MOTI ON DETECTI ON I N VI DEO SI GNALS BACKGROUND [ 0001] This invention rel ates
to 3D notion adaptive decoding of video signals. [0002] In the National TV
Systens Commttee (NTSC) standard for television 5 transm ssion, R@& (Red
Green and Blue) signals froma television canera are converted into a | uma

signal and a chromayg G ansm ssion. The [uma
signal, which is tymgp?§1?l§£%rggwﬂvggé9ﬁl?§$]@%e bri ght ness and

maxi num detail of a picture registered with the television canera. The
chroma signal is a conbinati orBBACKGROUNDBI or difference signals RY (red
mnus Y) and B-Y (blue mnus Y), both of which are 10 bandwidth Iimted to
about s i i € Sl S are used to nodul ate
t he phgog %ﬁﬁlgﬁlnﬁﬁ?@ﬁ%gﬁég}{ggﬁ%@&n%gt%ﬁag%ﬁ (gf‘r@selogsrﬁ@a%s' The phase

nodul ati on represents the hue, or specific color intended, whereas the

anpl i t [0902] lpdhe aVatomak Y eSptanss tCranmitteenNTSC) atandatiufat itelenisiofi t he col or

di fference.signal frequ aof the sub-carrier is chosen such that
theg ch&%nr?ﬁl &) ghgiGBcéﬂe%b%reW g‘ﬁfﬁgﬁ%wl%ﬁﬁ% ﬁf”é‘ral ELVSIPN GRS HE CPUTHES gnal to
gener ainéo a IsindGigdal eNPeBidn® SipEHIad alawi o8 eARiANGhAMisditd. eThengngse bet ween
the chrorna and | uma si ?nal S., OOOC;%) Wien a tel evision set receives the
NTSC cHifpbsviieh & rigelly {avgled o¥pdleparibes thgrhiishtness andosardmumndesailiebader t o
separ agigiutd @ glsth& RN e ERIRiof ic@dlaS Thd REroHY | L0 bil

dermdu%natueo! igr?to R-Y and B- Ylocgrrporzllent sﬁré)%sgg?hgt carPI%%Oﬂfsogg‘p?o recreate
RGB 20codorgitfpreneepsibralsl R (syladinon YD hed Bel dbivgiminus ¥,certh oSivhivh darhie | uma and
ch I - r equen bandw.dt h at. around 3.58 MHz, and
S oA TeallnE bilcy DALY HAEHRRSRY: PPEHG e sthT Ry 58 & added, t he
| uma amddulite oie. shagnahs aapivede be of BISByMIBepay-adr@et kignilhe TueCsdike1g process.
Thus, uhgtlg(ag%tresult of the crosstal k,_between the luma and chronma signals,

vario tole} ﬁeg’r%fﬂ“isf%t Que, ¢ Bl?e&fi’?nf".ﬂo}b\ IHGAdRSy Wierdst sdamplitvee 25 been

desi gnagddificaCiepRYshiathRahiRSityS 8P didtation Bfind B&ot HiRa0d S@H.él? mayfd gnal s

during the decoding process in order to mnimze the decoding artifacts.

[ 0004] freaypRpaneinthel yup;carmirarie capeent uoh ieathibel shiopra siepaircani begfredventuma and

Sg{fﬁﬁtegk%ﬁyahoﬁgg@% giﬁ%l\{g ggﬁérzrltg raSsir{gtlle‘?tcoﬁﬁgsit%%%ngpﬁadvi&gonod‘Iense?ge); n one
interference between the chroma and luma signals.

[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 between 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 decoding 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



signal fromthe other. The first nmethod uses a "notch/bandpass filter," and
the second nethod uses a "conb filter." As will be seen below, there are
many different types of conb filters that all have specific advantages and
drawbacks. [0005] The notch filter is designed to pass all frequencies of

the co i ' fre e ch Sle8flyd centered
at 3. 5%&8@&%%@3&%???%{em(éihzr)&(;ﬁ%essﬁ gﬁa |a§18 aé%ntg@glg, Elngﬁlesgg i's also a
cor r espagibhdgseparcomh fafer.t’ hAs Iwilttbessegnadlpwr thetd dre mgpniyndiHedenisiypaf of hi gh
frequency. lyma information.. The notch filter is used in parallel with a
bandpa§8¥‘bffﬂﬁefsetb?t a@,{hagﬁsqugg V%rﬁ"l‘%?sflﬁ%dlia?" &€ncies in the narrow chroma
band and outputs the chroma signal and the high frequency portion of the

| uma si[000S] The ho®h TS i, detiffedl@ pasy Ahirkiuetlasss thé tdBposietiRns, Haspd he

adv ntaﬁe of beifnﬁ a sinple, |lowcost approach wth |ittle or no | oss of
ver o1 cANe FRANSROH PigHe FRRER S1aal Saalgred B MTES YA arralti R BHRRE SEPE t hat ¢ he
luma 1 ¢SRIEvE® DU H ik Akb a%@gestptag@ing $ENon Sk BRl1AWa Sighif %‘éﬁlﬁné fisdioks yhen the

high frequency luma is treated aS chroma (which'1s known as a "rai nbow

pat t er fighairequeneyt Jumaaindormatiem dive gvetehi filter rie asasldinggaralichavithwh batdpass known as

dot cr )ik T, 0 filtering nethods are.based. on that the
sub- ca?lxri\élegrw%%lg egslgés)%hléfs&gnfge TS lé]vtélF SF%HBV %ﬁmagbﬁpgélgaboé?%se % wo

adj acewrhronmgjgndl i anesth¢ diigh triequedby pakism bethseRimat signal adinagitharky &i¥es, since
there is odd n er of lines wthin a franme). There are two nmjor types
of 0 onior it iR HEes p6f fy Aamerostel ombh GPIPrioBGHaN: HBTRG. 1t he
basi ¢ Gamcant o AY WsY 88 vardidinesoitichUbfal AC idw red W¥RcibAe NideCRhwSI RO AeS t hat
have the chronma 20 @hase reversed by 180 degrees. en adding the signals,

t he chitlsfrdhes e resphition i dese@nd doat heavy displayariifasisgigeult whenghepbigh and when
subt ragt.] i tiQn. .S | nd..th roma

si gnal ?lfeg&glﬁ% gﬁ? f1s?r%g%§]as %ﬁr:rgﬂn%xgﬁlgg %g& EES(rz]ie rﬂfl{ﬂ%oé‘f Sﬁ%?l %q#gg&oaﬁlﬁt hr ee

| i nes ®dnn bisromsesitrealtbas lamsi(whick id knoevn ds slouead]s).t he i ncom ng vi deo si gnal
is delayed by one |ine and the correspondi ng del ayed 25 and un-del ayed

i xel d ivel .obtain the | d
i 081 A ES BRI AR E s aSRREGHMR Yot e s et r act i on

of onerdverse byd@Dalgedes bamvedn e alipdcapteichagd Unesanle thayedg apioXrtwecarlt@oused to
obtain t.he | grma and ignals, respectively. Wien three |ines are

chyoma si _
used, AYEE} PQF?’OSH‘CFé{’HSE%FWﬂ%&“E‘Q?WeWCSI"YIH%% a)frampe). JTheggie|tWaes 2 and
3, respREritysYf can® filRingORe trhbigf 2R flateRVuftMTeth B8th th®hods, the

basic concept involves 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.

[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 corresponding 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



2 two lines that have the best correlation. The three-line adaptive conb

filter is often referred to as a 2D adaptive conb filter. Al line conbing
nmet hods produce better results than the notch/bandpass filter method, but
still show cross-color, vertical resolution |loss, and dot crawl s when a

singl e t\lvb Nfe& ?rlla?rha{lé tkpe; Bés?%grrelﬁmgnoo%l: t eEllfe & g}?lv@gcolnﬁl f lr'% s%fte%o line

conbi ng, but st ead acent I'Hes W thin a i ngl e
frame, refmed lonﬁsam hduptlheccaahsrﬁltaosill hmmcom!ilhg methods prdidacenttef eamss are

used faqr e conpin t here the co filtering intpo the
t enpor g}f ang ‘T‘rﬁ?tﬁ% Lfer n?%'%fﬁﬁ"d Wc“éi‘?FS&HF‘? BEIGHRFE H%‘H?‘F%r still

porti oaﬁd@(ﬁtc@gmgmggaSinfglerm{c|cg[brlgl§[e§%gsent then it is necessary to revert
back to 2D- conbi ng. The nethod of 'using the 10 noti on detection to change

grlngfromllne conmbing to frame combin referred to as
bETaRe chElieg Wpimpyr tg E)naaarﬁbinge %é@%ﬁﬁg comn@rwwacﬁéwpmie

decodl tngemﬁm afs%gle AQfeZ QY Rhesaith eﬁ@ shin€ ?Bmﬁ@r?%tan‘ QR %ﬁ%c?rgtf}m&:gt craw s

and cross color for still 1mages. Howeve notion arti such as | arge
ar ea dete uspdidrshaeninkjhgshérny exséraligibe comh filteripg axetie tabpdraloajaid.n t he 3D

adapti odi e conmbh filter ween t D and 2D
conmb fi f‘gr@:&hgaﬁgf thngmg Can gniyike éﬂerleE?’g%d (E%th)g%rpgm (%eanﬁg’a%tﬁg?'f’%iog present,
then t keeprafont, (Ibéﬂ)ltfi:t héREsatys toepért Bk RIID-Ldmb@EI AheirSetRéESEHKing theen the 2D

anllter aglglle Hence therelsanedto mnimze the notion
ar £V f ab1o5iop c&‘&& AP ihanase formb i THEPTIRA Jrom linen ggrabing toframe cApbIEN' bet ween

tWO frafBsed & aé’\'ﬁﬁilhﬁfadﬁﬂ?ﬁ/e%ﬁ&ﬁ l\%/ﬁg mtaﬂﬁlﬂlv'esdec&ﬁh%e ’[Fﬁ'etiil_{))@da #%Q due to,

for exanple, jitter or noise. RY [0010] In gen |noeaspect t he

i nvent Hesodimedserreillrhorizoetel @nddveatpphrmluson WﬂfmeIdiOh grawc},mtpﬁ.meas cotamgr am
pr Oduc%%’stﬂlrfmage. %@ch?n&oﬁ'érl dﬁc?sc Ql'ilc!hqsﬂs read(l;lo§tcravgl§“a% E f aI S€

notion fromtr on,”Tn a video’sI naI IS recei ved 3%t el evi si on
set. Thedowslean BSpsisgmial i s recei ved at t he teI evi sion set. The vi deo
signal includes a | uma corrponent and a chroma conponent. A notion

ot c IR BEOE P Qb By S AT i T oot PERGrO F T908. o1 gnal -
Each f EB@umbcfytehﬁg thddasn a pibel-Gypiteh bash aF do wikivg isf fEscli, Meh s hi ng fal se
comb filter is applied, and if motion 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 video 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



notion fromtrue notion, which is dynam cally adjusted based on the
incomng video 3 signal. This inproves the notion detection accuracy and
mnimzes inmage artifacts in an imge that is described by the video
signal and is to be displayed on the television set. [0011] Advantageous

i mpl ement ati-Qns. can i nclude o r nore of the follow ng features. The
ot i on e it o iy B R Sortieclon BeEacTuant SR s kBBl s s '
one or ithagenha i9fiesciabdddy the eiue sigal landss 6 GBdisplayed i 08 tdle@sioerey chronma
dormain, a high frequency |uma domain, and eac% frequency domai n where the

not i on ﬂﬁb? tjon ﬁgeraﬁion i s perfornmed can have g}seﬁarat t hreshol d

val ue { VRRRE R IRRlmengations FITHEGIuAS PR TROTHO% the TPHaWingdeqig®r goi ng t he
Mot i on THe tn@stion OdktRB6A dpéiafion TAE be LBFEENA 6h hQfixel-bRipiadl vasiden PRty the
mot i on detection operation can be determ ned as a I0 percentage of the

di f § er 8@ ofna dpwelrequencie dumpe tdaenain, th highi Zequeneyi shipman gompia, rohigbn

det ect i ratl O3 i L i xel s, d.n an.ipage

descri E@@ue@?ﬁtl el'1 @?ﬂg%g’ gﬁgna b@%@?@@m’qﬁ%&g %Fll%oﬁ?edg’fdg@?i %crtléégggrati on can
i ncl udepatatiaar ns rpenfgrrhdie chn nladve apdepamtev drusholdo vhleet that Maxdymamicaliyoma not i on

or lu nmot.i on .among th hroma _gand . | u nmotions detected.in e different
r equenegadl oottt i SapagHoos He Baprogeadnel pisgein o 10E

repr eseiéshdldofr a phxddivhdarbitg theamatidh BetédtioaRHaratibN 3hn BBdLRAMYA) HEaCaN be
sug(gl ied to a blender that outputs a 2D decoded video signal, a 3D decoded
Vi

o Btgedrge ofothe ditfeyrpienia pigel wiues tetvesacibe direl ivpdeseing ibs matiana 3D
d d i Lgnal - fi.nal . i ..,L0012] Th
ecodegdeii8Qopt@a g A aH ifke nﬁgﬁ%bﬁﬁh%ﬁﬁ@ls lug%owg%% &é%gcr}éogh g,grtpg ] The

| ow frequency notion for the onmal h can be rmng 20
t he f oVideawsignals derfesming agpeticn detgesion spdratieretanrigeladodaerinising tiefimyed pi xel

fromthe..pi nde I n he.,.notion.detection operati to obtain a notion
val ue, n}%ﬁgﬁ g%ﬂé'? P"r gen%lg?naaé(?rgé%lﬁ hfﬂn)l(aefnmé 4 elﬁglaéﬂ?ti’ é‘naimod]igﬁgff %hfﬂ%fhaﬁ% t he sane
posi t i s mbtidrisriletesediinmagaliffeenefequehovpgions. f Thd il mgbtioneaiRica@be val ue;
con%ertllégri% any negative notion value to orrespondi.ng positive notion
valte; S4Rpee 19

| a C 3
i RRFesenfedy RY 2t hbit YAl gandaihg e ligned: ipalnmatiern valps cahke cur r ent

pi xel {yppmed e BRAdDhaY Bhigista2rPBERU FdbOWghdl HAYEREYodIBLARD siahiie; and if
the |ow frequency notion value after subtraction of the first threshold

val ue &2 f@BRngtiparpf 203y decoded vidag sighd andw 31 depodert yidewsigoal, hastdient o zer o.

the clipped final motion value.

