ADAPTI VE DI SPLAY CONTROLLER BACKGROUND FI ELD OF THE | NVENTI ON [ 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 those
used on portable, w Lcatj i igital TVs, and the

| i ke are arranged %@ﬁLWﬁQA&SGQWQﬂ rray of the rows
and colums. The arrangenent of such segnents is done to greatly reduce

t he nunber of external connecti BACKGBROUN ease potential display density.
LCD controllers are used to control the operation of the LCD display and
supply the display drivers with data. There are nmany different

confi gur}qﬁﬂ]pmmlvgpnggnt rollers in existence. Currently, nost LCD

control I'eTs require pixXel -based graphical data to be fetched froma nenory
circuit w@j re;BEt (tive a{réga cycljcal fashion. In fetching the pixel-based
gr aphi cd ta, -&nBUEHt tesde dispdavgeyicss.aMose specilicallpithe invention
Furthernore, to prevent flickering of the LCD display, the data nust be

pr ovi dedlesasibes henulicuntitiop|displaycontrellrGbr O displher inaemeéd sshed at a
predeterm ned, recommended rate. [0004] Al though well suited to actually
per f or msinpde ab@yfedisisanid bed control functions, currently configured LCD
controllers rely on other circuits to performnon- LCD control functions
such as Franme Rate Conversion (FRC), notion conpensation, etc. thereby
greatly increasing the cost and conplexity of inplenenting these various

OVERVIEW

[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 fashion. 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,



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.
SUMMVARY COF THE DI SCLOSURE [ 0006] A multi-function display controller that
recei ves ' hdeo stream from a vide urce includes a.video source
conver t e CURPERY st BB B I sosl G QiR ol GuesBfia el viidtse T nput
video stream (i.e., NTSC, PAL, 1080i, 720P etc) as well as converts the

i nput  vi ¥Bocantiob ¥ehesssnbalcancittany displayFumoddEBgios format. In  the descri bed
enbodi nent, the source converter unit sets an interlaced video flag when
t he i npulil005deo Berefan whatasndesitediid acieglevntdgatesitcireaimarrdgditapesfbaced f | ag,
is wused to enable or bypass the deinterlacer and to nodify the operation

of the fid¢McopfrbuRai@e a8 WG 2HG186AppdRimttibig. O i gi nat ed source detector
unit coupled thereto is used to determne if the input video source is a

filmoriginated source Mm@mmmf i nverse

tel eci ne. techni ques. A && he interlaced signal to
progressiye scan using either notion adaptive or nption conpensated de-
interl ac[iﬂﬂé‘s]t ec %WU@E%“CP%QYFPMACPWWWW ESCERY an Wt VidPe Sefh converts
the progressive scan signal to a display franme rate using either drop and
repeat bawmed vidarwurcatincluodes\eeridécsvuore aonvértam unitolpelaeatsiaoviddvased frane rate
conversi on based upon signal content. [0008] An adaptive scaler unit

pr eser veagandaRWirdsPon M OSARS ot AALL SRR i.c., NEESIEEES 1002 GG let;\é?' y scaling
the input video streamusing a scaling protocol based updn a native

resol uti ' Lutjion. . 1n one enbodi nent.. the out put
i nt erfacagr%e?gé\%ic Bg‘!"}z ??Ir}pglgg%e?trsrggaén ﬁorgﬁc’e%oﬁél%ﬁfclﬂo‘é?m FJ&%nttancenent ,
edge

the described embodiment, the source converter unit sets an interlaced 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.

[0007] A frame rate converter unit then converts the progressive scan signal to a
display frame rate using cither drop and repeat based frame rate conversion or motion
compensation 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



2 enhancenent, contrast enhancenent, etc. In one inplenentation, an
optional noise reducer unit is used renove any noi se fromthe inage
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 n I r I ay..b i it i y format by
an adap??nél‘érq%lij}rfe?' |[c§ ﬁtﬁ%sit ?%%angéf@g ta%//tc' %:/non eﬁl&%ﬁéen?é[r}tés%&?géwgoé%‘! 3‘%62 met hod

i ncludes the follow ng operations converting the incomng video streamto
a commonfedReEE gt &y ypae Tane Yeanydorss from Bed mgen Bi'sdeo  processi ng,
de-interlacing the input video stream if needed, to forma progressive
scan vi d@80%k r e Impnshdrembodgnentf a method af eracesviney @i inpomingeyidaatreemt | ng t he
progressive scan video streamat a native frame rate to the display frane

rate usipgidgendiketdeddorrhdtd o ﬁ;@icﬁo%@ﬁl‘é@f&&rp&ltg&ﬂﬁNid%b%ﬁ'i:ﬂh@& a scaling
prot ocol based upon the native video format and the display format,

scal i ng %; i . M . Lr L spl . ON,. di splay unit
based up%%q%%gpgglasﬂaggﬁg?%% g%@a?%%%%qugggg%pﬁgeﬁéaofﬁ Cguooglnddgp@i%deo stream
to the displ .unit. [00101 In still another enbodi nent, conputer program
pr oduct ‘i°§Pfa@‘{de Hfﬁs&b{% r The giethgd drcdudss thy IRHOVHMERRCRIIONS ARBYCERNESA havi ng a
native video format froma video source to an outgoing video streamfor

di spl ay ibgomingdivajsosireamito aabmancai & idcafprihatrswitabll for subsamuentt vide

mul ti-function display controller. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00111

