; e3eWPT667%: h; 2?6h?T?WD 02/ 93-~7 PCT/ USI | 1/ ~1929 1 METHOD AND APPARATUS FOR
| NTERFACE PROGRESSI VE VI DEO CONVERSI ON BACKGROUND OF THE | NVENTION 5 FI E

OF THE | \WEBNTHBMT This invention relates to the field of viRdEUSOHPEASat |
More specifically the invention relates to detecting and correcting noti
artifacts in video source signals. Kbrth Anerica the video displayed
across a normal television screen is an interlaced video signal, which is a
standard cal |l ed NTSC (National Tel evision Standards Comrittee) video. This
is not the same video di splayed across nost 15 conputer screens since
conput er scr eengTHES ARB AP ATNOR N @R ERESHoGRISBIVRY 1iR\HoR@Ersibiat er | aced
video sinply nmeans that for each picture frane displayed on the television
screen, there are two video fields being displayed one after the other. The
first field is comonly known as the odd field, and the second field as 20
the even field. Since the_interlaced videog frane i s displayed at 30 franes
‘(i.e. 60 fields) every seBoSKGRAUNDOFTERINVENERINyed in the first one
S|xt|e%h (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

Lol ovi 5i o monit B o o dank LR 55 25 hort NGNTUNAMAEE 5y 25

)

vertical l|i'nes™ Ac cl udi ng bl anki ng+debeass WO 112/:1937
7 PCT/USO1/~ 1929 is 720 by 480. In a television display, the odd field of

the int e_rlaced SRR et léfﬁsgd&félf?émgf%ué&&rﬁﬂgn%% I@% .e. 1, 3, 5,

) horlzontal Ines o e nonitor even |splayed on the
even numb : rief
st ances%E’?atfl?%ef*%@?‘zr%ﬂgﬁf‘ﬁglﬁt?snfgsdeééﬁﬁf# B R R R have
any Video‘ga&phﬂﬁrébqﬁmdgfe bl ank) . However, because the display rate is
faster than can be perceived by the hunan eye, a viewer is not able to
di scern the blanked lines. Video is a linear e audi o, unlike
phot ogaphy or film A filmcanera captures th MM@M ﬂmww of a picture
i11 a single instant. But video was 10 ori gi nal to be
transmitted ovBACKGEROUNNARD i mages nust be broﬁé%”hp and transmtted or
recorded as a series of lines, one after the other. At any given

mllisecond, the video image is actually just a dot speeding across the
face of the noAnd¥erthdyaepcaphemdrpidispianel agrossamormal selgnisimpscseprsipst em

| | o
n hon- ana 1%terlaced video signal, which is a standard called NTSC (National Television

Standards Committee) video. This is not the same video displayed across most
15  computer screens since computer screens use mostly non-interlaced display

devices.

Interlaced video simply means that for each picture frame displayed 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

20 theeven field. Since the interlaced video frame is displayed at 30 frames (i.e. 60
fields) every second, the odd field is displayed in the first one sixtieth (1/60) of a

second while the even field is displayed in the second one sixtieth of a second.

Each display monitor comprises a series of horizontal and vertical lines.
For example, the resolution of an NTSC television monitor is approximately 858

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



15 systens such as conputer video, nunbers represent colors and brightness.
But with analog television, the signal is just voltages, and voltages are
af f ect ed WO 0d##43d7 | engt h, connectors, heat, cold, videotap®@CTAR1/dtRer
conditions. Digital data does not have such probl ematic characteristics.
Thus, it woul d be advantageous to store or transmt video signals in a
digital format. 20 Interlaced NTSC vi deo nust be converted to
non-interlaced (i.e. progressive) video for display on devices such as
conmput er screens The conversion is generally perfornmed in the digital

donmai n t hds&RBby 480hin altdevigiaredisplayn the odd fiefd ofsthetinterlaged vided signahianal og
to digital and then the odd and even fields are conbined into one conplete

.non- i nt er | HEpkyed dadhe ogdenembrrachbie. 253,0he - prigantal linegrf the merivryed in
one scan of e Vi deo . signal WO U2/ -493-47.3 PCT/ USUl/ -419 Anal o

vi deo i anﬂQC{ ﬂw‘@a figjdig displaved %&‘E‘o‘fvwlﬁpﬁ?@r(&ﬁt O dtob, moREPGoBth as
‘the CVideo, S-Videog, or..Y or YLQ . A co].or nodel (al so,col or spage)

faci 1 ¢ at cbtesnd et et i RCSrof ey alirROliBRnes Gl pleviain e} o
accept ed e. d. Ln,essence I nodel, i s speci f,ication of a
3D et o el ey Vit ALSRIGE Feh A A, BLopliRGes pichie Bt isbht e Bher e
each col org.Ls..k j in 2 -\ h ite Video
T a type (SFRy L CETER Bcitvd By e RuBRlblye d fester iR e FORRERN 2
green sigqﬁkqﬂ&ﬁ&glﬁgg?tines audio signals as well) - are m xed together.
This is the type of signal used by televisions in the 10 United States. The
S-Video, short for Super-Video, is a technology for transmtting video
signal s over a vafboas RYindhyirédigmt e éﬁh&i@?uhﬁi@?ﬁ@ﬁdg%phﬁbﬁﬁhhpAstﬂﬁﬁr ate
signals: one for color (chrom nance), -and the ot her Tor ‘brightness

(I um nancejaméheapaaes thoedtiredkame Df @rpicture $n psirgle astaitamarvideagas than
conposite video, where the video information is transmtted as a single

si gnall015 aniginalpelesigned tdbiedrarsnhittealseertthb ait. sVides iatagesasugbed t o

di spl ay separate Lum nance (Y) and Chrom nance (C) signals. The terns Y/ C
vi deo and 18oleday and trapeunifted or cécordedisisya seTiee ofVines, orleQuiGal the atbeel i s
used in commercial color TV broadcasting. The Y generally stands for

i nt ensi ty 4 any gienanillisecgndnthesyidgadmage ihactupilpitst aslagispeediagiastensnat i on
required q§ﬁ§ nonochrome, tel evi sion. The other two conponents carry the

col or (chridfitRsseeieMPBHARt i on. Each nodel conponent nay be represented in
various bit depths. For exanple, the brightness conponent may range from

tioy) tolaee anOpd bbb P MRS thin ik IRaanabE BiERRL B ARalo orei Ly

Q _ f ght ITes: i
e U380 RGP AP b Ui NiBe S SRbL AR keny VR R4 pABARAGS But 1 o
si gnal mywﬂ’ﬁﬁiﬁ&‘l% Q@e\ﬁﬁ@)’\,efﬂeeéi'gﬁﬁ iP i&&%ﬁﬁg&? % %ﬂtafvgeé afh 3RLAY¥4 B
non-interl ace evices. Video srgna ori gl Hate from various sources. For

exanpl e, awied ﬂﬁ?&&iﬂékoﬁ?ﬂeeﬁ?&ﬁd%i&b@e‘?ﬁn& bﬁ@rﬂzohhkﬁ%ﬁ@%%@tal gdhtd8y
have been recorded using an 5 interfaced vi deo canera. In rece years

there has de@mat Havelsutle pashlematic dhakaptamétassi dhubgit MoraBeesd Rt geddESC
video for display on regul ar tel evision. For exanple, novies stored on

vi deot ape tostadd or panspnit atided Signalsanfa digitabforhestpart. Filmdata is shot at
twenty-four frames a second (24 franes/sec) while NITSC data is at 30 franes
a second (i.e. dO fields/second) therefore the filmdata nust 10 be scal ed
in fré&Quency frioierdaretlNiBe dded mustbetdonvraed to ave-interkwetlr(hees/ second
(i.e. 60 fields/sec). To achieve this, a nethod called 3-2 pulldown is

enpl oyed. RYREEessie) videq fpsisplay orndeviers Jush asceraeter pergens.| Fhemat eri al

that is at 24 franes per gsecond to NTSC vjdeo at 30 frames per _second. That
is, 24 fi |?ﬁ4"ﬁ5§+€§1§ﬁgf%a Y ®& OFF%%‘e@tgéqilg Qmain tetefore ithe NEfes be

iedtdie’ efé%iéiafms‘t%&%a%qﬁé‘ﬁ@eaiédﬁ@nﬁéﬁlﬁsiﬁd%“lf#l%xnﬁe Sh it ofash, 1 ow
. 100 i i - i 106 i Si

Mnter | aced Grisi phEERRbinelie AR o ARRE RS Alea PR PR IS oo
and ansev el dogh St PMe i dispiykdtin SR BRYMhEviddd shaced



20 video frame vl conprises interlaced video fields 1o and 1le, interl aced
video frame v2 conprises interlaced video fields 20 and 2e, and so on for
all the waey4f3s4ames up to v8. Row 102 represents the fielP@TfuSame192unber s
that are mapped into the respective vidgo fields. As shown in row 102, film
frame 1 (i.e. f1) is mapped into video fields 10,1e, and 20; filmframe 2
(i.e. f2) is mapped into 25 video fields 2e and 30; filmframe 3 (i.e. f3)
is mapped into video fields 3e, 40, and 4e; filmframe 4 (i.e. f4) is
mapped into video fields 50 and 5e. This process continues whereby one film
frame i s mappednalog videcinpuitsimayftiesvidlablein avedf the differanticokirafedelss PCT/
U S01 /-41929 the second filmfranme being mapped into the next two video

frames. Thieh astkeCtVisleoy81\edeemraX§Vi(os Q) hédnedlor edet (lss eolenspacals 3- 2

-

pul l down. Further, in this illustration of the 3-2 pull down phenonenon,

fil m f r améacilitaiesthespeaifispion phealots insome sippdaxd, geperatly apceptedayay 1-f 4 and
video franes -y5 must occyr in e sang, 1/6th of a second fo preserve
the | engt ggsff?ﬁ@- TRessane, %e@ﬂﬁw&%&&%&!ﬁ%@m\m%@wnﬁwa f1is
mapped_into the odd and even fields of.video frame vl and into.the odd
field of GPB'&Q“?%?%,MQMW‘%SPWF?Wéfﬁi’énfléatisé’s SEIFre RREh ENOT &en fiel d of
video frane v2 ga.into.the odd field of video frane v3. This results in

i a

vi deo frafeP 3 ME G P& PP%e f1 in its odd 10 field and filmframe f2
inits even field, and video frame v3 having filmframe f2 in its odd field

and filmframe ’Ifhg ¢-Wih&§ o‘?’t%?nﬁc%sﬁﬂeed&ﬁﬁlgﬂ‘ﬁ a‘é{gﬁ@éf (rfc&%%?gﬂ@ ift ¥ afi ©

conposed of m xe iI'mTranmes. phenonme nown a not i on,
illustrat s on Lefhe 1 Q5L ERal i LI, ' “film
frames. V%%gfr?h)%/hlag\f\)gd glr(le ﬂaeg'[@gt:&% gvi Si gﬁ?l%?ﬁgd\g/is%ee% generdget)g fr%é\néjt he 3-2
15 pul | dowell)s- atlesHeltopeiher.abhie is thd Hpevdfai@ialiRea byaeletityhSirothedi spl ays
a single field at a tinme hence the video appears continuous. However, if
the NIGC datitedoBiages)arha®-Videsnshottfos Supes-Viides,ubaaetiamioyy tmnverted to
progressive video for display on a conmputer display, for exanple, a problem
known as ‘tfanshdtting visleo sigryaleoeerra cable by diwiding the video inéoamsttore atth
progressive video frame is 20 displayed one at a tine. One nethod of
gener at i ngwprsegatatsisignals: dwe fancelor 4thriosminaneenting éhe hthesdar brightvesa i el ds
of an interlaced video material to generate a frame of the progressive
vi deo mat éuminance). iyhgn seatiostelemdsign; dyis Rrodjeges sharrerimages than nateri al |
for exanple, progressive video frame vl conprises fjilmframe f1l.in jts 25
odd and ogemAGSHEYIA ghes suidacBborn WWF‘E&S%W G§ighal 1 in
[f.filmfranes f1 and f2

i 1 d.film.f f2 in it | i. .

Lo o8 oheR o ise gl s R atds telkapidn B desied 19 Bisplay SerkEeang i fan
bj ect h ) i i . Qhj i ff tx 7ol ti

obl pet 2% RNAAcS Y A CORhmbAdTRe (E0 8RB TS RS LT BIOT RGP e
in still Ta??gF%fi H‘c@r@@h@@%}hl Il be distorted. This distortion is what is

known as noti1on”. "distortion becones nore pronounced as the 5
video material is scaled-up to fit higher resolution display devices. Video

Scal i ng Vi deo smfél\euv@rﬁcgm@n&mddépis%easiﬁcbﬁﬁnéﬂcfa&c@forairvori gi nal video
signal to fit a desired video output device. A sealer changes the size of

ﬁ (r; : i ][r:a?et ?;@Mnatsﬁaga MhienNg gehicralinapmrdsifor iritasdianlaminiece, brighthegpasd ze does
20  thus provides all the information required by a monochrome television. The
other two components carry the color (chrominance) information. Each model
component may be represented in various bit depths. For example, the
brightness component may range from 1-bit (black and white), to over 8-bit
(usual, representing 256 values of gray) to 10- or 12-bit. Note that brightness,

25 luminance, and intensity are used interchangeably in this specification.



10 di splay device. Therefore, the nmain benefit of a staler is its ability
to change its output rate to nmatch the abilities of a display device. This
i s especiVeDP/HRdVant ageous in the case of digital displayPg@liN9F419B®cause
digital display devices produce inmages gn a fixed matrix and in order for a
digital display device to provide optimal light output, the entire matrix
shoul d be used. 15 Since a sealer can scale the output both horizontally
and vertically, it can change the "aspect ratio" of an inage. Aspect ratios
are the relationship of the horizontal dinension to the vertical dinension
of a rectangl e Whatever Wieecolonoiaded of the imput, thie incominghviskeossignalimay seal er
can adjust horizontal and vertical size and positioning, for a_varjety of
.vi deo i npiesd tebe copupyied toipyograsaive yigep éc@rfgéwgy qrheoRdniesiaced devicesr
standard TV.is 4:3, or 1.33;1; HDIVis 16:9, or 1.78:1. Sonetines the ":1"

i s inpliciidparignglsreriginatefromy varigys saurges. Koy examples g viden materialrsc, pAL
*or SECAMinputs and a HDTV type..of display, a.sealer can take the standard
NTSC vi dedPaY Haus OHBmate N & IR OWcReoNing T 5re bRorgtomed wiing an

| i ) 480 720p, d 1080 i d Jit.th DTV 25
oot a5 Rt Ged vididcangial I RCan3eaRd isPe e beired prouldrandt 8L AR 2

Gown 1o et BiBR GRsHPRENTRC Vider Fhftel Boase BTN Bt o
smal | o1 _DIGLHfe Aol he SR8 GiFY PRBiar Rl dARA RGB! HIRSORARDES oW

at the sane ti as a picture-in-pic I'ng the

original IMRYYak HAWBt APHRehGSRuY FdRes s&%ﬁd@%@gﬁéﬁ/ﬁ&y&hﬂé N1we ori gi nal

size) allows four input TV résolution pictures to be shown on the sane
out put TV dus gedt 38tfradrhies & 88&orid ge.x 6@\fieRIsABRIoRdY theref@ei the fili'ddta nydn a

| ower resolution imge (e.g. 800 x 600 = 4S0, 000 pi xels) is scaled for

di spl a9 orbexschiedHarfréqaplcytirom A4102rhex/s08nd td Bte NIB(DratelgfB0devi ce. Note
that the nunber of pixels is the product of the two 10 resol uti on nunbers
(i.e. nunifeamed/speorel €.e=60 fieldsysed! Toexbiaveithis, a nvethod called 8spuilldawi .
Thus, when scaling up, pixels nust be created by sone nethod. There axe
many di f f ds emplogads o"Esua‘, 8r2 putldewscialaimegthodrfor sramsfepringfden hateréal thatsul t s
than others. A scan converter is_a device that changes the scan rate of a

sour ce vi dedt ibramesaersecand tq N Skewdeo ot 38 famags per sesonde Thabis, 2hst ance,

a "video cqnverter” qr. "TV converter” cqgnverts_ conputer-video to NISC (TV),
or NTSC téﬁ%ﬁﬁﬁ‘teérl?ggé’dge%?@%%l f'gqﬁ%tcwrrss %&t?@ﬁf ﬁ@@éﬁ%ﬂ@l P |Ce_,rwgré%q% to
converters. use .conpl ex t.ec 0 achi eve signal conversion because
corr_putlér _ifvgen‘gflgog%ﬂ“?se{i'gvpgi?%_ﬁgél"ﬁw&%md&}‘f er significantly. As a result,
a video signal that has a particular 20 horizontal and vertical frequency
refresh rate org tJ O . S .J on or

hori zontal and F&é‘?’feﬂc%d“f’?%‘%ﬁéﬁ‘o’%ﬁ@?%??‘aﬁgfge‘?f%gﬁlﬁdﬁ‘{éﬁ'c@%% requires a

