19/ 06/ 2006 MOTI ON DETECTI ON | N VI DEO S| GNALS BACKGROUND 10001] This
invention relates to 3D.notion adaptive decodi ng of video signdl%/0p0QAR}6
In the National TV Systens Commttee (NTSC) standard for television 5

comvert ed Tto a |G EANPERRER ISR SRR, PO o ot T Cen

transmi ssion. The luma signal, which is typically |abeled "Y', describes

- the brightness and maxi num det aiBAOKGROUNIzt ure regi stered with the

tel evision canera. The chroma signal is a conbination of two color
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interleaved with the |uma signa enerate a si COnposT: si gnal
havi ng n&8B#HeWhish i5 typisihwlebeled Ve tloseubes tthicbrightressamindatimom deizgingglas. [ 0003]
When a t glcaM S : | conposi.t e signal, the conposite

si gnal ?sc d%?gﬁgaﬁltgﬁgg%% e(rn{ &?egge'rgg‘r‘?a@‘e@%ségﬂabﬁ& ‘r&?ﬂP‘bﬂétwé’i gnal s.
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t hat ;,can L l to.recre 0 signals to he displayed on the

tel e%/{lj:si B%%g (}:ldr?}gﬂﬁme%f%gtéoufhg\{ﬁ%ﬁ%ﬁﬁp Hiroflosliffatence sppdleare trd toame
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and chAroma si gna

not prefi Ié‘ﬁred before the){ware added, the |uma s cannot
be ful | yROLBHPNafeREFSETSS thee hyec Bt iSERFifin celos dntefiteds whaseas the smiplinge t he

cr osst al feoiBiR G B b dRRs! fﬁw [ | s, vari ous decodi artifacts
are prese(r]lt. A'ﬁrléjbﬁbeﬁtSJ e ods&ﬁé@%ﬁgﬁ ({qjg@enc%%rsﬁ% o8t Y&Uehi W8 a better
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ordegfs t RYaT Ay e codi artifacts 0004] Fundanental Iy, there are
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fromthe other. The first nmethod uses a "notch/bandpass filter,"” and the

second . . .
- [0003] When a television set receives the NTSC composite signal, the composite signal

is decoded in a decoder to separate the luma and chroma signals. The chroma signal is
. then demodulated into R-Y and B-Y component signals that can be used to recreate RGB
20  signals to be displayed on the television screen. Since the luma and chroma signals share

the same frequency bandwidth at around 3.58 MHz, and the luma and chroma signals are

“"\.) not prefiltered before they are added, the luma and chroma signals cannot be fully

separated in the decoding process. Thus, as a result of the. crosstalk betweesi the luma
and chroma signals, various decoding artifacts are present. A number of methods have
25 been designed to achieve a better separation of the luma and chroma signals during the

decoding process in order to minimize the &ecoding artifacts.

[0004] Fundamentally, there are two methods for separating the luma and chroma

~ signals. Both involve filters that are designed to discern one portion of the composite




met hod uses a "conb filter." As wll be seen below, there are many L ¢
different types of conb filters that all have specific advant 3gespgnegpoe
dr awbacks. [0005] The notch filter is designed to pass all frequencies of
t he corrp03| S the frequency of the chroma signal centered

at 3.58 N Kg ?Q%T t %ﬁ‘?héﬂ SHOREses @ matclieandpase filter,” andsthe sedond al so a
corr espongéthe @es hi‘esmpHilkire ALWE & &@?'bfloﬁveﬁi&et AIQQndan e Sy % ¢ i gh

frequency luma information. The notch tef I's use n paral With a
bandpass °ofiP|ftligrs thmléth&@?:@ﬂ%a@ﬁntygqsmd flrapyeckaci es in the narrow chroma
band and outputs the chroma signal and the high frequency portion of‘the_

| umm i 970805) TRe ROIGATRIh s H&?gnl{i’t% {ﬁédglgx%és of thd dfipoliFd S5 A3Sept N

advant ages of bei g& a sinple roac | oss of
verti fal thelEequendys ther dpoma signal owtdrecbatmm) AsHesuls; ol signgl that- the

e eSaodh b b2t e o Bl 2 2 fgg;gg shen e

hi gh frequenc rea s8 pi nbow

pat t er n" hightfidgaercy, lumadnfoittistionC The MdtchSilier $ALRE 1A pataHBBw known as

dot crawizt ;)'{]‘Pg [ 0006] The conb filtering rrethods are base on at the
sub- car r PLF" %pqsgesdglx Sifetrequencigseipethe élaﬁs?Wl@OOmFeQarebmd)attmﬂe rnhet wo

adj acent ch/omg dgnlangﬁd ﬁ@nﬁgﬁl}% V\Z ﬁgnb&t%q%}i%ﬁdkacent fr si nce

there is an odd nunber of "l ines hina fra ere Jor types
of c&fb PoiFh/Randpags ﬁlﬁeﬁ@eﬂ@dﬂlaﬁl@iﬂmmtammf deinigi mgmplen ldmbdist epprhmls t he

basi-c co | I racting. two iden nal s t hat
have the%ﬁ?‘glﬁ%&;‘g 18%3)53@&{&@%%0%&1 OBgtthitB'é 199 Jresuencisgh ea awhag A& signal s,
t he chr othet éllcdwah rcwlmmnaellmﬂ and)mat apshyt Bisplhy! BRifAdtE PRt 'w%eﬁ)%é)H%ﬂ and when
subtractj 9@ c«j Bffﬁ a] gelel nformation is lost and the roma

si gnal. {3 it ?mag F?]iaf Tping Gvhigfhigikagwn ane “minkew petigsn’l arifast).cndt hr ee

li nes ca\nhdne;huﬁmsu%@d\amﬁmmmads'kﬁswnhéddi%f‘a% the incomng video signal
S delayed by one |ine and the correspondi ng de ayed 25 and un-del ayed

pi X ed a d.subtracted, ectively, to obtain the |luma and
chr ﬁ’@ﬁqg' ﬁi fexiRe metheds ase base‘g@@thaﬁﬁleghbectnadphase Brlesigtbdgoibt r act i on

of one- lbvsse il semgmmweemmq Bl B 1R VS o 50 L0

obtain the luma and chroma sign I Ve VEEN Y Res are
used, a AdFPE|TRmICHISincs thiwe év i eusmisationeE fines Wilsia alfr:ﬁiin ZhedNde hdes 2 and

3, respegtib ilterin erfqormed on the 2 19/06/2006
two |i nglgb{’ltrht ééhog\?g bl %Bﬁg nﬁ)% F‘i’f%ﬁngrfr@%é’wm?%e?q botle methods.ithe conb
filter ibasiobenenpt mvolves adding or subtracting two identical signals that have the chroma

20 = phase reversed by 180 degrees. When adding the signals, the chroma ‘signal is canceled .

out and the luma signal is output, and when subtracting the signals, the luma information

is lost and the chroma signal is output.
5.
\-) [0007] In line combing, one line, two lines or three lines can be used. When a single line
 is used, the incoming video signal is delayed by one line and the correspondmg delayed
‘25 and un-delayed pixels are added and subtracted, respectively, to obtain the luma and
chroma signals. When two lines are used weighted addition and subtraction of one-line
delayed, two-line delayed and un-delayed pixels are used to obtain the luma and chroma
signals, respectively. When three lines are used, a correlation is determined between

lines 1 and 2, and lines 2 and 3, respectively, and the comb filtering is performed on the




referred to as a 2D adaptive conmb filter. Al line combing nethods produé'e'
better results than the notch/bandpass filter nethod, but stiljgshgw2006
cross-color, vertical resolution |loss, and dot crawls when a single |Iine

color is present, [.0008 rame _copbing is simlar to |ine conbing, but
i nst ead o&oc ?’Fﬁafp?tnl&"?\[\%e E‘Eff &%‘Eﬁii‘“on} iﬂ%“\ﬁﬁerlllﬂena@%‘fen@ﬂd? filteris oftemo | i nes

with the ®ffed poss 4 210 Bdaptivdedind MRer QAR Rbmbind Westh e
conbi ng, thereby extending the corrrb il terllnnélgi nt é)ﬁh@d#%ﬁ%t&%r&%su%mi n.
However , Hathe neshibardpassdites methodcbus etilf shawectofserolsy verticapressliporsioss, an
i mage. | f nARbi Q0w b 1t 1.s necessary to revert back to
2D conbi naél. The mest ggggjégﬁslﬁnﬁéaﬁlﬂ%p%aen?mtion detection to change conb
filterin mline conbing to frame conbing is referred to as

fro
not i oR- a&ﬁ?ﬁ&] Veanaeeopeingyis sonilaB D Greaqotibireg, betdnaéad@s cinparBp (a6 aghbone
decodi ng Lull L zont al,. and. vertical resoluytjion w.thout dot craw s
and cr oséiﬁgsgf}gdrnfn%’f%?ﬁ gh‘%‘?’r}-%ﬁ'&l&gsswam,wﬂﬂ?’? Bihin typ adiacent frameh as | ar ge
area dot agrwed forahecogibing, Mmby%had@ngthe%aﬁb@teﬁﬁgﬁlme &r#o?‘ﬁgg%%hn the 3D
e

adaptive . decodipg, the conb filtering is swtched betwee and 2D
comb fi | tEPCKY: HEPREMbigE cap gnly s pastpriped for sifhpergons df an dmagst ilomolien pr esent
then t he igdhleseq Menf it [st Rledss | ' LOoRy LS present. then the 2D
conb _fil tsgl? sl' S apg)llli esd. mngggp%vﬁgﬁgc%d%b%%@?%‘o%ﬁ# rlﬁe%()?e&tuﬁggm i on

art i ifct Soggn sleteation & phange sombnfitaringt fiem liteecentiing t6 fame waibigN}s bet ween
two fra r .bercei.ved iqn is "false pption" 20 due to,
for exanrrgel?%rfgj I;Io}[’\étiglr}'ﬁ@(?n-%oﬁté% deg F?Y’%@%%ﬂ“vf’ﬁl afthe 3R ¥lptivespect , the
i_nvent i odecpdiog ikeegs ik hixdwbmtahaell epgkal akolation Rhotd dBCrawR TRYERSs QYjGOT am

pr oduct Sto wl.errenti and using techni ques for distinguishing tal se

notion frOM IR ot oY WOHOW%G%% SYhaas langa ereaglor ergwisvand ghystingt el evi si on
set. Theshddslen cabbesiresand "is received at the television set. The video
signal includes a luma conponent and a' chrona conponent. A notion

detegtio ration i.s performed for each of the chroma conponent and the
I urrafstcon@fgﬁggﬁf‘%?%ﬁg agutixe degodingethe pomb dilisring b5t switched twiéenatie 8Ddmd  si gnal .

Each, 1 DRI SHagaRha8 o RN BROLEN AN B I3 T °

notion fromtrue notion, ynam ca he

i ncori ng:ombcfg@r B appliggloambif Grotion is present, then the 2D comb filter is applied. Hence,
‘there is a need to minimize the motion artifacts by accurately detecting whether there is
“true motion” between two frames, or whether the perceived motion is “false motion”

20 ‘ due to, for example, jitter or noise.

SUMMARY

) - [0010] In general, in one aspect, the invention provides methods and apparatus, including

computer program products, implementing and using techniques for distinguishing false
motion from true motion, in a vid¢o signal that is received by a television set. The video
25  signal is received at the television set. The video signal includes a luma component and.a'
chroma component. A motion detection operation is performed for each of the chroma
component and the luma component in several frequency regions of the received video
signal. Each frequency region has a unique threshold value for distinguishing false

motion from true motion, which is dynamically adjusted based on the incoming video




signal. This inproves the notion detection accuracy and mnim zes inmage
artifacts in an image that is described by the video signal andgjgel/®Fse
di spl ayed on the tel evision set. [011] Advant ageous i npl enentati ons can
include one or_nore of the followng features. The notion detection

oper at i orfi@ah TES panevss theanesipnaletsrtian acpyraey sndmibimsikes imageoartifacts ibamor e of . a

| ow freq HOPRIHY Rl ah f oma d LN, .a high
frequencyﬁllla%é/ntghﬂggr&fﬁi n, a éh ee{g‘ﬁ%}t{?ﬂg{q%gﬁ%@c%oﬁrsgliaﬁggm%ﬁ?‘g?ﬁl%véﬂ%ﬁ'on detection
operation is perforned can have a separate threshold value that is

~ dynani callPQi1] deyantagenesdmplemegtatibnsyian eiciudh atie dsmon dé thg doligvih g fzaiids) 0N
detectio [ . reshqld for a pixel. yndergoing the notion

det ect i or’r?hggggrtg’ i%%cggmng%eer&tggt@%e Oggedagll@ Rﬂ’éerlf'('?ﬁ’ﬂ’%gé’a%? I ARC O f f er ence
in pi fel mat wésalewviameidyelupiax@dmafde g ReqicAsy FRbhRNIGRIECA ih?gh operation
and one %r nor e Inei g(?bor.i n%‘ pi X lf in an inmage described by the " video

si gnal . PERYEPY IHGR 299N ofndy 835 frpaisnep demiping ihetsnthe netiere ddeetéanni ning t he
final  ropérationy @ WerfbgheRCcdnn Gaveyi k ' ; [Rn anong
the chr orrg and _ | uliberra mot i ons dTFegti)eéct g}aﬁ ﬂt&%%og%l)%lggetﬁ%t H@g@%ﬁ%ﬁfpegi ons.
The fi naFetmineshiaragage rixeh thas is curidpigeingt the baotioppdatertion epeasiom SFiei t val ue,

and the | j nal ' V, .can _be. suppl.ied to bl ender t hat

out put s gﬁ%%mggglggggﬂe{/%fg%&ggtﬁ%ﬁﬁugn 3‘1’:5“3%5’80"8%5{‘?}} Elaé‘obes‘?“é‘?ﬂllm,e BE a
conmbi®at perentdgef 2 differmied inv pitelovaieg tatweendhé pXel deketat i desioai gnal ,
based on, .the clipped fjnal notion_ val ye. [001_5] The low frequency notion
for the ?ﬁ?f‘goﬁgﬁg{gﬁor{:ﬁ'ﬁ e ?}'b?’gﬁen‘?égl'§9ﬂlb%lé’lf?‘61§ﬁil g image deseribed) hyotieng seri es

©f) oper atidensignabubérfcsirigOmatiaN@d s Bpdat AYaH RAVEE el B! .
under goi ng_the nmotion detection operation to obtain a notidn value, the
one- f r an@0tQfeYaliedy byitheanaximym; dheorea mptéon orgimue motibmwinong th ehmamendosi t i ons
- W thin tRa kR8s § i SSrdd I t tjon.val ue; converting
any negat i ve m)t?oérE va ﬂéhc!t(gﬁgl% cor léicgé‘?@.g'hsgqg‘ng“ﬂ 13}8“%‘f#%ﬁa9gf’ue;
subt¥Sactalipgedatof be spresenterk by b -bialvelae, daidaherichigd fial 2btibheake chest pi xel

fromth i | ye obt ai | ow frequency notion value; and if the
| ow f reqggﬁ%(}qﬁgt%ﬁ%gﬁcr\}gﬁggggﬁgtaw desB ‘?da‘egﬁ%cﬁ‘ﬁ“éz agRedecpded; vidaqrsigaabl d val ue
i s | ess drhaombiiaton ofSe2DD dBGAENGidbOWeahdl VdeBRel 0. [0013]
The hi gh-%éh%ggfgé}%n-?mt ion for the c roangyggr%gi n cg%gﬁggfﬁgiﬁgﬁ%y '

perform’th oYk ¥Yuseri es of operations: subtracting a two-frane
del ayed pixel fromthe pixel 4 undergoing the notion detection operation to

obt ai n 00M2] Tae IWEH@enéﬁﬁoﬁBWerrtﬁérﬁlma domain can be obtained by performing

. 20  the following series of operations: subtracting a one-frame delayed pixel from the pixel

" undergoing the motion detection operation to obtain a motion value, the one-frame

| delayed pixel and the current pixels having the same positions within two image frames;
\) lowpass-filtering the motion value; converting any négative motion value to a
corresponding positive motion value; subtracting a first threshold value detenm‘hed for

25 the current pixel from the motion value to obtain a low frequency motion value; and if the

- low frequency motion value after subtraction of the first threshold value is less than zero,

setting the low frequency motion value to zero.

