30 MAY 2005 1 METHOD AND APPARATUS FOR | NTERLACE- PROGRESSI VE VI DEO
CONVERSI ON  BACKGROUND OF TAE | NVENTION 1. FLELD OF THE | NVENTI ON Thi s
invention relates to the field of video conpensation. Mre specifically

the invention relates to detecting and correcting notion artifacts in video
source. signals. 2. BACKGROUND ART In North Anerica the vi 9%31?3§mﬁay6d
across a nornmal television screen is n interlaced video Signa ichis
a standard called NTSC (National Television Standards Comrttee) video.

This i s NMETFROPRAND Adeos AT S YOR INTERLATE -PROGIRESS TSR YAMBOS| nce

conput er screens use nostly non-interlaced display devices. Interlaced
video sinply nmeans that for each{(f}IM¥MERSIONe di spl ayed on the television
screen, there are two video fields being displayed one after the other.

The first field is commonly known as the odd field, and the second field as
the even field. Since tﬁﬁfmﬂﬁﬁfﬁ ooy sy di spl ayed at 30 franes
(i.c. 60 fields) ever | ayed in the first one
sixtieth (1/60) of a second while the even field is di splayed in the
second one sixtieth of a second. Each display nonitor conprises a series of
hori zont al- andEREDR LR THE BNEENIJEN exanpl e, the resol ution of an NTSC
television nonitor is approximately 858 horizontal counts by 525 verti cal

| ines. Actual resolution excluding blanking |ines 30 MAY 2005 2

This invention relates to the field of video compensation. More specifically
the inveniion relates to detecting and correcting motion artifacts in video source

signals.
2. BACKGROUND ART

In North America the videe displaved across a normal television screen is
an interlaced video signal, which is a standard called NTSC {National Television
Standards Committec) video. This 1s not the same video displayed across most
computer screens since computer screens use mostly non-interlaced display

devices.

Interiaced video simply means that for cach picnure frame displayved on the
television screen, there are two video fields being displaved one after the other.
The first field 1s conunonly known as the odd field, and the second field as the
even ficld. Since the interlaced video frame 18 displayed at 30 frames (i.c. 60
[1elds) every second, the odd field 15 displayed o the Orst one sixtteth (1/60) ol a

sccond while the cven ficld is displayed in the second one sixticth of a second.

LCach display monitor comprises a series of horizontal and vertical lines. For
example, the resolution of an NTSC television moniter is approximalely 838

horizontal counts by 525 vertical hines. Actual resolution excluding blanking lines




is 720 by 480. In a television display, the add field of the interlaced

video signal is displayed on the odd nunbered (i.e. 1, 3, 5.... )
horizontal lines of the nonitor and the even field is displayed on the
even nunbered (i.e. 0, 2, 4, 6, ... ) horizontal lines. Thus, at brief

instances of time, alternating |ines of the television chgﬁﬂﬂg% oot have
any video display (i.e. are blank). Hoywever, because the Isplay rate is
faster than can be perceived by the human eye, a viewer is not able to

di scern tjerpl ks Ih'aﬁ@l%us}ﬂlﬂ@i@p a6, e lddagRild BF tHelifteriak&d amhquamsi ke
photography or film A film canera captures the entire frame a picture

in a singdisplayed &ntthc&ﬂdnumﬁemdv(/ae 1.dk, i5gi naj korizbel dineslof theheonit@nsm tt ed
over the air. Videq i madﬁs nmust he broken up and transmtted or recorded
as a ser.@gi@r:qvpﬁé@d@ SPHFYf‘éirm’tﬂ@f'dFﬂélﬂlthdeaﬂ;? Bi 4eh 6. mi i) i second, the

video | io?mﬁ‘ifnem It %Hﬁﬁ:@ 19%{1@%‘?‘1’ el Aehidtine ifes LRER t%favﬁm&‘n

nDnltor prob I's an an Iog SYyS

non- anal ogrediy&é LEBhALGHRYASdEPHRYIAS (1Y H€BlankY TSR SvdrehdRasdthecol ors and
brightness. But with analog television, the signal is just voltages, and

vol tages displanfrateds &strythan pan be pergeived byrnhe buwas eyhentiewedishotublieot ape,
and ot her ‘fndl ti Onﬁ' kD'cfjf tal data does not have such problematic
char act er PSfipeeh the blankedlilesy § he advant ageous to store or transmt video
signals in a digital format. Interlaced NTSC video nust be converted to
non-interlaced (i.e. progressive) video for display on devices such as

conput er scr eevikleoTing lincanwedinnoiks sudienailédd phaeesrhphyadfilm,. Ahfndi gi t al
domai n therefore, the NTSC video signal nust first be converted from

anal og toﬂﬂﬂﬁiﬂjﬁtﬂél?m&?'ﬁdhﬂ ke freme @ ﬂmll@x/f@rﬂ smglelmﬁiam Butwidsbrvet i nt o one
conpl ete nen- i rlac vi deo fr. t hat,.t he. co me is
i opl ay ectirmafiy SERBREE i i Bl BEE ¥l biSk gt o bRl ug
and transimitted or recorded as a series of lines, one after the c-thcr. At any given
millisecond, the vidco image is actually just a dot speeding across the face of the

monitor,

One problem with NTSC is that it is an analog sysiem. In nen-analog
syStems such as computer video, numbers represent colors and brightness. But
with analog television, the signal is just veltages, and voltages are alfected by wire
length, connectors, hecat. cold. videciape, and other conditions. Digital data does
not have such problematic characteristics. Thus, it would be advantagcous to store

or transmit video signals in a digital format.

Interlaced NTSC video must be converled o non-interlaced (i.e.
progressive) video for display on devices such as computer screens. The
conversion is generally performed in the digital domain thercfore, the N'TSC video
signal must first be converted from analog to digital and then the edd and even
fields are combined into one complete non-interlaced video frame such that the

complete frame is displaved in onc scan of the video signal.



3 Anal og video inputs may be available in any of the different col or nodels
such as the G Video, S-Video, or YW (or YIQ. A color nodel (also color
space) facilitates the specification of colors in sonme standard, generally
accepted way (e.g., RUB). In essence, a color nodel is specification of a
3-Di nensi onal coor d| nate systemand a subspace within thagﬂﬁgﬁ,%mﬂmere
each color is represented by a single;,point. The C Video or nposite
Video is a type of video signal in whith all information--the red, blue,

and green si gnghmo?ansleusmwrﬂﬁ?beu%mm A Sofhe ANBLAMT cAbL ISR

together. This is the type of si used by ‘televisions in the United
St at es. Tklmh%\ﬂldé‘e\ﬁckdm Bt-Vfdm, GU‘FSEW Wrdelf}). iscalot mobeblatpycdlarspace)

transmttln vi deo si &als O\éﬁ E‘g::able by d| viding the videq information
into two 1% Ha'ieatﬂée %Heg Kakion Hf gokost Ny Stag fﬁf‘mﬁ%wﬂcﬁm 8 ot her for

br i ght nesg, , ( R AIEELncNRIGSALI Gs SR BNRIRY 2 ks fpgguces shar per

i mages th osifte video. where't ornation rs transmtted as

a single smﬂaiatmtcmaﬁ@a\&ub acd Withih shab eeaeineviib exiibtslosisar € designed to
di spl ay separate Lum nance ( and Chrom nance (C) signals. The terns Y/ C

vi deo andrepragedied yresioglegpoiitint er changeably. The Y.JV or YIQ Col or nodel is
used in commercial cclor TV broadcasting. The Y generally stands for
intensity (lum nance, brightness) and thus provides all the information

required by a ygn {? rt(ﬁjlﬁﬂéﬁﬂeqﬁdegkbed%qgw&é’épm%?mggﬁﬁ%}? affarry the

color (chrom nance) I nformation. Each one ma represented

i n vari ougldwintaieptths red-blusgxadipteen stdraldahd hbmetmes aodipoigindls 4Ry range
from1l-bit }(lbl ack and white), to over 8-bit (usual, representing 256

val ues of wgHhyare tyxged mﬁ?ﬂ“ﬂ“@hstﬁ thedy pe pﬂagnﬂrusgﬁﬂnﬁésl@ ISImméhﬁ;e and
Intensit Yisfthéa g?a?gs B W@e%g?ﬁ t¥0r hnupe?—l‘sﬁdgg 5§ Iaftéu 1o Dgy “for

transniitting video signals over a cable by dividing the video information inte two
separate signals: one for color {chrominance), and the other for brightness
{luminance). When sent to a television, this preduces sharper images than
composite video, whera the video information is transmitted as a singlc signal over
one wire. This i3 because televisions arc designed to display separate Luminance
(Y) and Chrominance {C) signals. The terms Y/C video and §-Video are used

mterchangeably.

The Y1IV or YIQ) Color model 13 used in commercial color TV
broadcasting, The Y generally stands for intensity (luminance, brightness) and
thus provides all the information required by a monochrome television, The other
two components carry the color (chrominance} information. Each modcl
component may be represented in various bit depths. For example, the brightness
component may range from 1-bit {black and whitc), to over 8-bit (usual,
representing 256 values of pray) to 10- or 12-bit. Note that brightness, luminance,

and intensity are used interchangeably in this specification.



30 MAY 2005 4 Whatever the color nodel of the input, the incom ng video
signal may need to be converted to progressive video for display on
non-interlaced devices. Video signals originate fromvarious sources. For
exanple, a video material may have originated froma filmsource, or may
have been recorded using an interlaced video canera. In reggptv%gagss there
has been a proliferation of fi Imin a&cTi al, being converted to SC
video for display on regular television. For exanple, novies stored on

vi deot ape usualWhatdict M @16OmbAANRAhE i g GQY MRBas bviddo éi@ﬂaﬁ@ h&edshot at
twenty-four franes a second (24 franmes/see) while SC datfa is at 30 franes

a secondw(bc ennvetied e pugresoendiled ferddplaeon nendintenackat deviust Viidescal ed in
frequency , from24 franes/second to the NTSC rate of 30 franes/second (i.e.

60 fi el dstigRaEs originate, FQNLYANQUS;SEUrcss EATRYAMPMH [3sdden majsaial ;xavs enpl oyed.

Thus, 3-2 ' f f.erri i lm, mater hat is at
2417 amesinaE @ Hor, i HE0E b oy BVTRrbodled L TR kRl 120 % 3
i1 m frangigeo tad@ray italegveht pms iticed| iy 8sen 4 fralifdration bf fitm insa08S8 tlengonver t ed
to five video frames (i.e. 24 to 30 every second). FIG | is an

i |1 ust r at ¢@wedid it d e Milepder dispRy npgpilao whevisiont Fersexamplegnedies on, row
100 contains filmfranmes fl.-fl.t.hat ,are ed intor 106, conprising

nt er | aceUORIRLV IR YRR Umally Qpigingiad X ¢ diPLGouRSyPard  IhR 4 B SHBt Fioes  an

odd and aﬂv&ﬁﬁ%ﬁﬂﬁ%xﬁm?@?%nh'{iﬁr% FROUEXETRE Baral iDLES0 gﬁﬁ%ls\éli deo frame

A

v 1 conprises interlaced video fle|n%§ fco and 1 e, mterfac eo frane
v2 conprsezesd {ind. &l facidelsadodd pthictefbrtsth2 dilmndht?2 musabglsadedm frequeakl t he
video frames u to v8. Row 102 reé)resents the field frane nunbers that are

mapped i nterm Hbirames/seeandve the MSG 168 ab30 femenisappnddicotd Tighds/seel.m frane 1
(10 170115 mBP. |81 11y 51 £hiRad f SepiB96h i’ S IBAIAT R 0 ©

a mcthod for transferring {ilm material that is at 24 frames per second to NTSC

video at 30 frames per second, Thal is, 24 film fraumes in 30 video frames requires

that four film [rames be converted to five video frames (i.c. 24 to 30 every

second).

FIG. t 18 an illustration of the mechanics ol'3-2 pulldown. In this
illustration, row 100 containg film frames [1-[7 that are mapped into row 106
comprising interlaced video frames vi-v8, Each interlaced video frame comprises
an odd and an even field shown in row 104. For example, interlaced video frame
vl comprises interlaced video fields lo and le, interlaced video [rame v2
comprises interlaced video fields 2o and 2e, and so on for all the video frames up
{0 v8. Row 102 represents the field frame numbers that are mapped into the
respective video fields. As shown in row 102, film frame 1 (i.e. {1} is mapped into
video fields 1o, le, and 2o; film frame 2 (i.¢. 2} is mapped into video fields 2e
and 3o; film frame 3 (1.e. {3} is mapped into video fields 3e, 4o, and 4e; film frame
4 (i.e. 13) is mapped into video fields So and Se. This process continues wherehy
one film frame 1s mapped into three video fields, followed by the second [lm

frame being mapped intc the next two video frames. This three-two cycle repeats



and 30; filmframe 3 (i.e. f3) is mapped into video fields 3e, 40, and 4e;
filmfrane 4 (i.e. 14) is mapped into video fields 50 and 5e. This process
continues whereby one filmframe is mapped into three video fields,

foll owed by the second film franme being nmapped into the next two video
frames. This three-two cycle repeats 30 MAY 2005 5 itselfjgﬁﬂf§zb&§
process known as 3-2 pulldown. Furtherg in this illustration of the 3-2
pul | down phenonenon, filmfranes fl-f4 are mapped into video frames vl-v5,

Fi | m franpself herkd tRBOfrotesiend W BRS-Mpulldbwriust occur in the same 116.sup.th
of a second to preserve the length of the material being converted. As

shown, Lilco franme fl is nmapped into the odd and even fields of video
frame vl and into the %dd_field of video frane v2, and film frane fl is

mapped i nto ¢ MIERRE i éql1#“6??‘%%'81?ﬁa@rﬂ“@@‘%ﬁhﬁﬁ%ﬂmﬁ?f@?ﬁﬁmﬁ d of
v ceo, 1 e e AR ARG Ml S LIRS IR Bl [, L

odd fi el In 1ts even rafre v3 havi ng

filmframes frdisi Bedursn tledehnid BHGupnbl of b lsee dridagréstridihctisnAl &I ifid el d. Thus
video frames v2 and v3 are conposed of mxed filmfranmes. The phenomenon
known as mawiridl heingeenvented. st shamad by fremey gk is mappeshintode asldeuds i n vi deo
frames wth mxed filmf.ranes en vie 0, .NTSC tel evisian, the video
gener at ede“fepﬁﬁ)iﬁﬁgfﬁl-df“ fraag gl 6‘3}/\%’:‘ ta thy é\%ﬂﬁ?@ ‘{%31‘%% R-EE ?‘ﬁ’l‘iﬁ\i}PeV\er
because tghoKirSiOMmaAhsPpl | 4 ' Lleo
appears conti nuéﬁs.askﬁe@%ﬁ@?%ﬁégﬁﬁg@g%%e g% %gflﬁrﬁjatﬁﬁgsﬁ gﬁ%cwlldm sour ce
I s subsequidad liyneovd, ditiietkstbs it videe fisimeevV haldng fidm fraths Pl ayiiooddieRhput er

di spl ay, for _exanpl robl em known as "field notion" rmay occur. Field

e -a - 4 - - u -
moti on ockut §lm Eemiee Iéagmjﬁﬂcfgeﬂw@ﬁwédm rawemvddmyingstian SanweyBdn isne at a
e One, PR rdC SRR 19 106090 BRRI. Y LR BH& J Rhnd $3 4% combine the
composed of mixed film frames. The phenomenon known as field motion,

illusirated by a "Yes" in row 108, occurs in video framcs with mixed film frames.

When viewed on an NTSC television, the video gencrated from the 3-2
pulldown is visually tolerable to the vicwer becanse television displays a single
field at a ime hence the video appears continuous. However, if the NTSC data
originating from film source is subscquently converted to progressive video lor
display on a computer display, for example, a problem known as "ficld motion”
may occur, Field motion occurs because each progressive video frame is displayed

one at a time.

One method of generating progressive vidco material is to combine the odd
and even fields of an interlaced video malerial to generate a frame of the
progressive viden material. Using a progressive material gencrated from film
malenal, lor example, progressive video frame v1 comprises film frame f1 in its
odd and even lines. Progressive video frame v2 comprises 1ilm frame {1 in its odd
lines and film frame f2 in its even lines. If film frames f1 and 2 are shot at

different times and if an object has moved during that time, the object may be at



and even fields of an interlaced video material to generate a franme of the
progressive video material. Using a progressive material generated from
film material, for exanple, progressive video frane vl conprises film
frame fl inits odd and even |ines. Progressive video franme v2 conprises
filmframe fl inits odd lines and filmframe f2 in its eyeudyngss ff
filmfranes fl and f2 are shot at difgerent tinmes and if an object has
noved during that tine, the object nay heat 30 MAY 2005 6 different

| ocat i onsgi@msdr !h:iﬂlafti][nﬁﬁr%ﬁ filh @ded & arldopy, chw,ﬁf‘ﬂmﬁ:fr@?x’e@ﬁﬁé VRicH fRgRe frame  v2

is viewed in sti rame, the object wll he distorfed. This distortion is

what is hiswiswed if stel framet theobjecEivelldiesdistortiednT e dastesionds svhat Ghounced as
the video materjal is scaled-tip to fit higher resol ution is?(g%y devi ces.
Vi deo ScakﬂWch-é%déwF@}sTg?élsgﬁ'ﬂpﬂ)b@ﬁJm EREhBONOHBCEG 35dhgHIGY or i gi nal
video signal to. fi } i eyl A scal er changes the

si ze of g‘ﬁeﬁ%gles sﬁﬂ{@ﬁ%\{ﬁ%ﬁ’éﬁ}lﬁ%&ﬁ%&ﬁg@&éﬁ%ééleagr C}Iég?‘“%ls"nst ance, when the inage
size does not fit the display device. Therefore, the nmain benefit of a
scaler is its ability to change its output rate to match the abilities of
a di spl ay¥iteeiSpalinThi s i s especial ly advantageous in the case of digital

di spl ay devi ces because digital display devices produce imges on a fixed
matrix and in order for a digital display device to provide optinmal |ight

ouL puL, the eOYIACS SIRLFY afe Sib ek ataBl 10 ifA] G SEahaot he

out put both horizon a . I't can change t pect ratio"
of an i mefjes déspeotidé@bhipat dewdcd. e seabdrathanpanihp sivk: ditwe intage vadithuiual
di rension to the vertical dinmension of a rectangle. Thus, when included as

part of achymgisng issheme s on insangeawben s magesste dase ngbht the dsrlavertical size
22? e egg,si cﬁ:lﬁfggé %’El‘éfﬁlrﬁ, ﬁlf:vr%:riinelzt)éﬁe%{ of }ia, gga eri i @t%%%ilil;% cﬁz)l(nag lkse{’.lutip!.ri't HhEW ng

to match the ahilities of a display device. This is especially advantageous in the

case of digilal display devices becausc digital display devices produce images on a

fixed malrix and in order for a digital display device to provide optimal light

output, the enlire matrix shonld be used.

Since a scaler can scale the output both horizontally and vertically, it can
change the "aspect ratio” of an image, Aspect ratios arc the relationship of the
horizontal dimension 1o the vertical dimension of a rectangle. Thus, when included
as part of a graphics switch, a scaler can adjust horizontal and vertical size and
positioning, for a variety of video inputs. For example, in viewing screens, the
aspect ratio for standard TV is 4:3, or 1.33:1; HDTV is 16:9, or 1.78:1. Somelimes
the ":1" 15 implicit makmg TV=1.33 and HD'I'Y=1.78. S0, in a system withh NTSC,
PAL or SECAM inpuls and a HDTV type of display, a scaler can take the standard
NTSC video signal and convert it to a 16 x 9 [IDTV output at various resolutions

(e.g. 480p, 720p, and 1080p) as required to fit the HDTV display area exactly.

Scaling is often referred to as "scaling down" or "scaling up.” An example

of "scaling down" is when a 640 x 480 resolution TV image is scaled for display




aspect ratio for standard TVis 4:3, or 1.33:1; HDTVis 16:9, or 1.78:1.
Sonmetimes the ":1" is inplicit making TvV=1.33 and |-1DTV=1.78. So, in a
systemwith NT SC, PAL or SECAM inputs and a HDTV type of display, a

scal er can take the standard NTSC video signal and convert it to a 16 x 9
HDTV out put at various resolutions (e.g. 480p, 720p, and 285
requiredtofit t he HOllespIay ar ep exactly. Scallng Is often referred
to as "scaling down" or "scaling up." An exanple of"scaling down" is when

a 640 x 480, HRSIMPitER dYHIRER dcbechC 8b Btht haltiflesitarsIAn WKLt 7 as a
smal l er picture on the sane screen, So that multiple pi ctures can he shown

at t heI slzhnrmamprtgm{ €e. . asaspiatype-an- urcéune][ﬁerEE Ur Beading b P?Blllﬂfdaﬁgmg t he I
0 1/ 4

o2 A @%1 R hpish 100300 (A 1gh of e epsaks Sallehi “'b'%'p?‘hivsglrrga

out put TV .36 88H p?tltmtegef? Egnﬁmgggﬁ ﬂlé‘gﬂilgégﬁ%%gﬁp cre ﬁlthélgwﬁp en a

| ower resol ution I mage p|x IS sca

di spl ay ofkample @Heicallﬁg(ﬁbuﬁﬂ @hert 4 0derrelGIRETE oMASR (8. ml(}s:b 6{1@@4&&(&}{] Not e
that the nunber of pixels is the product of the two resolution nunbers

(i.e. nunltiéﬁ'sbfﬂ yohled) fortisplayom ahighesseokition (1 V38 7687780472 pEsbut i on) .