FIG 1 q:h@aesssiag,gﬁqafeﬂaciﬁ?mﬁé Qe HQNstRAmA i feedRINd fodin 4 fehidegde of a nulti -
function display controll'er in accordance with an enbodi nent of the

i nventi qay v09 %Lgésagf g.?ec@ngsg'ﬂ‘%e Fatl %ﬁ\;egﬁén?ﬁloidgpcloﬁv&ﬂhg&ﬂeoﬂ}ogessti%e

mul ti-function

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 providing 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.



controller of FIG 1. [00131 FIG 3 shows a flowchart describing a process
in accordance with an enbodi ment of the invention. 3 [00141 FIG 4
illustrates a systemenployed to inplenment the invention. DETAILED _
DESCRI PTI ON OF SELECTED EMBODI MENTS [00151 Reference will now be nade in

det ai | arty a odi ment of .the inventiop,an ex l e of which is
i |l ust raﬁma n t gcgusﬁ%gﬁfisﬁﬁtc%emlﬂﬁe to\]/WPP ent g I?Wﬁ Rtion will be
described in ¢cQnj unctl on W|th t he part| cul ar errbodl ment, it will be
under st ood t hRETAILED DESCRIRTIQAN QF SELECT BODIMENES, t he descri bed
enbodi nent. To the contrary, it is intended to cover alternatives,

nodi fi cal00dal, diaferepcpwilbh@nbe nesle imgethit td Mpartidedr shbduimenie thpi rit and
scope of the invention as defined by the appended clains. [00161 FIG |

shows a grBeEcH arcoRhipddbRVhRA 1§if11u§tr§¢¥<§fnecﬁé 28 pdaﬁ§m 'aﬁ{wiﬂgfer il 1p! ock

di agram representation of a multi-function dis ontro 2 coupl ed

to a vi |s l. & 106 C ance odlnent
of the |%§g%feﬁgﬁﬁ%lﬂ%éﬁg%gg% CP r}éuf)ﬂ&l l{iﬂ %rﬁﬁﬁ%?rpg‘\?lﬁlf’ﬁﬁt Ltw‘xﬁg bsw ted
for inplenentatio as.a smgle |ntegrated circuit and as suc can be
incorggr SOt thaloth 1 etk 1ntgndaddo ligntihe veation kethe desceidaéh as an LCD
panel). The controller 102 receives an incom ng video signal 108 fromthe
vi deo soembedimedt. tFrathe cantrivg, ieistinendahtoanatodtesiagned, naydificatidhgiahal si gnal .
In the case where the video signal 108 is analog, t he video source 104

I ncl udesequdvitertOi ey bethchididl QdthePtHe GBirt Uad s@be foP theSH 8RI0R as AR AR 09
t el evi si on broadcagj}z anal og VCR, DVE pl aye@ cancorder, |aser disk

player, gMhkUPiinded ShairhOP

[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),



box (wth satellite DSS or cable signal), film and the Iike. In the case
where the inconming video signal 108 is digital, then the video source 104
includes a digital video source such as for exanple a digital television
broadcast (DTV), digital still canera, and the like that can be any nunber

1080 1 6o F oM TR 028 5t RIMERYY ol SRy o S SYudi 1067 (1280

720 resol ution, progressive scan), as well as standard 480 progressive
scan vi ot Prpgrosstye §can ¥Kocase where the video source 104 provi des an
anal og signal, an analog-to-digital converter, or ADC (not shown),

i ncl udedQOL2} coulplteelcdse vitizee the videnabinee 1049 presided @antafialep siznal, @g vol t age or
current signal into a discrete series of digitally encoded nunbers

(si gnal )anhRistbRigitd chbiveriRE, % @ISC %bt@l?&?ﬁ’)gfﬂcﬁglgd% 8 ddtbpledit data word

suitable for digital processing. Any o W v?rlet of Al fcan bed gsed.
By way of _ex l.e, other Al include, for exa e those manufacture y:
Phi || %s,““f’e?@époﬁogscto?ﬂ?{gsrﬁ“, ang| §|V8§a%9e?}i QuIBNt e Bt B ISR SR SF <. [0018]
The controller 102 includes a video source converter unit 110 that detects
a vi deo $&fatengedadaumeen (signal femang ipibe procgesoansanpeentiatd digital NTSC, PAL,
1080i, 720P, SMPTE 296M 1997, etc) and converts the input video stream 108
to a cormoge dath grwad syitabbefos digital prooesingFAny ek amidevariety $fhE&DTIicdadesi gnal 108
is conmposite video, then the controller 102 decodes the input video stream

