1 PHASE MOTI ON DETECTI ON FOR YC SEPARATION Field of the Invention [0001]
The present invention generally relates to video signal processing, and
nore particularly to a phase notion detection systemfor YC separation for
image quality inprovenent. Background ef the Invention [0002] In conposite
video tel evision systens such as NTSC and PAL, |um nance and chrom nance
information share a rtl j | .. handw ile clean
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wi dely used video signal decoders can misinterpret the shared | um nance
and chrom nance information, resulting in cross color and dot craw. Both
are highly disturbing artifacts.Fiflkofithe dnvendionss col or" refers to
corruption of the chrom nance spectrum caused by the msinterpretation of
hi gh-frequency | um nance information as chrom nance information. Cross
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can be reduced by selectively filtering video signals during signha
processing. The filtering process usually enmploys a 3D conb filter
conprising at |east one |ine GWB“PPSPéﬁ“é €BHOR cast one franme conb
filter. Aline conb filter can reduce such artifacts but its effectiveness
islimted to artifacts generated by vertical edges and it has a
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misinterpretation of high-frequency luminance information as chrominance information.
Cross color manifests itself in spectrum of bright colors changing from frame to frame.
Conversely, the term “dot crawl” or “cross luminance” refers to corruption of the
luminance spectrum by the misinterpretation of chrominance information as high-
frequency luminance information. Dot crawl manifests itself in patterned high amplitude
noise.

[0003] Both artifacts can be reduced by selectively filtering video signals during
signal processing. The filtering process usually employs a 3D comb filter comprising at
least one line comb filter and at least one frame comb filter. A line comb filter can reduce
such artifacts but its effectiveness is limited to artifacts generated by vertical edges and it
has a disadvantage of decreasing the vertical resolution. A frame comb filter, on the other
hand, provides maximum picture resolution but can only be applied to stationary parts of a
picture. To maximize the effectiveness of the comb filters, a highly precise motion
detector that can differentiate between the moving and stationary pixels is required.

[0004] Conventional arts use a low pass inter-frame difference to generate a motion

map to select line comb filters when motion is detected and frame comb filters when there



the 3D conb filter varies. If the cut-off frequency is high, sonme notion
due to cross |lumnance may be fal sely detected and the 3D conb filter's
effectiveness is reduced. If the cut-off frequency is low, notion with
hi gher frequency content may not be detgcted and notion snearing results.
The hi gher the overl apping of the chronminance with video bandw dth, the
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frame-conb Y signals of adjacent lines. Yét another = exanple for notion
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comb filter in video dec-:oder. Yet another example for motion detection uses a motion
detection circuitry with precise Y motion and C motion detection. The Y motion detection
uses the frame difference of line-comb Y signal with chroma level and vertical edge
consideration. The C motion detection uses the frame difference of line-comb C signal,
together with the frame difference of composite signal and chroma vertical and horizontal
correlation computed from the frame-comb Y signals of adjacent lines. Yet another
example for motion detection uses a two-frame difference signal [and one-frame difference
signal] [The bracketed part was deleted from 06-SIN-020] that has been filtered to remove
chrominance information. The filtering is performed on at least one spatial axis according
to the spatial correlation.
[0007] Generally, these methods do not consider motion contributed by chroma
component because of interfering high frequency luminance at chroma band. However,

there exists motion with purely color motion and a misdetection results in color smearing,



[0008] Still some use the two-frane difference to detect notion. Although
this notion detection considers the contributions fromboth |um nance and
chroma, it does not represent the tenporal difference between the franes
being filtered and may not be sufficiesgt for the PAL standard. [0009] FIG
1 shows a typical prior art nDtion detector that is adapted for the PAL
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Brief Description of the Drawings

[0011] Preferred embodiments according to the present invention will now be

described with reference to the Figures, in which like reference numerals denote like

elements.

[0012] FIG 1 shows a circuitry of a typical prior art motion detector that is adapted
for the PAL standard.

[0013] FIG 2 shows an exemplary circuitry of the motion detection system for the

PAL standard in accordance with one embodiment of the present invention.
[0014] FIG 3 shows an exemplary YC separation circuitry in accordance with one

embodiment of the present invention.

Detailed Description of the Invention



di scl osures of these publications are hereby incorporated by reference to
the maxi num extent allowable by law, in their entireties, into this
application in order to nore fully describe the state of art to which this
invention pertains. [0017] In one enbodinent of the present invention,
there is provided a |lum nance notion detector for detecting | ow frequency
| um nance_nmtion be en a current frane nd previous frane of a conponent
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| ow frequeRekul BinRaBGSvedtrdrh ShENER idRE AISAMHERhORVE IS fRARsAEed to

receive outputs fromthe saturation circuit; erein the saturation
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between a current franme and previous franme o conponent video signal.
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from t he sitpmalfronvhie eionizbieal 10w pagyVfilter; wherein the absolute circuit extracts the
magnitude of the low pass filtered line-comb signal differences to generate low frequency
luminance difference, a coring circuit configured to receive outputs from the absolute
circuit; wherein the coring circuit eliminates possible noise interference from the low
frequency luminance difference, a multiplier configured to receive outputs from the coring
circuit; wherein the multiplier multiplies the noise-free low frequency luminance
difference, and a saturation circuit configured to receive outputs from the saturation circuit;
wherein the saturation circuit clips the noise-free low frequency luminance difference to
appropriate motion range to output the low frequency luminance motion for the current
frame.
[0018] In another embodiment of the present invention, there is provided a method
for detecting low frequency luminance motion between a current frame and previous frame

of a component video signal. The method comprises the steps of low pass filtering at least

three line signals of the current frame received from a signal input, low pass filtering at



pass filterings are done concurrently, subtracting the | ow pass filtered
line signals to generate line-conb signal differences, horizontal |ow pass
filtering the line-conb signal differences to exclude possible
interference of chroma residue, extract%ng t he magni tude of the |ow pass
filtered line-conb signal differences t0 generate |ow frequency | um nance
difference, e]imnating pqgssible nojse interference fromthe | ow frequency
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coring cimotion detentor dorr etettmngr eéreiy enctidnpof 8 current friwvae dicr canpdreht beleo pass
filter, said.circuit coring the snmoothed enhanced chroma notipn val ues, a
mul ti pl i eFSBrifi é&r@asepsero cBMRASEt plRS PPRYNICHEN C5TICHY CIMRRELFY 2 BRASH
mul ti pli egjffefaabé (HIDYdoRSutiRg cﬁ@&i?%r?éﬂé%?geﬂoﬁws‘? 1 dut B3 MALMEPmAHghA
saturation circuit ‘configured to receive outputs fromthe multiplier, said
sat ur at i oandcd padlty of piepiong atsj p comalued, ues

i oandcd pluality of prspions fitatne sigrlatsi pid eempumigaabsadtegihrendifivonicoMaluey

to generate the chr.oma notion si 0020] I.n anot her odi ment of the
oresent i #vEMAREH Crpp ot O%Y%\}‘%g@é) éiglﬂﬁlgtﬁlgdcmfuitr coggxgg@?ﬂﬁde%eh‘feowgp%“ on
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horizontal low pass filter, said circuit coring the smoothed enhanced chroma motion
values, a multiplier configured to receive outputs from the coring circuit, said multiplier
multiplying the cored enhanced chroma motion values, and a saturation circuit configured
to receive outputs from the multiplier, said saturation circuit clipping the multiplied
enhanced chroma motion values to generate the chroma motion signal.
[0020] In another embodiment of the present invention, there is provided a method
for detecting chroma motion of a current frame of a component video signal in the
presence of luminance. The method comprises the steps of receiving from a signal input
the current frame signal and a plurality of previous frame signals, computing absolute
phase difference values between the current frame signal and the plurality of previous

frame signals, computing enhanced chroma motion values using the absolute phase

difference values from a plurality of lines, smoothing the enhanced chroma motion values,



6 coring the snoot hed enhanced chroma notion values, multiplying the cored
enhanced chroma notion values, and clipping the multiplied enhanced chroma
notion values to generate the chroma notion signal. [0021] In another
enbodi ment of the present invention, thgre is provided a denodul ated phase
notion detector for detecting high frequency |um nance notion of a current
frame of a Conﬁénent video signal in the presence of chroma. The
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motion values, a multiplier configured to receive outputs from the coring circuit, said
multiplier multiplying the intermediate high frequency luminance motion values, and a
saturation circuit configured to receive outputs from the multiplier, said saturation circuit
clipping the intermediate high frequency luminance motion values to generate the high
frequency luminance motion signal.

[0022] In another embodiment of the present invention, there is provided a method
for detecting high frequency luminance motion of a current frame of a component video
signal in the presence of chroma. The method comprises the steps of receiving the current
frame signal and a plurality of previous frame signals, demodulating and low pass filtering
the YC signals from the frame signals to generate two sets of chroma signals, computing
circuits computing absolute phase differences PDU,/PDV,, from the two sets of chroma
signals, taking the maximum between the PDU and PDV and duplicating the values to

generate intermediate high frequency luminance motion, smoothing the intermediate high

frequency luminance motion values, coring the intermediate high frequency luminance



generate internedi ate high frequency | um nance notion, snoothing the
internediate high frequency |um nance notion val ues, coring the

i nternedi ate high frequency |um nance 7 notion values, nmultiplying the
i nternedi ate hi gh frequency | um nance tion values, and clipping the
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circuit for processing the maxiu notion val'ue i n a 5-pixe orizontal

W ndow t oageser ditferehbe chional mowdn betwead e clr? dhmenndnoplnealite ob pebivicegt  of

t he present inve(rﬁi on, there is provided a nethod . for detecting notions in

a current TPRghe? glempdilatsoRarte poten dstest forTreestmenaerageo Afsrenss higa

st eps of i ; f ey ] i :

and previ gﬁi&g %%%,lh%eer{é??%g av?aérn ;&gbé e%?%?%écﬁﬂcaﬁégyﬁ@%ﬂ%wgﬁggiﬁég{?t he
current faamms cirawd far tating eirhaximbmpnenigahissefth@ramtiod vbkues, i anmgtuaatemageuit

di fference hj.gh frequency |unj.nance ti bet ween.the current frane and a
ol ur al i ¢ y BT pBE e B Oto AT P SHERAH G Ui aioh A SEREEDE ASEWBC | on
val ues, ChbbRBh 8lué hea SRNLTHIN ST WIndAY HFzenBA (BE GREISHMNG $4M. Maxi mum
notion value in a 5-pixel horizontal window to generate the final notion

val ue. [[9028] | n aloanegrer embodimeshof b présentineengion, thaseas prondedt hmethoil s
provided an YC ..separation circuit for. separating .a current frane,of

P onponent 20 drtestE SRARUs T, §' R e e R oRBRnlo Red SR oPRLRY o
i nter-|ineomgriseekiad aepsf O ddlatiag oW drdgiendyehaiinante elutidEhete&l @irdtht GBme

bet ween current, and next |ine and current and previous |line of the current
frame fr¥HeYPEhERDEfstactingayqrage dfpisneoehrompmiation betvecen dperteant flemeona
resi due f ; I L i anme
i gnal v, B8 by of b Res Bhnich e ALk AHOHREH e BuRARY BT,
gener at e mbtod betweere tielcuenshipfitime andrplupalitsielf @edvisusffdmes. taking the maximum

among these three motion values, clipping the maximum motion value, and processing the
maximum motion value in a 5-pixel horizontal window to generate the final motion value.