"Thus n.sc | s jtust, he,.cre od. There are
many dlf %’r“é‘h %?’ﬁ’é@% ﬁwg?rn‘gdjéxglﬁéﬁ trhﬁdjmlei;\'ﬁ’g ?ﬁ}f‘emp 1&:ﬁ'l}tultﬁ‘i"q'getter results
than ot h%ﬁnbé}s%f:@%ﬁ%b\f%ﬂ?{pﬁmﬁo@wﬁﬁt\m fRoluidh. tﬁf%ﬁcélﬁ@scﬁﬁﬁéh)f ate of a
source vi deo nal to fi he needs of a display device. For i'nstance, a
"vi deo coiine, lwheﬁ snﬂlmg'l'hb, iosly entsebt coaradelryt sorme mzdicel. T\hmtearetrmﬂyT SC (TV),
or NTSCtao corrputer vi deo. Although the concept seens sinp scan

conver t erd izt gasthodsdor éangpsslpe: &1d st BUiusr brder Té@iﬂ'&ﬁéhéﬁl 81%h¢5°ecause

conputer signals and television signals differ significantly. As a result,
a video signal that has a particular horizontal and vertical frequency

refresh rate of s6@s8bitlcrRPiTRISEVIREHROON:BIkS thd RaaR@bhgh soaaeWHé®N or
signal to [ii the needs of a display device. For instance, a "video converler” or "IV
converter” converts computer-video to NTSC (TV), or NTSC to computer-video.
Although the concept seems simple, scan converters use complex technology to
achieve signal conversion because computer signals and television signals differ
significantly. As a result, a video signal that has a particular horizontal and vertical
frequency refresh rate or resclution must be converted to another resolution or
horizonlal and vertical frequency refresh rate, For instance, it requires a pood deal
of signal processing to scan convert or "scale” a 15.75 KHz NTSC standard 1V
video input {e.g. 640 x 480} lor cutput as 1024 x 768 lines of resolution for a
computer monitor or large screen projector because the input resclution must be
enhanced or added to in order lo provide the increasced capability or output
resolution of the monitor or projector. Because enhancing or adding pixels to the
putput involves reading out moere frames of video than what is being read in. many
scan converters use a frame buffer or frame memory to siore each incornving input
frame, Onec stored, the incoming frame can be read out repeatedly 1o add morc

frames and/or pixels.




hori zontal and vertical frequency refresh rate. For instance, it requires a
good deal of signal processing to scan convert or "scale" a 15.75 Kllz
NTSC standard-TV video input (e.g. 640 x 480) for output as 1024 x 768
lines of resolution for a conputer nonitor or |arge screen projector
because the input resolution nust be enhanced or added t o34 {.0F 965 t O
provi de the increased capability or ouf put resolution of the nonitor or
proj ector. Because enhanci ng or adding pixels to the output involves

readi ng out ”Dsiﬁﬁfaggqg%mﬁi dOUHIEA alsdA1144 find aaﬂﬁhﬂ?igaea@iwusmy_ scan
converters use a frame buffer or franme nenory to store each incom ng input
frame. Onlangt comgosithmtériamodividiof o ane-iotmlabed cempomnt vidgpettcechy to add
nore franmes and/or pixels, 30 MAY 2005 x Simlarly, a scan, doubler (also
cal | ed "|inpeagipgimightness gnd prdiyre cpalibe Fopn dopinggs thoRrses ¥ MATIBR| aced
video to n-interlace 0 . Vi r | NCF |« i.ght ness and
pi cture qtﬁglsﬁnyhgfgclg% dgﬁjgtfn?%ggﬁéhqa'u%%g’}l gﬁ:ﬁggg?g%ﬁn%gf %gﬁﬁtlﬁghés)yaaﬂpl I nes

| ess Vi si YafeWNI8PBMIddMdinkEubUBE F R loxhinpas aabsh BohBlingm e wded thl ank
spaces. Al'so called "line-doubling”. For exanple, a scan doubler can be

used to wowedran interiancdrTReipzma! \a genpittrlacsdacemprienyislepsignl. A bmput er
video sigpal. Alin oubl er, uadr t j.s typically very useful for

di spl ayi qbﬁdé'ﬂ“@ampﬁi‘v ooy B G dishlaving Pagtion BYIIER of ¢ he
probl ens &xﬁgp%tbgﬂqu&regﬂg conversion systens, there is a need for a -
system t hat enhantés or 1T nproves the quality of video inmages by correcting
the effects caused by converting the video signal fromone type to

anot her. For instance, current systems |ack an effective way to elimnate
field notion Beaarse at delraeklgmscaetsniit Uil cauysrpgnshaicasntheralsch t o

progressi I\lle%dvilnrd g %jrst(?tlrJl tha b Ehees & i]lll%l'\é-glt%\lqualit}’ of vidco images by

correcting the etfects caused by converting the video signal from one Lype to
another. For instance, current systems lack an effective way to climinate field

motion from interlaced video material during the conversion to progressive video.

SUMMARY OF THE INVENTION

The mvention defines a method and apparatus for detecting and correciing
motion attifacts in interlaced video signal converted for progressive video display.
An embodiment of the invention provides a method and apparalus for enhancing
or improving the quality of video images by correcting the effects caused by
converting the video signal from one type to ancther. For instance, an embodiment
of the invention entails determining whether interlaced video malerial originated
from a [ilm source, thereby having been converted to video using a process known
as 3-2 pulidovwn, and then corrccting the mterlaced video material to counteract
the effcet of the 3-2 pulldown, [f the video material is concluded to criginale {rom
video becausc of inadequate confirmation of the 3-2 pulldown phenomenon, a
check is made for the presence of "pixel motion” so that other necessary

corrcctions may be applied. After appropriate corrections are applied, the resulling



The invention defines a nethod and apparatus for detecting and correcting
notion artifacts in interlaced video signal converted for progressive video
di splay. An enbodi nent of the invention provides a nethod and appar at us
for enhancing or inproving the quality of video inmages by correcting the
effects caused by converting the video signal fromone tyj Oy ampd her .

For instance, an enbodi nent of the iq¥ention entails determ ni ng whet her
interlaced video material originated roma filmsource, thereby having

been convgr hdidced “EARPmERHRAD Ry HeQRIdR RN WocaSeBrsin® pidcdews sugtnd t hen
correcting the interlaced video material to counteract "the effect of the

3-2 put i dewided $caling tvigdeeratest desimt duspudeessilatied to originate from video
because of inadequate confirmation of the 3-2 pull down phenonenon, a check
is made for the presence of "pixel notion" so that other necessary

corrections ne lyi. I ri | e%gpg'ed, t he
resulting 30 I\%\ﬁ%@@adégg%mﬁ%gg?g}c%g%(g@iﬁgg%?%a e[?ri%g{oh%a@%kg@% I tﬂlaonal |y
pr ocessedfigldicngr LS REG&REmSiniY cififer Wlapinsadn dlIleviganearial frodesi r ed

out put resolution. A video field is conpared to the field prior to the

previ ous filmebohrco (igerie? auddovn grebesy)rasrthe seidtenpe abtpixel mphen't iiHér t he
origination of the vi d&g nﬁte[i al fr%gqlq filmso rceilnﬁi . e, 3-2 pull down
process) OFOIE RES ERICEHIEH L TAye SORsE Uy glgand glogaf i PP LERFE Bener at ed
for five SONS@CUY® hliRhASmadtisfnAidnals it oty MdeRaatdNGilneitRnYe fi ve
fields indicate the origination-of the video material fromfilm source

usi ng t heusinZthad-Rgatdepngoresss. | n one enbodi nent, upon confirmation of 3-2

pull down, the video material is subsequently nodified to correct for the
m xing of two filmfranes into one interlaced video franme by assuring that

e Lo 11 e 0o 00 08, 0 L L LRGSIIA S 5 STRGROACHR kAl e 2o
iz subsequently modified to correct for the mixing of two film frames inio one
interlaced video frame by assuring that the two fields of the de-interlaced video
frame contain data from the same film frame. Where the video material did nol
originate from a film source, but pixel motien 1s detected, the pixel motion is
simoothed out by an averaging method. The odd and even [ields of the resulting

video data are subsequently combined o form a progressive video material.
BRIEF DESCRIPTION OF THE DRAWINGS

Figura 1 is an illustration of the mechanics of 3-2 pulldown process where

film maternial is converted to interlaced video material.

Figure 2 is a flow diagram of a video conversien process according fo an

embodiment of the present invention.

Fipure 3 is a flow diagram of the video processing according to an

embodiment of the present invention.
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originate froma filmsource, but pixel notion is detected, the pixe
notion is snoothed out by an averagi ng nethod. The odd and even fields of
the resulting video data are subsequently conbined to forma progressive
video material. Bl 2 EF DESCRI PTION OF THE DRAW NGS Figure 1 is an
illustration of the nmechanics of 3-2 pull down process where filmnmateri al
is converted to interlaced video nate&h al. Figure 2 is a #7180 ¥R28 am of a
vi deo conversion process according to an enbodi nent of the present

invention. Fi dup&red isandllbbi@Widh mh@%ﬂé@%g?wﬁ%}g%&%ﬁﬁces i n&ﬂgfscor ding to

an enbodi nent of the present invention. TRV A% s an

i |1 ust r atdetermine t—‘ﬁe!:lraome_ntr_nmtt:riulsthn@nﬁﬂaﬂﬁfnﬁ@ﬂ'ﬁﬁ%‘éhi'déeacfzbﬁliﬁ%tJ fn determne
whet her vi eo.mate{;')hg[§ originated fromfilmsource according to an
r

embodi nerftHHIRRAL FRESCRhP¥MLO. Figure 5 is a bl ock di agram
illustrating the apparatus of the video conversion process according to an
enbodi rent of the present invention. Figure 6 is an illustration of the
processi ng t hat GUiE 9 Wbl il ; J: and operation
inthe film m)_dgelﬁgccor di ng ?%ggdr??g!%gg%l%ﬁ% ;ﬂéﬁ%tﬁigﬁ{hggvén{}‘ i nvention.

Fi gur e 7 *PBVYALON Nroeess atiading totanecisedditiehbal e pedienf indkgtigw.ea used. for
determ nation of field differences in accordance with an enbodi nent of the
present invention. Figure 8 is a timng diagram show ng the conputation of

the field er r?'i%dré‘ & gﬁﬁloiﬁlgl%ﬁmmﬁi{ﬂle nnc%nﬁﬁgh%%%gg%%ﬁggﬁgg nt invention.

Figure 9 is a bl ock diagram of onhe €nbo tem
mode flag generation and operation in the film mode according to an embodiment

of the present inveniion.

Figure 7 is an illustration of the sclection of the field area used for
determination of field differences in accordance with an embodiment of the

present invention.

Figure 8 is 2 timing diagram showing the computation of the tield error in

accordance with an ecmbodiment of the present invention.

Figure 9 is a block diagram of one cmbodiment of a computer system
capable of providing a suitable execulion environment for an embodiment of the

invention,

Figure 10 is a flow diagram iliustrating the processing of 3-2 pulldown

video in accordance with an embodiment of the invention.
DETAILED DESCRIPTION OF TIIE INVENTION

An embodiment of the invention compriscs a method and apparatus for

detecting and correcting motion artifacis in interlaced vidco signal converted for



capabl e of providing a suitable execution environment for an enbodi nent of
the invention. Figure 10 is a flow diagramillustrating the processing of
3-2 pulldown video in accordance with an enbodi nent of the invention.
DETAI LED DESCRI PTI ON OF TILE | NVENTI ON An enbodi nent of the invention
conprises a nethod and apparatus for detecting and correc;gggﬁﬂp%kgn
artifacts in interlaced video signal cppverted for 30 MAY 8 I
progressive video display. In the foll ow ng description, numerous specific

detail's  &ers&livd Ofde display. oY itl?ffo\%of.ﬁfiﬁ% d&hf&ergﬁug,mﬂﬁé.%% RbdRfe Qbiatls

enbodi nents of the invertion. e apparent, however, to one skilled
in the artye sdvdorth he prowidna inome thayugiederception ef caibbiimgnts béde specific
details. I.n other_instances, well known features have not been descri bed

in detai | ByniennBvillbomparrnd hovever e mng shillogddn dipwdi thatthe davemkisn

I nvention | ‘ for nhanci n v 1.0Rrovi ng the
quality O{M Me@%?lﬁ%ﬁhg‘g&c@?%eﬁ&?ngﬁeh@sé 8%1[%5 msgag]ﬁg%d’? cf;nya?:n'js“o%?’ﬁ(i/)erti ng the
vi deo si giigdiufiek Gavenet baapaddseriBabiniail £04s hdtgbRsEre MeinveAliggi ment of the
invention elimnates field notion frominterlaced video material during

conversion to progressive video. An enbodi ment of the present invention

entails determ,nin ether .the interlaced video terial originated from
a filmsource éﬁ"dﬂa}é% IPz8F af thednkeipa eyt 63\}?%@&@ ﬁ@aimﬁiﬁg‘é"ess known as

3-2 pulld 3 Ik L.Se A0V, ' | e 3-2
out 1 Goun. Fajeie, bl R OB AT S ORI 1) Qe le HE RetL®,
pul | down, chdisctiby adnsdeningntht efdeadl sigrml fiRim ant egi¢l th aabiheRFol-idstRntld, daun

process, a check is nade for, the presence of gl xel nmotion"” so that other
correct i okgbegdiment ofihe iregntion ehminaggspfieldmetion Gonriatiriserd videe appl i ed, the

resulti ngnga(fériiarftd%}ﬂlﬁcc%%vgljs%%qn%E)ggrrcissaﬂre ‘I‘rlsdﬁﬂ An embodiment of the present
invention entails determining whether the interlaced video material originated
from a film source and was thorefore converted to video using a process known as
3-2 pulldown. If the filin source was converted to video using the 3-2 pulldown
technique, the mvention corrects the effects of the 3-2 pulldown, ifthe video
material is not a result of the 3-2 pulldown process, a check is made for the
presence ot "pixe]l motion" so that other corrections may be applied. After
appropriate corrections are applied, the resalting de-interlaced video material is
unchanged in both length and rate, Additional processing, such as video sealing to
a destred oulput resolution, may subsequently be performed using the de-

interlaced video material.

Because determination of 3-2 pulldown or “ficld motion” requires
comparing different video fields to determing repeal (telds, incoming video signals
are digitized and stored in memory buffers. One way of finding repeal {ields is to
compare gach field to the field prior te the previous field, Every other field in
interlaced video material is of the same type (i.e. odd or even) and when two
adjacent fields of the same type are identical (c.g. 1 odd-1 even-1 odd), the video

material most likely originated from the same film frame. Tdentical adjacent fields
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unchanged in both |l ength and rate. Additional processing, such as video
scaling to a desired output resolution, may subsequently be perforned
using the de- interlaced video naterial. Because determ nation of 3-2
pul I down or "field notion" requires conparing different video fields to
determ ne repeat fields, incomng video signals are digitized and stored
in menory buffers. One way of finding repeat fields is to 38dip¥rad0sach
field to t;x; field prior to the previJ&s field. Every other field in

i nt er | acedl thedamermpeni@lr everyofi 1y, L.e...odd or even) and when
two adj acent fiergg of the sa%gh?ﬁggﬁgf%zaﬁg%%ﬁ%ﬁfm%%:g. 1 odd-1 even-1
odd), the video material nost likely originated fromthe sanme filmfrane.
| denti cal adjq%%pt fields 12 30 MAY 2005 of the sane type occur every
filth field in a 3-2"HMEBlusoUretiens tpiberidee mrveliatemt apsiisd @Gkions to the

vi deo mat@hk dhi hded dn real .tine while fhe resulting progressive
video is aﬁ&i} Ivélﬁ;tﬁﬁ?g%"'él@%%‘f“@’#%ﬁeﬂf%ﬁ%ﬁ lséct'?“’élﬂfi‘%m?@’ed} dbereferm 2 0 det ect
confirm tghableaigoaithmenydcidednBing! N ri.ng the, display

process.ﬁEPr exanpl e, one or nore enbodi nent ‘Uses’ 't e
successi g &isphydeosess. Foecongde me @fmreZrpbddigieMuscAlih £Lrget ect i on,

cycl o TOLS AT RSt Ficieronte a0 Apeidowpl Afewdetoatug o overy
sgtnfmee@hﬁaﬁqﬁw@hgsﬂﬁssts&m:eig&zozar;b;&eg'@fﬁ%ﬁﬁiiﬂcﬁ' °
bl  down'; ST EARaARE IR AE et 1o es b beicomgoyed in

other embodiments such as: two out of three detections, for exampie, or even three

out of three. The invention alse contemplates the use of other confirmation

combinations so long such combinations reliably confirm the presence of 3-2

pulldown.

Once 3-2 pulidown is detected and confirmed, correction to the video
material 1 performed in real time. Confirmation of 3-2 pulldown conlinues while
display of the video material progresses in real time, with appropriate correciion
applied for the effect of the 3-2 pulldown. When the confirmation of 3-2 pulldown
fails, the correction ceases and the process reverts to handling the video material

as data not originating from film source.