S andar a 10 s R ol FOTE i B eSO Bl PP S e8! mes of

standard TV video i nput (e.qg. )

resol uti oneoh@briding MRHEEd WRIUJD RAmRE vl 3780 FaThliRRAIREANGESfrafRCAUSE 25 the
i nput resol ution st be enhanced or added to in order to provide the

i ncreased coagsidesianyodil and apldvehdtdd vhown iafrow 164 Y da@msle, iptajaetor .
Because enhancing or adding pixels to the output involves reading out nore
f rameQ0of vid¥®haiie-eBcompPisds iifelacetiovides fieldieln amddeyimddrlacedbrdey read in,
many scan converters use a frame buffer or frane nmenory to store each

i ncom ng ifroe v2rcamprisas dotestased widedielidas QomndRe padsocanfdrallthaviden
repeatedly to add nore franmes and/or pixels. Simlarly, a scan doubler

(al so- cal Ifsames ppdoydudiaw 102irepresgnisithe fighd frame Buptheny thad swe svipped

interlaced video to non-inter|aced cqnmponent vi deo,. thereby increasing
_bri ght nesgnw]ﬁlemeéﬁ%ﬁﬂéfedﬂaﬁ?ﬁyf‘cfssc%s mﬁ@wi@StWéﬂ e d dieflhgki ng t he

scan lines |ess, visible ublin e yunper dipes and filling in the
bl ank spaddapped Egoé’é‘li?céﬁzlq%ﬁ?eh@cﬂ%ﬁ Qq’léﬂmn‘iéﬁmeg(éﬁp% 1s mapped Wbl er can
+be USedt QGoNVelds Al d 4G HIACAYme /12! )3 nlBpBatRll LS HAGES, 460MRYT &1
4e; film frame 4 (i.e. f4) is mapped into video fields 50 and 5e. This process

continues whereby one film frame is mapped into three video fields, followed by



10 signal. A line doubler or quadrupler is typically very useful for

di spl ayi ng i mages on TV video or TFT flat panel screens. Because of the
probl ens VU&7 i n current conversion systens, there is RCAGSA1/A29 a
system that enhances or inproves the quality of video inmages by correcting
the effects caused by converting the video signal fromone type to 15

anot her. For instance, current systens |lack an effective way to elimnate
field notion frominterlaced video material during the conversion to
progressive video. WO U2/ -~93~7 PCT/ USU1l/ ~1929 9 SUMVARY OF THE | NVENTI ON
The i nventhesecdatli filos franwehding nsappeahirde dheisextowaetdeot framean@hiscthrest i ng
notion artifacts in interlaced video signal converted for progressive video

.di spl ay. BWoeiBlsdepsats itselfthence thegpracess lorawnae $-2pnldhwar. and 5 appar at us

-

for enhancing or inproving the quality of video i mages by correcting the

effects caused_by.converting the video sign fromone type o another. For
i nstance; an ehbSHiehaRt 1ﬂgﬁféaﬁ1%8EﬁPeofﬁ‘bd?ﬂ QW gRERPIERPR LM Siaraes

been cony B T4 BABPARGT o S SR EUeL S aBios B A 0HRO PR he
E?;“Su gt rest ﬁéc!@ﬁﬁ&a%%@%éﬁh-eféﬁ‘”ffiae%elsﬁhp&ﬁ@%%’%&%%&ﬁcteaégﬁi of v Sfﬁot E
s mde 1 IAPREPONIALSEORIA A ABWH, itiiHaing of I BIRA BRI ond o
correcti OBéeﬁﬁl&Q?f%Hbe ﬁ%anm ghd i%{tﬂerda@fbge@gfrﬁg%fi@%ﬁ > aPhingd, the

resulting de-interlaced video material may al’'l'y 'processed

Usi Ng proeReSeH BYRApPE] #itd 88 S6&H Bl 0viaen BhEva a8 shtCtheVHPHEI of
resolution. A video field is conpared to the field prior to the previous

field to ghiw fehmefidel Thiskésultsuf @ddéenfrdaicevThaving filhi idmelfien dsigtidrat i on of
the video material froma filmsource (i.e. 3-2 pulldown process) or the

exi st Bhcefield dpd fiéh f2AMET? iroit8 evén fibldl, andorideafrangev@hatied filef frhief2
consecutive fields and a' local mninumrepeating every five fields

i ndi cat e ithis odddieldindfilof frame fBiinléts eran éeld| ThuswideolframesivZ andsi3ng t he
3-2 pull down process. In one enbodi nent, upon confirmation of 3-2 pul |l down,
t he vi deoarmeanpased of mikekfiladramesolihé pbenomenon kaowif as fieldemoitionng of
two filmtiarresggg into one interlaced video franme by assuring that the two
fields of lykraded Ry & | ¥Ree dn yWelH5: pegwrs By Kidgorframes witomixerbfila dzames. m
frame. Where the video WO 02/.1937 PCTI USO1/.11929 10 material did not

ot e srooufnth el bE an ISR SR he Vidd Sttt 8 s of
LS o P BhMAoH iR GG M bk SRATNG R ol BSRALLABREY) 2
THE DRAW mﬁsﬁ B b H?ﬂc%.tﬁ viddo il gcgh@ﬁu&d;? }gzﬁgzggg;, gf%lg{)N%s@ itk | down

process where filmmaterial 1S c ointe naterial .
Figure 2 ppiothd ' ' ' r (e]! an 5
e 2 DRgid Qe Bt USRS ARG 5B ACHANEY the
vi deo progessayenaceanpifRd display) ferbrahpR) b Rbbleéne kRbREEDY “fidld FRHOR

may occur. Field motion occurs because each progressive video frame is

20 displayed one at a time.

One method of generating progressive video material is to combine the
odd and even fields of an interlaced video material to generate a frame of the
progressive video material. Using a progressive material generated from film
material, for example, progressive video frame v1 comprises film frame f1 in its

25 odd and even lines. Progressive video frame v2 comprises film frame f1 in its

odd lines and film frame 2 in its even lines. If film frames f1 and f2 are shot at



Figure 4 is an illustration of the concept of using five consecutive fields
to determ ne whether video material originated fromfilm source according
to an 10 waiovdident of the present invention. Figure 5 isPETHSOUKIYEP agr am
illustrating the apparatus of the videogconversion process according to an
enbodi nent of the present invention. Figure 6 is an illustration of the
processing that occurs during the fil mnode flag generation and operation
in the fil mnode according to an 15 enbodi nent of the present invention.
Figure 7 is an illustration of the selection of the field area used for

det er ni natdifferestt times andiif awe pbjecthas moxed naing thaitime, the ebisstimagrie aff t he
pr esent iqﬁzptioq. Figure 8 is a ti£1ng di agram showi ng the conputation of
.the fiel d Eftesmtilacatipnsqyiibndrames tlianshf2e dBow: Hethe ipsrassiveriden frame

invention. Figure 9.is.a.block diagram.of qpe enbodj ment of, a, copputer
system c ap‘é@? IWe‘i 1“69’?1@ ragne lﬁa‘ﬁ P@J%S‘i ‘é”lglk% alﬁt?’ggge &hﬁ%ﬁ%ﬁf’n f%WTlghls

<enbodi nent, of the.,i.nvention., ~W,.02/~93+7 12 PCT/U S01 /~ 1929 DETAI LED
oEoR P ety FERICRIH AneBETig hecgies mome otorgRed 818 ses a

met hod zand, . . ci@_q. [ i tiQn artifacts in
interl gceS“@?@%@é#%ﬁ%&%lgﬁ% {Oe gﬁgrpl%gélru glcsbéll é\i/&gpivgg' dieeg’1 %’spl ay. In the
foll ow ng description, numerous specific 5 details are set forth to provide
a nore thoypegl-sgssri ption of enbodi nents of the invention. It will be
apparent, however, to one skilled in the art, that the invention may be
practiced wi thout these specific details. In other instances, well known

features have npidebeeslefesrs dhiplbyed td ehange e Ase BPAN bLigARAGHAE éigﬂal
i nvention. 10 An enbodi nment of the invention provides a nmethod an

appar at us thdit acddsivedli video ouitpipr detiicg ARealgtidharigesahe wizded antagge by
correcting the effects caused by converting the video signal fromone type
t o anot herwithout ¢chestging éts shape,dob iditarmet whientthe iimage stzeatoeslriotfib shes fi el d
motion frominterlaced video material during conversion to progressive

vi deo.10An displegiidevie. &hqra@rwhpm@eﬂwneﬁt/@ﬁgn bebercistitsi abilityetioehange itg

whet her the interlaced video material originated froma filmsource and was
t her ef or e QWRYEFAte ¥ match therbilifiegoka displaysdevispwhhisds especipllyl down. [ the
filmsource, was converted to video using the 3-2 pulldown technique, the

i nvent i on 3¥RPERZCOUS Ha the fase dbglt%lﬁésﬁ@}?dﬁ\ﬁllcﬁ%iéﬁﬁ?}m? igiipl C\)ﬂgﬁ%gﬁfé’@%‘%i al

i I f th - 2. I 1d . i de f h
00 R b o 550 BT BB,
DD O o R SO Gy BBk G SRUBpFal o 200 v deo

as video scaling to a desired output resolution, may subsequently be

per oo Us! nGsihkey et Al AR VS BBtk Hdrblons Ay B SARealg! S nal | on

of 3-2 pull down or reld notion” I'res conparin ferent eo fields
to deter nidangeMeatadpcrt Aftio” Mmmgew&ﬁw r8K1& Sredhe rélatiohbfiphfang stored
e

in menory buffers. Ole way of finding repeat
horizontal dimension to 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

20  screens, the aspect ratio for standard TV is 4:3, or 1.33:1; HDTV is 16:9, or 1.78:1.

Sometimes the “:1” is implicit making TV = 1.33 and HDTV = 1.78. So,ina
system with NTSC, PAL or SECAM inputs and a HDTV type of display, a scaler
can take the standard NTSC video signal and convert it to a 16 x 9 HDTV output
at various resolutions (e.g. 480p, 720p, and 1080p) as required to fit the HDTV

25  display area exactly.



WO 021-493-47 13 PCT/ USOL/ ~1929 fields is to conpare each field to the
field prior to the previous field. Every other field in interlaced video
mat eri al W@ 03493 he sane type (i.e. odd or even) and when Pad/Usd)/s10eht
fields of the sanme type are identical (€.9g.1 odd -1 even -1 odd), the video
material nost likely originated fromthe sane filmfranme. ldentical 5
adj acent fields of the sane type occur every fifth field in a 3-2 pulldown
video. I n one enbodinent, corrections to the video material are applied in
real time while the resulting progressive video is actively displayed.
Therefore, a r&calig s cftagareferined toasiésaating doovii’| onf'scalidgegr.? ekn esammpld deo
anomaly is enployed during the display process. For exanple, one or nore
-enbodi menof feralingdavin” isrwben apdp pAS0geelutionvs/ imagelis scaledefos displaye
presence of 3-2 PuILdomn. After detection, the 3-2 pull down nu;%ﬁbe
confi r med 2 grsmallerpiciure,an the same aegenps thas snuliiple pickuresican beshauen the
‘repeat filmframe,in,a 3-2 pulldqown ,occurs, yfiyve videq fields, the
FiTeh ficlRe PFORFEG (S §i8 Ao BuerBrpiere o3 “ BT Do Seaingthe orishakimage peat
“field to clare confirnat] L L fer nfirnation, 15 techni ques, may be
erpl oyd 0 o FeRBRArREReR « b (G o PG relRal ket bt st { o)
e inv | ates the

3§2f8¥ "ot et ?%S§ﬂ$$$f%§fcf@ﬁ‘¢%5§ksitsﬁé?vﬁbﬂi e S Qo Y SR R B ably
cont 1 1 med 16 AEGPARAE of ool 1915yl & i REbL AN S LA PP
Conf i 1 et gD 0fs0hB ik ieuaea ol A b tigliRbatubbni gy dap-rater i a

progresses in re me,” with approp correction applie or the effect
of the 3- 78puBb ¢pwdls) dede, tNISteBBf tHeMiiinDer 6f E&eﬂs iB¥hé Beydudtdiflthe twbe
correction ceases and the process reverts to handling the video material as
data DmOt e@eidditiehinignbers (.d. nuimisasfqtixeld s fbitoritalresslididn pwestic@yr am of a

vi deo conversion process according to an enbodi nent of the present

i nvent i onrefadutionpines, witeri svating ngp, lohuSt BE cedayed by soemetlsod.nt er | aced
video signal, is converted to digital data at Anal og-to WO 02/ 93-47

PCT/ US01/ Theeeerelhabygliffetent onetiiotle foR ifagefalingpand sssiengrasfuce hettei deo
materi al can Proceed. Motion artifacts detection and correction in an
enbodi nentegiflts thangrthewsnt i nvention are performed in the digital donain.
Processes identified in. blocks 201 through 208 will be discussed in terns

f digital i i nt [s. ,An, 5 ti , f f I

of 31 01Lal saml g, L0\ Shuste, A3 EEOUIRLLON, Lor Bl pSes O xaml e
data ip Anal 0g-t Q- git bl.ock- 200 d l.eti f

920, 8, A5kl h ol NG B8 R OB e G5
200, 1S 91 Lo 5k CRBELELG,80. E0ES NhderT!) heNISCo gyl 119,

Is storedyiged %ﬁt‘ﬁ?ﬁggﬁéf c@é@t%@%?@ﬁﬁﬁﬁf s¢Hn @ e?t%gﬁ ﬁ§eec61jni)§etx moved to

field menory 202. efore, assum ng ahal ogto-di git conversion of a

video fi e't@clﬁf&ég*rﬁﬂa&ﬁexﬁéﬁﬁhﬁl ddHvREMBh BéEEuderbo%}S’&llérg 14 B tlbVikidm
sanpl e interval ", data in field menory 201 1s data fromthe previous
sanpl e " Nsignadddiftt@isipniificdritBl. dAe r@lt, dA0ddéssignhihht Ra8 4 parsail e 15 prior
to the previous sanple "N-2". In this fashion, data sent to video

dei nt 20| aderizontalkareDdertioapiregeendyi refréshahte diresolutionemastibecohverted torpl es
"N', "N-1", and "N-2" which represents data fromthree consecutive video

fi el ds " Nanotieériresolatidndt-lrizantabantb vertizal friegnencereftdshatat@0Bor pr ocessi ng
is performed on the video 20 data as shown in Figure 3. Referring to Figure
3, at st epnsiencejitivaguines pgzansk dedl of signail preressiogite sean penseert onésmale’i ae
fields "N, "N-1 ", and "N-2". Fig*d.errors for five consecutive fields are
_comput ed dRdSUsHE NEPC stanctasd F\hsidesrinpat (esg.44030480) fipropwigrutag d024 X gi nal
video sig originated . framfil msource by using the five consecutive
fields rre%g&“@?sqgﬁ%%(gﬂh?lﬁ?ﬁ JGPRPALtemopyfor of lqr%@ SQERED, PROIRALPLRCCARISE s nade

"1 5 perPor gh TG bRy b il ARG b e Sp B B oaever.
the data yas ol (4 9MR/ &) MSAVEERILNbABE PG Br 0P Bhgjetthr Mlofuse VO

U2/ .493-1
enhancing or adding pixels to the output involves reading out more frames of



check is made at step 306 for the presence of "pixel notion". Pixel notion
occurs when the difference between the pixel intensities of the current

pi xel i nWOea3IN' and a correspondi ng pixel at field "N PCTiusogsmae er t han
a predeterm ned threshold. Step 306 is gptional and is necessary if
additional processing is desired 5 during conversion frominterlaced to
non-interlaced signal to snooth the video naterial. For exanple, a video
material that did not originate froma filmsource may have indications of
"pi xel notion" due to use of interlaced canmera during generation of the

vi deo. A twtdlevtlsirowhst ipleding seadig snMTS&anRAInventkrSE@AMframse buffpoeed of 10
picture scans (or fields), each of which represents, at half the picture
.resol ut i orframeerdary( t stoopadh ingemsng tnmeuipgam Oneristoresd, dbe inqosringot t om)
lilies of the picture. Successive odd and even fields can be interleaved to
gener at e pFasge 631 beaead out repepdedly thiasldonese frames anc/rqHxelsi n si t uati ons
"such as displaying a television signal on a non-interlaced video nonitor