[0025] In another embodiment of the present invention, there is provided an YC
separation circuitry for separating a current frame of component video signals into Y and C
signals. The circuitry comprises an inter-line correlator for detecting the relative chroma
correlation between current and next line and current and previous line of the current frame
from a signal input, a line comb for removing the redundant chroma residue from the Y
signal, a frame comb for subtracting a previous frame signal Y, ,.; from the current frame
signal Y,,, using a subtractor to generate the frame comb output, a motion detector for
detecting motions in a current frame of a component video signal, a mixer circuit
configured to receive outputs from the line comb and frame comb, said mixer circuit

extracting the final clean chroma signal using a weighted sum of line comb output, C 2D,



detecting notions in a current frane of a conponent video signal, a m xer
circuit configured to receive outputs fromthe line conb and frane conb,
said mxer circuit extracting the final clean chroma signal using a

wei ghted sum of |ine conb out put, C2D, and frame conb output, C 3D, and
a subtractor configured to receive outputs fromthe notion detector, said

subtract or tracti the fj cl.ean | umi nance signal. [0026] In angther
enbodi nentan‘g%raf’}‘?ecoﬁ’?wgg}éﬁm‘t’igﬁ&ﬂatainerﬁ sybiartar icgnffeﬁ%i’ﬂgﬂ)el%?cﬁwﬁé)tu%’éﬁ gP@r the

separ at i Nehdiof WefcBiol, shidauBtr&ko GO he YihAQPeaR 1SRl RCd ﬂ%ﬁl.Y and C signal s.
The nmethod conprises the steps of detecting the relative chroma

correl at i 1926let ween I anathertembadinent »f thei preseaniubventione theresis gprepridadi omsthoine of

the curre r froma si.gnal Jnput r enpvi n he, redundant. chro

resi due f?%rrr%e%’%reang% & ‘“dﬁ%e!“? ¥t ?fa%‘%or’i‘%leat_ ngﬂ’/is%ﬁ%‘éfsf?lﬁ’ngda%ngn%{@ %FJ
fromthe eistodndontprRe® tiel G&RI of detecting thS kdl&tivd chebths d61rElEtidPbEIGRER dh@erdthe
frame conb_ output, detecting notions in a current frame of a conponent

vi deo si gAgd nexixlingand wyrrenthands prgxious |limgnofctheosverest fmle fiemny signakeingtit.ed

sum of |i . 0 ut D, _and .ext ting
the i nal ey 2F i el Bhen 10 E "0 sHhE sk s BB
present i sigedt V00, fréthehe cinserpritan el signalny,ay usiag @ subtractentd asdevdte thel fleme
article CO"’BF ses nmeans for receiving conponent video signals for

separ at i ofPTBP QEWYLdsFcliRe motiprs e A BsBhEANe §f §rramponent Xiio signab gxpitinEng

separ at eding B clebn E%%gg%%l §§119%'§|w3eln%'§égpmﬂn & 1&@9&?11@‘5@92% g‘%@“ bihd Yrah@"

separating the received onen signals Into ¢onponent
si gnal s, sahboiput €pdPatndexteitingiiht fipacdegr lusimycasignilnt er -1 i ne correl at or

for detecti the relati.ve chroma correl ati on between current . and next
e and (088flonc'® anfh Bt sTOOT TRt 8F feimacsey meiiocrs e I PomdEamgHan e
input, a bf AAneRAMArd 0The LRIRVEISHIRE n{e%fim;}%&eiﬁhg QBRpbisH Pikfeol ighd g Y

signal, a frame conb for subtracting a previous frane signal Y,7,,,, _,

from t he saparadian pfacassingstoghaid & componentsignglsamsanistfpaaitpetting sepgeatet Wtaedt he

frame co t tion ector. for detecting nptjons in.a current
fram ©of CaoRb e 4 LR REMRlol Rrol B ebfet e oo ad SoEPPREL ve
out puts fvyideo biggalk ime Y &0 cBithohém RBneRMkid Y& sbphiali6h clédifyicbmpxtihgahi Ng
the final clean chroma signal using a weighted sumof |line co output, C
2D, and finigrdinegeiclstar dot detecting thaveplativeuibrome carrelatiamifstyeencenrent prdagxie

OULPUCS, AT LI RLGELAL gy 38 R4 SOBARTMAAIHARY o

wi || be desowvidpetle ratlunédrechivtea residue from the Y signal, a frame comb for subtracting a
previous frame signal Y,,,.; from the current frame signal Y,, using a subtractor to
generate the frame comb output, a motion detector for detecting motions in a current frame
of a component video signal, a mixer circuit configured to receive outputs from the line
comb and frame comb, said mixer circuit extracting the final clean chroma signal using a
weighted sum of line comb output, C_2D, and frame comb output, C 3D, and a subtractor
configured to receive outputs from the motion detector, said subtractor extracting the final
clean luminance signal.
[0028] While embodiments of the present invention will be described in reference
to the accompanying drawings, the specifics and details are provided for the sole purpose
of illustrating selected embodiments of the present invention. It is to be appreciated that
the present invention may be practiced without employing the specifics and details.

Furthermore, certain variations of the specifics and details in the practice are permissible

without deviation from the scope of the appended claims.



to the acconpanyi ng drawi ngs, the specifics and details are provided for
the sole purpose of illustrating selected enbodi nents of the present
invention. It is to be appreciated that the present invention may be
practiced w thout enploying the speci figs and details. Furthernore,
certain variations of the specifics and“details in the practice are

perm ssible wthout deviation fromthe scope of the appended clains. 9
[0029] Th¥%%lesent A% EFSPHNNBFEIPNJREVes drimuneivasiye seltionths dateets albt ect s
all typegyal JIohoRRs iRaLMHL "figh! BBglchefUehitmbd ThORIF SnliOki8Ra 2R i6RT oM
notion independent of the srgn pr%cesm ng done prior to Input. In order
t o det ect indepentdymed thé sigmekt pronessing domeoBr te igiugndh 9rddrhie deteessahtypenwént i on
provides a notion detection system that cgﬁrﬁ)rise a lum n%gce.m)ti

detect or FOHOReTHEYTRASTE KR Sn e, BGHoh 5 R REAdES BB GBS, SYRER | ow

frequencyitat tbipAGe LhaasRe MofdRa&etBE FANIHKLRE 1tRE 16\9rfrédﬁ&&g/t Tuffinarni®i nl'y
the chronma notion due to the chroma changes, and a denodul ated phase notion

det ect or meHoR dueist thadpwiieangney heminange changpsemphask umtivardstectanforotetatting t o

the high fr en | um nance chapnges. The functions, an rations..of each
ot i on-deP8EORR Tt MoRBET B BEPEEHrome Sreb e ooy B Pt Ppfas 1y
first anddaedet forl ectecCiiafily e WMigh fRQuerdcy! lueithee [HOB8] dlbeol tel Kighce

noti on detector detects precise changes in the |ow frequency _ | um nance
conponent reeReelintipanee changsy Thafuchons and operagpns ¢fecarh getion datsciphinthe PAL
st andar d. ct . I um . I : Lpput
signal i smE ﬁ{ms'? gtte(\?tg&rdt %t@fﬁ ?I‘ 1? ?’Ft(%\é\éé%r e? %%r%g%{/rét a{(ﬁﬁingﬁg&rlééﬂg?é geét:lor% té’%%)irogsent
best - casefdllowed.conb Y signals for difference conputation. Then, the

difference signal is |lowpass filtered tq elimnate the possibility of
chroma coffent cofb%ﬂaml cafn%*iogﬁieﬁefﬁ@aaﬁtﬁ%twreaﬁa changes Buy 53%% Tefyangy ed

di f f er encgpghHRaksmpsfentB&H LR HISRG AldSrdnien-bAded E&%ﬂ%ﬁg b RRRES AP | on.

[ 0031] The phase notion detector detects mainly chroma nges from
t enpor al | standeud. | Beradetettionrodlthe law Yi€qeingmdbiminthee mbhtiompe sheainpuinsigaal is first

Dol O BB P e DA Bl TR G0 R Bhes
previ ous diffefdse Bomputatlor? FAEh, rtlhé differbh® TfMal 3¢ AREPET MAifcBediBRdithRate the

determ ne chroma notion and at |l east three |lines are used. In one

enbodi meriRossibiiy o gbwmarearnpmetie ceroinsion gt dighd&equeney, dindf the dowg @gssofilterad ona

o on DR GATE o3 DBl e ) BT RL G Reen Trare -3
[0031] The phase motion detector detects mainly chroma changes from temporally
co-located pixels in YC signal. The changes are made independent of chrominance residue
in luminance by considering the phase relationship of the YC signal. YC pixels from
current frame n, and three previous frames n-1, n-2 and n-3 in the PAL standard are used to
determine chroma motion and at least three lines are used. In one embodiment, the phase
motion detector provides the differences of chroma motion between frame n and frame n-2
and chroma motion between frame n-1 and n-3. As chroma components U and V are
orthogonally modulated in composite signal, chroma motion information for U and V is
present only on alternate lines of absolute phase difference. Hence the combined chroma
motion for each line takes the maximum between the current chroma phase difference and
vertical interpolated chroma phase difference from the top and bottom lines to incorporate

motion contributed by quadrature chroma modulation. Alternatively the median or max of

the chroma phase difference from the three lines may be taken.



ort hogonal | y nodul ated in conposite signal, chroma notion information for U
and Vis present only on alternate |lines of absolute phase difference.
Hence the conbined chroma notion for each |ine takes the maxi mum bet ween
the current chroma phase difference andigvertical interpolated chroma phase
difference fromthe top and bottomlines to incorporate notion contributed

by quadra chro Lon. Al terpatively the di,apn or max of the
chr o pniSS2A° 7t or ShEBSHORINER b FlBlon tEes i T F el T Bt The
denodul at elhniged iffom cAREAIDr caliicart Spikels fh Wehioghilafedeguadcy dighuiaamee YC

changes from tenporal Ig co-located pixels in denodulated U and V si g}nal S.
The YC sPighallis fitst dernadulgfedandjoxt pass Silered dovehminsts 3ljasiageffeeto seneratingaé
aliasing eff &t n?ﬁ%?’ i V signal . HH:?: L,xels from
denodul at ?%n ci ?oc tgﬁo lbg%'r %ﬁ?&%%sﬁ%&n@an Eaﬁl?&elgeyﬁgplésv%%s F?ﬁé’g r?\ 1,
n-2 and nall imedPplevduaricared ml.en-0sad -d inl®AHr standardiaghusdirtegleestmyned high nance

notion. The changes. are made independent of | uninance residue in  chroma by
Consi der | HETAHEY HIESENESPaRGT TR HaRes GFoMadFiMaPIest & Gtance GRIHE iR

each of ta@oﬁqla%y%ogﬁaaﬁfgl%@ RAS rdihForRY HTHRAGMAhedd fhdapl | ONS, they can
be conbi ned conStructively Po gi ve neasures of notion between the franmes to
be filterB833] [ 0034s Rash olethe rbovegddtectdis BGag jts ntheantages apd buitdtohsathegxanpl ary

circuitry,of the . notjon.detection systemfor the PAL standard i

accor danglée \g/\(n’r?lﬁn %%Onék%‘%meﬁ%tﬂtgwoefm‘f% res Ban g?gﬂ{ltb?wg’ﬁheof#m Og’ﬁ(@%ﬁrefjn FIG
2, the nofoos4) det ecNb@nrefdrfihed FIQ T oMbl 88FoRded URT dXBRBRryRIttakydst@et or
101 that detects | ow frequency |um nance notion between franme n and n-2, a
phase not MgHORdeteetiasy system fos dhe BALatandargiarasgerdades witle aue ewhediment efthe on

bet ween f - -2, Q- - n enodul d tion detector
103 that ﬁrggegt?%é sengslér a§% %Wr?élgﬁigeﬁhﬁ Sﬁn&ﬁoélqgéﬁ%o‘?’l ﬂ%npe%gﬁggocr?o |1r1cs)%S J

bet ween fhatikmca, motich, detectdr 40U that3detddie IotfraRestst Retihate Systi@inbéen

further conprises, signal input and frame _delay nenories for providing
signal i np#PE 1t 884 Bed o Phess Betigtdefestor 142 thet ddercty ayerags dHicrenes: @womao

al so co i i nel udi ) Ch 1 furatd grcuit
502, and SULT eeRrRERE nf% Ha P TR Aot s o IR 468

nmot i on. Ahntdetectdmtesdgealifffetesartiigh frequenty tumeinamicinoticetietwdnoiramagpamal, s wi | |

be provided herginafter.. 035] The, | ugipance notion detector 101 conprises
vertical f&ﬂg Fass IIP%‘F%J %%J%?,Steén gh@??%‘&?ﬁcﬁ"%%%‘ﬁf‘? g‘_E}P‘étdarl%og?’r!ggei ve
out puts faday fMBROHEMRPsSvillink sBnsh in?uts hOtHZRBEGH ddt0M6Rahe hdtidRr defQfion

configured to receive outputs fromthe subtractor, an absolute
system 100 also comprises components including a max circuit 501, a saturation circuit

502, and a SH-max circuit 503 for deriving the final motion value, K motion. A more
detailed description of the motion detection apparatus will be provided hereinafter.