Figure 2 is a flow diagram of a video conversion process according {o an
embodiment of the present invention. For example, an incoming analog NTSC
| signal, which is interlaced vidgo signal, is converted to digital data at Analog-10-
Digital converter 200 before processing of the video matcrial can proceed. Motion
artifacts detection and correction in an embodiment of the present invention are

performed in the digital domain. Processes identified in blocks 201 threugh 208
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material is perfornmed in real time. Confirmation of 3-2 pulldown continues
while display of the video materi al progresses in real tinme, with
appropriate correction applied for the effect of the 3-2 pulldown. Wen
the confirmation of 3-2 pulidown fails, the correction ceases and the
process reverts to handling the video material as data not originating
fromfilmsource. Figure 2 is a flow di,agram of a vi deo coAY&AY@A0process
according to an enbodi nent of the present i nvention. For exanpl e, an

i ncomi ng wilhbedisMiSed is kgl of vi deo nal, is
converted to digital data at fﬁ%‘:‘%gat ghh%t"%{‘%? g’@nﬁ’ﬁé’r“i"@f“g’o‘%‘"before

processi nTBPSASHRS exenple ovly eisithit cmamumplae@ F%I\ng#ﬁ gﬁﬁﬂa{r@%%ég?g (ra(r:r:a 11 olnn

and corr | n, enbo nt of the presen

the digit e@}” g’?%f]ﬁ% Ebggglz'grtaéﬂngutﬁl edviertebblock 200 akd cbrpligho2dB8 30 MAY
2005 13 :dss8einHISELSHA digital sanpling intervals. An
assurrptlomr;’olfqgr Hpu?%oses%%&gl%nﬁ%gé% I's that one conpl ete sanple

i ncl udes conversion of a full video flel d data in Anal og-to-Digital
converter bl ock. 200 and conpl etion of processes in blocks 201 through

bl ock 208. Auéﬁ‘ﬁf‘c"dﬁ’@é?@iwcbgtmlgi&leaiﬂ atla209, the dighiaPQfka cohfridig 4,1 data

conpri si videq.fie Is stored in field menory 201 at the end
of the e%?@?ggr%ﬁ*ﬂi‘?’: e dp fie ey 20Lebihe eadtcéthmmﬁmplm field

menory 20dtene0MeRESerOhe HRID. hrst o to field menory 202.
Therefore, assuni ng a{ngeo -t%xé? %Bfedl%ehel P&F%?%:?%gf@twla@ MGy occurr ed

at sanpl @0l prefirdmawd mrﬁeﬂxl mﬁ&?@ﬂztmef@grds%wﬂﬁq - 8{%@ "N', data

in field nenory (%1|s data fromthe previous data in
field rreHBﬂl‘gF%E q @*dé%taﬁﬁldmﬁcuﬁ@dsammemuemlm"nmmucnrz@w figs sanpl e

N2 gy daha.sent o video interlaccr block 204
conpri ses le%?%&ggengeﬁsgm 8 'Ecglﬁ’g‘% %gérﬁad@é fromp the pogvious” . and
"N-2" whiahple "N-1" and data in field memory 202 is data from the sample prior o the

previous sample "N-2". In this fashion, data sent to video de-interlacer block 204
comprises field data from fliree consecntive samples "N, "N-1", and "N-2" which

o I'ﬂSf:Ilt'E datﬂ ﬁ ¥ TT vl 1o
op om three consecutive video Tields “N", "N-1 " and "N-2,

In video de-interlacer block 204, processing is performed on the video data
as shown in Figure 3, Relerring lo Figure 3, at step 300 video field data is received
from the three consecutive fields "N N-17, and "N-2". Tield errors for five
conseculive ficlds are computed and used for a determination, at step 302, whether
the original video signal criginated from film source by using the five consecutive
fields method discussed in Figure 4, below. If the determination is madc that the
data was from a film source, film mode is declared and processing is performed 1o
remove mixed lields from the data at step 304. If, however, the dala was noli from
a film source, video mode is declared and a check is made at step 306 for the
presence of "pixel motion”, Pixel motion oceurs when the difference between the
pixel intensities of the current pixel in field "N* and a corresponding pixel at fieid
"N-2" is greater than a predetermined threshold. Step 306 is optional and is

neeessary i additional processing is desired during conversion from interlaced to
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represents data fromthree consecutive video fields "N', "N-i ", and "N 2".
In video de-interlacer block 204, processing is perforned on the video data
as shown in Figure 3. Referring to Figure 3, at step 300 video field data
is received fromth e three consecutive fields "N, "Ni ", and "N-2".
Field errors for five consecutive fields are conputed and used for a
deternination, at step 302, whether the original video si gRMABIZ068 nat ed
fromfilmsource by using the five coﬂsecutive fields nmethod di scussed in

Fi gure 4, ntreimerladed sigren] desRbHNEE bkl hat t daja was froma
filmnpde is declared and I%?tg@ggg%ﬁ%’q@? ef FH1REBR2eH2l r enove

film sour&g ] DC

m xed fi efabdidighorpinateafremas fihepu@4nay havdiaMRPns bPeidat Ao as: not from
a film SOMeCt%’us¥i §leot Ing i s declared and a check is nade at” step 306 for
the presence of Mpi% PCE%D‘FP b8 dupng generstivnnf heoddan.when the difference
between the pixel intensities of the current pixel in field "N' and a
corresponding pixel at field "N 2" is greater than a predeterm ned

t hreshol d. St diro8@6inieSnepip 30%alk faRker cﬁscﬁ?&ﬁ&sﬁ%é %‘EI tg%‘g%g%ggﬁlmg ocessing

I s desi rell% ggrl ng[ conversion frominterlaced t

non- i nt eriladédilystgned. thisednmporery Nilevisiiom et echaltcd RomaKkaiRlcg egd Vi deo
materi al ,; L:.diid-not originate froma filmsource may have indications of
"pi xel n&l'{l%ﬁwgﬁ %gée't%mﬁyéiggﬁlgnﬁl}é?%&@dl%hmﬂmma@eﬁdcasignm of the

vi deo. PmanebsibeinitputIramn LR-di discussed usin f 1 qw di agram
of FIG 10. As illr?gt rat e"%,gﬂjt l?’ééelg[&é’l%f‘ gﬁ;ﬂr{/ﬁlggassgp%ggéﬁﬁrrg ener at ed

f rom t he Fle @k vieseconiidemnpeiagn signgl isehe fits smphrd 8Py kg @%%l ,jgggl??%@%ggil?gls. A

first tenporar i deq. signal _nmay be the output "of an

conversi 8 “&aﬂifeéé%ghb Hep ﬁ-o?}; aRF Cthir@empararyedond id erpetaidy si gnal
is the fiLs I | signal del ayed by one frame (e.g. FIELD N-1
of FIG 2) ﬁ%%ngﬂt%ﬁf?ré&\é{ gﬁ%%?da&/m%{f AR (FE- Bﬁ@d@é‘é@rﬂd’m@ rary video
signal del ayed by one frane (e.g. FIELD N2 of FIG 2). At block 10 10, a

counter (frame counter) is increnented. The counter is
At block 1010, a counter (frame counter) is incremented. The counter is

used to keep track of the video fields and is preferably initialized to minus onc (-1)
at starl of video processing. At block 1012, the counter is checked to determine if
the value is greater than four. If it is, the counter is reset to zero in block 1014
before proceeding to block 1016, However, if counter is not greater than four, as
determimed in block 1012, processmg continues in block 1016 1o determine the
appropriate {rame count. If the frame count is determined in block 10 16 to be zero,
two, or three, the second video signal is generated i block 1018 by combining the
second temporary video signal and the third temporary signal video signal.
However, if it is determined in biock 1016 that frame count is one or four, then ihe
second video signal is generated in block 1020 by combining the first temporary
video signal and the second temporary signal video signal. The second video

signal is the resulting signal after removing the mixed ficlds of the 3-2 pulldown

yvideo source.

A television signal (such us NTSC, PAL and SECAM) is composed of

picture scans (or {ields), each of which represents, at half the picture resolution,
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used to keep track of the video fields and is preferably initialized to
m nus one (-1) at start of video processing. At block 1012. the counter is
checked to determne if the value is greater than four. If it is, the
counter is reset to zero in block 1014 before proceeding to block 1016.
However, if counter is not greater than four, as determined in block 1012,
processi ng continues in block 1016 to termne the appropPildad Fnanme
count. If the frame count is determ ned in block 1016 to be zero, two, or
t hree, thﬁles%bﬁth)dhmssif@f@jJich&cgﬁdl‘ﬁ{&aé\%ﬂ (beQ&&Cf.Iol& y conbining the
second t egporar. \éiageo signal and the thir terrpor‘B {Jﬂiﬁ F Pileo si gnal .
However , cqeﬁmh pBd gierfields chh be kinteOgHvddnat cﬁeﬁ[@%,%%gi‘jﬁ@ﬁ or four,
t hen t he Vﬁ@SOﬂﬂséiréjeosSi nal is. generated in bgl+ock 1 y conbi hi ng the
first tenporary —video &iHaisaGhtl taticecent asatigdadny aseighiRionvii si gnal .
The secongh ¥ndRGnfek ! . lting signal after removing the m xed
fields of the 3-2 plg;é@dy\f\!ﬁ%ﬂ%é@g?%%u?“ﬁ?mﬂg MOpites e yghdodmition such as
NFSC, PALteley#HiSESAM) is conposed of picture scans (or fields), each of
which represents, at half the picture resolution, 15 30 MAY 2005 the odd
(or top) lines of the picture and the even (or bottom I|ines of the
pi cture. Suc ' nd.even. fields can be interleaved to generate
progr essi ve fﬁgﬁlwﬁﬂggg?a%wliﬂﬁg'ﬁ'@ oM hise sewse howevsh.tSmbé vitkosuch as
di spl ayi noaterihlelnew B ' : n-interl aced video ppnitor (e.qg.
conput er noni toﬁ_hﬁhﬁg%ﬁ ni tq){cllsr{ﬁg elllgﬁqéﬁﬂ&FWsz Vﬁqﬂ pamen
mat er i al $roedupdiusitfg anineddebdceRrL & IE A terials may
L B iR IR R e B

have beeril ca tqlgqe{]d using an interlaced camera. arc

capt ured ’Ejsi‘ﬁ”ﬁd‘ the camerr Bame sapraing tthe pdd liscealiley ofld firid)iamg th@g bet ween
the i nskapdeohB8& T 4h frame capturing the odd lines (i.e. odd field)
and the subgeqyent ‘fer%me ﬂcigib ol ‘iﬂﬁ‘d"tﬁﬁéﬂ%tﬁéﬁﬂflﬁl&’sﬂ(ﬁﬁ@ﬁmgmagremimo shot
usi ng pr egmesswilenot have field motion). I the scenc comprises fast moving objects, or

the camera itself is in motion, the deiay between odd and even fields causcs a

horizontial shift in object representation within the same frame. When the video
signal is projected on an interlaced display device, the motion appears natural
since the odd and even fieids are displayed sequentially. However, when odd and
even felds are interieaved to produce a single progressive frame, such as for
display on a non-interlaced video monitor or for still pictures, the differcnees in
object position between the two fields in each frame of the picture become

apparent in a form of jagged iines, jitter or sawtooth effect.

Referring back to Figure 3, al step 306, an algorithm for detecting pixel
molion may be employed, This may include a methoed using the three consecutive
field samples at "N", *N-1", and "N-2" generated in blocks 200 through 202, For
cxample, a new video output may be computed for field "N” by averaging between
the pixels in the adjacent lines at field "N-1"". Another embodiment may involve a

cubic spline fit of the (hree or other combination of field samples to obtain the

desired video outpul.
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canmera will not have field notion). If the scene conprises fast noving
objects, or the canera itself is in notion, the delay between odd and even
fields causes a horizontal shill in object representation within the sane
frame. When the video signal is projected on an interlaced di splay device,
t he notion appears natural since the odd and even fields are displayed
sequential ly. However, when odd and e[\r/Gen fields are interP8&&Y 2065 produce
a single progrﬁssi ve3 frame, such as fo di splay on a non-interlaced video
nmoni tor or forAsstep308] dtwiad md i Ln obj.ect .position between
the two fjelds,in each fralp)rre of ?ﬁlﬁg%@?ﬁ?@ﬁ%@%wwgﬁ%% Yiflea form

of j agged 1oHeed sigpekiato Brogesatooideoatiisest 31RO AIARFKNLY bE! gure 3, at
step 306, re@itn@h %‘iegﬂﬁa feor det.ech ng pixel nmotion may be eﬁpleoyed. Thi s
may include a method Uiy ThRXEhingsty hetween feld "N and fddpNes gt " N',

"N-1 ", dacger bhat'a gRASANRL ks,20Q.t hrough 202. For exanple, a new
vi deo out put ma%/ nggor‘T:'put ed tPrOcFE@:&e\fﬁ] & ﬂ;heﬁ?“ﬁ\%gﬁ%lﬁ@ﬂ?&%Bmel-t he pixel s

in the adjvaRixatbasisend the stlceted pidtllat FeldNQt [ | Ent inyol ve a
cubi c splﬁféﬁgrfit,of the three or ot he]F conbi ﬁgﬁc?ﬂg?&gi%{é@gﬁééhﬁﬁﬁs to
obtain t

FBEY ettt B ppdetermined Chvho12008e rdsos T&ﬂ]ﬁﬁﬂﬂﬂtﬁ]ﬁ? pi xel
notion i f versiQn.of the video scanned sigdgnhal into
progr essi?]\l;ireoe\rg? ﬁ‘%gplg‘?mg% Ziﬁ?(gQI?: éé?ﬁ Seopusaoed wdesinsylo wem paenexedfidlfis t he

di f f er encathi evepi fedlls hid 84S (kM field "N' and field "N-2" is" |arger
than a pr.eget ermined t hr eshol é%ﬂﬁ‘g@fﬁ‘@ g“o‘?ﬂf’a‘rmag‘i‘fﬂ"}e%dﬂﬁé‘ mAtian pi xel -

by- pi xel ! e atblopls 368) e tvabicpiPthe sabetbll 8l JNE sl nie: o have
not i on i{hetzﬂ%m dci fferepce i.s greater ?ha% aﬁp#égﬁigl'}dml\ﬁéglr%ﬂgge&% d. One
reason for USTHG YHE ¢5BEPixelat Held BN+l shasrizonoline Bb@ethbisoRotcdN- 2") i's

because pfepaglier 0 &cyen fields wth even fields and odd fields
wi th oadt f L omabteixtIoaRGIPRER BT, thatis e s belsy g sbecset piacblAoek 308,

the val uen glustthoseseehit ie<ebs BbId Nl 4 hdNd S 1SRHAGS egdpr%%cssed, i

that the difference in value of a pixel in line 1 of ficld "N” and a corresponding

pixel in line | of field "N-2" yields a value greater than a predetermined threshold
value, then pixel motion is declared. To correct for the pixel melion, the average

of the corresponding pixel in line 0 and line 2 of field "N-1" is used to replace the
pixel! at iine | of field "N". Using the average of (he pixels in adjacent lines of the

previous lrame creates a smoothing effect on the video signal.

From steps 304, 308, and possibly from step 306, processing procecds to
step 310 where the odd and even frames are interleaved to produce the progressive
(i.e. non-interlaced) video materia). Referring back to Figare 2, afier processing is
compicte in block 204, the de-interlaced frame of video material is stored at tlock
206 in preparation for additional processing, as required. At step 208, an
appropriate video scaler may be employed io scale the data to a desired oulput
resolution, For example, the de-interiaced signal may be scaled up from an
NTSC/PAL resolution to a desired cutput resolution and rale using weighied

average method vertically and horizontally to maintain constant pixel rate




e ——

t he average value of the pixel at field "N-1" that is one |line above the
sel ected pixel and the pixel, also at field "N-1". that is one line bel ow
the selected pixel. As an illustration, assunming line 1 of field "N' is
the current line being processed, and that the difference in value of a
pixel inline 1 offield "N' and a corresponding pixel inline | of field
"N-2" yields a value greater than a predeternined t hr eshol 42 M#aY @803 t hen
pi xel notion is declared. To correct for the pixel notion, the average of
t he correspondhndrcporasion dithes@li I ' S N1 s used to
replace the pixel at line | of %hg?gthbﬁregfcﬁg?é%%ﬁe el iny E‘F the pixels
in adj acehtomvered apPigivd-topmalagumvertantstock 246 esc disSEP Ohnageef f ect on the
vi deo si g{é@.tcESFrom steps 304, 308. and possibly fromstep 30& processi ng
proceeds 10 Step 310 where the odd and even frames are interleaved to
produce the progressive (Le. non-interlaced) video material. Referring
back to Figure 2, after processing is conplete in block 204, the

de- i nt er | genmihntoeobs-VPeletwmt erial is stored at block 206 in
preparation for additional processing, as required. At step 208. an
appropriate video scaler nmay be enployed to scale the data to a desired
out put resol gti on.4‘|,:or. X |l e, the de-interlaced signal may be scal ed up
froman NTSCPAY rlﬁgﬁllﬁ'ﬁ off 9L theerniceptpioiing five eemscaviivniieldd to at e usi ng
Vi ght ed dev@iRO&h Leal : | Zontal |y to I ntai n const ant
pi xel rate. 30 NAY%%%?HC%‘L?]H&E&@H@%%%P gg}fﬂoﬁﬁ%%&frﬁé BEPIS® Ahe scal ed

pr ogr ess egdodingent| of Wy plesentriacanionr Tad dats iR ﬁr%'4‘étﬂutﬁﬁ§i*rﬁg~.? ?@j\ver ter block
210 for ﬂiﬂ_sgl ai{ gn gnal 0 devices. Determ nation of 3-2 Pulldown Figure 4
is an il FBEEPER{ PR AT Eieurad wighéawndditions] ryvs 400ethemrghetit iddedfdcehd ds t o

gﬁt er m NEo M HE S udtatE the TREGHah s o Eh%‘m%ac}d?rgleﬂtrgfqma Ipl'ergﬂr?toiléirgrﬁ:ioan?gl%;dl ng to

added rows are: "Video Field Number" (400) to identify the vidco fields to aid in

the iliustration that foilows; "Field Error Computation" (402) to show which video
fields are used in the computation of the field error; "Field Frror Value" {404) to
show the result from the computation where the material originated from film
source; and "Repeat” (406) 1o indicate repeat felds (i.e. where entry "Y" indicates
repeat field). A repeat ficld occurs wherever "Field Error Value” 404 is zero in this
illustration. This, coincidentally, is where there is a local minimum hotween five
consecutive frames assuming all the deltas are positive values, for example, when

absolute values of field errors are nsed.

Computation of the “Field Error” (402) involves some mathematical
difference between the current field and ihe field prior to the previous ficld. For
example, lo compute the crror in video field vi3 requires the comparison of the
pixe!l inlensitics between video field vE3 and video field vi 1, and error in video
lield vf4 requires the comparison of the pixel intensities between video field vi4
and video feld vf2, and so on. One method 1o gencrate the mathematical
differcnce may simply use absolute value of the sum of the differences in intenstly

of the pixels in a selected area, for example, as shown in Figure 7. Another method




enbodi nent of the present invention. The data in Figure 4 contains rows 100
t hrough 108 of Figure 1 with four additional rows 400 through 406 added at

the bottomto illustrate the mechanics of an enbodi ment of the present
i nvention. The added rows are: "Video Field Nunber” (400) to identify the
video fields to aid in the illustration that follows; "Field Error

Conput ati on" (402) to show which vi dei3 fields are used i P& Mt Xc8Mut ati on
of the field error; "Field Error Valu (404) to showthe result fromthe

conput at imay hele tdiee (Rt i al ther4b9h fi urce; and "Repeat"
(406) to jndicate repeat fields (i e. mﬁ%}léeﬁgmerdf%%?%ﬁ 155%123 fepeat
field). Alf@epelting wilectedawnsuothes taeshovi i Fighe Proet eibod@dedis zero in
this illustrati,on. This, cojncidentally, is where there is a | ocal mninmm

bet ween fIe®Y B IATRE Acdvets g loash sqyarel methods. dBet preseant ényxasiohi Ve

val ues, fu@htepxanmb . .val ues of field errors are used.
Conput at i'on of theﬁ]e%ﬁg‘dg??ﬁ&g%ﬁﬂﬁ S?ﬁ%’f@@%c% 1fyl EICEEES

di  Fer endenpatibenutrba Rellaahd filhriido hEphEh pigor 1o the previous
field. For exanple. to conpute the ‘error 1n video field vS requires the

conparison of the pixel intensities between video field vf3 and video
field vf 1, apd efr in yideq , field vi4 requires the conparison of the

pi xel intensi ?ﬁ%ﬁﬂ@@&é’ﬁ%&bﬁ‘e&%ﬁ%&h%ﬂ thgigsuliisgpisel Sclil eff®s and so on.
One net haehuhfing PRAEAL & el neal.: dif ference nay simply use absol ute
val ue of the s%m of thghgﬁjf[gga%gnces?nlﬁﬁu?tmnéllg{ PQ}ISBBFGf%é‘Sp‘iEB s in a

sel ect edcalem vi3oarreshopka, 7zoas vaINEWIhik s Fe@UESyvilleo i 30 MAY
2005 18 g@//‘rfhnvpl_ve usi ng the sum of the absol ut eﬁ&gﬁg%ﬁlﬁggdi fferences

in intend forigipated boan theisame Kol Somed 14i.eal sammhl gjsherefreshown in Fi gure
et hods. SAeid el B Bibuid s APas uee thevidee Torerprignaeant | cal
schene t frain fiBA so@tE Ve pARed LheiSREAP every five fields, Thus, a repeat ticld

(illustrated as a Y™ in row 406) occurs every five video fields if the interlaced

video material criginated from a 3-2 pulldown of film material. For example, the

"Field Error Value" is zero in video ficld vi8 and video fiald v{ 13, and so on. This

is all assuming that the arca used in generating the differences is as shown in

Figure 7 with the subtitie areas cxcluded and that all conditions arc perfect (i.c.

excluding noisc and other irregularitics).