'vfﬁ'eé' ot of | ai SIERPEDASE 5 Wslfalder d’é&” 2 erevm'ls"%é?ﬂcépa«% rmt eri al s
captur sERhe’ 3%9? piSteRe 8 mide To R iR pomhett oo Hecer

[ 20
el d) S;ﬁﬁﬁ$r%’§?@ghb§1&§‘%ﬂ€¥rﬁda§#§%s cﬁ]%rl S IEy TG B brbesslor hat i deo
shot usi 0 IniKiRG tHE SEaffl %é‘vféiﬂlé bﬂ%u'BﬁYn tﬁé b%t%@tdf‘?ﬂ\)es ah{i ffRg fFene

conpri ses movi hg obj ec € cane is In notion, e del ay

bet ween odge B[H\kes;ﬁk@ei | gl eated Bﬁﬁ?e-aoﬁﬁfﬂ\ np&l eithble, & Bceﬁﬂﬂ&%ler can

representation wthin the sane frane. V%e ‘the video signal is projected on
an interl aeaged toRloAyeflei Berlided, TV 4iDhdlas aapieaiteriasdd) campriteceidebe odd
and even fields are displayed sequentially. However, when odd and even

fi el d90ar sigredl e @ ke ddubler ok qdadm;ﬂelsisngp&any@gtﬁasefwdafdrrcaeplagmgch as for

di splay on a non-interlaced video nonitor or for / ~93

PCT/ USUL/ -ittriges 6 BY videqocTHT €t pahd sdidensr ences i n obj ect position
between the two fields in each frane of the picture becone apparent in a
formof jagged lines, fitter or sawtooth effect. Referring back to Figure
3, at step 306,Begausg gbitie prabiens gxigent imgupenietoryension spsients, thereipi oyed.
ThIS may |nclude a nmethod using the fhree consecutlve field sanples at "N',

"N-1", andiees-for agyptem that enhaprecRsimprevies the gHatitpof w@:eOémgﬁf 8Y a new
A ,"c&%eq”?ﬁ'\sﬁﬁsg?é?‘éﬁq%ﬁp%c%xic'?%grm% Rt
bt ai A5 he R ﬁrﬁ%ﬁx&%@[ﬁﬁf@t Rereffdi0 g erae Ma® o8 oy e
bef ore Coﬂ%ﬁﬁﬁéh?x gﬁ Ee[ﬁfacxaqz?&ecﬁﬁ%@&ffﬂ cfd&%g‘ihe%]éﬁ dl@@%ﬂ%ijrbgf‘esg eo at

step 310 e renove eren I'Xe
inten5|ty F&een field "N and field "N-2" is larger than a predeternined
threshol d va The conparison is done on a pixel 15 by-pixel basis and
the selected pixel at field "N' is declared to have notion if the
difference is greater than a predeterm ned threshold. One reason for using
the field prior to the previous field (i.e. "N2") is because of a desire
to conpare even fields with even fields and odd fields with odd fields. In
one enbodi ment, when notion is detected at block 308, the value of the
selected pixel at field "N' is 20 replaced by the average val ue of the

pi xel at field "N-1" that is one |line above the selected pixel and the

pi xel, also at field "N1 ", that is one line below the selected pixel. As
an illustration, assuming line 1 of field "N' is the current |ine being

. processed, and that the difference in value of a pixel inline 1 of field
"N' and a corresponding pixel inline 1 of field "N-2" yields a val ue
greater than a 25 pre-determ ned threshold val ue, then pixel notion is

. declared. To correct for the pixel notion, the average of the correspondi ng
pixel inline O and line 2 of field "N-1" is used to replace the pixel at
line 1 of field "N'. Using the average of the WD 02/-193-47
PCT/USFI1/-11929 17 pixels in adjacent |ines of the previous franme creates
a snoot hing effect on the video signal. Fromsteps 304, 308, and possibly
fromstep 306, processing proceeds to step 310 where the odd and even
frames are interleaved to produce the 5 progressive (i.e
non-interlaced),video material. Referring back to Figure 2, after
processing is conplete in block 204, the de-interlaced frane of video
material is stored at block 206 in preparation for additional processing,
as reqU|red At step 208 an approprlate V|deo sealer may be enpl oyed to

.. o o



At the conclusion of the scaling, the scal ed progressive signal my be
reconverted at Digital -to-anal og converter block 210 for display on anal og
devi ces. WG OD#M3¢T m nati on of 3-2 Pulldown Figure 4 is an PCTASO&aRON of
the concept of using five consecutive fgelds to deternine whether video
material originated fromfilmsource according to an enbodi nent of the
present invention. The data in Figure 4 contains rows 100 20 through 108 of
Figure 1 with four additional rows 400 through 406 added at the bottomto
illustrate the nmechanics of an enbodinent of the present invention. The
added rows are: "Video Fi eS8 NYARY-OF T INVENIIN fy t he video fields to
aidinthe illustration that follows; "Field Error Conputation" (402) to

-show whi ch vid fields are,used in the conputation of the field error;
"Field Error 2§"ﬁ¢/é}1lYFé‘tlo(Méﬁf)necs@ %\ﬁl@wc{]@ ngﬁ‘fatmff ?@ GIREIRBHAMt ati on where

the material ori ted fromfi] msource;, an to i ndicate

i ; d" t" 06
Topent £ EpeSne ot e R ) Inag i 0e SnAL pay erted o Brogessiny 1 1 el d

wh . "Fi el d /:193.47 18 PCT/ : | ue”
'S Zero i M4 spley et sESHIRAF SR EIPRER IR PR AR I ere 1S o

oot i SRR K AN SRR i e SRRy IR indhes by Eofietige a7
used. Comkab@fffé&@cﬁsea E&ﬂ@rﬂn?tﬁ@ﬂfid ﬁ)\aﬂ YR Mﬁéit}ﬁﬂaﬂﬁ) Rjthereatdcal 5

di fference between the current freld and the field pri‘or to the previous

field. Fongg L€ enfbddFREREbETHBVRAiOR ehthilsi H€rrhirdhs wHedhéetblfedt he
conpari son of the pixel intensities between video field vf3 and video field

vil, and eidedy mhferidl deigindted drothh fiRfAldbhir®, theelsp HadirigSoeerdtorivieetad toel
intensities between video field vi4 and video field vf2, and so on. One

met hod t ovileecusihg atprecesaidnemat aca2 philldbvh carehtheeny reiting] the isterlabsbl ut e
val ue of the sumof the differences in intensity of the pixels in a

sel ect®d wmidem materiadiaomimteracs thé effectiaf the G2 pulldovnotlhthe videh aoatetigl

invol ve using the sumof the absolute value of the differences in intensity
of the piisstancudes originate Apeavisigptbesauscefinadeqmate corfigmation of thtrer
enbodi ments may even _be as conplicated as ysing | east square 15 net hods.
The pr eseAt2 PrildeWNahengreaesy a &Wénaéé?%th&rﬁreﬁmq%?fmm%m%%ﬂe t hat

can derive the djfferences between the current field and the field prior to
The. pr evFotaRHqIBFACERAY EOBIEERRS B HEPIhOAYSF GRESPBHEE ho r obul £ ng

o b S R R B ST
peCUEE BRI Y PR AR o] 14 230 Ry oo 111

shoul d yi ghgré®bRipudrbSst %igﬁ. video material originated fromfilmsource,
the pattern repealtrps itse}1 every five fields. Thus, a repeat field

{illustrated as a "Y' in row 406) occurs every five video fields if the 25

interlaced vi depyidebéieldis @rhpaidttocht field pridr £o fid pIGuLficlflitbm materi al .
For exanple, the "Field Error  Value" is zero in video field vf8 and vi deo
field vilgenagtsfieldnerrdihused s déﬁerm&ﬁngieﬁl@et kiad otiginatiopcofubedideo gener at i ng
the differences is WO U2/ ~93~7 PCT/ US111/~1929 19 as shown in Figure 7

wi th the saferial feomraefibm erutcedid. 2R ulldowmproess)din the existerecepdrpisad (i . e.
excluding noi se and other irregularities). However, in_ actual

i mpl eR@nt motion’t Hieldreroprsing geverabed fer fiveeonsegetive fealdstand atasgll ariti es
such as signal noise, errors in the analog-to-digital 5 conversion process,
det er i or aftuiBHMU TeReatingeyenafize figlds ndicate the isingtinnof §Be ¥iflgoal sour ces
of corruption., ong or nore enbqdi ments,. the error is conpared to a

pr edet er nifpAgTI2Eiregmy §‘P|‘6‘TC8W§P&|&9£E@‘§]Q°MBEP%?'O t hreshol d val ue

shoul d be adequate to reliably preclude noise while detecting the repeat

field d - | J. .Jh | 0g:t 0-di gi i | uti
10 shoul d ar so The & euBiERAP PR sh B dior aft 2 tafgh fielfio o Vel te.

For_examlfatefaPistBbsddUlt) dwbattidd ff oot 2br HRmbERY ot twoHiitn FRM&e

accept abl e as val ue.
25  into 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



I n anot her enbodi nent, the local mnimumin five consecutive fields is
identified as the repeat field and a confirmation is made that the | ocal

m ni nrum MOPYEBals every five fields thereafter. Using th®drasar4mmai num
elimnates the trial and error that maype necessary to determne a
suitabl e zero threshold value for repeat field detection in the presence of
noi se and other uncertainties. Local mninmnumis especially nore attractive
because it is reasonable to assune that noise and other uncertainties would
be evenly distributed throughout the video 20 material. Therefore, film
node is minatetinhdidl Bot otiginatesromen flb‘@@pummbuﬁm%@l:nmts)reweieyeﬁe@,dhe| el ds
thereafter., Y’deo Conversion Figure 5 is a block diagr anllllustratlng t he
-appar at us P&fe tm‘étlQli‘éFe%nQ@h@érW@ @hawr@ggﬁn@é&ﬁ df- ﬁ@) nt of
t he presen nvegilon k 500 is a di t|z bIocE aV|ng t he plxel

cl ock (Pl R ting s eo aéﬁeﬁ %e&};‘eﬁ ArRIC8ELESH 0 i nput
‘may be of %g%% t he col or nodel formats MD 02/ ~93~7 20 PCT/ USQL/ . 11929
such as CVRCRBa IRk oo or YLIV, for exanple. The digitizer block may

i zI clude an anal og-to-digital (A/D) converter block 502 and a decoder bl ock
501 fox decoding the conponents and bit depths of a G Video or S-Video

col or nodel, for exanple. The A/ D converter bl ock converts anal og signals
to digital 5 representations. For exanple, the A/D converter is used to
convert the YUV col or nodel input to digital conponents. |In one enbodi nent,
the output (Y_UV) of selector block 503 conprises 16-bits of data for each
pi xel wherein the first 8-bits represent the Ium nance {or |lana) and the
remai ning 8-bits represent the chrom nance (or chronma). The | um nance (al so
known as pixel intensity) and 10 chrom nance data are represented as Y NEW
and WNEW respectively, in output of block 500. In block 510, the

| um nance Y NEW and chrom nance W NEW are processed to generate the
corrected odd and even fields for each frame of the video data that are
subsequently stored in nenory block 517. Data in block 517 15 is avail able
at the vertical sync pulse of the incomng video signal (i.e. 60 Hertz for
an NTSC video) therefore witing into nenory bl ocks 515, 516, 525, 526
occur in the same cycle such that during generation of the progressive

vi deo i mage, consistent data (i.e. data fromcomon filmfrane) is used.
Thus, during generation of the non-interlaced or progressive video
material, |lum nance and 20 chrom nance data nmay be read from nenory bl ock
517 at a desired clock rate. In one enbodinent, inputs to block 510 are
outputs of the digitizer block 500 and include the 8-bit |um nance Y_NEW
the 8-bit chrom nance UV NEW the vertical sync pulse VS, the horizontal
sync pulse HS, the pixel clock PI X CLK, and an Odd/ Even field signal

ODDY EVEN _FI ELD. The Odd/ Even field signal 25 may be used to signify that,
when true, the odd field of the interlaced video material is available at
the outputs Y NEWand W NEW for exanple. WO 02/93-t7 PCT/USOL/. 11929 21
In block 530, the processed |um nance and chrom nance data from nenory

bl ock 517 are scal ed using any desired video scaling process before being
converted to the proper progressive video output format in block 532. 5
Lum nance Processing The video | um nance data is processed in block 511,
whi ch conprises raw data nenory bl ock 514, film node generating bl ock 512,
and data sel ector block 513. Menory bl ock 514 fur ther contains storage for
| um nance data fromthe previous field, FIELD 1 (equivalent to field N-1 of
Figure 2), and storage for 10 |um nance data fromthe field prior to the
previous field, FIELD 2 (equivalent to field N2 of Figure 2). For exanple,
at the start of the 1 /60a" second intei~ral of an NTSC vertical cycle,
.data fromstorage FIELD 1 which is available at TAP B is pushed into FIELD
2 to nake it available at TAP A and data originally at TAP Cis pushed
into FIELD 1 to nake it available at TAP B. Meanwhile, the new field 15
.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 |um nance
data (e.g. field N, field N1, field N-2). In one enbodi nent, data
processiilg is perfornmed one horizontal line at a tine. Since one conplete
line of data is avail abl e between two horizontal sync 20 (HS) pul ses, one
|l i ne of video |um nance data is stored in an intermedi ate buffer for
processi ng at occurrence of each horizontal sync pul se. Fox exanpl e,
assum ng that the current horizontal sync pulse is "M (corresponding to
line "M'), the previous horizontal sync pulse is "M 1" (corresponding to
line "M1") and the horizontal sync pulse prior to "M1" is "M2"
{corresponding to line "M



25 2"), then line buffer A LINE D1 contains data for one conplete |ine of

pi xels fromTAP A (i.e. field N-2) at horizontal sync pulse "M1", |ine

buf fer BWONE4BY¥7contai ns data for one conplete |ine of piPcargsiimmay TAP B
(i.e. field N-1) at WD 02/-93-t7 PCT/{4S(11/-41929 22 horizontal sync

pul se "M 1", and line buffer C LINE D1 contains data for one conplete |line
of pixels fromTAP C {i.e. field N) at horizontal sync pulse "M 1". Data
fromline buffer B LINE D1 is buffered iilto line buffer B LINE D2 before
being overwitten with new data. Thus, B LINE D2 contains data for the |ine
at 5 horizontal sync pul seBRIERDESCRIETION 43 the current line
out of digitizer block 500, then A LINE D1 contains data for line 2 of
field "N-2", B_LINE D1 contains data for line 2 of field "N-1", B _LINE D2
contai ns data fdgurg his an drustraion ofthe mechaniceof BrEpwdewntpipeess ygheref or
line 2 of field "N'.. The five ipputs are required, for video |um nance
processin ﬂi“hn%?réa]sléF@EY%"rte‘glt‘b erlecesivid R&l@tﬂlﬁh data is available at the
line buffers at the occurrence of every horizontal sync pulse HS. The |ine

e 10 P oce bl Rk g0l B BaER BBt ARG A 1 e

film n%de'ﬁﬁﬂ&ﬁ?ﬁ%ﬁg?f&h%g?e?é%m%ﬁﬁcﬁ{ data C LINE D1 represents data 15

fromthe curren ng procéssed, and data in buffer A LINE D1
represents data fromthe field prior -to the previous field. The field error
i s conputed usi idelr NG P &,# i ng the sum
of the absol ut emgg%%%o%@ﬁwe&a#feren]ﬂ(}g% I tdgﬁgsssgagl%la%ﬁ:ﬁgh%tﬁﬂnance) of

t he pi xel SedhBodihdrar st tﬁe?rg@@%@m&qi&l,u NE_D1 in the range discussed in
Figure 7 for all the lines in 20 the video fields being conpared. O her
enbodi mrents of the present invention may enpl oy different nmathemati cal

met hods for calEghed 4 igan Hhustiatioh ¢frthe consSpd of dsirg fivacdraetativefibldsfters C
LINE D1 and A LINE 171. Since data from one conplete video field occurs

bet ween t wietesniriecahetharvid&sSmatetislayjgingedsromsiiba sasrderqraording thenf i | m
nmode- generating block 512 to 25 signal start of processing for a new field.
| n onelGnberabadinentt ofethigl pregerd iIRVENEIN.i n fi| m node generating bl ock 512
generates the pixel difference at the occurrence of every pixel clock