[0012] The low frequency motion for the luma 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 negative motion value to a
corresponding positive motion value; subtracting a first threshold value determined 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: subtracting a two-frame delayed pixel from the pixel



[ 0013] The high frequency notion for the chroma domai n can be obtai ned by
performng the follow ng series of operations: subtracting a two-frane

del ayed pi xel fromthe pixel 4 undergoing the notion detection operation to
obtain a notion value, the two-frane delayed pi er and the current pixels

havi ng uhglﬁ?%cﬁﬁ‘g%héj % t1oho&?ecw h' Qra&)gn to & 14 a va ue, E any negative

not i on 0 a correspon PP ve tlor?lval {n| ng a
second delbm!smmélchnualhm@at @Rals rhadng die dahe pwnnbﬁmtmbimezlo 1ﬁ1ﬁ@enfrbﬂnes motion 5
value to obtain a hi gt?V 1_l_t??uen notion value; if the high frequency notion

val ue SPPVEFINSs ARY (1¢8 iop hgales 4o R SORPERORGING E%SF%Vé’ motiop salygian” zer o,

set ti ngubtAgtikY §Redon@AHRIO vARE REMALY Fof BeZBERnt AR HOWRRAS dibht €ring the
hi gh frequency notion value. [0014] The hi gh frequency notion for chrona

and3 | uielugvq o tw@sﬂshlghrfmmvmpt@anfab@, ifohe highdtequenoyeméténmnyatep aftee f ol | owi ng

gﬁféﬁé § gmﬁ.gspgge%tse RS L{)}ﬁr vafheO mﬁés R gr%asamggﬁqe@ngﬁ Rhudhc g@bfe rame

sel ect enbxion edtie foyieng and tbvepabd-fikaingtbe high feqeercy aneiodiviluer ence signals to
obtain a resulting signal; when the one-frame chronma node has been

sel ect fllterln i and cting.a one-frane

del ayeﬁﬂyl lﬁlﬁ Efgﬁﬁfetqﬁgncgl IQ%tll {?ﬁ(f é‘?ﬁyﬂbig]f" ? iﬂﬁ? E'g)fl%ﬁaw%r ation to
obt ai nolaines Wyt perhrirgn e, follbRirRNEpdrAtRE: 1&t§iﬁhﬂﬁ§d~ﬂ&h@€|a amglfrbme current

p|x | s having the sarre 05|t|ons within tw image frames; converting any

t i GEOmALR 9%1Iau‘é"’ app & %Wﬂﬁd’%lb@ﬁhlselﬁﬁe‘é whe dispBvaftage posi ti ve
rmt | ONcHBInH EnodtU A" B& Sbcted! I?éc'hgjirlﬁé" L Qght ik Lﬂ@/od(ﬁ{?ef?emﬁ'ﬁgfe@éﬁ el he

current pixel from the notion val ug to obtain a requency notio
val ue; sigfals tpeolitdigla resudiingesignalinwhdnche omaframe&hltoma macﬂﬂ lmdatecmsnlm‘tect he th| rd

h h | th enc noti on
val e PRRpR Mechd, (ERRAL AN FBLRrE Y Y Frh S PulloRe) MBI Al Lo,
[ 0015] urideegoird thet mblien déeainobi@rativhue dbaann taereduﬂhﬁg ’igneid tmc&ﬁ: ﬁmnﬁl - by- pi xel
an Su carrier

on a,detected e , .a detected edge s|.ope,
dobbor Famved girdl add teisasRon s bhyge! S BOSLSTGNGRIN WO AMATTUEFH | or | 5
det ect @ﬂl,velt'ﬁﬂg afly DEERNE nhidHoBSARIehi YR fé@ulﬁﬂ? s#3fal t@%sdo%?@)nﬂfng%sﬁ%'@ carrier
i s detected, thereby achleV|ng i ndependent threshol d val ues ‘for 25 chrona
Ire

and | uFRALYH V%IP?)rﬁéleFCUélﬁ g mrgé idd gelbe daieriaed demthp sudentedraddrdny sear chi ng
for tﬁmti%h Vvaid ¢S Bﬁ&ﬁ @Fﬁgeﬁﬁ&{c'y%otﬁ)tﬁa\yaﬁ%t, 8F H’&tlhgl? freéld‘éﬁé)”glloﬂgn

predeterm ned patter ns
value after subtraction of the third threshold value is less than zero, setting the high

20  frequency motion value to zero; and lowpass-filtering the high 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 detected 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 can



sub-carrier magnitude, the sub-carrier phase, and the sub-carrier sign
[0016] Perform ng a notion detection operation for each of the chroma
conponent and the |luma conponent in several frequency regions of the
recei ved video signal can 5 include: detecting fal se notion generated for

hi gh-fr. il ' : i b 1Nl
of 1 he o dng HerAPadidsion SRR ol g sab R FpuE ST R 4] Srat

chr ona imagniay exaniniagtoned madre o tientpllswipadhareterikiioy Jfriee wessyd Fidebon,
chroma si gnal gt%laéritaf)é across two or \%)re i mage franes of the video, and
the avéieide 25PYH GRUOBR USEHTE B HIPRES (M REREE A WG 6P HEENDhBGECHr ames of
the vi @m;naaﬂgla%a@ﬁgi hddGks tHoMBRSHorR ifREL frhi@d of fhef Vi€, 3ha R év%;%et I ons,
based on the exam ned characteristics of the received video signal. The
vi deéo alie ebasyrple tndowParossi tye o stoan itaase (rameNdSdowidwso and penedding, or a
conmpong as}('s%%gl %Efa‘ﬂq?erequ fggg m%EoHP b seafonghg X}Pag'nhmgéj earﬁ:rt]éjris%csc 8)11 Qe bur st
region o he vi deo signal can bé ‘detected, and a nbtlon varianceé of the
det ect esteivyd ghied Qigndp eTlar vided can dmfrin toegPAD ided dienddetl arNTS@dideand t he

determ ne ariance can be use o_ set a programmabl e variable threshol d
gai n péﬁaﬁ‘g"’ﬁ‘y’é’é & PBPORFHE Vﬂ_eeﬂ é@ng"fé‘n Qe Oﬁ'ﬁlé’réaf)'?%ﬁinﬁ dAgalopugstt hr eshol d
gai n pesgesinéfa@e videb sidhal ¥ndROdetdctiidbnd @ ncdod VabthRUFREEBeielaS BFhcAN t he
detected chroma and/or the detected |unma. [0017] The details of one or nore
enb@di AEEStE cator brest feginarran bp dateaniged, apd therlefeaminisd vanigcgsemhpaseditag dr awi ngs
and t he,d el b f ject nt s of the

i nvent ige(; nf?j'\f (F%rajg*ggglgpgdrr%me ﬁr %%Bltd hgﬁgieg%mﬁi ?ofﬁg éﬁ% V?fﬁr-égw%%ag) gﬁ from the
cl ai s propESERIHAT Y @MbERhDFHAN NGS ppRedi8ie fok Ge videphsomml eanhilghbd apted f | owchar t
of a process..perfo by a decoder i 20 accordance with the invention.
[0019]&EF Onﬂﬁgﬁ%ﬁéﬁggg?%b (F@wﬁﬁgﬁﬁﬂdW56ran1of a decoder in accordance
with the invention. [0020] FIG 3 shows a high-level flowchart of the

mot i on[09¢7EThe detaibpef ahé on mafre ehBodinen{sO62the ifrldntiod Ars Baviortd ischemat i c

bl pck diagram.of circuitry for detecting |ow 25 frequency notion.
p§ accor%panymg awﬁlgs ar%l the d%scription lgelow. Other fean?res, ogjects, and

advantages of the invention will be apparent from the description and drawings, and from

the claims.
DESCRIPTION OF DRAWINGS

[0018] 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.



[0022] FIG 4B shows a flowchart of a |l ow frequency notion detection
process. 6 [0023] FIG 5A shows a schematic bl ock diagram of the |ogic used
to detect high frequency notion for chronma and/or luma. [0024] FIG 5B
shows a flowhart of a notion detection process for high frequency chrom

and/ or 0 Fl G, 6A..S sche i c.block diagrampf,the |ogic
dsed t WURTEIG. 3R b L nefRyS HvRoReBaR" SR IoBn Bt \THRET Biebh s
| uma mikquency A6 forkchfamAdadshdmaa.a fl owchart of a notion detection process
for high frequency chroma and/or luma with | ess notion. [0027] FIG 7

shows t] | ock di agram of how NISC.nption i eterm ned. 10 [ 00281
o o MRS LT 8 B 8 6 R A e iR iOR ot Tori BEY GROPSIY bi andor
(110) efromaheddeneder in greater detail [00291 FIG 9 is a schematic bl ock

di agram showi ng t he adaptive threshold logic (120) of the decoder. [00301

FIG 10 chemati c bl gck di agram showi ng the variable threshold | ogic
bl otk ?%gl glfg)%fshp}*(é B sismae lﬁ%@ﬁsﬂa@ Pg&ilec lqeo gsed fp detest: Bighdet ai | .

[ 0031] ﬁEJi,L@nc,%oﬁB@m RAEAIRI furfd, whthJedsaBmaHRRbAVE threshol d w ndow.
[00321 FIG 12 is a schematic block diagram show ng the | ogic used in the

decoder to _check the chroma anplitude tenporally. [0033] FIG 13 is a
schemat026LFKE KOR)ishep s ih Iaveskier it hanatign detagen) prosesshior dighh fisAuansydo 20 a

spati al,6heGKdBE1 %ﬁ%ﬁsﬁ@ﬁ% ing. [0034] FIG 14 is a nore detailed view
of the crﬁrorra sarl#p e 1corrpare ock of FIG 13. [0035] FIG 15 shows how a

final chroma/luma status value is generated that is used by the variable
t hr esht1087]1 B3 @ sbpwe k s¢tienpiic bipck 0agam ¢ lew NESCanaticmdhdetatmived| ock di agr am
for detecting | ow frequency notion for PAL in the decoder. [0037] FIG 17

i S1@ SENIBPEICE 8L 95khetH AR bREAPhRWiA e SPEAE SRS BRI 1 fH)ori N the

the decoder in greater detail

[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 compare block of FIG. 13.

[0035] FIG. 15 shows how a final chroma/luma status value is generated that is used by
the variable threshold logic block (710).



decoder. 5 [0038] FIG 18 is a schematic bl ock diagramfor detecting |uma
notion for PAL in the decoder, according to a first inplenentation of the
invention. [0039] FIG 19 is a schematic block diagram for detecting |um
notion for PAL in the decoder, according to a second inplenentation of the

o used o) G i pphentile bR PRI TR sty RBB RN e 05RARY £ T

schematin thehkeomder.di agram of the | ogic used to generate the 3D chroma signal
in the decoder. [0042] FIG 22 is a schematic bl ock diagram of the |ogic

used t fi.nal notio etermnatjon.for, _a conbi ned C | PAL

syste m?mg@] %4]3—} 18 Iglsf;{'e'%'ci%ocg cé%gﬁ%‘ﬁg?ri ‘Jce?eﬁ}l% %fa'i“a&?%cet?f %ﬁl&“ Mgi ¢ used
to remiesnrdeal se notions generated for high-frequency colored still regions
for PAL signals. [0044] Like reference synbols in the various draw ngs

i ndiLca ' e|] epments. DETAI LED DESCRI PTI ON 20 Overyvi ew [ 0045] The

[ nvént }[@#s:l Ef%t Jéglstaoscz‘é‘i"‘ﬁ% olglﬁél"‘ﬁﬁﬁhfoétc\%ec?’éﬂr luga wetiom pr ety Bhthen vi deo

Si gnal Yecoddk Rc@dpdifn® LA st AnhliméntatMlorshedi@miof! conponent video signal s,
which are received by a television set. First, an overview of a decoder

i mpl ement | ggﬂt he novel notion detection schenme will be given, and then the

mot i on [P B0 R? ina sehemptie Plogk dompram ejudetreying ligpcometion far BAL pr dsent ed.
Thi's Wkdod® al bdifeeh okt HERGHARAIARRS Bl ifQMabe 8 1ndividual threshol d

val ues are adjusted and a presentation ow the detected notion is used
by a blender in the decoder to determ ne whether to output a 2D or 3D
decode 048] FKal 20 he seliematie dlask diegramrfonthel loici thatr is| uysed ¢o HetectsBAL.on NTSC

si gpal : i |y applicable to PAL signals, or to conponent video
Si gﬁal ?Otl\t/gmhl%%ﬂhgggr%&d%'nor nodi fications 5 that will be addressed at the end

of this description. [0046] FIG 1 shows a high-level flowchart of a
pr oces POH1DBIS. 2065 & scheprttib ploak R grate obitie togicymed e pirienge theSDnehrema not i on

det ect Li&ﬁ'al?ﬁﬁn%rﬁgc:odg‘ﬁ can be seen in FIG 1, a

[0042] FIG. 22 is a schematic block diagram of the logic used to do the final motion
determination for a combined NTSC / PAL system.