However, in aclual implementation the error may not be perfecily zero due
to irregularitics such as signal noise, errors in the analog-to-digital conversion
process, deterioration in the videe material, and numerous other potential sources
of corruption, In one or more embodiments, the error is compared to a
predetermined zero threshold value. The selected zere threshold value should be
adequatc to reliably preclude noise while detecting the repeat fields caused by 3-2
pulldewn. The Analog-to-digital conversion resolution should also be accounted
for when selccting the zevo (hreshold value. Tor example, a pixel intensity

difference of ten (10) or less may be acceptable as the zero threshold value,




between the current field and the field prior to the previous field. The
"Field Error Value" (404) row shows the resulting pixel field errors
assum ng perfect conditions and no conputational or noise errors. As shown,
colum vf3 error shows a zero value. This is because video field vfi3 and
video field vfl originated fromthe some filmframe fI (iyEpatyor@d 1 0)
therefore the difference in pixel |nﬁ§n5|ty shoul d yield zero I nce the
video naterial originated fromfilmsSource, the pattern repeats itself

every five fiqh@dnothtRemboditieemt 16d niinidihl i Iivialoftedative ekds ikn row 406)
occurs every five video fields if the interlaced video material originated

- from a 3-idepifiddomihe ofpdat Finldnander caiifirnmasiondx avade ¢hattthelocaFngdig@nr or  Val ue”

is zero in video figl f$ and videq field vfl3, and so.on. This _ is all
assuni ng TERGHLS ?W&W@i %@%erw“@é lag gloeplangiimugy ghiminatesdhe triadh on i n

Fi gure Wdté?r&rqﬁat%%t h% lns%ﬁag»?z% gé %da &lithpi @Ijnjeql?(ﬂﬂ Qo OR3P ar e

perfect (1.e. exclu n Irregularities However

actual i mppeneRidtietisrhin mewseﬁwnmls@mpemfeﬁameﬂmm Hoeal to
irregularities such as signal noise, errors in the anal og-to-digital

conver si dnlnlryum:@ﬁpemlﬂmmﬂm altiaghive heaavee ifiigeeasemable teapssusdE#umer ous

other potential, sources  of. cor i aon nts, t he
error is 'E%?%ﬂé'rde '}f‘“’ﬂﬂ}%ﬁé &l‘x’ﬁ)hﬁa‘%?@ ﬁgﬁﬁ%@ﬂéhraug]é?lﬂgﬁ %sel ect ed
zero thrgghetidl, W%b%{ﬁn&hﬂ%%@&c isHARME Moﬁ?'akﬁhﬂ Mcmﬁﬁh#ﬂﬁl e While
detecting the repeat fields caused by 3-2 pufldown. The Anal og-to-digital

conver si arverefiot fieldsnhakeafitd al so he accounted for when selecting the zero
threshol d value. For exanple, a pixel intensity difference often (10) or

| ess may be acceptable as the zero threshold value. 30 MAY 2005 19 In

anot her ag% e local mnimumin five consecutive fields is

i dentified %ggﬁhg—reﬁgat field and a confirmation is nmade that the | ocal

m ni mum

Figure 5 1s a block diagram illustrating the apparaius of the video
conversion process according to an embodiment of the present invention. Block
500 is a digitizer block having the pixcl clock (PIX_CLK) as input and an analog
video input. The analog video input may be of any of the color model formals such
as C-Video, 8-Video, or YUV, for example. The digitizer block may includc an
analog-to-digital {(A/D}} converter block 502 and a decoder block 501 lor decoding
the components and bit depths of a C-Video or 5-Vidco color model, for example.
The A/D converter block converls analog signals to digital representations. For
example, the A/D converter is used to convert the YUV color model input to
digital components. [n one embodiment, the output (Y _UV) of selector block 503
comprises 16-bits of data for each pixel wherein the [irst 8-bits represent the
luminance (or luma) and the remaining 8-bits represent the chrominance {or |
chroma). The luminance (also known as pixel intensity} and chrominance data arc

represented as Y NEW and UV _NEW, respectively. in output of block 500,

[n block 510, the lnuminance ¥ NLEW and chrominance UV NEW are

processed to generate the corrected odd and even fields for each frame ol the video




repeats every five fields thereafter. Using the | ocal mninmmelimnates
the trial and error that nay he necessary to determne a suitable zero
threshold value for repeat field detection in the presence of noise and
ot her uncertainties. Local mninumis especially nore attractive because
It is reasonable to assune that noise and ot her uncertmlgdﬁﬁ%gﬁmﬂ§lbe
evenly distributed throughout the viﬁgﬁ] material. Therefore, filmnode is
mai nt ai ned so long as the | ocal mni occurs every five fields

t her eal { Glarq MafIBR LROURIALIUTLIH Remdrd biock! ATKDALAHIFILL BIME rati ng L he
the video co

apparatus o ver si on process according to an enbodi nent of

t he presenhiiabicanttiovertiBilayke phle of sheindoniing video bignak(ika 60 dprtzhier pi xel
clock (PI X CLK) as input and an apalog video.n ut.igg%agglgg vi,deo i nput
may be ofaraNy Sefvidee lercderewatng e mamory iecksad ood Updis, 50 RN or YUV,
for exanple. The diqitizer bl.ock Jncl-ude an -t:0-di.gi tal (AlID)
conver t er MHIFEEK cgﬁff%gﬁfaﬁ?tggﬁ'ﬁg&ﬂg% He %%?“%ﬁ"&@?gﬁ?% 19%4%5, conponent s
and bit deptRtn®laf (CeMiAL ol cAnMoheMnt fhiik) @R, They, daxagpl e.  The AID

converter block converts analog signals to digital representations. For
exanpl e, gdnersdod Wdhy ennénteilscalbatprogressine aideotthatenely lwoingpeadadl i nput to

digital cqgnponents. In one enbodi nent, the output (Y f sel ector block
503  conpTgmEnANeS datamay bagred Fom msArpbieek SWA el L TprE GG, b « o

represent the |lum nance (or luma) and the remaining 8-bits represent. the
chrom nance (or chroma). The |um nance (al so known as pixel intensity) and

chrom nance dapamRlEnbdERCAE ahrdicisiodk SNEWeadplly o dipiitpetdéckel y, in
out put of bl ock 500. In block 510. the |um nance Y -NEW and chrom nance W

NEW are Fiowmsbetidedhe 8rtt humsnatus ¥ oNEN¢iba Soitichreminangs W VeNdSVf or each

frame of tthggxc}/ﬁc%?gyrﬁ:ome\%?%% hoFizontal sync pulse HS, the pixel clock

P1X CLX, and an Qdd/Even ficld signal ODD/EVEN_FIELD. The Odd/Even
field signal may be nsed to signify thai, when true, the odd field of the interlaced
video material is available at the outputs Y NEW and UV_NEW, for example.

In block 530, the processed luminance and chrominance data from memory
block 517 are scaled using any desired video scaling process before being

converted to the proper progressive video output format in block 332,

Luminance Processing

The video luminance data is processed in block 511, which compriscs raw
data memery block 514, film mode generating block 512, and data sclector block
513. Memory bleck 514 further contains storage for luminance data from the
previous field, FIELD 1 (equivalent to field N-1 of Figure 2), and storage for
luminance data from the field prior to the previous field, TIELD 2 (equivalent to
ficld N-2 of Figure 2). For example, ai the slart of the 1/60.sup.th second interval
of an NTSC vertical cycle, data from storage FIELD | which is available at TAT
B is pushed into FIELD 2 to make it available al TAP A, and data originally at




data that are subsequently stored in nenory block 517. Data in block 517 is
avail able at the vertical sync pulse of the incom ng video signal (i.e. 60
Hertz for an NTSC video) therefore witing into nmenory bl ocks 515, 516,
525, 526 occur in the sane cycle such that during generation of the
progressive video inmage, consistent data (i.e. data from gpopon2fid m
frame) is used. Thus, during generathon of the non-interlaced or
progressive video material, |umnance and chrom nancc data nay be read

from menorxplt aCkishdd iigb FAEDES] Lehaké BGvailahle at TAFoBeNrRabailoBht neinput s to
bl ock 510 are outputs of the digitizer block 500 and include the 8-bit

| uni nancefiald MW Yt NEVE fhim digitioer eslc 200U anvailableand Aokt Thus, Ty é.pul se VS,
the horizgntal syn se HS, . th i xel clock Pl K. and an_Odd/ Even

{1l d s oRAP Tooie R - emen dei So e ety oo P Eaiecd o
signify t t 1 eld of the interlaced video material is
avai | abl e&]‘%{% “’E’ e %ﬂt%ﬁ%édngr% 2%\/ NEW for exanple. In block 530, the
processed | um nance and chrom nance data from nmenory block 517 are scal ed

usi ng any desired video _scaling process before being c¢onverted to the
proper progr edsians epbutimgnt. gate mreeerging in periosredane hetiganidl e gbiocessin

The vi deo.| un,.nance data, i S;.proeessed in ck 511, whi.cgh i.Ses raw
dat a rrer‘rolvnyeggfh&g%Ogiﬁ?mp}qﬁlﬁ%agsﬁﬁ%?ﬁ}aﬁg&%ﬁ%g lg'i‘\é\}ﬁﬂﬁﬁ(g&ga_ A°sel ect or

bl ock 51@15)2(5%{1%%;% RiK oBYilleh Wihihes 08kt Bor&l WadaidRldldbiface data
fromthe previous field, FIELD 1 (equivalent to field N1 of Figure 2),
and st or afpe pt@ressihgm oaneendapécichdmrideatd] isphdppsé.drortecaamppée. gssviiogs fi el d,
FIELD 2 (equivalent to, field N-2 of Fiqure 2). For example, at the start
of the 11860 BEGUIRISRAHARITES PHISS THMALC %ﬁnéileiﬂnccb@}e&'ﬂdata from

7101300, SRR AL SRRt AR BraRg R LD 2 0 ke
harizental sync pulse prior to "M-1" is "M-2" {correspending to Jing "M-2"), then
line buffer A_LINE D centains data for one complete ling of pixels from TAP A
(i.e. field N-2) at horizontal syac pulse "M-1", line buffer B_LINE_D1 contains
data for one complete line of pixels from TAP B (i.e. field N-1) at horizontal sync
pulse "M-1", and line buffer C_[L.TNE_D1 contains data [or one completc line of
pixels from TAP C (i.e. field N) at horizontal sync pulse "M-1". Data from line
bulfer B_LINE Dl is buffered into line buffer B LINE_D2 before being
overwritten with new data. Thus B LINE D2 contains data for the line at
horizontal syne pulse "M-2". Thus, assuming line 1 is the current line out of
digitizer block 500, then A LINE D1 contains data for line 2 ol ficld "N-2",

B _LINE D contains data for line 2 of field "N-1", B_LINE_D?2 contains data for
line 3 of ficld "N-1", and C_LINE D1 contains data for line 2 of field "N", The
five inputs arc required for video luminance processing in data sclector block 513,
New line data is available at the line buffers at the occurrence of every horizontat

sync pulse 118, The line being processed in block 510 is the line at horizontal syne
pulse "M-1"



21 TAP Cis pushed into FIELD I to nmake it available at TAP B. Meanwhil e,
the new field data Y NEWfromdigitizer block 500 is available at TAP C
Thus, TAP A, TAP B, and TAP C contain data fromthree consecutive fields
of video lum nance data (c-g. field N. field N1, field N-2). In one
enbodi nent, data processing is perforned one horizontal |ifep@ly agosti me.
Since one conplete line of data is avakl abl e between two horizontal sync
(HS) pul ses, one line of video lum nance data is stored in an internediate

buffer for proagsEmbuffer ACLUNEEI] andibhighe T TANEZ Ot &b pave uhpels For
exanpl e, assuming that the currént horizontal sync pulse is "M

( cor r espdrdhnfilmanddmgenexating block SHE ulersdtio O_LdNEaD lspneecspnis slats s "M | "
(corresponding to |i "M 1") and the izqnt.al s e prior to "M 1"
O W o e iR D e o and ki Bl £ HARED et

cont ai ns : ' i TAR | mdield N2)
at hori zodr%{?%rmfsr%lgqgﬁ?Egm‘)kf%%#rbﬁqisﬁgfi%@f ?g%%gi{%%_%lmcéwgéé% lgssm ‘édat a for
one conpl@iteirbhnE DINBI W¢lahdfA dONFAR Bby icaleulaking|thie dirh)ofdle himoident al sync

pulse "M1 ". and line buffer C_UNF Di contajns data for one conplete |ine
of pi xelwlug ohthyAptferepee @ infensity (N lwnikscekohibg Pig)nm biffge "M 1", Data

fromline i 13 | f | I ne;: f ~ D2 before
bei ng Qv’aéfglrl :ﬂe)}l El\I/]lvlgtt m@v@—%@t 1a%ﬁ%n§%£1€%%§dd§%¢§#¢affg %él;tb guh or the line
at  hori zanhakideyTcl®bshe chnpared TOSor castfuditBats lof it prebénttifigertioqr ent | i ne

out of digitizer block 500. then ALINE D 1 contains data for line 2 of
hel d " N- 2hay BmpldyEdifteradmathemaienl andibedd foneaRubatingitkd HetdNerrorusit® LI NE D2

contains data for Jine 3 of field "N1 " LIKED 1 contains data for
line 2 of ?@‘I"‘H&hi@'{“ rsm&h%‘dﬁép‘zﬁj})&d for video |um nance
processing in data selector block 513. New line data is available at the
line buffers at the occurrence of every horizontal sync pulse IlS 'the

| i ne being pr @igssestaifforbbae komplté sidebdidld necat bherdcaanbalerdsadeynce
{VS} pulses, VS is passed as input to the film modc-gencrating block 312 to signal
start of processing for a new field. In one embodiment, the block PIX DITF in
film mode generating block 512 generates the pixel difference at the occurrence of
cvery pixel clock PIX_CLK and the accumulator ADD UP accumulates the pixel
errors. At the occurrence of the vertical syne pulse VS, the field error in
accumulator ADD UP is pushed inio a different memory location {shown in Figurce
6 az ACC1) and the accumulator ADD UP is cleared and made available for

accumulating the pixel error for the next field to be proccssed.,

Figure 6 is an illusiration of the processing that cccurs during film mode
flag generation and operation in the film mode according to an emboediment of the
present invention. The data shown in Figure 6 is used to illustrate the processes of
Figure 5. In Figure 6, the row 601 labeled FILM shows the film frames converted
to interlaced video according to a 3-2 pulldown process. The row 603 labeled
VIDEO shows the video fields and the corresponding filin frame used in their
generation using a 3-2 pulldown process. [or example, video [ield le represents

film frame 1 in an even video field, and video field 1o represents {ilm frame | in



pul se "M 1". 30 MAY 2005 22 Data frombuffer A LINE DI and buffer

C LINF.. D1 are passed as inputs to the filmnode-generating bl ock 512.
Butter data C LINE Ul represents data fromthe current field being
processed, and data in buffer A LINE D represents data fromthe field
prior to the previous fi eld. The field error is conputed ysiiAy 2@ata from
CLIN D1 and A LINED 1 by cal cul ati the sum of the absolute value of
the difference in intensity (i.e. lumnance) of the pixels in buffers

A Ll NE_D]ana:ﬁfH\Qdeﬁlél@l in the range discussed in Figure 7 for all the
lines in the video fields being conpared. O her enbodi nents of the present

I nvention may enploy different mathematical nethods for cal culating the
field error using data available in buffers I_,[I NE D ?]Iv%ﬁ')deﬁc NE D 1.

Si nce data fr&W%ﬁé%ﬁ%ﬂ@%ﬂé‘bbw&a@%%ﬁ@ BRPRERR £ Wo° vErti cal sync
(VS) pul ses. VS i : ' _ il (ReMEacaepaEahitAg vilcack 512 to
si gnal S%W¥%?ﬁ%?§@%§§$hﬁ%§£?hr%%%rg} I'n one enbodi ment, the bl ock
PI X_D1TF jgBntifiés wsedps eeganrsebf te fidldetrob 18 agemfecatveslds the (il etrodis f er ence
at the occurrence of every pixel clock Pl X CLK and tqf}g %@u | at or ADD UP
accunul at'&srd"hehei thel field cpoicsts ang identicelorithiidhe same bidrs, PRBINGESITE e pul se
VS, the field ecrqr..in acecunul ator ADD, UP i s: i I f ent
menory | ctEHFS lflahﬁﬂﬁre?"ﬁr’éﬁﬁzﬂjrsﬁ o?gmgg* %&ﬁﬁmﬁﬁﬂ%ﬁ‘éﬁg%%ﬁ%ﬁéalf%ﬁADD UP is
cl ear ed s afb18 Rl wats WiBst AkéIRGot be zedodalaceralor for the next
field to%ﬂﬁ%@gﬁ%@ﬁ Figure 6 is an ill ugtrat_i on of the processing that
occurs duimglgmbitationoTisus, Prag” gerseddn iis speificgndor purioset ¢le i1 m node
according to an enbodi nent of the present invention. The data shown in
Figure 6 ilksuatéen oplyi||ustrate the processes of Figure 5. In Figure 6, the
row 601 | abel ed FILM shows the film frames converted

Acecumulator ACC2 contains the same data as ACC1 shifted by onc field
(i.e. delayed by one sample frame), ACC3 contains data in ACC2 shifted by onc
field, and so on through ACCS5. This is because the data in the accumulators are
shified right in the sequence ACC1=>ACC2=ACC3=>ACC4=>ACCS. Data in
these five accumulators are used to generate the [ilm mode flag. [n one
embodiment, a repeat ficld is declared when the field error in ACC3 is "zero” (Le.
less than a predetermined zero threshold value). Another embodiment uses the
local minimum {i.e. the smallest) of the five accumulator values to determine a
repeat field. In cither case, flm mode is declared after deteclion and adequale
confirmalion that the repeat field recoccurs afler five consecutive fields. Assertion
(i.e. low indication) of the FIEL.D-DIFFERENT flag 609 indicaies detection ofa
repeat field and causes a reset of the video field COUNTER 610 1o zero. [n cases
where the video data truly originated frem film source, the FIELD-DIFFERENT
flag 609 is asserted every five fields, thus, flag COUNTER 610 15 reset to 0 atier
the count of 4 (i.e. COUNTER counts from O to 4). Assertion of [ilm mode may
require confirmation over certain number of assertions of the FIELD-DIFFERENT
609 flag. For example, film mode may be confirmed over 2 cycles ol COUNTER

610 before it is asserted. Assertion of film mode triggers correction of the video




to interlaced video according to a 3-2 pulldown process. The row 603

| abel ed VI DEO shows the video fields and the corresponding filmframe used
in their generation using a 3-2 pulldown process. For exanple, video field
le represents filmframe 1 in an even video field, and video field to
represents filmframe | in 30 MAY 2005 23 an odd video figjgiayRegs ACCL to
ACCS are accunul ators used to tenpora&hly store field errors for five
consecutive fields. The characters in“the bl ocks represent the video

identitie ek Lasiepfpigidhe field error. In a perfect world, the
field err%artéj?g&&dzhé}?lgﬂgv\hen the field contents are identical within the

sane bl ock, thus indicating a repeat field. However, because of noise,
degradation in the vidego material, and other irr i.ties, field error
woul d rost |iklélq;lermb%mf@%@ﬁ%l%?ﬂ@ﬁ’@%ﬁﬂhﬁ’eﬁt‘g‘gwlﬁfﬂ@,eq“%iér 0" is
used in thi peci [} | O r - Of = i ' ; - {A@(m,}rrulator
ACC2 cont%elr?i]sg‘ﬁilgs T"svcii“(r%r’eﬂhfa‘?ﬁaﬁ géeﬁ%é%?@ﬁlﬁﬂ%e%c I%?H‘)‘?\E&??igﬁg 119?%(%’%3 del’'ayed by

one sanpl &idihFB FronMKSs 5@ i h Fentta Far eRardIe staltldy wilh lye orlamnf i el d, and so
on through ACC5. This is because the data in the accunul ators are shifted

right in tdrespendionde whest ARGDEHACozeianebeth hoasd [paE @UNMITER{dddhasi ve

| at d.. te t.he fil m.nmde : i t,
S g et DR AR SR AR Beldills Qe pgmRpe’ o 2,
than a PW&’@%&&*M&@E&%%&‘WH&M &ﬁlr%@?ginﬁ%&??rﬂﬁﬁmﬂﬂhm%&ﬁ& t he
local mnimum (i1.e. the smallest) of the five accumul ator values to

det er m netha fislé peat tHeosdtitally nomiputesrto Cage’ (id. Loy nstterd)sNabrthat &¢ af t er

detection and adeqquate .confirmation that the.repeat J1Ili ﬁl d reocc?.rls alter
five consedgeifighd €403) hsingmseesssechduring that cyqlgis #hrees idf poppinipg Hm

FI ELD- DI FEERENT & A2 89P0l MRl SP386] &% 668, B tfs specification, a field

error of "zero” contemplates conditions in a perfect world and is used for purposes
of illustration only. Howcver, as used in the rest of the specification, "zero™ refers
to a value less than a predetermined threshold value or a local minimum of the five
accumulator values. Using the local minimum precludes the need for specifying a

desired minimum threshold valuoe.