Pl X CLK and the_accupul ator ADD UP WO 02/93-47 23 PCT/ USUl/ ~1929

accumul at es tthlSPR‘égy%?kg?C%‘. 1agram, dlystral @pparaiys of ghe Video syhc pul se
VS, the field error in accumul.ator ADD,UP.is pushed into a different nmenory
ocat i on (SHSRFHIPR DEPERIPACBORNE R 28 Priberifiest GL LT BrAeD: THSBHOP. | o ol oar ef
and made available for accunulating the pixel error for the next field to
be processed. .Fi L {1l I ; 4 occurs
during filmno e g*l aé?sg%rl]g?%ﬁ%ir? naérifi;ﬂé%gr)c%g? o% tbag?gdggglaﬁ%ﬁ%%géﬁgécor di ng
to an enbog, : j &E}ﬂ £ LhaFigure 6 is
used to il 8???%???{?2%‘?%?@2@5@? |gf3{réeﬁ%.bﬁ}cg?éF€ch§re ,tbt e row 601

| abel egs Fl iNbahpuent dethe drasékiaa@engomverted to interlaced video according
to a 3-2 pull down process. The 10 row 603 | abel ed VI DEO shows the video
fields and the corresponding filmfrane used in their generation using a
3-2 pul | down prBigess? ifan ilkxargtion ofithdseletiioh of flee fieldraaegnsed forl m frane 1
in an even video field, and video field 1o represents filmfrane 1 in an
odd vi deo fetetminaRimmsofARld differekces i avcerdammermithtaor embeénnénd of éhgor ari |y
store field 15 errors for five consecutive fields. The characters in the

bl ocks reppresent inviptiohdeo i dentities used in generation of the field
error: In a perfect world, the field error is "zero" when the field
contents are identical within the sang bl,ocg,ﬁgthus i ndi cating a,repeat
field However, 'igeEafdeasming diagraip shawing the somphiatipryelcthgdield pror g
ot her idre ularities 1field er,ror woul d _nost I.ikelzonot be zero in 20

act ual i mpf&RE i ¥ith apgrabodiaenfofithe present NYERHONS noci £ cation for

purposes of illustration only. Accurulator ACC 2 contains the sane data as

-ACC 1 shifted by f.. el i qe. del ay e ,

contains data i nlg%\?%g lgﬁi@?éladbaygr%lﬁle&fo% %?‘bgﬁl‘én%g{@na ?#@%‘%{ SX@%%. Thi s

i s because | I ggqg | ' '

sequence A@%E@%%Zd ﬁgh%ﬁ@%%%@% P g{ Ifcﬁ'dir{]%rggﬁg%r@%ﬁtjﬁ the
accunul at ofys/effiBnused to generate the filmnode flag. In one enbodinent, a
repeat field is declared when the field error in ACC 3 is "zero"




WO 02/ ~93~7 24 PCT/ USOL/-A929 (i.e. less than a predeterm ned zero
threshol d val ue). Another enbodi nent uses the local mlinmum (i.e. the

smal | est )wofootudsa7f i ve accunul ator val ues to deternm ne a r ggaiSoidel28. | n
either case, filmnode is declared aftgp detection and adequate
confirmation that the repeat field reoccurs after five consecutive fields.
Assertion 5 (i.e. low indication) of the FlIELD D FFERENT flag 609 indicates
detection of a repeat field aild causes a reset of the video field COUNTER
610 to zero. In cases_where the video data truly originated fromfilm
source, the FIELD DI FREZENEED QESERIPTION L THEINVENIION, o i el ds, t hus,
flag COUNTER 610 is reset to O after the count of 4 (i.e. COUNTER counts
fromO to 4). sertiqpn of filmnnode.may 10 require. cgonfiynmati opn over
Cortain nunher AT SEbeANRERHA! R INHE P oMBrEERERRGGPTd SaPaBHHS Warpl e
filmnode be confirmed over. 2 cygl es. af ER,61Q before it .
‘asserted. d@@ﬂﬁia&ﬁp Qﬂrr‘?ﬁ%%égn@frﬁ%ﬁgg‘r@ @Eﬁrc%ﬁ videQpiena CQﬂché%’do%f ain
sel ection_block .513.0of Eigure. 5., ne. enbodi.nent , _assertio £ repeat
freta (i eogaRTEMdR el I fae BuRgFng SRR RER Fesltle) T
conputg ng 4| rt | I A{ﬁ I O ogfﬁn me
film f# an&e&%!)s?argf g?r{aqrg?%s adr}??%ga r]m\(/)\,i tr&gg@)&egc'm%?rbgg%t{] I ntgela'?S oéf\.?/\lher e
ACC 3 (606 BRANRORS IPRLMN béAppatentOh @ng ERoAd QKiIRY iANha 3 thatdheof " 0"
because, t%% t WO i| ntemced V‘/)?’geo figl ds (i T tield Nand field N-2) used
i n conput ket mafDelpraticed wihont titishapedfit BemiB0 I btierfihg@Rcds, well
therefore, the field error theoretically conputes to "zero" (i.e. 10
1lo=zer 0) . knowum fdatlires haveindebeéh dieser{liddBin dethilgopsene 6 obsclukithg t hat cycle
is an even field containing filmframe 3 (i.e. the first occurrence of 3e

in row 603hveritiort.hi s specification, a field error of "zero" contenpl ates
conditions in a perfect world and is used for purposes of illustration

v, , i B ) . ¢ ¢
fo & Wlve T s plfRoubnl SPu8 ofdoR prbieE R E AT Bppa B or L o
the fi tQr L : b ges d
For speci Ty MR (R amAVER HeThIcY S8 v sl b ARy ge YRSsehe nee

PCT/ USO1/ w4848 BY chitvértimgaheadiied BignaCRIM bRe 6t teamithewhBoeittaridag fiel d
error in ACC 3 (606) is "zero" and since the field error is "zero" every
five cycl eme(e@nBodintent o xhe frivedntiorelihinatesdeldanotion firom iftevkacéd oidso

| ater), COUNTER 610 counts fromO to 4 and then restarts at 0. For purposes
of i1 ust matieeia] dubiegfdoalversidre to prgfeasRve vided. i An enbodisfentrofdhe¢ o as t he
first field, the field when COUNTER 610 is 2 is referred to as the second
fi el d15t hereseritdnwirgiorGasaiiEReEIMiningswhethes the inderlacedavidelpanateriall i el d,
the field when COUNTER 610 is 4 is referred to as the fourth field. The

FI ELD- DI FrEigingtet fsgmanilm soureeangs was therefpresonser et yidesw8ing 0 and f or

this exanple, the FIELD-DI FEERENT ertion in the columm .l abeled as 10
"origin" IBYOFESE R as %‘Erd"gF Wiln tS‘Sif’r]r’én 3Qfree s goRyeked 40 Videq U188 ows.

of &EiecL:’:fiaéﬁ‘filﬂuﬂéﬁéﬂgt?«%ﬁﬁ’a@#t E?»ﬁ%‘q@i@%ﬁ%ﬁ%ﬁ%@@ oh e pi el aat s
i . j i i I 1, B _LINE
o1, “and- cRURISEE ale S AR R SR B2 E b0 ot 515

The el 7 shelR ifRUL I SO0 PR thoyi A7 B phdtither Elteili mhE
remory bl agkagifd onieal dpistapfiald ARt aphlied thaiBsuliihgidt-itddacerde, or

fromthe sa in video node, at the instant data is read

for processiagmdileRalas kneBthgddoin marr%h%h A fatd) Kiddedorst Profsing) sidh ng
fromthe colum "origin" (i.e. 20 COUNTER = 0), the data avail abl'e in TAPs
A, B, and 4 vdeo a&aling foavdesifePoutpifi 1éjolationh anag sdbsajueaplydsepéifognéd | m
frame 2 in the interlaced video even field (i.e. 2e); TAP B (616) contains
dat a repr asing thegdé-interlbceineid2oimatienial.i nt er | aced video odd field (i.e. 20);
.and TAP C (615) contains data representing filmframe 3 in the interlaced

videgogven 11 elfkcbhiolde@hinathilf &f 2hGuildfvilsifld molispguguidad @ 25 from

TAP B'Tn LUVA ' Menory 515 and data from T -1n LUMA EVEN
FIELD ”Eananei dit&ehivided eldPtd dMerddirebefificlds AMeBmMihé bidg ame in

t he progressive video frane. WO 02/ -493. 47 26 PCT/ USOL/ - 11929 Exam ni ng
data i n TAfpfals 3APAB;ti2sttlarid\btored in henbiy blifféise l(lh@fvtaﬁbf'fﬁfdiﬂ% Bepdat. €.
COUNTER 610"is 1), TAP B and TAP C contain data fromthe sane filmframe 3
while TAP A contains data fromfilmframe 2 therefore, data fromTAP Cis
witten into LUVA ODD FI ELD nenory bl ock 515 and data from TAP B is

&




5 witten into LUVA EVEN FI ELD nmenory bl ock 516. Proceeding along to the
second and third fields, data in TAP A and TAP B are witten into nenory
bl ock 51 WO8Y4Wde t hese taps contain material fromthe saP€TIVS0MMIRANE.
However, in the fourth field, TAP B andgTAP C contain data fromthe sane
filmframe (40 and 4e) while TAP A contains data fromfilmframe 3,
therefore data in TAP B and 10 TAP C are witten into output nenory bl ock
517. This pattern repeats itself such that TAP A and B are witten into
menory in every field except the first and fourth fields where TAP B and
TAP C ar efiglds isdn compasedacivfield toltbe fiRldrpooxt®te previoss fielids Exespothet at
COUNTER 610 values of 1 and 4 indjcating when to read from TAP B and TAP C
‘i nstead ofield Brintepdagedayigley sratprialis ofdhe sameiype ek oddpdreyen) and wiereh TAP

data is witten intaq, ) FI ELD nenp bl ock 515 and LUVA EVEN FI ELD
rrermrlysbl BIWR’ %!.enf%@wmgeme&xpaar@i%mk st rAeveRput oddkel dat a
' ilable_in TAP A TAP B, d TAP C. T i xel clogk PI X CL th

or | zont athyiHeogRatialaos Hehh @ igiatect BO% JiRosaBuf B fBen ity i ¢ i ng

f the.indi,vidual. pixels f h field, 2 . di d . i fil
mode. B he SHACPR Hele H6 e palfe Bifereccuiayent HithTisfe S8R BullfOURKRER (f10)

values of 1 and 4. The data selector 513 wites data from TAP B and TAP A
i nto out put . mednopesmabedithet ccontantions ito ¢he vittaoahafdriag aviRhFplicDirRal ( 620)
is false and from TAP B and TAP C when true. In other words, field data
from TAP Bmewihilgthe rapultingprpgressivpvidesisastively displayetiadhareforemai t t en
when wite (_:cg]tr | flag is false and TAP Cis witfen when wite control
flag i s tredablealgorithpsiq defert pﬁgﬁuﬁea%parrﬁﬁt amy ¢ideognomaly 1937 27 PCT/ U

S01 /:11929 nner, resul.ts.in correcti of the video data sych that only
daia fromPRHUORSHE e e disBlay Profesudde SAmHIE ORsHO% Moss PRI Rk o

e A KM SR B 1
Fretas.or AV Geghdy a2 pdladtn BUIRSERERER o ar oS Bl o

bl ock 515 ; j i ' 516. Wh
cu(r)(r:ent fpgﬁ%s?@%cjgﬁﬁ%s@%ﬁlgﬁ] A p%"a?gh{'\/}?}*%% F\g%b%%ﬁpm%%ry bl ocken
515 and datary figev il felds, the 'fffﬂxeﬂibltlrfbﬂo%?%e ABEBtion Bf 82kpuliiow- When

the current field is even, data fromTAP CTs witten into output nenory

bl ock 516 shadldisHow farrepediAibld tb Setlakré tGifirtnia o UDéreEEENrmbAtRSK 515. 111
one, enbodi ment, when processhlg is in video node and there is no pixel

not i o5 detedirdquestaiag Her @nplofedGnastierl éfibBdanentsrsuicheis: two eof yhiekock 517.
O her enbodi nents nmay use any conbination of the TAPS A, B, and C. 15 Wen
dat a pr océetdahignisfarrexaimple, ateyendtived ost efdiired. The mvendion gdsxel notion may
be detected by conparing equivalent pixel intensities fromCLINE D1 and

A LI NE_DL contﬂmlélﬁéﬁﬁphhé,USIem(}riQﬂmrc@rdummm ¢gmbingtipne so dong BECID1 may be
conpared with the Iin?, gg}na frombuffer A LINE DL to determne if the

di f f er enc §ombipgtionsreliahlycopfiyp the RregencePli3h? W wher eby 20 pi xel
notion is declared. After declaration of pixel notion, |um nance data
witten into ménde3-Ripadikoniyisittedied androhtiemed osrrédtiorsie thakligedret hod to
snooth the | um nance data invol ving any conbination of the three data

sour c26 sudterial Bymerfayinmg] irf weal treoplenfirihaticraoe3-2gsditdbven ebhtiduéd snoot h
the lum nance data to generate the output is applied to the chrom nance
dat a as wethile dsplay esridenlinaterial priogresges iviteal titren siittyappitopeiater t he

pi xel being processed (at line "M1") is replaced with the average of the
cor r espon8PHECHPR appliad dewthpbfest of the H2 pullswmciyhem fhe-copfigmagiongfut
(representi i,jne "M) and the correspondi pi xel at B LINE D2

(repr esen%fﬁguhﬁﬂ@m‘%lﬁ"@‘? CeRrestiPm SFRSE F‘Pgég rogess ravretciorhandimgdbedat a i s
processed_11 block.521 .which conprises r aw data nmenory bl ock 524, and
data sel edt%© {?ﬂag%f Fs-at Pvgﬁa%\g@%%tsﬂwcecont ai ns storage for

- c]tlrom' nance data fromthe previous field, FIELD 7 (ethli v?l eln'éI to field N;]l
Fi 2), ar ) ; : ori
pr evi a0 1 & o TR DGl o B R B AR R Rerslo Bt dcbafuiRpygn © 11

embodiment of the present invention. For example, an incoming analog NTSC

signal, which is interlaced video signal, is converted to digital data at Analog-to-



10 exanple, at the start of the 1 /60th second interval of an NTSC verti cal
cycle, data fromstorage FIELD 7 that is available at TAP E is pushed into
FIELD 8 WOMks47t avail able at TAP D, and data ori gi nal | PCAIUSFRPII® | s
pushed into FIELD 7 to meke it availablg at TAP E. Meanwhile, the new field
data LTV_.NEWfromdigitizer block 500 is avail able at TAP F. Thus, TAP D,
TAP E, and TAP F contain data 15 fromthree consecutive fields of video
chrom nance data (e.g. field N, field N1, field NN2). In one enbodi nent,
data processi nig is perfornmed one horizontal line at a tine. Since one
conpl et e |Digitel egnveates 208 befere priocessing okthe wideo muateriahcan peyoeed( HS)

pul ses, one line of video chrom nance data is stored |n an i nternedi ate 20
-buf fer forMptionaztifagty dategiionand gorreghion it An geThodimentt of yive prasesk . For

exanpl e, l|ine buffer D LI NE D1 contain ata for one conmplete line o
pi xels fr dqumuwrbar(q pesformed | fegighal ‘i@‘P?Herr&FeWﬁédwf@ in\plpcks fmlne

(1" e 11 altbroue S0P RisTeche REnpaf S AP LRR Ao KA o F LI o1
S? "B e ’éﬁlpgg bt Sl e i ohel B hmbleifinbeSy N o
lDIZESEt:;T TenGet ol ¥ AREVHS AT g ??é“ﬁ@@fé syng&ﬂg&?}?g%?gfl?fzﬁgg? Bloif/ US01
d| giti zeP%@f%%Sprﬁs%ﬁ%mgﬁziloﬁ?g P\BJ;&GZ or line 2 of field

"N-2", E LINE Dl contains data fo ine 2 of field "N-1", B LINE D2
contai ns data foftel]§opvessign t@%& c*q.tqm blogky 260, LthRIEh@ialéiﬁﬁ SPRPTHING f or

