1 PHASE MOTI ON DETECTOR FOR BASEBAND YC SEPARATI ON Fi el d of the

| nventi on [0001] The present invention generally relates to video
signal processing, and nore particularly to a phase notion detector
for baseband YC separation for inage qual ity inprovenent. Background
of the Invention [0002]1n conmposite video television systens such as
NTSC and PAL, | RBHASEMEOHON BRTECTOR EORMBASERBANID YXhAERAR AHIQN on
of the total signal bandw dth. Wile cl ean separati on between

| um nance and chrom nance is highly desired, current video signal
decoders misinterpret the sharedpiah@aAfvaitdnchr om nance
information, resulting in cross color and dot crawl. Both are highly
disturbing artifacts. The term"cross color" refers to corruption of

t he chrom e spe . i si.nterpretation of .
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fromfrang to frane. Conversely, the term"dot crawl " or "cross

| um nance™MPEFMEREILt o corruption of the |um nance spectrum by the

m sinterpretation of chrom nance information as high-frequency

| um nance information. Dot crawl manifests itself in patterned high
anpl i tude noi se. [0003] Bot h aBackg@uadadthdveatdoiwed by sel ectively
filtering video signals during signal processing. The filtering
process usually enploys a 3D conb filter conprising at | east one |ine

conb filtgmpesnd at leashpRpe vfde@r{@legﬁ{g‘ﬂ dybtenS suctfad F%Ccﬁgtﬁ%i,l fufifinance

can reduce such artifacts but 1ts effecti'veness is limte
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decreasing the vertical, resolutign. A franme.conp filter, on the other
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the cut-off frequency of the |low pass filter, the performance of 2
itself in spectrum of bright colors changing from frame to game. Conversely, the term
“dot craw!” 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

is no motion. Depending on the cut-off frequency of the low pass filter, the performance of



the 3D conb filter varies. If the cut-off frequency is high, sone
notion due to cross |um nance nmay be fal sely detected and the 3D conb
filter's effectiveness is reduced. If the cut-off frequency is |ow,
notion with higher frequency content nmay not be detected and notion
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Brief Description of the Drawi ngs [0010] Preferred enbodi nents
according to the present invention wll now be described with
reference to the Figures, in which |ike_reference nunerals denote
like elements. [0011]FIG 1 is a functi odal bl ock di agram of the

circuitry of the notion detection systemfor the NTSC standard in
accor danc&agibesn daleycdriyouifiamet busfer forea prewsdine.i Hhe diniomee [@GIG] the Guizent

shows exe ) e LC clreguktries for,the.l,um nance _.notion \
det ect or %W%ﬁgéncﬁgr%%%r%@w#%tl?%ﬁla%ﬁ& %a&af s the_llaﬁ)”fﬁ% ,fra{nﬁeso as to obtain a
smoot hnes surditanet difkerchod/ T0%addalg, bher@hastcen@ith 06 oBRIRAL e tHOBIAPGite
i n accordance w tpgone enbodi nent. of the present invention. 4

[ 0013] FI GVElegrnasnel bap ravesspiniaugh & bandipaps il anddapbesn ptiseied fiom therluma

NTSC st an d i r 2 Wt r hodi.peng, of t Fese
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the present inventipn. [OOISLELG § shove gn exemplary circult of the

cross |unf %@@Eﬁﬁﬂ‘é“g ot ehtpingd @ ¢ ala ¢ 8
subtracted from the chrominance data of the previous two frames. A detecting circuit
calculates a motion factor by selecting a number which is bigger between the luminance
difference and the chrominance difference.
[0008] 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.
[0009] Hence, there is a need to detect true luminance and chroma motions,
especially chroma-only motion and high frequency luminance motion. Furthermore, the
motion detection problem in baseband is more challenging than in composite domain in

that there are 3 corrupted component inputs not guaranteed to be generated by

complementary decoders.
Brief Description of the Drawings

[0010] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0011] FIG 1 is a functional block diagram of the circuitry of the motion detection
system for the NTSC standard in accordance with one embodiment of the present
invention,

[0012] FIG 2 shows exemplary electric circuitries for the luminance motion
detector 101, the chrominance motion detectors 102/103, the smoothness detectors
104/105, and the phase motion detectors 106/107 in accordance with one embodiment of

the present invention.