108 i nt quiskd1eB§ QAR cRArERB] othdl KOS Fldtc! R RhmpRYESe FRartu®lct i H}?.l e a
%@? g I 0

format havi ng separat uma and chroma conponent signals eac f which are

e DA R 8P SRISEBRPHT R bl B k. <P TPt video ot rean
[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

detector 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



deened appropriate. [0019] Concurrently with the formatting, the source
converter unit 110 determnes if the input video stream 108 is interlaced
or non-interlaced (progressive scan). Wien the input video stream 108 is
an interlaced video stream the source converter unit 110 sets an

i oriu eI G apl b ot e S e A B8 T i

originated source detector unit 114 coupled thereto determnes if the
i nput  vi 4B 04PHblerA dpmigriace ppitl 13 andp Framedatemewrteﬁémm%%nmae §#%¥eo stream
108 is a derived fromfilm the film5 originated source detector unit 114
sets a fwhare bothghamtethiceduidee fiaf d¢2 addthelfdn soprceiftag Itlorang sav(tepithet o a
de-interlace unit 118 and a frame rate converter unit 120. In the case

wher e thﬁutt\h&d JifeBinl [DBQEintégiRed i’llrﬁ%ngﬁﬁte@ﬂﬁldéd)ethé Ub-"ﬁlt&ﬂweQﬂntfl'ng 116 are
set (i.e the input video stream 108 is interlaced filmoriginated

vi 000) . khEfenlcn B i s W fhe L RGPS IPRACE! SBEs Kb bt ames 11
Bk i b el Koo

t he common FOCeSS Known as ecine (or 3:2/

2:2 Inverse PuI domn th t senses the existing 3 ul I down attern of a
film orilgrersg eépcmede53 A ﬁ@e@g@w Brldowd thal semses the eF‘bﬁtmgéc%P‘Hlfﬁ’b‘G% es as

produci ng DVD s where the only avail able source was video with 3-2
pul | dowpattEorof aNiIBGriginated valced Iviethedelodin@ it wspiil forl suctnparpbsasrasof every five
fields unique, for progressive scan, two out of every five franmes are

uni que. pBERSMEDVIDNewhért thd brelg abSlabR&iourceMad vid® with guepdlidotinf Fafes are
passed into the Frane Rate Converter, irrespective of whether the

de-i nt e'fg‘gﬁ'i ihferde&yiBlo S'Pict]fé:[e %\ 'f&hr%‘?%v&g%ﬁze f‘@fh%%nﬁcjilggf&}p”t vi deo

stream is Interlaced ace €o s ream I's converted to

rogressive scan by the de:interlace 118 usin
prog progress?ve scan, two out of every JI:IV rames are uniqu% S}henever the film flag is

set, only the unique film frames 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



spatial, notion adaptive or notion conpensated de-interlacing techni ques.
It should be noted that in the described enbodi nent, notion vectors
generated for inplenentation of the notion adaptive or notion conpensated
de-interlacing techniques can be optionally stored in an onchip nenory

[ 2 bse h d
a4 AR AVERS GRTANHEe U85 R GRIPRLSS) .,
120 can take any appropriate formsuch as a data and. a vector cache that
al | ows thRSqWeRFomaFERNtHt 1P2and the desirsd qwryt gisplaydesokiondisethe not i on

conpensated frane interpolation as well as noise reduction optionally
provi de EDY provislpd byraly ofaidet aheoined d 24,18 thosk @8RE where the detivet ademr e
efficiently allocate processing, nmenory and bandwidth related resources, a

scal i ng rébitin ndstibe dBeASIaRidad datero ffedd the ﬁlsbﬁﬁtr&fulﬁﬁféﬁfsaif@lﬁe unit 6 122
t hat conpares the native video resolution (baséd on the video fornmat

det oot e ey TR RS BRVELH s bmrdd A7 B0, h G A3 1 &gyt of opl 2y

resol uti o1 sed on provi I n those
cases where the natlv video resolution nmust be downscal ed |n order to
meet t h&Hil2picayplee fuihe spwise sonerteh b10 By way ol qendrollebls switslid 28 deo st ream
108 is approprlately domnscaled by a downscaler unit 126 coupled to the
sour ce contveladdry dd@vipgalangnable sigrad Stspodtidéd by dwiscaingfador gamatatal | ed by a
downscal er enabl e signal Sds provided by the scaling factor generator wunit
122. [ 0Qggl12Bor exanple, in a particular inplenentation, a scaling factor

i ndicating whether the input video streamis to be upscaled (SF A 0),

g]?vv?ﬁga:[@sjl&] l(JtSIFIS%r %‘?%F‘ucé?ll{ a 8%?#1&13931'}&9111&1%@10%, Ja'sgglix%af%&gr }ﬁﬁ?cgtiﬁg conpari son
whether the input video stream is to be upscaled (SF >1.0), downscaled, (SF < 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.
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.

[0024] However, the inventive controller 102 is not limited to a particular scaling

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



vi deo stream and di splay resolution provided by the data channel 124 is
determned. |If the scaling factor is less than 1.0 (indicative of

downscal ing), the downscaler unit 126 downscal es the video stream whereas
when the scaling factor is not less than 1.0, the downscaler unit is

di sabl ed. and. t he .i nput ..vi deo stream.i assed directly to.the film

o+ gi nataabl £ doHBREtTEPOTATTT St 1 b Saereie YRLCa Wi hecded [ 0023]
It should be noted that as inplenmented, the controller 102 adaptively

conf i guriestosmed afiter gy peavitsd dtamsaeeonyrssion iEhip putivelar dewnagelingn of t he i nput
video stream 108 and the display requirenents of the display 104 in rea
time. Fagro@xapbdd be boitabisherhonsmalideg sebdrtid08 &) Sor(eRampeQ 10$0II and
vertical) it is optimal to downscale prior to de-interlacing and only then

per f or m anYnd &9@%&”}%0@@% {]e@sﬁum&rs@h%ngmﬁhﬂﬁ .ﬁgghi@%ageequi red, the

controller 102 scales the 1 nput video stream1 needed prior to

the de-interl acing and any .required fra rate cpon ion. . [00241 However,
the i nvngtaE%ﬁSB%}f@w%ﬁg%g?eﬁqu WWFIEGOYVBS%P%g% ?’Eﬁf%‘ilé'scal ing
protocol since other possible avail able downscaling protocols include, but
are not inteflpging by thegle-igteglagm & Ehfolleyed hr framegateponwersiop bydhe frame | aci ng whil e
any upscaling is perforned after any required frane rate conversion. This
parti culrate cdoversee 420 agd oply ohemcwduldthel dddaebes varticddlyarpateded bhan ipspaler Vi deo
stream 108 is, for exanple, 10801 and the display resolution is set at

