to de-interlace the interlaced video stream 16. A nethod as
recited in clai ﬁPtIl&VlﬂgéhfpﬁDI@dmg?thﬂ veor,endvi ng noi se fromthe input video
stream if needed, using the notion vector.

using the motion vector to de-interlace the interlaced video stream.

16. A method as recited in claim 14, comprising;

removing noise from the input video stream, if needed, using the motion

e,
[
—

vector.

17. A method as recited in claim 13, wherein the frame rate conversion
mode is selected from a group that includes a selectable drop and repeat frame rate
conversion mode, a motion compensation frame rate conversion mode, a temporal

average frame rate conversion mode, and a no frame rate conversion mode.

18. A method as recited in claim 17, wherein the selection of the frame
rate conversion mode is based upon a determination if motion compensation applied
to the input video stream improves perceived motion, and wherein when the motion
compensation does not improve perceived motion, then only the drop and repeat

based frame rate conversion mode is selected.

19 A method as recited in claim 17, wherein when the applied motion

- compensation does not improve perceived motion, then no frame rate conversion is

selected.
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17. A nmethod as recited in claim13, wherein the franme rate conversion
node is selected froma group that includes a sel ectable drop and repeat
frame rate conversion node, a notion conpensation frane rate conversion
node, a tenporal average franme rate conversion node, and a no frane rate
conversion node. 18. A nethod as recited in claim17, wherein the selection
of the franme rate conversion node is based upon a determ nation if notion
conpensation applied to the input video stream inproves perceived notion.
and wherei n whenqt he i sat-l o n L Impr.ove perceived
notion, then ongg'the rggaéﬁggggggﬁﬁ&hb§§§§ﬁ§¥8%%P¢%@% conversion node is
selected. 19 A fhod.as.recLéed in claip117, wherei n when the_applied
motion conmpens&FICERREE theoiideasopEseds » Bl 8oureribhesNSIaE an eisiNG 32 r ane rat e
conversion is_ selected. 18 20. A nethod as recited in claim 13, further
conpri si ng:Pulldewn At n2Agulldowh patiern shes theriuputividea striedmisthainterléegd sensi ng an
exi sting 3-2 pul | down or a 2-2 pulldown pattern when the input video -
stream i s ftimitivideerstremed 1 nput video stream 21. A nethod as recited in
claim 13, wherein the display unit is an EDID based display unit having a
correspondi ng set of EDID and wherein the scaler scales the video stream
by upscaling or downscal i ng based upon the set of EDID. 22. A nethod as -

recited in claiml13, wherein the scali.ng _protocol inpcludes a downscaling
operation prior “to a -ehﬂfléﬂcﬁg‘?qsfé‘ Ci"’b'é’r ?’VgFFeé{h e displayppitisgeEDEd ny er si on
operation thereby preserving bandw dth.

based display unit having a corresponding set of EDID and wherein the scaler scales

AR
i

. i
arsmont

the video stream by upscaling or downscaling based upon the set of EDID.

22. A method as recited in claim 13, wherein the scaling protocol includes
a downscaling operation prior to a de-interlacing operation and a frame rate

conversion operation thereby preserving bandwidth.

23.  Computer program product for processing an incoming video stream
having a native video format from a video source to an outgoing video stream for
display by a display unit at a display format by an adaptive multi-function display
controller, comprising: |

computer code for converting the incoming video stream to a common video

~ format suitable for subsequent video processing;

computer code for de-interlacing the input video stream, if needed, to form a

- progressive scan video stream;
éomputer code for selecting a frame rate conversion mode;
éomputer code_ for converting the prb_g_r_essivc scan video stream at a native

frame rate to the display frame rate using the selected frame rate conversion mode;
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23. Conputer program product for processing an incom ng video stream
having a native video format froma video source to an outgoi ng vi deo
streamfor display by a display unit at a display format by an adaptive
mul ti-function display controller, conprising: conmputer code for
converting the incomng video streamto a common video format suitable for
subsequent vi desomputse sedegr providing ®scatioglprotarol bmed npaer thaaativg: tited | nput
video stream if needed, to forma progressive scan video stream conputer

code for quﬁﬁétiaﬂgt}ﬁ:(ﬁglﬁmoﬁﬁﬁt? conver si on node; conputer code for
converting the progressive scan video streamat a native franme rate to the

.display franme r I t I i on. X 9
conmput er code f%?ﬁﬁpgeé?@?en%?%%ggﬁ‘feﬁ’g" 5rv %é&%‘%ﬁ%‘%@“‘ﬁ%@ﬁ?ﬁgﬁgg’{lﬁ‘{% vi deo
format and the display format; conputer_ code for scaling the input video
stream as legﬂtpl?aé‘%/d%ﬁoé‘gﬁeaﬁ PIOCOHi spl ay unit based upon the scaling
protocol ; conputer code for providing the outgoing video streamto the

di spl ay unit; arfémpysnpededor providing the negbing video sstam itmthetdisplayomitged  code.
24. Conputer program product as recited in claim 23, further conprising:
conputer code f @ompetceroatiaile telliunt foR sioRRY thedofPRtet thb®am i s an interl aced

~vi-deo a. —~ -streanm conputer -code for generating a notion vector; and -

24.  Computer program product as recited in claim 23, further comprising:
} | computer code for determining if the input video stream is an interlaced video
stream,
computer code for generating a motion vector; and

computer code for storing the motion vector.