2001 for the NTSC standard in accordance wi th one enbodi nent of the
present invention. [0016] FIG 6, there is provided an exenpl ary

circuit of the cross chroma suppression,circuits 2002/ 2003 in

accordance with one enbodi ment of the pr4esent i nvention. [0017]FIG 7

is a functional block di agr am of a video signal processing systemin
accor danc®MMBk h one F¥abbsheawhanogxepiplarp reiseiy phlenniosion Jatke] for QVBSC
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wi th one enbodi nent e present vent1 on. “Shows™ an
exenpl ar y2@0T fouithe WTSE sandotliimacodetaact with bor ertbddisieandahepiesent invention.

d 1.th r enbodi.nent of the present inventjon.
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as shown in FIG 4 for PAL standard in accordance w _ |
of the prawemfion.nventi on. [0022] FI G 12 shows an exenplary circuit of

t he cross oma su ssi ircuit 002/ 2003 i,n the baseband YC |

separ at i ol}?ﬁlgﬁr]r cui trgﬂigdf)?gﬁm@%ml?ﬂ‘ fggay &V‘éﬁ?_sgf%lrm%‘feé“% system In
accor dancgecotdafcOWih end adbod MenOdf thdfreRine §RBLtidmventi on. [0023] FI G 13

shows a functional block diagram of a notion detector disclosed in

the priorl08#8]. Det aFied ivedenctipnal diockrdiagem joff emeirairy of the motion detection

system for the PAL standard in accordance with one embodiment of the present invention.
[0019] FIG 9 show exemplary electric circuitries for the luminance motion detector
1101, the chrominance motion detectors 1102/1103, the smoothness detectors 1104/1105,
and the phase motion detectors 1106/1107 in accordance with one embodiment of the
present invention,

[0020} FIG 10 shows an exemplary circuit of the motion detector for PAL standard
in accordance with another embodiment of the present invention.

[0021] FIG 11 shows an exemplary circuit of the cross luminance suppression
circuit 2001 in the baseband YC separation circuitry 2000 as shown in FIG 4 for PAL
standard in accordance with one embodiment of the present invention.

[0022] FIG 12 shows an exemplary circuit of the cross chroma suppression circuits
2002/2003 in the baseband YC separation circuitry 2000 as shown in FIG 4 for PAL
standard in accordance with one embodiment of the present invention.

[0023] FIG 13 shows a functional block diagram of a motion detector disclosed in

the prior art.
Detailed Description of the Invention

[0024] The present invention may be understood more readily by reference to the

following detailed description of certain embodiments of the invention.



S [0025] Throughout this application, where publications are
referenced, the disclosures of these publications are hereby
|ncorporated by reference, in their entireties, into this application
in order to nore fully describe the state of art to which this

i nvention pertains. ﬂ[hr026 ] Wi | e enbodi ments of the present invention
will be dée¥2fl bed i dhrafzhpeindhist @pmlhf@tlaccmenmubgcaimw mgs refetvaced, the

speci fics i-l.s _are V|ded for the S
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be appr eciiabehis Tabplﬁcatihle npb@l%ﬁfbt mbfbVIQxHSf idegtritB Yhd@atelcR@iti t6 @hidM OV ention

enpl oyi ng the specifics and details. Furthernore, certain variations
of the sp®&itdiNes and details in the practice are permissible w thout

devi af[ i on t[&d?.?m[ the PRRE Iﬁlgocfngg tg%?%dﬁgse% ?ﬂv@ﬁ‘aod Qfﬁ?é&l dQscP pgd in reference