{0013] The high frequency motion for the chroma domain can be obtained by performing

the following series of operations: subiracting a two-frame delayed pixel from the pixel

o




del ayed pi xel and the current pixels having the sane positions within t wo
image frames; converting any negative notion value to a corresppNdsRR006
positive notion value; subtracting a second threshold val ue determ ned for
the currep i.xel, fromthe nption 5 value to obtain a high frequency notion
val ue; i 15'1 n??{gmﬂg Jhe ﬂ”@‘a’ﬂléﬁ&eﬁu%PPeéi‘PC\?aTou%btﬂth’eFmU%b’tal“&c eofvooframhe second

- threshol dielagédigixélSnd ERubBApiXd] RavirdQhd b4k fdiioRd SHinih R WA raniRL | ON val ue
to zero; and | owpass-fil terirbng thglhi gh fre%ueﬁggyg%%itgﬁ@%u%@%%mq The

hi gh-f r e GARYESRENBRY G6EdtivE Whtiehwalandtol aneorwsponding sositivenmotién omlepn be

obt ai ned gitrapf I 4P, y rat ,ans: det.er g ni ng whet her a
one-fr ane 10915: ?Sé%)ﬂ%o e gfrdoééil'%mﬁbé?%wg%g @1 Sﬂnﬁ%to@xﬂggo“bg%ﬂng%‘?"ect ed;
vvhgn Fhe value i obtaie adhf'gfofrequmdem_ tk bécn e ifSthé lﬁighﬂ‘ﬂ:gu%r@?ffrﬁcftﬁéh wualrafigr ol
subt r act -fra | ence, signals to obtain a resulting signal;
when thek%w&a%gﬁﬁ ﬁ?cé'ﬁg tﬁrﬁﬂ’é’f"% U, elfisssBptb egragsetiingather bighsfrequencyr i ng,
rectifyi nxgatiamhlwdatzemhﬂmgwgas@nmmfiﬁgaﬂﬁeh%ﬁ'fék{@éﬂcfh%ﬁbn {fiun the pixel
‘undergoi ng the notion detection operation to obtain a resulting signal, the
one- f-ram}aﬁl %Feg_ i xel and the current pixels having the same positions
within t W rEle™FY ncy mgHe for chipmmgndigmatwithelepolumermetignuaan ke t he
resul ti nebtaih@NaY peFomnif® ke &RRASH NS0 MARY “gﬁﬁ-' 0 ue, subtracting a
third threshol dy\?gl ?Je d%t erm ned %I%QQ%E'cu%Feen ﬂrﬁ %ggtﬁ‘lfrr%r%ne?rﬁgmnot i on

val ul t oclsprampdg a5 & Hvg-frame chomarpiode ay abareseléctedt, whehi thd tié-amency noti on

val ue af [ krd threshold value is | ess _than zero,

setting ‘%lﬁ%m%?%gﬁé 3%& P rg%qg%%cg%?ﬁéﬁgmﬁg \9%4 ﬁ‘zbnfaﬁmhgewﬂ ongyame JHEECE | teri ng

{the hi gtsignalsqaehiin anesiltng sighalevhen[tROdR) fraecsthafloabhe Blh sahgid val ue can

be det e(rjﬁm'_lgn%ds ﬁﬁ a pi Xﬁéﬂ@gﬁfﬁ@' basis based on a detected edge, a

det ect ed €dy Bhe: g supupGting (2 enefeamne dpfayed pixel Siom he@itedl d  val ue

can be améégoiag thd mdtisn Be®@idhi Serdtion Q@Sﬁﬁgﬁne? r%gﬁﬁftﬁﬁasi@bﬁﬁwﬂﬁehﬁgggol d val ue
et ect ed, er

can he f?gi ned if no sub-carrier is y ‘achieving
i ndeépen °¢ Pre A the cpmenicpixelbhavieg thé samepasitns withingootinagesfrafiesan i mage.

The sub-gmek s earechi ng f t enpor al and .spati al

sub-carri e_reh(i:r%;arn ??%alr?ﬁgt i cs?ﬁ%ﬁ%g}%ﬁg& ft d*’g&“&f{%%%gg%a@smg&fl t he

sub- car masion valya;j subtiacting hethizd threshiold eiludddsds Mined Tor ﬂab%uﬁb&h‘;ﬁﬁe!l ioRd Sign.

[ 0016] %&EddiMﬁxe% nﬁltg-{ on, det.ection oEer ation for each of the chronma

conponent. and = the T IR Heney, moHgR valye: £ if dhe i gl frequsgeyometiant ¢ he

recei vedalué diter sibgaaionCHnthé tHiR H8dsROE6yaliaCls q%ﬁkhﬂ?&%ﬁf ieithe! @k $FeH™t 1 ON
an

.gengrated for high-frequency chroma still regions o
gengh lerequency motion vaEueqo zero?/and‘lowpass-ﬁlteﬂng the }?igh frequency motion value.

[0015] The adjustable threshold value can be determined on a pixel-by-pixel basis based
''''' on a detected edge, a detected edge slope, and a sub-carrier detection. A first threshold
) value can be assigned if a sub-carrier is detected, and a second threshold value can be
| assigned if no sub-carrier is detected, thereby achieving independent threshold values for

25  chroma and luma portions of an image. The sub-carrier can be dctécted by searching for
temporal and spatial sub-carrier characteristics, including predetermined patterns for the

| sub-carrier magnitude, the sub-carrier phase, and the sub-carrier sign.

[0016] Performing a motion detection operation for each of the chroma component and

the luma component in several frequency regions of the received video signal carn




i mge by exam ning one or nore of the follow ng characteristics of the
received video signal: a spatial chroma signature, a tenporal 19f06¥2006
signature, |ow frequency notion, chronma signal polarity across two or nore

i mge fr of e video, .and th erage 5 val ue of a_sanple w ndow
acr oss t\(;\}o%%dre' Fr%t%%nigrfﬁlgeemfopg?wﬁ%neﬁeqa%éE’iﬂﬂtf%!le‘&ﬁd’ﬁﬁ’@i’eﬁ%ﬁe&’@m of #ask signal
that is fimege bf efanlisiag 6B¢ bORBre SFane iRl GrafRRERE bf GRAA41&T §igdd ¢S of the

received vi gléeo Si &L_ The video can conformto a PAL video standard, a
NTSC vi dét" _Pé%’g‘[ IOFA Signateep & hepRoraljchesnastignatine, dow Crequency mmtionof a synch
edge and chronfal naPpoity &M Rib Of ' ' D Lesied, and a
notion vari anc%)gﬂofﬁ('ght_ayc?et ected s?h%ﬁm%gge ggg gfr@%g or’%@r@ga}"%@g‘a‘on can be
det er #i n&alue afeisample windew mcrossitwoenrinaore imagafranes ofthe video; @digeferitinggr anmabl e

vari abl et i e ntage for the video . signal. The rogr anmabl e
vari abl eatrﬁ%ggﬁg%dgh%g% ﬁe‘%@%@ﬁtﬂé Qnﬁ’g’Fsefir?@ tg‘?ﬁ’@’ﬂ“%‘?dgq‘li’é{ac@ﬁﬁlcélogﬁwbe adapt ed
based onrdchizedieider tignhl c Mhe WileaBsH ednféritLiodeP AL vio stiiBard [ PRFSE v?]_cﬂ:% details
of one or re enbodi nents. of the invention are set forth in the 15

acco rrpanf/tf“:’%“g PLAFHGRONSH e tardad, Ope cpmoraf aoyne ¢dee andacelerlmstobj ect s,

and advapigR@es 1 viliLsizmy e b fetiidd - fa? 3 Sdcpt i on and
draw ngs, ~and from tﬁg&gl ai ns. DESCI%‘F%%’%%%&W% 8%‘?@%% G 1 shows
a hi th-1 edgsior eolerlumst regien ca bedolenrined: end tie detdrminedivatiancecken b nsed26
accor dangge W ' Ay O 19]. FIG 2 shows a schepatic, bl ock '
di agr am of a\gbﬁg{:o erbielmrggrgtgg!:eor %ér?g@ 5\%"? HPefoRRagg E‘?f\(,a\ﬁ’fsiﬂ 0 si5980] TR G 3 shows
@hi gh- | Iu’ﬁg‘amfﬂabm;h]ﬁzlﬂe mi'csltl)dlslé gﬂkiﬁtgbmaitﬁgbtfefﬂhb Ofdie® ﬁgﬂzﬁh%rpﬁlscglﬁe ddafted 1- | [00211
/G 4A ;sho i C iagramof circuitry for detecting low .25
frequenc'%/as?%lfs"i@%&&‘f%f"%@%?oﬁﬁ“’éﬁ%ﬁﬁdé{"%-ovvchart of a | ow frequency
notion detection process. 19/06/ 2006 [0023] FIG 5A shows a schematic bl ock

di agr am[08017 e ldegile of9ael of ende bmBbdile of fthe HveMion MRLEORHAL (T oma
and/lﬁ_r | uma. [0024] F| G 5B shows a flowchart of a notion detection process
g

f or i YRE yra¥ ey nipda ) descripien belpe25Pther deataies,s hbjests.a asdhenat i c
bl ock  dia@@medgeddf thdBvemdn Svill BE Ipafent bR Ghe &Hs%tion and drawings, and from

the claims,

DESCRIPTION OF DRAWINGS

[O()lS}FIG. 1 shows a high-level flowchart of a process performed by a decoder in
20  accordance with the invention. | &

[0019] FIG. 2 shows a schematic block diagram of a decoder in accordance with the

invention.

[0020] FIG. 3 shows a high-level flowchart of the motion detection operation of FIG. 1.

[0021] FIG. 4A shows a schematic block diagram of circuitry for detecting low
.25  frequency motion. '

_ [0022]_ FIG. 4B shows a flowchart of a low frequency motion detection process.

wed




frequency notion for chroma and/or luma, with |ess |uma notion. l9026]2\ FIG
6B shows a flowchart of a notion detection process for high fr e % 006
chroma and/or luma with less notion. [0027] FIG 7 shows a schematic bl ock

di agram qhoBPHATHC MBi ANschém&ifR! Bibd AfGran! O Lid0 Bdictt dighchemat i ¢
bl ock di ggr a% show ng the operation o g{w bfend%%lc( Eéle )too?ét&%?lu decoder in
gr eat er *degegncy petGowior Fargmagnd/er lamgchemat i ¢ bl ock di agr am showi ng t he

adaptive threshold logic (120) of the decoder. [0030] FIG 10 is a

schemat i g ' , i ' : I i I 15
710y of "WRAPEIC SR AR 2 PO pOE Ah I ubl' bERER By FrdteR05 11
11 shows chionexad/pf lbmaf a 5-tap adaptive threshold window. [0032] FIG 12 is
a schematic bl ock diagram showing the logic used in the decoder to check

the chro it temporal ly. [0033] FIG .13 js, a sche i c. bl ock

di agr gm c‘)?'V\j§ }nigd 't(ﬁ%?%‘%sl Sﬁ@%‘bfx’lc nél?%eg%gr@@dgt} ﬁFofoélﬁ usfgqﬁr% Gt M0 check of
t he 4f scfisquepty motior] OOAMImIrhd/or Idima, Svith 16RNEmAMbAGY. €d vi ew of the chroma
sanpl e conpare block of FIG 13. [0035] FIG 15 shows how a final

chroma/ | val ue i.s generated th is used by the variable

t hr eshol W@;ﬁg@'@owwfﬂg?w 1 /ﬁ@?"?ﬁ@? iP5 propgsg; for Bish frequendienat i ¢

bl ock di ago@ainidisr 16ias @8h 1R9moa¥n.f r equency notion for PAL . in the decoder.
[0037] FIG 17 is a schematic block diagram for detecting chroma notion for

PAL int oder. 5 [0038] FIG 18 is a schematic bl ock diagram for
det ect i n@%ﬂ%gingfli%‘ﬁ arsghenpasic bjogk giggrampf hewdN TSametienrisgtermained.f i r st

lhEgl enentation of the invention. [0039] FIG 19 is a schematic bl ock

grem [028]4TGES {si A Ghdnkie bYGRk dRBrahPthoRMe thélo e?ﬁion@?ﬁﬁ%ﬁndeﬂ@ﬁﬁroqi ng to a
second i npl enmentation of the invention. [0040] FIG 20 is-a schematic bl ock

di agr am thefecoder in gigterdetait i s used to detect PAL 10 notion in the decoder.
; w

[0029] FIG. 9 is a schematic block diagram showing the adaptive threshold logic (120) of

the decoder.

(0030} FIG. 10 is a schematic block diagram showing the variable threshold logic block
15  (710) of the adaptive threshold logic (120) in greater detail.

{0031] FIG. 11 shows an example of a 5-tap adaptive threshold window.

[0032] FIG. 12 is a schematic block diagram showing the logic used in the decoder to
check the chroma amplitude temporally.

[0033] FIG. 13 is a schematic block diagram showing the logic used in the decoder to do
20  aspatial check of the 4fsc sampling. '

[0034] FIG. 14 is a more detailed view of the chroma sample compaie block of FIG; 13.

00351 FIG. 15 shows how a final chroma/luma status value is generated that is used by
the variable threshold logic block (710).




[0041] FIG 21 is a schematic block diagramof the |ogic used to generate -
the 3D chroma signal in the decoder. [0042] FIG 22 is a scheriff@6b2mke
di agram of the logic used to do the final notion determ nation for a

conbi ned PAL tem. 15 .[Q043] FI 23 1S schematj c bl ock di agram
of mask I[gg?%gpt{[g'e 1} %34&3%%%619‘% agxggr ?rdﬁ\?m‘bgefﬁg’rfgeﬂ@ﬂwyé?oqquﬁ%quency
col ored gniHeldecarlgt.ons for PAL signals. [0044] Like reference synmbols in the
various drawi ngs indicate |like elenents. DETAI LED DESCRI PTI ON 20 Overvi ew

[ 0045] Thgad tian relates t t hods and apparatus for detecting notion
[ v deo OB KRS 478 kcheat i Eiramitpusiocting Cavghinoson for Eavipont vi deo
signal s, datudeh are received by a television set. First, an overview of a
decoder inplenenting the novel notion detection scheme will be given, and

t hen %hemhﬁﬂ}a‘%t_ecti on in the various 25 frequency regions wll be

pr esent ed" -iS| 1F ai5ehematic blpsk diagram fnssleterting Bmagnotiemfor RALEn ithedi vi dual

t hr eshol destdbl &orie 8 Arits S HeAbady Lon of how the detected notion
is wused by a bl endrggr in theﬁgecogerﬁfgiég{%phlﬁne whet her to output a 2D or
3D decodtﬁg"a signal . The discussion herein will primarily be focused on NTSC
si gnal s, {BHP] FG-ekfliale spheregsis blaskisliagran fap Aletestingnlaie, mationtfor BARpodent Vi deo

signal s, g Jar=YMpg { j..0 that .will be addressed at the end
of this gaeggg%}i%?%ﬁ@tflgéﬁg II"L&Héf{tés%]%v?gggﬂﬁfe%q\‘evel fl owmchart of a
process &'1000 performed by a 3D decoder inplenenting the novel notion

det ect i of04@IHARe 20 Ag 2 sehenibic Sdask diagriEh Gor the lagic dmninasedeo\detteoPAL gnal

-ont g ni . C and |l uma conponents is received in the decoder

(fst elgj 10%gg%k%%%?§dr%ﬁdet ection operation is then perfornmed on the incom ng
10 conposite video signal (stepl004). As will be discussed in further

det ai | H@PH FIGHh2! is asthenmtid bloek tHagrnnefahialogie hiséEtoRehdrat MRBIPSiImi or chroma

and | umg.i eral .frequency J regions. Each region has a unique
threshgfséé]@lalﬁﬁlie{eﬁ%qcr'i s adjustable and therefore allows for better

detection of "true notion" versus "false notion," resulting in a decoded
i mge  \ViPO42] FEGe22 fwd bahiemati¢ blogle UmgeanBRMe dogdi® usNeRy il Rugecoders.