[0035] The luminance motion detector 101 comprises vertical low pass filters
201/202, a subtractor 203 configured to receive outputs from the low pass filters, a
horizontal low pass filter 204 configured to receive outputs from the subtractor, an absolute
circuit 205 configured to receive outputs from the horizontal low pass filter, a coring
circuit 206 configured to receive outputs from the absolute circuit, a multiplier 207
configured to receive outputs from the coring circuit, and a saturation circuit 208
configured to receive outputs from the saturation circuit. In order to detect low frequency
luminance motion between frame n and frame n-2, the luminance motion detector 101
receives from the signal input YC, the subsequent line signal Y+, current line signal
Yy, and previous line signal Y, ,, for the current frame via four luminance line delay

memories (not shown). All three line signals are low pass filtered by the vertical low pass



circuit 205 configured to receive outputs fromthe horizontal |ow pass
filter, a coring circuit 206 configured to receive outputs fromthe
absolute circuit, a multiplier 207 configured to receive outputs fromthe
coring circuit, and a saturation circuif, 208 configured to receive outputs
fromthe saturation circuit. In order to detect |low frequency |um nance

noti on be%_ en frame and frane n-2, the |um nance notion detector 101
feceives. flgmUIHs %‘%ﬁﬁeﬁﬁéé@ N torogacel gBseigphase chiope signghie) gev,er,afe«dznen
current | pogp sigRalzcy- Ooncur‘?é?ﬁ Pﬁvl'u géﬁnlcé Dot IR ctof 10'1—1%0 1ves §1‘5m Afpg

current frame via four umnanc I ne delay nenories (not
three | i neigsilgmalts Grghd mlvsgmsst lind sigrabd,, by, ,f hierenelite sighal |YQW2 |aa<$ previous

filter thceffl 121/4to cancel out-aqf-phase chro si gnal
Lo gener ale® Fiee Tearbt Bhdrtdie Tatesne 43 el s AEeR dRRRoSe b b
detector AQftisRe mnvlaﬁncfermm dénaey méﬂneﬂé’s! (nbn %w CrTh% @Bé‘crfpﬂh%@ﬁkbet@ta khme
signal Y,,,+2,n_2, current line sig and préevious |ine signal

Y,,i 1n_2and mrtotaH@leprethﬁ @ubOfsr@mb r&mllmﬂza atlk/meferlamlmlsagf fremmoniZesre dowd f our

addi ti ona n I not sh subscri.

refers tob %Ssﬁﬂ aerea}1 gg Qgﬁ lg?(,l pagngllite’i 2@ VY 381606 %%qéi‘as‘ns Ofrgrfflgnal r%?I
three | i ngerkige alige-@fmt rsagmﬂ NYECgy. e Taw 11@@5&1115!&@@1@@1&1? e WL gal | ow
pass filter 202 to cancel out- of phase chroma signal to enerate |ine-conb
si gnal YLEHFBatvelyebe ithe outhih ofilisasasmbe elCaassaanstion cocvity digguseadnir Aetally be
t he out puj,. Qifn %é ne conbs of a separation circuitry discussed in detail

her ei nafter f 636] These line-conb signals YLC' and YLCn_2 are then
subtract e®086] t he Thdstr hod- arm&(k?grtats Jéxk ramtdeY L ne-aconitens sgnealctedi by ethences.

The h t al filg 4, ith | f
chgr ag{ Lf?\@*ﬁ?&@r ﬁeﬁ & 2593@@'&% lﬁgerft ﬁél@ﬁ@% : ﬁ%@z@ﬁ%ﬁ&aﬁﬁs filteedfifency
band of CcRIBMBw I HUFLIRYCRast@A csAHot Q%@é%dfrfgoﬁe%ﬁ@#&ﬂ%f %ﬁ%\%‘fﬁa agt' cs

attenuating the ‘chroma bahd, subsequentl ters t |1 ne-co
di f f er encrequency bmd uﬂ@hlpst atyl uminaeef Segrmhcoee hzrhdfsmpofrequeesy dharacthgics

magni t ude_of the assfllter ine.conb 5| iffere S is

ext ract edatgex? e pa pande g1 Seﬂb%’t]tyoﬁggﬁemﬁt el"ffW ﬁ@&lugﬁg?er}cﬁ?ﬁtﬂance
di f f er encexciide ﬁo@ﬁbleﬁﬁ&ﬁf@f&n&é‘ b els}bn;ah@s@@é | e 6 Tgﬁiﬂlde &Oﬁae 116w §akdTiinges
possi bl e noise interference. Finally, the noise- frequency

| uni nanceligfré¢canel signal diffamences nsjlemrmtﬁcbdvybt}metab@om mrgut éﬂs 207generrtgdowm G |
and cli PP& gqungC)I 1@%5&%&'%&? rgr{}e(\i}lllf ﬁ!lla{ assze(%q to%gﬁﬁ‘% fl!g.?;%gul 66 Qruignge to

out put the frequenc um nance I"on ase notron

det ect or ﬁ&ablbomﬁﬁd &ﬁ&f@erw&as&ndllif,ftﬁé eiaR-ftdeDbw frequency luminance difference
YLD is multiplied by the multiplier 207 via gain G, and clipped by the saturation circuit
208 to appropriate motion range to output the low frequency luminance motion YLM.
[0037] The phase motion detector 102 comprises a phase difference (PD)
computing circuit 301, an enhanced chroma motion values (CD) computing circuit 302
configured to receive outputs from the PD computing circuit, a horizontal low pass filter
303 configured to receive outputs from the CD computing circuit, a coring circuit 304
configured to receive outputs from the horizontal low pass filter, a multiplier 305
configured to receive outputs from the coring circuit, and a saturation circuit 306
configured to receive outputs from the multiplier. In order to detect mainly chroma motion
in the presence of luminance, the phase motion detector 102 receives from the signal input

the current frame signal YC,,,, and a plurality of previous frame signals YCp, .7, YCpin-2,

and YC,, .3 via three YC frame delay memories. Then, the received frame signals are used



conmputing circuit 301, an enhanced chroma notion val ues (CD) conputing
circuit 302 configured to receive outputs fromthe PD conputing circuit, a
hori zontal |ow pass filter 303 configured to receive outputs fromthe CD
conputing circuit, a coring circuit 304,,configured to receive outputs from
the horizontal I|ow pass filter, a nultiptier 305 configured to receive
outputs fromthe c g.cir uit@ﬁ§nd a saturation circuit 306 conflgured

to recej v& sefpb'&ﬁstg? ABTRLItR & renge valiyss drlyare the Rldtwmputing srrguig 3PS
mot i on 'Qcéoﬁﬁn%foetﬁg@(ﬁﬁ)\ﬂﬁ%lewleﬁﬂge the phase notion detector 102

receives fromthe signal current franme signal YCm,n, and a
pl uralityldB8lprevi ous franme si gnal s YCn,,n ], YCmn_2, and YC,n,n 3 via

three YC frame del ay,mBams i ffuse T rerrc@epbecelwedyfd aney lgnﬁtsgarewsed 12
to conpute the absol ute phase difference vél ues”PD Vi'a t H& PD Ebhputi ng

circuit 3fpbagjaccor dwnaretrppmh@eﬁ&bé Waagﬂ@tatpﬁage%ffér&ee &a@&%%@h@ uye
_phase _di ference : PD,,, YC (1) (50391

wher ei n Pbrangd é%ueage serprentia &ameemg‘raéss ev”fmref lfnels emféeck/ﬁim@él Y&@nmﬁ@menis foycn-
2, and YO % sequentlal frame signals; where mis omtted fromall YC
corrponentsn} 5| nplicity [0040] Then, the absol ute phase difference

val ues PDjop40}, PD, , Then, thetatdoRE phase dfffepéncd valueI®D,, 3D 5 eehd PDLO MMt 8 t he
enhanced Qhrona notion val ues CD via the CD conputin circuit 302

accor di nglfe FhasyklogRmgttrathesahimrd chomppoton safHes (b Yisfhe €D, computingx
PD,,, , PQrcuatﬂﬂz eméﬁéaeb%&g&ﬁ%g erein CDm denotes the enhanced

chroma notion valu D,,,+, are the absol ute phase

di fferencl®04Hl ues for three consecutive [inespmy 1+pAp and m+l. Then the
enhanced chroma not il tesomayPbe ¥avpthe iizdAtal |ow pass
filter 303, cored through the coring circuit 304, “scaled by gain & via the

mul ti pli efpo42305, an@h&%ﬂnﬂ@ﬁ d@ﬁ(oté@%hh' eRhdrRBd EhrbRY hotRAG/ARs ILDE! TS, LG

chroma notion signal, 6 The denodul at ed phase notion detector 103
conpl emenPBmtihare éb@ﬁbsohdetpbe&eodlﬁfempcciefabm iforgthnesi eingediitiyh linee quénoy and

Lum nance, it iﬂx 'He e&xan e SHtoma rr?c];tlon Valles may be smoothed by the horizontal low
pass filter 303, cored through the coring circuit 304, scaled by gain G2 via the multiplier
305, and clipped by saturation circuit 306 to generate the chroma motion signal, CM.

[0043] The demodulated phase motion detector 103 complements the above
detectors by detecting mainly high frequency luminance motion in the presence of chroma.
The demodulated phase motion detector 103 comprises demodulation circuits 401-404,
computing circuits 405/406 configured to receive outputs from the demodulation circuits, a
maxd circuit 411 configured to receive outputs from the computing circuits, a horizontal
low pass filter 412 configured to receive outputs from the maxd circuit, a coring circuit 413
configured to receive outputs from the horizontal low pass filter, a multiplier 414
configured to receive outputs from the coring circuit, and a saturation circuit 415
configured to receive outputs from the multiplier,

[0044] In order to detect average difference high frequency luminance motion
between frames n, n-2, n-1 and n-3, the demodulated phase motion detector 103 receives
the current frame signal, YC,,,, and a plurality of previous frame signals YCp, .7, YCpin.2,
and YC,,,.3, via three YC frame delay memories. The YC signals from the frame signals
are demodulated the via the demodulation circuits 401-404 to generate two set of signals
{DU,,,DUp .1, DUy yz, DUy 3} and {DViy 0, DV, DV o2, DVyno3}. The demodulation



The denodul at ed phase notion detector 103 conprises denodulation circuits
401- 404, conputing circuits 405/406 configured to receive outputs fromthe
denodul ation circuits, a maxd circuit 411 configured to receive outputs
fromthe conmputing circuits, a horizont | ow pass filter 412 confi gured
to receive outputs fromthe maxd circuit, a coring circuit 413 configured
to receive outputs fr e .hori zontal | ow pass filter, ﬂﬁyultl plier 414

conf i gur e @rICESS RS/ ?251)’? LHEDHS BnfYtFast &y Pngp ¥i Gomppopents dipm, the, eQrppasiten
circuit 43nalcoRy i kit dhe%bﬂé'seo'a'ﬁcp%lﬁ offgﬁéget bigie MWhid Blide GubsbQRAd], |

order to detect ‘average difference high frequency |um nance notio between
frames n, empRying allomsmﬁt&?r qfhhrmhﬁndwmtbtb q:ihametemhasmgleﬂl‘eitect or 103

recei ves current fir nal ura revi ous
roame. o gh‘%"? Cam oithe bRAT 68 Sy it cabiped «f kitaRiels RlsoBRSEhSy
menor i es. diffteentts BDng,ﬂirsv,L ﬁ@metdaeqfuhﬁgelrémenﬂiss40@5&0%@%15@5@%&5@&I a
the denodul ation circuits 401-404 to generate two set of signals

{Dumn,,DGh-1, DU.,,-2, DU.,,-3} and {DVn,n,,DVmn-1, DVmn-2, DVm n-3}.
The denodul ation 13 Cﬁroce?‘% can he relatively si rrpL (5 extract the Uor V
conponent @géélomthe ‘ 1 spdﬁazhs mrrul‘tpﬁffmws g an in-phase and

out - of - ph si ne wa nd bse nt enpl ng. a | gw pass filter of
chroma bandwi dth to )é’ |Var;h n‘%”alllgg'g’f hgbel?"*f"éctgy/lf'ﬁg45] (#he denodul at ed

si gnal s n@&ﬁl rst coubi.pedpie /pgwua%geh%}fgbgsoi% &Pha etgerg%{eger egﬂglpl ons

PDUN PDVI t he conmputing cifcuit's

(3-4): [O&Qﬁfporﬁﬁlsl U, ané YUor line m; D‘U}w ,DU,;L,, I D'-El)n,m fDlZmn3 Bbhote detnodulated 3)
PDV, = r}H ,, ~DV,, 1+ Dv,, - (4) 047 wherein
PDUT PDVRFemard signals.ised) fraree ﬁhas]e TU? faflérne?bc@%i DPknah mpen&ins: U and

V for |inge o z‘l;éﬂmdﬁlatm’ [ -1 denot e dermdul at ed
chroma U s gne fromf Slr%lgrs frop %@-HZH lh 2angnegand DVmn, DVmn-i,

DVm n- 2, [OWBIn-3 d€Emnot éledemnﬂufMteﬂl\taleasgheIhQXMLmﬁ‘bém thie PDU.landrPEZVand
n- 3. [0048 hen, the maxd circuit 411 take e i mum het ween t he PDU
and PDV %‘hdg‘ﬁﬁlﬁﬁ‘ie% gheeg%}l%to\,%qna@?{ l@ﬁ‘@?‘gf‘t@m n%ieﬂ’t‘%’rc Binipagce, mefon

fr equencyyhm ManGe. HiIQMNs sIPHR Wotdar fage sanpl es as signal YC per i ne.
[0049] The intermedi ate high frequéency | um nance notion val ues may then be

[0049] The intermediate high frequency luminance motion values may then be
smoothed by the horizontal low pass filter 412, cored through the coring circuit 413, scaled
by gain G2 via the multiplier 414, and clipped by the saturation circuit 415 to generate the
high frequency luminance motion signal, YHM.