1 one embodiment, COUNTER 610 resets whenever the field error in
ACC3 (606) is "zero" and since the field error is "zero" every five cycles (¢.g. the
next field error is 3e--3e which is five fields later), COUNTER 610 counis from 0
to 4 and then restarts at 0. For purposes of illustration, the field when COUNTLR
61033 | is referred to as the first field, the field when COUNTER 610 is 2 is
referred 10 as the second field, the [ield when COUNTER 610 1s 3 is referred to as
the third field, the field when COUNTER 610 is 4 is referred to as the [ourth field.
The FIELD-DIFFERENT tlag 609 is also asserted whenever COUNTER 610 is 0
and for this example, the FILLD-DIFFERENT assertion in the columm labelcd as
"origin” in row 609 is the siarting point for the discussien that tollows. In the

[ollowing discussion, although data availability is stated in terms of which TAP

the data arrives from, it should be noted that the pixel data is actually processed




s

repeat field and causes a reset of- the video field COUNTER 610 to zero. In
cases where the video data truly originated fromfilmsource, the

FI ELD- DI FFERENT flag 609 is asserted every five fields, thus, flag COUNTER
610 is reset to O after the count of 4 (i.e. COUNTER counts fromO to 4).
Assert ion of filmnode may require confirmation over cerfpimynsmier of
assertions of the FlIELD DI FFERENT 60? flag. For exanple, frhn node naybe
confirmed over 2 cycles of COUNTER 6 6 before it is asserted. Assertion of

film Wpdqi-%,flicagf@gﬁareiﬁqme%mfrs hhevedeq, BOILMAK BA0&ad 241M8EaDIN .
sel ection ocC 13 of FIG 5. In One emmbodi ment, assertion of repeat field
(i.e. COUNTER 610 equals zero) occurs when the data used in conputing

For exanpi e, _Shsmig (it oA R de oA SRS OGS d RO PEACC ( 606)
t ai bhoth, .1 ; t ", An ,
The. two i HAUAPE BR AR A1 IR 18 R TAP S i aig Wihafeause

corput at i onneh GHP FiELD wEmery BlokBiENakad UMK EVEN RENE tentdmer ef or e,
the field error theoretically conputes to "zero" (i.e. to-]o=zero). Note

that the blecki&b6 tonlaih {60 Henbdiergms Bee Seaw, Hunifie mede. B Hhs an even
field containi, film.fra 3 (i;.e.. the first, accurnrence of -3e:in row
609) - | S Qe S, 1 ingfdecmprli  the Fignt Bpea S B SR Bl Biaio i O
conditio | ' : i"lhkid&tr at i on
onl yl. :-lov\r@\?!él?,ﬂ%’gﬁ Egg@hpggkﬁgggﬁ@?& tﬁt% S&ﬁ%?ﬁﬁ?ﬁcnel%gbggﬁ ef elr s to

a val ue |gesCCNANTARRNGAAE dhri svatlablerie JidwlA vB) arel Grar@as fdmiwarildibdm of the
five accunul ator values. Using the |ocal ,m nijmum prec| udes t Eﬂleed for

speci f yi n@13) conginsdlataienravaniingrika e » i te. intoplagsrbvideB 6y COUNL' FR
O10, et BSPPA1 ] ity E el AE B i ARRh o1 e e
video odd field {i.e. 20); and TAP C (615) conlains data representing film frame 3
in the interlaced video even lield (i.e. 3¢). Therefore, the desire is to have data
from TAP B in LUMA ODD FIELD memory block 515 and data from TAP A in
LUMA EVEN_ FIELD memory block 516 in order to have data from a common

film frame in the progressive video frame.

Hxamining data in TAP A, TAP B, and TAP C in the first field aficr
"origin" (i.e. COUNTER 610 is 1), TAP B and TAP C contain data from the same
film frame 3 while TAP A contains data from [ilm frame 2 therefore, data rom
TAP C is writlen into LUMA ODD_FIELD memory bleck 515 and data from
TAP B is written into LUMA EVEN_FIELD memory block 516. Proceeding
along to the second and third fiekds, data in TAP A and TAP B arc written into
memory block 517 because these taps contain matcrial from the same film frame.
However, in the fourth field, TAP B and TAP C contain data from the same film
frame (40 and 4¢) while TAP A contains data from tilm frame 3, therefore dala in

TAP B and TAP C arc written into output memory block 517, This pattern repeats

itsell’such thai TAP A and B are written into memory in every field except the
first and fourth fields where TAP B and TAP C are written instead. Thus the




next field error is 3e--3e which is five fields later), COUN T'ER 610
counts fromO to 4 and then restarts at 0. For purposes of illustration,
the field when COUNTER 610 is 1 is referred to as the first field, the
field when COUNTER 610 is 2 is referred to as the second field, the field
when COUNTER 610 is 3 is referred to as the third field. thédj\kfe%ugw\hen
COUNTER 610 is 4 is referred to as the,fourth field. The Iél LD D &EREI\FI’
flag 609 is al so asserted whenever ER 610 is O and for this exanple,

the Fl ELDypk i FERENUTRASE flab @1 0118 adskReg al E!UUN@FER:{??IGEJ Pilues 61l A in row 609

Is the starting point for the discussion that follows. In the follow ng

di scussi omdieditrdzowbén ttatcad dvean TR Bidngd TAP <1 astedd iof ftoen F8UIOA andi TAPTAP  t he
data. arrives from it should be noted that the pixel data is actually
processed80 MAY 2005 25 fromdata available in line buffers A LINED 1, B
LINE;, D1, and CIJNE D1. Assumng that data to be witten into nenory
bl ocks 515 and 516 are available from  TAP A (617), TAP B (616), and TAP C

(615). The deskgRciitn btk 513WAdhreRbBV B PRgBriy vikteeknlBUand LUVA EVEN
FI ELD menmory bl ock 516 contain data fromthe sane filmframe, if in film

node, or 3o FHI.Danemowi dleck fl 2l LUMANRYI®e I THbBememory plockndant dat a
is read fqr processi in blo 530, for. exanple, duning Vide l'ing.
Starting SheTTETEs diiessran mon the whuetirm R sy ety R R HPunl o i »
TAPs A, B, _ falyl : : i r enting
filmframs %ﬂﬁrﬁﬁg i@?é’#’%é’%@vﬁ“@'{g\(ﬁeﬁ% iBglzgﬂﬂI( %dgﬁ;@%@s,&gﬂéﬁ( 616)
cont ai ns dafticat epicemedad V8gdnidots writng of thaintthédua péxdlatedacl ifigkb odd fiel d
(i.e. 20); and TAP C (615) contains data representing filmfrane 3 in the

interlaced video even field (i.e. 3e). Therefore, the desire is to have
data from TAP B

LUMA EVEN FTELD 'ﬁ%#%“@%b%% et I e, Phs el ReTEST D07 A 1
CONTROL {620) asserts at COUNTER (610) values of 1 and 4. The data selector
513 writes data from TAP B and TAP A into output memory 515 and 516 when
write control flag WRITE-CONTROL (620} is false and from TAP B and TAP C
when true. In other words, field data Irom TAP B is always written in output
memory while TAP A is written when write control flag is false and TAP Cis
written when write control flag is true. Selectively writing the data in this manner

results in correction of the video data such that only data from the same film frame

is included in one non-mterlaced video frame.

‘Lhe highlighted columns in rows 615 through 617 indicate the video field
data being written into eutput memory block 517. Rows 618 and 6192 show the
taps (i.e. A, B, or C) being selected for the odd and cven ficlds of the video frame.
Data in row 618 is written to LUMA ODD _TIELD block 515 and data in row 619
is written to LUMA EVEN_FIELD block 516,

When current field is odd, data from TAP C is written into output memory
block 515 and data from TAP B is written inte cutput memary block 516. When

the current field is even, data from TAP C is written into cutput memery block



filmframe in the progressive video frame. Exam ning data in TAP A TAP B,
and TAP Cin the first field after "origin" (i.e. COUNTER 610 is 1), TAP B
and TAP C contain data fromthe sane filmflanme 3 while TAP A contains
data fromfilmframe 2 therefore, data from TAP Cis witten into I.UVA
ODD FI ELD nenory bl ock 515 and data from TAP B is wittenshRiQviddyd

EVEN _FI ELD nenory bl ock 516. Proceedi along to the second and third
fields, data in TAP A and TAP B arc witten into nenory bl ock 517 because
these taps;gpg ki RHEFARID fshedd Bt aiRput hleMdry &k S1Holewae, in the
fourth field, TAP B and TAP C contain data fromthe sanme film frame (4o
and 4e) whinbediié Awbon paicessio@isinfviden mokimand dirmre 3 ne pixckmotiondata in  TAP

F‘th ‘;‘2?; T?Eg%te%%: dvzfqug;gg& B aieE R i R engnge Plevkodfy CHRG Egﬁ‘é‘éf
Thus the S8RV 9D kSRR RO T ETAESS & BECH L' 2t ONTER 610
values of 1 and 4 indicating when to read from TAP B and TAP C i nstead of

from TAP A and TAP B. Selection block 513 controls which TAP data is
witten into L¥fken dwoprocgssing i mshe videgimede msag o Himowpods/Bikd ELD menory

bl ock 516. The Iu:bri a C? ata is selecte fromlt.h > 1 QUF" | xel data
avai | abl o ofioppay be fRICTd DY Chm R cctlons ity BRBReP R K (he
horizontale §RE: P st KSLIRRIDINEor $@H1E Al ydee RS MR IngRder 0 S writing

of the indrvidual pixel% for~each field. ‘As di scussed above, during film
node. the GMLINE Enintnig Ibefdoampavid WEh HQONMROa (Ba0 bulfes Ar 1 dNEt DEAONTER (610)
values of | and 4. The data selector, 513 ites %a a Brf)dm TAP B an(f TAP A
i nto out p@tﬁleﬁ]@ﬁﬁlf thy, differepos 1y gyasley than a predetermine eshold whereby pixe

motion is declared. Alter declaration of pixel motion, luminance data written inio

memory block 517 may bhe computed using any suituble method to smooth the
luminance data involving any combination of the three dala sources such as
averaging, for example. The same method applied to smooth the luminance data to
generate the output is applied to the chreminance data as well. In one embodiment,
the current intensity value for the pixel being processed (at ling "M-1"} is replaced
with the average of the corresponding pixel in the TAP B mput (representing line
"M") and the corresponding pixel at B_LINE_D?2 (representing line "M-2"}.

Chrominance Processing

The chrominance data is provessed in block 521, which comprises raw data
memory block 524, and data selector block 523. Memory block 524 further
contains sterage for chrominance data from the previous field, FIELD 7
{équivalcm to ficld N-1 of Figure 2), and storage for chrominance data from the
[i¢ld prior to the previous field, FIELD 8 (equivalent o (icld N-2 of Figure 2). T'or
example, at the start of the 1/60.sup.th second interval of an NTSC vertical cycle,
data from storage FIELD 7 that iz available at TAP E is pushed into FICLD 3 fo
make it available at TAP D, and data originally at TAP F is pushed mio FIELD 7



wite control flag WRI TE-CONTRCL (620) is false and from TAP B and' | AP C
when true. In other words. field data fromTAP B is always witten in
output nenory while TAP Ais witten when wite control flag is fal se and
TAP Cis witten when wite control flag is true. Selectively witing the
data in this manner results in correction of the video datgpsaetrophat only
data fromthe sanme filmfraine is mojuded I n one non-interlaced video
frame. The highlighted colums in rows 615 t hrough 617 indicate the video

field daE@nﬁﬁb%MlhEk%?ﬂFE RidathilEEe v vwiliad a7V _REW ot and 619
show the taps (i.e. A, B. or C) bein sel ected for the odd and even fields

of the vi dimiliferdreck SWatsavailablowt §28 FsThusi TAShD: SAPUMRndDBARIFELD bl ock 515

el d i o GauamA ok R hpowerui ieiR AL RS BT Ry 2oliBENS15 and

data from ﬁﬁ] t hten into output nmenory block 516. Wien the current
field is ggen Bgaffﬂae{v;[\jr%' TAP Cis witten into output nenory bl ock 30 MAY
2005 27 516 and data from TAP B is witten into out put rrermry bl ock 515.

In one enbodi ment, when processing is in video node and t e is no pixel
motion det ect EdpnelamboginesmtTduta DrosRERITRS r@r&l@w&@ﬁzwﬂﬁ\[}%?&ﬂ bl ock

517. O her, odi nent s ise conmbinat kg t and C.

When dat a“B?Ebgb %qu}ﬁﬂa%é l{;a[% 15@88145\@ lh {‘“ ?%ﬁfq-gﬁiﬂpﬁotf@’sy‘?c i xel

m)t i on mgﬂg?xﬂﬁlﬁgﬁquﬁ%ﬁwmﬂﬂu%h\ﬂﬁiﬂei@tsm‘?éd(ﬁi arl Hktﬁﬂ&‘dﬁﬂt@%uff&ﬂm C_LI
D 1. For exanple, lumnance data in line buffer C_LJ

NE D 1 nayumﬂcmﬂdscmunmdmﬁ‘dabhhedamaah"f}mptmlhfef Eor gxampleNimD 1 to

deternmine if the difference.is greater than a predeterm ed. t shol d
wher eby pibefer DirbdNBn D <c s A TongResoraRIETeling §ichigi méﬁ%

| um nance fg:?é ﬁ-%at Eohfdl 9 svne pulse "M-1", line buffer E_LINE_DI contains dala
for one complete ling of pixels from TAP E (i.e. ficld N-1) at horizontal sync pulse
"W-1", and line buffer F_LINE D1 contains data for one complete line of pixcls
from TAP F (i.e. field N) at horizontal syne pulse "M-1". Data from buffer
E_LINE_D1 is buffered into line buffer E_LINE_D2 before being overwrilten
with new data. Thus, E_ LINE D2 contains data for the line at horizontal sync
pulse "M-2". Thus, assuming line 1 is the current line out of digilizer block 500,
then D LINE D} contains data for line 2 of field "N-2", E_LINE_D|1 contains
data for ling 2 of field "N-1", B LINE_D2 contains data for line 3 of field "N-1",
and F_LINE_D! contains data for line 2 of field "N". The five mputs are required
for video chrominance processing in data selector block 523. New lne data is
available at the line buffers at the occurtence of every horizontal sync pulse HS.

The line being processed in block 510 is the line at horizontal sync pulse "M-1".

The tilm mode flag is gencrated using the luminanee data as discussed
ahove and the WRITE-CONTROI. flag 620 controls writing of chrominance data
into memory blocks 525 and 526. Using Figure 6 as illustration but renaming TAT
A, TAP B, and TAP C, to TAP D, TAP E, and TAP F, respectively. Assuming that
dala Lo be written into memory blocks 525 and 526 are available from TAP D



menory bl ock 517 may be conputed using any suitable nmethod to snooth the

| um nance data involving any conbi nation of the three data sources such as
averagi ng, for exanple. The sanme nmethod applied to snmooth the | um nance
data to generate the output is applied to the chrom nance data as well. In
one enbodinent, the current intensity value for the pixel ;hging Jppocessed
(at line "M1 ") is replaced wth thezgaverage of the correspondi ng pi xel
in the TAP B input (representing line ™M) and the correspondi ng pi xel at

$ LI NE_mgédlﬁPm&ﬁ%témg TAPE {cWhRalent t@fr?mmg@ Prageadimgo Te).

chrom nance data 1s processed in block 521, which conprises raw data
menory bl Gk dB@ide isathat OHRONEA DD FIELAE kieBRBY blmkot3p widdcHIREMLA ur t her

contains storage for chrom nancc_ data ‘f;ﬁigggrhe revi oltﬁ fb_el d,. FlEILD 7
(equi val emVER_FiE [ mgmorgrblesly e contain By Ry Samg T Eh e A AR at o
fromthe fiel rion t Laus: i HMak dtrer field
N-2 of Fi g}.ﬁ’c%’ % Bﬂl:—no[;ha S%%%%?‘gﬁﬁ“gt Ié”lrsltﬁéé(?{m?lf: %{t— ﬁgai ﬁ%gg@}gflfﬁ%second
interval efocmsihg 8Cbleektd30afor@xaingle, ddeihg videomncaling &jartifigErdn Zhe hat i s
available at TAP E is pushed into FIELD 8 to_npmke it available at TAP D,
and data eplugimriginitier QOENTERstbhGE data availabimin)l APsY, aanobate a9 1 o
make it avall abl e TAP E. anwhil e, the new.field dataal.] EW from

di gi ti zer\{"g];l%"ré "ﬁﬂgb GOTHRIDS C %“%PGWEPW&EFE%&E' hdffm?gﬁn "~ and TAP F
contain data,f L, Bfrf yid i dsntafns \thARIBREOMAMance data (e.g.
field N, ?Iﬁt?rel?%éaﬁt@% ielgaﬁe{g)H.ﬂe}ﬁ,ﬁT%ﬁ’gL eﬁ%oorllisrrent, data processing is
per f or med rgpresdminiAtint frhmkiZnia the irmerlddeds:idai addficlkddi.cobypt en@TWE of data

i s avail abl e between two horizontal ,sync . (HS)., pul ses, .one |ine of video
chr omi nan@-@n@msaﬁhr@mgtﬂcﬂﬁ@dali&rreaws'?rﬁtr@rfﬁl@atfgmé? %ﬁlftﬁleﬂﬂtﬁrla?ﬂdp‘fléﬁ%%‘%fhg at

occurrence of ;eagh) NoLi 20N #le SXAE iPH ffve & HSHATRPS ul ERROMA
ODD_FIELD memory block 525 and data [rom TAP D in CIIROMA
EVEN_[IELD memory block 526 in order to have data from a common [ilm

frame in the progressive video frame.

Examining data in TAP D, TAP E, and TAP T in the first (ield after
"origin" {i.e. COUNTER 610 is 1), TAP E and TAP F contain data from the same
film frame 3 while TAP D containg data from film frame 2 thercfore, data from
TAP F is written into CHROMA DDD_F]ELﬁ memory block 525 and data from
TAP E is written into CHROMA EVEN_FIELD memory hlock 526. Proceeding
along 10 the second and third fields, data in TAP D and TAP E are written into
memory block 517 because these taps conlain material from the same film frame.
However, in the fourth field, TAP E and TAP T contuin dala from the same film
frame (4o and 4e) while TAP D contains data from film frame 3, therefore data in
TAP E and TAD F are written into nuti)ut memory block 317. This pattern repeats
itsell such that TAP 13 and | are written into memory in every ficld except the first
and fourth fields where TAP E and TAP F are written instead. Thus the WRITT:-
CONTROL flag 610 is asserted al COUNTER 610 valugs of 1 and 4 indicating




buffer D LINE DI contains data for one conplete |line of pixels fromTAP D

(i.e. field NN2) at horizontal sync pulse "M1 ", line buffer E LINI _D1
contains data for one conplete line of pixels fromTAPE (i.e. field N1)
at horizontal sync pulse "M1 ", and line buffer F_ JINE D 1 contains data

for one conplete line of pixels fromTAP F (i.e. field I\I)ng“,k‘lgrzﬂgg)nt al
sync pulse "M1". Data frombuffer EJJNE D is buffered into Iine buffer
E LINE D2 before being overwitten w'th new data. Thus, E LINF. D2

contai ns gakd 1 9ad #8m TAP BindPAPZO HsdadHffeom MATD drld PAP Hhus, assuni ng
line 1 is the current line out of digitizer block 500, then D LINE D

contains data for line 2 of field "N-2", E LINE D | contalns data for |ine
2 of field "N 1" E contajns, d r. Li ne f 'N-1", and F
LINE D cont ai ﬁElEHH@&LPJ{?F%ﬁé’HEG&W}H“EL@J; %&ta ! F\}Bm dﬁ%ﬂ#% te required
for video G i ne data

! . g@ﬁg_gpﬁ?ge ffrﬁ{)]% @ﬁ?}% 895 hild SEA S804 PIFAOH ndRory WKER |

is avail ers at the occurrence of every hori zont al

sync pul s@2§iSThe diteulinde:ciRing spleondshad the itpuo plxchbdaiavailibde lin T Fat
hori zont al i EEUl se "M1 The filmnode flag is generated u3| ng_t he
| uni nance Ly agil A Eelihe pisgl elogh #1XneLiRthhaontahsyae RRlseIH.control s

vvTiting of ,chrom.nance dat a nt o m), hLacks ;5 ng Figure
6 as i1 Pudnd B G iBR e Pe RaKE Vgé Pl Jﬁ@‘ o asl”ﬂggg f’%é’ 'FK@D TAP E,
and TAP Fgajgespectively. Assum ng that data to he witten into nenory

bl ocks 525 and 526 are available from TAP D 30 MAY 2005 29 (equivalent to
617), TAPE (equivalent to 616), and TAP F (equivalent to 615) The desire
is that CHROVA ODD FI ELD nenory. % nd CHROVA EVI LD menory
bi ock 526 Cont A iEeERd Fme: A i hewts qonig! FRERRISHe, or 11 om

the same ‘dé’ﬁ‘i’ dfg&ggt% at pdﬂﬂ“fﬁﬂ o 1 A4 4 "@ﬁeﬁ‘&ﬁta dakéol 325 SAfted O
processing’in exanple, during video scaling. Starting from
the data from TAP E and TAP D into memory 525 and 526 when writc control Llag

WRITE-CONTROL is false and from TAP E and TAP F when true. In other

words, tield data from TAP E is always wrillen in memory while TAP [ i3 written

when write control flag is false and TAP F is written when write control [lag i3

true. Selectively writing the data as discusscd above results in correction of the

video chrominance data such that only data from the same film frame is included

in one non-interlaced video frame.

The highlighted columns in rows 615 through 617 indicate the ficlds being
written inlo memory block 517. Rows 618 and 619 show the taps (1.e.
corresponding to TAPs D, E, or F of Figure 5) being selecied for the odd and even
fields of the video frame. Dhata in row 618 is written in to CHROMA
ODD FIELD block 525 and data in row 619 is written in CHROMA
EVEN_FIELD block 526.

When current field is odd, data from TAP F is written into output memory
block 525 and data from TAP E is written inte cutput memory block 526, When

the current field is even, data from TAP F is written into output memory block 526




colum "origin" (i.e. COUNTER=O), the data available in "1'APs D, E. and F
are as follows: TAP |) contains chrom nance data representing filmfrane 2
in the interlaced video even field (i.e. 2e); TAP | contains chrom nance
data representing filmframe 2 in the interlaced video odd field (i.e.