The procgss then . 15 exam et her notion was detected or not in the
not i on digfegg’tnﬁtb%fBb%?%XWIB?J}%gs@h{)P%GBﬁ@m-If noti on was detected, the process

proceeds to step 1008 where 2D logic is used
15  [0043] FIG. 23 is a schematic block diagram of mask logic used to remove false motions

generated for high-frequency colored still regions for PAL signals,

=

[0044] Like reference symbols in the various drawings indicate like elements,

) . DETAILED DESCRIPTION

- 20 Overview

[0045] The invention relates to methods and apparatus for detecting motion in video
signals, such as composite NTSC, PAL signals or component video signals, which are
received by a television set. First, an overview of a decoder implementing the novel
motion detection scheme will be given, and then the motion detection in the van'ous. |

25 frequency regions will be presented. This will be followed by a description of how the
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to decode the conposite :signal. However, if no notion was detected in ‘step
1006, the process continues to step 1010 where 3D logic is us €l £ 0 6d e
t he conposite si gnal [0047] FIG 2 shows a scherrat i c block diagram of a

el ovi 5i cn vk e dRTbAad s ﬁ%ﬁ(ﬁl& PR En 2 G i AR Rion e g

(102). Thased bmadxitmder ini e decidon®l defet@ie wiketdde |t@b@futby 2DNG Bdecol¥® | i nes,

_ t f t d second I i ne del 104; 106 A current I|ne
o anal (i 8 st et uf Priava feasc oATSC eizpelantis GHel | ne

del ayed wpglﬁtabb(t@)\L@ighﬁﬁ Sor tEonihABH: viRo 3&9@%&%@%& d&}% | ﬁca\(lgé ical

| ogi c, and _single-line [Nogic. Ive decoder

| ogi c, I zQn
(108) 5f| I pall Efiﬁ‘ddf%@d@hﬂ’éﬁﬁ d ef thisaescpipiore) fr om t he corrp05| te video
signal, and passes the filtered 2D C chroma signal to a bl ender (110),

whi ch wi Ifbodepercies shdvaes hi Ogh-ﬁ;%ﬁ tfl?)%r&%fl pj?@éswoogﬁgegaﬁchi nesfgﬁl ayed

si gnal (L2) Is al so passed to a de onpensa or the
processi §gcod ?frﬂélpﬂfmﬂmm@t!lefnowelfmtbttoerdetvghmmchmhe Asfenobe sengn#G. 1,0 generate

the | 0 [ ddi t to, the adapt 2D

decoder (TR vial st 3088400 bR ReP ot o Mpn g B et i B

not i on- adeqoﬁm/(etﬁp 3.2)h rA ibtish giemttidn3dpefalion WheR pkforfiled QnRRS fREmig t he :

bl engg %%PO() . ane E@rges (114 116) are used in the detection of

© chro Site v ots?% clsteBHiP 4 a s will by @SFWS%@S@HQ%@@@I belews ﬂ@rres (t hat
is, in frﬁﬁ@ﬁdd’?@u@ﬂ@perﬁ?an is %%x?ﬂeh%ﬁ ﬁ)f éﬁg“? LF)B%@B%&G%{J&?@%@&AC ove a

etermned, in the notion detection bl ock
high- | eviEsions. o%hé@&wrbhasmn@xqmtthrmhowe\tammams afjestabld o thérefoteGillolvs (St ep

Seon | n Pl JeRFIch U et SR Ry BENEE” s U hbeed e o

i ncomi ngwﬁh favesr siagion | aptifacto nﬁnpafre(htmcdﬁeémipﬁﬂ k: )] @&@Hers AMChedprbotes fh%ﬁm”e deI ayed
ixel in the _incom ranme signal is selected

?!s? g%l 3 %%‘Pnegﬁvg' &?B’i F@h‘l’%g’f‘% 'ie?}ﬁd Bf Bﬁtkln(ql!ﬁ@}f’ﬁpﬁé%tecﬁl‘eb@}i’ﬁi@@ﬂs(étpar ate

t hr eshol 0GRI If eBtibovas dteckedMhb rpﬁ%ﬁriﬁd’ceédérf@ sﬁg 'Tﬁﬂ)ﬂqwhérp QD%%Q id dsggluency
chr oma domalqg nd the high frequency | uma/ chr domai n spectively, from

the var 1P geg cannosite $ignal.c Howerer, if meoyotiont was G06). inApddeshét of the
vari abl grédassephhds Eo%té#%ég g)&k@%b I()él% 9 ustl RPAetbfidné cosn?lpo%lrtg gie al. hreshol d

val ue for each pixel

[0047] FIG. 2 shows a schematic block diagram of a decoder (100) for decoding NTSC
.20 composite signals received by a television set. The 3D decoder (100) receives a -
composite video signal (102). The composite video signal (102) is delayed by one and
two lines, respectively, in a first and a second line delay (104; 106). A current line signal
AL ) (L1) along with a ene-line delayed signal (L2) and a two-line delayed signal (L3) enters
o an adaptive 2D decoder (108) with vertical logic, horizontal logic, and single-line logic.
o 25 The adaptive 2D decoder (108) filters out the chroma signal (2D_C) from the composite
.video signal, and passes the filtered 2D_C chroma signal to a blender (1 10), which will
be described in further detail below. The one-line delayed signal (L2) is also passc_d to a
delay (112), which compensates for the processing time required for filtering out the
chroma signal, to generate the luma signal (Y).

R




‘dormain, the notion detection is significantly inproved conpared to '
conventional notion detection techniques. In one inplenentati df/0h&2006
threshol d val ues are based on the pixel's value as conpared to its-

i medi at f i xels,. T, I QC det er m.ne t he maxi num noti on
anmong thgm%ét]gg%g&l#lﬁgttoﬁiée %P?‘@rieiﬁggcpﬁeéfgg@t@e g%c 'rr{ioq)é:oﬁtémf )IL(P@“'Q%}H nal

not i ;)n‘ vgagw?ﬁﬁturg atdmi_oﬁia&%qitivé,smﬁmhﬁﬁ%b aigna]'i(g)gcpmd %Mgﬁ%qkﬁlfpgelt Iher al |
pi.xel s in the incom ng. frane have heen processed (step : ) a

‘pixels ar °'198%Q,181-h§%v°pﬁf%%§1§“@5%(11@ Fakf“rgvar%&edam %tdefﬁftiééll'f’f% ¢hrem@ i nconi ng

frame i s meloaciele CROAR sBAYIEY are 3 Phast BGofY 196G Rmnel BRSKAL Sn Z%LEB§F§QJQCP t hr ough

3010 until all pixels have been processed. This notion {ect1on process
is pePf orfifddnfgy logssiaee eastelation garf easily be 26tefroip6din Wetruntivnriigtention block | G 2,
when the ({@al notion value has been determned, the final notion value is
passed fromthe notion detection block (118) to the bl ender (110) through
a 3-tap nedian filter (122) and a delay block (124). The nedian tap filter
(122)  fil0Q481 EIG. Heshows iarhigh-leneliflowchart ofthe ondtiendeectivnyopesiok bEFIGLT on or

-not i ' LR . th | xel st The 3 h [ | (3D_C is
Gener at ot SIS St s pperel By it SRR sl TR oGRS 55 S b skar ™ 2 one
franme pr FiG.3, theahotion, defedtidnlprogydsistings Byv@eeitihy hﬁﬂn@or?%lg?’rﬁ&%@fal, %Q)né-gi 06/ _2006|'

are applied to signa

t 26).. A d filt 128 d del ‘
pet ot e SP Gt SR a6 eoraier el ped mal GERGPOITHA Trsrbidn e | | tor
limits thRomapdnl Heol if RecBR (s 500, ﬁg&r&ﬁ{%ﬁ&e&e?%gﬁ%%cﬁg lpdpeaches the

bl.ender (110)." I n one inplenentatl on, chroma pas It}%célr (128) is
8.5-tap ceivessepirath threrboldiveluenfos thsflow freqyenOy Inbh@, dofhain, filehighviirdgaeyt he mmi ddl e

tap bein e i nder goi. n ecodi and two, pi xel s gn either
LR b daltl i) g‘ﬁ@ﬁ%‘%#ﬁ“'&‘h“i“g’( HReRe 6% - feRpectively, ngm( %28) will be
a w de beaibleabsshold ldgir bloék (126) (3eps3008)1dAefa eEMUSTLS vidihIE BindsBeigd ar ound
t he sub-carrie I ? uencﬁl. 40051 Based on the detected notion in the
ot d’@%‘éé‘{l‘icgr{ ‘Jtﬂ g‘éﬂé’h(‘ 8 3 yepapatfcthipshold aplue for pagh pixelisad sadhfeaghencyt o out put

. the 2D.dﬁnﬁmﬂ$ﬁ&ajn&[ec§i&?is%@nﬁn % 1 l {l 0 resent, the
| 2D C signal is output, and if no %{Sﬁg?r%agﬁxgééﬁﬁ dtoﬂg?{&]tgﬁ%%%i) signal is
out put fqetsstion &chpigwaser In( eneojmplamentaiognghe threshold aluss endbasedaasthto a col or

Killer (phadk : I eF .chr i nforgation in cases where the
proper col or Yé%ﬁ%%)tc &E@{r@%ﬁiﬁt%{ég iﬁécl)rgelglgbroggg?”ﬁ‘a as O PTOEHIFrEImInes

nonochr dhqam';mipums miokian aiélatltg(ﬂm motions liﬂoﬂrelsdiffeﬁhlgﬁ\ajuen@ndbn&@nm-beﬁhé\m ly the
sepajat efglaf:m(r)t(ijorhav ucé)fofa the plx‘é?&teﬂ:@ooﬁ)'. gl}ﬁ‘c Srogésg th%gtcﬁgéks tW(I)wthe:r all pixels ‘

‘in the incoming frame have been processed (step 3010). If all pixels are done, the

process ends. Otherwise, a next pixel in the incoming frame is selected (step 3012), and
\H) _ the process repeats steps 3006 through 3010 until all pixels have been processed. This

motion detection process is performed for each received frame.

25  [0050] Returning now to FIG. 2, when the final motion value has been detenniﬁcd, tﬁe
final motion value is passed from the motion detection block (118) to the blender (110)
through a 3-tap median filter (122) and a delay block (124). The median tap filter (122)

 filters the maximum motion value to remove any sparkle motion or non-motion points in
the pixel stream. The 3D chroma signal (3D_C) is generated from a current pixel and a
- 30 corresponding pixel that is one frame prior, that is, F2-F1, and is then divided by a factor

10




15 the television set for generation of RGB signals to be di sp'l ayed on the
tel evi sion screen. Low frequency notion detection [0052] FIG 44/864&% %6
schematic bl ock diagramof the logic used in one inplenmentation of the

notion d heN detect .l 0 eguency, nmoti o FI G 4B shows
a corresggﬁg?in ff%mﬁ%a%%hﬁ %)rr(tl? @eﬁﬁdo%v&?l?yegaggg aﬁaf%iotﬁ Sb@flgeetf?’i?r’fh?)rocess 20
]E hat is oignaliegamed toit](lje maaie;rau'gp nmajagapas@ ildo m?iéso%& b&idvﬂ&thflak Be 34)3. | Thedl ow
requency, . noti.on ef er.m ne ubtractin a one frame del aye :
sanpl e frcg'fﬂn?nm%%%?'i‘?é ° fl ‘?acg% °P_£°qufl(11f’% (lor s implpmentagien. Waes
di scussedhmimvtand pazs NEGG128)19a Stk ﬁﬁérrv&iﬁfcotaf?{cicn{s\ﬁ?_gw X 3} _f,g,av{;g? is 180
I ul at'ed” on the

degregs out of phase. Since the chrona signal 1's no
sub- car r itsrmiddisdan keing the girrent pixel indergoing decodingfand tres pikels an ditkeDsids. t hat | urma.

IS 25 cangegh : ' L8 obtai ned. The.siqgnal (C)
resultin fr%%r? ﬁgleﬁgﬁéﬁf‘%?ﬁ‘ﬁ%‘égﬁd 119%3 hg%p(g%% ‘F'?'Idlfee? &'dde(fi%g)l’af‘sn order to
renove t hidehvigha pasebandref wround Adiiecnmrédedunditigsub ke réqicasy, 4004) . The
sanme signal (C) is also used as input to the logic used to detect high

frequenc ' for nd/ot Luma,..with less |u tion, which wll
be di.scuts,ose ?%Q?r[?ﬁéh eglg'%t%{{?d %‘8&%‘% Hn‘?”é’i“eciﬂéeﬁegl SJBCIFE%& he plenfesos53] 1 n
one i npl Eit@hdeaideowhethéreo bupmpans2Id chrosh sled4) teD HReSa LiBhAC Gl filters
(2+2§0 with c eélf'éﬁiﬁnts of t/a, 0, V2, 0,1/4, and a 3-Tap |owass filter
(1+150 wi PPresEls e APelisienglls Quiut, anghif ng mogipn isppEesenit fhen the HR_S signabisnat i on of
filters oupdifiron ownasEed (1o etk HohAfe bindek SUHTHNGAE ﬁﬁﬁri(@%‘)he“ mot i on

pa.t h and_ renpbves sub-carrier pOI’t | o_ns t ha \'4 I nNcorrec nt er pr et ed
lag noti dhat opsEtesJousemaver ghrameg wdorsiatiomin cases Where Haspropertclar came ibki er

206) , ' i S| | s or, val ues t sitiv i gnal s or
\(/al u)es \(,@%% egg%@ﬁgng s’ %[lﬁcgnésg%g Zogoshgorge PH’P&”'sﬁBﬁpﬁClF Sg‘ioiorﬁh k (208).
The thr »dnd sgpe Binalik tHe28pJrates ulromaqCy and Rinfah(Yg $hphl ardbuipucdst er m ned

shol d . omthe incomng rectified notion

by the variable thr | ogj 120) from,

val ulg (s‘ﬁéeﬁﬁgﬁ%)s?‘ %ﬂ?@@%ﬂ?ﬁlﬁ%ﬁ%ﬂam hedisplaypq epjtheselenision aseeni s, 10 any
negative values are clipped to zero while | eaving positive val ues

unchangdaw frague yton idbtectiggw f r equency noti on val ue (step 4010), and the
| owpass filtered notion detection value is output (step 4012). [0054] In

one i npl atign, the third 5-tap filter has_a bypass option. The
atten'uat[lﬁ%gki\? i:g(%' ta%e Sf‘%‘V\?pa?ssscg‘?q‘qu@r8’8F’60‘1“‘$’2@4)°ff'€51? E?BEC%%N&I snean be
f qu_db: limﬂlainbl?tationb@ﬂ 014, m@tiA aditior Blork! @ MAb! @ect Ww Fehuse) MRl € |1 sted
in Ta el ow.

o ?*'I(% 4% shows a corresponding flowchart for the low frequency motion detection process

20  that is carried out in the motion detection block (118) of FIG. 4A. The low frequency
motion is determined by subtracting (202) a one frame delayed sample from an incoming

é‘“) frame, that is, F1-FO (step 4002). As was discussed above, in NTSC, the sub-carrier for
two adjacent frames is 180 degrees out of phase. Since the chroma signal is modulated

on the sub-carrier, the resuit of the subtraction of frames F2 and FO is that luma is

25  canceled out and chroma and motion is obtained. The signal (C) resulting from the
subtraction F2-F1 is lowpass filtered (204) in order t6 remove the high frequency
components including chroma (step 4004). The same signal (C) is also used as input to

_ the logic used to detect high frequency motion for chroma -andfor. luma, with less luma

mption, which will be discussed in more detail below with reference to FIG. 6.
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FrequencyAttenuati on 2 Mdz-25 dB 3 MHz-80 dB 4 MHz-100 dB 4.5 MHz-60 dB 5 ¢
I\/Hz?40 dé Table 1. Attenuation for NTSC signals Frequency 2M+&z 14 {ead 20 0f
-15 dB 12 19/06/ 2006 3 MHz-40 dB 4 MHz -100 dB j4 5 MHz-95 dB 6 MHz-46 dB