enbodi nmen he presen PAVent i on ere 1's provi
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in chroma ¢ pha tlon ctor detecting the high
frequency“f@gﬁﬁgﬁggoﬁﬁﬁnbﬁ? eéﬁgﬁﬁ@? ﬁ% BFNow referring to FIG
1, there igbafy ovi dedh 3né WRHLHRNR: J?RE ordbROMABARN, He ¢ ?Fd’éfi&eﬁ)’a ?Hotxon
the notion detection s&temfor t he NTSC standard in accofdance w th
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frame n and n-1 respectively; snoothness detectors 104/ 105 that

det ect pr &8 #EaueKy |lumingask ehanges; dueremingnem coliog Hictseir @k@tﬁpm fheschrpma
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det ect average’l um nance an en franes

and n-3; phaeahrtionaleroibot deteaingithe ighRGuedtgtiviniiaggy z&id&ﬁlrdd?@cl{mgd:so ns
derived fromU and V conponents. The nption detection sKsten11

further cHOp8li se a NaW sEarng s dheisds providsde fgpgtiong Ho‘é( dipgrgiof the
Circui t 608,ihioehd HIBEBI'I Qi@t%cf%ﬂ bydogn Q&Sffl'é'ﬁﬁgc's&ng%alhl ?ﬁc@a\};ﬁﬁ one

The saturat}on circults cl I'p an input ‘signal toa i ned
range, anembbdimsht nﬁxhecpresenttlménjmes”rhhencrrm detectioal systeof 160 comprises a

consecuti i xels i.n hor i tal w ndow. 0029]W.ith reference to
EoR 5! hiiRit ot deaott ARD) Bot AhPES Yoy dhkauprrg: ¥ igshor gnogain botween
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102/ 103, the snoot hness detectors 104/ 105, and the phase notion

det ect or smbties betveen feaswson dad ge! wesphctorely; smvotinesndetedtors H®4(1108 Sbatt detect

i nventi on,
presence of luminance residue on U and V chroma components in frame n and n-1

respectively; phase motion detectors 106 and 107 that detect average luminance and
chroma motion between frames n, n-1, n-2 and n-3; and chroma motion combiner 108 that
integrates the motions derived from U and V components. The motion detection system
100 further comprise a Max 606, a saturation circuit 607, and a SH-max circuit 608, which
functions will be described in detail hereinafter. The saturation circuits clip an input signal
to a defined output range, and the 5H-max circuit chooses the maximum value of 5

consecutive pixels in a horizontal window,



[ 0030] The | um nance notion detector 101 detects precisely changes in

t he | um nance conponent between franme n and franme n-1 used for the
frame conb in NTSC standard. The input zsignal is vertically filtered
to remove chroma residue, to present the best-case line-conb Y signal
for difference conputation. The output signal is |lowpass filtered to
el i m nat e [8928] possi BYith tgfergnce Hr BHa 26 dapo Aenprorided gpeplaryatledtiiglircuitries
frequency. l.um C i ar. 101 receiyes. thr NNy
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el i mi nat e8PEEYF DINg-CRBICsBENah Tdf e rletnecarrentiya hg {umipgece ragfit detectprs101 also
mul tipli eg pyeampd Eih@gf fh1s 20m Y HredRLE ’fragx%%-rll: (&G e%ﬁ'%na? lYl,ngfj et
a saturation circuit 208 o approptiate notilon rangento enérsrd Fow
f r equencylihaisignanie,.nakli eviYddhling 6IQ88] Mhe ,ohs on@a lumihhee fietedélay memory
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frame n a?‘Riie &5 ‘tif’-niﬁﬂgﬁ‘ﬁfmf’%ﬁn? il megipsies. noHEHy s3 XerHedl dow pass filiep 202
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exceeding the lower end of the overlapping frequency band of chroma and luminance
signal or band-stop frequency characteristics covering the chroma band, subsequently
filters the line-comb signal differences to exclude possible interference of chroma residue.
The magnitude is extracted by an absolute circuit 205 and passed through a coring circuit
206 to eliminate possible noise interference. Finally, the magnitude is multiplied by a
multiplier 207 with gain, YGain (G/), and clipped by a saturation circuit 208 to appropriate
motion range to generate low frequency luminance motion YMn.
[0033] The chroma motion detectors 102/103 detect precisely changes in the

chroma components between frame n and frame n-1 used for frame comb in NTSC

standard. The input signal is vertically filtered to remove luminance residue, to present