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 various

25  frequency regions will be presented. This will be followed by a description of how the



conposite video signal containing both chroma and | una conponents is
received in the decoder (step 1002). A notion detection operation is then
performed on the incom ng 10 conposite video signal (steplOX). As will be
discussed in further detail below, the notion detection operation is

perfor nﬁg apg i . en egions. Each
regi on as&)l%tl E‘H‘%Sg’é% ‘%}jliu gﬁh Sl[ %d athéi%}{ﬁégllé f%‘gvtga %e)(eé"ﬁ r?‘ﬁtéolne']sore al | ows
for bet1$edrb}deﬂ3tmtlerom thé déd:dchetmﬁewmne waeshes to' bitbstea ODt 6ro3D) 'de¢crisddl ting in a
decoded | tif cts co ,ﬁ% d to conventi i)nal 3D

decode?1§na ﬁi’ ﬁf585§§é°§%1eﬁeéﬂ“i pé‘%ﬁ’ynlées aeeE gy steraliaut det@@t¥d or not

i n t heapplichield tOPAEGignal, @RE tahpeHen SHEPsi gddd) Mith sbfneMRhbORoH@SatdRE ect ed, the
process roceeds to step 1008 where 2D Iogl c is used to decode the

conpos heeWH] paddressge b therendiof thideseription. was detected in step 1006, the
process continues to step 1010 where 3D logic is used to decode the

composigoaePranal sndd0d thelflos AowlaNSofa SEARERIIR0PEGHmll egnﬂbﬁf 2

decoder (100) for decodihg NTSC conpos |te si gnal's recei
t el evi éfPC@ﬁerslélPlemEmélngDledwcbemtl(uldﬂ):ctmcsehm a\sccambeseetlmn\mdied si gnal

Fespect G TS leRal iR 808 cntgii bad BdCe RS iR i Y et 11 ne

si gnal decbﬂdr)(stab dogz)w Ahmetiamnéetdotion opelaiyets tied patformed) ortihd idcdnviRg | i ne
deL(?yed Si nal ters n adap EI ve 2D decoder (108) with vertl cal

‘f‘br‘ﬂ P %%ﬁrést%lﬂ si fg1vell be,dispysgedm @Kth%ée%@d’ﬁlq\"(/éhQD decoder

(108) frlbh&tﬁﬂ&ec@iéyh dpBftiemi 03B Bbth(fgpdg))mfaraﬁmlﬁlﬂﬁ nf:%@ﬂ? (guen}ﬂ(' deo
signal, and passes the filtered 2D C chroma signal to a

whi ch Eiops. Bechgegionihped unique thresheld valieaghat medmmblarh@d thnmfcbrr: nbode| ayed
si gnal fof béder d8reBliGHoP R %?%}o%” Q’f:lisgse‘l‘fal)ée gtfﬁ%i] resu'ltﬁn i n&g g% L85l or the

processing tine requi re ering ou I"M3% generat e

t he | uwih §¢vga1ah0t(ol’1) artiﬁicts()ﬁmajarddntoacdnilvémmnalt 3D tdeendeelapThe proeB¥sdagoder (108),

th decxodere ]}le‘%%ﬁ qta ns hog ]gl nerating.a notion-adaptive, 3D

chr omes S HA I VIESEST &t Y 8 dgtecte %n?)ta b T‘qunh%eteoﬁ‘l‘)%r?(ﬁ’éﬁa“?‘liﬁﬁp Two franme
nenor i BE6Y. 1 4notibhGasakecied tle bfbckRHretlRE@CHI st 1008 WHeRITED 18P isQRRed @S t he

chroma Ziang)cl g are in phase across two franmes (that is, in franes FO and 5
F2), ec0qeqbe compesile signal- afloWRvEalf eamplign pes deteetedrimatep 100G ke not i on

det ectrgiksdtREiues(id %éb '1010 where 3D logic is used to decode the composite signal.

[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
(L1} along with a one-line delayed signal (L2) and a two-line delayed signal (L3) enters
an adaptive 2D decoder (108) with vertical logic, horizontal logic, and single-line logic.
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 (110), which will
be described in further detail below. The one-line delayed signal (L2) is also passed to a
delay (112), which compensates for the processing time required for filtering out the

chroma signal, to generate the luma signal (Y).



[0049] FIG 3 shows a high-level flowhart of the notion detection
operation of FIG | (step 1004), which is performed by the notion
detection block (118). As can be seen in FIG 3, the notion detection
process starts by receiving an incomng franme signal, a one 10 franme

del aye Lgnal . ..and g two-fra el ignal (st 3002) . A.fiLrst pixel
in t%e?o‘f“hggrh‘i’%tl%tg%e i@‘@h}ﬁ Eﬁéjg%%f%@[%gz ‘%536888%‘63‘5‘3).00?@“&%?? gﬁ det ecti on
bl ock (gddeBdtirighe motiofQAhptBe, SPPEirahe sighaP 3|0, waldheR fiay pisbal toowief r equency
| uma domai n, the high frequency chroma domain and the high frequency

| una/ cRicatet défhi WWOr@%%é?qweﬁ,(l¥‘1’?olrﬁéﬂ e uspdriphe deteptions Hf)P]EfOF’égi c bl ock
(120) GRkEeR, 2006 throhS sﬁm?ﬁﬁ Yl inGfhade R rd6R 8 Paghel (S Ot drahes IFGn@ bl ock
(120) supplying a separate threshold value for each pixel and each

f r equedi@y and@nhabsirea besralastongandrasiéicbé defeingingd gniheinelrin detéctipn dlasd conpar ed
to conxﬁgt)i onal notion detection techniques. In one inplenentation, the

t hresh ‘val ues are based on the pixel's value as conpared to its

i mredi at e nei ghboring pixels. The process determ nes the naxi num notion
anong (00491B1G.chshows & high-dévief Bpeohart ofetye entipn disteaiiors opevathm (G20 f i nal

notion val or, .t.he pixel t 3008), . The 0 t hen checks whet her all
o xel s Gttt St RefS e R vEotse oo BLCEETIRV: &5 b poyeonip i | -
pi xel s FiG.e3, danfotidi@etedbioN PESS ssita S byFetiVing 8 incomh@Xfrab ¥ighall Mokdre i ncom ng
frane is selected (step 3012), and the process repeats steps 3006 through
3019 uffeme dglayedsigapls andh o dWpdEmepdcdasied signal GEaPs3003t ifofirsebetin B8 process
i's per I 2 I FIG 2,
when tElrgB‘E?%alfr%n%? ?ggﬁr:l i{?gsﬁﬁg%ﬁgg&{’)gg%})deﬁ% I?rllgﬁ%]d d§§ ﬁ}ebrnnr??%apqﬁ%ﬁ%gn val ue is
passedrdceiyas seperateghieshold etlaet footheddw dleqicht Juhaderthanghe higbfreqdd®y t hr ough

a 3-ta dian filter 2 and a del bl oc 124) . The .nmedian tap filter
(152) " ByrBRfl Btndin ah ot b8 rBR%enRy Sn@¥nepsR dortld bl et 1o or
e keSS
fréﬁe iolock HaP) suppliine sepagytythresheld alugifor eash P! and each dreau@cywo (126).
A banddpags, th hdion (dRSlorrRdigAifilah®y irkprdMd @hnfpartdth ic8lvdnfomdl dftdion bef ore the

signal is passed to the blender (110)." The band pass filter Iimts the
bandwi detection teefmi@ms. chir offaimplgmantatias, dhe thrpshold yalaes peabised onhdebl ender

(119), b P08uC ELGABRLE iy SRS OB LA il = @ O 2P

the maximum motion among the motions in the different frequency domains to be the

20  final motion value for the pixel (step 3008). The process then checks whether 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
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 determined, the
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



5 the mddle tap being the current pixel undergoing decoding and two pixels
on either side. In another inplenentation, the chroma band pass filter
(128) will be a wide band pass filter with a pass band of around 3 Mz
centered around the sub-carrier frequency. [0051] Based on the detected

: : I d
wnet nef Vi 6135 JEPRLRS EREL L% P E et 1Ay e SPUGRG el B0 BT 150, o
10 is pfgﬁsleﬁ'passémﬁb tREblenddrghil). The daidopHss f1&éldhrm‘ts the bﬁﬂdWlﬁﬂl dofshgBPsent, then

the 3D C signal  js tput fromthe blender 11 . The _signal] fromthe
bl endefchrgs@,él%l hefeen e Signe) rchey ) blepgea @gc impleraienciifona

i nf or MafoR1A Had ﬁﬁs%?ﬁte}‘\'t‘&%? sta@t@rfﬂ{éﬁmﬁ%@ﬁicféﬁfmﬂt—lheo 154' 8. RhAY G&thf or

vari ous reasons, such nmonochrome inputs that lack a col or burst

si gfal theanrdldbdamhemﬂh@a:urrynttm@l Jegrageing decskingrand (€ pinels dnetde( sifle-si gnal s
are ou e S f to be

i opl g Satoshet ekt Bh 6 Sh¥hfina) s ARACHZR O B¢ o T BAIRS ' To05,)
FI G 4Altsheins a pass bardrat arourtal bhﬁ{nheatyrealrm@jndtthesdbe@merd&qdencg one

i npl enentation of the notion detection block (118) to detect Iow frequency

ot 1 on 9STL Bpsed o PR Bl GhOREP R B dbriartgio i Mo eRohieb&act | on
bl ock (b ledddes MHethedts oulfi theOXD EHrofde1pRY| orTRE 310 Bhictnatkedmal, mmﬁoby

subtractl ng (20 a_aone frame del aged sanple froman incom ng frane, that
s 10 p1ispesseat 8 2@@25@%3 Rputgangd §%§@ﬂ&5eﬁ/@esqnh thgngbe 3PpE Sﬁﬁlﬂl’éarrl er for
two adp gk 1B BRI (189, dﬁﬁ%@%ﬁl fidhn @ bRIABSECo0e1P G Roldh &ilfR(P5H Signal is
nodul ated on the sub- carrl er result of the subtraction o ranes F2
and FOthias opdrates trrandvs chEoreminfermation i canes valereotha, paemer rmqu@annos bebt ai ned.
The si I r r t he tr on E2-Fl f||tered
(204) ?ﬁﬁg}ﬁg&m ‘%%Blé%r%é\%gm{ hg'mg?i ";gghfcﬂI ﬁlg%nggﬁ@}m ¢ %5&%& £ n\(,:\? 33 ng chroma
(step 4i@fid) andTdveors aRimaly greadepdriled ichromas(C)umddums (YN pighalk are dputltogi ¢ used
ct hi hfr equenc n.for chr .and/or luma, with less |um
? on e EIPERODAT Owne%ge%gééﬁB sEnalsria e gisalay e B KFHHOR Eresence to FI G
6. 11 [0053] In one inplenentation, the |owass filter (204) includes three
5-tap LowifRhSerc? hdion\teiehiigoef ficients of 1/4, 0,1/2, 0,'/a, and a 3-tap
| owpass filter (1+1) with coefficients of 1/a, 1/2, 1/a at the output.

Thi's Cmagbﬁgltd.ogAOfshg\%lé ' er&:hematlch%loc?(mcﬁgg?‘agll loI' tliqe( o(;)gf1 uf;gcll P& IO?]C

implementation of the motion detection block (118) to detect low frequency motion.

FIG. 4B 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
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 result 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 to 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 and/or luma, with less luma

motion, which will be discussed in more detail below with reference to FIG. 6.