[0050] For any given video signal, the luminance motion detector 101 generates the
low frequency luminance motion YLM, the phase motion detector 102 generates the
chroma motion signal CM, and the demodulated phase motion detector 103 outputs the
high frequency luminance motion signal YHM. Then the max circuit 501 takes the
maximum among these three motion values. The maximum motion value is clipped by the
saturation circuit 502, and further processed as the maximum in a 5-pixel horizontal
window by the SH-max circuit 503, resulting in the final motion value, K_motion.

[0051] The motion detection system and various motion detectors of the present
invention can be embedded in an YC separation circuitry of a front end composite decoder
so as to reduce chroma residue in luminance component and luminance residue in chroma
component. The inputs to the YC separation circuitry is the frequency demodulated video
signal in CVBS domain while the outputs are component Y and C signals. The C signal

may be subsequently demodulated to generate U and V signals.



snmoot hed by the horizontal |ow pass filter 412, cored through the coring
circuit 413, scaled by gain Q via the nmultiplier 414, and clipped by the
saturation circuit 415 to generate the high frequency |um nance notion
signal, YHM [0050] For any given videog, signal, the |um nance notion
detector 101 generates the |ow frequen%@ | um nance notion YLM the phase
noti on detector 102_generates the chronma notion signal CM and the .
denodul at &¥5phase PoFeferaing oo 16183 thate pupPtovided amhieyemplasgyénssparatien nance
notion si ; : cl i 0 ' hese
t hree not igfc?)ﬁht\ng%Aeag I@%é&hnggﬁfr&uﬁr% énr%%&é%eéa(ﬂfu@%r@%ﬁl?g%vgg& ﬁé/ Tlagegéﬁggdtgia{rl ation
circuit 502¢uin@00 wotpasesparomesdind casrelatve 66X a Minencoimbac03; pifeele doarh @2t al

wi ndow by the S5H-.nmax,circuit 503, resulting in th inal motion value, K
mot i on. [6’&31?] R nn%???%?{ EQQ'ecfb%ﬁeWQ@ng’éﬂHtWaﬁlﬁgﬁ% CHBPTIN RIRROPHFs of
the presepicludidy £REbtRR0F 31308 naNBCHAGH 413, 8RudlactGPAsALAP] GhffidhididuRl @
front end conposite decoder so as to reduce chroma residue 1 n |um nance

conponent 6&hd Theningtior eletestoir AP has denodescritmdninodesail .abThe iApudrs detrileie YC

separatio LI cui .S the freque d ulated video signal i.n BS
donai - whiPEHpRY dits tsbetaPa RIS RN BB RtV BT gt B mpRa i e Refer ey
be subseqpoess)l y denDhiinadrethel @rgRAL68b AeldcRNEE ¥ldiveRBIota dofreldtidR DélwddoW
referring to FIG 3, there is provided an exenplary YC separation circuitry

i n accor dBIScaIRNE #ndoprxt dinp ead wament end mrevigsdlinen sughntheithe dine cpmd &Bpdaeat i on

circuitry, 608.comri.S - -1 or 1::60 ] C a

frame con%&Ggléfr ggg(lr;]é (gO%}rI% fd(%g&géltnjete{égorn '10#?é %}tgxr glgepgcr)ré fltg%] %§|6 r%%n{rg%za

further coaprvitsed fiemeoneptadieni cieduidi 608, 60% ubifiaetdro fetdive dutpusefromi theui t

614, a subtra toa f?15, and a fﬂatur atjon circuit 616. The notion detector
V?R?é‘ r

100 has bB¥HVHaed flsedoronal low passdiiers (LOw!k comisgrecbty reg@ive PRIBEISIHP®! t he
separ at | OfheChrh @bt &ideufiOOanid %1|fu&%ogeéﬁ%gﬁ%lkocﬁ?ﬁfedctfamgé]@@%atlpgﬁs; gbmahLer .

[0053] The inter-line correlator 606 detects the relative c
corr el at i borizostalmanpass fidtesur r ent and next |ine and current and previous

li ne, t the.|i d _not filt ]
col our v QIRle. TheThe,AarSh b aBier d03: ishiaeeie GBSl henalt SRkdde
filter 60fequehedb@mtfréih &Mt%iéfaﬁfroﬁlqge ciehniil i]gblllite@h%%aﬁs&‘«%ﬁ@ﬁ@&td@vth%s firom

the narrowband filter, horizontal |ow pass filters 610, 611 configured to
recei ve oungler dangwidih céndergd aticlenamaciubeariiess frequrtica of ¥intdt Mt companed t6d 2

conf i gur e\q'idtegat{de Efter’ 507 u&g We d]égc%g]eé t%eelowrso kor? Sﬁlr%géesl W le%zsisi%tefrtlelré[n%g Sfrom

luminance signal. The gradients of current and next line, G and current and previous

X m,m+2 2

line, G, ,._,, are computed in the gradient circuits 608, 609 using narrow band-passed YC

signals according to below equations (5-6), wherein the narrow band-passed YC signal is

represented by YC for simplicity.

[0055] Gx,m,m+2 = maX%YCxH,m-r-Z - YCx—l,m s YCx—l,m+2 - YCx+1,m }, géj
Gx,m,n,_z = maX%YCxH’m_z - Yx—l,m . YCx—l,m-Z —_— YCx+1,m }’ gg)
[0056] wherein G, ., denotes the gradients of current and next line, and G, ,._,

the gradients of current and previous line of a sample x; YC,,, refers to the composite
signal of sample x and line m.

[0057] The gradients are subsequently filtered by the horizontal low pass filters
and G

mm-24p - 1DE lower the

610, 611 respectively for continuity to obtain G

n,m+2,0p
gradient, the higher the correlation, meaning a higher possibility that the pixels from the

two lines belong to the same colour region. Thus the line-comb output from two lines



[ 0054] The narrowband filter 607 isolates the sub-band of the YC interl eave
frequency band fromthe YC signal fromthe signal input. The narrowband
filter 607 has a snaller bandwi dth centered at chronma subcarrier frequency
of 4.43 MHz conpared to a w deband filf r 601 (to be described bel ow) for
pur poses of |ess interference from luni'nance signal. The gradients of
current and .next |ine, i +2 nd current and prev lin

S ar chRuRpAleer Radie Yokl b % iebe sgpBOn d09gS g el g verde.
band- passgd MG asti@aak ?ﬂeaﬁ&gﬁt%f‘ﬁhethﬂe Q@Ilng‘ﬁlﬁﬂb'&@v'ea{lt%e Comrbit 1an8"gf'é§/ﬁlu@ 1hbe
narrow band-passed YC si represented by YC for si

Gx, n,, n, +En the fencHOx etruit 6122 accmmgtpmlnqbeY@(equaheﬁ (7):YCx+1, m m [0055]

&, n,,n, -2 = max~YCx+1,",-2 - Yx-1,n, ,YCx-1,n,-2 - YCx+1,111 I5 (9) [0056]
wher ei n Gmo a2 deﬂpLes t Hergradi ent's of c yyent and next line, and
Gx, mi-2 "the gradrenrs of €ursemtGand previous l'ine of a sanple x; YCx,,,,

refers to the conposite srgnal of sanple x and line in. [0057] The
gradi ent sjoass] subsegtiemid & || tdheds e lohepdrosd gadieads Jf @utrp@smd ekt Biieg

m,m+2.0p

610, 611 respectively for contrnurty to obtain Gr,,n,+2,rp and G, iii-2rp

. The | oveid Ghe , ghadi#iints df@rBhiMEprévicusafker el ation, meaning a hi gher
possibility t hat 't he pi xels fromthe two lines belong to the sane col our

regi on. Tfooeo)t he | | The ¢@Btcopt 602 rémovest e teldiEind 2hronay edfiua fremethe Y
gradi ent shoul d _have a higher contribution towards the final comb value. K

2D i s defigpild d&etlme he0% spmpraes| p widebsnsl filter SP1psebieastors K93c Pt ent

R Ol e e R e S A B T R
[ 0059] Whmceiivel oﬁ}pumﬁﬁ)ni phedwmbtrbesrst e lliae/ cpmb@ad reseiks drvins thefsi gt i’npnt a 31 n d

next |ine t he gradien of current and previous
[0060] ThE™ mgt w%h%ﬁae%m@ze@ e F@dgévd'am R PR O g iert rbm t The v

si gnal . TRelebimie ik 80 P QA ARBdnE S TedoMbdfRABEN kil ermﬁ%anatrﬁtre%@ra% 603,

604 configured to receive outputs fromthe w deband filter, m xer
605 conf i Glgredut ¢he lroer:end/éugbufrpquescy signett el saidins aslyoths. fre‘irhendyr bmldcwnb 602

eceives, HLOMATD S90Sl LA 1P e LB . DL 05 QR B
604 and subsequently mixed by the mixer 605 corresponding to K 2D signal from the
inter-line correlator 606.
[0061] The output of the line comb filter is a weighted sum of inter-line pixel
differences and the weights are determined by K 2D. The output can be expressed

according to the below equation (8):

[0062] C_2D=K _2Dx(¥c,-YC,,)+(1-K _2D)x(YC,-YC,,); (8
[0063] wherein YC,,YC, _,,YC, ., are the composite signals of line m, n-2 and m+2
respectively.

[0064] The frame comb 620 subtracts the previous frame signal Y,,,; from the

current frame signal Y,, using the subtractor 613 to generate the frame comb output
C 3D.

[0065] The final clean chroma signal, C,,, is extracted via the mixer circuit 614
using a weighted sum of line comb output, C 2D, and frame comb output, C_3D. The
weights are determined by motion value, K motion from the motion detector 100. The

final clean luminance signal, Y,,,, is generated by subtracting the chroma signal from input

®

(10)



wi deband filter 601 with frequency response nodeling the chroma band in YC
signal filters out the | ow and high frequency signal and retains only the
frequency band with interleave Y and C signal. The inter-line differences
are conputed by the subtractors 603, 6Q4 and subsequently m xed by the

m xer 605 corresponding to K 2D si gnal omthe inter-line correlator 606.
[ 0061] The output_of the line conb filter is a weighted sumof inter-|ine

pi xel  di Metdidetliantth the sypivagier 613 prd elinningths eutoyi toxdelingd pirgkrapgg Witk can

b o oA R U SRRl 050
YOn,, YGiii_2, YC't +2 @y e={Me mpowpagt t DS @r& Snofioh)>n€ BDYN-2 and me2

respect i vi0§6] [ 0064] Th_eYc?r__e_l comb 620 subtracts the previous frane signal
Ymn_1 fromthe current” firamessignal Ymn using the subtractor 613 to

generate frame . Opt . h hnad. ¢ i.gnal ,
C0"t, is g{?ﬂ]act ed gl?g@!tnh}g*%%oéir@% g{?gtg IQ%IXE gs%%sa gneméoﬁlgﬂ?gtgﬁgﬁsg‘lgl i ne
conb out ptite, frad2yonstncutputa Vi€, cio tite iapitusimpotite Gfhal;Thg, is e @lput chremadedped m ned
by notion_value, K motion framthe notion detector 100. The final clean
IuninanceYéﬁﬁﬁE?PuW%iP?nmﬁwﬁﬁﬁ@#ated by subtracting the chroma signal from

I nput  (9006e0) 16 Mify $hBP@mentTiihe Wlstexﬂ ih{iSH A 3G UsefAil Rr 2BMHpEhdARP! NY
the output to defined pixel range Wltﬁ the saturation”circuit 618
accor di ngvideo whid dsedsowleiaad icons lyn@indiie: noi @0 Bd@preGpietifical{(yK sndt érobodiments

C 2D+( 1- ti C3D):. Yast.= YC, ..t - Cots [0067 in K,motion i
" ot i ot PRI R b YaRiahLine U high otisiby durmBatogpeod drgtrLng wimpe |
out put; Yfgbfloh Sefebteon BURMEICHIBIOS iffathesitd 'Bé"térn@[?gﬂo}é fifterfed e TRY RBbIBINA B

signal Yout is the output ['um nance signal. 8] Many enbodi nents of the
present i #lene inserisehe deteetymatiert independesb o dlrre mterfarpreonaise fror otder visleour

ond o1 oo AARRTBRNIRE AR RESEL HGFHHaEHED SURRIAPERIs Rl

chroma by a simple line and frame comb architecture to provide clean output signals. In addition,
it has good coverage of different frequencies and component motion for increased
robustness of motion detection.
[0069] The embodiments operate such that the inputs are not temporally filtered in
the presence of motion and temporally filtered in the absence of motion, generating clean
Y and C signals with reduction of cross colour and dot crawl and ensuring minimally
modified signals in the absence of such artifacts.
[0070] The motion detectors and YC separation circuitries of the embodiments can
be applied to end consumer products like chip, television, display sets, video CD player,
DVD players or recorders and set-top-boxes with composite sources or sources that have
composite conversion in at least one stage of processing prior to input.
[0071] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
scopes of the appended claims are not so limited. Alternative embodiments of the present
invention have been set forth by implication and will be apparent to those having ordinary
skill in the art to which the present invention pertains. Such alternate embodiments are
considered to be encompassed within the scope of one or more of the appended claims.