Lo moke [0S Bh OEbiLRbdridh, 30008 FRA0 sFesS bl s (ha " OO
detecti dmviﬂscmﬁﬁclidnscbfﬂm Oal/zoﬂ,e%fsmdmé;l-udﬁkmp;iﬁzmteﬁ(lmﬁvﬁ%@zoﬁefﬁg?ﬁ@ﬁa lé’r o the
' ' by. b t hr ough 220. so here,
Conart (1 e p3hE Rk TG sortbumtion of diiersan B¢ Ty pmIler (AHbAIPDN S usod as
| nput 10 rblweingOgit: frdlthe GRRA!pa ARl HembIAIMBOGHicFObdilbhs! B SDEORR and/ or
| uma, Wi th Iegs | uma noti on, sl?]own in FIG 6A The maxi mum value of the
- F2- Fl Snothsreethdniericted asaptien | Bre lowpasp Sliered siimal is then m‘s@rtmammﬁayfs t heh
' ' ' nCcy.. Mof i on det ecti or chronmm
s or | PSSR el th Olludst BNl Vi Ghififornne ¢ °
i mpl emrentzad iofhenfpasseibtd adhresholds bgid blotkh 08Dt The tieteshont l'ogig &?}@C@og)lw) to
Cor 06 po ezt T ARSI VB e R indd, by B arRB, (P oleb eiocut 200 g the
: incoming rectified motion value (step 4008). The resulting signal is limited (210), thatis,
10 any negative values are clippcd to zero while leaving positive values unchanged, to

obtain the low frequency motion value (step 4010), and the lowpass filtered motion
detection value is output (_step 4012),

7 [0054] In one implementation, the third 5-tap filter has a bypass option. The attenuation
of the lowpass filter block (204) for NTSC signals can be found in Table 1 below, and the
15  attenuation for PAL signals are listed in Table 2 below. '
Frequency Attenuation
2 MHz -25dB
3 MI—Iz -80 dB
4 MHz -100 dB
o) 4.5 Miz -60 dB
5 MHz | | -40 dB

Table 1: Attenuation for NTSC signals

- Frequency Attenuation

2 MHz | .15 dB
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frequency chroma and/or luma. As can be seen in FIGs. 5A and 513, in ordef
to detect high frequency notion, a two-franme del ayed sanpl e i 4 9%Ub6yagal
(302) froman 15 incomng frane, that is, F2-FO (step 5002). The resulting
si gnal i then—rect+Hted—{(304—F(step-5604)——and-passed-to a threshold |logic
bl ock (306). The thrﬁiﬁ%d | ogi ¢ bl ock (306) subt_%g s a second tjhreshol d -
val ue (gtep 5006) determned by the variable thres logic (120) from
the incam ng notion value. The result|ing signal 1§ Iimted (308) (fstep
5008) and | ow pass 4MHlzred with a 3-tap | ow pasgohyiRter (1+1) wijth

coef fi cifents—efta—tz—+a—{step—20-5010). Since the sub-carrier of] FO and
F2 has the sane phas his detection schene provides proper chrdnma
notion, {as wel | as hi requency lure motion. Thedx®&sulting sigial is

t hen output (step 5012). I3 1970672006 T0057] rnm one Trnptementatiqgn, the
signal s|F2 and FO cagMi® bandpass filitered before_ 4ghgy are subtrgcted in
step 5062; ncy |u nmotion is filtered out and gnly
chroma band notion is pre %rfg As a result, the resulting signal output in
step 5012 will only conti‘i1 EHritsnuetion ff PAdesignels 5 Chromm / Lunma not i on
with less luma notion [0058] FIG 6A shows a schematic bl ock di agram of the

| ogi ¢ usmssmntoheimmémnaﬁdﬁ@;naﬁaér%mlfak&ﬂa& S‘ﬁ%énﬁﬂ%fg%ﬂﬁf%ﬁﬁfé@agﬁ Ié%quency

not i on ff?r chroma and/or luma, with |ess tion. | ws a
f I owchar ¥e4PncY RekGedeiestionniy applisdhre demeduimondaiayembs twodraneedelayt in the

ot i on  desRedved) skiviarih Fibl by FloGA™ n,A Fl.Gs, 6A and 6B this 10
Jpotion estqéﬁtnteggrsl i'S fallelr ?As?m gr&%lg%ﬁgﬁméﬂ My Besrrcthe 5809180 est i mat i on
di/s c ds s egsultingofyem\ithe hubtettorent sighad Fl B5n MAisandd 2B.ing €0 RDiogicslapwn i n FI G
6A can . wo modes. .In the first node, the |ogic operates to

det ect %%@ﬁn%? fredueney mo OT%Ch‘POF?r?QQ{m bﬁ@%“’l‘@é@ssllﬂiﬁﬁﬂwﬁtm,émwn n the
second rn8k]. AhFhé pgkicauepedss §3hd B2-HEMBRSn A1AShe IR SdH ,on. 15

[ 0059] Ei rzt .tge B‘rg%égﬁs (6000) determ nes V\heet_ er thte}ﬁ’?%?@%fl}r’b chroma
mode or 1§ ffermifed ag wdrriuersy dragmolion. be used (step 6002). In one

i npl enentation, this is determ ned by checking whether a one-franme chroma
not i on @éhgbfreyubhdy MafonkRRBLGE or cHrbma kitfordiiGa f rame chroma notion enable bit
has not been set, then the two-Trane node used and t he process

. contjnu 6004, in which the two one-frane difference

. tlb : f(ﬁlS%fFl%eSpA shows' a schematic block diagram of one implementation of the logic

used in the motion detection block (118) to detect high frequency chroma and/or luma
motion. FIG. 5B shows a corresponding flowchart of a motion detection process for high
frequency chroma and/or luma. As can be seen in FIGs. 5A and 5B, in order to detect

- high frequency motion, a two-frame delayed sample is subtracted (302).' from an
{ ) 15  incoming frame, that is, F2-FQ (step 5002). The resulting signal is then rectified (304)
' “(step 5004) and passed to a threshold logic block (306). The threshold logic block (306)
subtracts a second threshold value (step 5006) determined by the variable threshold logic

(120) from the incoming motion value. The resulting signal is limited (308) (step 5008)

. and low pass filtered with a 3-tap low pass filter ( 1+1) with coefficients of %, 4, % (step

20 5010). Since the sub~ca:ﬁer o_f FO and F2 has the same phase, this detection scheme

provides proper chroma motion, as well as high frequency luma motion. The resulting
signal is then output (step 5012). |
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. 20 signals C (that is, F2-Fl) and D (that is FI-FO) fromFI G 4A are
rectified. Signal Dis then subtracted from signal C (step 600%)0&Yd ¢
resulting signal is rectified (step 6014). The threshold |ogic bl ock then
subtractg8 7;]Ilfliz)rd i hrlesh | d vgl ue determned by the wvariable threshold
logic (1 ?5 A P STREGoRgDs 8eRals F2nd i Gap be bandpassfiersd beforethey The
resul ti ngrsieatted i O s¢ dABlowl 1 Aol i Il &hed (step
6020) in 3-tap, 25 | on,vr/Spass filter ( +1C§§pl\37l\n§%ah cogfl?ﬁétlg%ﬂ'?)g{%{{‘d/%ﬁ’?i h, /a.
The res u@m& band motion & praseat. ofst pEesult, (tke repuldaRsipnad nutputhie sEp$OES wilknds.
[0060] | fonlyn@nAinAdesita SELSIdopes i n step 6002 that the one frame chroma
notion enable bit has been set, that is, that one frame chroma notion
detection_shoul d be used, the process (6000) does not use signals C and D,
but i Ast &dupma/dama metien with lesgfuffih moliech of 14 frames F2 and Fl are bandpass -
filtered (step 6008) and rectified (step 6010). The rectified version of
si gnal Flrgg t rectifi ersion of signal F2 (step
6012) ar";%ﬂs%gkf;% :é? ?ﬁﬁ‘ﬁd@?‘éﬁ‘%ﬁé‘é&? Slagram of e‘ﬁ%i‘?ﬁ“ﬁ w3 i e ‘geﬁ@p 6014) .
After t hdetectionfblacki(tiB)3o detadt highsfrdnearymastionffoechroma S 1604 Avit B Pr ocess

continueg, W th.st 16 5 through 6022, as described above. Final notion
[[0061] FF&M ‘S?B‘é O\E/‘gﬁa%gcﬁ'@%tai @“ﬁﬁg‘w 8iCYGTSRANERE Mstion Heteqtion HLOCRFSSC not i on
s det ecartiealcuadhedndtion deteoifenl BIGUR1 9! AsTe B sdeftin K, B fah@ B sl " cGUENCY
regi The fjinal notion file is thée maxi mum of the notions eter m ned

abovg&f ofOtpf egfizpatign ds fairly sigjlas be yheahigh Srequencyiamotionenstiimatidi Gsci@sedbove, t he
f.inal nNOiHRO with ERRAPERS kR ‘ - . oriz |, median filter
(122). The 3- tlap horiczonltslg{1 %@gﬁgggf ?]I‘htegi?él?%i fneﬁ@%lgé C PRPRI®M ot i on and
no- not i ofWopBPdass Inrthg &irst Inadesthe Togic bperates NT SedThiddi métic :RELAwH0 be 5
bits w [ tign v of 16 will cause the decoder to out put
the 2D dﬁmrféé gﬁtﬁ lgﬁﬁﬁgﬁg “s“i%j’ﬁaff?%ﬁ%ls‘i}’.‘m‘g“}ﬂdﬁ’i %ﬁ?%topefﬁte%q detedfongero wil |
cause t hisangtechoaira mabGiort.0 out put the 3D | uma and chroma signals only. Any

val ues in between zero and 16 will cause the decoder to output a signal

t hat, d ; 2D d ' . This bl endi [ d in the bl end
(1305 ° 0PN BHRE Thelin tBe labiehmines ihghecthe el chromsomplioomibs [ 0062
FI G 8 iomedraneheh@inh Gnddle Qhlsuldi RATBINSEP YOS, FIH%nQHﬁ{Ip%HeQQﬁQJ, thil§, P! ender

(110) of, 20 the decoder in greater detall, in accordance w’th ohe
i rpl enerfelSiNgeEd By chacking whether 8 ane-figme chroma motion enable bit has been set. If

the one-frame chroma motion enable bit has not been set, then the two-frame mode is

_ used and the process continues to step 6004, in which the two one-frame difference
20 signals C (that is, F2-FI) and D (that is F1-F0) from FIG. 4A are rectified. Signal D is
then subtracted from signal C (step 6006) and the resulting signal is rectified (step 6014).
( ) The threshold logic block then subtracts a third threshold vé]ue determined by the
variable threshold logic (120) from the incoming rectified motion value (step 6016). The
resulting signal is limited (308) (step 6018) and low pass filtered (step 6020) in a 3-tap
.25 “low pass filter (1+1) with coefficients of Y4, Y2, Y. The resulting signal is then outpuf
(step 6022) and the process ends. |

[0060] If the process determines in step 6002 that the one frame chroma motion enable
bit has been set, that is, that one frame chroma motion detection should be used, the
process (6000) does not use signals C and D, but instead uses frames F2 and F1. Each of
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was di scussed above and can be seen in FIG 8, the 2D chronma signal ('2D_C)
cones fromthe 2D chronma | uma separator, and the 3D chroma si a@f063R0D6
conmes fromthe 3D chrona/luma separator. The 5-bit notion output fromthe

-rmt'ond ect al sg ed as an input to the bl ender
(11|0). I%‘L%ﬁﬁﬁ? (‘“P?%Stﬁ'éefﬁcl éﬂ%}saﬁ‘}(?%sanésr : Edsrsn 608@®. 2BheC and 3D C

si gnal s, r&hiﬁéb vafsﬁ‘mbifﬁkligiﬁﬂFﬁ% e kBicte P ion)/16 +
(3b.C * S@G notion))/ 16 [0063] The Iutr:rtg ogqu{:gsd?g%t arls{r?ég’i% n%%racti ng

t he chr orf&eR 8917 témr@snbmg rence @igpalsis tthenviedified((s2p 6014)c chfear the | | er

whi ch ca s 15 19/ 06/ 200 ed to
relm)ve comlll %fex??%%ngg}aﬁg%%ﬁ ﬁfg%/dgig SP% é:daltgg\é@ \R}ﬁdé:‘?slé ctoﬂténuﬁf 3P r“?&%gfgcannot be
di spl éyedlfoﬁghr@é%eamdbwnbmmmvt he i nput conposite video (L2) is a nonochrone

video signal. In some inpl enentations, a filter, such as an adaptive
control | ggh.fibi& . can be applied in the chroma path in order to enhance
t he crossftbébr“suppression. SSmlarly, 5 adaptive filters can be put in

t he lumgﬁ)gth in order to reduce cross-luna effects. Threshold logic for
noti on dét0et} Fieh 7 sl aAshacMCdilmuéiagdmabpﬁ@w thé fiRhll REECVRANGY isOf '

decodi ng, te signal i rform notion based adaptive tenporal
decodi ng %&aﬁﬁ&g%%gﬁﬁhe‘f gf"t‘%"rs d% Eﬁ of theWiffereny dregpsncy segiensprEhsent ,  t hen
termoral fis ot ROk dhe Iﬁ@ﬁﬁl@fﬁr@dﬁh anslidab Rk ing (2D)
isp E med. 2D decodl ng has cr osseco | or anc?%?d?rgg‘w ?dértfll fac‘EG[g whil e

aD d A o SH’éﬁﬁéeQm@ﬂG# ebdvacthe fihgrmeftonlis then passehdraighan | mage.

Thus thg r rt r to accurately
Aot ost 1 pepriorabal e RAG, (199 oSy P poperta,m i, st rgmysiogs) i
one i npl sPakde mefiorandiioemotion pmntdeh@'o:t lwes. The AadliNFSCIimbiod isWippdatto

a current fr d previous franes on a

di ff
p: xe?ar Sy Sjlgalttaslj‘;lgaa S. %‘rliﬁ'élmdg?téo@tvé'&‘e ﬂ?é&@ﬁwe theydgcodes to eyiput thes )

di f f er erium‘ci andeldemt eighsls PRIYC eSHSFMIA MEHRAvahR di"%&%%]ltc?ﬁé? ﬁt}éeé%hb%g | ogi c,

Typ| not jon. detection | ogic contains some t
c% QEPBS 'i‘ ﬁBﬂPWﬁéPF‘ FhemAsignanonly ﬁnmeralsl@qaprl@mu zbrased 16wiky st em

n0| se. IchudeRheSdechdbr &5 bstbst Vﬁ%ﬂﬁh tion will be
| ost in some cases, andbl 2 %ﬁshresﬁéfgg 4{5}2@1 g&'fﬂ’e\ 1§y st em
noi se wdpﬂelgéhkblam@élrlﬂbrv@mlnswﬂmbwdmdemlibedah:grmerdetﬁner efore, it is .
desirabl e to have adaptive threshold logic. Furthernore, the nore

The Blender

-[0062] FIG. 8 is a schematic block diagram showing thé operation of the blender (110) of

20  the decoder in greater detail, in accordance with one implementation of the invention. As

was discussed above and can be seen in FIG. 8, the 2D chroma signal (2D_C) comes

from the 2D chroma/luma separator, and the 3D chroma signal (3D_C) comes from the

3D chroma/luma separator. The 5-bit motion output from the motion detection block

(118) is also used as an input to the blender (1 10). The chroma output from the blender is
25  based on the 2D_C and 3D_C signals, which are blended as follows:

Chroma output = (2D_C * motion)/16 + (3D_C * (16-motion))/ 16

[0063] The luma output is obtained by subtracting the chroma output from the input

composite video (L2). A color killer, which can be enabled and disabled by firmware, is
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dynam c the adaptive threshold logic is, the better the notion detect:ion_'
logic wll perform In order to understand the various issues 1t9hadsieedd o
be taken into account in the adaptive threshold logic, a brief overview of

vari ous ngi tvpes will now.follqw 25 [0066] The main causes for notion
det ect i onu%?éngoc%%%ﬁ% F‘\érgr frm IF%G‘F&(’)IWS‘B cases fierenie PEQRSE Rolb Faraotobe j it ter,
di agonal disphaysd, tfo0exangile; GviidH &hd ﬁlpﬁaamﬁlﬂ)sﬁ@wﬁeem)ﬁk %kmoﬁ&hﬁo%eavﬂﬁeoso on.