11



reduci ng noise in the notion path and renoves sub-carrier portions that may
be 5 incorrectly interpreted as notion. The |lowpass filtered signal is then
passed to a rectifier (206), which converts negative signals or values to
positive signals or val ues (step 4006), and is then passed to a threshold

| ogi c 208) . .The thre | d | ogi K (2 t hreshol d
value B3 H ARt PR RepdtuGr S Fih R busd e B 25 hom ng
rectif meth oveftfictentsvw! 4, (5 0el, 4Q0D83- tap_l'lbe/pﬁﬁSfﬂie‘r (INg) svinakfficentsiofid,ed (210),
that is, 10 any negatiye val ues are zero while | eaving positive

val ues /anér?éﬁgf‘eérutptlb Tox sombingfiony ’ft?réqaéh%@o éﬂtevé?r%ée*(emselﬁ 4010) ,

and t he.dueMpBagsisd iid LBE GHotBN bR aﬂﬁ%&ﬁ&de@nsu‘ﬁadaﬁfi‘er' SorAbtP Wat (RhFRe4012) .
[0054] In one inplenmentation, the third 5-tap filter has a bypass option.

TheSat treauedtydnterpeted he Motiapadhe fawpaes filired K gifad ddthen passeiree scrgfml s can be

f ound on_for re |isted
o Tapl Do it et 06 ks o P B S B Slenf ontialne (HIRROR 2 1500
4. 5\VHz arb@s then ﬁivkiad-td& thishald| legit:bldik @08at iTha theshddl Hgis bpok!(208r equency
2MHz  Attenua

dB TabISlébt“?CtS Enef &{Eﬁ&f’%&ﬁ%&etwﬂ% 1332 H]%Bva%aﬂﬂgztflr%gl%lg ?og?c M_Z%j ?r%mdt%eG Mrz- 46
incoming rectified motion value (step 4008). The resulting signal is limited (210), that is,
10  any negative values are clipped 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).

[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 MHz -80 dB
4 MHz -100 dB
4.5 MHz -60 dB
5 MHz -40 dB

Table 1: Attenuation for NTSC signals

Frequency Attenuation

2MHz -15dB

12



[0055] In one inplenmentation, in order to nake the swtching to 3D softer,
the same low frequency notion detection is applied to a one-franme del ay
and a two-frame delay, respectively, shown in FIG 4A by bl ocks 212

t hr ough 220 Al so here, the S|gnal (D) 5 resulting fromthe subtraction of

si gnal—Ft—fromFOt+s—used—as—input—tro—thet+ogrcfor—detectrrg—high
frequency notion f roma and/or lfuma, wth |es ma notion, shown in
FIG 6A. The naxinuntvalue of the F2-F1 notion an e F1-FO noti gn,
respectively, is determned as the|final |ow frequency |uma notiagn. High
frequency notion déﬂﬂﬂkion for chroga and/or | und0Q@B[ 0056] FI G 5A shows a
schematt+e—bl-eeck—di+-agramoft—onetnplerentatien—of thetogre—usedin the

not i on detection blagh (118) to detect high frequ&y&g chrona and/ gr | uma
notion. FIG 5B shg 4 correspondi ng fl owchart not i on det ectfi on
process for high frequency chroma and/or Tuma. As can be seen 1Tn|Fl Gs. 5A
and 5B, in order té6MH:ect high fr=quency noti o6 @t wo-franme dellayed
sanpl e4s—subtracted (302} froman 15 incomng frame that s F2JIFO (step
5002). The resulting si then rect 304) (step 5004) and passed
to a threshold |ogic b|g§EJ€é m“*ﬂe?lﬂhg;ﬂSWHsloglc bl ock (306)

subtracts a second threshold value (step 5006) determ ned by the variable

t hr esh{l085] Dgore implodtbhtdiiotMntodder itd GARE (1 sWRhiAp to/ 3DWeSter] IR sh@sUbw i ng si gnal
IS Ilnlted (308) (step 5008) and low pass filtered with a 3- tap | ow pass
filterrpuensy \mtwnc@f'éqorlpalérmll%t toy ponejfpame) delay gnd i pgo-bme) delsy, nce t he
sub- cardsh&fival, HwdNd #16. BASHY BB tﬂ 22gh' ﬁls@q{e?éztthtfﬁ il R@?m

provi des propér chrona notio as we frequencdy fa ion. The

r estl t fesgfting ifrpmathe subttaetioroof pﬂanal(lélt éprrsﬁtlzs uselisas[ B®57}o the logie for

i nmpl e ] be b ass f| ere before they
are su %%g%%qﬁglﬁg ﬁ%ﬂ@@hgnﬁgéﬂgh dﬁnqymgqﬁ@%gs 9?3 Y8 filtered
out anih KiGL gA Tl mai muan caloodf the F2-F1 piceiRanhd thdF1ar0 msubxt,,restpbaweg@ul ting
si gnal . out i, N ﬁteg 6912 will only contain chroma band noti on. Chr oma
/ Lunma'® Hmﬁft a °VU#@“WEW|WW3¥E@98] FIG 6A shows a schenatlc bl ock
dlagrantof the logic used in the notion detection block (118) to detect

hi gh f U0 otivn de@cti 6N fo? BRrogAGh@or s, Wi th | ess

10 [0056] FIG. 5A 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-FO (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 14, ¥4, % (step

20  5010). Since the sub-carrier of 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).

13



| uma nmotion. FIG 6B shows a flowhart of a correspondi ng notion detection
process carried out in the notion detection block (118). As can be seen in
FIGs. 6A and 6B, this 10 notion estimation is fairly simlar to the high

frequency notion estimation discussed above with reference to FIGs. 5A and

' Th h f
mode, TSP KR B Puliof nd eGP F2RFE TR b br b BePRlERa iRt M. Vi ¢
| ess | umasubnhatmhm dtep 5062, Secled dowdrbguerich duho gidtion fe fiftked duoastebslgt one

frame c tion 0059] First, the proces 6000) det er.m nes whet her
t he thTPF‘é”ﬂ%NEHP&HBIW Gy ﬁées"i‘nﬂ‘efrf;%lﬁé‘gc%%ﬂﬁ‘?rﬁ Séfﬁ’o{ﬂ%a"fi used
(step BRNZbntalnchediBa baRl BE®H ation, this is determ ned by checki ng whet her
a one-frame chroma notion enable bit has been set. If the one-frame chrom
not i on enabI e b|t has not been set then the two-franme node is used and

t he3 pr &8s [ldina mg ghdess ugmmation n whi ch the two one-frame difference
20 S|gnals C (that IS, F2 FI) and D (that is F1-FO fromFI G 4A are

recti f[lﬁﬁs] ﬁI(ﬁlnéA Rob? a LhRMaSHDbAC LR %rafnr{ QM (Rl 96%& dsed 34 &R GQ9BHh and the
resulting signal is rectified (step The reshol d | ogic bl ock then
subt r adetsctipnttipgkd(1d &y tes:lﬁ:tﬂcdhl\ghlfmeumv emcmonédr thyromh end/omnhinzh Iwethtlt:ﬂses hol d

| ogi c 0 ( The
resul t ?ng'tlsa )s“l"tgﬁ%mﬁ@ B gﬁ‘?‘mdg?@dgw g%og%%g %%J‘ l{lg)\l}vd%ggfs%oq }c}ﬁ%tggesrsed (step
.6?20) Tﬁmad 8&1}13@he2:510hﬁh/\d¢16c3ﬁ3n{'d#d<€{1li?lﬁt]s)camb? heehgggfleﬁﬁlﬁaigmfi 68, thik4, 1/ z, .

e resultin IS en oy ste . an e prqcess ends.
[ 08B0] MoHo it Ss RIGH STiehAS v el oty BRGE™ N i %caﬁs&gch_r o
not i onagRablieh rdirbnddas HIEEN54hd sBhathd @glctslﬂatm%md}r 6NRaf QAR iDL ON
detection should be used, the process (6000) does not use signals C and D,

but i ns"t‘ead)dﬁ%esﬂ fheafivist moge.oihg gzic operates ¢¢ deiect ehipme TROHOANPIGSS twp e bandpass
fi1terafuta! i 0RmANbIRC I e edopli SRoRO MY tosthSherliBELd IkEd ST ! on Of

si gnal I's t en: subt  act ed rom rec versi on signall F2 (step
6012) , framd chivearmstidnt i ng di f f erence signal i s then rectified (step 6014).
After the difference signal has been rectifi ed in step 6014, the process

COTS' nt‘tﬁ%ﬂV\PIrQ t?l%%@écegsp %OOFdét%Heq)hwhther 'the® wo BR%E Ic %gnaartr)tgé{e or t'lztienaI motion

one frame chroma mode should be used (step 6002). In one implementation, this is

determined by checking whether a one-frame 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-F1) 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 va]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 %, %2, ¥4. The resulting signal is then output
(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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[0061] FIG 7 shows a schematic bl ock diagram of how the final NTSC notion
is determ ned based on the notions determ ned for the different frequency
regions. The final notion file is the maxi mum of the notions determ ned

above for the various 10 frequency areas. As was seen in FIG 2 above, the

(122) . TS B REEaRRGR BB o, ] Bl R e BT oot on and

no_not r@nfle@wersﬁanao”fcbﬁgral IFil rieﬂlelanﬁBtr?dtéthmlN?ilﬁQrmﬂb@ﬁ'ﬁtsﬁ)crilcdﬂ sg@ﬁrdﬂzo be 5
bits wide. mm)ronvaueo 16 w use the coder to output
t he 2D(St‘THJﬁ%12&n%chn;E‘F6?Pé‘ tggHpenem pignal As HeR; g %r%(ﬁresr?% ?er thsero will
cause uffRrdRE AR LR teln PAHLIRLY if Qt% 3014, URR pRIES s RGNS %Hﬁﬁép% aky. Any
val ues in between zero and 16 w | cause Phe decoder to output a signal
t ha? i threughl @3dcas eByribad aBpyes| gnal . This blending is done in the bl ender
(110), which will now be described in greater detail. The Bl ender [0062]
FI G 8|S Aotghematic bl ock di agram showi ng the operation of the bl ender
(110) e decoder in greater detail, in accordance with one
i npl enentation of the invention. As was di scussed above and can be seen in
FI G 8[006hEFID ¢showa assaimmiati¢ bIBDCK) diggramsof hpwnthe Hemal DIEH? onatiohuira
separa romthe roma/ | uma
separ a?‘%‘rgm%&jb%gg Ot%qu%%t (grng%s at gr?mf: é r—tﬁ% fiifelp I?Stotlrrreqclfe?cevclieiglgﬁs bﬁ%ck (118)
i s al stinalsedtias fd id Inlwtnakﬁnﬁlha)fbﬂhendﬁton(s lcﬂe%mnn'EHEabbhéQ’BﬁtlmJbﬂiﬁusf romthe
bI der. is 25 based on the 2D C and 3D nal s, which are bl ended as
owiTCAUERE B A AS Ut tHas Sﬁe{‘z’[‘)FéG* ﬁ’r?ﬁ“eo‘#)" I%O'G@Uséheﬂ Raserdibionghyy / 16
[0063] 3T APhébBRtaP Wkt filferQiph l ek ﬁlyapsw{zeaﬁr hraglaﬁ bﬁtep T2y RerbifeRut from
the input. conposite video (L2). A color killer, which can be enabled and
di sabl &riridy ratiomaad ao_tnetiarspaisie dnelor hefrroviénecfmabNTﬁﬂamtbm mghnlmeslpb ayed in
cases r f e en the
i nput %‘%%}gg }»{}%c V%BHES&TE%IBSU&P%%%%P%RS%E csaggeg%lg%ecodgr toI 3(u"i111[:m t]% Zﬁ\'h
[ rrpl errhmtaemﬂo:rhsqmaamgndls enly. suatiniasinamodckapdlie ef manhmld)bimsd tHei dct:ede,r can be

n t th in order 1o egnhance .the cross-col ression.
| o5 o e SIS oot sRdiS ophy” AV TS i DetyRke Brpnd 16 sRlier Co
r educecael@@ﬂe debiir &f b@tpiitsa sidifal BRDRICblbRBH ODF Aid ILizRAN. q”ﬂfseméddg{g is

done in the blender (110), which will now be described in greater detail.