Accordingly, the scope of the present invention is described by the appended claims and is

supported by the foregoing description.



noti on detection between specific frames to be tenporally filtered. The
enbodi nents are able to precisely detect notion independent of the

i nterference noise fromother video conponents using phase rel ationship
such that residual cross conponent can,ﬁp renoved by a sinple |ine and
frame conb architecture to provide clean output signals. In addition, it
has good coverage of different frequenC|es and conponent notion for

i ncreased robustness of motion det e&tli/oHS [ 0069] The enbodi ments operate
such that the inputs are not tenporally filtered in the presence of notion
and tenporally filtered in the absence of notion, generating clean Y and C
si gnal s wWhat isedaioeilon of cross col our and dot crawl and ensuring mninmally
nodi fied signals in the absence of such artifacts. [0070] The notion
detectors and YC separation circuitries of the enbodi nents can be applied
to end comsunen |pmahued MolibkBetedtbPior @M SlbRtreqtbil 18NirkBESmoMbsleo CD

pl ayer, DVD players or recorders and set-top-boxes with conposite sources
or sour ceBetigen a havent fiemeod Preview rﬁﬂ@r@f@rpmpoa@ntlvg@@tmmb cstnagémg»f
processing pri 71 esent en h

descri bed wt th;lg%ngvg@ng%&%al[l ‘ng‘ 5 fvl\P &Llﬂﬁb‘%ﬁ%nt?e O?%/he att i tW}?)Sv%)ﬁ?st ood

that the e;rﬂoﬁﬂgmmtcsloa/r@ss ﬁltblsdt ek theeedind sighals of fiR cuseaPRemOfectived gpmended
clainms are not. so limted., Alternative enbodinents of the present

i nvent i ona Aig0d ipREranddhe othex of the at Inest freaViLER inpenfigurad thdow passrdisr 2tlsas hose
h I t
R A L SR
scope of datectaris nmnfegtméd foheompenﬂqﬂraﬂoaiotﬁ&e twadowpdssiiiteringshe scope of t he

present invention. is described the a ded, c| ai ns dis orted by
t he foregoing ﬂé’g’é’iaf; f FRjHigused to Cﬁf\f\?ﬁ)utﬁﬁsﬂ omgh %ioé{‘fﬂae“ﬂ ‘? Is; ‘fherﬁ&l tB?n nance

noti on de§@ehebr fs%rtﬁ’&tcgﬁﬁgd}gd {ooéﬂbfrﬁﬁ‘:ih@f&%ypésymt%@ Gife SRhAIOM ghieteen a

current frame and previous frame of a conponent video signal, conpri sing:
at | east linwcarneh signalldifferengsass fllters (VLPF); wherein one of the at |east

P IS ORI S M PESTLLLBT  SR hORSR: ghorel o o
| east twowherBin thé h&:@ithtg Whe gaststﬁueew BABS bohlif@ed & fik&ass lind-BéfE sighdle
f Ihgnal > OIhfftepe?lcgsrtg\nglgge ;cgsglrlg?e 1rntee(;feelre\;1%g off (r:horgnmafggsmsulegnal 'nput;;and wherein
an absolute circuit configured to receive outputs from the horizontal low pass filter;
wherein the absolute circuit is further configured to extract the magnitude of the low pass
filtered line-comb signal differences to generate low frequency luminance difference;

a coring circuit configured to receive outputs from the absolute circuit; wherein the
coring circuit is further configured to eliminate possible noise interference from the low
frequency luminance difference;

a fnultiplier configured to receive outputs from the coring circuit; wherein the
multiplier is further configured to eliminate the noise-free low frequency luminance
difference; and

a saturation circuit configured to receive outputs from the saturation circuit;
wherein the saturation circuit is further configured to clip the noise-free low frequency

luminance difference to appropriate motion range to output the low frequency luminance

motion for the current frame.



detector is configured for concurrent operation of the two | ow pass
filterings; a subtractor configured to receive outputs fromthe | ow pass
filters; wherein the subtractor is further configured to subtract the | ow
pass filtered line signals to generate 1éi ne-conb signal differences; a
hori zontal |ow pass filter configured to receive outputs fromthe

subtractorz; Wq,sr in the hori z(?nt al low pass filter is further configured
to filter?the HPRETUGAIFeINYHNL detesiaroérlaip dswhererdhe thuee inssignsisaare a

| nter ! T eR@Reflent BAONBN 51 AU curdtht BRE QI 1 R hreBIN itk b0, | ecel Ve

outputs fromthe horizontal [ ow pass erein t ul&"circuit
i s furthewhersirf inglenetds the remibresiog of hiee sigphiahdid dewdtes the ninnbenpassl frémd t er ed

| i ne-conb _signal differences to generate |ow frequency | um nance

di fferenc@®d cor i ng circuit configured to receive outputs fromthe
absolute circuit; wherein the coring circuit is further configured to

el imnate _possi ble noise interference fromthe Iow frequency |um nance

di fferencéd: a mhe lunpnnoe neasion dstacted of elaine d eivbereimutheattlsast tvwaViLRESs etsr i ng

| fference; a | i dsisd o utpotisas homVLAES s i ng
ot so 11 b i P RaTssTUrRHeS etSmg bl Ttor B G B oPaob AT coi

conf i gur edothb sigeglei ve outputs fromthe saturation circuit; wherein the
saturation circuit is further configured to clip the noise-free | ow
frequency |um nance difference to appropriate notion range to output the

| ow frequgncy Ty AARGRe iR idnQdtelRl of BGint YT HRY inftfxéaﬂ&‘izo}x?aé l(§xlg 8;-%%'!6#@ hance

noti on detector of cﬁal mﬂgg,2 wherein the thtee I'ine signa
subsequentorfigneedsd haed 0¥, pass Bequenay chura@eristics net exicglalg te Jawer end afithea
previous lin i wherei(? i n denot es ttLe nunberi ng of |ine

] | Yn, , 0,
si gnal an8V%ﬁa§hg$%§uﬁqr¢¥’°ﬁﬂﬂﬁ%9hrwaa grd jymypance sjggalgr bagd-stapdT4qMYance

mot i on detRed@drisAts &vakiRY the WASREDINGt he at | east two VLPFs are configured
to cancel out-of-phase chroma signal fromthe line signals to generate a

l'ine- comb signal. 4. The lum nance notion detector of claim1, wherein the
oL 2T kool AR Vb BB S B ey
band of ciidyreviatgfrhebNaBeRpsicaNFde®sighaNdmsirihd the HepsHy
low pass filtering at least three line signals of the current frame received from a
signal input;
low pass filtering at least three line signals of the previous frame received from the
signal; wherein the two low pass filterings are done concurrently;
subtracting the low pass filtered line signals to generate line-comb signal
differences;
horizontal low pass filtering the line-comb signal differences to exclude possible
interference of chroma residue;
extracting the magnitude of the low pass filtered line-comb signal differences to
generate low frequency luminance difference;
eliminating possible noise interference from the low frequency luminance
difference;
multiplying the noise-free low frequency luminance difference; and
clipping the noise-free low frequency luminance difference to appropriate motion

range to output the low frequency luminance motion for the current frame.



characteristics covering the chroma band. 5. A nethod for detecting | ow
frequency | um nance notion between a current frame and previous frane of a
conponent video signal, conprising the steps of |low pass filtering at |east
three Iine signals of the current fra eceived froma signal input; |ow
pass filtering at least three line signals of the previous frane received

fromthe _signal; erein the t | o ass filterings are done
concurrenfiy; @hf)m\gﬁwf‘iqﬁ&a&rﬂg’ Wg%ewgg theee g wendly #1E aspparapent fige Gerdr at e

| i ne-conb ysi gnalurredt fih€5igNASS,,, HArd #ENLR lid 895, | WhbRl Aehfigs thene- comb
signal difrerences to exclude possible 1nterferencé of chroma residue;

ext r act i ngumberingagiine sgmalgndtrhdenbtesvtipasmtfering ef dmieisigraktonb si gnal
differences to generate |ow frequency |um nance difference; elimnating
possi bl e noise interference fromthe | ow frequency |um nance difference;

nul tiplying thehdiplegRdiof Rirh BWMvhERRUBE EYst kWH1dVRPES fllefih &Y RNEQ ouBBEpledsé PPI NY
t he noise-free | ow frequency _f um nance difference to appropriate notion
range to eyepasignpefromuhe lirguigmdytolggnsratgrdinenemitosighadr t he current frane.
19 6. The nethod of claim5, wherein the three line signals are a
subsequent line signal Y,n+z,,,, a current line signal Y,,,,n, and a

previous Bine Thgmathod of claiin 5, whvbRrtRé Rorizdnte MeW @asstilering tiadlewi pgs Bf | i ne
si gnal and r} denotes the nunbering of frame signal. 7. The method of claim
5, wher ei fPRigaTeditp 8ave fieaueasy pnsactaristiessiqt syeccdmgdhs loyier evt oifhase  chrona
signal fr [ j : 1L.NE- j I he met hod
of “cl ai m B REnk RS P o e R A h Bl R bR 0B fcfenel 0 ¢

confi gur echaratdraties daverjue theychodmaa barider i sti cs not exceedi ng the | ower end of
the overl apping frequency band of chroma and | um nance signal or band-stop
frequency characteristics covering the chroma band. 9. A phase notion

detector $or dRiMGId M6tGTAQERrBE QR cBrdnid MBAbn bf 28Rt 18meGPAPONENT
video signal in'the presence of |um nance, conprising: a phase difference

(PD) conpesmpagest vides signad pf thg presendemf lyrpinenes, ngmprising:a si gnal

a phase difference (PD) computing circuit configured for receiving from a signal
input the current frame signal and a plurality of previous frame signals, and computing
absolute phase difference values;

an enhanced chroma motion values (CD) computing circuit configured to receive
outputs from the PD computing circuit, said CD computing enhanced chroma motion
values by incorporating motion contributed by the quadrature chroma modulation using the
absolute phase difference values from at least 3 lines;

a horizontal low pass filter configured to receive outputs from the CD computing
circuit, said horizontal low pass filter smoothing the enhanced chroma motion values;

a coring circuit configured to receive outputs from the horizontal low pass filter,
said coring circuit coring the smoothed enhanced chroma motion values;

a multiplier configured to receive outputs from the coring circuit, said multiplier
multiplying the cored enhanced chroma motion values; and

a saturation circuit configured to receive outputs from the multiplier, said saturation
circuit clipping the multiplied enhanced chroma motion values to generate the chroma

motion signal.



input the current frame signal and a plurality of previous franme signals,
and conputing absolute phase difference val ues; an enhanced chronma notion
val ues (CD) computing circuit configured to receive outputs fromthe PD
conputing circuit, said CD computing eqﬂpnced chroma notion val ues by

i ncorporating notion contributed by the quadrature chroma nodul ati on using

the absolpyte ase difference values from at | eas | i.nes; a .horjzontal
o pase it £ ol hE Bt imatEh SBESinL BEf6Rn BUPBREL Y he PutR e e
circuit, sighsls BRI thaePtdiodsWMinRASShald, HHello R BhRUitd Pease nlitrngRd vaheoR®

notion val ues; a coring circuit configured to receive outputs fromthe
hor i zont aberfgwedaseordingtethe folewidgeauatieg: ci rcuit coring the snoot hed
enhanced chroma notion values; a multiplier configured to receive outputs
fromthe eosiling Qiusali liffereatd: D) HpCi evC, mulyd ply¥mglft he cored enhanced
chroma notion values; and a saturation circuit configured to receive

out put s f mheneirhPDndbtdted the absobaé ghssatdififatnc@nvalues; Cdi, Y Col,i iR ngndt Y€, ; are

mul tiplied enhanced chro tion valu to generate the_chroma, notion

si gnal . 28Pquggal @eﬁ@ég?wg?mﬁlw@eg SomoIl € CepomPeneth o STRPLHn t he
plurality of previous frane signals are three previous franme signals, the
conputi ng absol ute phase difference values is perforned according to the
f ol | owi nglbquathephassbsatiant deteqpdrasteclaidi 10.ewhercia conRidfing they@thancedGthrama

YC _2 - YOOﬁB lehereiﬂ,é%??dengtes h bsol ute phase difference val ues;
YC, |, YC, _[HOHQRVEIUSS 1s pRoRRd agcarding 1 QW SAY¥P8re signal's; where mis
omtted fromall YC conponents(for pDrr_pM;qbty 11. The phase notion

det ect or oPrenG fotion er:eMﬁx%E)ﬁpm"rlﬁg—‘t—hem—e ihanced chroma notion val ues
is perfornmed according to the eIOM/equgtion: chroma - nmotion : CD,,, = Max

j PD., , ; e I m esnt hepgn

mot i on vaﬁggrsel;’nl%%rnh?%méﬁge %%flcl\g@u%&?h%r et rg%ﬂg‘;bsé gPﬁltl ’eplgﬁgg{gqglg’?ﬁ reaﬁé;ﬂglge
val ues f osbsthitephaseddtecance valubs foe shree cdnsetivahidesmh- 11 m, B2d m&-Iret hod f or
detecting chroma notion of a current frame of a conponent video signal in
t he presence of | um nance, conprising the steps of:

12. A method for detecting chroma motion of a current frame of a component video
signal in the presence of luminance, comprising the steps of:

receiving from a signal input the current frame signal and a plurality of previous
frame signals;

computing absolute phase difference values between the current frame signal and
the plurality of previous frame signals;

computing enhanced chroma motion values using the absolute phase difference
values from plurality of lines;

smoothing the enhanced chroma motion values;

coring the smoothed enhanced chroma motion values;

multiplying the cored enhanced chroma motion values; and

clipping the multiplied enhanced chroma motion values to generate the chroma

motion signal.