UXGA 1 esglutri géheéahf'@%ﬂi%ﬁ%le ioru&;JHséalé%?YidQQEi'gﬁﬁraEgboﬁ%g}s}tgﬁglaié]@g woul d be

performed by tThe downscal er t26 before Interlacing e-interl ace
118 followe%0 the frame rate converter 120 and

by frane rate conversion.

onl'y ¢ neicadarasehBEprifs S BROER P gt ap el s army-if MlBEPer “Lso. In

general, it is preferable to downscal e any video signal as soon as

pract i cdsiogrees required by 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. Alternatively 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



si nce downscal i ng preserves nenory bandw dth as well as processing and
menory resources required by the controller 102. It should be noted that,
in general, for wupscaling situations (horizontal and vertical), the
downscal er unit 126 is bypassed (as in FIG 2) and to preferably
de-interlace, fr rate convert.and scal.e in order. 0025] . Once an
nter | acSiRET Mg at sPRyarlinis dongallie SiEhing berweRi ke PBRELA ¢ 120

recei ves_the progressive scan _video either fromthe de-interlace 118 or

di r ect | yiTimg gate epnyversiomeibe difterend fmgegites i dong im ajsparnlges fashien o anat i ve
progressive scan video. The franme rate converter unit 120 then converts

t he pr ogtoass creetesmavisundaafdces. a di splay franme rate using either drop and
repeat based franme rate conversion or notion conpensation based frane rate

conver si 28RS eFol BRAnSk, SC%‘aggde;ﬁ‘B%teEs; o RARVRIS mulsf still be | S det er mi ned

t hat notion conpensation does not ‘satisfactorily inprove perceived notion,

then the drop a eat type fr rate nversjion i s se|lected as opposed
to° "t he BT ORART-BERERE b Promor blht o FOBFLF oo draR deha i

artifacts may be introduced. Alternatively if it is determned that notion
conpensat1ésiPeasdd thefilm basadst-3 paitarn is keepspontaopesanaiasiliipedict whethethen t he
frame rate converter could choose to nodify the output frane rate such
that it thanatdng fiedicopies béfosne afet ehe fidld béing proceskdr In the dadehAtilmpt i on
conpensation inproves the inage quality, then notion 8 conpensated frane

rate cormeﬁéiiﬂeﬂée%d%agjgt (al BOHS Wrd &1isNQ) DAl YRR HO4IRdRS: frame rate

conversion or the different franmerates Is done in a seam ess fashion so as

to not a sual artjfact 0 or .exappl NTSC. based
progr es gflgeg&(saﬁeagﬁlaﬁ er(%%rﬁ?gferts iuﬂtﬁgg L”‘ﬁﬁ”ﬁ%’&ﬁ? N aRg 5})’%8‘1@?5%‘% per second
for display. However, the nost the de-interl ace

pconzert them to a frame rate consistent with the display 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 example, 50 fields/sec for interlaced video
material, and 24 frames/sec for film-originated material) on progressive digital
display 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 interlaced 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, due to the human eye’s tendency to track the trajectory of moving

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



118 does with the filmbased 3 -2 pattern is keep count so it can easily
predi ct whether the matching field cones before or after the field being
processed. In the case of film the de-interlaced output (at 60Hz
progressive) still consists of 24Hz; notion. Therefore, a frane rate

rame  9000ns e et R Erdieth sk Fonh! Braed oA fifny, ™" "m0

characteristics provided manual ly or automatically by way of the data
channel cepversiop gomPp}ieoar ins¢rpplatedeamm ebyridtarmedigtenpinten ddacd seiiofs at ed
frame rate conversion is that at |ow display refresh rates (for exanple,
50 fi el dgjjeanyf@rthatthatlisnedisstiepany bamteen aakxpated itvigé manos dsew f or
filmoriginated material) on progressive digital display devices, a

di spl ay 3¢ i S RHoRA Thil S mage ahoREOtjectd e ea 1 cker
becones G%Fﬂgélélﬁ%?‘E)cfﬁeaggﬁ?%&eggi%?én%&t r?feledi splrgilg%i nctr eascg:eéc,t IIél}ure to the high

sensitivity to flicker.in the human visual ripheral regton. A sinple

sol uti or?nFi’iﬁmertgalﬂfcﬁ‘% 1stcﬂegcr£§eélgayfq R} focgorﬁgaticﬁ%r%eeg%nelplt%g&ég{(]i splay refresh
rate by repeating the input fields or franmes at a higher rate (for