The Blender

[0062] FIG. 8 is a schematic block diagram showing the 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 (110). 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

15



[ 0064] As was discussed above, an effective way of decoding the conposite
signal is to performnotion based adaptive tenporal decoding with a 3D
conb filter, such that when no notion is present, then tenporal conbing
(3D) is perfornmed, and otherw se spatial 10 conbing (2D) is perforned. 2D

decodi ng. 4 asreﬁlroggs(-ﬂ](&:nolf%gn Egld w artifact 3D deg%%ll ng does
acts t'he notion

ot.cr whi | e
not have these art) oPgs%SPHyegéﬂ FREn LIS O RroRs) §OCT e
det ect dBplakaifor bsanves,ywhenphetiamit domposiceride® (BZ)Cidrairehychégheeidebhe noti on
and therehy _ achieve a better i e quality. [Q065] In one inplenmentation,
the nofigBH JBtLRYE 18}P1"rf_§e“é"t¥’ﬁ’P%\Pegﬁ%y S‘éfhl’ﬁﬁ“nﬁdagp‘r? E‘J‘%‘iﬁ’@%&‘ii@ ‘Betieen a
curr enbpdife@R (REhrBA@\HalHim bri&MRSenBinR thé ¥RJss-BoloPkipplesBidR] Similhipy, det ected
difference, that is, the "raw difference" needs to be processed in order to

det &ct adaptize filters cartnbe mytpn thellnmpa pathin efdetoreduce grpss-bgnaeltastt ai ns sone type
of threshold logic, which controls how much raw notion will be suppressed

based ?erﬁk%ﬁ@ﬁ@%%ﬁtioﬁﬁe&&io% threshold value is increased, then the real
mot i on" Wi € Tost In sonme cases, and if the 20 threshold value is

decreased, systemnoise will generate erroneous notion indications.
Ther ef Y0641 As wag difeassedibbavet an pifscs veckaptal vecadingethh sbuippiigisignalisrte her nor e,

the no 1 C i r 26y | ' rt not i on
det ect P%ﬁo olg?@anvf %SF(? a%%?? %F"x‘q%"f’ﬁn dg(?dglgllrgd‘f'%@gr% eéroz?bafrlllgeert ﬁ“g%]ﬁart iwélgg i ssues
t hat needndtionlie pteakmn thenttemperabeorhbing (3Dhs Edfaphed; ent otestvise dphtgi ¢, a

brief over.vi of variou i se es will pow I | ow. 25 [ 006 The main
ca esccfrgl?mgrg%)oﬁ P&%@Eﬁoﬁidﬁ%@ﬁ icé%gs'zEPE’r Fﬁ‘igi?)trﬁrﬁﬁl %’él,fic_ésaﬂg’;llang cl ock
noi se gD debddi® doed ndOIRVe lthdsé afigictd RRsNPpEBORUST shOmEA eI s StE F¥R6n Cl anp
noi se and so on. The follow ng discussion will focus on sanpling clock

noi se @stegtiontlegic i yarydinimstaal in endamty aqcaratalyidsiect tha maefiint dngnthegby andom | ow
anpl i t pde. NAiSBe; i +signals, the nore high anplitude and high

frequency vﬁoib%eeli‘lglrag% ﬁ'gaq%% decoder notion detection logic is 16 edge noi se,
whi ch causes fal se notion across frames, and hence switching to 2D in those
areas W065hke ¢nedgwlenantaiiongthe 3mtinnolstagtibe isuasbitved hp sedgmgnbifgencsecurs as a

B gl o AR DML BT b LT L
i nst abdifffetence, Rhit sy dekirag, differchded deedptd bé pescessbd Setoidedgs . detect true
motion. Typically, motion detection logic contains some type of threshold logic, which
controls how much raw motion will be suppressed based on system noise. If this
threshold value is increased, then the real motion will be lost in some cases, 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 camera 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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[0067] As a result of the sanmpling clock jitter, there are variations in
the sanpled signal anplitudes at all the signal edges. These vari ations
cause edge noise to be present, which is directly proportional to clock
jitter and to the edge anplitude or the slope, that is, the difference in

pi xel values for.two pixels that are | ocated . on eit.her si of ., an edge. In
Do 10 R ire R GNP P B S St R By edb OB B g ot r st
di f f er eR@€obihe amead, aBMugh BDXMouRItE Red! BN &168 rRis @kcuraAdla fes6le 6D1hE
di fference between a current ?ixel and a next pixel, and selecting the

e

maxi nuF (Apidog DGR vaer) samplingsirekditter.Pegpige pf vaions arasas likeni s

probl epjock Regd 6ies Hald et fcka Repf yRBBhGA P YaEkifs Bagetodriet h edge
detection ahd on the edge sl ope, 8n a pl xel -by-pi xel basis. 15 [0068] The

edg@/ skdpegsadapti ve threshold can be further inproved based on sub-carrier
detection. Typically in a digitized conposite video signal, the edge noise

i nt hepﬂia?} Asfarr e&ciXeL irlgoc,rl&,jkg][}?er,i tﬁef-lﬂiarqw\?a[riafigﬁsnintt s & F\gﬁ e in the
hi gh frequency chroma ~porti&ns, since e sanpling cloc S cked to the
col or bmpEtudgoattallole gnadl bégesuiThesarvati ions shgnatige faise thdepdesent, tvhighl uma edges

typically have steeper slopes than the chronma. edges Zgagince_the | uma
edges HaVE* Y@FPPPEECE‘F‘{JPi %‘i‘i}?‘dﬁte{@“%‘b&'ﬁ&%@i Wn@ltua of fhs s ethtah’rse@ﬁol dis
set hi giffekehcBBSHxE Gluck FRAGUBNAEI ]S (HABare dEtted Oh SRherlsRHITABRgASHAmE At ed | 0ss
of real chroma notion will also occur. However, if the edge/sl ope

t hi@shinelemsntatieethishitfereyes is geismaineshbysdaierainipg e firg giféuencswl acpeenthr eshol d
| ogi c j . j i b I ssed. 25
I mpl en‘g%t@ Ia??ioirll ﬁ%zvﬁﬁeﬁg é’teg’n %su -ngfpffge?éﬂg‘\é? gt(‘:h"tegﬁ (f)i\éélul(rzll e?ﬂ@@d%&ﬁ \ﬁ/éesHt hr eshol d
| ogi ¢ pBe6ehd mlting tishowsmansofhbetve detbintodd diffegness dh ordee t¢ Iddesssol d | ogi ¢

(120) that jnclude ed detection | ogic .kl ock (710) .and sub-carrier
Get ebt IOnPPRER, HEreshiln G606 Do harmiiah ke dadlor AP ke e fiiBRk ( 710y,
whi ch wid én ihe edgsstspchenla bixef-by-pixer badpt ai | bel ow, 17 contains |ogic that

allows a user to set a threshold value as a percentage of the edge, that

is,.ho of .the sl ope. anpli e shoul d be assigned as an edge

t b Bon DR Pt s ore o456 6 Barshalaf BE e SmPReve Dt comr SHBIS addapt  ve

t hr ougherédtion S PiedyGn DHiRked EaMbositthiiddd Qxaili ieedbd Aot in @R kiR St at us.
The SCD |l ogic block (720) will also 5 be described n further detail bel ow,

but gefequeney; i petions sy highen Ber the zdge pise an dae high frequency chroma
portions, since the sampling clock is locked to the color burst portion of the sub-carrier

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

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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and interacts with the edge detection logic block (710) as follows. A user
may set two percentages for a particular edge, for exanple, x%and y% If
the SCD | ogic block (720) does not detect a sub-carrier, then x%is used
as the slope percentage threshold value, and if the SCD | ogic bl ock (720)
det ect Sub-capr i t 00,1 S o t hreshol d
val o PR RE] loy R e HEFAIERICIR SRS PR 05, |2

hi gher is hopempérof drt shgpe amiplieskechobld b asignat adan edgechrbdiold. uma porti ons of an
imge and a | ower slope percentage threshold value can be used for chroma

portio he § e,, .thereby . reduci the chro not i.on s and

achi ev?@ﬁi%?nﬁ#@gieﬁlrt&eﬁhml@ 1%%(;}1 5?%‘18&gﬂlﬂ)eésaélﬁp%ﬁqg’aﬂg%ﬁhcastﬁi‘l(?glcby pi xel
basi s. bReRaAVHY, wWhich Bk sminad®psoslesiticcamnts. oThd SCDI16#18 bldek anTh) AN @A porti ons,
the _threshold | ogic can be programed to su%ess si?nifi cant luma edge

noi Se RFtdRtsbedirE furthss detaf] befovo bt gererally. themCTsdesiciblosk «(3h apewas [ 0071]
The SChh@gh&adts Rthho clhed J&Qﬁiogg%%{%ﬁ)ckR?}(ﬁ‘é@‘f&lﬂfﬂ. el ¥ Ilsagfs itpg for

sub-carrier characteristics, spatiall'y and tenporal I'n the spati al
domai npelsersages dort hpartiQularaadge.i fonexamplek xPsandgd. i theS§CDHegis blockd72)er

freque |.qc : syb-carrie hr ough the col gr. burst. the

al ter ngﬁ%a/s @Eggtgé{rarsgg?cg%ée% %15%151 lllseggs ﬁgghpf? p%‘gﬁ’%%?g"i tHresh;aa##lP&Oagfi but
opposi ifethenSODakgico blwk gT20Fdetehierdareiiecartibe tBetbyoars veéd ahahgesopphase by
182 degrees ac osg l.ines, which can al so gfegused. In gl_he t enporal domain,
th 0su_ eeHgeeres ﬂggﬁ@égobﬁé%ml?%gﬂe rERds ¥ & be iehfethas §% Rere wil |
be a Shiphbd {168 Bersintdo8 HRBGRIPPAIREEMER L NMor 3t 256 ond bEIEAARUndYCH | ess

di fference between franes that are two franes apart. Thus, by studying

bot h t Faves stape flerqgpirge thrasheld ndue esmpbe abeddivmshiomaaportiegspefoshi imege,

sub- cap.l | ; t.0 .C I | d. logic. As can be
seon | epsty, AR bR B RIGy) acRBlyRe { Uil Sl LBt £ °F
and FOb{shan SGD obh& pikel myupixeltasfsr Breausehof this énvdepersdeht eomerol &orduinhe frame
prior to. the previous fra for. suh- carrier detection, The Variable

£ hi 25 hBTACTTER EOBBER %@fng%ldrl?&lf PO ed I SRS signcRntdrEgr am of the
var i abbégetrdisesiitodt Qe BsdinQGkomDdmbtldd)) - As can be seen in FIG 10, the
conposite video signal cones in, and a current

The SCD detection block

[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 equal 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 FO (that is,
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pi xel (Pn) is selected, for which variable thresholds are to be determ ned.
The logic conpares the current pixel (Pn) with a previous pixel (Pn-1) and
a next pixel (Pn+l) in the horizontal direction, and selects the maxi num

di fference, as was descri bed above. Thi s difference describes the detected

he vorls sapent i et} R SRR, piaGEE BelBhs RipshioPiiR Koy

sel ect icmgiet ddectionr ent pi xel (Pn) for a current line, and the pi xel in the
same position in a previous line and a next line, respectively. Once the

maxi mum. h Lzan al d vertical slopes, respectively, have been
deternﬁh@gégg—gbgg%ggﬁﬁgggkgkd val ues for the current pixel is generated.
The threshold values are linearly proportional to the detected 15 sl ope
val ue, [(07Q) PIGPIY tkiamad bdhymark bloak digedn be theavidle threshsltdogioplerent at i ons
the_t hol d val ues can_be non-1i near h respect to the detected sl ope
val de. ?i&%iof*s FAORENTFRT 4 TG, RMPUTRSHE H§®dw go78esCiRn ABb2 SR amed to

act onptfae (mh@;%@&@é fok mrﬁahoh%lesmréshaﬁdstak’eeté b aktctRingg hohd Mgllcues can be

program*red to have sone mninmum thresholds or be progranmed not to exceed
sone upp@parps fetcurteri Rk (Pnbwah@mra\twt@rplmlr@n 220) amhamabﬂ pixelHPashohd | ogi c

bl ock shal e el frames,
such aég F@(}nzlg—@ﬁgﬁlgéﬁ—{@ 5‘%‘ %ﬁg{cgsr%l%nrg %EH'T ‘?]?1% enfehr %F%Qﬁqaeﬁ %o ‘be the

maxi nmufhisodifferentendascribby ehed détested metifunn sﬂdspe ﬁlﬁﬁ]ﬁlﬁdél VA& dorespading0073] The
varj.abl.e threshol d, | ogi ps i.n. remvin L,on becayse of pixel
vallh JEFTPHtTgs Q{SOé\%éj%é? %Ed‘ﬁ:étécabﬂléectt@“é‘gﬁﬁaY %gﬁre}’?f’t ﬁ\@?ua/ﬂovan ations.
The hi ghek tyhRledins tiEn@lrreRtigiel (MH bR GQFredtBney Ahd Ad pireid theQafmer for the
same anount of jitter. Therefore, the pixels fhat are |located on a st eeper

sl ope EPBEPHITAREVIoURiignend g HEXskns, espedtively. Qncerhe maxivum hgazonsl t hese
edges LRALVIRLY P g{iee&gﬁa&eﬁ;, gAEVG 520 R rhiNe %,S%&It d rééhomall&@%& fhge real

motion. The varix reshol'd 1s generate I'ng a percentage, for
exanpl eyrrend pixebis gbﬂeratwé dhepleresholt viltes aoé kmdarhyq>rbmad>r&ad:| tothe détected per cent age

rehdur S8R pREP Y PechelFuliCl AR ap R hgihode SpaF rTPREBORI™ Foone

i pl emepésabidovalu® Canl BY nd@ling@ntvah rekpRdow itife dashibMetbpdi ddlucd HERP
vertical windowto forma 5-tap adaptive threshold wi ndow. FIG 11 shows an

exanpl| SIEIYM f-paymym Q&%{stmﬁ &8 e EIARE dhactTidhe Galpdaied pi xel

under {HEB8IA0E that the final threshold values can 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 FO 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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determnation is located in the mddle of the respective w ndows. The
absolute difference of the current pixel and the adjacent pixels are
determ ned and the maxi num difference anong the determ ned differences is
determ ned to be the slope. For exanple, in FIG 11, the current pixel

value Pn is conmpared with the valyes 1 3 4 i vely, which
are th e\f&?ﬁfetgatotﬁe ?H@Y\isug?%tﬁ‘iaf"né%bsi B(eé?cél,?a’ggﬁ%ﬁ{}ﬁ‘gr irlrdaai) g\r’ﬁ[’}ﬁ\%gi%ﬁl f(3,1\ré(gnce i's

t aken Bssetl bR tie dofdr batsd P&idnt© Meidiradithiahie, dakiphes hiodt drel ts/odeameg @garf)or t he pi xel
Pn. The percentage value is made adaptive based on | uma/chroma pi xel

val ues exampl e, x% .or y% based on chroma/l uma detgection., [0075] In
one in{ﬂoggieh‘t QP?WDbWPT&H’I‘?B‘PP?‘bn%/QFtaP HZeMRIgWindeye!s; %Or%tﬂﬂ‘iﬁﬁf"ét Tt ?:cor!:lance