The foll ow ng discussion will focus on sanpling clock noise or Jitter, and
di agonal S NS SOMGmplsmsatations, a fiier,isueh asoary alagovn ¢amwolerbfiltéructm eoi se i n

vi deo si gBgtied, in tRECHIBNS patlii ' ' frequency poi.se for the 3D
decoder ngiﬁ%_or%ndet%ct ioh 1 olg|ril)(r:&é:ir'§(s &%Hgéltggﬁ?%'gagﬁsdlggﬁaﬁi@é Q’\mfé@% causes

f al sed noefdtivefites sanfhequbin thahshapatide oslet toabduey closs-RPaicffetthose  ar eas of
~the inmage, although 3D should be used. The edge noi se occurs as a result of

t he Amﬁmlgg,g#gqogngﬁng'et %@nverter) sanpling clock jitter, because of
vari ous reason noi se, PLL (Phase | ocked | oop)
instability, PLL tracking, or the loop filter 5 settings. [00671 As a
resul t of006AbAs wapdiseugsedl abote, jah bffentive iwag lof dedodingahd ednhyoie kipndl Rerosanpl ed

si gnal | t al,l the si | edges. These variations cause edge
noigse toa%gidgrlg%g)ﬁtb,%eﬁﬁdﬂﬂwe?@n@?gflgl@fqdif%p‘?‘gbﬁﬁpiCBWQIﬁi‘% suthgbt Whent er and to
t he edgenanplibn ixdgresent, tthe BhpeRl céxhlﬁh% (3D) & Rrfoslidd! GPBMEWIG Phitf! val ues

for $i el szﬁjﬁhat are |l ocated on either side of an edge. In-one 10
i ! e ntRYn (DN s performed. AR dlepadingchas crasheelongnddint erawil mitifacts while st
di.f f er ensr® dedodig AHES' R havethet€ bt ' L X &l agsecand
dif f erence bet mggn_sa cu?vreen‘%gggrlt@e} %}@ﬁl}‘éﬁg&ﬁ Op%ﬁ% ?‘agﬁ'if’ﬁ'&“&@f’hg t he
maxi mum defectipre lagigois e impartatt i difler erecewatelyndensot et inotiGEESreby NI S

probl em s to be dynam cally varied based on both edge
detecti oar?mgen%:lgéc’)tﬁ {ﬁ%lggggﬁélggsl ope, on a pixel-by-pixel basis. 15 [00681 The

edge/sIoEe adapti ve threshold can be further inproved based on sub-carrier
det ect i dA065T i pucainiplernantatiod) e midtiedl dewlctadsi behided B9 shidgR@! difiirbiReedge noi se
In the Ry f.requen | u ortigns is higher than the edge noise in the
hi gr%gf r gyﬁﬁ%ﬁ%ﬁ CE‘%P%%@"%S‘WP‘%H us gﬂ’?&% OR ReP1iehbytpirey basin c The deteaseked to the
col or buiffdrerngey thatoi, tHe ‘Irive dBffdterRB” NE&K to e YPResseliUh to@(gé' B ftect F‘ﬁe luma edges
typi cal |y have, st Eyper sl opes than the chroma egges, 0 Sihce e |luma
edges h&RAERi JHPIFE S MAtiPR detagiondogie ceniaing sauil §pe bf thshelddegit,widahol d i s
set Nl GBotRISMRSK kb BOHER Wil B¢ RuppHda Vs on &R 0T, 21208 ated ! oss
threshold value is increased, then the real motion will be lost in some caées, and if the
20 threshold value is decreased, system noise will generate erroneous motion indications.
. Therefore, it is desirable to have adaptive threshold logic. Furthermore, the more
) \ ) dynamic the adaptive threshold logic is, the better the motion detection logic will
perform. In order to understand the various issues that need to be taken into account in

- the adaptive threshold logic, a brief overview of various noise types will now follow,

- 25 .[0066] The main causes for motion detection inaccuracies are random noise, sampling
clock noise or jitter, diagonal transition noise due to éamera shimmer, clamp noise and so
on. The following discussion will focus on sampling clock noise or jitter, and diagonal

- transition noise. In addition to random low amplitude noise in video signals, the more

high amplitude and high frequency noise for the 3D decoder motion detection logic is
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chroma notion will also occur. However, if the edge/slope threshold is ndde
adaptive based on sub-carTier detection, the threshold |ogic qauy®e/2006

i nproved to be nore effective, as will now be discussed. 25 Inplenentation
of edee and sub-carrier detect |ogic for adaptive threshold |ogic [00691
FIG 9 si98fneses whishsayses falss anotigh agrossfirashiest and heheeeswishingltodDdn (0&0) t hat -

[ | ud t ' ' and sub-carri er tection
(SCp) T oT S oS Fndi: QOB U B GG, The PHee e SRR Yo A B ¢ i1
be descr iAd¥d {(Amaldgto Digital @enedrier)zainpling dockljfted) beeAeG ol @ifibad iREschOlleC t hat

allows a r,to_set threshol. d val ue as.a rcent age of the edge, that
s, “how SHER eabpai Bt @haRIprd ool usTiint e Srcsil on dnehon Glie
t hr eshol dettipgd070] Thi s edge-based threshold is then nmade further adaptive
t hrough the SCD logic block (720), which exam nes the sub-carrier status.
The SCD k@f&? bl ock! E Eﬁ%) vvlidl:1 al so_5 be described in further detail below,
but gene B ALeS FREPEPSERCK jitten) thesp @reatagigtions in therpempled signgli t h t he
edge det g@plitadeslapali 1 i : :
b the RigRsllededs gilg@s&%aﬁﬂwnméﬁrrxg? gt}éé)ﬁ('&ise@@% ﬁ}a@éeﬁ, W?lﬁ:h

percentages for a particular edge, for exa and 'y
bl ock ( 7E0¥rectiiorreperienali & eloek fitierahd toathe iedge arhpigndexdnths slape thaais, thee s| ope
per cent | . the S | ogi.c bl.ock (720)_ detects a -
sub- car ?ﬁe&ﬂ%ﬁé%ﬂ;&%@ésﬁg sxetlgn%lats %l;?g%mbgp}%ﬁfl% ant?‘ﬁzg%s"i‘cﬂnﬂ val ue for
t hat 1qar inipderhentation s differenés iis detemtinddh yaiztaninvgy a filkedifféfénceof akighigr S| ope
per cent a Qeltarﬁr eshol.d valﬁeﬁn be@%aﬁg for luma portions of an inmage and a
|L.ower slope pgracpéﬁ‘fl%"&ep”t‘ r BB PO 1eRckbeswesnse quirest pixst #fea pR¥Xtt i ons of

{t he i magsixel, dndatleling el takifthnt Seh€ NS Bl ArdrORs, Ak b A @ dynanic
threshol d. vari ati on_ based on SCD on a pi xel by pixel basis. Because of

this i nd@isrRhlem. tae hresheldmeeds|to b dusumieally oarieshbaspd pb bothsdgd detectibn eshol d

| ogi ¢ camde tR'-ass 8 B0 b QSRR Lgnificant luma edge noi se w thout
much loss in chrgéma 't?%ﬁlf’élﬂﬁ)gf’@%%a%%t ection block [0071] The SCD
detection block (720) detects the sub-carrier by checking for sub-carrier
charlact 49968 Tae edgefnlapesadaptivel thapshobdi canclrepiarthér iynproved thagedsqmadubahrmdo mai n,

ocked CoREia”  ERTRMY I8 orafied Sounilie WOBF Sighdl i ctef potsn it dirtie >
sub- car diequensyriyhe postiohs idhigherathhny tROHRE riofke BB highORequiitly QRRRSI te in
. pha.se Orpoﬁfogsr] ',sin'écl:J Ehtehs?urnp rrlge blof:l??s lgéi(%c_i %c? Ehrclc%Iror%glgs? ggr%iog 2? fhec SB -cartier |
| signal. Furthermore, the luma edges typically have steeper slopes than the chroma edges,
20 - since the luma edges have high resolution up to around 5 MHz. If the edge threshold is
set high to mask high frequency luma edge noise, then some associated loss of real
| - chroma motion will also occur, However, if the edge/slope threshold is made adaptive
L ) based on Sub—carrier detection, the threshold logic can be improved to be more effective,

as will now be discussed.

25  Implementation of edge and sub-carrier detect logic for adaptive threshold logic

[0069] FIG. 9 shows a schematic block diagram of the threshold logic (120} that includes
an edge detection logic block (710) and sub-carrier detection (SCD) logic block (720).
The edge detection logic block (710), which will be described in further detail below,
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180 degrees across |lines, which can also be used. In the tenporal domain,
the sub-carrier inverses phase by 180 degrees every frane, so 19406 /2006
be a significant difference 25 between two adj acent frames and nmuch | ess

di fference en fr s that are two,  frames apart. Thus, by studying
both the & af‘?sgﬁg‘&é‘i‘?é O useR I sebafpisheld yalvgiana Pﬁﬁﬁent%ﬁsmf&a adge, dhat

sub- car ri B[ hoWehaeH ofahe HIRE2hduM 6LRLER 4518 el gl |ogic. As can be
seen in FIG 9, the SCD a%%?k (720) recellves theet r rane taps F2, Fl,

and FO (t % ﬁ %f? 19/ 06/ 2006 the current frane, the previ ous frane, and
the framelYif81okhis edgerhasesh birskald is theamrmadg Birther pdaptive thranghdhe SCPilogic The

Vari abl e glbg I Qi;gg ock
di agr am of tkﬁ(zb@aglh g:g%be(&rpﬁrhgglﬁo{l@ 0 rlsgllual (;ﬂ’g S@%@)}é&ﬁi@%ﬁ %@’seen in
FI G 10, bedesertheddn ifentheridgied belogm bit gﬁmﬂmﬁy itire, S@Rdogic block €720) pperales (Pn) i s

sel ect ed, | hol a det rm ned. The | ogic
conpares th gﬁtgl\g%gﬂ %?L'f’eg %15??;’ gfqgﬁ:lﬂ Q@? stbﬁ?%“el (YSAEB8Y SEhEYS next

pi xel ( Prpefcentages fohe pirticilaredpe fordixaaglk) ;@9 and@{%. IEHhESED Iblie bIHRK (778

di ffer enccf: as was degcrlbed above. This difference describes the detected

maxi mum <OBHEOt Sri¢ta Whwarer tenxde is gaes Hdhertdorsperenperthreshold galug, sed made i n
the vertijcalte SCDEIdgicOBIdcR (1[7503 y&éc?é G aub £ & %/‘75\@'11 %1( f'aﬁ@he by ?Ck by

selectlng the current pixe or a current i'ne, e pIX in the
sane 10podercerage threshqld é@]lUQIﬁ@' thﬂt m@rtlaﬁidr algne Xt xBiinest to bsmghérltlwanl Wh, dnce the

maxi mum ectiv ave bee

det er mi n'ggg,hbg&@;&ad eﬁe@%gr gﬂﬁl{ﬂg%lu ues %%SPC‘??{Q“‘“EBP‘%% maeq @‘r‘}d’ener at ed.

The thr ewrdlopalpae:smagetﬂmsheimamemamrbemrsed)fmlchiomat Hhm@iﬁt&qﬁ@ﬂnaké sl ope
sone i npl enentations

vaI ue. rtional constant can be vari ed.
t he thr@‘seﬁ% f”r§e e hﬁ’\{%’e G Joss @ achjeying - dysaic thieshpld ‘Gé@fé@t ed sl ope

val ue. Abs®d onSOD BHE 0 byBHUIEC! BRRRDE amred to
the cal cul ated threshol ds so that theg ﬁdeg%lﬁtﬂﬁr esﬁ ues can be

act
pr og?gmré’&i ¢hgorpapertigrtherthissheldiogic kanskeprbgremoredise syppregs agrnﬁchnntuﬂmat o exceed
'Sonme uppgd enbﬁk%thb&lﬁ%lbmggﬁrﬂ%gﬁ)ﬁ&[]het he 20 variable threshold logic

bl ock (71 can determne thr s for several adjacent franes,
such as F2, FI and.FO and determ ne the final threshold value to be the
‘maxi mum Thg SGP detectiamblodke det er mi ned for the respective frames. [0073] The
vari able threshold logic helps in renoving fal se noti on because of pixel

[0071] The SCD detection block (720) detects the sub-carrier by checking for sub-carrier
characteristics, both spatially and temporally. In the spatial domain, because the

20 sampling clock is four times the sub-carrier frequency and locked to the sub-carrier

| through the color burst, the alternate sub-carrier samples will be nearly cqual in

) - magnitude, but opposite in phase or sign. Furthermore, the sub-carrier changes phase by
180 degrees across lines, which can also be used. In the temporal domain, the sub-carrier

inverses phase by 180 degrees every frame, so there will be a significant difference

25  between two adjacent frames and much less difference between frames that are two
frames apart. Thus, by studying both the spatial domain and the temporal domain, an
approximate sub-carrier detection can be made to control the threshold logic. As can be

seen in FIG. 9, the SCD block (720) receives the three frame taps F2, F1, and FQ (that is,
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val ue variations at signal edges due to sanpling clock jitter / variations.
The higher the 25 signal edge, the larger the variation wll octayoef2006
sanme amount of jitter. Therefore, the pixels that are | ocated on a steeper
sl ope shoyl d hav a h| her t hreshold value. At the sanme tinme, at these
edges theH"ﬁrf ,pgevmugﬁamg,cgngﬂp frape R tel theinreviqus framgkfor swhe r eal

noti on. Tmn&%egm@ threshol d is generated by taking a percentage, for
exanpl e, 10 % of 19 19/06/2006 the slope that the pixel is |ocated on. This
percentage iS further adaptrvely determ ned based on the col or burst

vari ance Haa¥arable theephald logic blogkp| es that are two frames apart). [0074] In
one i npl errentatlon a 3- tap hori zontal w ndow is conbined with a 3-tap
verti cal t @ f shows an
exanpl e SMgw?g(c}hQ% Sg&fgaﬁsglgg%?ﬁ @fg@ﬂ? gledﬁ{){}{i h&laé’olé"’h{%%g&gdré?b 011:%r xel

under X hr@&Me| 4s C@ebﬁesqw nlaﬂ@ml(l, thel coonposite Vided klgnahcdnhbeamhnd heumaspect i ve

D ol o ar B (PEFR iieatk VIR OBl DG UL RETh 4R i8R BB reo.

differ enoce»mpms dmtmmmdelt(En)brertli B @resionp pixeF - Hxadnl rﬁ:xt pxkél FhQ3)idl, the

current \% vaI Pn IS cong% with the values 1 and 4, 10
respect | "?5 fﬁ?t@nt td selecigetbe graxinpun M?@l‘fﬁoﬁsn‘ﬁaspﬁi@‘é@b&d ahowe- t he

maxi mim ditid emmlee deseribak @it dfeclddCmbliftiin Sl [prlfe.% WA el Jtirlsvﬁedr%eshol dis

derived for the pixel Pn. The percentage va ased on
| urre/&hr sltgrpingtion ¥ lsqarade frothe ool direction mdhc Y@ﬂlbds&iifemncecEMahmabﬂ uma

det ect t th hol d |

Copput ed hosk 2 selochfle 83yt ARBTRR 1) QiR ES b8 nd BRESOE o888 Sont al )
h[ [ Mﬁxl Ipmurélﬁnrﬂpm}n]ous ggd;zgmrgalr aaxndibe, &e@lbrttﬁmlgtat (lt)ﬁu&)the ;‘nﬁxﬁgﬁgﬁgfﬂéﬁ@l e gct t
t hr esho nmn leve n o ement ati on e decoder can detec
a synch &dg&” rg?alé]&%% %B?C&VLIV Me?ﬁ? t 198 threnbpld ales &5 thear i ance,
for” exanphreent PikeliBigeserfted. rrmrmresffcha Salley &6 1R pryRiti A f i leEctecean De Tor

one franme notion or two frane noti on, can be used programthe |inear
per cdnit aglePs Kalas h dhel Preppitienality, senstast camebqormdammme 1mplcmsmtetimusglm n. The

progr anmapdBoliayiel| Ent by g&hﬁr 4T Y hcﬁegﬁe%g_ﬁo Q@%ﬁe&ﬁé‘q af%ddl vhiy@" ékx be

adapted based on detecte e res P%glc al has a
pr ogr anmaBHBLm mdrmaniben ahppmgrfunctﬂm aqebeqirogrammed kogit on ehd @fculdiel out put

level t Oth&&ﬁolﬂ??oe{haé tl.hmﬁtnalv es 1& valucgecan be programmed to have some minimum

thresholds or be programmed not to exceed some upper limit. In one implementation, the
20  variable threshold logic block (710) can determine threshold values for several adjacent
frames, such as F2, F1 and F0 and determine the final threshold value to be the maximum

or minimum value determined for the respective frames.