[0034] Sim lar to the |um nance notion detector 101, the chrom nance
noti on detector 102/103 receives three line signals fromeach of the
current franme n and previous frane n-1. _For the current frame n, the
three line signals are next |ine signal 7C, "+1,", current line signal
C',,", previous line signal C'"1," via 2 aroma |ine delay nenories. A
vertical beswcpspdinerqontel sipnal far diffeseset tompwaiaon. [While ¢dchshramaismdpanent U

cancel out.- of - i i | .0 generate |i,ne-co i.gnal
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t hree | i neh®hgnabiorsIdnahd ¢7p e petisiohs ieadh chroM&¥émpdiR@t &t Inddame; thus
Cmtl, n-1, current line sjgnal C'"..1, and_previous_ |ine signal o
c"1,". 1, fqréﬁ%?%&f GO eBIRaCE Kldifdised Wraich interychapgrsbly tasithenddD onFEhia this
line del ay,qpami es. The line signals are vertically filtered by a
vertical low pass filter 302 to generate |ine-conb signal, CLC'.1.

The signal®@3qQLC' an8inGlE"tolthealyniieancd enaichpddteaddr 10hetheosdsminan& motion

baseband ¢ircui i scussed in.detai ereinafter. [0035] These )
| i ne- conbﬁg%}ﬂ’éﬁ@ Peceyes e ine Sl i eéﬂb?é'_ﬁéféaﬂﬁﬁ@wsm B¢ BiEvigus
303. Its mageitUdeyife B GAER 1193413%&&@5? gi%hﬁs Gtel [fe?r fing’génafljg'mé /as CUTENt

generate internedi ate chroma nmotion CDp pass tere
hor i zont aling s\gnplalSs., prdviers 1B@Ssigel € atvieeh chnoamadittei daksy, mamdripas deekrtical

th h i i it. 306 . e|lim . j bl i .
it or for olterr Pt bis SRefffieRsol 72/ GuPrgl et Siambasg payinance
307 with gighd).to Gemdrdde (i omdnRthnel, pRgd d%ﬁcxﬁtre%ﬁ%%@%&%ﬂﬁﬁ%r%% iék%(flt_iﬁg(a@terst%r

appropriate notion range to generate chroma notion CD. [0C
snoot hnes 5083 saceives dugel bee gignae from the prevessneamon- II: mrxtnavcagra <I.due),

in chroma { he d [ uses.a structi.ve .

phase- subf bt e S Ghad PP PRaTarehaer ¢ erigsiie Yo gat shigpa frame
frame n adelaf men@rant tweechrdias lihe agtBy gRMdricd) THeIneSdi @Rdkedrel verficAY filtered
out put indicates flat region and accuracy of the chroma notion