20); and TAP F contains chromnane e data representing fibmpiigmaod in the
interlaced video even field (i.e. 3e); Therefore, the desire is to have
data from TAP E in CHROVA QODD FI ELD rrermry bl ock 525 and data from TAP D
in Cl | ROVAn&EWRN frdELDPER Rt thdroRiko i2@ui Mediod@bldo 328vEn dmé a from a conmon
film frame in the progressive video frane. Exam ning data in TAP D, TAP E,
and TAP Feinbotihmett] wht:npr{a:leemag isein videsy mgida ang ithase IEO@WEE Retioni s 1), TAP E
and TAP F cont ta fllmframa3 cont ai ns

cint a1 omFieeeey Raarom T B A BT are prie SARROBLOREK of &r O o GHROMA
CDD- FI ELD | ten into Cl | ROVA
EVEN- FI ELSﬂﬁnﬁgﬁ?ﬁgﬁﬁ'@k%%?%ﬁgﬁﬁig&g%ﬁ?oﬁtdgg’F;econd and third
fields, data in TAP D and TAP E are witten into nenory bl ock 517 because
t hese taps‘contal n materi al, fromthe sane filmframe. However, in the
fourth fi &ixel Arapier Quapulgbop of Fagldfiiratat a fromthe same film frane (4o
and 4e) while TAP D contal ns data fromfl Imfranme 3, therefore data in
TAPE and TAP F are witten into output nenory block 517. This pattern
repeats itsel kigyely i Qﬁtiﬂﬂ?raﬁnﬁ%?tlﬁ: flectitni SitRO ikl Gcaassd fori n every fiel d
except the first™ and fourth fields where TAP E and TAP F are witten

i nst ead. TetesmirmicnRI[Tield ORFRGesfih age@dndesvigk se embadinaC@INTER 610 val ues

of 1 and 4 indicating 30 Y 200 30 o,read f TAP. E and TAP F
st ead oPHSEBHITARIG. dHTPAS 8 Dlogkn iry gn RS ROBBALRALERS whi ch TAP

data is Wrééﬂthﬁ{bdsm%%amc are divided into four regions each. The first and last

regions in the horizontal plane are discarded. Discarding the last region in the

horizontal plane eliminates the possibilitics of including Chinese subtitles in the
pixel comparisons which may distort the resulls. Also, the top and bottom regions
in the vertical plane are discarded from consideration 1o preclude the inclusion of
loreign language subtitles in the pixel comparisons. The resulting pixel region
used for calculating the mathematical difference between the fields is shown in

blocks vEle-vfde and is represented as 180-540 horizontal.

Comparing the pixel intensities between subfields vi3¢ and vfle (i.e. where
'"N" is v[3¢c and "N-2" is v{1¢) yields a substantially zero value since the two
subfields are identical. In this case, the ﬂég “Field Different” would be set to "0"
sinee subfield vf3¢ is mathematically equal to subfield vflc. However, comparing
subfield v[4¢ and subfield vf2¢ (i.c. where "N" is vfdc and "N-2" 15 vf2¢) yields a
non-zero value since this is tantamount to comparing "K" with "A". Hence, the
"Field Diflerent” flag would be set to "1" in acknowledgement that subficld vfde
Is different from subficld vi2e.

Figure 8 is a liming diagram showing the computation of the lield error in




ODD FLFT. D nenory bl ock 525 and Cl - LROVA EVTN_FLELI) nenory bl ock 526. The
chrotninance data is selected fromthe input pixel data available in TAP

D, TAP E. and | AP F. The pixel clock PI X CLK, the horizontal sync pul se
HS, and the vertical sync pulse VS control witing of the individual

pi xel s for each field. As discussed above, during film nodesidhepasite
control flag WRITE CONTROL asserts aty COUNTER values of 1 and 4. The data
selector 523 wites data from  TAP E and TAP D into nenory 525 and 526 when

wite Conééc%kde{dce%m SEbEENIRDa [ iR frabar ianratibh oRachARIizoakd [HARIF when
true. In other words, field data fromTAP E is always witten in nenory

whi | e TAPaADNTSGwidepeomprisenss® pielicefidisplny theseforasthediosizoniod sTRDHSS

witten when wite control n ta as
di scussedBBbEHH rt‘-’é*‘%%%?&%f PBﬁ‘ed?X?]f?iﬂc%tfhgd’%hcla ﬁ%’"caﬁé%@g\él a such
that only f hAeadi nterl aced
vi deo franm{* L%EP& g&gr ﬁ%ﬁg%ﬁéﬁo%ﬂ%ﬁﬂyoﬁg%ﬁé}%al ndi cate the
fields befiogls ofthd hmlacﬁﬂmdﬁarmeyﬂldpﬂa}ckl cltfie oBohoridd@abhinesdfvtionsied byt he t aps
(i.e. corresponding to TAPs D, . E, or F of Figure 5) being selected for the
odd and elsrevenifigldssomthergygnyiosigental Bhgs. Data in row 618 is witten in to
CHROVA ODD FI ELD bl ock 525 and data in row 619 is witten in CHROVA EVEN
FI ELD bl ock 526. Wen current field is odd, data fromTAP Fis witten into

out put nemory THE Gpks RpreRAtdIRIAST IPMMINB_B4 lafe Weiskhepignalsdoput put nenory
bl ock 526. When the current fieldis even, data from|l "AP t~is witten

i Nt 0 out pabmpatstiog obtleciad@masicaMiffcpors beprecaribic figlds dfiintereshsughias writ t en
'nto out pu;[e cnu?'rq% ¥'1qu:1| a(,):l:u}< lhe%Se]d pnm(") o the previous field in the previous examples.

Pixel dillerences are compuled when HS_24 and VS_24 arc asserted. The signals

I1S 24 and VS 24 will assert when the pixel count is within the compatison

region (such as regions vile-vide) discussed in reference (o Figure 7 above. The

full pixel difference is accumulated in a temporary register ACC_TEMP register

before the occurrence of the nexi vertical sync pulse. Each vertical syne pulse

eccurs at the completion of cvery page (i.e. field) of display.

Five accumulators, for example ACC_1 to ACC_3, are used to store the
field error for the five consecutive ficlds of interest discussed above in conjunction
with detection of 3-2 pulldown. At the beginning of every vertical sync puise, the
data in the accumulators are shifted such that data previously in ACC_4 is moved
to ACC_5, datain ACC_3 is moved 1o ACC_4, data in ACC 2 15 moved to
ACC 3, data in ACC I is moved inte ACC_2. Finally, the data in the temporary
register ACC_TEMP is stored into ACC_1. Tn this fashion, the accumulators
always contain error data from the five previous fields. Another way to view the
process is that the field error data contained in ACC_TEMP is being shifled inio a

stack that is five registers decp.

In one embodiment, when ACC_3 contains the minimum field error value




enbodi nent, when processing is in video node and there is no pixel notion
detected, data from TAP F and TAPE are witten to nenory bl ock 517. O her
enbodi ments nay use any conbination of the TAPs D,1', and F. Pixel Area for
Computation of Field Error. Figure 7 is an illustration of the selection of
the field area used for determnation of field differencgﬁwhﬂQaﬁggrdance
wi th an enbodi nent of the present inyention. As shown in 0oCKs | -vf5,
the horizontal and vertical resolutions of the input frame are divided
into fourofitbgfiveacaantlatorheltéd fisd candedttsd fidlg eh@RShdve B RARAeNt al pl ane
are discagd?d Di,scarding the |ast region in the horizontal plane

el i mi nat 48° f15K! YaRE PRrdepsedds saidl to sentatt thg reprat Ssll. A 1 issxantinedie  pi xel

' LG i.stort . lts. Al t he, t tt [
T The varer S idRto hehBlnt kS sRE i et IT BT S g BN Ede the.
I ncl usi oReBlimufatdr§) @ihd SNFLRARG P ddrReribd HLRT1iRh kﬁ&%’]ﬂ?ﬂ% igi’}ﬁnfhe

resulting pixel region used for calculating the mat henati ¢ erence
bet ween tdeaTf probeRs, the onditioni that AT Bdheinid thevhidbmanchf the figpr esent ed as
180- 540 horizoptal. aring the pixel_intensjfies between subfields vf3c

and vii @ fymylaterg gyquld thgn qogurcyesy fygdields. 2vs discugpadgarljerepdecad
bst ant ia ' 4 ' L,dent | __— t hi
case. 1 hamplhuiiahuy B MECO STEeh s b Mbosk Held Ml Bo LCRRERER 'y 11 5

i s mat hepalldowh|progsialhd @psattfidle hchsy bbdur @f ficlag PRaEfeg tosubfiel d vfdc
and subfield vf2c (i.c. where "N' is vf4c and "N-2" is vf2c) yields a

non- zer o "RAANlyE dicnddeq epreedlivnid teapiseent invertionpethorgmhadiments mA* . Hence,
the "Field -.D.j fferent" f ul.d be. set tg "1" in know edgenent that
subf i of it ot e i Ebumelads 1PE telprEinton of temeptal €2 MR o ng

di agr am sfyonihgblchs haPEIRYS BdiuiRford B chdifdifle §F HR minimith M 2005 32

Embodiment of Compuier Execution Environment { Hardware)

An cmbodiment of the invention can be implemented as computer software
in the form of computer readable code executed on any compuler processing
platform, or in the form of software (e.g., bytecode class files) that is execulable
within a rantime environment running on such a processing platform. An exaniple
of a general computer system is illustrated in Figure 9. The computer system

described below is [or purposes of example only.

In Figure 9, keyboard 910 and mouse 511 are coupled to a system bus 918,
The keyboard and mouse are for miroducing user input to the computer system
and communicating that user input to processor 913. Other suitable input devices
may be used in addition 1o, or in place of, the mouse 911 and keyboard 910. For
example, computer 900 may be a set top box without a monse or even keyboard.

IO (input/output) unit 919 coupled to system bus 918 represents such 1O

elements as a printer, A/Y (audio/video) 1/0, ete.




accordance wth an enbodi nent of the present invention. Each horizontal
line of an NTSC video conprises 858 pixels of display therefore the

hori zontal sync pulse (HS} occurs after every 858 counts of'ilte pixel

cl ock. The vertical sync pulse (VS} of NISC video occurs after every 262.5
| i nes, approximately because the odd fields of the interhﬁﬁﬁggy' o are

di spl ayed on the odd horizontal lines,followed by the eve I on the
even horizontal lines. The lines represented by HS-24 and VS 24 are the

sync signal s fmpiaenes aichwies afviddempiobe Ut Bian Hehbar enesndalueen the
fields of interest, such as the current field and thefield prior to the

previ ous $qrage¥ 1% allrouplas tosvatcuxbum? ealon@iwith kegibbiuek Eilc esowae &1¢onmput ed
when HS VS a asserfed. e signal I 24 and VS 24 w ||
assert Rmz“g‘ﬁ?’? ‘é"f‘%‘?f@if{g‘ﬁmaﬁ%}%% Pﬂé%ﬁﬁ%ﬁ??ﬁgiﬁed@@&i'@www@h as
regi ons Vhddia WLdR hs tHaSabss i r‘%ﬁ&é - ' i/ v N full
pi xel di ffe_r%nce i; aa?gunﬁﬁglpgghign a ’tﬁ’gﬁn&?ﬁlg?@“?‘lé%?%’(%?‘g%@% ':lregi ster
bef or e t Eaibddunmes storage tethmotegyt. Bisrlisanhy syntginh Mrs&anfpde hddaiki cal sync

pulse o .cur§ at, the conpletion of every page (i.e. field) of display. Five
accumul at®Fs foragdressinggiideoymempry §1Accniin aresnars & 5t She systemtivs 518 el d

error for,. ' tive fields of i.nterest ,discussed above in
conj unct ﬁlgtﬁnﬁ%il%&(gée}fecé |I§Ir>f ao&it%ib A gﬁ’fl [f%%\%r m%ﬁa%hﬁﬁ‘a] WFFWB“B% ﬁE"ver y
vertical cemmenaiksfichaberodaict 910, ffafh ﬁ%%ﬁ‘gb@s Ofifef ity i gd,guch that
data previously in ACC ?4 is moved to ACCYS, d’atlaﬁﬂ?n : g [ gm?mved to
ACC_4, dataas pierggeC iR Alermaively, moulAgiexad ddat:aldrass NGSs mayshenmwedd i nto ACC 2.
Finally, .t?e data in the te‘gﬁ%ﬂrar%y regi ster ACC TEMP is stored into ACC
1. In t hiiagHsgRarie data ag SFOYRES- al ways contain error data fromthe
five previous fields. Another way to view the process is that the Feld
error data contained in ACC-TEMP is being shifted into a stack that is
five regi st er m deepnbbdinane of theddiemiin, thihgocASGr 81 Tt @PARCT™e i ni mum
field error val ue . )

microprocessor [rom Sun Microsysiems, Ing. or a microprocessor manufaciured

by Intel, such as the 80X86, or Pentium processor, or a Microprocessor

manufaciured by Motorola, such as the 680X0 processor. However, any other

suitable microprocessor or microcomputer may be utilized. Main memory 915 is

comprised of dynamic random access memory {DRAM). Video memory 914 is a

dual-ported video random access memory. Onc port of the video memory 914 is

coupled to video amplifier 916. The video amplifier 916 is used to drive the

cathode ray tube (CRT) raster monitor 817, Video amplifier 916 is well known in

the art and may be implemented by any suitable apparatus. This circuitry converts

pixel data stored mn video memory 914 to a raster signal suitable for use by

monitor 917. Monitor 917 is a type of monitor suitablc for displaying graphic

images, Alternatively, the video memory could be used to drive a flat panel or

liquid crystal display (LCD), or any other suitable data presentation device.

Computer $00 may also include a communication interface 920 coupled o

bus 918. Communication interface 920 provides a two-way data communication

coupling via a network link 921 to a local network 922. For cxample, if
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30 MAY 2005 33 of the five accunul ators after five consecutive field
errors have been generated, the field being processed is said to contain
the repeat field. ACC 3 is exanined after every field to determine if its
field error remains the mninmumof the five accunulators, If the source
material is converted fromfilmto video using 3-2 pul |- dogwwi4¥ Qoess, the
condition that ACC _3 being the mni of the fig e accunulators would
then occur every five fields. As discuSsed earlier, a local mninumvalue
| n ACC3 [ ERATRRANS %{cﬂﬂeél_t;z{? | ErinRa4io0 bided didieal mesudrk (05TIM) Bagd

pul | down f)?'ocess Re'repeat Tield mist occur every five fields thereafter
to maint g fnidieny chﬁﬂnmtﬁtimi iinterfant Qﬂﬂ@rmldssemﬂahawmwlaiﬁﬂ“@ her

enbodi rents may use any of the other t or det.ern H on of the
repeat fi ebunectiondythe carespordipg bersrofy %@Pﬁ%‘l%@ ﬁW’) 3%'33%?&%&@?3 on each
side of e M DimumANAL e, FIRAd AP el PPN AbedPsRGdrRREIVANGN et

(I—lardware}“*"*/'!(‘ﬁ’r &R ERET O can be |l ement ed as conput er
software chf E&ﬁnﬁ@ﬁéﬂﬂ%ﬁ iGRMALE 920 pasdédy odaedemexared! amm1a¢ty:>!’t:'0nput er

processing platform or in the formof software (e. ge cl ass
files) thaemmkémamamaemmwihlmLM Eremmanisaiipn dmﬁ%ﬁ‘tﬁ %}1 SRS 2R such a

pr ocessi n m, An exanpl e ener al t stemis

i || ust rat CﬁLL? 1531:1@119‘:-1‘“14 ¥ 8? Iﬁ?@éﬁ{m ni(%ﬁ.f %2l ow i s for
pur poses emeﬂ?zl Héff Jé’@zﬁ's%ﬁsean% Tek@VBPAEri2aN cRBgoAREsEIOdL are
coupl ed to a sys em f

The keyboard and nouse are for introducing
user inpubp tmaltsmpﬁ’ﬁimﬁj’ﬂrﬁ)digm daamstrmmmprttsamlumvarhats tyeesofi nput to
processor 913. Cther suitable input devices may be used in addition to, or
in pl ace dfformhompuse 911 and keyboard 910. For exanple, computer 900 may
be a set top box w thout a nouse or even keyboard. [1/0O (input/output) unit
919 coupled to system bus 918 represents such i/0O

Network link 921 typically provides data communication through one or
more networks 1o other data devices, For example, network link 921 may provide
a connection through local network 922 to local server computer $23 or 1o data
equipment operaled by an Internet Service Provider (ISP) 924. 18P 924 in turn
provides data communication services through the world wide packet data

communication network now commonly referred to as the "Internet™ 925. Local

network 922 and Internet 925 both use electrical, electromagnetic or opiical
signals which carry digital data streams. The signals through the various networks
and the signals on network link 921 and through communication interface 920,
which carry the digital data to and from computer 900, are cxemplary forms of

carrier waves transporting the information.

Computer 900 can send messages and receive data, including program
code, through the network(s), network link 921, and communication interface 920.
In the [nternet example, remote server computer 926 might transmit a requested

code for an application program through Internet 925, ISP 924, local network 922

and communication interface 920.




el ements as a printer, AN (audio/video) 1/0, etc. 30 MAY 2005 34 Conputer
900 includes a video nenory 914, main nenory 915 and mass storage 912, ai
coupl ed to system bus 918 along with keyboard 910, nouse 911 and processor
913. The nmass storage 912 may include both fixed and renovable nedia, such
as magnetic, optical or magnetic optical storage systems of AN Q(wger
avai |l abl e mass storage technol ogy. Bus.918 may contain, for ‘exanple,
address lines for addressing video nenory 914 or main nmenory 915, The
system bus 918 hcakssividichdiday bt @keQUAIBY Procseittva 3RSt fsQecdit@sf erring
data between and anong the conponents, such as processor 913, ‘main nenory
915, vi degdipsgrgd on maghsforagest 2s popthgenon-rolatle gorrei foelager axatutipl exed

dat a/ addrigss. | i nes ngg b% Ln%tead f segarate ata angd address lints.
In one erBoieMRteECqmpRIte S mpy o! l“t‘"ﬁ@"'ﬂr‘%&‘@ B¢ gy'aeiiery o5 GaprTerT

M T OPT 0GERROIA ppli et 6k P DY ShitBRied iy Forifl o LOABRIL HESHAA TANUI act ured

by Intel, such as the 80X86,” or Pentium prbcessor, opr ocessor

manuf act yredudiyA Momputdreprogranhpaelut he) RS apnrediagsamfigurah@Vvdsnc any ot her
sui table mcr o]gr ocessor or mcroconputer may, be utilized. Main nmenory 915

is conpriadaRPIo FORpHisEIreadal kawide a8 cats ofimwhichorMter rvpdaide petdory 914 is a

dual - port i Cess. nennr One port of the. video nory 914 is
coupl ed tc%%v';ﬁ% @85;#%[&'9? %%ﬁ%?x qg%/lé%%%mg'r'r%f pmgéqmﬂ%dchs ﬂl"see@fo drive
the cat IRIOWI dials, ROW! LRSS IBSksRREhT @bds, Whiiaeraam ifiley, 916 is well
known in the art and may be inplenented by any suitable apparatus. This

ci rcui t r yengr/et a setyirkedndicardesweresd in vi deo nenory 914 to a raster
signal suitable for use by nonitor 917. Mnitor 917 is a type of nonitor
suitable for displaying graphic inmages. Alternatively, the video nmenory

coul d be usedTigs Al ke dldppRARS! fof Yetecting and correcting motion artifacts

in interlaced video signal converted for progressive video display have been
described in conjunction with one or more specific embodiments. The invention is

defined by the claims and their full scope of equivalents.
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liquid crystal display (LCD). or any other suitable data presentation

devi ce. Conputer 900 may al so include a comrunication interface 920 coupl ed
to bus 918. Conmunication interface 920 provides a two-way data

comuni cation coupling via a network link 921 to a |local network 922. For
exanple, if 30 MAY 2005 35 conmmunication interface 920 i s3mANReYr at ed
services digital network (ISDN) card 59" a nodem conmuni cation interface
920 provides a data communi cation connection to the correspondi ng type of
t el ephone line, which conpri ses paprt agMs network Iink 921. |f

communi cation interface 920 is a |local area network (T. AN) card.