exanpl e diffgentlpygiyef spatiakrsolutigne ppchicasdt ¢ pereblevelynl an igwes gatch lgyehr ea f1i cker
problem for static scenes. However, the repetition, does not greatly
change tdnat mobdhjest lefelt he vi deo i mages, introduces a new artifact in scenes
wi th notion, known as "notion judder” or "notion snmear,” particularly in

areas Wphoo1hi 9l Qa1Y, 388 moHSEcdiBpdndficd HpFDa ¥ 1w bRNAAN GYo basit r ack t he
trajectory of noving objects. For this reason, nption conpensated frane

interpolation.is_ used 281 In e described i RN noti on
conpenads oS st Eie dhobbBE Mdhof BE SRRRChLRASH (F RSH ey Mg "o on
i nternedi ate point on a local notion trajectory, so that there is no
di scr epab@la e ie S ving st MEdaresadbe msttiassypiqngmplies 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 namber
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
display requirements are communicated to the inventive display controller by way of
the data channel 124 coupling the display and the controller. However, in some cases
user supplied display requirements can also be provided that supercede or supplement

the display requirements of the display.

10



eye tracking and a displayed i mage notion. The |ocal inage notion
trajectory from one frame to the next is described by a notion vector that
can be conmputed at different |levels of spatial resolution, such as at a

pi xel level, at an inage patch level, or at an object |evel. [0029]

Gener al | or tion c ensat ed roaches to rk | ],. sic
assunpt i[éﬂ%{]ar e%h‘éwﬁ’btgﬁ O‘Evﬂsé:aﬁétlgggm&?‘ePﬁﬁcageﬁjléﬁ?rerr%ﬁﬁgﬁp %XY)? fr&/i ng

obj ects have inertia, and 2) noving objects are large. The inertia

assunpt iBiretaphtities fongimplicitpel lélﬁstra;@étoaiy BN Hhgld neh by ceistibehta miki t h

respect to a tenporal vector sanpling interval (that is, the frame rate in
t he di githalmplesienthtiod bfthe @bgreoltdp 1 62 tsthassfudiptréto entitigsl Oeshd ¢umraryg not i on
vector changes only gradually with respect to a spatial vector sanpling

intervalype Eﬁk%ﬁlc:l' $20 LAtErhY ﬁggg%cg}érQQg chiS b RNt RRBE 20 28in8R nfulfiew boundary

notion discontinuities. | It should be noted that in addition to
frame rate conversio de-i.nterlaci;n etg. ..t i nventive di.spl ay
cont rof TEPetEBoCEE W haras & BeEfP i epEhfne AT NG URR 2s L he

display rate in terns of frame, line, and pixel rates, as well as the

nunber  lafonasmpedimsmicenougat iterfice A3l papudssadditioaal igwee Progasinghased upon
the requirenents of a particular display device coupled thereto. In the
descr i bedcle abmaigrenhaceimbeis edgh esphimpneat) conteasearitmnegneent oacrulni anet ed to t he
inventive display controller by way of the data channel 124 coupling the

di spl ay iﬁiﬁ%xﬁéﬁ@at%néﬁ tidial ndiVRMBEer uhf? 159 IRuse@$&Rove ot IRIn 8 di spl ay
requi rements can al so be provided that supercede or supplement the display

requirene f the display. 10 [0031] As shown, the downscaler 126 and the
upscal er‘m%%%ﬁgeragl'shom in FIG 1 as

[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 the
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. In any 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

based de-interlacing having motion vectors generated therewith stored in a local
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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. On the contrary, the upscaler 120 and the downscal er
126 can be inplenmented as a single nulti- function scaler unit arranged to

f bot h | i d d | § ' - di ,
oot put | TR S35y B Proble Rl ik BB R et P nRS 2 T g™

enhancenent, edge enhancenent, contrast enhancenent, etc. In one

i npl emerigr tfobeingfprapided i p displayslevics fRretisniay theregd- | s used renove any noi se
fromthe imge stream [0032] FIG 3 shows a flowhart detailing a process
300 of H003Mssi HiG.ahilluspates a wisthen460 employdd/tod mpieaminavhedongntiohl er i n
accordance with an enbodi nent of the invention. The process 300 begins at

302 by r@ﬁﬁﬁﬁéﬂk@st@mﬂﬂdﬁ@oﬁ%y%@xaﬁg%et&% Hi¢sybiefn in WHic3@@ prdsB@ | nput vi deo
a de

standard is detérmned while at 3 termnation if the input video is
interlaged, ..l i i.de@ d.S..i : ] flag is set
08 opugh b B REhel Sy am 0B AR Sendd BRI (oo,
format while at 312 a determnpation is made if any_scaling (either

upscal i A0 deRASEaD MIFGITY RAMDGRD Tsad BBl S IAT RPN Fiat PYCOTRRGE vi deo
resolution and the display requirenents. If there is scaling, then the
cont r ol Iperipherale g0 nghphiccamtroter 46, pompeyr fionage ddwceselg(liandd50,smdl i ng,

ot herwi se, control is passed directly to 316 where a determination is nade

if the gygiche@isbRyfunlt®70r CPURat1€hry h196 Boupldd folonk Br AR iHpupelpiihat the vi deo
is filmoriginated video, then a filmsource flag is set at 318. In any

case, aty .3 i i i i+ the.: Vi |.S;.] and if
Chesvi ol 46 et SATIMdeorafe i o) diicks B56h dPurbdk L BAEE, BN
articular, enbodinent, the de-interlacing is tion_ conpensated based
de- i nt e#ﬁalaqa'r%, H%?FPHBO‘W&tPB‘ﬂ‘"%‘é‘PHPQISQi@HgFW CEHEH R TGRS STAEEHCIi n a | ocal