det ect or 208/vediteal \gyy passeaiias 308 e agneraisgsesombpignal\/CLE, prideesignady CLC,
i ndepende t r i eq . .
si gnal UF&{gnng/%f ﬁ?ﬁg’%g@gﬁ%@gﬁzq grcoé%(%ﬁgcel?ag%%ngo%gw n@llg(gjr%gé/dt Hledetaﬁ
sane; thukeréioafi¢erhe sake of conveni ence, CF shall refer
interchangeahly to gither, UF or VF in this docunent. 8 [0037]As the
chroma PBH may b EisﬁfL‘EFé?Rf%'ﬂ By filfaned Cd&indudrei thedhpeioted by a
signal, 1 iorabl if f.er.enti t e.:
chroma no%ﬁb(t)lﬁ?tgf}?g B's m%%t %%ggizﬁge%seg%%ér%galgglAfg%ﬂs elléﬂgc%lﬂ{hﬁtegg# Ztge ecngrate
of | umi naimtsemedigicchheoram thatiouadlDgdow pass Hieed bye Honzontal ot posk filter 305 to
respective c%on{rnaqce notj on detectors. .The.srr.ogba‘rsles det ect or .
104/ 105 rEREUE FHSIORRANd3e0I0IUER 2 SOrigE SHSHIE S00ie chmingia Bessthle noise
102/ 103: iﬂfé%ferddc@.eFiﬁalgﬂ%e Gaghitudd is%ﬁiﬁ?ﬁ@d by Renskignal 37" with: g GAINV
previous |ine signal ,_I," for current frame n; next line signal
C', curr ef¥i2)] pmk chipppdaby @ngaturationnpigept 808 dosippiopdatsi matidn @inge 10" genbate
previ ous Jhrr%HE -ﬁén CEﬁ)038] The snpot hness detectors 104/ 105 incl ude
both forward an ackward diagonal contributions. The line signals
of currenpomwnd previtetsndotiaEes déaéodi (AgMBaAetek sl thé bRsaRRY MBihWaedesidue
dlagonal_hlqg pass filters_401/402, and backward di agonal hi gh pass
filters 4037M0oBaGoHoagHfrphhe seterioriuspt ¢ ¢anstrgetive Jphase-Tuldractiputdiagonally
vector faf:f:0r ' [ i ' -4 R Czni Cxp Fi
whi 1o t neVi B! ERBRARY R Bi] Pihd B)Ch oy s R b NTSE
/C _],", stanGird: Onuil, ouyshitihdicstex Natsregib ahd hiawadyadf the shiohnmofiod d&ector
nals are subtracted b

i | . The_f i | filt d si
bt r act GDZUBA. 2l cR TR CSEREL AE1Ed Vbys Ao fdeveideudy by
407. The sﬁ%ﬁiﬁﬁﬁﬁd@éc@&qg%h%a{emééﬂg@ eﬁb}gagééag z@»; slgw {h%%ﬁj)%%tit?%{s e eqch

subtractor 406 and i1ts nitu I xtrac absoldte circui
408. A nechrana componkdd agethe chset thas faxihouekobtf thechienva rcF elialbatiwatce

changeably to either UF or VF in this document.



9 [0041] From one perspective, the first conponent gives the average
chroma notion between frane n and n-2 while the second conponent
nmeasures the ‘average | um nance notion bgtween frane n and n-2. From
anot her perspective, the first conmponent gives the difference in

| um nance notion between frame n and n-1 and frame n-2 and n-3 while

t he seconf0@Bnponentisghe ebropeneliarf wpp e dnflyeneed byrduminaicsrresideaimechroma

frame n a 1.and {fr. =21 - 3. 2 i h chroma ..
conponent Q%n%lf l@ 1?sde%?%,geegg e‘Hﬁug%&‘g%g nbdeé\g%%y][%? %rﬁe?% as gmrr%}o fgRon- The
det ect or s sthB6hies detwcpenddHl 85 Jedhé preseicgridl lunfianaen ebstdMPand R@validate or

operations fq ma conponent, are the sanme; thus for the sake

h
of convenP}é"r’F&‘r@‘? ﬁ‘?’(égtéﬁrﬁgfeslg?ﬁ’é’? chraRane Ao siFipetoss. el herspootiypssofetopims
in this d@@ﬂmﬂ'rrec_e{\@%@]szﬁﬁ@ i Hﬁsﬁ ﬂ@%h@}?iﬁ%{c‘é%%&l giQL@éﬁuO Iﬂﬂgﬁiﬁcﬁeﬁ{t line
ep i'g

mai nly chroma notion 1nt esence o0 um nance residue an
f r equency siguati Hangevmeni bme sifie (hased povicn lohetsentab (s, ;] @6/ ddiént frame n;