13. The method of claim 12, wherein when the plurality of previous frame signals are
three previous frame signals, the computing absolute phase difference values is performed

according to the following equation:



receiving froma signal input the current frame signal and a plurality of
previous frane signals; conputing absol ute phase difference val ues between
the current frane signal and the plurality of previous frane signals;
conput i ng enhanced chronma notion value§nusing t he absol ute phase difference
values fromplurality of lines; snoothing the enhanced chroma notion

val ues; coring the snoothed enhanced chroma notion values; mnultiplying

the cored 8020C68asd SRR | BH \Aijz@esyCanQy@j [ pgrdﬂq the multiplied
enhanced chromahoti on val ues td" genéerate”the &hromd”"notion signal. 13.
The net hodhefeirCPR, Aedotes WO E6RITIe PRAB diffi@eiteWhaRies;tYC OV CRY,. e, QU dl ¥ @ Pare
signals are three previous frane signals, the conputing absol ute phase

di f f er encéequantisd frame sigmalowherd m scewifted frgmal YReompbnenis fog seepligityon: 21
absolute _ phase _ difference : PD,, =YC - YC' _, + YG_2 - YO _3

wherei n PDm denotes the absol ute phase difference val ues; YC, ,, YCrz-1,

YCn- 2, antd.YC72hémathed of eRienB| aherbinagtinfitig @ teSsnhidi@d &htdind Soton vilee ikr om
all YC conmpgnents for sinplicity. 14. The method of claim 13, wherein
conput i ngP¥ ﬁﬁ&ﬁ@@&gég&@ﬁﬁka@FBHOWalues is performed according to the
bel ow equati on: chroma - notion { CD,PD::¢¢§ﬁ+?D., , PD,,, ] + PDon+, | 2

wher ei n CDm denoresnative : €bhandéd < O, orre 2ot +ofival ues; PDm 1, PDm and
PDm+1 are the absol ute phase difiference val uesJfor three consecutive |ines

ml, m and Wibein E_bm @ébnt%?eg?}geu‘l?rﬁ}grelgedpc?%%fela Prrll%;i:gg @nggt%eiﬁﬁd%{jgﬁ%{\ agé:'l bact i R hi gh

frequency | umnance on o cur Vi @bl%lgnal

i n the presencshsolutchiaoddiffereoepilusd fogthrée @ndsaativé in@fmdemabd af+ilon
circuits configured for receiving the current frane signal and a plurality
of previous frame signals, and denodul ati ng and | ow pass filtering the YC

signals fyom t Reqd s %Hééesmtoﬂoxg%?erc?otre o% YRR GhS 1PEh ‘Hyﬁg@ysfuﬂﬂﬁénﬁéé a

plurality of conputing circuits configure 0 recerve- out fromt
motion of a current frame of a component video signal in the presence of chroma,

comprising:

a plurality of demodulation circuits configured for receiving the current frame
signal and a plurality of previous frame signals, and demodulating and low pass filtering
the YC signals from the frame signals to generate two sets of chroma signals;

a plurality of computing circuits configured to receive outputs from the
demodulation circuits, said plurality of computing circuits computing absolute phase
differences PDU,,/PDV,, from the two sets of chroma signals;

a maxd circuit configured to receive outputs from the computing circuits, said maxd
circuit taking the maximum between the PDU and PDV and duplicating the values to
generate intermediate high frequency luminance motion;

a horizontal low pass filter configured to receive outputs from the maxd circuit, said
horizontal low pass filter smoothing the intermediate high frequency luminance motion
values;

a coring circuit configured to receive outputs from the horizontal low pass filter,
said coring circuit coring the intermediate high frequency luminance motion values;

a multiplier configured to receive outputs from the coring circuit, said multiplier

multiplying the intermediate high frequency luminance motion values; and



denodul ation circuits, said plurality of conputing circuits computing

absol ute phase differences PDUM PDVm fromthe two sets of chroma signals;
a maxd circuit configured to receive outputs fromthe conputing circuits,
said maxd circuit taking the maxi num ween the PDU and PDV and
duplicating the values to generate intérnediate high frequency | um nance
notion; a horizo taI IomL@ass filter configured.to gece outﬁuts fromthe

maxd circuit, HratlﬂBF IS hefIEPEsRd B Lese e QUiRMEs Eorsd Ik SHASAPIAEAN at e
high freq ueaﬁvc1h¢pmgﬂﬁq@qeteﬁﬁédlee h1glﬁf'rb'c?1§>nc§?‘ 1&91&1515& 1hbfisH A u&ORf delbfaRAnE O
recei ve outputs mthe horizontal |ow pass filter, said coring circuit
coring théi rftfélrlmdammahcgmowrqumicy | um nance m)tl on val ues; a

mul tiplier configured to receive outputs fromthe coring circuit, said
multiplier nultiplying the internediate high frequency | um nance notion

val ues; and 22Thadsabdulabd gﬂasélm&wntde‘t‘&&frlogléraﬁﬁ 150 wheeRi WRerPthle Plirslit'ogm t he
mul ti pI ier, said saturation circuit cl ﬁpl ng the i nter medi ate hi gh

fr equencyPTeéﬁﬁuﬁéf"}E@ sigalsogre hiies dgmei thereatefeur mrmqutechmty spdititnance
motion si M'deﬁx%ﬁu A&y 1@?1?891?&%5%&%1%3 B4 oﬂgﬁgﬁegéﬁ'&f of claim 15,

wher ein en the p urar revious frane nalsare three frane
signals, there are four dem)dul ated circuits so that each denodul at ed

circuit p for eno n on qne frame nal . 17. The denodul at ed
phase rmt gﬁ“eg?&?‘?‘gﬂe& ??ﬁ mgtion detegioh 0% KRiA Hdeo Miteeip esbsolils Phasences

PDUM PDVWH&&%&WU%W%%%H%&& aQ%r@M% \/&H@ﬁ){vfé%%atldarg u=DbU, - D

ui,,, -1 DVnn2-D\/',,,,3
; Wherein PDUM:FTDU Wm}l&Dfllﬁ‘ absgIUJte phase differences in chrom
conponents U and \/fo I'""'ne m L a...,DUMNn-1, DUnn-2, DU.,,,-3 denote
denodul at eBD&hrﬂxﬁi{,,u—sﬁ)gﬂ@] s ,,,grp—DVm;r_ﬁ; n, n-1, n-2 and n-3; and DvV,,,,,
DVm n-1, DVmn-2, DV,,,,-3 denote denodulated V signals fromfranme n, n-1,
n-2 and nWBereﬂJSPDIé\m/rPé)deerim thetbedienthabe diffefeneepuimndyorhaicomporeeatsnidtanén of
a current frame of onent vid int ence of cC ma,
conpri o nY PRATG TS ool Dl deneie dompa sl R U tena R al i ¢ y

of previ ofgmé mane] SﬁQ"tﬁq'dSnS dgagsiul at ppg  andyl oW PEss. likddtedeMBddiBRd Xe
signals fromthe frame si gnal s to
signals from frame n, n-1, n-2 and n-3.

18. A method for detecting high frequency luminance motion of a current frame of a
component video signal in the presence of chroma, comprising the steps of:

receiving the current frame signal and a plurality of previous frame signals;

demodulating and low pass filtering the YC signals from the frame signals to
generate two sets of chroma signals;

computing circuits computing absolute phase differences PDU,/PDV,, from the
two sets of chroma signals;

taking the maximum between the PDU and PDV and duplicating the values to
generate intermediate high frequency luminance motion;

smoothing the intermediate high frequency luminance motion values;

coring the intermediate high frequency luminance motion values;

multiplying the intermediate high frequency luminance motion values; and

clipping the intermediate high frequency luminance motion values to generate the

high frequency luminance motion signal.



generate two sets of chroma signals; conputing circuits conputing absol ute
phase differences PDU,,,/PDV,,, fromthe tw sets of chroma signals;

t aki ng t he maxi num bet ween the PDU and PDV and duplicating the values to
generate internediate high frequency | ugpd nance notion; snoothing the

i ntermedi ate high frequency | um nance notion values; coring the

i nter medi atje high freguency. | um nance tion val.yes,, nultiplyin he

| nter medi 406 nil R PR EnaYm I HEReE T BReURRIEe! it P fehdnge

i nternedi giree fagle sigrRTH GREY atelftuP dBREdUTRLE REcM efhat SacleRBALRtdINGrcufti gh
frequency | um nance notion signal. 23 19. The nmethod of claim 18, wherein

when t he  priferansideppogplagpeon one fremgignel gnal s are three frane signals,
there are four denodulated circuits so that each denodul ated circuit
perforns denodul ati on on one franme signal. 20. The nethod of claim18,

wher ei n t B6. ab¥hat uicthqheSeaidi 18 ewksreiashErbivhRDYRRRr Efferefdas B, /RD0Q) geng to
bel ow equations; PD U= D Un,,,, -.DUn,,,1-12 + DUn,,,,-2 - DUn,,,,-3
PDV= Dvn, computegygecordingyp below squatiogs: | -3 wherein PDUM PDVm denot e t he

absolute% differences in chroma gonpenents U and V for line m
Dunt, n, , %ﬁl-‘lr,él%@m_ o84 evne?t"eDggvnﬁﬁul ated chroma U signals from
frame n, npphpyn=H@nd py3; anshyDVm pyy DV n-L DVmn-z, DV,,,,-3 denote
denmodul ated V" sigidl s ?/i‘"b‘fn %ﬁéz n, A1’ n-2 and n-3. 21. A notion

det ecti onysysLPFHUOIPISEL %ﬁdt? %é%tsblzafbs%%‘&e ﬁif?e&’ér{cgé‘ {no(lt}lrrgrg% fclf?%lg{?negx?s”@ QRgnt

vi deo signal, conprising: a [um nance tiron detec ed for
det ect i ngVl fownlihe equigy, DU n&Hée,.,, Wil onicheteWemodalated eshtorfia Bnsdgraisdfrom

previ ous franme; a, phase tion . detector configured for detecting average
differ encéa@ﬁrrbrfﬁl’n’&%i Wﬁet%eﬁ{/@heggm'w-ﬂ’ebﬁ.ﬁ-?’ mah §EBO1H | dGRPY S?goY
previous §ibAdIRFomdarA8ERANN al-ednphase notion detector configured for
detecting average difference high frequency |um nance notion between the

current frame and a plurality of previous franes;
21. A motion detection system for detecting motions in a current frame of a component
video signal, comprising:

a luminance motion detector configured for detecting low frequency luminance
motion between current frame and previous frame;

a phase motion detector configured for detecting average difference chroma motion
between the current frame and a plurality of previous frames;

a demodulated phase motion detector configured for detecting average difference
high frequency luminance motion between the current frame and a plurality of previous
frames;

a max circuit configured for taking the maximum among these three motion values;

a saturation circuit configured for clipping the maximum motion value; and

a SH-max circuit configured for processing the maximum motion value in a 5-pixel

horizontal window to generate the final motion value.