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
includes the Vsyne 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
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11 nmenory. In any case, the progressive video is frame rate converted (if
necessary) prior to being forwarded to a display device for display
thereon. [00331 HG 4 illustrates a system 400 enpl oyed to inplenent the
invention. Conputer system400 is only an exanple of a graphics systemin

whi ch the ention Gan be n | udes
central 5P§5@§§Pﬁ8hWﬂF?mf@EB§ efTBﬂ“kgﬁégﬁgg%ﬁ ggé%%&?ﬂhﬁ%%gk?P4zo read
only nmenory (FKI@ 425, one or nore peripherals 430, graphics controller
460, pricpaivgleBor age devi ces 440 and 450, and digital display unit 470.
CPUs 410 are al so coupled to one or nore input/output devices 490 that may
i ncl ude [00R%] ar Whiletthisiimiehadn has bededesreibed ircterrasof 4 desckbdshl | s, i ce,
keyboards, m crophones, touch-sensitive displays, transducer card readers,

magnet i %mb%m%ﬂ%e&%&ealf&@eﬂﬁa SpertaliliBhs and byliVa6ss thabtAewRiinhedw i ti ng
recogni zers, or other well- knomn i nput devi ces such as, of course, other

conput ers hi.cs gcontyq

corresp8ﬁ 6‘5%$8P8w@ﬁ8% @F%ﬂg aho g“§§@3§ %g%ﬁ9§1 ?E?Pal Hlsplay uni t

470. The |nage data can be enerated for_ exanple, based gn pixel data

r ecei vedf fippigineptinghesh ghe E’f%ﬁ"ﬁﬁ and apRestpnpt t@ﬁ@ﬁ'ﬂ@lt('ﬂ\ﬁﬁn“%oﬁﬂﬁ In one

enbodi nent, the inmage data is provided in RGB fornmat and the reference

si gnal tlile'ireﬂowjie&nﬂb@tmsmmlmﬂomﬁvwﬁe@t@ﬂhﬁsinmﬁinglaﬂamh alterathansar t .

However, it should be wunderstood that the present invention could be

i mpl enentaRuMidiy, hﬂ’@&@nvﬂl&ft@a@ﬂdﬂ/\?ﬂﬂnn Rl RlapER apl G8ReSfithe gefgt formats.

For exanple |nage data can include video signal data also with a
corresp%ﬂ% time reference signal. [0034] Although only a few enbodi nents
of the presen? i nvention have been described, it should be understood that
the present invention mght be enbodied in
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many ot her specific fornms without 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 equivalents. [0035] Wile
this invention has been described in terns of a described enbodinent,
there are alterations, pernutations, and equivalents that fall within the
scope of this invention. It should also be noted that there are many
alternative ways of inplenenting both the process and apparatus of the
present inverlfLAMSIt 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
invention. 13 CLAIMS 1. An adaptive mul ti-function display controller
arranged to rﬁcelwgn ncomi associ ated native

rea
video format from‘a Vi élge%u&trlglému n ‘S&iaé\?"gg 35%96%4 tﬁée%el‘geaél stream for

di splay by a dis Iaé unit at a disp I¢%ﬁfornat conprising: a video source
conver t RCQIRIE V §@€W@§PE@H@“¥ﬁ@t aﬂV%VVkﬂéﬁﬂﬁﬁﬁWﬁ%aVK@@§@€F¢ng if the
incomng video streamis an interlaced video stream and converting the

i ncom ngndipdaddessr edgoing valeosmaon fon dsplay by adisphyivnibk e displayfotmsaquent
video processing by the controller;
comprising:

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 stream;

a de-interlace unit coupled to the film source detector unit for de-interlacing
the input video strearn, 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
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a filmsource detector unit coupled to the video source converter unit
arranged to determne if the input video streamis as a filmoriginated
video stream a de-interlace unit coupled to the filmsource detector unit
for de-interlacing the input video stream if needed, to forma
progressive scan Vi tream.a | tj mode fr.ane te .converter unit

coupl ed nﬁ%lolnhvgc(%p?%etgf ﬁ%[(‘:rgcr%ﬂgtﬁ%P’lde(?3&93(5?11?3%5‘{6&@“&@@?%12glil e scan video
streamat a native frame rate to the display franme rate using any of a
nunber @&fsplay contrabgrdurtheripclndgsa memowrdeviss crpeled to he dolipna@aisti ve scal er
unit arranged to scale the input video streamas required for display on

t he di spesgratoninit faylstayinigribe mosiomlvestigr. pr ot ocol based, in part, upon a native
resolution of the incom ng video stream and the display resolution. 2. An
adaptive multi-function display controller as recited in claim1l, wherein
the de-interlace unit includes a notion vector generator unit for
generating a,l4 ol o . HS far_de-interlacin he ;vi. deo stream if
needed, and v%herg:%}ld ?%ggg%ﬁgi'g“i‘%g%? 8 eC(r)Irl]tTr(glgctr ﬁsefeclﬂﬁézfnu(aégl g’ menory

devi ce cl‘,,oupl ed tg the notion vector generator unit for storing the notion
vect or . TGHICAOBBEYNALY e nul ti-function display controller as recited in
claim2, further conprising: a notion conpensation type noise reducer unit
that is usedameotipnecompicssationdype ndise redebeo usit thadis used rammeatewisedfsimg t he

noti on vectors stored in the menory device. 4. An adaptive nulti-function
di spl ay tieonbéDitteai, ¥nde8ad, usidg itk BbRdiVvéotors WRESEINhd Remaw ddvimde frane rate
converter unit conprises: a selectable drop and repeat based frane rate
converter unit;