communi cation interface 920 provi des a data communi cati on connection via

network link 921 to a conpatible LAN. Co nh%atiﬁgn L,.nt rjd?l?i 920 coul d
al so be d.cabhansiedfeoelipinading $aotiqy FRFALETOMVIRER SISHES Thpfement at i on,

communi cation interface 920 .sen _ LMessel ectrical, electromagnetic
or opti cEPETTHAG] "G\Hﬁﬁ a‘éezgﬁrgxpg@g%q‘a‘{&ggkgﬁs%ream representing various
types of information. Network link 921 typically provides data

communi cation through one or nore networks to _otger dat a devi ces. For
exanpl e, net wordceliving a4t vidgo prowh srid TRsicofeRERNY FOHITSIHM T ol Rt wor k
922 to local server conputer 923 or_t at.g _equi  APEL AL EHaY e AN

| nt er net Sidow; fEanes 3R 1{1pgpjeng%fa@ggsggfﬂﬁ%rtﬁgﬁQ’H%rOV{"@%% Uat

conmmuni cat i on. s6erVi.Ges PHIy:the world wide packet data conmunication
net wor k ngﬁ‘étof'r];iglr%naln;ﬁleﬂrﬁe glﬁred fo as the "Internet" 925. Local network 922
and Internet 925 both use electrical, electromagnetic or optical signals

which carry digital data streanms. The signals through \the vqribous net wor ks
and the signal Sewsnmiringdlseid fipgt vodep signnl OREHIET I%%‘H%J@“&ﬁ'i"frbﬁ ¥nterface

920, vhich Carny H0S Lo, f8580f Rif Rk ia SATYS RealPrepRberiyenP! ary

f orns of

caused by a 3-2 pulldown conversion;

generaling a frame of a second video signal for each frame of said one or
more frames of said first video sigmal, said frame of said sccond video signal
having a first component and a sccond component using said first ficld and said
second feld of said first video signal such that said frame of said second videe
signal comprises pixel data from a common film frame if said first video signal
originates from said film source, whetein said generating said frame of said

second video signal comprises:

generating a firsl temporary video signal having fields corresponding to

cwrent fields of said first video signal;

gencrating a second temporary video signal having ficlds corresponding to

ficlds of said first video signal delayed by one ficld;

generating a third temporary video signal having [ields corresponding to
fields of said first videco signal delayed by two ficlds;




carrier waves transporting the information. Conmputer 900 can send nessages
and receive data, including program code, through the networks), network
link 921, and comrunication interface 920. |In the [nternet exanple, renote
server computer 926 mght transmt a requested code for an application
program t hrough Internet 925, ISP 924, |ocal network 922 ®nWfa00Rkfni cation
I nterface 920. 30 MAY 2005 36 The reggi ved code may be executed by
processor 913 as it is received, and/or stored in nass storage 912, or

ot her non-vol %gnlapg}ﬁ?og@aﬁ,tér%r L &lRingeadybi @nd firdtrviddu sigmanmiglr , conput er
900 may obtai n~application code in the formof_a carrier wave. Application
code may bAueihedingdrém zanyat detentivh cfsajsuepeat Jredd PadrinesRIBEUEIE A conput er
program product conprises a medjum configured to store ort

conput er terasdist by dHacSusH tﬁﬁt%dwe?ﬁ?ﬂﬂ'%@@éﬁﬁrﬁ’t 3?@33%3@%395%& or data
nmay be enbedded, ;§ ap QERLRE PR PRTR BERURbSa aee fidd ROM

di sks, Rd\ﬁpggﬁ'ﬁ%l,d%?%udgéﬁaiégé%tcﬁn%gnet | ca@('g Eg%'g, rlLcorrputer hard drives,

Servers ORp& A&t WRidt twohsl ceaitithee, mavenex:Tuld aiter smd bauhtahegeappeut us f or
detecting and correcting notion artifacts in interlaced video signal

convert edfduwr progressive video display have been described in conjunction
with one or nore specific enbodinents. The invention is defined by the
clainms and their full scope of equivalents. 30 MAY 2005 37 CLAIMS |. A

met hod for el i gLAgkidosdiaRl Afdiid akbid Vid® HiieeySisunaid suondg
conversion fro ntertaced to progressive coqprlqln%: ]
temporary video signal and said third temporary video signal when said valucs of

sald connter are 7ero, two, and three;

generating said frame of said second video signal by using said first
termporary video signal and said second temporary video signal when said values

of said counter are ong and four.

2. The method of claim 1 wherein data in said second video éignal is arranged
such that said first component of said second video signal comprises luminance
data from said [irst video signal, and said second component of said second video

signal compriscs chrominance data from said first video signal.
3. A computer program product comprising:

a computer readable medium having computer program code embodicd
therein for eliminating motion artifacts from video signals during conversion from
interlaced to progressive, said computer readable medium comprising computcr

prograin code configured te cause a computer to:

receive an interlaced video signal comprising one or more video frames

arranged in scquence, each of said one or more video frames having a first field




o e

receiving a first video signal, said first video signal conprising one or
nore video franes arranged in sequence, each of said one or nore video
frames having a first field and a second field; determining if said first
video signal originates froma filmsource by exam ning successive video
fields of said first video signal to |locate a repeat fiel Gg)magsEdsby a 3-2
pul | down conversion; generating a fr of a second video signal for each
frame of said one or nore franes of Said first video signal, said frane of
sai d seconHTV|d§R ﬁe 1al  having a first conponent and a second conponent
usi ng sail#" & ?le d and said second field of said first video si gnal
such that said frame of said second video signal conprises pixel data from
a common filmframe if said first video S] gegl or| ing0 S \;ﬁ,omsaid film
sour ce, mhereldﬂsmlnbg"eﬁlﬂ&ﬁﬁhgl@él@ pEgRaEE fop hd VA deo si gnal

conprises: gengrating a fi rst ¢ RgcpdaelidRl
cor r esporfdi2AYng & “&ﬁ‘%‘F‘e"ﬁt iggo.fi szﬁH. Jyt:‘\lqg%% a\glg%ugg lgﬁnal e gaeneratl ng a

second te gllah,gﬁ@bn{?@mgﬂg fields corresponding to fields of
said fi rs‘{m@%{gé a\sé: gﬁ del ayed by one field; generating a third tenporary

vi deo signal having fields correspondlng to fie ids of said first video

signal del ayed by two field Y, 2005 er for
counting fiel c&t”@Fﬂl%&lmeFer Pg? 5%03 51%09%%?3!%8{ %@l%ﬁéegg%ﬁﬁg%ﬁﬁg from zero

at detectjon, pf g Is%;ﬂﬂﬁ@ﬁwﬁé@k ﬁpgalﬂﬁﬁr@aﬁﬂidinﬂlgecmﬁaﬁ@aﬂlgnalby one, such

that sai d™"Ep i's count Zer0. a next field after_said. repeat field
i's count RAdng gmgp@gnﬁp@{eﬁtaﬁdesmﬂcbmmﬂmhmngsﬂld(m?ﬁh“t%“ a xt field
after said count two is count three, an a nﬁxé fle fter dsahd count
three i s swond field of said first video signal'such said frame o dseond¥

signal comprises pixel data from a common film trame if said first video signal
originates from said film source, wherein said computer program cade configured
to cause a computer to generate said frame of said second video signal comprises

compuler prograim code configured to cause a computer to:

sencrate a first temporary video signal having fields corresponding to

current [ields of said first vidco signal;

senerale a sccond temporary video signal having fields corresponding to

ficlds of said first video signal delayed by one field;

generate a third temporary video signal having fields corresponding to

[ields of said first video signal delayed by two fields;

generate a counter for counting fields of said first video signal with valucs
starting from zero at detection of said repeat field and incrementing thersaller by
ome, such that said repeal ficld is count zero, a next field after said repeat [ield is
count one, a next field afler said count one is count two, a next feld after said

count two is count three, and a next ficld after said count three is count four;
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four; generating said frame of said second video signal by using said
second tenporary video signal and said third tenporary video signal when
said values of said counter are zero, two, and three; generating said
frame of said second video signal by using said first tenporary video
signal and said second tenporary-video signal when said vajuaay Hfissai d
counter are one and four. 2. The neth of claiml wherein data in said
second video signal is arranged such that said first conponent of said
second vi deo ? g8ale SAMBGIEAST daiiiieaand eidedaignal bpmsmgisdid sacondvi deo si gnal ,
and said seco g conponent of said second video si gnai3 conpri ses

chr omi nanempdaira videonsigeil dnd saidithird daperaghuideo gignal woRpH & ﬁ%%“éé’.f am
product conprising: a conputer, readabl e medi um havi ng conputer program code
embodi ed saitheuaiter 318 @ PP+ HE rot i on artifacts from video signals
during conversion from interlaced to progressive, said conputer readable
medi um conpri sing conputer program code configured to cayse a conputer to:
receive. an i rgdjaefa@@gﬂd\ﬁad&ooﬁdaghadmudwﬁﬂdﬂsiiglgﬂ(bﬁelﬁmfmﬂﬁl‘ﬁ?i deo franes
arranged in sequence, each of said one or nore,video fr rresih%&]’{%g; a first
field 30 tkpopopFidaosiand aadsetdwaond wraporayvres Henplwiel Fif; vi deo
signal originates froma filmsource by exam ning successive video fields
of said f‘?r%’*EdW‘HE‘ET@'Fé’HE[Ia“?g%‘IEOCate a repeat field caused by a 3-2

pul | down conversion; generate a frame of a second video signal for each
frame of said one or nore franes of said first video signal, said frane of
sai d secofd ViTeocehgnet program product of claim 3 wherein data in said secon

video signal is arranged such thal said first component of said sccond video signal
comprises luminance data from said first video signal, and said sccond component

of said second video signal comprises chrominance data from said first video

signal.

5. An apparatus {or eliminating motion artilacts from video signals

comprising:
a digitizer unit to converi a first video signal in analog form to digital form;
a memeory unit 1o store said digital form;

a processing unit, said processing unit having computer program code, said

computer program code comprising:

a method receiving said digital form of said [rst video signal, said firs
video signal comprising one or more video frames arranged in sequence, gach of

said one or more video frames having a first field and a second field;

a method determining if said first video signal oviginates from a film source




having a first conmponent and a second conponent using said first field and
said second field of said first video signal such that said frame of said
second video signal conprises pixel data froma common filmframe if said
first video signal originates fromsaid filmsource, wherein said conputer
program code configured to cause a conputer to generate s@idafrzmme of said
second vi deo signal conprises conput gr program code configured to cause a
conputer to: generate a first tenporary video signal having fields

corr espo%g»i)&%nﬁgin\gfngée%Qﬁ-efdi Preial of i thirsdeotiges isilamet i rgeaer ate a

second t erporar eo signal having fields correSponding to fields of

sai d fir el caeedbygnal meldeyed:dnyesie;f i el d; generate a third tenp orary
vi deo signal having fields corresponding to fields of said first video
signal del ayed by two fields; generate a counter for counting fields of

said first vi deo@éﬂ%ﬂlﬁ‘éﬂ%ﬁ&ﬁ@#@{%%‘% iﬂ&Jgigﬁg|4g;%tﬁgﬁg @ftaign of

sai d repeat f it ereafter by~ one, such that said

repeat fiflGriSoreGHithes 8 Qid ArQideolsi@lal, aid fameaifdaidepeand fidebd is count
one. a next field after said count one is count two, a next Eel d %fter sai d

count t waigral baving 4 firseeompouerd andaise¢ons] eprapensnt BHRA spigiet Bdedd s count
four; 30 MAY 2005 4 enerate.said fra f sal,qd. sec -yLdea ;signal by
usi ng saii’@l(k%f'@ﬁﬁﬁ he{‘gﬁgﬁ‘gﬁﬁ“\}f‘i@o”"@?ﬁdﬁg& ﬂﬁ{jﬂ@gﬁrﬂ%?ﬁ%‘qgﬁ%&dary vi deo
signal whanee dflal/@ifiisc hixe A FOHN QinAbf AN Pamé MOsi@ Ak vilee; general e
said frane 0 al d second"video signal by using said first tenporary video
si gnal angesiogictReantdomeaibiian yowmicdeohsegnsid wieodir gevedaliag saigf sai d
counter are one and four. 4. The conputer program product of claim 3

wher ei n diame jofi saidisgcersbodgo signal compriscs:

gencrating a first temporary video signal having ficlds corresponding to

current ficlds of said first video signal;

generating a second temporary video signal having fields corresponding to

fields of said first video signal delaycd by one ficld;

generating a third temporary video signal having fields corresponding 10

fields of said first video signal delayed by two fiekds;

gencrating a counter for counting fields of said first video signal with
values starting from zero at detection of said repeat field and incrementing
therealter by one, such that said repeat field is count zero, 4 next field after said
repeat field is count one, a next field after said count one is count two, a next ficld

after said count two is count three, and a next field after said count three is count

four;

generating said frame of said second video signal by using said second

temporary video signal and said third temporary video signal when said values of
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video signal is arranged such that said first conponent of said second

vi deo signal conprises |lum nance data fromsaid first video signal, and
sai d second conponent of said second video signal conprises chrom nance
data fromsaid first video Si-. 5. An apparatus for elimnating notion
artifacts fromvideo signals conprising: a digitizer unit3paixerreest a
first video signal in analog formto gigital form a nmenory unit to store
said digital form a processing unit, said processing unit having conputer
program cedg cofiffef arcCRANPULRY, afid €ige&m code conprising: a nethod receiving
said digital formof said first video signal, said first video signal
conprising one or nore video franes arranged in sequence, each of said one
or nore video franes havi a first field.and.: ' +a Mmet hod

det er ni ni ng i f SEHTRHRG ?@‘??&%‘bé@ﬂ ﬁeé:fmgr"ril%nnbé&ag%%ﬁ@?nlgfadaﬁ Firrﬁtsour ce 30 MAY
2005 41 1 | ' | vitfeoSfdrthl fhestsald edoessi gnal to
| ocate a ?%Hééga%?g ﬁdggaﬁg%g%ggéa‘ggs%do%_ﬁgctfggl@flﬁm coﬁ%ﬁeirsi on; a nethod
gener at i ngf gaififcaaBtee hretorsea@uyi deo signal for each frame of said one or
nore frames of said first video signal, said frane of said second video
signal having a first conponent and a second conponent using said first
field and . sai d.,second. fi -of Lal-fiqr St Vi S . at said
frame of &aid & SRgarais ggﬁng%a ﬁgﬁﬁgﬁﬁggﬁhgﬁgﬁﬁh%gﬁggﬁﬁgﬁ%ghconnon film
frame if saldefd Gih hdRNd fisitebaipopEigimaldschndridsaisirfd tompdsesce, wher ein
said nmethod for generating said frame of said second video signal

conpri ses lwgerecethadranfsaidsirst vidgosignul.vnd saidsiegmd cwaw'i*faﬂpifgiﬂas

corres pon%w{?ndt 19iden signal comprises chrominance data from said first video signal.

7. A method fur eliminating motion artifacis from video signals during

conversion from interlaced to progressive comprising:

receiving an interlaced video signal comprising a plurality of video fields;

determining if said interlaced video signal originates from a film soutce by
examining successive video fields of said interlaced video signal to locate a repeat

field caused by a 3-2 pulldown conversion;

generating a field of progressive video signal having a first component and
a second component for each of said plurality of video fields of said interlaced
video signal by processing to remove pixel motion if said interlaced video signal

did not originate from said film source; and

generating said field of progressive video signal having a first component
and a second component for each field of said plurality of video fields of said

intorlaced video signal if said interlaced video signal originates from said film

soures, comprising:




current fields of said first video signal; generating a second tenporary

vi deo signal having fields corresponding to fields of said first video
signal del ayed by one field; generating a third tenporary video signa
having fields corresponding to fields of said first video signal del ayed
by two fields; generating a counter for counting fields of gargyfin5t vi deo
signal with values starting from zerog,at detection of said repeat field
and increnmenting thereafter by one, such that said repeat field is count

zero, a ”gfﬁhjxfﬁ'ﬁ e A A EEERbLLt 1baRRAtofTER @pest Feddinkidies fialdeuntdi el d
after said count one is count two, a next field after_said coqunt two is

count t hr eeuntinglframnexs id fairdndthen restariing gunerating saidi Geld ofisaid 1 our ;
generating said_ frame of sa d second vide i gnal .. usi_ng_sai ond

t enpor ar y PVOSTESI YHEP S‘éﬁﬁ'&%}é}‘ﬂngﬁiﬂrﬂ“ﬂﬁﬁﬁw ‘?{/Fglédjr’sqrgtﬁg?ﬁ\ﬁ%ﬁg{sﬁéi d
vaives of (0 M\eidAigriacts AL sigﬁﬂ%ﬁf,aigrfﬁs&%@mnwpanm s&iomg; generating

said fra sal d secon eo~sl gna y using said first tenporary video

si gnal andofpofemeenissdié RAT eruntatiisleeros tomalndvihew; sl d val ues  of said
counter are one and four. 6. The apparatus of claim5 wherein data in said
second video signal is arranged such that said first conponent of said

ond sai d secondtiania s 9d et PRARER) et SEMEEY SubsRptheico stonal.
chr om nangg gk s il BRI Tsald HRR1oLE0co sighal AuTaidiek fur el i m nat i ng
m

notion artrfacts fr vi deo signals durla‘gﬁ) conversion frominterlaced to
progr essi cengpoapnt smidigecond cempongniamhémiasd Fakleehuntetdn one gadfowonpri sing a
plurality of video fields;

8. The method of claim 7 wherein said examining successive video Lelds to

locale a repeat field comprises:
selecting a field of said interlaced video signal to process;

generating ficld error for each of five successive ficlds, wherein said five

successive [ields comprise said selected field and [our previous ficlds thereafier;
declaring a repeat field al said selected ficld if said field error in a third

ficld of said five successive fields is a local minimum among said five successive

fields.

9. The method of claim § wherein said declaring a repeat field compriscs:

detecting a repeal field; and

confirming said repeat field cccurring every five lields thercafter.

1. The method of claim 8 wherein said generating tield error comprises:




determining if said interlaced video signal originates froma filmsource
by exam ning successive video fields of said interlaced video signal to

| ocate a repeat field caused by a 3-2 pull down conversion; generating a
field of progressive video signal having a first conmponent and a second
conponent for each of said plurality of video fields of sandmAYeRhiced

vi deo signal by processing to renove pjel nmotion if said interlaced video
signal did not originate fromsaid filmsource; and generating said field
of progressi veseflheﬁg $hgRal o NFkkRAn a fdld sichoihapaie pibsenextladsquaeld
conponent for each eld of said plurality of video fields of said

i nt erl acetlavindesobsilgnal if said interlaced video signal originates from
said film source, conprising: 30 MAY 2005 43 starting a five field
counter at Iocation of said repeat field, said five field counter counting
fromzero to f g SRRIRE Bk ioT e ARAOF A doferdiod i phlol iménsia d
progressive vi eo Si py using a previous field and a field prior to
sai d previhetisscnfgadd shb&ét inad clirrenit éielchanatisaid eetsebingn Beldfpiorsaite f i r st
conponent and said second conponent when said field counter is zero, two,
and threeFH@maubﬁﬁHratlng said field of said progressive video signal by
using a current field and said previous field of said interlaced video
signal for said first conponent said second conponent when said field
counter i gjoneadnéthsd of &mﬂ%ﬁ@hhﬂﬁl@geﬁdréﬂnﬁ% fleMheraicengaisds.exan ni ng
successive video fields to locate a repeat field conprises: selecting a
field of said interlaced video signal to process generating field error

for each of five successjve |eI rei ssi.ve Yi el ds
LoDy 196 oai o SErEUEs SR ar BvaBa N Surp At Pridiiee: RETIDRS bikels

having subtitles;

ohtaining the sum of the absolule valuc of the difference in pixel intensity
belween said subset in a current field and said subset in a field prior {o the

previous field.

12.  The method of ¢claim 7 wherein said examining successive video fields to

locate a repeal field comprises:
selecting a field of said interlaced video signal to process;

generating field error [or each of five successive fields, wherein said five

successive flelds comprise said selected field and four previous fields thereafter;

declaring a repeat field at said selected field it said field error in a third field of

said five successive fields is less (than a predelermined threshold.