receive the current frame signal,. C", a plyurality of preyiqus
frame si gﬂ%ﬁtg"@' Signial Cé”,“‘,’»:’-f’Z?‘g?Hb lipe '8}%1%?234"@ gli’#jQéeVWolh‘ﬁ 18 el

menori es. pEkRns fB/einof er medi ate notion values YCDp is conputed via a
circuit 501 according to the equation (2) below [0044] YCDp = Max
C,, +c, 11[038]Cm " - 3The smopth@ass, detgetars B 145 dubdijdeh bothotoremdvaidu bsckveayd

b hed b hor i zont al., | filt 02, and. dth h
vor ool SH Bl 85, =kt 3 BARRLY e BRATSR' Pl b Sy
nul ti pli efili&ed ban@rwedril nBYhigh SasUfiRdrs @0 1/@02 Catid bR{WatPdidesHal Al phss

motion signal, YCD. [0046] It is obvious to those skilled in the art
that the SHere 403444 withi srmmen ceeldiciente/-107 kY. b&happputedcion fondorward

um nence, SOOGS0, Y I 50, UGS A5Gyt o Rgar

11 (3) [ Ofidgdriah coftributi@s &, [T,hE, PHaSE,. TR,V GFhegek €6 1R h6AFontd FOLIEOE S the

detecti onpi?(gl. h"ll"ige forward diagonally filtered signals are subtracted by a subtractor 405 and its
magnitude is extracted by an absolute circuit 407. The backward diagonally filtered
signals are subtracted by a subtractor 406 and its magnitude is extracted by an absolute
circuit 408. A max circuit 409 selects the maximum of the forward or backward
contribution to generate an intermediate high frequency signal CFp. The CFp is filtered by
a horizontal low pass filter 410 to smooth transitions and then cored by a coring circuit 411
to eliminate small noise. A gain SmoGain (G3) via a multiplier 412 is multiplied to the
filtered output, and the signal is clipped by a saturation circuit 413 to generate high
frequency signal CF. Alternatively, circuits 410-413 may be replaced by binary
thresholding circuit to output 0 in presence of flat region and 1 in presence of luminance
residue.
{0039] The phase motion detectors 106/107 detect the luminance and chroma
changes from the temporally co-located pixels in chroma components. The changes are
made independent of luminance residue in chroma by considering the phase relationship of
the interleave signal. Chroma pixels from current frame n (C,), and three previous frames
n-1 (Cp.p), n-2 (Cp), and n-3 (C,3) in NTSC standard are used to determine motion
according to the following equation (1):

[0040] YcD = Max{C, +C,, ~C, , -C,, ~C,L,+CL M

, Jc.-¢

" n—1



frequency |um nance that may not be present as |um nance residue in
chroma signal. [0048] As each of the above detectors has its

advantages and limtations, they are conbined constructively to give
measures of notion between the frames td be filtered. [0049] Now
referring back to FIG 1, the chroma conbi ner 108 conbines results
fromindef@dkbnt detl&enooge waripedives the jfplutcemponent (pivesathe aferage? clroma
sanpling f t S |.es ~0f . i:n endent chro i.s hal f .t hat

of T un padaCtberidh e ARAnE 2 P CARERRY <Moo el i e RVerage
dupl i cat edurgivan@sponsi bgwten Rahe Aian@ACE FeafiRheBelergpedeDiiel 16t dmRRdnt
to give C2D. Sim|larly, the maxi mum hi gh frequency si%nal UF and VF

i s taken &HES dspliflsrenge) imlpmyngpgs mationdghweegoipanion gnd e-1cer figme nreand n-3

maxi mum YC amti .| i . '

Cireut o0Eahertedhl @Rt Al S, e RS LRbiE B B R g v
sanpl e r atlenddrahem-Bande-3noti on. [ 0050] To suppress fal se chroma

noti on detected froggﬁgy%%gn%e interference or tenporally averaged
notion, si¥Adl s c2D [SUFAR% CPRPNSHh Vaohd{xis direcssset! ipdppendgydly by the
output is t ool da S 60 . h

circuit 68§#s&§g?ect e%k(\%gefr\lwlf%gt EJc%rglté)ér?r&:atergé)gi ggﬁ th%%{aqegjt?@é% %}C[ng/lp’:the
0 and si grpératv@aor saste chotedednmpopesisandhe edmé;uthiin fnrctbe rselsé dfieomren(cibe,