[0073] The variable threshold logic helps in removing false motion because of pixel
value variations at signal edges due to sampling clock jitter / variations. The higher the
25 signal edge, the larger the variation will occur for the same amount of jitter. Therefore,
the pixels that are located on a steeper slope should have a higher threshold value. At the
same time, at these edges the motion value is high, so the threshold will not mask the real
motion. The variable threshold is generated by taking a percentage, for example, 10 % of
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25 threshold crosses the progranmed upper limt value. The sanme | ogic has
al so been put in the vertical domain, i.e.; across lines. As cB9/b6/2006
realized by one skilled in the art, the threshold percentage and the DC

of fset for horlzont al .and vertical taps can be separately ciorogram*red
Hence, siWe&lops Hiat mermirgldslogpted paqdhisersroeatees, isrfit |admgphf etsfiniped he

h t b
char o, ATl e E0: 1y Ffops BBAARS (his ROt AR FRIREED, P00 o

threshol d value is subtracted fromthe notion value in the notion
det ect i oriﬂﬂ'lﬂj ile ok doiplepreajion,;2 Getoge hatizontal windeon iogombiadiavithGhBeam/ | una

det ect C ! t | ogi oGk 10) of FIG 10
coar sel y {3%@% J?@m {: @#ﬂ‘@%@‘%‘ﬁ%ﬁg °B’y Fz(t%giclksﬁlﬁag 215? }W%na

char aét erofs r.uch s# sﬁ—gpahdap&vdaal&esimm mm}wf acTky Surrdiiepikelr aiidet aﬁﬁeﬁl’fold s based
on 4fsc S lin Lf the pjx un lL.nvesti atlon 1 S chroma
cycl e, %EW@&?P & d¥pkdi B nﬁ‘F %HBJM I %ﬁr‘t"?‘d@zﬁg Fhl"en tude, but
be Oppos | differbrbe Df @b coieh©pixd] 264 ifd ARHcbR Pixeld e eaal%ﬂécﬁa,ﬁl thé Bla@iRf Of

adj acent pi xels armnﬂ& the four chroma pixels should be nearly the sane.

The secorféfference gmong the detsrrainad diffspnrasitidetermingd to b¢ ﬂxers@p@naorqumledu fference
| S great gp Ftlgarllltﬁ\@ éu‘ﬁ%mf gﬁgﬁevﬂﬁﬁf i)ﬁ'}?'};% Lr&'i w1ﬁlt p JE?gleS)O(?;glfcpéChr oma 1S

det ect ed, ot’herw se t I's no a chrorra ased on
t hesd0t V\mespbmﬂs(, which mnhdamlmméthmsmdmdhgtﬁmﬂs, h:kdathpmaehumdiﬁ’eredm:odi ng is

on the chr he | Furt her sed this

det er ni nés[f%g‘f‘ap ﬁ'ﬁeﬁ‘\?giﬂ%a‘?)hgmt Wﬁlggﬁiq g“ E?leéﬁld%@d for aﬁcﬂ%‘g}“d J\nFeerent ly
foy chroparkbitige wiveah adé adap8¥ebaRb®on Iivt/dedmd Pikell valRs, 30fexbBiie Q% chroma.
I'T" shoul d be noted that the threshold percentage (gain) and the DC of f set
min and RBXPdricH opshipew/igma ?tﬁ‘a@ﬂendently programmabl e for each notion
path. [0079] A nore detailed view of the different parts of the chroma /

| uma det RS MObre ﬁﬁﬂ&ﬂentdtlﬁn RMohtAl fkdshold Valud s Cgﬂlgﬁtﬁ(il'%l ﬁ&gi’éﬁnéehe | ogi ¢

for the tenporal chroma anplitude 20 check, which ch e one-frame and
t wo- 1¥ anwiththerfel@miag sxpressippect i vel y, and outputs a first chrona/luma
status val ue of one or zero, Wnere a val ue of one represents chroma. FIG

13 shows &g &%oﬁtaf fie; A4 | "t\ém[ hecks

whet her ever3(/IJI r)nat[e S{A &'&lle(glrlT@ﬁng&a&gmgn 5e )gut opposite
in sign, and outputs a s%ognnhmabhmm(réshdﬂ(mimlbuﬂ) val ue of one or zero,
where a value of one represents chroma. FIG

[0076] In one implementation, the decoder can detect a synch edge or color burst regions

and determine their motion variance, for example, by using firmware. This detected
20  variance, which can be for one frame motion or two frame motion, can be used to

- program the linear percentage threshold value, that is the programmable threshold gain.

e
-

The programmable variable threshold percentage gain can, additionally, be adapted based

on detected chroma/luma. The threshold logic also has a programmable minimum DC
offset. The max clipping logic clips the output level to the upper limit value if the

25  threshold crosses the programmed upper limit value. The same logic has also been put in
the vertical domain, i.e., across lines. As can be realized by one skilled in the art, the
threshold percentage and the DC offset for horizontal and vertical taps can be separately
-programmed. Hence, since line memories are required for vertical logic, only the

horizontal logic can be kept, unless the 2D-logic line memories can be shared. Finally, as
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25 14 shows a nore detailed view of the chroma sanple conpare bl ock of FIG
13, where all the four flip-flops are set to one if chronma is Heyeet/eo6
Finally, FIG 15 shows how the first and second chroma/luma status val ues
are conpared to gen riée a final chroma/luma_ status value that is used by
the var i affifPerRFE@ATE P ithigyasiable drshpldvgiue ipsubiragtersirom dlee metignrveluedhs for PAL
[ 0080] PAlhe nidass | ' | | Angard used, for exanple,
in Europe, and g?tﬁugggd%%%ﬁgm&ééc&ﬁeaﬁggﬁ ‘?& a.nunber of ways. For the
purpose of this present application, the nost significant difference is
that the t of phase by 180 5 degrees across two franes,
and not across one as in NISC. Consequently, the sub-carrier 1is in phase
“every foupp C { [ t Y,

Subt  act | o ame il | it KR EcihaTThIE) SO, T ORISRt i on 15
det ectded eomas/ Hnacsigralnby chepiingf for clrona dchbmactefistapsigatiuaytasedsorged s (i . e.
the F2, n 11,.El G 16 ws.a. schematic bl ack di agram
for det eclfflta ?‘%‘8‘ ?B%,:VQ’ESF %g%%iﬁcgﬂge%({l%&f Slalgpl}nglg[?%ﬁl?”%?hﬂf’%?“é{ﬁ%'%%d%?% t he
det ect i orfafchtonw dyclegthenevyerpraliéradie baiplddiRaid Micaly was demegdiRes vabove with
respect to FIGs. .4A ang§4B, efxce t that for PAL only a two-frane
di f f er end® 9PROSHE Bysieq. ooy feprffsation; therabseluty differenca of adipteptRixels agenan f or

det ect i nghe Poud WRroMRe hiRAls fRbulBAe: neaftPdhd Saradal idet RPN of
chroma notion for C SWhiI(I:h waréB dgscriablg% ilglg%(é)?/ngofv?nutaﬁlérjgspecté)to FI Gs.

5A adfl sBmptde ghecknKithe ene-frmue differer iagrta®pthen thedive-feame difictere fand
Li pped, 4 ae ELG 18 .sh henpti c bl ock
GLabran pare e SRSk ko PRI RL R i RIS BeBSIRRT) L0 ot

that the Iogi c depicted in FIG 18 only gives proper notion for lum only
regi ons. [}078} Basedl oytheseotworh@ks liBcandesernined whétherakk piggiuads dedodige f al se

20 ti i || | t,. Th P ti i1l b inped jn further detail
bel ow [ Do etz ok 08 P wma Rl Cruliner, b3Sk L Brmiagioss feng. vo. P
| uma ot variableahrestohl paacenyage is dezied difeRstlP @érUrdntAuma Bkel O fir ex Rk ct ed in
FI G %9 on%q/? gl vles pfrﬁg&r notion for luma only regions. If the |ogic of
FI G o QR EY 1ma et d0%dor ehypmms It shaild de mated dhat et theeskoldipereentageul t . The
M6 P not ' | Il of A3t f:aj FIG 20

_P ot {gam) whd thetISC @¥RbahReRAl i dpt iftles IR ﬁﬂ%&ﬁ&#ﬁﬂp{)@ﬁ%ﬁ%ﬂ%@iﬂi

shows a schematic bl ock diagramfor detecting
- each motion path.

[0079] A more detailed view of the different parts of the chroma / luma detect logic (810)
is shown in FIGs. 12-15. FIG. 12 shows the logic for the temporal chroma amplitude
20 check, which checks the one-frame and two-frame differences, respectively, and outputs
a first chroma/luma status value of one or zero, where a value of one represents chroma.,
\) . FIG. 13 shows the logic for the 4fsc spatial sampling check, which checks whether every
alternate sample is nearly equal in magnitude, but opposite in sign, and outputs a second
chroma/luma status value of one or zero, where a value of one represents chroma. FIG.
25 14 shows a more detailed view of the chroma sample compare block of FIG. 13, where
all the four flip-flops are set to one if chroma is detected. Finally, FIG. 15 shows how the
first and second chroma/luma status values are compared to generate a final chroma/luma
status value that is used by the variable threshold logic block (710).
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signal, which is the maxi num of signals M6o_P, M5_P, and M3_NP obtai ned as
shown in FIGs. 18, 19 and 5A, respectively, is Used to detect 194062006
range of |uma notion. The PAL2 signal, which is the maxi num of signals

M NP, M tat SL% NP, and 22 19/06/ 2006 MB_P obtained as shown in

FI Gs. 4A, » , respectively, is used to detect chroma notion and
| ow frequency luma notion. The PAL notion is determned to be the m ninmm
of PALL af#801RAL (P68 Altermstingahinb)eis &a@dbol gtanldhr@ used) foit xamivR, I Burgpdy?_P PAL

t that elimnates fal se notion
Gener at Sa RGRY GRS IS CPEER Ot SHVEEF Pf WhE FORU Phmesael INEBISg o | 5
reqU| red fptednss, thé endehéigihcamt ﬂﬁfé}enélé)ﬁsthﬂ%e ﬁﬁa&%ﬁier@’out Y‘?hafs% ﬁ?‘iS@dd' tion

for L£h frequency col ored regions. The chroma sig s’ luma near
the s degrerbacrpss 4y dmgs, apfhnetiaciosueneas mﬁTSCd@on@qgﬂnay the)sube:anmt exactly

180 degry CH and uIt | se _noti on.
Thus, thegﬁpﬂl\a/%sivg%o ng?lggshn@ﬁﬁ‘q“v\ﬁséﬁ% |on1gfn3f1§§?’}eﬁedn glt1“1'°§8%|ency

col ored r\é@ocsiglalsahmlaadmuﬁaiesapmntTtmmhmﬁnmbﬁnmbﬁaeae&w Gdingldu@@ay, tions. A
nore det aj | vi ew of .t he in FIG 23. As can be
seen in %%n&%da% %{Vﬁ O'%mﬁ/lgggy‘ilga Ef h@ldf tPR?Jm ng inputs: M _NP,
M2_NP, MB_P, MA_NP, Mb_P, M_P, I\/B P F2 FI and FO, CLD STATUS, M Mask

En, and NBOSYRFXG.t 16rshetve b dclmantic block @ggfmﬁ‘eeddb&uwgm freglieficyeniéin e 15
cteristics, such_as spatial chroma signature, tenporal chroma

Zigﬂipurﬁﬂﬁm Is APl 1o o detestion o st foategmamorion AiNTSGortedewre, Fi . and
FO, and tda@riBMEsRGE widl fto Pﬁ}#zﬁ%&'@ E&d&ﬁgﬁa@fﬁf PAE0 ﬁ ﬁ)o-t?aﬂx?e FO, and

therat es a mask S|£nal I'n the i enen in FIG 23,
stretch/ Ft§n151= gicis aI so prow ded for the M_Mask signal before the
mask signal is further processed by the PAL notion detection 20 bl ock.

[0087] | poeR2ERIGM I L msk 49 ovi ded for
t he NTSC|[0 m)P(;es gﬁﬁﬁ %%Eé@?g%%ﬁron%@sﬁgggﬁ%en Onlgotpp%"ﬁrghg% ona
motion i gndwe@alogamss@ theodetestion nfighrbma geetinnafoe NESC, twigctowas HésafBedchr ona

not i C i C 0|te ignal _is forned. The nmask

| ogi gyde S‘}$ lgagrggpﬁ%&?s%ﬁmg% af‘@?@e ’??%(E Eég[‘g?)gé]a“‘;:%“@@ §fows a |
schemat i Mdaﬂamiclq:pe@ﬁmmfofma&tb@ 3D chrorra signal is generated. As can
be seen in FIG 21, for PAL the 3D chroma generation is done using

[0083] FIG. 18 shows a schematic block diagram for detecting M5_P luma motion for
PAL only. It should be noted that the logic depicted in FIG. 18 only gives proper motion
for luma only regions. If the logic of FIG. 18 is used on colored regions, large false

20  motions will result. The M5_P motion will be explained in further detail below.

g ) [0084]) FIG. 19 shows a schematic block diagram for detecting M6_P luma motion for
PAL only. It should be noted that the logic depicted in FIG. 19 only gives proper motion
for luma only regions. If the logic of FIG. 19 is used on colored regions, large false

motions will result. The M6_P motion will be explained in further detail below.