15 Wit Bedibg Jiphdw ' NEmEX PhASHlapive MEdIhdIFihdownt BIQ. 13 shbWaxd exdtiplé Pn- 1) 1,
| Pn-(Pn+l)f }] * (Progranmmabl e attenuation)] + Progranmable t hreshol d

(mih | el shsh [0076P 2depbtee thiggiodheringey on Theheurerak el wagdsr dbregkald g synch
edge o or. hu i on efm - Wely! I for
exanpl g?tg%ﬂéglsqﬁ)lngssﬁc:a%\%a@e&% |§dlg§%fe£:h? egig%%nsgr‘?ﬂgﬁ%‘gs? V\}{II cﬁ&’g)gﬁe be for one
franme differemoe of thievmrentapreelnantli tos adjeznt pisels siedddtermimadogudahe taginhimear

percentage threshold value, .that is th r ogr, | e, threshol d gain. The
pr ogr afiy&BEe %P?%hﬂeéjc&’m%ﬂ8%@“%%'@@&3@“85?%&% ,Slogﬁ‘dﬁ?]i TIPS, be
adapt eth PR3E(1, BB dglcfC bRl GhLe MY |sUb@npaléie withr &8 haluds| Qal,c3 ahga, has a
programabl e m ni rum DC offset. The max cl |§p| ng. logic clips the output

| eV@| fespacHsclypphich prehe vilues of the surrounding pies il the BleydaEy dffseense ogr ammed
upper |d dkdn ¥@lHdCrinal BfopS 38 LAGEC 1B A BAR iDBETGBUbr IR pitficereThE Cal
dormain, 1.e., across lpnes. As can be realized by one sII)<|IIed in the art,
the t pereghagedvaperis emidagdapiivd based dGuukfchetms pixelhvaticz.oiot axammel xfer t i cal
taps can separ at el rogramed. Hence, since line nenories are required
for ve&[)(‘%g’ﬁseﬁé)éli%?o%%uﬁatcﬁagecg '6ri zont al | ogi ¢ can be kept, unless the
2D-logic line nenories can be shared. Finally, as 20 can be seen in FIG 9,
t he valli0dBb]l i oder esplahehtmtadnue hoszeudlttheshadd vhluors theputod iivnrcemdancei Nt he
rmi' on dﬁt ectl hon. | ogic block (730) to generate a notion-out val ue.

ma VL0 RS TREPRINE FBSFEOT 0077] The chroma / | uma detect |ogic block (810)
of FIG 10 coarsely detects the

Vthr(Horizontal) = [[Max{[Pn-(Pn-1)|, [Pn-(Pn+1){}] * (Programmable attenuation)] +

Programmable DC threshold (min level)

[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.
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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5 chroma / luma signals by checking for chroma characteristics/signature
based on two factors. The first factor is based on 4fsc sanpling. If the
pi xel under investigation is part of a chroma cycle, then every alternate
sanpl e should be nearly equal in magnitude but be opposite in sign. After

rectif 'c&tﬁ)é € r?]gﬁ.“{ glb %l \J’é}lgbl? tﬁr[sﬁlro?dl&a?ue 1s abq} \%Er}it'o *h)gggr% on. vsapl% the four

chroma pi xe e near e secon ®hroma 10
anpl i t deenativacletectibn toge ok G?B@)rto gehndrite h etoni qut galaat er than t he two-frane
difference for still inmages, then chroma is detected, and otherw se the

pi xel b%mnota a ccpﬁogﬁ i0| xel . [0078] Based on these two checks, it can be
det er plxel under decoding is on the chroma cycle or on
the luma signal. Further, based on this determ nation, the variable
thres hﬂ]ﬂﬂ7b@h@ehﬁoagae/ ihsnadoleiedted)gd:i bloek &R10)Yoff BIG.CIU obaédlyiBtepisx@ks, for

exappl e da]i‘ 30% f and_10% for chroma. It should be noted that the
t hr shBli‘erﬁ Eﬁt%@@s E’ljé %@f mpicchpracieristing/vignatere hasedc o1 B9 al ues are

i ndepengemn. |’Pho0[ﬁ1@9fraé‘tﬂffﬁb:la%df&f4fs@?a%{bhﬂgt Ifaffe Fﬁelmnd[apm&h Aidias aﬁlet ai | ed
view of the different parts of the chroma ma det ect oglc 8 10) is

shown Pha Fpma cyole;then pyary ah@ﬂéﬂﬂémpkrﬁéomldgr@eﬁrb}r equabin magode, wihr oma

arrplltugggfo@n@nle Ko, wﬁhlcﬁacm%ﬁl rsp@s%%n&e fz%cgpf’%%x&d i20E 29l ff erences,

respecti out put's rona una S Vel te” 6F°%he or zero,
wher e dlcvﬁvhuohminaopmels eshoaided scatyr twesameF| Ghe k8condofastot e al @godraa f or t he

ati.a I che ch checks er ever | ternate sanple
ﬁﬁea&’?‘ t@?ﬁj?} kfﬂﬁ%f’ﬁm{ ﬁ@@e\a{} e%Bb?o%rFTt%r\A& QFQWO'@H%%‘B&FSH?%T%E second
chr onaétilem 84, A ThibMaie defectodand bthe RS th%%(e@m%o\’ﬁ‘t:h&%nﬁf e represents

chroma. FlI G 25 14 shows a nore detailed view of the chrorra sanpl e conpare

bl ock 3, where all the four flip-flops are set to one if chroma
i s det @9? gdéisﬁ&ﬂﬁlm‘?c g heckss 1topp g d ‘Ffﬁ‘iﬁnﬁfﬁjew}“fﬂi“’fr%e Rirel vaderglsgoding oma/ | uma

St at USis\Ghl tHE Shidhif: SRR Rtnt QAL HEhAL @fu?théﬂ BEY d%rﬁ s val ue
that is used by thcg@varl able thr eg hol d T ogic lgl ock g ﬁf’dei ftlléﬁAgg%t ations

for PAYarpblggbicsimid perrerdags mriccédqdedlffwgnﬂ_v fmr)chrosnaaumad:@cels femtamgleused, for
| d nber of
eXPdTp %O dqgﬁmﬁﬁge&nd 16@’ fo ? CMO%& applﬁg g-tla%tﬂ%nt%ﬁglgdhg’gl?éegﬁgé%l :; i 8ant

ways. € purpose of thi's resen Ion
di f f er@aing and thehRC dffset mubam;hmx efip ivaluesl ireGhdgpeadantlp prddimmable for

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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5 degrees across two frames, and not across one as in NISC. Consequently,
the sub-carrier 1is in phase every four frames. For PAL, the 3D chrona
signal is generated by subtracting video signals that are two frames
apart. The chroma notion is detected by using current, one-frane and
tmo-frggﬁ_%glgﬁ%dpghgnals (i.e., the F2, FI, and FO taps). [0081] FIG 16
shows i ck diagramfor detecting | ow frequency notion for 10
PAL and is analogous to the detection of |ow frequency notion for NTSC,

whi ch Wees0d & dr (Rhest Ableweting Liney sspeideo sanddr@asedd foramdmpB, ircKawpe, t hat f or
PAL onl Awo-fra iIfference i s use 0082] .FIG 17 shows a schematic
bl ook drgitar Fon TENIEE S5RERT At O dr TRhpe poizgt PRAABous (o ¢ he
det ect iagpli@fios, the MRsIEhi6Bark Aiffddnee.is Wat &R VBT adRs & dlied phixealyorsd Wit h
respect to FIGs. 5A and 5B, except that for PAL the FO and F2 signals are
addéd aRgreey acppse dwo fiaBeeaad Pt aiess Pae el NTHOgEpnseawntly ghe pivearEeTs chemat i ¢
bl ock di a3 &8F &6F BShLLNF i on: for. oul d be
not ed t%a%{?ﬁ% I38gc gep%étégﬁﬁg“kﬁg?)%g%ggﬁl %ﬂ%%@é%?%gﬁr“ﬁ%%?g‘ for lum
onl y r eifdeorsignalsfthatiaee twaglramesf apgit GThd 8hriosausaibndm detetted byl usisgcwmsmt, | ar ge
false 20.motions Wi.ll result. The Nb P ion will be explained in further
detailoﬂgﬁgﬁpafggﬁﬁ]HEFéﬁﬁfgsgﬁ% ﬁﬁ”ggﬂgﬁkﬁi%mﬁﬁgﬁwgdiagranlfor detecting
Mo_P luma notion for PAL only. It should be noted that the |ogic depicted
i n Fl G[0@#] diGylQshoes apehgeaticrdddkatiagrimrfor detectiogllow freguentg motibn fdre | ogi ¢ of
FI 19 s used on colored regions, |large false. mptigns wl|] result. The
I\/B?B n%ﬁloﬂl@waﬁ’gmém ‘EE etgchiep %Ménggﬂamouagﬁ%ﬁ@@ WB@@QT%H G 20
shows QessiBedBbdve itiPfekpedi ROFTGR 4 RTandaBSeidepOthiAer PRILI SHly a [N6-tRAe1  signal,
which is the maxi mum of signals M6_P, Ms_P, and M3_NP obtai ned as shown in
FI Gs. Sfferageanigped A respectively, is used to detect the full range of |uma
nmotion. The PAL2 signal, which is the maxi mumof signals MI_NP, M2_NP,
MB_P, FIGNY ddwVB, Rnohid hsck @?%I%nglolwp {iét@ctﬂg%u?rﬁw otibn t@AAand 17,

respectively, is used to detect ch noti on requency | uma
not i on and'lie adegoustip dhe ideteemepithrentatotin faneNTHE.nwhighnvedfs deaeribednd PAL2.

L 09361 absvefth REpER % FiBs. H A BB, & Rat 1P BAL Mbe Fo" ks FPLiL0N, RRL s have

added and clipped, instead of subtracted.

[0083] FIG. 18 shows a schematic block diagram for detecting MS5_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.

[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 PALL1
signal, which is the maximum of signals M5_P, M6_P, and M3_NP obtained as shown in
FIGs. 18, 19 and SA, respectively, is used to detect the full range of luma motion. The
PAIL.2 signal, which is the maximum of signals M1_NP, M2_NP, M3_P, M4_NP, and
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5 logic (MB Mask) that elimnates fal se notion generated for high frequency
colored still regions. The MB Mask logic is required because the chroma

si gnal does not cancel by two-frane addition for high frequency col ored
regi ons. The chroma signal contains Iuna near the sub-carrier frequency,

whi ch es .t.he vi Si t 80. degre t{..of phase
acr ossw StFt d 4% dlEJD é’ﬂ?@w“ﬁ”ﬁ?r g d?l dr{e%ﬁ]ﬁlbvely’tlﬁg’ ?\%ﬁ\/gaﬁalo | ogi c
masks thdbosa nmtdnmmdfl@:v frsfjuenby hinghmbti @q U BAIC tbaoeld deeginiiied to Bsweal so fal se
notion _due to lf{glr_om olor transitions, A nore detailed view of the M
Mask IB&PIE’”E‘hﬂf FIG 23. As can be seen in FIG 23, the M3 Mask
| ogic receives the followng inputs: ML_NP, M NP, MB P, MA NP, Mo P,

M6_P, KSB] AE2an b sadidinFRIG. GoDie AT US and VB4 MiB)SL Eﬁbtwﬁ\fﬁths have mask
M8 Mask threshold control The MB Mask | otgm:‘c exam nes 15 si ﬂgal

cha? aclqgiq e¥$ é&askgﬁ@hela@ngﬁagﬂéﬁ metipt aenesitesher iiah freqnepor eplored se
Si gnat Wegsns! Qe N1k %&gﬁnsgmf{{%éqﬂﬂed Bgﬁ'aﬁ%ﬁh%cggﬁ{a AR labls cﬂ%@iéeﬁ bEZ and

FO an e average valu 4-sanpl e OW acr oss FO, and
gener atwsframpaddition gndilgl(ﬂk;&ubw«c;olorednregtdme irh@ttﬁnmlats'@nabwnmm\/lmnan FI G 23,

h/ J i ded f. Mask bef h
ek < FGRAT Peb R en APy e BB e PARCn DB Bt PR 30001 ock.