13, The method of claim 7 further comprising:




declaring a repeat field at said selected field if said field error in a
third field of said five successive fields is a |local m nimum anong said
five successive fields. 9. "ilte nethod of claim8 wherein said declaring
a repeat field conprises: detecting a repeat field; and confirm ng said
repeat field occurring every five fields thereafter. 10. Thepnethogs of
claim8 wherein said generating fieldgarror conprises: 30 MAY 2005 44
selecting a subset of pixels in a field such that said subset excl udes

pi xel s havi nggauihinideF pia) nebdinig prientibsaidimerkakdeiddo Sinel sdmnof t he
difference in pixel intensity between said subset in a current, field and
sai d subseaidifinstavidéesignpirdid not erigmate fspmsasLBim peprge, swhereimsaldigbd of

| ai m 8 wher.ei id ti field ,eS: | ecti bset
of " pi xel STIONOR 't At EiEHoOf AR oes e iRact el i ers having

subtitles; obtaining the sumof the absolute value of the difference in
pi xel intensity between said subset in a current field and said subset in
a field prior tietdiesaippevieasing o edmovel gixciTinetioe chmgrioés wpkicmg7samher ei n

sai d exam ni ng _successive video fields to |qcate re field conprises:
sel ecti ngS‘%l“ﬂ?‘éPB“‘éWﬁ’a@’Ha‘i’%%%'Pia%%ef/‘ii%ly ’Slﬂ“‘?é‘} ﬁ@ﬁfgﬁgﬂ}’&g}?& ating

field errgr. . fo ch.gf- fi . [RYI= i i G diiotEis
successi vaalfiisg{eatgcﬁé)(%xn%rlpgé}ég‘glﬁ'ﬂgggﬁiztg;égﬁ ‘er?éeﬁ%? %%@quddg I:!%Er%'|e\q/lf|] ous fai el ds
thereaftepeseftecl aring a repeat field at said selected field if said field

error in athird field of

14.  The method of claim 13 wherein said determining il pixel motion is present

Comprises:

comparing the difference between pixels in said selected field with pixels

from a field prior to said previous ficld,
15.  The method of claim 7 further comprising:
scaling said progressive video signal to generate a desircd video data.
16. The method of claim 15 further comprising:
means for converting said desired video data for output on analog de{rices.
17. A computer program product comprising:
a computer readable mcdium having computer program code embedied

therein for eliminating motion artifacts from video signals during conversion from

interlaced to progressive, said computer readable medium comprising computer

program code configured to cause a computer to:




said five successive fields is less than a predeterm ned threshold. 13. The
nmet hod of claim 7 further conprising: 30 MAY 2005 45 determning if pixel
notion is present in said interlaced video signal when said first video
signal did not originate fromsaid filmsource, wherein said pixel notion
is determined for a selected pixel in a selected field; whe ﬁb?f%@ﬁ
processing to renopve pixel notion conpgises replacing sald sel eCted pi xel
with an average of a pixel directly above and a pixel directly below said

sel ected pi xelrciceiva aprisserlans! Fided dighsl Ginghisies aehadlily &t Wdéd fispisd pi xel
notion is present. 14. The net hod of claim 13 wherein said determning if

pi xel motion is present conprises: conparing the difference between pixels
in said select fle s, froma field prior tq_.said previous
flerd 15 Tl b et fed vies Setel ihaRh gom & gl o

pr ogr eSS'é&ﬁnﬁhﬁ%%u%b&@ﬁle VieIRORS 3F Suid ifEALEEN ULH SR ocatd GrgdliF, o MO
of claim 15 further conprising: neans converti ng said desired Vi deo
data for Mﬂ@ubﬂdrb}améﬁ)gﬂ&hlmtemxmhiﬂn A conput er program product
conprising: a conputer readabl e nedi um havi ng conput er program code
enbodied therein for elimnating notion artifacts fromvideo signals

during conver rQgr8sslyve., d conput er .readabl e
medi um conpr i Ecﬁgr a&%%g?ﬁ%de{jfﬁrﬂkg%ggﬁﬁg% o o ab%é’d@t“@ﬁﬂé@*% aI?'gr‘f‘put er to:
30 MAY 20@bondleomponent for each of said plurality of video fields of said interlaced video

signal by processing to remove pixel motion if said interlaced video signal did not

originate from said film source; and

generate said field of progressive video signal having a first component and
a second component for each field of said plurality of video fields of said
interlaced video signal if said interlaced video signal originates from said film

source, comprising computer program code configured to causc a computer to:

start a five Lield counter al location of said repeat field, said five field

counter counting from zero to four and then restarting;

generate said field of sald progressive video signal by using a previous field
and a field prior 1o said previous field of said interlaced video signal for said first
component and said second component when said ficld counter is zero, two, and
three; and

generate said field of said progressive video signal by using a current field
and said previous field of said interlaced video signal for said [irst component said

second componeni when said field counter is one and four.

18.  The computer program product of claim 7 wherein said examining




receive an interlaced video signal conprising a plurality of video fields;
determning if said interlaced video signal originates froma filmsource
by exam ning successive video fields of said interlaced video signal to

| ocate a repeat field caused by a 3-2 -pull down conversion; generate a
field of progressive video signal having a first conponent{ﬂﬁ%ﬁ? econd
conponent for each of said plurality g% video fields of sa}d i %9 aced
video signal by processing to renmove pixel notion if said interlaced video
si gnal _disuconsiveoridgs fetie 6 faamcspiopodd it souitRREs AApMBnFicRbEnSald fiel d of
progressive video signal having a first conponent and a second conponent
for each 9NBEYregdrtoLARsE HEUMAEREEE {0:0f video fiel ds of said interlaced video
signal if said interlaced video signal originates fromsaid film source,
conpri sing conputer program code configured to cause a conputer to: start a
five field couakera fibld SGald Riterbioed 3idhol G0 bidikel, sald five field
counter counting fromzero to four and thén reStarting; generate said field
of said progressive video signal by using a previous field and a field
prior to said prevjo field of said interlaced video signal for said first
conponent andgg’é?ratesriégr?&“é B o fivgetcesspiye fickdsg whetain eaidifevezer o, t wo,

iaing a covocanve FEUR Pt feficle el R B TR3k dRidh BFRalled Vi ao

signal for said first conponent said second conponent when said field
counter is one and four. 18. The conputer program product of claim?7
wher ei n sai d dgelafey rpea0iold vt sgdselcazddisdd Fsaid/felicder ifi aghild fiehd | ocat e a

repeat field.conprises.c ter pragrarn code configured to cause a
c oPrput er © 8a_.1d%|y[§)successwcoftlg?éls 18 al%cﬁ%munum among said five successive fields.

19. The compuler program product of claim 18 wherein said computer program
code configured to cause a computer to declare a repeat field compriscs computer
program code configured to cause a computer to:

detect a repeat field; and

confirm said repeat field ocourring every five fields thereafter.

20, The computer program product of claim 18 wherein said generating field

€ITor comprises computer program code configured to cause a computer to

se¢lect a subset of pixels in a field such that said subset cxcludes pixels

having subtitles;

obtain the absolute value of the sum of the difference in pixel intensity

between said subsel in a current field and said subset in a field prior to the

previous field.




select a field of said interlaced video signal to process; generate field
error for each of five successive fields, wherein said five successive
fields conprise said selected field and four previous fields thereafter;
declare a repeat field at said selected field if said field error in a
third field of said five successive fields is a |ocal niniﬂyﬂgapgm% sai d
five successive fields. 19. The conpyger program product of claim’18
wherein said conputer program code configured to cause a conputer to

decl are a&l.epeHie daeputecoriprirt @BodiRUBOLRIm 181 Wigiraim saftlger@dtinOhel@d to cause
a conputer to: detect a repeat field; and confirmsaid repeat field

occur r i ngPTERIROPLTH sge COMPIERE Prompmadadeconfiguretifie causeputanpyeoty: am product  of
claim 18 wherein said generating field error conprises conputer program
code configured to cause a conmputer to: select a subset of pixels in a

field such th%%le%ﬁhgu%@éﬁbifx%l&%‘é%d@h&?ﬂ%t sé]&‘éhﬁ‘s%lt eXBhlLd GRelsobtain the

absol ute value of the sumof the difference in pixel intensity between

sai d subdwvingsubtighesy ent field and said subset in a field prior to the
previous field. 30 MAY 2005 48 21, The conputer program product of claim
18 wherein said generating field error conprises conputer program code

Son g ed Lo TGO TP Ao ite LB T A THRARE iR Ll Ykl 2 T Lo ¢

such that sai set exclu I'xel's avi ng su t he sum of

the absoltdteestaidig sabhsct ftea Sinréra iR énd BailisiiBiet ih $iREd poior REh¥ween said
subset in a current field and said subset in a field prior to the previous
field. previous feld.

22, The computer program product of claim 17 wherein said examining
successive video fields to locate a repeat field comprises computer program code
configured to cause a computer to:

select a field of said interlaced video signal to process;

generate field error for each of five successive fields, wherein said five

successive fields comprise said selected field and four previous fields thereaficr;

declare a repeat ficld at said selected field if said field error in a third field

of said five successive fields is less than a predetermined threshold.

23.  The computer program product of claim 17 further comprising computer

program code configured to cause a computer to:

determine if pixel motion is present in said interlaced video signal when

said first video signal did not originate from said film source, wherein said pixel

motion is determined for a selected pixel in a selected field;




22. The conputer program product of claim 17 wherein said exam ning
successive video fields to locate a repeat field conprises conputer program
code configured to cause a conputer to: select a field of said interlaced
video signal to process; generate field error for each of five successive
fields, wherein said five successive fields conprise sai I field
and four previous fields thereafter; eclare a repeat fi gﬁ“ﬁ%ﬁpé@sd
selected field if said field error ina third field of said five

successi wehdreinl i prockahise foremode Prad HidH ABEpldhe shhdng éd4d The conputer
program product of claim 17 further conprising conputer %r ogram code

conf i gur sélectsdarzelavish s apenage of o pixkd dinecilnabovie quidxepixabdirantyi telpwesent in
said i nter]lfdac d,vjdeo ﬁﬂgnal ) vvhef\.n sai d first video sjignal did not

ori gi nat 44 cé%d ] i Rigviaus Tickd b saidh selgptad el saidgtixelrmptonist er mi ned
for a selgedgd pixel in a selected field; 30 MAY 2005 49 wherein said
processing to renove pixel notion conprising replacing said selected pixel
with an average of a pixel directly above and a pixel directly below said

sel ect ed pi xetr in a previous field to said selected field if said pixel
moti on i €% pr dd&sempEr pragragbpaduet ofplaigt Ahwhertin eridaictenninimgds wher ei n
sai d det ek g0l i J t.ion is present conprises: conparing the

di fferengﬁeﬂtljgédv%g)ednm&r%ecﬁgé? '$&°d selected field with pixels froma field
prior to said previous field. 25. The conputer program product of claim 17
further conprising conputer program code configured to cause a conputer
to: scal e sai doppayng thsi diflerinde bebirgmatixtle imesaid saketed fkdd wikpixkldeo dat a.

from a field prior to said previous field.

23, The computer program product of claim 17 further comprising computer

program code configured to causc a computer to:
scale said progressive video signal to penerate a desired video dala.

26, The computer program product of ¢laim 25 further comprising computer

program code configured to cause a comiputer to:

means for converting said desired video data for output on analog devises.

27.  An apparatus for eiminating motion artifacts from video signals during

conversion from interlaced to progressive comprising;

a digilizer unit to convert an interlaced video signal in analog form to

digital form;

a memory unit to store said digita! form;




26. The conputer program product of claim25 further conprising conputer
program code configured to cause a conputer to: neans for converting said
desired video data for output on anal og devises. 27. An apparatus for
elimnating notion artifacts fromvideo signals during conversion from
interlaced to progressive conprising: a digitizer unit to BNINEG $503N
interlaced video signal in analog formto digital form a nenory Unit to
store said digital form 30 MAY 2005 0 a processing unit, said processing

unit having CampUiREnRNEGH 4 pRelessinahMic Ha® TRUEEHhpRECHRRM @E8e,GANPr | si ng:
a nmethod receiving an interlaced video signal conprising a plurality of

vi deo fi ebtwuies pregiaodcetist evepridings i f sai d i nterlaced video signal
originates froma film source by exam ning successive video fields of said
interlaced video signal to locate a repeat field caused by a 3-2 pull down

conversi on; a figiiag rGR0Sh ek Mlc el RiNMANIYE S YidiEGySyana! havi no

a-first conponent and a s conponent urality of

vi deo fi efidks lflds:said interl aced video signal by processing to renove pi xel
notion if said interlaced video signal did not originate fromsaid film
source; and a nethod generating said field of progressive video signal

having a firs . . nd conpenent for. each field.of said
Drurari oy of orEBoRABRDhi AL i RERRN LS TRAASRhnol BrighRGh tof Ly
i nt er| acqauitc @§@xahMak sediinahafo il 8PAd iftkMRA0H8&PsighATBT | Si ng:

starting a five field Counter at |ocation of said repeat field, said five
field locate a repeat field cavsed by a 3-2 pulldown conversion;

a method generating a [ield of progressive video signal having a first
component und a second component for each of said plurality of video ficlds of
said interlaced video signal by processing to remove pixel motion if said interlaced

video signal did not originate from said film source; and

a method generating said field of progressive video signal having a first
component and a second component for each field of said plurality of video fields
of said interlaced video signal if said interlaced video signal originates from suid

tilm source. comprising:

starting a five field counter at location of said repeat field, said five ficld

counter counting from zero to four and then restarting;

generating said tield of said progressive video signal by using a previous
[ield and a field prior to said previous field of said interlaced video signal for said
first component and said second component when said ficld counter is zero, two,

and threc; and

generating said field of said progressive video signal by using a current




counter counting fromzero to four and then restarting; generating said
field of said progressive video signal by.using a previous field and a fi
eld prior to said previous field of said interlaced video signal for said
first conponent and said second conponent when said field counter is zero,
two, and three; and generating said field of said progresﬁjM$gymﬁgo si gna
by using a cuntnt 30 MAY 2005 51 fie% and said previous fie of said
interlaced video signal for said firs conponent sai d second conponent
when sai didli ahd sgidyiteibul SeRNSE @ARTint@idced 28coHighaAppedaad tisstof cl ai m 27
wherein said exam ni ng successive video fields to |ocate a repeat field
conpri sessomgmingot $aig secohidaiotpsmesiawhien said fickteenigrde ong g ddurt o process;
generating field error for each of live successive fields, wherein said
five successive fields conprise said selected field and four previous
fields t eaf : i a7 anpeat shi .S ahd. : FLgkd i f said
field er Ir’%;' i nﬁ-ger%q?ﬁ%zﬁ% ?fe‘tlgﬂ%f' Tsal d Pi%ﬂs’%g'ﬁg‘gl?ﬁ‘,lgc%?igﬁg@?’ﬁ@ﬁ}‘ ocal

m ni mum aglegis airepdat vieldsemomdsskve fields. 29. The apparatus of claim 28
wherein said declaring a repeat field conprises: detecting a repeat field,
and confirmng said repeat field occurring every five fields thereafter.

30. The apparatys .ofI >l alkm-28 enein said generating . field error
conpri ses: séf EPF%S?};&@gtgaéfl%rlﬁ?c%e‘f@c? %1%5511&9 &T%F'egh-ch that sai d subset
excl udes pixels having subtitles; obtaining the absolute value of the sum

of the difference in pixel intensity between said subset in a current
field and sai ¢gcautrsiap fiadd arrbr Srdagh pblive sutdessive ficlds, wherein said five

successive fields comprise said selected field and four previous fields thereafter;

declaring a repeat field at said seleciled field if said ficld error in a third
field ot said five successive fields is a local minimum among said five successive

fields.

29.  The apparatus of claim.EE wherein said declaring a repeat field comprises:
detecting a repeat field; and
confirming said repeat field occurring every five fields thereafter,

30.  The apparatus of ¢claim 28 wherein sald generating {ield error comprises:

selecting a subsct of pixels in a field such that suid subsel exchides pixels

having subtities;

obtuining the absolule value of the sum of the difference in pixel intensity
between said subset in & current [1eld and said subset in a field prior to the

previcus field.




previous field. 30 MAY 2005 52 31. The apparatus of claim 28 wherein said
generating field error conprises: selecting a subset of pixels in a field
such that said subset excludes pixels having subtitles; obtaining the sum
of the absolute value of the difference in pixel intensity between said
subset in a current field and said subset in a field priogﬂﬁmﬁpq%ﬂiprevious
field. 32. The apparatus of claim 27 erein said exam ni Ng successi ve
video fields to locate a repeat field conprises: a nethod selecting a

field of 33ai dThB'fap?éuﬁﬁﬁd}f\éilaiﬁpZ&meﬁ.ﬂin kA4 ReAGASS; RITERobgaIREating fiel d
error for each of five successive fields, wherein said five successive
fields conprise said selected field and four previous fields thereafter; a

met hod declaring a repeat field at id selected field if said field error
o a e at pePertr * BRgt of Gatls i e 20 e B e relsebeicvdpiets

predet er ghxgd sLphgsPol d. 33. The apparatus of claim27 further conprising:
a nethod determning if pixel notion is present in said interlaced video

signal when said first video signal did not originate fromsaid film

source, wherein ,said pixel notion is determ ned for a selected _pixel in a
sel ect ed fi el AVHHBE Sesuaaphitheatpiioralpe o€ esdigranse i Rgbinses&ly not i on

conpri se renl aci n al.d sel ect-e ixel wi,th an average . of, a pi xel
i roct &y DERISSR A s Shk ARF RS BB i B RURIIRE 1S "ol ect e
pi xel i npgevimeMiqys field to said selected field if said

32.  The apparatus of claim 27 wherein said examining successive video fields

to locate a repeat field comprises:

a method selecting a ficld of said interlaced video signal to process:

a methed generating field error for each of five successive fields, wherein
said five successive fields comprise said sclected field and four previous fields

thercatier,

a method declaring a repeat field at said selecied field it said field error in o

third field of said five successive ficlds is less than a predelermined threshold.
33,  The apparatus of claim 27 [urther comprising:

a method determining if pixcl motion is present in said interlaced video
signal when said [irst video signal did not originate from said film source, whercin

said pixel motion is determined for a selected pixel in a selected field;

wherein said method of processing to remove pixel motion comprises

replacing said selected pixel with an averape of a pixcl directly above and a pixel




pi xel nmotion is present. 34. The apparatus of claim 33 wherein said
determning if pixel notion is present conprises: conparing the difference
bet ween pixels in said selected field with pixels froma field prior to
said previous field. 35. The apparatus of claim 27 further conprising: a
met hod scal ing said progressive video signal to generate a3(ddgiyf 2el5vi deo
data. 36. The apparatus of claim35 fygther conprising: neans for
converting said desired video data fof” output on anal og devices. 37. A

met hod fgé. el iDL sBY SRS DiRET s ioks Oildo dait sitateeficld iﬁé@id_si gnal
conver t ed FEHYI6YF 6581 ve vi deo di splay conprising: receiving an interlaced

vi deo si gﬁgm faubAds pieecinr nore video frames, said interlaced video signal
hay lag an odd field and an even field in each of said of one or nore
video franmes; determining if said interlaced video signal originates froma

fi1msource byr, OEnerall el heenoon thumisymesdimeton oo fi el ds

and i dent m ni-mum sald field errors as a repeal field
caused by.as3qiZ-chWirisdewn conversion of said filmsource to said interlaced
vi deo si gﬁal , said repeat field occurring every 30 MAY 2005 54 five fields
thereafter; generating a frane of progressive video signal having an odd

component "compr si g sal duodd{.eL0 AN A0 YR RUBERRIN WANTRESI NG Sal d

even field for“"BEYHK e Vi ranmes of said interlaced

vi deo si gﬁ%lm ?l’iclcp Q5EHHaPpicRic8 M€ pixel motion if said interlaced video
signal did not originate

35.  The apparatus of claim 27 further comprising:

a method scaling said progressive video signal to generate a desired video

data.
36. The apparatus of claim 35 further comprising:
means for converting said desired video data for oulput on analog devices.

37. A method for eliminating motion artifacls from an interlaced video signal

converted [or progressive video display comprising:

receiving an interlaced video signal having one or more vidco frames, said
interiaced video signal hay lag an odd field and an even ficld in each of said of one

ar more video frames;

determining if said interlaced video signal originates from a [ilm source by
generating field errors for five successive video fields and identilying the local
minimum of said field errors as a repeat field caused by a 3-2 pulldown conversion

of said film source to said interlaced video signal, said repeat {ield occurring every




fromsaid fil msource; said generating said frame of progressive video
signal having said odd conponent and said even conponent for each of said
one or nore video franes of said interlaced video signal if said
interlaced video signal originates fromsaid film sourcc, conprising:
starting a five field counter at location of said repeat fb@hg sgkd five
field counter counting fromzero to ur and then restarting; generating
said frane of said progressive video signal by using a previous field and
a field preqleldothefiaétepr evious field of said interlaced video signal for
said odd conponent and said even conponent when said field counter is
zero, two, and three; and generating said frane of said progressive video

signal by using a curr eld and sa reyious fie of sald i nterl aced
i deo signal Porteiee Skneorotnve Jil SR hEsohand Skl o™t el d
counter i§naRgingNdid O8 ficld and an even component comprising said even field for

cach of said one or more video frames of said interlaced video signal by

processing 1o remove pixel motion if said interlaced video signal did not criginate

from said film source; and

generating said frame of progressive video signal having said odd
component and said even component for each of said one or more video frames of
said interlaced video signal if said interlaced video signal originates from said film

source, comprising;:

starting a five field counter at location of said repear field, said five ficld

counter counting from zero to four and then restarting;

generaling said frame of said progressive video signal by using a previous
field and a field prior o said previous field of sald interlaced video signal for said
odd component and said even component when said field counter is zero, two, and

three; and

generating said [rame of said progressive video signal by using a current
ficld and said previous field of said interlaced video signal for said odd component

said even component when said field counter is one and {our,