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 1,

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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a sel ectable notion conpensation type frame rate converter unit; a

sel ect abl e tenporal average frane rate converter unit; and a frane rate
conversi on node selector unit arranged to select the drop and repeat based
frame rate converter unit and/or the notion conpensation type frane rate

converter unit andjor .the te ral. average f rate converter unit
wherein the été‘el eC@pﬁgaRtge%nggu%@H dgw tcéjpgff’aﬂ%ﬁscfﬁcqe ! ﬁ“ﬁﬁ conpensati on
applied to the input video streaminproves perceived notion. 5. An

adapt i veVhgipiniwhegibe aRificd inagiioncorpsRTaEPn dpesot imprave dercaivefl Aaon,  wher ei n
the frame rate converter unit includes a selectable franme rate converter
bypass ahemogledhd dropypd scpehtimséd frame ra¢ eornertgeurtiess salettedwhen deened
appropriate. 15 6. An adaptive multi-function display controller as recited
in claim4, wherein when the applied notion conpensation does not inprove
perceived notion, then only the drop and repeat based frane rate converter

unit is sel ected. An adapti.v |l ti-function. display.controller as
recited in cf;'tai m ,nac\:}\%) %vggrhulﬂﬁlérﬂc'ﬁto%hsg Iﬁogﬁoﬂgtﬁs5%°1%8%8 t4i on does not
i mprove perceived notion, then only the tenporal average based frame rate
conver t e¥haisinwhea theapplied guotion KempaRsstipy oga ot imPIRYE PPEAIVEH SLE) control | er
as recited in claim4, wherein when the applied notion conpensation does
not i nprtbereorgg thedempdrabatdrage, bas¢hramacaté cammertenbet toakeetedi on i s sel ect ed.

9. An adaptive multi-function display controller as recited in claim1,
wherein the source detector unit includes an inverse telecine detector for
determning if the source of the input video streamis filmby sensing an

existing 3-2 & ut'l d&t‘f‘@da%rﬁvg 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 pulldown 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 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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2-2 pulldown pattern in the interlaced video of the filmsource. 10. An
adaptive nulti-function display controller as recited in claiml1, wherein
the display is an ED D based di splay having a correspondi ng set of EDI D and
wherein the scaler scales the video stream by upscaling or downscaling
based upon the set of EDID, 11. An adaptive mnulti-function display
controller wherein the scaling protocol includes a downscaling operation
prior to a de-interlacing operation and a franme rate conversion operation
t her eby preséerdvi ngAbadapsivemti-fenction diplaysapirpler argdiedinflaimdn di spl ay
controller as recited in claim1, further conprising: an output interface
coupl ed fuohdrvempeiaingr and the display unit that provides additional inage
processi ng such as i nage enhancenent, edge enhancenent, contrast

enhancenent . L%y MREARL RBLpRE 85 BRSLAS: A th@ﬁﬂﬁia %nﬁitﬁi‘ﬁ%_r&i&&am having a
native video format froma video source to an outgoing video streamfor

di spl ay ..a_di.spl a unit at, a display fornma § an adaptive

mui £ -1 aiRat BReg Py i S Ao P sl Brith ofts FBeRT A Bt o ng
video streamto a common video format suitable for subsequent video

pr ocessiABANCEEENht er | aci ng the input video stream if needed, to forma
progressive scan video stream selecting a franme rate conversi on node;
converting the progressive scan video streamat a native frane rate to the

13. A method of 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:

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

de-interlacing the input video stream, if needed, 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 video 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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display frame rate using the selected frame rate conversi on node; providing
a scaling protocol based upon the native video format and the display
format; scaling the input video streamas required for display on the

di splay unit based wupon the scaling protocol; and providing the outgoing

vi deo streamt i.spl ay it. .14. A nmethod as recited in claim 13,
further conpr%eglfelﬁg:gggéﬁ(g]{pr%vﬁlg%& Ei"fj the input video streamis an interlaced

video stream 17 generating a notion vector; and storing the notion vector.
15. A met hod $MERE EYONYEEI0Ri m 14, further conprising: retrieving the
stored notion vector; and using the notion vector to de-interlace the
interlaced video stream 16. A nethod as recited in claim 14, conprising:
renovi ng noise fromthe input video stream if needed, using the notion

vector. | T A et hosl nasihd®sd feitkd ifl cBlii 19, Adthe¥b@hBiding:he frame rate
conversion node is selected froma group that includes a selectable drop

and rep_eat fr vfn%%tﬁe f Péﬁlvﬁééén%c%%fj d @ noti on conpen;atl on frane rate
conver si on node, a“tenpora average’'frame rate conversion node, and a no