[ 0087] dédied@nit bNPhRERNOE v frathédend resul@lis eul@ Ho@dn. TRskihk 098 8143k ovi ded for
the NTSC. nodes, when one franme chroma i s used. \Wen one franme chroma

mot§ onlqeic mag falss mogon def sidhehdipatsacy epleredireiony and alsralss melien chr o
MOt i ONgfd foCkdmAtt ot t?antsi*ﬂl%né’vax Iltl(.lj}g delGREP RS 8 1R IQF %as'k%é@ CAYBRE se Ee mask

| ogi ¢ detects and nasks these false notions. G 21 shows a
schenaii BG2dc hsdanye asandh BIGwW23, ithee B Miskdogic saogrvat; thesfollagmlmg iggd. As can

be see 0 eper.at | frames
F2 and%WreaSMng#é@ﬁ ?’ES @Hf’ r%gglg%eﬁa nl?]d %g‘qﬁ)gﬁéﬁ‘g'ng frames
F2 anM&MasH Bar eni Mal Maskathbgsheldscanpol_eepsf 0Thd M8 :mskhbgmxbﬁnds pass

% | ementation, the default is to use the bypass option, so
\Aﬂg‘i‘%lcﬁarﬂﬁtﬁ’a%&t frch s gpatg! shyomg signgRirg, HeBRRIak sy AR S‘%‘\Rﬁvé‘?“’ if for

sorre I R8§RASy tbBon, %hﬂﬁ‘n mfpglraﬁtycic&ﬁg @3, FRhhd FO.Cna., thé%bagaszaﬁlerofm
overshoots, for exanp he | ow frequency notion can be disabled by

enabl eaﬂWémB%wmﬂawsaquSF fér Fband F).sandzgenerates a mask signal (M8_Mask). In
the implementation shown in FIG. 23, stretch/expansion logic is also provided for the

MS8_Mask signal before the mask signal is further processed by 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
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 F1. 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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[0089] Finally, FIG 22 shows a schematic bl ock diagramof the final notion
5 determnation for a conbined NTSC / PAL system The NTSC notion is the
maxi nrum of the ML_NP, M2_NP, MB_NP and M4_NP signals, as described above
with respect to FIG 7. The PAL notion signal is generated as described

above wit ﬁ@g FI Qn CL PAL et ion signal
ei t her Jﬂe ﬁ/ﬁ’ﬁn }%‘Yeﬁ’er llgia I\/%?F’ S gﬁ‘g Lar eébse(ﬁtgld 8%%%:% sel ected
mot i onamfzg:mlsucts at keronfa bteestdts) foraeAntphp RO love diaanerfdyl inetior cart @EOVe

spi kes, cli dto b5 b| s such that the notion signal has a
maxi mufts gﬁ?‘h albIJ}G‘Leg‘"H@H"f‘g{)ﬁ&‘ﬁoglt@ﬁaf‘ is then input to the blender (110)
of FIG 2, which conbines the 2D and 3D decodi ng as descri bed above.

[ 0090] [0088] Fiyent FIR. oan sihgvs rﬁpls@mhedbloak ddl@grbﬁ| of| @6t fipdli enckibhcui try, or
in computer. hardware, firmare I n conbi nati ons,  of them

Appar afgiermynationeor agembingh NIsE /1%% éYStfHB{ | TheVLSE metian isghp RAEIMER ogr am
produchr fang] By, Mebeslingd NP afd mcﬁlﬁ)rk?gﬁaﬁag@@ésﬁ%lgﬁta%ﬁ@% g‘?%!%;l;‘é& thor

execution by a progranmable processor;- and net steps o I nventi on
can beFKerk oThweEiAbyncnqursrwalamgaxmrﬂecpamsshﬁd abwe with meppectpo &6 a2, of

L U058 BRSLALIE TR LSl bl T B MRERY paner | o

advant BYEOME} IONsi @it ﬁrselwbe 28e @@ﬁmﬂ ROt Sghansthehdillic®ien @agpt abl e on a

bl e system i ncl udi ng ast one rogranmabl e pr. ocessor coupl ed
{olf ecBrgEn g%fframafﬁwovmllf%cﬂddﬁ@nﬁl YTHPP&HhEP ? Bits g Shat the ragion el

'nStruﬁés'm&lhﬂm FalElad1a 65 TN 3R R Y Bn8T s thtn 111@.@% tlﬁnﬁeﬂdepﬂtmfj&vﬂﬁﬁ and at
| east one output device. Each corrputer program can be inplenented in a

hi gh- | dveliclpeasaieites the 2Brand 8bjdeceding hsedesenbedrbgreanmi ng | anguage, or in
assenbly or machine | anguage if desired; 25 and in any case, the | anguage

can berggof 'ein‘%g%tﬁ; éaH%%ﬁH{p e &e‘dﬁﬂ%‘%ﬁﬁels&%&@@ r&ntcr T QG IBRpRtek NCl ude, by

way of exanpl e, gener a specl pur pose m Ct'oprocessors.

Cener aharglrwala, fomoears.softwaiel br ineomibinatiowesifrthen. |Ap1mmsobfdlaa mvémiomcanr ead- only
mepory, and/ or andoma cess nmenory. .Cenerally,. a.co er wi.ll include
onit;g)orbe Im?rkgn?{&% SIS SHRYE" Bg{ﬁ@égmf%?t t?ﬂ‘%@?’ r‘?ﬂmé%gl’* ¢ E@éﬂn‘% TS i ces

i ncl udeompgaetite fohi Skesuti@D b UCrogfniniibes Pedcedrar; tandi kihoanept efauabl e di sks;
magneto opti cal ﬁl sks; and optical disks. 24 Storage. devices suitable for

t angi BIYCTIOBOLRM RY P@H“HﬁmdePypar ag%é%ﬁmﬁ%lﬁrmequwse@ﬁwnwa@aprogm 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 programmable 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 langnage 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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include all forms of non-volatile nenory, including by way of exanple
sem conduct or nenory devi ces, such as EPROM EEPROM and fl ash nenory
devi ces; magnhetic disks such as internal hard disks and renovabl e di sks;
magnet o- opti cal disks; and CD-ROM 5 di sks. Any of the foregoing can be

suppl e ed . b NG [ LN, . AS | L 0N [
i nlto ggr g% ec(iielr%%:ldﬁio’ ? ésa'.b @%%ﬁ%%@@\ﬂﬁe&&}#l telﬁ' %Eo%g%rﬁ?xlg S(I%rﬁa\lm %ﬁg dhtger , the
i nvent iimudead] foems op hemwolxeld memery, tehyditiechy #yg bépxdmple Rgmaotdiwplray devi ce

such as a nonitor or L I 0 i splayin information to,_ the user.
The usé‘i‘e%gﬁ‘flfﬁ?i %Péhiacggﬁa@’%%ﬁé?%éﬁ?%%ﬁw%&Wg&%w\ﬁéﬁsous i nput
devi cegudUsin@$na HARY BiSRY ShPREoFable diks NRa RYI-6RticaP HRKs; 3hd TPHRAE, a
trackball, a m crophone, a touch-sensitive display, a transducer card

r eafler disks.nAgheeli heoforegrape can gise symuriagntedy by alor dncorporstey| s ABGso0i ce or
handwr i 1 | C - 0y -of her wel |l - known i nput device such as, of
CourSefﬁﬂg@ﬁa&{o‘%ﬁs@%&pﬁ%ﬁ{t@ﬁ%g@%ﬁg jut er system can be programmed to provide
a graphical user interface through which conputer prograns 15 interact

wi t h ud@9d] TpQoedfle Fomiateraction vathpa esers dwrinpgttioomah |bg iomienxatasoopbed to a
conmputer_or, tel ecommuni cat.ions.network, for ex e..an.lnternet network,
or "o hpPusESETRIE SRR ko herctt R S ior T P En ' he

pr oces sifforniAidn 0 aid igeri NIy G%k icam pkdvadd irdphe ) eHeVnpute?r sySe@hihraigh put
inf6rrrati_on to the network in the gourse of perfarm ngl?the 20

abdVe- J&US 15BY HRvide FUSt apa. kegheatd iand Gr RRIPYiR deiff SHCR @S gripabser dpr esent ed

as a  3RaMANCEmRAropHIAE, FUBEIHORAs o MSpIEY SGkInSELcHSE R rdal&, RHAGRSRY:, May be
received fromand  outputted to the network, for exanple, in the formof a

conput @fped &apg reddgn 4l taldetp 8 divéus, & Moice ot bandweitingaecegniTeére onirovasheteradki bed

devi ce . I i)l fam|i o] of i1l .in the conmputer
har dmr%%%g[@%? %\\}}\% élcﬁﬁratst(?ﬁ)%r%oB{SLfifgcfr%‘S'Jst%%'uI °5e™ E‘t%ééyst‘%‘%t" ?ﬁ’g pr esent

i nvent poogranméd ys puaideon Eraphivap ukeT interfatbe froighd whishr aimpuies progr@ngi ng dat a
st?ged.i n conputer systens. These operations include, but are not l[imted
t 0, t hYYE Yt ¥F1¥g physi cal mani pul ation of physical quantities. Usually,
t hough not necessarily, these quantities take the formof electrical or
magnet {(093] Bmallp, ahpapioeewbr beptivpalsy Otd, bd r enplear red,a caympuegd.orconpar ed,
25

telecommunications network, for example, an Internet network, or an intranet network,
using a network connection, through 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 computer data signal embodied in
a carrier wave. The above-described 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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and ot herwi se mani pul ated. The operations described herein that form part
of the invention are useful machi ne operations. The mani pul ations
performed are often referred to in ternms, such as, producing, identifying,
running, determning, conparing, executing, downloading, or detecting. It
S SO TG RE B il P TR oRBbbohs' Glsc RASRASI Ol FRIP B oGS, L
refer these ele |ca or Fues, enent s,
vari abhmnnorchameaftllahmhncbadparauons t"ﬁ& rharkmlatidns @hﬂuhmbdrmeﬁmﬂe&dreﬂomever
that all. of these and almla tferrrs are$ré1'% be. associated with.the
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conponent; an

[0095] A number of implementations of the invention have been described, Nevertheless,
it will be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, the invention has been described above
20  with reference to NTSC and PAL video signals, which are typically used in broadcasting
TV signals, but the invention is also equally applicable to component video, such as a
video signal that is output from a DVD player. Accordingly, other embodiments are

within the scope of the following claims.

25 CLAIMS

L. A method for distinguishing false motion from true motion, in a video signal that
is received by a television set, the method comprising:

receiving the video signal at the television set, the video signal including a luma
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perform ng a notion detection operation for each of the chroma conponent
and the luma conponent in several frequency regions of the received video
signal, wherein each frequency region has a unique threshold val ue for

di stinguishing false notion fromb5 true notion, the threshold val ues being
dynam %gllnb%{ e?lgb&fféé%rg ? &egp a}l@e incom ng video signal, thereby

i nproving e mot1on da |on accuracy and mnimzing image artifacts in
an i mage thgerfmrsun@asﬁmtlbﬁedetbgtlcinh@emudmﬁ)rsacgnﬁlthaﬂdoms chapérendagipl ayed on

t he tellaaﬁwsmn set..2. The . nethod of clajm1,. \E/Eereln t he notion detection
oper at {58 CB@P‘F’&?I“HE’OGCB‘?fa]aﬂeqi’S“%ﬁ rﬁ%‘Pn%‘gfab‘? SeEpive¥ideo signalphegein e of ;. a

| ow f r@ﬁtﬂ'ﬁ?&;ﬁcﬁ %ﬁf?ﬂ?ﬁl a{‘uméué"thgslahcflﬂQﬂlﬂ@ﬂﬁ)&éﬁﬂ@ﬁl@ﬁngpﬂﬁ' Motich fd@h frequency
| uma domai n, erein each frequency domain~ where the notion detection
opef at {98 H?%lobéh(f threpbaldryalyes beiap dyreamicalyradiisisble hasgd an ﬁhh fcoming dynami cal |y

determ f ' : [ i | ; ion
opera'[ﬂiV gﬁg Slf%lTﬁlg&ﬁg?ﬂﬁglg)lvgj%n@% g?ﬁ%)'g@g%gﬁg?ﬁlrééﬁen r}éls (Z)lﬂghﬁgoée a pixel
under geitifigets inenmepgotat it Seteibecby the videe samblomdiistodetdsphiveedn ds a per cent age
of the glfference in pixel values between the pixel undergoing the notion
det ect { ¥4tion and one or nore nei ghbori ng pixels in an inmage
descri bed by the video signal. 4. The nethod of any of clains 1-3, wherein
perforai ng Thebieihod of ik 1| Ohereia ity Abli@Nddidition dp&radiat @ peifaintd onhe fi nal
rm&l on val ue to be the maxi nrum chrorra notion 20 or |unm_ notion anong the

e PRAGOY-BRE! BASISIB ARC erePeietobcr fo frqqucrnylpep damainy g fighriteguencygi ons. 5.
The metfiagadbnflts mgﬂ. frdgdE )i QOREIS Db e%m@e@e&gd&% mot i on val ue
to be represented 5q bif value; and supplying t pped final notion
val ue Whew thy maden dfttmton@aerau@rslsaaeximdwaeaepa%e mr@s@oldslagnahat im 3D decoded
vi deo nal a 3D
dec odegy%%%lyg{egglgm%ag%s egﬁ gﬂeﬁ}a@}s ﬁ%eg%gl?%d t%g Ral ot%ﬁf(&le %n@?/a pera‘?io . The
nmet hod of claim2, wherein the |ow frequency notion for the I uma domain is
obt ai néd byTheZITleti:lude eleink Rgwherein ¢hef theesieold &drayexk] phsepoifg dm mdteonpi xel

uniig 984 09ict r(])(I:")er 131'1 R'Yletermined 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.