25  [0085] FIG. 20 shows a schematic block diagram for detecting PAL motion. The PALI
signal, which is the maximum of signals M5_P, M6_P, and M3_NP obtained as shown in
FIGs. 18, 19 and 5A, respectively, is used to detect the full range of luma motion. The
PAL2 signal, which is the maximum of signals M1_NP, M2_NP, M3_P, M4_NP, and
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frames F2 and FO, whereas for NISC, the 3D chroma generation is done using
frames F2 and Fl. There is also a bypass option for the 3D chrbfd 0&M2I006
pass filter. In one inplenmentation, the default is to use the bypass
option, s at we full bandwidth is used 23 19/06/ 2006 for the chroma

si gnal . Hgﬁtege‘?b,tmmd #sothowg 1 Fl‘lg%ls%hslél Re 3¢k b resRAIELY: iF wsed se detect

artif act s chréig Mofion &hd RABrMEcS N Botid® rTlﬁmln@tiontiE ﬁet!erﬂﬁﬁf{c]l-rtg %g@g%’ moti on

can be disabled by enable the band pass filter on this pat
Fi nal |y, mngmnuppof 8P4dBenati c bl ock diagram of the final nmotion 5
determ nation for a conmbined NTSC / PAL system The NTSC notion is the

i mum ofugbieadtad By s ik M, MR B Wi MB PIGIALSioRBeleRSE AgY above

- With respect to /. The PAL notion signa generated as scri bed
above Wi t legicddFebiasiodhatiemims falBamedoogenamtad TRChighfrequaey delbedistibn si gnal

either th r,.the PAL | ON signhals js sel ected. e selected
notion si %ﬁﬁ[ ??ghﬁ@gﬂ‘a% {oglpéarqqﬁlré\%?% tﬁ"rrglgf’%?ﬁ S’fgfl?ltcg’Fs Py %‘??lgé spi kes,
and is fimatrameaddipndor ghfrbjesicysdaffed fe@tons. MEho BRI Sab@Ataindl@dSa @ MBXi MUM
val ue of 16.- The notion signal s then rnput to the blender él(llgé_of FI G

- 0380)

2, whi ch ¥ahiicn¥-qarier Xsaensy s high (atien ghayidse signpb wybe pok exacin380]  The
i nvent i ondegBs B& df PRLRHRREERVd flarkbs Shil ?ésuﬁér ﬁCMSQH-lr?Em‘R' {1‘ ! [k Yas ?/Fagfﬁ]n

conputer hardware, firmware, software, or In combinatiohs o
Appar ¥t udogie masks falpe aration forcstitl highefrequonayneniored rgivna, andrateotfelse protign am

product t ' l ed. i n a, machine-readab t.qQr age .device for :

execut i on&E;&/i %lr%?gg@ gﬁ%@gﬁgﬂ%r%glgg%%cga}ﬂeg%evf@étﬁ%ﬁﬁﬁ@%go%? ke sefthyent i on

.“fé‘,!:l be penFEk@8d Asycaa bpm?yriﬂmt%eth]?ﬂwﬁimslorog&)&e@dwegﬂ& folleWiag inptsOf

i nstructi r ctjons of the invention operating on input

data and me-r%%ﬂppﬁh.—}#h&%#mﬁ%?’dﬂ&@aﬂbﬁl QR ﬁ'HA%US,

advant agas8ia¢kiEh, GG MIB MRS AQEBAIA o, 0F1E TS Rk IB5E cRARRL able on a
e

progrgm‘ra_bl e systemincluding at |east one” progranmma rocessor coupl ed
to rdeei vignpharagiseisticsstuel @3 frofial chrams sigmedureotempambeliroma dighatumntbw

i nstructi t fale one 4 nput device, and at
| east Ongﬁﬁ\%bl{:%moﬁoé\%?lgogfa S%‘%ﬁﬁo(]:%%n%é‘?ers I%I’ gg’ra@ﬁ?@aﬁ?ﬁ&e VeeRXERe & in a
hi gh- | evel4-sampleedindatv agross BRyj Ricand 0, end gehepiteagr maoki sighal @RI DAGR). B i N
assenbl y .ar. hi | apgquage| esired; 25 and jn any case, the | anguage
can be athgolﬁlﬁ%e&&&onisﬁ% &ﬁcré&qr rbg@nsn g’&’&l‘é alsgmseddedfos thenc| ude, by
way of eNBTMagk siBedl DeBRIAE RlasiodichabR FertiRY pRIERAPSY the PAL motion detection

20 block.

[0087] In one implementation, there is also a small mask logic provided for the NTSC
- modes, when one frame chroma is used. When one frame chroma motion is used, false
. “i\_) motions may be generated by the one frame chroma motion circuit due to the way the

composite signal is formed. The mask logic detects and masks these false motions.

25 [0088] FIG. 21 shows a schematic block diagram of how the 3D chroma signal is
generated. As can be seen in FIG. 21, for PAL the 3D chroma generation is done using
frames F2 and FO, whereas for NTSC, the 3D chroma generation is done using frames F2
and FI. There is also a bypass option for the 3D chroma band pass filter. In one

implementation, the default is to use the bypass option, so that we full bandwidth is used
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m croprocessors. Generally, a processor will receive instructions and data
froma read- only nenory and/or a random access nenory. General 19/0&6/2006
conmputer will include one or nore mass storage devices for storing data
files; sugh devices include magneti ¢ di sks, 30 such as_internal hard disks
and rermvg%'l tge c?#’@??, S‘ﬁﬁﬁneﬁfﬂwﬁ%ﬁ Eafor gpug sreasgpy) theplargeabangwidih crepies st or age
devi ces sttty eudhoss EtmbiEh RhirsRIBRO G BAnHRINKE Rw RSt nididh fdf teons and
data include all forns of non-volatile menory, 1nclFuding by way of exanple
sem condudif#hled bypably thedand pass fiierom this p#PROM ~ EEPROM  and f1ash menory
devi ces; magnetic disks such as internal hard disks and renovabl e di sks;
megnet o- opasIAinliys KIG, 2 shb R Mscheth g{;‘sbloﬁ?ydi%{mrﬁ " BR300 AehdbR" Pe
suppl enent ed by, or incorporated in, ASY application-specific

i nt egriat edptaminatipn §r.a JoobiE NS ot RAL dpstdnar TheNEBE anation isvihie maximser , t he

I nvention ent e n C uter syste ving .a di splay device
such as aOﬁnnﬁ@nWUﬁbgﬁzt%n@ggNegﬁme{%ﬁng%ﬁ es‘i“?f’%&??ﬁf’ %Bﬁ rﬁ?*’&ﬁ% user.
The user Klign7pThy PAE motfuatsignal i genceA8mak ®Ecribes bhive WithadgRcetd FY@rious i nput
devi ces Sélchd as a hg and %%gi nting device, such as a nouse, a

t rackbal 123" fcih ALy moggogietecting signgb eithes Jhe NTSC MARION csrthe ar d

reader, PAWRMMOTION Signal¥ Aelctb@PEhd SALRY. &1(%\%?91}1% gﬁe%l%geékﬁ% a3-gfp! ce or

handwri ti ng_recogni zer, or any other well evi ce such as, of

cour 98, dpeslian ftsrinsemoye spikes, adripfinadly clippedemSdhits sheh thgthgmatiomsighal o provi de

a graphi - | -t I Gh ut er pragr 5. At eract

W Oh asenas o HaSll e A, Thb Rty Kihd 1y BN BSh o A PEFRER 95 ea 1o o
dopput er 2owhick kerobimes the 2Btand BB doeidinprds dedceibeceabadh®l €, an | nternet network,
or an intranet network, using a network connection, through which the

pr ocessok eceive information from. the network, or mght output
i nf or mat i[%dr?ﬁr gﬁ? ﬁ’g’e‘h“e%%P E’c iMPEmEnted, i é‘gﬂafd“ﬁgf’% CHPHEY1 $dN spmputer
above- dehamdivargfinmyireboftivaresor iSuGhbinations BRhERNApYRited bfitge Bl dreion t&P" esent ed

as a  seguenge of C{_nstructions to be executed using the processor, may be

" ecoldodd? FERlmee 1B & ComPrisHPTegramHE OGNSt (Ragikly embodisd impmachinavreadsblef or m of a
conput er sidapd deiied3br SEbHnes) k ' - - | bed

devi ces andk_mat eri alrs wil | ng’% T %ﬁ?ﬁg@%}%q{r%éggs\gﬁo?lﬁhlgﬁ'?{??\élgﬁgsﬁgﬁeconput er

har dwar el™p1080¢ambe @edermed by a programmable processor executing a program of

instructions to perform functions of the invention by operating on input data and

generating output. The invention can be implemented advantageously in one or more

20  computer programs that are executable on a progrémmable system including at least one
programmable processor coupled to receive data and instructions from, and to transmit

) data and instructions to, a data storage system, at least one input device, and at least one
() output device. Each computer program can be implemented in a high-level procedural or
object-oriented programming language, or in assembly or machine language if desired;

25 and in any case, the language can be a compiled or interpreted language. Suitable
processors include, by way of example, both general and special purpose
microprocessors, Generally, a processor will receive instructions and data from a read-

only memory and/or a random access memory. Generally, a computer will include one or

more mass storage devices for storing data files; such devices include magnetic disks,

- 30 such as internal hard disks and removable disks; magneto-optical disks; and optical disks.
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25 [0093] It should be noted that the present invention enploys various
conput er -i npl enent ed operations involving data stored in conputh/ﬁM%ﬁkﬂ@ﬁ
These operations include, but are not limted to, those requiring physical

mani pul at icon_ of hysi cal antitie Usual | y, though, not necessarily
thesg quah or?‘%eélgv@%flfglt%bﬁ%ﬂgg‘ﬂﬂb& é‘?dé(g’tgr‘:io i{te’f)?m iOptTyCtigRs A dé‘tac apabl e
of being gichidedll foranstf mohivelhtil MBRbAEC thelvdMFNAT Ra) onéca&T%ieOs%ﬁ’&Q@u&d}

ot herwi se mani pul ated. The_operati ons descri bed "herein that form part of
the invefemsy & %%ﬁﬂslﬂ@f’l IR aManddiash mpmerydayiges: ragnefiesdisksr f or ned

A Of Censicl it fifa il S ool R ALARCI G0 SNl bt U N0

det erni ni ng, conparing, executing, tecti ng
sonet i fresdigkmvami ehtthe olcpaing adah ybef swppim@dsbpfommnmorﬁedmag&eﬁ(ko refer

to these > r g&lc SI nals as bits, values, elenents,
vari abl es&bﬁf‘{agéna em? uﬁ%%?t M tts e like. It shoul d rerrenbered however,
that all of these and simlar terns are to be associated with the

appr opr i al0891HEcs prowide domintdradties veithda aﬁee thie ileyitiort GtV B irBpléménddieds aappl i ed
The rese invention also relates.to a devi ce,

to these guantiti 0094
syst em orq)éfinlEﬁr 335%:‘?1 P%F“%%’FE}PW e SE %W@F@F@ﬁ%ﬁplsﬁﬁ%f%ﬁﬁﬂ&bﬂ%ns The
syst em neyifdpatide@! @k lui¥erC OB fidéf @ pfodetiffut "B GHY ESHpRAY Q@éﬁlslgrdﬁgh' t may be

a general - purpose conputer selectively activated or conflgur
computler . YagPBG R éff"éﬁcéd‘“?ma% Rekegnplifed 2 ppinging rdstieeswich 38 @smpwseda above are
not inh \/ | r. Qr her tlng

ppar at us Rt a B, Slofecle B, » BB baloaby BeB IR "l e

‘h pr ogmamapmcadcera tabietaa styhd anedceldr handviritingeredogaizis, bgsnyn@lieziwell- or ,
altem':ltl\ig1 gg Hor onvenl nt to cons ,b}?uct a nore specialized
conput er sysPé’?‘Hf %‘éer’f‘{? Sk ofl@&u(? EFOBBEELLY | RsCOMRYERy System gethBer of
i mpl enentpeédranigedto phRwideny ghdphREl Y EnbORD HBELH w%ﬁ ¢ rih6hRes. It
will he undérst od that various nodifications nmay be nade W|thout departing
f r omlPhe Intgs Ftr"r’l WHE scope of the invention. For exanple, the invention has
been. descrl bed “above 20" with reference to NTSC and PAL vi deo signals, which
are -typi c[oﬁglzypmﬁgp ithe bﬁ@@&g&stdpﬁgnaﬂyvc% gB@I E@u tghea | yrﬁ)gfd.oE is also
»equal ly-applicable to component vided, such eo signa at is

out put " f ﬂ%?ﬁowﬂmamray@ﬁworkcfp@ﬁmm@e,wn Intemst nmwlmmuwwcmetmrkhl n the

3 scope Qf ubilg aRh R Bithe B, Hrough which the processor can receive information from

the network, or might output information to the network in the course of performing the

20  above-described method steps. Such information, which is often represented as a
sequence of instructions to be executed using the processor, may be received from and

outputted to the network, for example, in the form of a Computér data Signal embodied in
) _ a catrier wave, The_above—descxibed devices and materials will be familiar to those of

skill in the computer hardware and software arts.

25 [0093]It should be noted that the present invention employs various
computer-implemented operations involving data stored in computer systems. These
operations include, but are not limited to, those requiring physical manipulation of
physical quantities. Usually, though not necessarily, these quantities take the form of

electrical or magnetic signals capable of being stored, transferred, combined, compared,
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26 19 June 2006 CLAIMS 1. A nethod for distinguishing false notion from
ttue motion, in a video signal that is received by a tel evisi oh94&6/2066
met hod conprising;, receiving the video signal at the television set, the

vi deo sign grned of .. a, nunber of 5 pixel ch .hayving a pixel value that
i ncl udes 3%} Shﬁn%l&%@mmghdﬂe (‘,’ﬁ?%ﬂ‘%{gcé‘??ﬁ%tﬁ’g -efemotg?teg’mlré) Ogath"hr eshol d
val ue f or imvastonaite diseful plaXighe opefatidhs. | BRSharifations fsfimyd S RbMref@sad i n part

on a conparjson between the val ue of said pixel and one or nore of said

pi xel ''s  HeNEFBEr TUsH 2piPkedusing identifving, synningy daterminingncoenaring. ies¢cutip®r at i on
for the phgliodding Beadctiheasiks sGintds SHIS ' Axf}i '

correspondi ng?_,thrg}ashol d v%l ue.S 2. ‘I%Sig m?%%%gg@%@gifm #ﬁi\}é}grcé&%mphe noti on
det ect? onuspstatdfesrioithesp eleftoralwd nagnetic piguels as bits, vialued, elza®nts, vanables or nore

of . a |l owyf.reque domain,..a high f uenc opa domgin,. a high
frequency® aﬁﬁgﬁdgﬁ%’i ‘Lnr,%ﬂglﬁgﬂ'\?\yﬁs@?@flﬁe%ﬁwr?iﬁ%gﬁ%%%%ﬁewélm not i on
det ect i onteiths afetoabeé aissochitadewitl e dpptaprse phpacaki@uabttice el fe idrel9 that is
dynam cally determined faqr -each pixel that 1s. undergoing the notion

det ect i onc%ﬁ"éP%Pltiaglﬁl.s a@?hegﬁ‘é&'ﬁi?t%‘é‘&f“’ﬁf-; claim'2, wherein the threshold for a
pi xel undergoi ng the notion detection operation is determ ned as a

per cent ag@0] Theeprekehf MUGIRGR alsd rePiresb a \IBVIHE SydEh VESDalhiB Y r{}&ﬂtﬁﬁﬂ ,

under goi ng the notion detection operation and one or nore neig O%I ng

pi xel B i fhgaforemegtonedoperationsd Theysystem mailecospstighnronstructerhior thetrbquiredf any of
clainms 1 | | ' : ' rati-on_.jncl udes
et er i ni P e O iy bR e R A AR B Rl R o1 o
@ /ion  26ccimptay. prhgrawhstomsd inrtbe computerotTihe naodedes qiraenttd abdve gt ffoer ent
frequenc LONS, The nmethod of claim4, furfher conprising: clipping
the fi na?{nl%g‘%'lhé ﬁa%%ﬁ?EPea‘}yd’aggﬁugéﬁ?"é%?{t%&%& COMBpIItiNE APRALRHe In Hﬁﬂg‘él'ﬂ'ppl yi ng
the cli ppadodsi gentral¥prirbes doRlpurs Map bBBE Rith fRadramb iiflefi iR aelrdifeoded Vi deo
30 si gnal ...a 3D decoded videg:.si:gnal ;- or a conbination of a 2D decoded

vi ded?si JHith helsachings hereips ob abemajivalyolt ey ba morgeanuenient ta ¢ansieudt ppwte f i nal

notion v @ﬂ)ééfhlize%ﬁco}rﬁ)uﬂs'ﬂ @f‘ste%@%%éiform the required operations.

f=%)

[0095] A number of impie;ﬁélitations of the invention have been described. Nevertheless,
it will be understood that various n_l_og_l_iﬁgations may be made without.departing from the
spirit and scope of the invention. For 'é')tample, the invention has been described above
20 with reference to NTSC and PAL video signals, which are typically used _in' brbadcasting
TV signals, but the inventiofi is also equally applicable t0 édinponc:nt video, such as a
video signal that is output from a DVD player. Accordingly, other émbodiments are

\) within the scope of the following claims.
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6. The nmethod of claim2, wherein the |ow frequency notion for the |unma
domain is obtained by: subtracting a one-franme del ayed pi xel fromthe

pi xel undergoing the notion detection operation to obtain a notion val ue,

t he one-frame del ayed pi xel and the cunent pixels having the 5 sane
positions within two image franes; |owass-flltering the notion val ue;
converting any negative notion value to a correspondi ng posi%4uge2d96t i on

val ue; S#géﬁﬁftlng a first threshold value determ ned for the current

pi xel fro notion value to obtain a Iom1frequency notion val ue; and 10

by e, LOW T eARARY PLLAGMoUEARn BURILEGHAON ils JdIE ddibhhat O SSNOI €

value is less than zero % requency ot 1 on to Zero.
7. The mefergteddy adsianisipnset, (ipaelpdcommdsing: gh frequency notion for the chroma

domain is obtaine 15_.suptrac d . pixel fromthe
pi xel under |%g %tﬁgvfj ?Oosr{gnﬁg?t t%"t %egﬁ'gmbﬁ *\r,\@? |‘"8?1° ?Wag{%@/dﬁ’f 'WB*’? 'S val ue,
t he twd- f Pisfiecase haned Aiekelue atinglures 8 limesnmpqrentehs a Wavmagpnipheent s ame

positions within two i converting any negative nmotion val ue to
a correspondi n§'$58LNg; HEI%FH?Idi ‘@ﬁg\f’%{l Feh of WEpikFla &t ?H@as ongafRgHeNCY HPEERol d

val ue det kased inemirtfoora ¢omparisan beiweenphe edluef ofaid tpixel amdton@pr m@O o sdidipixdl'® obt ai n
a hi gh frgeawestny pi@tiae value; if the high frequency notion value after
subtraction of the second threshold value is |ess than zero, setting the
hi gh fr equencyperfortringra maibiiéstéoiorzapeatiorafocthd e ASHe dtidabt@hé Mghublts dbrhgh

frequency, e o(garrg&[)%}g tl?r@sh@hd vdihe nmethod of claim2, wherein the

hi gh-frequency noti o chroma and luma with less luma notion is

obt ai ned by: determ ning whether a one-frame chrona node or a two-frane
chroma node has been selected; when the two-frane chroma node has been
sel ect ed, 2.r ectTirk yietigd @hdaisub vhaeit itegndtion detesion 3ikrdtiva pedormbebeagelsi gnal s

to obtai rby%lxreﬁ?a'élud aHe o?n'ngr@%“ a Ic%ﬁfréh Tnl!y' Rifha20RGn WG f}elaﬁengﬁﬁnrgnqaaﬁ%aﬁmhr oma

node has eﬁn sel ecli £% tering, rectityin
frequency luma domam n whereln each frequency domain where the motion detection

15 operation is performed has a separate threshold value that is dynamically determined for each
pixel that is undergoing the motion detection operation.