[i 2 of field "N f d f 5 h
e i R S «f‘ﬂée
BEEETIE T N A e R A
The fil b
RHEE L sféggﬁé%&*gés%te% e

menory bl i t ng TAP
T Y S AR S AN ! e 0

that data %@, ﬂ@nvuuﬁﬁ%@mm@mmn YND| @gasinG28d AEMERO2GT B AMAIFAR e frOm
TAP D (equi valent to 17),; TAP E (eqw valent to 616),” and TAP F (equi val ent
to 615). viteBisamplé “N3at afti@udirCBEldhhEdriR0R iy d Mladfeémbibe santhl€HROVA 15
EVEN FI ELD nenory bl ock 526 contain data fromthe sane filmframe if in

fil m 6de,privr forthepreviosnasemple €DI-27. alrethid fashion, data sartaoatidédded nst ant
data is read for i;3roce55| ng in block 530, for exarrpl e, during video

scal i ng. Sntarldcagblock 204 kenyuisesfielddagi mem(thr@ c@EENTER saplest'’,dat a
available in TAPs D_E and F are as follows: TAP D contains chrom nance
data repr (i and FNH wihieherepresenta datrgfromy threecenpegutive videsnfielda (N i . e
2e); TAP E nta|(£§ chyom nance data representing filmframe 2 in the
interlaced 1de"i‘f1 d¥-4i-el d (i.e. 20); and TAP F contains chrom nance data
representing filmframe 3 in the interlaced video even field (i.e. 3e).
Therefore, the Jheddee desntarldray blatki204f pryvedshiy ks perfGHReAdONIRD vidéd D menory
bl ock 525 and data from TAP D in CHROVA 25 EVEN FI ELD nmenory bl ock 526 in
or der 200 hdate adahewhrinfiguredmBefetiihgtd Figure 3pat step 00 yidesficld ddtdén fr ame.
WO 02/-@3.17 30 PCT/USI I/~ 1929 Exam ning data in TAP D,. TAP E, and TAP F
in the fireteiviedfxbrathethrescogsarutive. ffeldsCCNI\rr‘EﬂHtﬁ’lands”l\i)Z” Fradd ereorsl TAP F
contain data fromthe sane filmframe 3 while TAP D contains data fromfilm
frame 2 tHer éivgrcensesstiyverfields ampcqmputegrand used for@ @i}m@m Bt §EP rrem)ry

b §§E 526, S8 wiebiaihE g %‘Ggﬁﬁlﬁglb&[v% %ﬁ%ﬂghz E%PV‘“ o Aontes b e et o
TAP E 51
mater al et AR PR s esE f Figtta & Rlobo r pe APEFETAS £ and
- TAP F TAP D
cont aizﬁg_“dg#ﬁa‘feaﬁﬁt HEBEESE §Hul Py e a8 i%d‘%ﬂi%m@" %Jﬁﬁ TP F are
anireen 1o aubuts SRFCPLORINSIT milll BRI GHNESRIALD sicbSPT rpuch that
rtten 1n I I’S

TAP D and axe 0 nenory 1n every fie excep and
fourth fiehgige it dAg Wadhk 16 ¥ fifh&ontdd wcned l@l%a@qydeaf ?Hﬁi
WRI TE- CONTROL fTag 610 is asserted at COUNTER val ues o

i ndi cati ng when to read from TAP E and TAP F |nstead of from TAP D and



15 . TAP E. Sel ection block 523 controls which TAP data is witten into
CHROVA ODD_FI ELD nenory bl ock 525 and CHROVA EVEN FI ELD nenory bl ock 526.
The chroWodH¢B4data is selected fromthe input pixel datZCINBOV/ARE in TAP
D, TAP E, and TAP F. The pixel clock Plp§ CLK, the horizontal sync pul se HS,
20 and the vertical sync pulse VS control witing of the individual pixels
for each field. As discussed above, during filmnode, the wite control
flag WRI TE CONTROL asserts at COUNTER val ues of 1 and 4. The data sel ector
523 wites data from TAP E and TAP D into nenory 525 and 526 when wite
control f Fagrkois mymlaat siepBRGfor thefpresenceraf “pixehnotionr. dfigemmptiongnenrs r ue.

I n ot her \é\\,a}r?ds H%lﬁd dai)g from TAP E]i,is al ways witten in nmenpry while TAP
Dis witmeenihedifferance behivess the piyel intensities ofithe puprent pixehin fielsh Nfien
wite contr

I WO 02/93-t7 31 PCT/, /.~1929 flag is true. Selectively
writing tﬁ@gd‘actoér%POHﬁé‘&Eg‘@ a'afg‘gglejﬁ'% d$ gEegter %‘épraelé‘ieﬂSFFrEFn?‘iﬁe vi deo
chr om nange dat ch at gnly.data fromthe,.s . filmfrane is,included
in one nol? F%P%]%I' ?’iﬂaSbgﬁﬁwh@néme‘?%%yilgﬁﬁoeﬂi RROCEssing 15 desfreds 15
throug@ 6%7_indj e.th i_nt o,neNDr ock. 517. Rows

618 and 6 &%\%C'Véifvtﬁaﬂf)aﬁg&%%@a?% ?‘2858\,&%}[% g S’Wét‘b?mé‘/’ﬂﬂh%" OFi gur e

5) bei . i el ' f : il
ow 6181 SEEIEE aron i ples RRGRBRRHERL IR b chlandt i PR sl | <
itt [ ; ] . : fd [ , dat
from TAP B Da Tt Tam e oo PP oA g B g e o el 77

witten i sbRer@bioRUdf RRBAYo.Dl ock 526. When the current field is even, data
fromTAP F is witten into output nenory bl ock 526 and data from TAP E is

triLten e o RibuBRR RS0k 35t TpRre SRR oD prcecsing |«
TAP j bl 17. &h dj

107, 16 bl g oY RSl RS SR R TR o

o O 6 A SR bR oL B R R Voo

of the preggitssivedlY ARM evéls fislRWANI B OSSR Hftg)(%%éﬁtfe E)Sogférséi%gq}ﬁheand

vertical resolutions of the Input frane are divi our regions
each. ThevideostTiapré@ss idmebaasy ilsitiaidie sueR b Aishhping Alefevidisaar ded.

Di scarding the last region in the horizontal plane elimnates the

possi bi | i bigaal oh a ned-interigcdehviteeansiiitb (4.8 scampifer henipd<@l highrpar i sons
whi ch may distort the results. Also, the top and bottomregions in the
vertital pefindicar elaiisionsddd from consi deration to preclude the inclusion
of foreign |Ianguage subtitles in the pixel conparisons. The resulting

Not all video materials originate from a film source, however. Some

video materials may have been captured using an interlaced camera. When
video frames are captured using an interlaced camera, there usually is a time lag
between the instant when the camera frame capturing the odd lines (i.e. odd

20 field) and the subsequent frame capturing the even lines (note that video shot
using progressive camera will not have field motion). If the scene comprises fast
moving objects, or the camera itself is in motion, the delay between odd and
even fields causes a horizontal shift in object representation within the same
frame. When the video signal is projected on an interlaced display device, the

25 motion appears natural since the odd and even fields are displayed sequentially.
However, when odd and even fields are interleaved to produce a single

progressive frame, such as for display on a non-interlaced video monitor or for



WO 02/.193-47 32 PCT/USI|1/-41929 pi xel region used for cal culating the
mat hemati cal difference between the fields is shown in blocks vflc-vf4c and
i's reprede@uyd3ds 180- 540 horizontal. Conparing the pixel PCRtEEH1%22s

bet ween ,subfields vf3c and vflc (i.e. re "N' is vf3c and "N-2" is vflc)
yields a substantially zero value since the 5 two subfields are identical.
In this case, the flag "Field Different” would be set to "0" since subfield
vi3c is mathematically equal to subfield vflc. However, conparing subfield
vf4c and subfield vf2c (i.e. where "N' is vfd4c and "N-2" is vf2c) yields a
non- zer o \siillpickiras dhe Wiffeiencesimt chjent positiondeetyeenihe two figldhireach Hence,
the "Field Different” flag would be set to "1" in acknow edgenent 10 that
subfiel d virameiof the picuenhbeqonperapientinia feom of agaaddlimes, §ttgr oF ni ng di agr am
showi ng the conputation of the field error in accordance wi th an enbodi nent
of the pr e'?@ﬁ?gﬁhﬁ?ﬁti on. Each horizontal line of an NTSC video conprises
858, pixels of display therefore the horizontal sync pulse (HS) occurs
after every 85RRefetitgbatk tdBiguirk8) atastes BO6, Binealgerithmdbr slptectih gixdlse (VS)
of NTSC video occurs after every 262.5 |ines, approximately because the odd
fi el ds Sof mbHohmhey baeatploiyedo Thisemdy iptlaged mathiddeusidg thethmwent al | i nes
foll owed by the even fields on the even horizontal lines. The |ines

r epr esent exbnisgcudiyedfieldsamysedt ‘ANE, tNid " syt “Bi-Yhgemerhtad indplpoks?i0on of t he
mat hematical difference between the fields of interest, such 20 as the
current fitdrgugthd0?.nEor exaraplsy paew videpoyipat maysbe canputed faidiedd elN ous

exanpl es. Pixel djfferences are copputed when HS 24 and VS,24 are asserted.
The si gnal@?@?guwwe?ihﬁﬂ’@ﬁ%% adjgrert lines pt figd ‘Nl AREE hi ¢ he

conmpari son reqgi.on (such.as .reqgions vilc-yf4 iLscussed in reference,.to

i ure 7 oBOR e Ay ingelvER aithe Splutetit pEthetofot L Sther eArPIRET Pty
regi st 2 CC TEMP, reqi stgr. befaore.the occyrrence of the next verti cal
sync p]ﬁseédéﬁéﬂlpggﬂq %%Fué%cgﬁbﬁegev%%%ﬂyﬁ)%{t the conpletion of every page
(i.e. field) of display. WO 02/ ~93~7 PCT/ USU1/-11929 33 Five

accunul ators, fbtstepaitdl thenoigel mationderemozned bebare conversiom of Hee videbd error

for the five consecutive fields of interest discussed above in conjunction
wi th det ectrBRedFignapindginrasiassivavideeabigp Sufi djeqrixeyvaplionanay bal sync

pul se, the data jn. the accunul ators are shifted such, that d JPreyiously
"n 5 ACCH IeROVRA the Gif e ingpixgl m#nﬁtﬁt@t‘fvgemﬁeﬁﬂ No aﬂé@é& RiZais - AlC
2 is nove jlto ACC 2. .Fi;nal dat a

: to 3, dat inAgCr:gﬁlg: m)edjr ly, the
‘n the t erBtsiyan agmedefernyed Epeshald le o The, comiRasen is flope, ot amidek on,
Aot hel® vl PR PR RNE (58 BRLRATIHarRIF A REHEOGrod S EoBIT A 480 T 4

ACC TEMP i g; Hei0G 51% hhdhol ' EH ﬂfeo-ln
o_ne_errbodi ﬁléi?]e?e vvhlg%li%g coélpg%l%el?‘%@%ﬁitm rr%\r?}(?'i gng%g?rorﬁ;\fg{sgleéjo t he
five accunpbigticr Rfthe rgréiri}b%s FRINS Gic ' NE Y1k %b@bt%@r&rasdéﬁ‘éﬁo%ﬁ{péié RQEAL ed,
the field being processed is said to contain the repeat field. ACC 3 is

exam ned afi¢lds witteeverd fieldd and sted gieldsReith bddtftelds. elrdoy é@bodfiant)sHehe
m ni mum of 15 the five accunulators. |If the source material is converted

from fil minatiohde detestethatIs1dclp 808, tHewaluerafthe seletted pineldittfiedd “Nrfds ACC 3
being the m nimum of the five accunul ators woul d then occur every five
fiel ds20 Asrepilaredsdyethesardrage valael af¢thé pixehahfiehdv/aN+i¢ that s@Dedinegrament s a
repeat field anal ogous to the result of a 3-2 pulldown process. The repeat
field nusttheselactaslpipl and the pieli alsemtfickd ERF1's thatois eaiedingibelowdhei deo
correction of the present invention. Qher enbodinents may use any, of the
ot her accusieciedpixelofsgarillppiration Gsswningling %Bgﬁﬁk? i é“%é}ﬁ‘;\}&ém hngt js

B 1S 2 R RS SO iR RO oS PR
Environ nengnglgrcg%rsﬁgndmg pixel in line 1 of field “N-2” yields a value greater than a
25  pre-determined threshold value, then pixel motion is declared. To correct for the
pixel motion, the average of the corresponding pixel in line 0 and line 2 of field

“N-1" is used to replace the pixel at line 1 of field “N”. Using the average of the



An enbodi ment of the invention can be inplenented as conputer software in
the form of conputer readabl e code executed on any conputer processing

pl at f or mwomw2/iss4t he form of software (e.g., bytecode cl asPCiitssspiemat is 5
executable within a runtine environnment5unning on such a processing
platform An exanple of a general conpu%er systemis illustrated in Figure
9. The conputer system described below is for purposes of exanple only. In
Figure 9, keyboard 910 and nouse 911 are coupled to a system bus 918. The
keyboard and nouse are for introducing user input to the conputer system 10
and commurpixelsiingdjarant lines of theyireviousrfoarne sogat@l8smopHungsifection ¢he nput
devices may be used in ‘addition to, or in place of, the nobuse 911 and
keyboard ovideosignabxanpl e, conmputer 900 may be a set top box without a
nouse or even keyboard. /O (input/output) unit 919 coupled to system bus

918 represents Fﬂéﬁﬁsiegye@%h,%%ﬁdgsﬁbw H&ﬁ&étﬁgfw& ﬁ?ét‘ébﬁh%i 868deds/t0) etc.

15 Conputer 900 includes a video nory 914, n nmenory 9 and nass

st orage 9lstep 310 veltisplthe otld asidséveim fdithed b8 Blterleawdd o fuydirante 910, nouse
911 and processor 913. The nass storage 912 may i nclude both fixed and
renovabl e prgiressivuiile. asniingniaced) videbimalerial. Refgndhg backto Figuretpaftge
systens or any other avail able nmass storage technol ogy. Bus 918 may

cont ai n, frrocessimg isscorpletatio ok P04 dhe iderintetthced frange of sidteomaterial 14 or
mai n menory 915. The system bus 918 al so includes, for exanple, a data bus
for transf¥éerddaf MacbZé@mmpaaa@mfmr@dlh@n@mmﬁémg assequired Atstepssor
913, main nenory 915, videqQ nenpry 914 and pass storag%e 912. Alternatively,
mul ti pl exedPBdan AppaepEate videe scalegmay hesergplayeddagcale the dafataa dasisechind

address lines. 25 I n_ one_enbodi nent, of the .inv ntiop, t he processor 913 is
B CPARCTM G B AR T0r For Grmanle, Rccs e Lterians Sengl ingy b 4enE R BoBRsor
manuf gct ur ed -193-7 PCT/ USl) 14~1929 35 by. Intel, such as t 0X86,
o PerdD! b NIt IS FesoTaton B 6 priked o RaRar Bio Ao 1ayS HEReTErghtedicn as
t he 680X0 af, n .her i ., 1] r [..Qr

m croconpu ee&ﬁ%éin%%o%?ﬁft}’c%ﬁelg %@%‘%@‘#ﬁrﬁy té%%l]ﬁtsarﬂé g%%aggﬁ&%? r%@’nam’ C
random access nenory (DRAM . Video nenory 914 is a 5 dual -ported video
random access rbhthecorchesionef thef scalingythessaledrmnograsive sigrnadupheliet o vi deo
anplifier 916. The_ video %nplifier 916 i s %sed to drive the cathode ray
tube ( CRT)recgeyeitechghigitaldoanalogiconvariar blpgk 21 foridisplay orkaRAASi n the art
and may quinglenented by any suitable apparatus. This circuitry converts
pi xel dat a@SH6™ed in video menory 914 to a raster signal suitable for use
10 by nonitor 917. Monitor 917 is a type of nonitor suitable for displaying

gr aphil® i mages. Alternatively, the video nenory could be used to drive a
flat panel or liguid crystal display (LCD), or any other suitable data

pr esent atigg%eqm%ongpmquégg may al so include a comunication
interface coup 0 DUS . Communi cation interface 920 provi des a

two-way data copmuni cation, 15 coupling via a network link 921 tg a | ocal
network 922. FoFigakafps an illysteasiom ofithacraeent of ssingdévecensesutive 8ﬁldédpat ed

services digital ne rk (1S card or, a em ..conmuni cati on interface
30" br ovi diSlelipg FNEIRRHACArH BRI o0 (iR SEUeA s OHIPEQ aPpe.of

t el ephone || .Whi c Qnpri ses r.t of-netywork J.ink 921. Lf co { cation
it f ace RO BR TR i Paior” THRHEBNSiphre £8mnian T

i nterface ' . t.a. j ' ' [ r Lhk 921
to o domatranEh IR EE BufiTgur RARI-aT 58558 byl B EIIEY S b e
nodem or w . St ed ﬁf{@ﬁl i I [ on

i nt erfacevggtg&glzt%dgﬂgﬁé{eﬁggérll%/ég?ﬁg?éect ri %appae emﬁ%‘gg’ﬁgﬁ}?ﬂﬁé op I?’cal

si gnal s WhiR8a8@6d YoWs Giré:2Vidad Fictd Ne@iber @DEP R TRy 8{d Bldgo HeREStP! 25
dinformation. Network link 921 typically provides data“comuni-cation through
one or norgidrettheilksstiQio that felidves; dEveld ErorComexdatitre’ (402} wostow | nk 921
may WO 02/-193-47 36 PCT/U SO 1 /.~ 192'| provide a connection through