4. The method of any of claims 1-3, wherein performing a motion detection
operation includes determining the final motion value to be the maximum chroma motion
20 or luma motion 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 a 2D decoded
25 video 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.

6. The method of claim 2, wherein the low frequency motion for the luma domain is

obtained by:
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detection operation to obtain a notion value, the one-frane del ayed pi xel
and the current pixels having the sane positions within two i nmage franes;
| owpass-filtering the notion value; 5 converting any negative notion val ue
to a corresponding positive notion value; subtracting a first threshold

w1 equenty o s e B oBlf o GO P e TRl MO Tl Dot ter
subt r adéte@napetatien fd atsdin hinm(ﬁ‘ﬁ)hahhhe,vcab one-frame delaged giggl aré e, cufedtt i ng t he

| ow frequency. tion value to. zero. .10 7. The nethod of claim2, wherein
the hi BREPPELNE e, ARSEPBHOROY LR SV HAERRA T Sirai 1 § s obt ai ned by

subt r act i ngjowphiOfiltdrmBBhSIBbayEehlR; Xel from the pixel undergoing the notion
detection operation to obtain a notion value, the two-franme del ayed pi xel

and® t he cur$ayertingjagp pegatisy megon Haus riecqssspandmgpositive metionwaligrmge fr ames;

15 converti egat ' C S ' ositive notion
val ue; sub%lggg‘%}?ﬁﬁgm a S%%g%ﬂﬁ?hlggg%t%ﬁ%%ﬁagegg grtrﬁq%éggllo otrhgt he current
pi xel fmobon vilee tondtdina lovafraguenoy ofotian malac;ingh frequency notion value; if

t he high frequency. notion val ue, after subtraction, of the second threshold
val ue gi s Ilggﬁe%?w)éﬁq?g}cg,m%t%viahﬁ tﬁ’ésuﬁpﬁﬂloflrocg&lfefﬁévhﬁﬁwgHalb‘%ﬂsue to zero;

and 20lebsothidsso f detiin@thdiow! AR ubhGrimdticdGkaBRaY 2800t | on val ue. 8. The nethod of
claim 2, wherein the high-frequency notion for chroma and luma w th | ess

| u tion. i s obtaiped by: determ ning whether a one-frane chroma node or
a ﬁon?r ame Btﬁﬁgﬁ‘gﬁ%mh yh%%%weé’ég‘bg?%PCD@omrfhﬁ’éhforarre chroma
node hgsmfg & obegh&csyed, rectifying and subtracting two one-frane

difference signals to obtain a resulting signal; when the on-frame chronma
mode has bewhirading@twe - fraseednbared pixel frem;thepixelomdedegingghe modorsubt racti ng a

B B O T
cur r enpixgls ketisg 38 shaw pogtidisevitdmeypmsigeif@angsw t hi n two i mage franes;
15 converting any negative motion value to a corresponding positive motion value;
subtracting a second threshold value determined for the current pixel from the
motion 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

20 lowpass-filtering the high frequency motion value.

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;

25 when the two-frame chroma mode has been selected, rectifying and subtracting

two one-frame difference signals to obtain a resulting signal;

when the on-frame chroma mode has been selected, bandpass filtering, rectifying
and subtracting a one-frame delayed pixel from the pixel undergoing the motion detection
operation to obtain a resulting signal, the one-frame delayed pixel and the current pixels

30  having the same positions within two image frames;
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28 converting any negative notion value of the resulting signal to a
corresponding positive notion value; subtracting a third threshold val ue
determ ned for the current pixel fromthe notion value to obtain a high
frequency notion value; 5 if the high frequency notion value after

subt 2ct] 0 @l el S PRES L ORBINOL Y BL e ok 83 PR RELBpiBEt {0 the

hi gh freque 0 zero; and nghlgh
frequep&ﬁnmummmm\mhkue 9. The nethod of any of clainms 1-8, wherein: the

adj ust abl e threshol d v |.ue | nlned i X i xel basis based on
a 10 det ecﬁ“gHa‘eH‘@e” HE‘E%‘E &&?“%‘P’GB “Eﬁ"lg‘“é‘méﬂ’d‘e PRtk det ecti on:
and a ﬁbﬁ§ﬁvﬂﬂg@ﬁﬂ@&ﬁaﬁ%&q&nhgxﬁg§hgﬁaqhhf a sub-carrier is detected, and a
second threshold value 1s assigned if no sub-carrier is detected, thereby

acht evi ng i i dhegughiipqueneshinetioroy dlucaftan sbtfagtiorc ol therthingdrtbireshodd vgdoe isi ons of an
| mage. j 10, . o'E%&fﬁ GO oR R Rhnc§ h e to MAGLELN PErformng a notion
det ection 1 LR 8

op era i on roma conponent and the | uma
conmponent HDW$mde&hngﬂmﬂngﬁemxmegnmnsn@muéhe recei ved vi deo signal
includes: detecting false notion generated for high-frequency chrona stil

region e g ene. or nore of the follow ng
charac?erls |8§dg$9?%%%r25§¥9%8 g%%"13|gnal a spatial chroma signature,
a tenporal wbadomatsie gﬁeéhurcleqaldeqwaété@mueﬂ@xya pREl-By pix2DbasRHasE oni ggnal
polar|%¥ across tw or, nore i mage frames of the vrdeo and the average

vattie e%%l@%%&cﬁ%ﬁ%@%@@%U%Farﬁﬁrr@“’rcﬁﬁ@y@nfir ames of the video; and

generating @fl%kﬁesﬁbla%fueriéqﬁsﬁl & ffa &b 951‘1‘1%@11 HerclRh! éﬁﬁsd seffed on the
exam ned characteristics of e recel ved geo signhal. 11. The nmethod of any

of cl alihrashald value fsgssigaed léorrpub samgr is ﬂaaﬁd@léhmh}r fmble@ne indepeadest of a synch
edge Vi de |gnal determ ning a notion
%%sﬁ?lﬁghlgé%r% cﬁ%g{é%gggﬂﬁ% a“g;r 3 f'a‘ﬂ ﬁo§ . ;

vari ance ect € of ‘bur st region; setting a
programuabl e vari able threshold gain percentage for the video signal based
on t helet eFhei method/off dnarof elaims 1-9, wherein performing a motion detection

15  operation for each of the chroma component and the luma component in several
frequency regions of the received video signal includes:
detecting 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,
20  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.

1. The method of any of claims 1-10, further comprising:
25 detecting one or more of a synch edge and a color burst region of the video signal;
determining a motion variance of the detected synch edge or color burst region;
and
setting a programmable variable threshold gain percentage for the video signal

based on the determined variance.
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29 12. A conputer program conprising conmputer program code neans adapted to
perform all the steps of any of clains 1-11 when said programis run on a
conputer. 13. A notion detection conmponent, for distinguishing false notion

fromtrue notion, in a video signal that is received by a tel evision set,
conprising: 5 a receiver gperable to recejiv he vi i he vi deo
s ohal Trndicorlls BREAE CoRBAr et Bore O ol el Sl @By "ot O

det ect an thepedpslof enyt 6f etk Ar M whemsaidystogainae hinavh a@admitéron for each of the
chroma conponent and the |una conponent in several frequency regions of the

receiv video_signal., wherein each freguen regi on._has a uni que
{hreshdtd vATRITUEREon FETPASC Sty g F B ot FE 8RBt on, ¢ he

t hr eshq] £lvidad s185al Bl NOreELIVRID Cadeleyisionde sbpigndased on the incom ng video
signal, thereby inproving the notion detection accuracy_and_m nim zing

i m§e artif ascsivenopgrblaegeceitethe viseg signgli the yidsg sigrd ipsladiBe alyAal  and i s
to be leﬁqwgﬂad%htr&ﬁ E&hngéﬂeﬁti'g set. 14. The notion detection conponent
: erein the ]

of clarm tion detection 15 operation is perforned on a

pi xel - by- pi aelotibadetsctonomneblot peoioen afmotn|detectioregpeetion fonmmeh ofibeai n, a

hi gh frequency chronma, domain, a high fre ncy | uma.donri.n, and wherein
cach 1 FEGIEREoaBE AR G TRe oottt s G e BBl o 8N For med has
a sepaknike sighdll @Edeincaviairequehbpdegion hdy Banigeathresheldharnifaed for each pi xel
that is undergoing the notion detection operation. 20 15. The notion

det@ct FisHnatiRmishe matiop mdrauymoliph the reshpld ¥ ipesiiinamamicallyi xel
under 9gii0gaBib 6addBbh e i?l@&xﬁﬁ%'vﬂi&o@ ﬁl?ﬁfe%ﬁ'iﬁ Ao e Redofderd R Cent age of
the difference 1n pixel values between the pixel” undergoing the notion
det ect psnragpendtimmizinglinoage agffactsror an imeige Habsidegeribed by thei ndeprsigmabge
descri ecgi ? e video signal. 16, The notion detection conponent of any of
cl ai m;grl S %bé @\ﬁ%l%fidﬁonttﬁ%%rl% S|“())nns‘3t'25 detector includes a selector operable
to determine the final notion value to be the maxi num chrorna notion or
| uma mbd.i onThqrrmngon teteation ocnmpamecht blctaimmin, wdesidtt eottied defentiathe di f f er ent
fr ?Quegﬁ%atfo% Isgé]l%c')rm?ég on a pixel-by-pixel basis in one or more of: a low frequency luma

domain, a high 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.

20 15.  The motion detection component of claim 14, 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 undergoing the motion detection operation and one or

more neighboring pixels in an image described by the video signal.

i6.  The motion detection component of any of claims 13-15, wherein the motion
25  detector 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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17. The notion detection conponent of any of clainms 13-16, wherein: the

adj ustabl e threshold value is determ ned on a pixel -by-pi xel basis based on
a detected edge, a detected edge slope, and a sub-carrier detection; and a
first threshold value is assigned if a sub-carrier is detected, and a

second ; th% legeﬁﬁgy%ﬁfémﬁ&%ﬁg EPﬁOfcg Eﬁ &“gé IS detected, t her eby

achleV|ng i ndepen 'ma and | una portions of an
i mge. 18. fﬁbedjmemblemhxdﬂtoabta]mmeﬁﬁmmembn abixehyy-pixetbaistmsdDonly’, further

conprl n |l e . to detect false notion generated for

hi gh- f 8&@%@&3 ?%ﬁg‘é?%gﬁ %jW8ﬁ§uBFm%ﬁr¢WE§8 tAfdexani ning one or nore of
the fol | oW nersehRésh6lds/alueti 9@1%&1 itheub tRrrfee fRlcwRtdVartdetsesbmnal - a spati al
chrona sugnature a tquora roma signature, |ow frequency noti on,

chr drmathseshald|valys|inassigpedif mosubcemsienis datseted; thergly achigving inderendenti deo,  and
the avﬁm"r&ﬂgld‘(éidéﬁo?fchﬁmﬁaz{mllﬁnxvh X‘éﬁﬁf qﬁﬁ iwo or nore image frames of the
pera

a sl gnal generator enerate a mask signal that is
free of false notions, 15 based on the exanlned characteristics of the
recei védl vi teomeiigmddtectivd compenedeol @iygxﬂalairdaebibdi’e&urtlﬂ@rconhpsisihgrgui shing fal se

motion fromt ot i g i.deo 6ﬂe recei ved by a
tel evi si on se%kulg% r?‘B?raglier%% HetSCt\rfr%lﬁ ‘618“%% élgﬁte EBWBJWQH?HC§§H@é¥% ned in any
of cl ajtitbregidnd 8f ancifichge by prémiiB@RRe bomosbmbé tollogirg chageeaediosicdae si gnal
frﬂ?1the VHP 8 ?I decoder 20 to the display of the television set. 31

received video s1gna a spatial ¢ rorna signature, a temporal cliroma 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 to generate a mask signal that is free of false motions,

15  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 13-18; and

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

20  to the display of the television set.
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