22.  The motion detection system of claim 21, wherein the luminance motion detector
comprises:

at least two vertical low pass filters (VLPF); wherein one of the at least two VLPF
is configured to low pass filter at least three line signals of the current frame received from

a signal input, and the other of the at least two VLPF is configured to low pass filter at least



a max circuit configured for taking the maxi rum anong these three notion
val ues; a saturation circuit configured for clipping the maxi num notion
val ue; and a 5H max circuit configured for processing the nmaxi mum notion
value in a 5-pixel horizontal w ndow t% generate the final notion val ue.
22. The notion detection systemof clai'™m 21, wherein the |um nance notion
det ect or ri ses: | east two vertical |ow pass filters (VLPF); wherein

Cco a . : ! :
one of t thS‘{TBIPee%g?alﬁ Hohepromonp Sapsresgirddiom S sigpapapyt; pnd Wéﬁrea{tt Peast
three 11 n@est@nalnffubd® CHehEl obedhith LEFEWVE W pATI@AkINAl | nput, and

the other of the at ast two VLPF I's configure ow pass filter at
| east 24 t hr ee subtrestgicgniagsedio rebwypowpits fionf tha ey pesdiltesstd wheeim thee si gnal

i t; d wherein.t det [ fi d t ti f
et o | O HREE oGl el N o At &V BEcR BN put's

fromthe ligwepassighhl difft@ncddherein the subtractor is further configured to
subtract the |low pass filtered line signals to generate |ine-conb signal
di fferences; aaherizongsdtew presviilpasenfiguredsto reenive quipusslfrom the swditsaetosut put s

cont | gur edteiss P el T s MRS HenRl ERRELhe bhEhonf aetocei bi o

i nt er f er edicrancectoreaxomde psisthi@inteferaes of UhdnfirkGdid; configured to receive
outputs fromthe horizontal |ow pass filter; wherein the absolute circuit
is further conf} gRfPEYe siscuahaoptgrred frurepeiynpriptts fism thedorigontpldew pass filkkesi ed

| i ne- Conbw'_ﬁ-blgﬂlatjhe dbddi&E @ﬂ&ﬁ?is%&xﬂ%‘?@gﬁf%@ A%Vgxfté&qﬂgﬂx% i @o?%clg ass
difference;, a coring circult configur Foracarve ou But's f rom ¥ He
absol ut e fiterediling-codnbrsignal differencsno penetate taw frefsenty hirhi@anceatifférgtideed t 0

el i m nate possi bl e nai se i n&gqr fﬁ‘ﬁr ence fromthe | ow frequ,enc,%/ | um_nance
T ;

di fference; a MEPTIGTTUH ceBhgEliodgeaye pupws vomptie ghtcdutr cHyiE eheedn g
circult: WileQlioul Rl donBlelnRl b SRR AR doReefibithd HR dolse- T ee

| ow frequency | um nance difference; a saturation circuit c igured to
recei ve ofieguensy fununanchdif§aenceati on circuit; wherein the saturation circuit

is further configured to clip the noise-free | ow frequency .| um pance
i ference to BpIGPET STHEHSY BASEREGUTS Bam iR corine TiGHT vRgHeRs
| um nancemuliiplieOR cbBfigdrb®totMkiBRL th haiRE-fred Fow FRGudRRY RRindeleahitRRces ¥sd em of
claim 21, wherein the phase notion detector
a saturation circuit configured to receive outputs from the saturation circuit;
wherein the saturation circuit is further configured to clip the noise-free low frequency
luminance difference to appropriate motion range to output the low frequency luminance

motion for the current frame.

23.  The motion detection system of claim 21, wherein the phase motion detector
comprises:

a phase difference (PD) computing circuit configured for receiving from a signal
input the current frame signal and a plurality of previous frame signals, and computing
absolute phase difference values;

an enhanced chroma motion values (CD) computing circuit configured to receive
outputs from the PD computing circuit, said CD computing enhanced chroma motion
values by incorporating motion contributed by the quadrature chroma modulation using the
absolute phase difference values from at least 3 lines;

a horizontal low pass filter configured to receive outputs from the CD computing

circuit, said horizontal low pass filter smoothing the enhanced chroma motion values;



conprises: a phase difference (PD) conputing circuit configured for
receiving froma signal input the current frame signal and a plurality of
previ ous franme signals, and conputing absolute phase difference val ues; an
enhanced chroma notion values (CD) conyying circuit configured to receive
outputs fromthe PD conputing circuit, said CD conputing enhanced chroma

notion values by.incorporatin tian contributed by th uadr at.ure chroma
modul ation usi AGOTHETIEETTEET sects PHBMEfEm Pagleomadiy aesy By 3
lines; a badcay alcult@dtin@ R shidotiRl cfRAHckd UhBfhatRoti@GRINes, out puts from the
CD conmputing circuit, sard horizontal |ow pass filter snoothing the

enhanced chr o Hfinlish cen guesst to 26ceive aitputnfomi the eoringeaineit crardeultiplierecei ve

outputsfmﬁﬁ i i We) ass_filter, .said corin ircuit coring the
snoot hed en gﬁgﬁlﬂgﬁeﬁ @é&%ﬁhyéng @glcﬁreeéi;en]&arﬁﬁﬁfitcﬁrﬁmaelpo%odﬁfai%éeﬁr to receive
out puts from t heate@rtibNgirQir @uifigured ab ecBivee iufPutLiom i hiiiplieQ 8dit gataReof Or

mul tiplying the cored enhanced chroma notion val ues; and a saturation

circuit cHRUGIFSE senfieuesd fpe copipatthe mulipliadecnbancer phrema mosiog wiestat i on
circuit fE&EﬂﬁéﬂﬁQﬂﬁh&H58gm{ﬁgmﬁ]ippi”9 the nultiplied enhanced chroma

notion varfues to generate t chroma notion signal. 24. The notion
detection system of claim 21, wherein the denodul ated phase notion

det ect or nprises: .a plurality of deppdyl ation circuits configured for
recei vi ngf‘f-he Lt piction Retegion @YS@%P & anélpwé}fz@m thy d%moep@mdo&}w Pgfign
signal s, @éié’ctm%s@st:i ng and | ow pass filtering the YC signals fromthe

frame signals to generate two sets of chronma signals; a plurality of
conput i ng ci r cuiplwalitynéfi demedhlatmnr eicwiits ecomdigpuet! sfof resritihg thdenodut! fahen

circuits, _.sai,d plurali. f conputing.circui further configured..far
comput i ng™ a%@PEtaeplﬁliﬁlgé)éo d??flgggﬁr@’élf%% ?Eﬁi/ﬁ?’fl%‘f#tf%’eaq “gg?fsé q‘grfen%r oma
signals; felVaX6ighdl§ G the BaeGIMER tb Qed@RBHWE s@YbP&HrSmb ERANKNe conputing
circuits, said maxd circuit further configured for taking the maxi num

bet ween the PO WPlailitprvfy camautietiptifcuits | eqntigheedy 40 utsseive getpaisafiom the
I nt er red %B‘I?ocﬁllagilanf ES&H&”%@S urgﬁﬂlc of m@ér‘nglrﬁ(i:r}%? c?r%{lil,tsz gfg%ttgér lﬁ§? I1§Jgr§(f tit Llter

configure 0 receive outpu rrom’t he rax cui al’’ | ow
pass fil t@mputinghbsolute phasguifetedes PRMEPDVYGrdrh thel tiboeeRd icRiotha Nigals;

frequency N . . o .

a maxd circuit configured to receive outputs from the computing circuits, said maxd
circuit further configured for taking the maximum between the PDU and PDV and
duplicating the values to generate intermediate high frequency luminance motion;

a horizontal low pass filter configured to receive outputs from the maxd circuit, said
horizontal low pass filter further configured for smoothing the intermediate high frequency
luminance motion values;

a coring circuit configured to receive outputs from the horizontal low pass filter,
said coring circuit further configured for coring the intermediate high frequency luminance
motion values;

a multiplier configured to receive outputs from the coring circuit, said multiplier
further configured for multiplying the intermediate high frequency luminance motion
values; and

a saturation circuit configured to receive outputs from the multiplier, said saturation
circuit further configured for clipping the intermediate high frequency luminance motion

values to generate the high frequency luminance motion signal.



| um nance notion values; a coring circuit configured to receive outputs
fromthe horizontal |ow pass filter, said coring circuit further
configured for coring the intermedi ate high frequency | um nance notion
values; a nultiplier configured to recejve outputs fromthe coring circuit,
said multiplier further configured for"multiplying the internedi ate high

frequency .Lum nanc tigon values; and a satyration circuit configured to
receive o %'put WWﬂregﬁmtmgpmpfé?r}s 18 EUrEeRt diame In? CRPIFRE VIdGP tSHEAL

confi gur edaifl Gletfdd BRIpAGink Mg fdﬂb@qﬂéesqé@to@: hi gh frequency | um nance notion
val ues to generate the high frequency | um nance notion signal. 26 25. A

met hod for det éefedting lowt fregeency laminanee ntotibn dretwerh aurcohfenenands premus
si gnal , alind, met hod conprising the followi ng steps of: detecting |ow
frequency TUM nance noti on between current frame and previous frane;

detecting aver agectiigl 4veiaiRCeiffidmRBBchidhs QotREt BBIRRed NBe CUfreANFrambad® and a
plurality of previous franes; detecting average difference high frequency

| uni nancePkERlitvAf PeYieefiamps current frame and a plurality of previous
frames; taking . i t.hes hr notion_val ugs; l.ipping.the
d{:/t@ 1n§%§%@dﬁ@%e.h}_§1 ﬁﬁc@ler&éillurrrndﬁance moglﬁ)%soaef%eee%i ’dﬁg gu%%lé i xel

maxi num noti on valu processi m not i
hor i zont aframe aodwpiuvalge vepatous ilamek;i nal notion val ue. 26. The method of

cl ai m 25, vvherek(n the detecting | qw frequency | um nance notion conprises
the fol | owi ng SKBgIhGmaximgip ameng theps Wrgeipotiin Yaigst three |ine signals of

the current frg iﬂgetﬁg%ﬁ‘a‘iﬂ?ﬁrﬁ%tﬁ)n v%l&“?r{dfi nput; |ow pass filtering at
s o

| east three |ine signa the previolUs frame received fromthe signal;
wher ei n t he tworobepsingdbes nfakinhen inng®navabuediares-pixet horismttd] windes tto geddratg t he

| ow il din i gnal ner i ne- i gnal i fferen X
oW pass {heﬁtnglrrggnonvauégasto generate e-conb signal d erences;

26.  The method of claim 25, wherein the detecting low frequency luminance motion
comprises the following steps of:

low pass filtering at least three line signals of the current frame received from a
signal input;

low pass filtering at least three line signals of the previous frame received from the
signal; wherein the two low pass filterings are done concurrently;

subtracting the low pass filtered line signals to generate line-comb signal
differences;

horizontal low pass filtering the line-comb signal differences to exclude possible
interference of chroma residue;

extracting the magnitude of the low pass filtered line-comb signal differences to
generate low frequency luminance difference;

eliminating possible noise interference from the low frequency luminance
difference;

multiplying the noise-free low frequency luminance difference; and
clipping the noise-free low frequency luminance difference to appropriate motion range to

output the low frequency luminance motion for the current frame.



hori zontal |ow pass filtering the line-conb signal differences to exclude
possible interference of chroma residue; extracting the magni tude of the
| ow pass filtered |line-conb signal differences to generate |ow frequency
| um nance difference; elimnating possi%)}e noi se interference fromthe | ow
frequency lum nance difference; multiplying the noise-free | ow frequency
| um nancedi fference, and.clipping the nqise-free | ow.frequency |un nance
it terencd to dBrbgeREefist P5 P fhrkigant §etGing flreddiiririier s Spion

| um nance comptiss theofollbWengCdtépsemt frane. 27 27. The method of claim 25,
wherein the detecting average difference chroma notion conprises the

fol | owi ng st ep&csiving igemaiasigngl Mpshihe cutiren Atanersianal anea plyralisnef frewaes si gnal
and a pl ugali.ty,9f.. previous franme signals; conputing absol ute phase

di f ference val U8S between the current frane si gnal and the plurality of
previ ous framecamputigsabsclotgphiasadi flerehadeatokstetwdsn thotureont framyefnkisdndg t he

absol ute phase difference _ val yes; snoothing the enhanced chronma notion
val ues; @‘t?rﬂi‘?@gftyﬁgp§%‘ﬂ%sﬁéf’dmeﬁ%%ed chroma notion values; nultiplying

the cored enha @&ﬁnﬂl.txtiﬁg]éﬂggrrdw tch%avlﬁ!)ﬁ'&ls‘é/al@ég%sﬁlgi tRPLR 1k A lhtf.fepénicﬁ d 28

enhanced chroma ues to generate the Chroma notion signa
The net hodaloés;cl ai m 25, wherein the detecting average difference high
frequency |um na% i ri ses the follow ng steps of. receiving the

tign co
current frame §P§ gﬁlg %erﬁlaﬁ?qﬁlr Ry meHon valueSus frane signal s;

denodul ati ng apstidgane RASSthEd bARNEAHARa Xiotioh 9A@ks from the frame signals
to generate two sets of chronma signals; conputing circuits conputing

absol ut e phasemgitiflyng theesorgeDlohangePpironia motiohealugspendset s of chroma

sionals: taki nggfife BRXhIHIBHRE ARERel "Erdht nfiin FRIANS GBI okl
motion signal.