0 to give,si.gna . This conpensat.es u t.ect.ed chroma notion by
phase ot Foil Bal aTF b IE By ds Setd (27 ool DI THRSRBmSBt | on
detector. rooh$051] Tirge fohBR! mBRéA ABtc¥BlsURD6/ 107 REEQ Maih§ dBEMY SHo e
maxi nrum 606 between the notion detected from /| um nancé YM and noti on

det ect ed Pregence i duinmanee raSijue gind g fibguency demimatdeomotér. Cliliet ple8F motion

and furth [ -1 hg nmaxi in_.a 5-pixel .horizont wi.ndo

by 5t xR ROERE Rebt R eT R ool B enpiapuiRlY et an ame
exenpl ar ysighals Wby @f,.4 h@dngp ) 9rvidahest d0ems yeiemdeRy NIR6risd ant@hdhe
in accordance with another enbodinent of the present invention. ‘

| nst ead ofi&BwHiaH mgtiohaalyes ptds insompued vig aeireit T sicperdingelodhe eawation
conbi ner @?eﬁﬁv.shom in FIG 1, the internediate output signals are
conbi ned ore'the filtering, coring, scaling and saturation
processes[oo#4it er nedi ate chroma notions UDp and VD p are generated as
before and conbi ned either by sinply interleaving UV or taking the
rmXi mum OfYCD?' :ah@x QII 11—6_"@1!;;11 ﬁ&fx,rﬂ§ﬂEtn,n¥ ’aT@:r,rm@n—g F@JHiQt-'_ (2‘9,)1—5 'TTh@)
internedi ate signal, C2Dp, is passed through a horizontal | ow pass
filter 70®@P48ori ng The owiibn vAides mepbe myocthed tiy b hdO4ortai dos phss Bltdr@02 and

circuit 705 ener at e. conbi ne hroma npti o D. . . .

[0053] | nt ST QHETET G PRGN PFEqUEREy B GrHFS PDrgimRbeglgim (@4 via o

gener at edmpitalier 504 and clipped by a saturation circuit 505 to generate YC motion signal, YCD.
[0046] It is obvious to those skilled in the art that the same phase motion detector
106/107 may be applied on the luminance component to generate YC motion values

according to the equation (3) below.

YCDP = Maxﬂym,n + Y;n,nwl - Ym,n—z - Y;)r,n—S s |K1r,n - Ym,»—i - an,n-2 + Ym,n—:&'} (3)

[0047] In this case, the phase motion detector can complement detection of high
frequency luminance that may not be present as luminance residue in chroma signal.

[0048] As cach of the above detectors has its advantages and limitations, they are
combined constructively to give measures of motion between the frames to be filtered.
[0049] Now referring back to FIG 1, the chroma combiner 108 combines results

from independent detectors with U or V inputs. In the case of 4:2:2 sampling format, the



plurality of diagonal filters and subsequently conbi ned either by
sinply interleaving UV or taking the maxi num of UV and duplicating
result via a maxD circuit 801. The internmediate signal, CFp, is
passed t hrough a horizontal |ow pass filder 802, cori ng circuit 8083,
scaling circuit 804 and saturation circuit 805 to generate conbi ned