frame rate conversi on node. 18. A nefhod as reci te,ge inclaim1l7, wherein

the sel ecti or!'SH¥E R EHORYECIOF i de-pislaes diedhicHptRd VideosseaR: upon a

determ nation if notion conpensation applied

16. A method as recited in claim 14, comprising:
removing noise from the input video stream, if needed, using the motion

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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to the input video streaminproves perceived notion. and wherein when the
notion conpensation does not inprove perceived notion, then only the drop
and repeat based frane rate conversion node is selected. 19 A nethod as
recited in claim17, wherein when the applied notion conpensation does not
i nprove perceived notion, then no frane rate conversion is selected. 18
20. A nmethod as recited in claim13, further conprising: determning if the
vi deo source | s a filmspurce by sensing. an existing 3-2 pulldown or a 2-2
pul | down pat tj(g' n vx%é‘??t@?‘ijgasirﬁﬁmd ipichéy 19t fsther synpIHeng:nt er | aced i nput vi deo
stream 21. A nethod as recited in claim13, wherein the display unit is an
EDI D based dietgsinaningifithe hisleo nouree mar files songt bygseasihg afi eXiBlidg 242d wherein t he
scal er scales the video stream by upscaling or downscaling based upon the

set of HillBowR2r a -1k sateRLWh&Hthe ik #d8b IBeantiOhSiMedgqscal i ng

protocol includes a downscaling operation prior to a de-interlacing

oper ati g, aR% rate conversion operation thereby preserving
bandw dtﬁ? 23.8%83)1%%{[}:3& program product for processing an incom ng video

stream having a native video format froma video source to an outgoing
video streamfor display by a display unit at a display format by an
adaptive nulti-function display controller, conprising: conputer code for
converting tHd. i ndomethpdsdeaitedtin elaim 18, wheremtbadispldg anitioamBDIB Ui t abl e for
subsequent vi deo processing;

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.

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;

computer code for selecting a frame rate conversion mode;

computer code for converting the progressive scan video stream at a native

frame rate to the display frame rate using the selected frame rate conversion mode;
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conputer code for de-interlacing the input video stream if needed, to form
a progressive scan video streanm conputer code for selecting a frane rate
conversi on node; conputer code for converting the progressive scan video
streamat a native frane rate to the display frane rate using the sel ected

pr ot acol bascariises pAERAzryddmER IR PRER tafte B R iRE

conput er, code for scaling the input video streamas required for display on
the di dprmagfapdithe GsRlanf@pP@h t he scaling protocol : conputer code for
provi ding the outgoing video streamto the display unit; and conputer

r eadabl e medicgmplugar cotdofarngalingshe mpputideo stothen aPtqui@shiputisplapoagheam pr oduct
as recited in claim23, further conprising: conputer code for determ ning

if the hﬂgﬂ@ymﬁﬂ@ge§hp@ﬁﬂk@§m Iﬁabgﬂkaced vi deo stream conputer_code for
generating a notion vector; and conputer code for storing the notion
i

vector. 25. [ I C i in,clai fu er
conpri si ng: g@%ﬁ%&%é?giggg d@hgg#?H%@?H%gﬁﬁéﬁg?%ﬁghﬁﬁéﬁ%%ﬁ”gﬁﬁ@%?; and
conput er code for usi t he potion vectﬁr to de-interlace the interlaced
vi deo st reamcoﬁ"ﬁ’}‘t%??g]gk’lérmiﬁg‘?}arf%ﬁt?}?% ECORBUFEEP®%ed i n claim 24,
conprising: conputer code for renoving noise fromthe input video stream
i f needed,

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 nceded,

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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using the notion vector. 27. Conputer program product as recited in claim
23, wherein the frane rate conversion node is selected froma group that
i ncludes a sel ectable drop and repeat frane rate conversion node, a notion
conpensation franme rate conversion 20 node, a tenporal average frane rate
conver si r - i Conmput er program
pr oduct Ig@epggﬁ?%%&%rﬁaggﬁﬁ%ﬁteﬁﬁgf%%ﬁﬁ%ﬁﬁgé’ Eg]gl ag@jﬁ%lﬁég tet he frane rate
conversi on node i s based upon a determ nation if notion conpensation
appl i ed PBYEHENMASEt vi deo stream inproves perceived notion. and wherein
when the notion conpensati on does not inprove perceived notion, then only
the drop and repeat based frane rate conversion node is selected. 29
Comput er program product as recited in claim?27, wherein when the applied
nmoti on conperesat i QoA frofraobaN®E ap edched WedaiiL7 avherdingie N0 frame rate
conversion is selected. 30. Conputer program product as recited in claim
23, T Ur LBREGGATRAL Bl rate EOFRALIEH niRH% ﬁag%gg&ﬁ Bbinfifluddn & Rfprighdeo source
is afilmsource by sensing an existing 3- u own or a 2-2 pulldown
pattern when the input, video streamis the interlaced input video stream
51, ComSUTRFREn PEHE0S e P i fRRcT AR RTeYea PRicoT e FRUOR: #1 he di spl ay
unit is an EDI D based display unit having a corresponding set of EDI D and
wher ei n Whepgn stan dre mehereeomprasatiatiedpes netldaproxe pepeatedd metiar, thitwwnscal i ng
based upon the set of EDID.

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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21 32. Conputer program product as recited in claim23, wherein the scaling
prot ocol includes a downscaling operation prior to a de-interlacing
operation and a frame rate conversion operation thereby preserving
bandw dt h. 22

32.  Computer program product as recited in claim 23, 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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