25.  Computer program product as recited in claim 24, further comprising:
computer code for retrieving the stored motion vector; and
computer code for using the motion vector to de-interlace the interlaced video

stream.

26.  Computer program product as recited in claim 24, comprising:
computer code for removing noise from the input video stream, if needed,

using the motion vector.

27.  Computer program product as recited in claim 23, wherein the frame
rate conversion mode is selected from a group that includes a selectable drop and

- repeat frame rate conversion mode, a motion compensation frame rate conversion
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conputer code for storing the notion vector. 25. Conputer program product
as recited in claim?24, further conprising: conputer code for retrieving
the stored notion vector; and conputer code for using the notion vector to
de-interlace the interlaced video stream 26. Conputer program product as
recited in claim24, conprising: conputer code for renoving noise fromthe

i nput Vi degnode] £RMpotal a@?ﬁﬂﬁameta@é a@vélion ModeOdhd“erd fhme Zafe  Conput er
program product as recited in claim?23, wherein the frane rate conversion
node is sel.gofed f0gea group that includes a selectable drop and repeat
frame rate conversion node, a notion conpensation frame rate conversion 20
node, a tenporal average franme rate conversion node, and a no franme rate
conversi on node. 28. Conputer program product as recited in claim 27,
wherein the selection of the frane rate conversion node is based upon a
det er mi nat i on i £8.not Computso pregrase piaiuctaas pédited int dainh@7,iwipeindhedeo st ream

i nproves perceived notion. and wherein when the notion conpensation does

not i npr oveelp@ionaif iedramd tatconBigion Mitle)s bived dpéiPa agtemiiamest if hasied frame
rate conversion node is selected. 29 Conputer program product as recited in

st e conver si an mds i s . 29 Compu ! !
per coi vt orpar AR ngRih e TRANATRE 1RRLLAR AR 855 ' Corput er

program product as r cit%d inclaim 23, further conprisj ng:_
wherein when the motion compensation does not improve perceived motion, then

only the drop and repeat based frame rate conversion mode is selected.

29 Computer program product as recited in claim 27, wherein when the
applied motion compensation does not improve perceived motion, then no frame rate

conversion is selected.

30.  Computer program product as recited in claim 23, further comprising:
computer code for determining if the video source is a film source by sensing
an existing 3-2 pulldown or a 2-2 pulldown pattern when the input video stream is the

interlaced input video stream

31.  Computer program product as recited in claim 23, wherein the display
unit is an EDID based display unit having a corresponding set of EDID and wherein

the scaler scales the video stream by upscaling or downscaling based upon the set of

"EDID.
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conputer code for determining if the video source is a filmsource by
sensing an existing 3-2 pulldown or a 2-2 pulldown pattern when the input
video streamis the interlaced input video stream 31. Conputer program
product as recited in claim23, wherein the display wunit is an ED D based
di splay unit having a corresponding set of EDID and wherein the scaler

scal es the videgpstreamphitr pREFAN hrRu@as SQNBS FRd1AiRD2 ) aaReIN BRI SchIf set of
EDI D. 21 32. Conputer program product as recited in claim 23, wherein the

scaling p ' wnscal i ng. operation prior to a

doct nt or 1 AEREEBluch s £U5En AR RER Bl L AP BipeSpetiof and ¢ her by
preserving, bandw dth. 22 ABSTRACT OF THE DI SCLOSURE ADAPTI VE DI SPLAY .. .
CONTROL L ERframe fafe couversien orsratindheraly prsserving bardwidh: i ncl udes a source
detector unit for determning if the source of an input streamis either
filmoriginated source originated or video source. originated. A source
converter unit for converting the input 1inmge streamto a conmon signal
processing format is coupled to the source detector wunit. Once converted
to the common- signal processing format, a determnation is mnade if the

i nput inmage streamis interlaced or non-interlaced (progressive scan). If
the input inmage streamis inter] aced, a de-interl-ace-unit converts the-
interlaced signal to progressive scan using either notion adaptive or
notion conpensated de- interlacing techniques. It should be noted that in
t he descri bed enbodi nent, notion

T,

£
S
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vectors generated for use by the notion conpensated de-interlace can be
optionally stored in a nenory unit for use in subsequent operations, such

as notion conpensated franme rate conversion or noise reduction (if any).
Figure 1

ABSTRACT OF THE DISCLOSURE
. ADAPTIVE DISPLA: GQNTROLLER
[0636) A multi-function display controller that includes a source detector unit for
: d’ctermining if the source of an input stream is either film originate& source
_ orig_iﬁated or \ndeosomcc originated. A sonrcc converter vnit for converting the input.
~ image 'stre'am-to a common signal processing format is coupled to the source detector
unit. Once converted to the common signal processing format, a determination is

made if the input image stream is interlaced or non-interlaced (progressive scan). If

‘TD

Al
4

the inputimage strearn is interlaced, a de-interlace unit converts the interlaced signal

1o piogressive scan using either motion adaptive or motion cOmpeﬁsated de-
interlacing teéhiﬁques. It should be noted that in the described embodiment, motio
vectm'sgenerated for use by the moﬁon‘ compensated de-interlace can be optionally
stored in a memory unit for use in subsequcnt operations, such as motion

compensated frame rate conversion or noise reduction (if any).

Figure 1
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