.1 ocal net wahicloeizlepdidlds ate wsed\viarthe compdati@?8f tire field datar; €Hiel dErvot
operated by an Internet Service Provider (I1SP) 924. ISP 924 in turn

provi @s d¥aluelddddiriochiomothesesultfeamithe sogtputadonwhete helengteitdet dat a
communi cati gn network now corrunonly referred to as the "Internet” 925.
Local 5 ne@memt@ttroahﬂlmﬁp@meean@ﬁéep@@th (44® telindicatetgpeatfields (eragnet i ¢
or optical signals which carry digital data streans. The signals_through
the vari ou‘ﬁw&% OBWK S aﬁadEﬁEeSsrﬁaﬁ%fseléh Adeneatidiald preurs whergventBigkh
communi cation interface 920, which carry the digital data to and from
conput er 900, are exenplary fornms of carrier waves transporting the
information. 10 Conputer 900 can send nessages and receive data, including
program code, through the network(s), network [ink 921, and conmuni cati on

- NN N o, - e ~NrNSs



i nvention is defined by the clains and their full scope of equivalents. w
O 112/-4937 37 CLAI M5 PCT/USUL1/ ~1929 1. A method for elimnatiiZg notion
artifact WO PUM3WT deo signals conprising: 5 receiviilg a fPEFUSOI/E®I si gnal ,
said first video signal conprising one @ nore video frames arranged in
sequence, each of said one or nore video frames having a first field and a
second field; determning if said first video signal originates froma film
source by exam ning successive video fields of said first video signal to

| ocate a repeat field 10 caused by a 3-2 pul | down conversion; generating a
second vi distorsYguel’ 404is reyodnithis ddusttativon ebhis aeincidertedyidisovhgrerbere issi ng
said first field and said second field of said first video signal such that
when sai d Flpralimiymsndetwaen fivacansesutivg frasngsorssiming adldhg deHasate vi deo

signal are copbined to forma, franme of vi deo display, said frame of said
15 vi deo AOSBIRY Hﬁ%arf%@’éarﬁpl@‘el"&@&t splusgivaluesmidield eriors psmseck sai d

‘first video signal originates fromsaid filmsource. 2. The nethod of claim
1 wherein sai d Goraputitivh stiteeFieldErvorted0?) ivddvdssonee atathematigdat fiel d

conprises: 20 selecting a field of said first video signal to process;
gener abi nglifferdnde betweeri the @acéntdield iand thediekd prive 16 thed previowsefididn Foai d
five successive fields conprise said selected field and four previous
fiel ds thexesnfplerto apmapateithg esrardpeided fielddvidirequirds thd eynpadrisorepfithief sai d
field error ina third field of said five successive fields is a |ocal ",;
n; num anorRixedntensities betiween vides fiedd mifdpnd videojeld v}/ ayberrogin wideou So1
/-11929 3. The thqod of claim2 wherein sajd declaying a repeat_ field
conpri _ses:fleﬁf"é‘gfeﬁ%re&_ tLéﬁ@ﬁWaFﬁsﬁn@, thgpixe H\‘t@i‘ﬁﬁlﬁ@ag%‘%fnr‘@ ER 1e}c{ féf‘]d
occurring a%\clie\;i)c/lez) Ifi\é?d ]:zlffla%sd stohc?r{.eéfnte?rrléthgd to generate the mathematical
10  difference may simply use absolute value of the sum of the differences in
intensity of the pixels in a selected area, for example, as shown in Figure 7.
Another method may involve using the sum of the absolute value of the
differences in intensity of the pixels in a selected area such as that shown in
Figure 7. Other embodiments may even be as complicated as using least square
15 methods. The present invention contemplates the use of any mathematical
scheme that can derive the differences between the current field and the field

prior to the previous field.

The “Field Error Value” (404) row shows the resulting pixel field errors
assuming perfect conditions and no computational or noise errors. As shown,
20  column vf3 error shows a zero value. This is because video field vf3 and video
field vfl originated from the same film frame f1 (i.e. 1o and 1o0) therefore the
difference in pixel intensity should yield zero. Since the video material
originated from film source, the pattern repeats itself every five fields. Thus, a
repeat field (illustrated as a “Y” in row 406) occurs every five video fields if the
25  interlaced video material originated from a 3-2 pulldown of film material. For
example, the “Field Error Value” is zero in video field vf8 and video field vf13,

and so on. This is all assuming that the area used in generating the differences is



4. The nmethod of claim2 wherein said generating field error conprises:

sel ecting a subset of pixels in a. field such that said subset excludes

pi xel s havo py+9%Sdbtitl es; 10 obtaining the absol ute val ue BCT{USE/492 of t he
difference in pixel intensity between ggid subset in a current field and
said subset in a field prior to the previous field. 5. The nethod of claim
2 wherein said generating field error 15 conprises: selecting a subset of
pixels in a field such that said subset excludes pixels having subtitles;
obt ai ning the sum of the absolute value of the difference in pixel

i nt ensi t yabdiomwe in Sigude Zvbislethe suktitteancas exdliided anddhaizallicondisionsare a fi el d
prior to the 20 previous field. WO 02/.193. 47 39 PCT/USQO1l/ ~1929 6. The
‘et hod of perfegtii.a. exgading noise angeotbenirregplarities)second vi deo si gnal
conprises: generating a first tenporary video signal having fields
correspondi ng Howdvetda RtudahiplbhientatiotigRe Gréndlay fotdRNgédédtigzaesecond
‘tenporary video signal having fields correspondislg to fields of said first
vi deo si gdaé tolareptdaritivs such 49 signal 1gsise eatars th mddiiai@g-t@m@gﬂtar y video
signal having fields corresponding to fields of said first video signal

del ayéd byortwarsibneirosessgaeteriaration in theuvitleo materiel moddinmeroud othleds of sai d
first video signal wth 10 values starting fromzero at detection of said
repeat fipbengalisomceenbemirngtiche leanear horeembodimantshtite eaprlisr epeat
field is count zero, a next field after said repeat field is count one, a
neat fi el eomapaegd oo predetenmised zezo datesholdumlue. dbeselectadizerpitbresheldl count
two is count three, and a next field after said count three js count four;

15 gener a¥#4§ shenld beadeqrale e seliably redyde 8pisg wehileidetesBng themraahry vi deo
[ I idthjrd,t | d [ | ..wh id, val f id
Count er - aPeBspysed b3 T g bo hGeRAQET S A G OBREBRN (IR gnal by

i id firsh t i d ' .. id t id
L o B BRSPS Ao AR g BRGRASY LEROTRRY, v o2
¢ el ai ’ o e . . . ¢ hat
O S0 ™ SHBIE i Wl SEEOBPH DD SILI0RY e ALLARIALSHED L 1o
first fielkgs %§§{o@df\rhftﬁt vi deo signal, and said second conponent of 25

sai d second video signal conprises data fromsaid second field of said

first video signal.
?n another embodiment, the local minimum in five consecutive fields is

identified as the repeat field and a confirmation is made that the local minimum
15  repeats every five fields thereafter. Using the local minimum eliminates the trial

and error that may be necessary to determine a suitable zero threshold value for

repeat field detection in the presence of noise and other uncertainties. Local

minimum is especially more attractive because it is reasonable to assume that

noise and other uncertainties would be evenly distributed throughout the video
20  material. Therefore, film mode is maintained so long as the local minimum

occurs every five fields thereafter.

Video Conversion

Figure 5 is a block diagram illustrating the apparatus of the video
25 conversion process according to an embodiment of the present invention. Block
500 is a digitizer block having the pixel clock (PIX_CLK) as input and an analog

video input. The analog video input may be of any of the color model formats



WO 02/-193-47 40 PCT/US01/~1929 8. The method of claim 1l wherein said
exam ni ng successive video fields to |ocate a repeat field conprises:

sel ecti nyv@ot/kshd of said first video signal to process; @emarsatimwgyfield
error for each of five successive fiel %‘(\’) wherein said five 5 successive
fields conprise said selected field and four previous fields thereafter;
declaring a repeat field at said selected field if said field error in a
third field of said five successive fields is |less than a predeterm ned

threshold. 9. The nethod of claim1 further conprising: 10 determning if
pi xel not pach as CoViskeonb-Vides oYU Vi far axameples ieaigitizen biagkdnay irglude deo

signal did not originate fromsaid film source, wherein said pixel notion
s det er nRhadalegterdigital {AddP)soreertenbleck 602 ande decader b tiohg sai d
second video sjgnal fromsaid first. video, signal by )l.aci ng sai ¢ sel ected
pi xel wit sqoige, agen&?ors@n&m[’aide@m 9f aboVadegor éiﬁﬂﬁeml%sra? det |y

ST R B B R SER L o
pi xel ti.on. LS RLERENE: 5 Ee ey | cc?r];ve E: (U L& Pors Al erm ni ng
I f pixel e8RS PESEHT oﬁkberl STTCOo P H5EE K YT erehee bet ween
el s i : > o i Cal o f : . d
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claim 11 fysttdiBits sOpHREESH t@ﬁ:luﬁgéﬂéeggﬂldlﬁaﬂ%@ tﬁ@?érhﬂﬁmiﬁ%%i@rﬂé F&eht ve

video data to generate a desired video data. 13. The nmethod of claim 12
further cehpehsimiiante (@aditEohl). The ehinhdigelalse ke eﬂ?weu&aeﬂﬁt}a ey
out put on anal og devices. 14. A conputer program product conprising: a
conpuiiéer rchealaiianceebita ardwepresgntsohgsY eNEW agdddVe bW erdspditadly, in

output of block 500.

In block 510, the luminance Y_NEW and chrominance UV_NEW are
processed to generate the corrected odd and even fields for each frame of the
video data that are subsequently stored in memory block 517. Data in block 517

15  isavailable at the vertical sync pulse of the incoming video signal (i.e. 60 Hertz
for an NTSC video) therefore writing into memory blocks 515, 516, 525, 526
occur in the same cycle such that during generation of the progressive video
image, consistent data (i.e. data from common film frame) is used. Thus, during
generation of the non-interlaced or progressive video material, luminance and

20 chrominance data may be read from memory block 517 at a desired clock rate.

In one embodiment, inputs to block 510 are outputs of the digitizer block
500 and include the 8-bit luminance Y_NEW, the 8-bit chrominance UV_NEW,
the vertical sync pulse VS, the horizontal sync pulse HS, the pixel clock PIX_CLK,
and an Odd/Even field signal ODD/EVEN_FIELD. The Odd/Even field signal
25 may be used to signify that, when true, the odd field of the interlaced video
material is available at the outputs Y_NEW and UV_NEW, for example.



10 therein for elimnating notion artifacts fromvideo signals, said
conput er readabl e nmedi um conpri sing conputer program code configured to
cause a ovopresu7to: determne if said first video signal PETIH0I/HHREs from
a filmsource by exam ning successive yijdeo fields of said first video
signal to locate a repeat field 15 caused by a 3-2 pull down conversi on;
generate a second video signal having a first conponent and a second
conponent using said first field and said second field of said first video
signal such that when said first conponent and said second conponent of

sai d second vi Heblosk §38 thaprocensed heaninanceans chrpminaned datafrerao di spl ay,
said frane of said 20 video display conprises pixel data fron1% comon film
franme if Bwnonyikleck 514 are %andausmgiagiy[%sergdﬂﬁéﬁ@ sealing profesobRiere WO
02/ -493-L7 PCT/ US01/ ~1929 42 15. The conpufer program prodyct .o |l aim 14
wher ei n sBeigeservered o 4he PEQRELBIETERSE S Yideg oy o} frakal I&Lﬁeﬁz}éé%ffi el d
-conpri ses conputer program code configured to cause a conputer to: select a
field of said first video signal to process; 5 generate field error for
each of five successive fields, wherein said five successive fields

conprigse i jeld and four previous fields thereafter; declare a
repeatgfieﬁt}‘l—aﬁsarg—seﬁhgi iinaSled: ted field if said field error in athird field of
said five successive fields is a |ocal mninmm am)n:c‘;ﬂ said five successive
fields. 10 16. Theidesnivminange dgtadmpypesssed iroblock &l Fn wbidheemaprisesapy
conput er program code configqured to cause, a congut er%ttyg decl are a repeat
field conpatasmemasiileds 5kh sdmamodegenettinglosk 51d and dataselesipublogk o:
detect a e field, a onfirmsajd repeat, field occuyri every five
fTerse fnirReiesoryistogh By fanber Rtaia stomea ot HEpMANCE oty O U8 whor of n
sai d generati.ng f.i r, conprises C er. Program c onfigured to
cause a cBFFp‘GPg? Bf"ﬁ’ @@gt(egu%%tt og*e?m I0£ P?glur% ?jf %ﬁl%ggcﬁ%%é]{oﬁat sai d
subset, ex e [ 0] ' [ - i b 3 e of
S04 X L5 PSE] BcRPNUING R e R ol R BPP R A e
current !ield'Nenes Bihfle 2REE exdinld bPlife REHQ thO1766™ BeHiPHiterval bl VIO

an NTSC vertical cycle, data from storage FIELD 1 which is available at TAP B is

pushed into FIELD 2 to make it available at TAP A, and data originally at TAP C

is pushed into FIELD 1 to make it available at TAP B. Meanwhile, the new field

15 data Y_NEW from digitizer block 500 is available at TAP C. Thus, TAP A, TAP B,
and TAP C contain data from three consecutive fields of video luminance data

(e.g. field N, field N-1, field N-2).