28.  The method of claim 25, wherein the detecting average difference high frequency
luminance motion comprises the following steps of:

receiving the current frame signal and a plurality of previous frame signals;

demodulating and low pass filtering the YC signals from the frame signals to
generate two sets of chroma signals;

computing circuits computing absolute phase differences PDU,,/PDV,, from the
two sets of chroma signals;

taking the maximum between the PDU and PDV and duplicating the values to
generate intermediate high frequency luminance motion;

smoothing the intermediate high frequency luminance motion values;

coring the intermediate high frequency luminance motion values;

multiplying the intermediate high frequency luminance motion values; and
clipping the intermediate high frequency luminance motion values to generate the high

frequency luminance motion signal.

29.  An YC separation circuitry for separating a current frame of a component video

signals into Y and C signals, comprising:



generate internedi ate high frequency | um nance notion; snoothing the

i nternedi ate high frequency | um nance notion values; coring the

i nternedi ate high frequency |um nance notion values; nmultiplying the
intermedi ate high frequency |um nance n@gion val ues; and clipping the

i nternedi ate high frequency | um nance notion values to generate the high

frequency | um motion sianal - 29.. An YC se ati.on ciyrcuitr r
separating a CE?F&@%{ qug% ac(rer){ere%_% ™ gﬁﬁr&ﬁe { 4?%’&@8&)%? éﬂ%ﬁ“ée FIHPI(S’&Y:%WE?%@“ _
signal s, obetween ungnt @8 neddlihoked clireie HdrpreviatOling enflediuhe: frohe doieat i ng
the relative chroma correl ati on between current and next |ine and current

and previ 88831 IPRE: of the current frame froma signal input; a line conb

configured for  rnepoyd t i du . S| l; a
frame conb com?i gur(\éd 8%%%??&?@%&% @%ﬁéﬁlﬁa&r %&g{%ﬁg‘fe émrlf‘ l[h%i? from
the curremnalfrane signal Y,n,,, using a subtractor to generate the frane

conb output; a tion detector onfi‘gqured for detecting notjons in a
current frame BfT4Re CORPSREHEUGE dosbtigRang a Previques frame signgl Eont frgir bg to

recei ve OufiméH: $rahfcdBrahe, | 188 59153%1];21_@{?)91 tgg 1€ M ramS@nth Qg@!  Circuit

further configured extracti ng the final ean chroma signal” using a

wei ght ed sum oft phen alstestoputqndigpred@2for detectingametiomstin cutcpirent £a®B; ofand a
subtract or_configur.ed .tolrecei ve outputs fromthe notion detector, said
subt r act o?om??ﬂepﬂ‘éﬁde%f‘)‘ﬁ?? gured for extracting the final clean |uninance

signal . 30. The nYkesa@RaltalohAfured i€ tckivk Rfputd 8L RO 1in¥eH8iand tthehd &ing,- | i ne
correlator A _conprises: a narrowband filter configured for isolating the

sub- band &fd tRigerycirpyit dwithes eonfiguied extragtingatie fingneledre cvomzi gjgedl dsingat he

signal in ent;. circui onfj,gur to receiye outputs .fromthe

narr O\Aban%é#%h%{dgsg%n (gs}tahng °°§’f%é) |pé1?ft8fzjlérg’@ﬂ|8?r§mfe§|9ﬁ?eoru %u3h¢+%ra39 for conputing
the gradi ents etulitictoeRbn@gdedXlecdivOBuPid fromy! fieabti NEetEt@Y kAd SubtiRrusi ng
narrow bapd- passed YC signals; horizontal |ow pass filters configured to

receive o ¥ condigyrrdipecxiragimethe fimpl elggn lyminance signal.

30.  The YC separation circuitry of claim 29, wherein the inter-line correlator
comprises:

a narrowband filter configured for isolating the sub-band of the YC interleave
frequency band from the YC signal from the signal input

gradient circuits configured to receive outputs from the narrowband filter, said
gradient circuits further configured for computing the gradients of current and next line and
current and previous line using narrow band-passed YC signals;

horizontal low pass filters configured to receive outputs from the gradient circuits,
said horizontal low pass filters further configured for smoothing the gradients; and

a function circuit configured to receive outputs from the horizontal low pass filters,
said function circuit further configured to output the weight for the line comb filter

between the current and previous line.

31.  The YC separation circuitry of claim 30, wherein the gradients are computed

according to below equations:

Gx,m,m+2 = maX§YCX+1,1n+2 - YCx—-I,m s YCx—l,m+2 - YCX+I,n1 };
Gx,m,m—2 = maX%YCx+l,m—2 - Yx—l,m H YCx—l,m—Z - YCx+1,m };




said horizontal |ow pass filters further configured for snoothing the
gradients; and a function circuit configured to receive outputs fromthe
horizontal |ow pass filters, said function circuit further configured to
output the weight for the Iine conb filggr between the current and
previous line. 31. The YC separation circuitry of claim 30, wherein the

radi ents are.c ut e accordi ng to bel ow equati ons: n,,nr+2 =_
XY Ox+1 PRETESY O e empies thﬁcﬂ@%%nﬁﬁ%m?&m Bk} Hngsanf], G . o the gradients

max~YCx+1 2 - Yx:1 m11l YOxz|l, m2 - +1,111 | 29 wherein N 4
denot es t Rg&a?% PGPS VIgHS iy PR baniplgy Xng&m fsfere to thy gorposite signal gﬁsae’wée X
gr adi ent sandfinctr rent and previous line of a sanple x; YCx,,,, refers to

the conposite signal of sanple x and line m 32. The YC separation
circuitry of claim31l, wherein the weight for the line conb filter between
the curre an | Jine. I erated accordin o. t he .bel ow.eguat i on:
K 5B =8 meond RGP ey BEORNASPRARERU e Cop IR The
wei ght f obettvaen thiererrestrand prdvidis 1@ Y\ RrdtdtPaceidiRb tidklowlegidtRus | i ne;
G,,iii+21p denotes the | ow passed gradients of current and next l|ine, and
G,,.,ii_21p.the grafi.ent,s of current and previous |ine. 33. The YC
separation eifcuigry. of «lain'29, wherein the line conb conprises: a

.

wi deband filter cdhffurédtor filtering out the I ow and high frequency

si gnal andhereRt Bl ADNY defihed ddetWwagmERs hdBRRA cHhb HillePbefRARe Yurddf afd
signal; a plurality of subtractors configured to receive outputs fromthe
wi deband pieviows lines &, g, dermttdst the dbws pissedgradiants of cheentcanf heurlé, faod
conputing the inter-line differences; and a m xer configured to receive
out put s f Gpm,t,hie gradienscefousrentsaidcpredioeslifeur t her confi gured for mixing the
inter-line differences in corresponding to output signal fromthe
inter-line correlator; thereby outputting a weighted sumof inter-Iline

pi xel differences,and the weights re determ.ned.. 34. The YC separation
ci rcui trygggf Qfléﬁ %af ,ar%@rcéfcﬂl %%f%m ggnw ’Eeé‘?:ﬁ’ﬁrlmEG i°SBYISE | uni nance
ot i on det ect of wed¥Bhh DB &LohALUEE F&CHikdMh gl RMH 16 W UAAGYeH HEAURABF Signal and

retaining only the frequency band with interleave Y and C signal;

a plurality of subtractors configured to receive outputs from the wideband filter,
said plurality of subtractors further configured for computing the inter-line differences; and

a mixer configured to receive outputs from the subtractors, said mixer further
configured for mixing the inter-line differences in corresponding to output signal from the
inter-line correlator;

thereby outputting a weighted sum of inter-line pixel differences and the weights

are determined.

34.  The YC separation circuitry of claim 29, wherein the motion detector comprises:

a luminance motion detector configured for detecting low frequency luminance
motion between current frame and previous frame;

a phase motion detector configured for detecting average difference chroma motion
between the current frame and a plurality of previous frames; and

a demodulated phase motion detector configured for detecting average difference
high frequency luminance motion between the current frame and a plurality of previous

frames.



notion between current frame and previous franme; a phase notion detector
configured for detecting average difference chroma noti on between the
current frame and a plurality of previous franes; and a denodul ated phase
notion detector configured for detecting,average difference high frequency
| um nance notion between the current frane and a plurality of previous
frames. 30 35. A nethod for separating a current frane of a conponent
video signals into Y and C signals, said nmethod conprising the steps of:

det ecting3the nehathbd €orGBpaHEnLHEUring fradR JFalooRPBnéd K IdRD kighd iMeXt add 0e and
current and previous line of the current franme froma signal input;

renovi ng fgBals.egidinehed eoinprging dsistpeofir om t he Y signal ; subtracting a
previ ous frane,si I . C f ane i Y, ing a
subtractor to Séth%p%tﬂelg{ ﬂgtwe;%&érﬁ%‘g%&gﬁ%ﬁ?{;%ﬁ& ec f?flé‘ﬂrl;%{t ihgﬁs? h‘i'1 ﬁmggm
current feahprevioualicoofthaentrentifdae fforgaaignakxputacti ng the final clean

chroma signal usi n9 a_wei ghted sumof |ine conb_output, C2D, and frane
comb out put, cfe;nﬁ‘ﬂngaﬁ*?af%g’elfl%tc a1eaidps Ham the Xaenalini nance signal . 36.

An article of GGG dbfovik® TRbeNigR v, ! B6G HEburrdh /2 e%aﬁg@gaﬁga: a

YC separation circuitry; wherein the receiver 1s couple
separ at i opubteactor ta gangragitie danfe qpuibeaitpud; pr ovi de conponent vi deo signal s;

wherein the YC,separation .circuitry is confiqgured.fo separate the
conponent Vi deggtg‘ﬁ’é‘ﬁéﬁ’%“qnﬁt‘%awlﬁﬂﬁ eSS ne@i"&’ﬁ‘?ﬁlsb‘%ng@ai d YC separation

circuitry conpgitidcifig thRfialtRAn bhidthaC@idabLahoh wasibosedr fins colgb 8abplng the
relative chroma correl ati on between current and hext |ine and current and

previ ous (iAE, ¥ frame eaml ewtput Cad; afd om a signal input; a line conb
Frame conb confl Bu LA EHRR R0 S Mevi ous rame Signal Yool
from

36.  An article of manufacture, comprising:

a receiver;

an oufput component;

a YC separation circuitry; wherein the receiver is coupled to the YC separation
circuitry and configured to provide component video signals; wherein the YC separation
circuitry is configured to separate the component video signals into Y and C component
signals, said YC separation circuitry comprising:

an inter-line correlator configured for detecting the relative chroma
correlation between current and next line and current and previous line of the current frame
from a signal input;

a line comb configured for removing the redundant chroma residue from the
Y signal;

a frame comb configured for subtracting a previous frame signal Y, ,.; from
the current frame signal Y,,, using a subtractor to generate the frame comb output;

a motion detector configured for detecting motions in a current frame of a
component video signal;

a mixer circuit configured to receive outputs from the line comb and frame
comb, said mixer circuit extracting the final clean chroma signal using a weighted sum of

line comb output, C_2D, and frame comb output, C_3D; and



the current frame signal Y, using a subtractor to generate the frame conb
output; a notion detector configured for detecting notions in a current
frame of a conponent video signal; a mxer circuit configured to receive
outputs fromthe line conb and frame opnb, said mixer circuit extracting
the final clean chroma signal using a weighted sumof |ine conb output,

C2D, and frane conb_qui pu C 3D, .and 31 a suptractor configured to
recei ve outputs frof® %tgac&%-t ?Oélﬁgﬂte@flgt&%ﬁwesgPt@’ugu%?rpatB? 6?0(%1@%&3%9? T he
final cl esubtiauit Bareeng i@ falal alReh lumMiggRi RighBear@yt put conponent is coupl ed

to the YC separation circuitry and configured to receive the separated Y
and C conponen¥heicih e output cymporgnt j ig | eoupkednien thiea¥CusepasAtion eirqwitgs and

wherein t j i f - sisting of chip,
t el evi si OE&%%égﬁgsedgthe;ﬁé \gﬁ%glgaged(%%g%i g&?ﬁp%h%%gfﬁ%gféér s or recorders and
set-top-boxes with conposite sources or sources that have conposite

conversiop_in | east one stage of processing prior to input.
Q7. ﬁle artlc?e oto manu%act%re of claim 36, Whegene the article 1s s%lected from the
group consisting of chip, television, display sets, video CD player, DVD players or
recorders and set-top-boxes with composite sources or sources that have composite

conversion in at least one stage of processing prior to input.