3. The method of claim 2, wherein the threshold for a pixel undergoing the motion detection
operation is determined as a percentage of the difference in pixel values between the pixel

20 undergoing the motion detection operation and one or more neighboring pixels in an image
described by the video signal.

4, ‘The method of any of claims 1 to 3, wherein performing a motion detection operation
includes determining the final motion value to be the maximum chroma motion or fuma motion

25  among the chroma and luma motions detected in the different frequency regions.

5. The method of claim 4, further comprising:
clipping the final motion value to be represented by a 5-bit value; and
supplying the clipped final motion value to a blender that outputs 2 2D decoded video

30  signal, a 3D decoded video signal, or a combination of a 2D decoded video signal and a 3D
decoded video signal, based on the clipped final motion value.
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subtracting a one-frame del ayed pi xel fromthe pixel undergoing the notion
detection operation to obtain a resulting signal, the one-frane del ayed

pi xel and the current pixels having the sane positions within two inage
frames; 5 converting any negative notion value of the resulting signal to a
correspondi ng positive notion value; subtracting a third threshold val ue
determ ned for the current pixel fromthe notion value to BWouas#08 high
frequency noti9n val ue; i.f the high frequency notion value after

subtracti 8n of rfet{%eag]?“ﬁiof‘aa"f’ﬁr‘% ol e{Pﬁ’If{?g”q“EY ’%%“é’%f‘”i‘e yegmzg igebtaingdt j ng t he
hi gh fregbency notion value to zero; and | owpass-filtering the high
frequency notion value. 9. The nethod of any of clainms 1 to 8, wherein: the
adj ust abi e t hr B8IEsIRe 3 Qnerames dekyed PhelnErn B Pirehindeigoing thsi metion Waisstien based on
a 15 det emtaidn edty@in amdiet edie theatdgarsé opa/ed pRe avd G BurAl frleRMadlf @6t i ON;

and a £ 1 gfmd LRSS ¥RliHGiSmBsSi gned if a sub-carrier is detected, and a
second threshold value is assigned if no sub-carrier is detected, thereby

achi evi ng i ndepenrdemicriigtreshphdaval ues for chroma and |uma portions of an
i mge. 20 10. The nethod of any of clains 1 to 9, wherein performng a
not i on det ect i @nvedijpe ee iegativé motionealui toof cotrbepondinggusitieomtionents; and t he | uma
conponent in several frequency regions of the received video signal

i ncl udes: det e¥PTasHrorire rﬁ%‘?%dﬁ'“@éﬂ@ﬂ%é@fﬂ'@rwﬁ?@Iﬁb“P'rffeﬂ?dE’?]@f'yﬁ%Wﬁ'm still
regi ons otb otainiare@gieqbsncy extorivallée)gndone or nore of the fol |l ow ng
characteristics of the received video signal: a spatial 25 chroma

si gnature, a tidhplowdraushevonaiions vajyeeafigr subtrdation df thedint thegshed valemis leshithema si gnal

pol arity zeaf @G thaibw PEquBRY MotidhBdRe id LS of the video, and the average
val ue of a sanple w ndow across two or nore inmage franmes of the video; and

generating a mask signal that is free of fal se notions, based on the
exam ned _characteristics of the received video signal. 30 11. The net hod
of any of’ cl ai'fg Methog of glaimy 2y wheesin the shi fesiavrgcy metiaacier the chiemaciompibrie of a
synch edgetamedb@ col or burst region of the video signal; 29 19 June 2006
15 . subtracting a two-frame delayed pixet from the pixel undergoing the motion detection
operation to obtain a motion value, the two-frame delayed pixel and the current pixels having the

same positions within two image frames;
converting any negative motion value to a corresponding positive motion value;

subiracting a second threshold value determined for the current pixel from the motion

20 value to obtain a high frequency motion value;

if the high frequency motion value after subtraction of the second threshold value is less
than zero, setting the high frequency motion value to zero; and

lowpass-filtering the high frequency motion value.

25 8. The method of claim 2, wherein the high-frequency motion for chroma and luma with less
luma motion is obtained by:

determining whether a one-frame chroma mode or a two-frame chroma mode has been
selected;

when the two-frame chroma mode has been selected, rectifying and subtracting two one-
30  frame difference signals to obtain a resulting signal;
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determning a notion variance of the detected synch edge or col or burst
region; and setting a programmabl e variable threshold gain percentage for
the video signal based on the determ ned variance. 5 12 A conputer program
conpri sing conputer program code neans adapted to performall the steps of
any of clainmns 1 to 11 when said programis run on a conputer. 13. A notion
det ection conponent for dlstanU|sh|ng fal se nDtlon fron1tﬁh@“%%pﬁon in a

vi deo si gnal ﬁ % zce vgd y(% he eV|S|on(P r!S|nﬁ,,10 a
recei ver oper a‘ﬁ B DR\ FEOMR TP JaHhPE gRgTed: PWE"’%S Gingi LI med of a
nunber of subghctiag 8 orssicAmetvigiavatpie! frimkibe pivel bnderdoing theimmtibrudigestien dperationdgenponent

and a chr eti@n @qsam.n@lfbnm &hé/aﬁé A Ladidyb £ HiRG afld lufégduﬁerh'p%ig HAGRAME &dmd O
determ ne_a.thre t%m(?wmma% ye | for the pixel in at |east one frequency donain
1

based in B%'t'?nsw' 150" between the val ues of said pi xel and one or

nore of said péoﬁ@émnﬁ aﬂ;@ h&j&ﬁ\%ﬁh&‘an péll.)l%e&ﬁhe @Qﬂm%%lgﬁal @EP% 'c&ﬂ)s?tﬁglﬁg%&r tllvg perabl e

to performa notion detection operation for the pixe east one
f requency MARYRYE usi ng the corresponding threshol d val ue. 14. The notion

det ecti on COM)SQJB@&MI g th?d )ﬂ"erslplo:}tgmlue dgtregnrr?edtfct}qhe currerﬂ plxlteﬁ;o?nctfula r?lg o(r)\F\)/elr ation is

perfornmed on a plxe asis In on reauency | uma
domai n, at°KkPgR ai@"ﬁ’?@ﬁ[]@ﬁ%‘}}""&?ﬁ“@na domai n, a hi gh frequency | uma donain,

and wherein each tec on operation is
per formed has Fthgﬁe’"ﬁgﬂg uen%/yh'if'%tg’ﬂd’?'&e Glrtfgb"iaﬁté?f'n%"e f&g}‘ﬂ Y%)Jedgfeé?m ned
for eHth PHnasro. peitng thedhidhrigeyager myfion euatorérarandet ect i on oper ation. 15. The
noti on det ectl on conponent of claim 14, wherein the threshold for a pixel
25 under goi ng P& %f*@ﬁhedmhé@ﬂv%ﬁv'aw@ﬁa%%n is determ ned as a percentage
of the difference in pixel values between the pixel undergoing the notion
detection operation and one or nore neighboring pixels in an inmge

descri bedp. by tiRe méing@er apj Stims 116 s, Ot i Oon det ection conponent of any of
claims 13 to 15, wherein the notion detector 30 includes a selector

oper abl e t o deftecrdjistadlet thesshdldh abluarit daerminal wa 4 Eixbiebytphel BARIS FasBa GRrpMa

not i or t IR I Al a ions detected in the
di ffggentde#e’réﬂeggﬁigr%c%/% egi g%s%'&gbﬁ%%%%%%‘%mme noti on detection
conmponent of  arfyst treshblaivake 3s3as%|§neljeif a‘éﬁtﬁéa@rieﬂ is Jelﬂééteadéddisé by hksgxhol d

| value is vgl%g ”l&%&' if 90 sﬁ: c%me? is dgtzctgcl %f'n ereby ac?uevmg mgepem%nt tﬁreshold values for

chroma and luma portions of an image.

20 10 The method of any of claims 1 to 9, wherein performing a motion detection operation for
each of the chroma component and the luma component in several frequency regions of the

received video signal includes:

detecting faise motion generated for high—frequency chroma still regions of an image by

examining one or more of the following characteristics of the received video signal: a spatial

25 chroma signature, a temporal chroma signature, low frequency motion, chroma signal polarity
across two or more image frames of the video, and the average value of a sample window across

two or more image frames of the video; and

generating a mask signal that is free of false motions, based on the examined

characteristics of the received video signal,
30
11. The method of any of claims 1 to 10, further comprising:

detecting one or more of a synch edge and a color burst region of the video signal;
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detected edge, a detected edge slope, and a sub-carrier detection; and a
first threshold value is assuned if a sub-carrier is detected, and a second
threshold 5 value is assigned if no sub-carrier is detected, thereby

achi eving i ndependent threshold values for chroma and |uma portions of an
i mge. 18. The notion detection conponent of any of clainms 13 to 17,

further conprising: mask Ioglc operable to detect false nntﬂbﬁ“@%ﬁ@rated

for high-frequ chroma sti 10 regions of an inma by exam ni ng one or
nor e 019 t he 19 oﬁ? &A"W&aé‘?ﬁ’é{?rﬁ@f‘@}cfagftt"ec%et edtSYﬂ?hP%‘??éﬁrﬁ‘é‘H%”Rﬂ%@?P &Ynal : ] a

spat ial c h ro maseﬁfng Q%I'ddl:a%rr'aﬂle%g%fgrﬂmeshglg Qlﬂ%er%«largr%%tf&rﬂ% v:clegwtigggl 995%8 ng y

nmotion, chroma signal polarity across ames of the

vi deo, anieORE™MIRPE VB al ue of a sanple mnndOM/across two or nore inmage
frames of the video; and a signal generator operable to generate a nask
signal that is free of false notions, based 15 on the exam ned

characgerysti Cﬁ c&ﬁpuﬁéﬂ%m@%&e&o\ﬁﬁﬁs r}é‘rééﬁlgutéﬂ M cdd médn¥ LGSR ﬁb gafkm dpcoder,

for disti gU|s |n%/ L 8n1true notion, In a vi eo signal that
is receiv A ang & W?ﬂdﬁ Wien i MoPTR YN °% 3 (ETRYSHY det ecti on conponent
as defined in any of clains 13 to 18; and 20 output neans for outputting a
decoded video signal fromthe video signal decoder to the display of the

t el evi si ofB. seta mdfon d&’e‘é]%ﬁwp@?enﬁ& ﬂnﬁ@é@ﬁb‘%& Metldn G rPEIEfdtidaNinl N VI DEO

SI GNALS h n conputer progranlproducts
i npl errenl\@h%%g%ﬁmp's é’ﬁﬁélevtﬁséoé‘ s?to?o R ngui shing fal se motion from

true fption, igveseiveh Q;?é?ab‘l;é tgr@delvg %Wldeb Sigh& G VI@QJ ﬁynafifoﬁl%'deo\{h%htﬂ L. The

vi deo S|gnag is receive t el eV|S|on set e Vi |ncludes a

| uma conpiFEfECHIRng 2 RKe d%\e @6&1&5’&&4% UMA CORRONEIT; apree @mwaoﬁ?mpeﬂf@tp ation is
performed for a%ﬁ%feaneg%% | 4}5 t?{]% aﬁ'g e| Ve%{errﬁ'aed hre'?sholéfI P?ueégr he ;%l ]iw a& n

several frequency regions requency

regi on hdeashonefighefney dosgintssethin @a'ltﬂ'F%‘PWﬂadSO\%HeU@eﬂ‘ ﬁ veliestaf sgdiPiserd) f al se
nmot i on f raxeot mare oheaid pdel's delyBboring Sixelyy agiM cal | y adj ust abl e based on the

incom ng video signal, and as a result the notion detection accuracy is

i nproWed and iarreqjien detedtdr gperablerioeperiormi arhotied détectiam openatige for Hhatpixelsn thd@scr i bed

by the vigRoonsifgf@hcyaddehaintisih@thb orfissdbiny Brbshdld {4 t el evi sion set.

14, The motion detection component of claim 13, wherein the motion detection operation is
performed on a pixel-by-pixe! basis in one or more of: a low frequency luma domain, a high
20  frequency chroma domain, a high frequency luma domain, and wherein each frequency domain
where the motion detection operation is performed has a separate threshold value that is

dynamically determined for each pixel that is undergoing the motion detection operation.

15. The motion detection component of claim 14, wherein the threshold for a pixel
25 undergoing the motion detection operation is determined as a percentage of the difference in
pixel values between the pixel undergoing the motion detection operation and one or more

neighboring pixels in an image described by the video signal.

16. The motion detection component of any of claims 13 to 15, wherein the motion detector

30 includes a selector operable to determine the final motion value to be the maximum chroma
motion or luma motion among the chroma and luma motions detected in the different frequency
regions.
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Fig, 2

10

15

20

19 June 2006

17. The motion detection component of any of claims 13 to 16, wherein:

the adjustable threshold value is determined on a pixel-by-pixel basis based on a

detected edge, a detected edge slope, and a sub-carrier detection; and

a first threshold value is assumed if a sub-carrier is detected, and a second threshold
value is assigned if no sub-carrier is detected, thereby achieving independent threshold values for

chroma and luma portions of an image.

18. The motion detection component of any of claims 13 to 17, further comprising:

mask logic operable to detect false motion generated for high-frequency chroma still
regions of an image by examining one or more of the following characteristics of the received
video signal: a spatial chroma signature, a temporal chroma signature, low frequency motion,
chroma signal polarity across two or more image frames of the video, and the average value of a

sample window across two or more image frames of the video; and

a signal generator operable fo generate a mask signal that is free of false motions, based

on the examined characteristics of the received video signal.

19. A video signal decoder, for distinguishing false motion from true motion, in a video signal

that is received by a television set, comprising:
a motion detection component as defined in any of claims 13 to 18; and

output means for outputting a decoded video signal from the video signal decoder to the

display of the television set.
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