In one embodiment, data processing is performed one horizontal line at a
time. Since one complete line of data is available between two horizontal sync
20  (HS) pulses, one line of video luminance data is stored in an intermediate buffer
for processing at occurrence of each horizontal sync pulse. For example,
assuming that the current horizontal sync pulse is “M” (corresponding to line
“M"), the previous horizontal sync pulse is “M-1" (corresponding to line “M-1")
and the horizontal sync pulse prior to “M-1" is “M-2" (corresponding to line “M-
25  2”), then line buffer A_LINE_D1 contains data for one complete line of pixels
from TAP A (i.e. field N-2) at horizontal sync 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



43 PCT/ USOL/ ~1929 18. The conputer program product of claim 15 wherein said
generating field error conprises conputer program code configured to cause
a conput avobz#93sel ect a subset of pixels in a field such tPRIIUSHR 2 ubset
excl udes pixels 5 having subtitles; obthain the sumof the absolute val ue of
the difference in pixel intensity between said subset in a current field
and said subset iil1l a field prior to the previous field. 10 19. The
conmput er program product of claim 14 wherein said conputer program code
configured to cause a conputer to generate said second vi deo signal

conpr i seshorizpota¢ sype pglsarfidddeandbhine huffer G LINELEY condainp datsr foronegener at e
a first tenporary video signal having fields caorresponding to fields of

.sai d firstomplete liiegpigiixels frage TAPHE 41.e finkd Hattharizonsalyynr padsesiMdal havi ng
fields corresponding to fields of said first video sjgnal del ayed by one
field; geRwtafiom lingibudfer BrbdNE 1 butferadyinge llnaxhuiffrfﬁ_MHE_Pﬁfheé%rﬁondi ng

- field f idfi i.d i d f.ields: ,

Lount or o BPInEHTHR Bih et Dt B LINE DRGNS Aaf foF Ehe HBe 8h ues
tarti ] t det i f idr t field d in i
ipgieregsgieﬁw%gl;z"oéﬁi?fyéaenﬁeﬁ i uﬁé%'sa{ﬂlﬁﬁtia%aafg?%sfaﬁﬁe tﬂriief %‘tgf el d
o er oo SigBRaRhIEkapf P ATERR ARk Rhafld B g Age00nt on
field aft e HEdR! %Eai}19&gra[f8§nﬁ8§f8ff{e9&ffN-?§ HEIRE &ﬁgﬂ?ﬁggg rVi deo

signal by osing—said secon nporary video si'gnal and sal tenporary
video sig Nl v ' I BRL “INdTHE! ee;
WO 02/ - ('\)925:?l %?V%/l %gw/‘l _rﬁ*&ﬁ@—%@%ﬂﬁ%ﬁgﬁiﬁﬁﬁgﬁcﬁﬁgﬂ%ﬁ sriqgn:'ﬂlg_by usi ng
said fir Stfivteﬁgggfsgﬁgﬁé r&]gﬁ‘*@d $biovidleo MighiSH d rOeitthd RIBMLARICHrdRSCIS gnal

when said va sarrd counter are one and four.” 5 20. The conputer

program preguteveiinel ditarisld aifapleaithéd fiha buffedd bitifesudrenicelepesdrgnal i s
arranged such that said first conponent of said second video signal

conpr i ses heizantal ayns piudsel HE s The liek benig pricdsdadristblockidt) sithadineg aand sai d
second conponent of said second video signal conprises data from said
second fi dlodizonhtal siydc pudset“Mildeo signal. 10 21. The conputer program
product of claim 14 wherein said exam ning successive video fields to

locate a repeatph téntaIRE £ SINFR YR buffer C_LINE_D1 are passed as inputs

to the film mode-generating block 512. Buffer data C_LINE_D1 represents data

15  from the current field being processed, and data in buffer A_LINE_D1 represents
data from the field prior to the previous field. The field error is computed using
data from C_LINE_D1 and A_LINE_D1 by calculating the sum of the absolute
value of the difference in intensity (i.e. luminance) of the pixels in buffers
A_LINE_D1 and C_LINE_D1 in the range discussed in Figure 7 for all the lines in

20 the video fields being compared. Other embodiments of the present invention
may employ different mathematical methods for calculating the field error using

data available in buffers C_LINE_D1 and A_LINE_D1.

Since data from one complete video field occurs between two vertical
sync (VS) pulses, VS is passed as input to the film mode-generating block 512 to
25  signal start of processing for a new field. In one embodiment, the block
PIX_DIFF in film mode generating block 512 generates the pixel difference at the
occurrence of every pixel clock PIX_CLK and the accumulator ADD UP



program code configured to cause a conputer to: select a field of said
first video signal to process; 15 generate field error for each of five
successi weOoD/¢3ds, wherein said five successive fields corpmitset/sued
selected field and four previous fieldsathereafter; declare a repeat field
at said selected field if said field error in a third field of said five
successive fields is less than a predeterm ned threshold. 20 22. The
conmput er program product of claim 14 further conprising conputer program
code configured to cause a conputer to: detennine if pixel notion is
present i acasapdatasithe pixal esrars.gAditheaequrzericg of the vexticabsyrg pulae Vi, thenot
originate fromsaid filin source, wherein said pixel notion is determ ned
for a sel Beldeyrey accnmuatos APPddP s prehedinte aglifferent saemorklosationi deo
signal fr said first_video_signal by replacin i d selected pixe] with
an aver aggﬁwewrampélg@re @ps 3&?@5 AR fle awngulatw?DﬁﬁJ%dﬁ |clﬁa5%cf el 929

-sel ected pixel.ip a previous field to salLd selec field if said first

T deo o gha e BuRURSs B el Sxphlan frest Beld ke eieaBikel 1ot on
I's, present. WO 02/-4937 45 PCTIUSO /-L1929 23. The conputer program
produci of cl aFigu2@ 6uihan éilustsstich ofetherproedssing that pectas duringpfilon snqateesent
conprises: conparing the difference between pixels in said selected field
wi t h pi xeflsg gehemtioa dndedpernatioorintthe §iinompde wcenrding & an epabodiment ofput er
program product of claim 14 further conprising conputer program code

conf i gur ethe preseridaventiionp ihe datapshawnin Higurgbds tsed to abmsti&@the and said

Vi doo. dat BroGESses PREIGUHR 0y Lghem Seliesmocahl briee AEM Shows kBl ompr | 1 no
o7 0br ecsi DB 4BY Gard o B fee ESRiBa e R Uy Brosees e
coce. 1ons Rt POA RS YTOES g e b el e B iR blin BB P
video datg.lop, fflléltpé‘étfle%'ti&pﬁgﬁ% adf-‘iipclﬁﬁio“?rq) proc\égs.og&g&aﬁple, video field

le represents film frame 1 in an even video field, and video field 1o represents

film frame 1 in an odd video field.

Rows ACC 1 to ACC 5 are accumulators used to temporarily store field
15  errors for five consecutive fields. The characters in the blocks represent the
video identities used in generation of the field error. In a perfect world, the field
error is “zero” when the field contents are identical within the same block, thus
indicating a repeat field. However, because of noise, degradation in the video
material, and other irregularities, field error would most likely not be zero in
20 actual implementation. Thus, “zero” is used in this specification for purposes of

illustration only.

Accumulator ACC 2 contains the same data as ACC 1 shifted by one field
(i.e. delayed by one sample frame), ACC3 contains data in ACC2 shifted by one
field, and so on through ACC 5. This is because the data in the accumulators are
25  shifted right in the sequence ACC1 => ACC2 => ACC3 => ACC4 => ACC5.
Data in these five accumulators are used to generate the film mode flag. In one

embodiment, a repeat field is declared when the field error in ACC 3 is “zero”
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claim 28 wherein said generating field error .

In one embodiment, assertion of repeat field (i.e. COUNTER 610 equals

15 zero) occurs when the data used in computing field error contained in ACC 3
(606) originated from the same film frame. For example, starting with the
column corresponding to where ACC 3 (606) contains both 1o and 1o,

~ COUNTER 610 has an assertion of “0” because, the two interlaced video fields
(i.e. field N and field N-2) used in computation of the field error originated from

20  film frame 1, therefore, the field error theoretically computes to “zero” (i.e. 1o-
lo=zero). Note that the video field (603) being processed during that cycle is an
even field containing film frame 3 (i.e. the first occurrence of 3e in row 603). In
this specification, a field error of “zero” contemplates conditions in a perfect
world and is used for purposes of illustration only. However, as used in the rest

25  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 value.
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Assuming that data to be written into memory blocks 515 and 516 are
15  available from TAP A (617), TAP B (616), and TAP C (615). The desire is that
LUMA ODD_FIELD memory block 515 and LUMA EVEN_FIELD memory block
516 contain data from the same film frame, if in film mode, or from the same
video frame, if in video mode, at the instant data is read for processing in block
530, for example, during video scaling. Starting from the column “origin” (i.e.
20 COUNTER = 0), the data available in TAPs A, B, and C are as follows: TAP A
(617) contains data representing film frame 2 in the interlaced video even field
(ie. 2e); TAP B (616) contains data representing film frame 2 in the interlaced
video odd field (i.e. 20); and TAP C (615) contains data representing film frame 3
in the interlaced video even field (i.e. 3e). Therefore, the desire is to have data
25 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.
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and fourth fields where TAP B and TAP C are written instead. Thus the WRITE-

CONTROL flag 610 is asserted at COUNTER 610 values of 1 and 4 indicating
when to read from TAP B and TAP C instead of from TAP A and TAP B.

15 Selection block 513 controls which TAP data is written into LUMA
ODD_FIELD memory block 515 and LUMA EVEN_FIELD memory block 516.
The luminance data is selected from the input pixel data available in TAP A, TAP
B, and TAP C. The pixel clock PIX_CLK, the horizontal sync pulse HS, and the

vertical sync pulse VS controls writing of the individual pixels for each field.

20 As discussed above, during film mode, the write control flag WRITE-
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 from TAP B is always written in output

25 memory while TAP A is written when write control flag is false and TAP C is

written when write control flag is true. Selectively writing the data in this



correcting said interlaced video signal such that when said odd field and
said even field are combined to generate a frame of a progressive video 20
mat eri al wear/3h#Tane of said progressive material contai n®Cgrusel/4ata from
a common filmframe if said hlterlaced 94 deo signal originates from said
filmsource.
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Chrominance Processing

5 The chrominance data is processed in block 521, which comprises raw
data memory block 524, and data selector block 523. Memory block 524 further
contains storage for chrominance data from the previous field, FIELD 7
(equivalent to field N-1 of Figure 2), md storage for chrominance data from the
field prior to the previous field, FIELD 8 (equivalent to field N-2 of Figure 2). For

10  example, at the start of the 1/60™ second interval of an NTSC vertical cycle, daté
from storage FIELD 7 that is available at TAP E is pushed into FIELD 8 to make it
available at TAP D, and data originally at TAP F is pushed into FIELD 7 to make
it available at TAP E. Meanwhile, the new field data UV_NEW from digitizer
block 500 is available at TAP F. Thus, TAP D, TAPE, and TAP F contain data

15  from three consecutive fields of video chrominance data (e.g. field N, field N-1,

field N-2).

In one embodiment, data processing is performed one horizontal line at a

time. Since one complete line of data is available between two horizontal sync
(HS) pulses, one line of video chrominance data is stored in an intermediate

20  buffer for processing at occurrence of each horizontal sync pulse. For example,
line buffer D_LINE_D1 contains data for one complete line of pixels from TAP D
(i.e. field N-2) at horizontal sync pulse “M-1", line buffer E_LINE_D1 contains
data for one complete line of pixels from TAP E (i.e. field N-1) at horizontal sync
pulse “M-1”, and line buffer F_LINE_DI1 contains data for one complete line of

25 pixels from TAPF (i.e. field N) at horizontal sync pulse “M-1". Data from buffer
E_LINE_D1 is buffered into line buffer E_LINE_D2 before being overwritten

with new data. Thus, E_LINE_D?2 contains data for the line at horizontal sync
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' F_LINE_Dl contains data for line 2 of field “N”. The five inputs are required for
5 video chrominance processing in data selector block 523. New line data is
available at the line buffers at the occurrence of every horizontal sync pulse HS.

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

The film mode flag is generated using the luminance data as discussed
above and the WRITE-CONTROL flag 620 controls writing of chrominance data
10  into memory blocks 525 and 526. Using Figure 6 as illustration but renaming
TAP A, TAP B,and TAP C, to TAP D, TAPE, and TAP F, respectively. Assuming
that data to be written into memory blocks 525 and 526 are available from TAP
D (equivalent to 617), TAP E (equivalent to 616), and TAP F (equivalent to 615).
The desire is that CHROMA ODD_FIELD memory block 525 and CHROMA
15 EVEN_FIELD memory block 526 contain data from the same film frame if in film
| mode, or from the same video frame if in video mode at the instant data is read
for processing in block 530, for example, during video scaling. Starting from the
column “origin” (i.e. COUNTER = 0), the data available in TAPs D, E, and F are
as follows: TAP D contains chrominance data representing film frame 2 in the
20 interlaced video even field (i.e. 2e); TAP E contains chrominance data
representing film frame 2 in the interlaced video odd field (i.e. 20); and TAP F
contains chrominance data representing film frame 3 in the interlaced video even
| field (i.e. 3e). Therefore, the desire is to have data from TAP E in CHROMA
ODD_FIELD memory block 525 and data from TAP D in CHROMA
25 EVEN_FIELD memory block 526 in order to have data from a common film

frame in the progressive video frame.
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5  is written into CHROMA EVEN_FIELD memory block 526. Proceeding along to
the second and third fields, data in TAP D and TAP E are written into memory
block 517 because these taps contain material from the same film frame.
However, in the fourth field, TAP E and TAP F contain data from the same film
frame (40 and 4e) while TAP D contains data from film frame 3, therefore data in
10  TAPE and TAP F are written into output memory block 517. This pattern
repeats itself such that TAP D and E are written into memory in every field
except the first and fourth fields where TAP E and TAP F are written instead.
Thus the WRITE-CONTROL flag 610 is asserted at COUNTER 610 values of 1 and
4 indicating when to read from TAP E and TAP F instead of from TAP D and
15. TAPE.

Selecﬁon block 523 controls which TAP data is written into CHROMA
ODD_FIELD memory block 525 and CHROMA EVEN_FIELD memory block
526. The chrominance data is selected from the input pixel data available in TAP
D, TAP E, and TAP F. The pixel clock PIX_CLK, the horizontal sync pulse HS,
20  and the vertical sync pulse VS control writing of the individual pixels fof each
field.

As discussed above, during film mode, the write control flag WRITE-
CONTROL asserts at COUNTER values of 1 and 4. The data selector 523 writes
data from TAP E and TAP D into memory 525 and 526 when write control flag
25  WRITE-CONTROL is false and from TAP E and TAP F when true. In other
words, field data from TAP E is always written in memory while TAP D is

written when write control flag is false and TAP F is written when write control
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The highlighted columns in rows 615 through 617 indicate the fields being
5 written into memory block 517. Rows 618 and 619 show the taps (i.e.
corresponding to TAPs D, E, or F of Figure 5) being selected for the odd and
even fields of the video frame. Data 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.

10 When current field is odd, data from TAP F is written into output
memory block 525 and data from TAP E is written into output memory block
526. When the current field is even, data from TAP F is written into output
memory block 526 and data from TAP E is written into output memory block
525. In one embodiment, when processing is in video mode and there is no pixel

15 motion detected, data from TAP F and TAP E are written to memory block 517.

Other embodiments may use any combination of the TAPs D, E, and F.

Pixel Area for Computation of Field Error

Figure 7 is an illustration of the selection of the field area used for
20 determination of field differences in accordance with an embodiment of the
present invention. As shown in blocks vfl-vf5, the horizontal and vertical
resolutions of the input frame 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 possibilities of including Chinese subtitles in
25  the pixel comparisons which may distort the results. Also, the top and bottom
regions in the vertical plane are discarded from consideration to preclude the

inclusion of foreign language subtitles in the pixel comparisons. The resulting
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where “N” is vf3c and “N-2” is vflc) yields a substantially zero value since the

5  two subfields are identical. In this case, the flag “Field_Different” would be set to

“0” since subfield vf3c is mathematically equal to subfield vflc. However,

comparing subfield vf4c and subfield vf2c (i.e. where “N” is vf4c and “N-2" is

vf2c) yields a non-zero value since this is tantamount to comparing “K” with

“A”. Hence, the “Field_Different” flag would be set to “1” in acknowledgement

10 that subfield vf4c is different from subfield vf2c.

Figure 8 is a timing diagram showing the computation of the field error in
accordance with an embodiment of the present invention. Each horizontal line
of an NTSC video comprises 858 pixels of display therefore the horizontal sync
pulse (HS) occurs after every 858 counts of the pixel clock. The vertical sync

15 . pulse (VS) of NTSC video occurs after every 262.5 lines, approximately because
the odd fields of the interlaced video are displayed on the odd horizontal lines

followed by the even fields on the even horizontal lines.

The lines represented by HS_24 and VS_24 are the sync signals for
computation of the mathematical difference between the fields of interest, such
20  as the current field and the field prior to the previous field in the previous
examples. Pixel differences are computed when HS_24 and VS_24 are asserted.
The signals HS_24 and VS_24 will assert when the pixel count is within the
comparison region (such as regions vflc-vf4c) discussed in reference to Figure 7
above. The full pixel difference is accumulated in a temporary register
25 ACC_TEMP register before the occurrence of the next vertical sync pulse. Each

vertical sync pulse occurs at the completion of every page (i.e. field) of display.
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Five accumulators, for example ACC_1 to ACC_5, are used to store the
field error for the five consecutive fields of interest discussed above in
conjunction with detection of 3-2 pulldown. At the beginning of every vertical
sync pulse, the data in the accumulators are shifted such that data previously in
5 ACC_4is moved to ACC_5, data in ACC_3 is moved to ACC_4, data in ACC_2
is moved to ACC_3, data in ACC_1 is moved into ACC_2. Finally, the data in
the temporary register ACC_TEMP is stored into ACC_1. In 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

10  being shifted into a stack that is five registers deep.

In one embodiment, when ACC_3 contains the minimum field error
value of the five accumulators after five consecutive field errors have been
generated, the field being processed is said to contain the fepeat field. ACC_3is
examined after every field to determine if its field error remains the minimum of

15  the five accumulators. If the source material is converted from film to video
using 3-2 pull-down process, the condition that ACC_3 being the minimum of
the five accumulators would then occur every five fields. As discussed earlier, a

‘local minimum value in ACC_3 represents a repeat field analogous to the result

of a 3-2 pulldown process. The repeat field must occur every five fields

20 thereafter to maintain the video correction of the present invention. Other
embodiments may use any of the other accumulators for determination of the
repeat field; however, it is preferable to have two accumulators on each side of

the minimum value.
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Embodiment of Computer Execution Environment (Hardware)

An embodiment of the invention can be implemented as computer
software in the form of computer readable code executed on any computer
proceésing platform, or in the form of software (e.g., bytecode class files) that is

5 executable within a runtime environment running on such a processing
platform. An example of a general computer system is illustrated in Figure 9.

The computer system described below is for purposes of example only.

In Figure 9, keyboard 910 and mouse 911 are coupled to a system bus 918.
The keyboard and mouse are for introducing user input to the computer system
10  and communicating that user input to processor 913. Other suitable input
devices may be used in addition to, or in place of, the mouse 911 and keyboard
910. For example, computer 900 may be a set top box without a mouse or even
keyboard. 1/0 (input/output) unit 919 coupled to system bus 918 represents
such I/O elements as a printer, A/V (audio/video) I/0, etc.

15 Computer 900 includes a video memory 914, main memory 915 and mass
storage 912, all coupled to system bus 918 along with keyboard 910, mouse 911
and processor 913. The mass storage 912 may include both fixed and removable
media, such as magnetic, optical or magnetic optical storage systems or any
other available mass storage technology. Bus 918 may contain, for example,

20  address lines for addressing video memory 914 or main memory 915. The
system bus 918 also includes, for example, a data bus for transferring data
between and among the components, such as processor 913, main memory 915,
video memory 914 and mass storage 912. Alternatively, multiplexed

data/address lines may be used instead of separate data and address lines.

25 In one embodiment of the invention, the processor 913 is a SPARC™

microprocessor from Sun Microsystems, Inc. or a microprocessor manufactured
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5  dual-ported video random access memory. One 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 917. Video amplifier 916 is well known in
the art and may be implemented by any suitable apparatus. This circuitry
converts pixel data stored in video memory 914 to a raster signal suitable for use
10 by monitor 917. Monitor 917 is a type of monitor suitable 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 900 may also include a communication interface 920 coupled to
bus 918. Communication interface 920 provides a two-way data communication
15  coupling via a network link 921 to a local network 922. For example, if
communication interface 920 is an integrated services digital network (ISDN)
card or a modem, communication interface 920 provides a déta communication
connection to the corresponding type of telephone line, which comprises part of
network link 921. If communication interface 920 is a local area network (LAN)
20 card, communication interface 920 provides a data communication connection
via network link 921 to a compatible LAN. Communication interface 920 could
also be a cable modem or wireless interface. In any such implementation,
communication interface 920 sends and receives electrical, electromagnetic or
optical signals which carry digital data streams representing various fypes of

25 information.

Network link 921 typically provides data communication through one or

more networks to other data devices. For example, network link 921 may
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communication network now commonly referred to as the "Internet" 925. Local
5 network 922 and Internet 925 both use electrical, electromagnetic or optical
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

exemplary forms of carrier waves transporting the information.

10 Computer 900 can send messages and receive data, including program
code, through the network(s), network link 921, and communication interface
920. In the Internet 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.

15 The received code may be executed by processor 913 as it is received,
and/or stored in mass storage 912, or other non-volatile storage for later
execution. In this manner, computer 900 may obtain application code in the
form of a carrier wave. Application code may be embodied in any form of
computer program product. A computer program product comprises a medium

20 configured to store or transport computer readable code or data, or in which
computer readable code or data may be embedded. Some examples of
computer program products are CD-ROM disks, ROM cards, floppy disks,

magnetic tapes, computer hard drives, servers on a network, and carrier waves.

Thus, a method and apparatus for detecting and correcting motion
25  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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CLAIMS

1. A method for eliminating motion artifacts from video signals
comprising:

5 receiving a first video signal, said first video signal comprising one or
more video frames arranged in sequence, each of said one or more video frames
having a first field and a second field;

determining if said first video signal originates from a film source by
examining successive Vided fields of said first video signal to locate a repeat field

10  caused by a 3-2 pulldown conversion;

generating a second video signal having a first component and a second
component using said first field and said second field of said first video signal
such that when said first component and said second component of said second
video signal are combined to form a frame of a video display, said frame of said

15 video display comprises pixel data from a common film frame if said first video

signal originates from said film source.

2. The method of claim 1 wherein said examining successive video
fields to locate a repeat field comprises: |
20 selecting a field of said first video signal to process;
generating field error for each of five successive fields, wherein said five
successive fields comprise said selected field and four previous fields thereafter;
declaring a repeat field at said selected field if said field error in a third
field of said five successive fields is a local minimum among said five successive

25  fields.
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comprises:
detecting a repeat field; and

confirming said repeat field occurring every five fields thereafter.

4. The method of claim 2 wherein said generating field error
comprises:

selecting a subset of pixels in a field such that said subset excludes pixels
having subtitles;

obtaining the absolute value of the sum of the difference in pixel intensity
between said subset in a current field and said subset in a field prior to the

previous field.

5. The method of claim 2 Where'm said generating field error
comprises:

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 prior to the

previous field.
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signal comprises:
generating a first temporary video signal having fields corresponding to
fields of said first video signal;
5 generating a second temporary video signal having fields corresponding
to fields of said first video signal delayed by one field;
generating a third temporary video signal having fields corresponding to
fields of said first video signal delayed by two fields;
generating a counter corresponding to fields of said first video signal with
10  values starting from zero at detection of said repeat field and incrementing
thereafter by one, such that said repeat field is count zero, a next field after said
repeat field is count one, a next field after said count one is count two, a next field
after said count two is count three, and a next field after said count three is count
four;
15 generating said second video signal by using said second temporary
li
video signal and said third temporary video signal when said values of said
counter are zero, two, and three;
generating said second video signal by using said first temporary video

signal and said second temporary video signal when said values of said counter

20 are one and four.

7. The method of claim 6 wherein data in said second video signal is
arranged such that said first component of said second video signal comprises
data from said first field of said first video signal, and said second component of

25 said second video signal comprises data from said second field of said first video

signal.
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selecting a field of said first video signal to process;
generating field error for each of five successive fields, wherein said five
5  successive fields comprise said selected field and four previous fields thereafter;
declaring a repeat field at said selected field if said field error in a third

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

9. The method of claim 1 further comprising:

10 determining if pixel motion is present in said first 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;

generaﬁﬁg said second video signal from said first video signal by
replacing said selected pixel with an average of a pixel directly above and a pixel

15  directly below said selected pixel in a previous field to said selected field if said
first video signal did not originate from said film source and said pixel motion is

present.

10.  The method of claim 9 wherein said determining if pixel motion is
20  present comprises:
comparing the difference between pixels in said selected field with pixels

from a field prior to said previous field.

11.  The method of claim 1 further comprising:
25 combining said first component and said second component of said

second video signal to generate a progressive video data.
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13,  The method of claim 12 further comprising:
5 means for converting said desired video data for output on analog

devices.

14. A computer program product comprising:
a computer readable medium having computer program code embodied
10  therein for eliminating motion artifacts from video signals, said computer
readable medium comprising computer program code configured to cause a
computer to:
determine if said first video signal originafes from a film source by
examining successive video fields of said first video signal to locate a repeat field
15  caused by a 3-2 pulldown conversion;
generate a second video signal having a first component and a second
component using said first field and said second field of said first video signal
such that when said first component and said second component of said second
video signal are combinéd to form a frame of a video display, said frame of said
20 video display comprises pixel data from a common film frame if said first video

signal originates from said film source.
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15.  The computer program product of claim 14 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 first video signal to process;
5 generate field error for each of five successive fields, wherein said five
successive fields comprise 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 local minimum among said five successive fields.

10 16.  The computer program product of claim 15 wherein said computer
program code configured to cause a computer to declare a repeat field comprises
computer program code configured to cause a computer to:

detect a repeat field; and
confifm said repeat field occurring every five fields thereafter.
15
17.  The computer program product of claim 15 wherein said
generating field error comprises computer program code configured to cause a
computer to:
select a subset of pixels in a field such that said subset excludes pixels
20 having subtitles;
obtain the absolute value of the sum of the difference in pixel intensity
between said subset in a current field and said subset in a field prior to the

previous field.
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18.  The computer program product of claim 15 wherein said

generating field error comprises computer program code configured to cause a

computer to:

select a subset of pixels in a field such that said subset excludes pixels

5 having subtitles;

obtain 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 prior to the

previous field.

10 19.  The computer program product of claim 14 wherein said computer

program code configured to cause a computer to generate said second video

signal comprises computer program code configured to cause a computer to:

generate a first temporary video signal having fields corresponding to

fields of said first video signal;

15 generate a second temporary video signal having fields corresponding to

fields of said first video signal delayed by one field;

generate a third temporary video signal having fields corresponding to

fields of said first video signal delayed by two fields;

generate a counter corresponding to fields of said first video signal with

20  values starting from zero at detection of said repeat field and incrementing

thereafter by one, such that said repeat field is count zero, a next field after said

repeat field is count one, a next field after said count one is count two, a next field

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

four;

25 generate said second video signal by using said second temporary video

signal and said third temporary video signal when said values of said counter are

zero, two, and three;



10 hF710% h& ()- 69! 10% h& () - 410% h& ()- Fs0Z10% h& ()-  .&10% h& ()-
,F 10%h& ()- 1111113 b"xY:/ 10 h10%rg ()f)l 10%r& () - 0 ao%he )

910961& (WO 1D%SEY () - S| 109 () - L10%T& ()- 10 hb" """ #i ##dBCA/USOOHHIO%TE: () -
& 10%T& () - S10%T& ()- yl0%m& ()- : 1098 ()-Y 10%m& ()- ##$Z$SS%UIE:/ 10
h' 10%r& ()- % 10%& ()- @10%r& ()-"!sl10%m& ()- 10%r& ()-gl0%r& () - % %%
8&38485868\Wxb@ 10 h! s9°!10%H& ()- 10m 10m 10m 410%r& () -
hlzg/goo/g&(%;w!wléog&'(;)- (110%& ()- W& E'''9(dEnb@ 10

! "()- 1109668 () - ! 10968 () - 10%6G&' () - 10963& () - S9! 10%430& () -
x)) dEnb@ 10 hgénmmid)seccsxdmigzé&'se'gnalb&%m@gyaid!( 11@%:%11(’%”% % ( (1)
110%3& ()-)))DFQ**dEnb@ 10 h!, MLO%E () - *1g€y@&' () ) 10968 () -
&1 10938 gignal sad esidgecondieroparry videgsignal Fnriqlﬁ‘l‘{féue% said cotnter
h! @109%& ()-s&l0%Z& ()- 10G

are one and four.

5 20.  The computer program product of claim 19 wherein data in said
second video signal is arranged such that said first component of said second
video signal comprises data from said first field of said first video signal, and said
second component of said second video signal comprises data from said second
field of said first video signal.

10
21.  The computer program product of claim 14 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 first video signal to process;
15 generate field error for each of five successive fields, wherein said five
successive fields comprise 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 less than a predetermined threshold.

20 22.  The computer program product of claim 14 further comprising

computer program code configured to cause a computer to:
determine if pixel motion is present in said first 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;

25 generate said second video signal from said first video signal by replacing
said selected pixel with an average of a pixel directly above and a pixel directly
below said selected pixel in a previous field to said selected field if said first video

signal did not originate from said film source and said pixel motion is present.
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comparing the difference between pixels in said selected field with pixels

5 from a field prior to said previous field.

24.  The computer program product of claim 14 further comprising
computer program code configured to cause a computer to:
combine said first component and said second component of said second

10  video signal to generate a progressive video data.

25.  The computer program product of claim 24 further comprising
computer program code configured to cause a compuiter to:

scale said progressive video data to generate a desired video data.

15

26.  The computer program product of claim 25 further comprising
computer program code configured to cause a computer to:

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

20
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: comprising:
a digitizer unit to convert a first video signal in analog form to digital
form;
5 a memory unit to 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 first video signal, said first
video signal comprising one or more video frames arranged in sequence, each of
10  said one or more video frames having a first field and a second field;
a method determining if said first video signal originates from a film
source by examining successive video fields of said first video signal to locate a
repeat field caused by a 3-2 pulldown conversion;
a method generating a second video signal having a first component and
15  asecond component using said first field and said second field of said first video
signal such that when said first component and said second component of said
second video signal are combined to form a frame of a video display, said frame
of said video display comprises pixel data from a common film frame if said first
video signal originates from said film source.
20
28.  The apparatus of claim 27 wherein said examining successive video
fields to locate a repeat field comprises:
selecting a field of said first video signal to process;
generating field error for each of five successive fields, wherein said five
25  successive fields comprise said selected field and four previous fields thereafter;
declaring a repeat field at said selected field if said field error in a third

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

fields.
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29.  The apparatus of claim 28 wherein said declaring a repeat field

comprises:
detecting a repeat field; and

5 confirming said repeat field occurring every five fields thereafter.

30.  The apparatus of claim 28 wherein said generating field error
comprises:
selecting a subset of pixels in a field such that said subset excludes pixels
10  having subtitles; |
obtaining the absolute value of the sum of the difference in pixel intensity
between said subset in a current field and said subset in a field prior to the

previous field.

15 31.  The apparatus of claim 28 wherein said genérating field error
comprises: |
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
20 between said subset in a current field and said subset in a field prior to the

previous field.
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32.  The apparatus of claim 27 wherein said generating said second
video signal comprises:
generating a first temporary video signal having fields corresponding to
fields of said first video signal;
5 generating a second temporary video signal having fields corresponding
to fields of said first video signal delayed by one field;
generating a third temporary video signal having fields corresponding to
- fields of said first video signal delayed by two fields;
generating a counter corresponding to fields of said first video signal with
10  values starting from zero at detection of said repeat field and incrementing
thereafter by one, such that said repeat field is count zero, a next field after said
repeat field is count one, a next field after said count one is count two, a next field
after said count two is count three, and a next field after said count three is count
four;
15 generating said second video signal by using said second temporary
video signal and said third temporary video signal when said values of said
counter are zero, two, and three;
generating said second video signal by using said first temporary video

signal and said second temporary video signal when said values of said counter

20 are one and four.

33.  The apparatus of claim 32 wherein data in said second video signal
is arranged such that said first component of said second video signal comprises
data from said first field of said first video signal, and said second component of

25  said second video signal comprises data from said second field of said first video

signal.
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34.  Theapparatus of claim 27 wherein said examining successive video
fields to locate a repeat field comprises:
a method selecting a field of said first video signal to process;
a method generating field error for each of five successive fields, wherein
5 said five successive fields comprise said selected field and four previous fields
thereafter;
a method declaring a repeat field at said selected field if said field error in

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

10 35.  The apparatus of claim 27 further comprising:

a method deternﬁning if pixel motion is present in said first video signal
when said first video signal did not 6riginate from said film source, wherein said
pixel motion is determined for a selected pixel in a selected field;

a method generating said second video signal from said first video signal

15 by replacing said selected pixel with an average of a pixel directly above and a
pixel directly below said selected pixel in a previous field to said selected field if
said first video signal did not originate from said film source and'said pixel

motion is present.

20 36.  The apparatus of claim 35 wherein said determining if pixel motion
is present comprises:
comparing the difference between pixels in said selected field with pixels

from a field priorto said previous field.

25 37.  The apparatus of claim 27 further comprising:
a method combining said first component and said second component of

said second video signal to generate a progressive video data.
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5 39.  The apparatus of claim 38 further comprising:
means for converting said desired video data for output on analog

devices.

40. A method for eliminating motion artifacts from an interlaced video
10  signal converted for progressive video display comprising:
receiving an interlaced video signal, said interlaced video signal having an
odd field and an even field in each of said interlaced video frame;
determining if said interlaced video signal originates from a film source
by generating field errors for five successive video fields and identifying the local
15  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 field
occurring every five fields thereafter;
correcting said interlaced video signal such that when said odd field and
said even field are combined to generate a frame of a progressive video
20 material, said frame of said progressivé material contains pixel data from a
common film frame if said interlaced video signal originates from said film

source.