hi gh frequeanplgs sf grdapend2f. chadme izt thet yi lupiigmak. CAEmaxiyuinechsdmampotion
t hreshol d to ut . C2F=0 Jin.presence of .fl at region and F=1 in
presence Iaﬂ%%ﬁsctakf:%gp‘gﬁlggh‘%ie% T%ﬁ@ﬁ?rﬁl%gﬂ %él,“g‘f’ﬁf“éer F?é%ﬁcfg’i by panaxD
notion si gRadis 60IJRP ﬁﬁédcm_[)@iﬁilﬁfrlﬁecﬂu@rn?éx%ﬂuh%i@b’@ﬁqﬁéhc?%’i%ﬂ&ﬂ@}? Gnd VF is
circuit 901 and con‘gl ned either by UV interleaving or duplicating
maxd not i éHepynd apbcatediby agoaxD Theuib@8die ciiendl antppmakigtun §'C motion

subsequent hori.zont al | ow Rass fi r 902 ri
cirout o0y BEFPRERdaRh M GheaR By 4 BAPIRen i eNGouc g’ i, e
gener at e doplijarddigfelsiave tie saing Bahp¥c@Pas [RaklcEotiéar i ous si gnal s
C2D, C2F and YC2D are conbi ned through a selector circuit 1002 that
sel ects Y&FPMhen | dRisvapiess felssichinamg sodien eletested drore heminanseniitarfrence pr
and YC2D vyl ' it 10 t %ﬁg:ﬁ ' el ec
accordi ngYétngpo?zg trc?fdg;eggllrl@o;lcgé? M?gggs%@e%,g?é%%t 0 %ljﬂgx ?’ﬁéeurte&ﬁg;rhe
provi ded autpuntivohal mbdifiek by hagleatwr sdHWgma flvas dleangk Mecose@Br Bistletted
circuitry in accqrdance w th one engggj_ngnt of t resent invention.
As shown PHCRFIR dirompiegisispaitaieder Sefar Aandaepal deplt syscisgtyg m presence of
COMPY | 58S iniRhRIFesith AIANHE DUBRERISLAN AL LorfifAard B uAURRLEPHSma

dot crawl artifacts or chroma r present In signal, a cross
chroma (Umosiap py pbascanotiinrdetector 200@ aveesdgimgffacemgdascmote daéaorr

artifacts | um nange .resi due esent in Usignals, a Cross [ Oma
(V) suppr E@éﬂon ci r?ﬁ? fmgdﬁ 9 ‘%ﬁuesg;;m"é’%& E‘g Sdbf WF‘W!%BQB’F%WGH
or | um napembesh deRcRH BN luhatcs 19M3ha . mafish dcbaseIRR IRIhiRhce CM,
detector 2004 that differentiate between the noving and the _
st at i onar gligfieddysa safurationatrcuis $03pendriinthso mprodessed s thamaonwelisct Bgixel
to maxi m ze.ef .l ven of. YC s ation. The baseband YC

separati oﬁor(lzzlorng:aﬁﬁl?&é%vz&SHF%%XeGlIVé@%@$' U" and V," input signals

separ at el pposz)d out pRE&ridetodiican (K245 pldviddadex¥éawl| @alisy of B motion
operation of such a baseband noti on detector 2004 has been descri bed
above. [ o8gqtiarsystenfgr NdSE sandardiip apeordanop moth apedrememeodinphizrfyhe present
circuit o cr 1 1C; I | G U 0 0

st andard {nr\{glgtgoél(')riggg%dewva 1()1%?1%_(5@_‘% ?ngﬁp %#d?ﬁ%gegr%%slérﬁ ¢ %hﬁéglﬁtc%ﬁgler
A w debanti0f ad thewn2h(AIGOM tthe fitatned ey ontpsipOfasts e dembiigdthaéore lifcofilering,

band in conposi t?, signal and conplenentary o the horizontal filter
204 shownCqTHgrEFealing ppyl sapsatigy Procgeses.o Wnigkigedity shomagnetiens EPgand Ve

retains oply ke o ARG r%g,gﬂin ' t@tﬂeml@fn'asﬁ@%lgiiéteg@ﬁio Sthvné{(-takm? the

i ne conb 2102 renoves t undant c u t he
si gnal . | makiasmaof UV aed dugickiingessult vime méxi-tinontoT]l. dhe neatmddiae signal,

Yni , novbp .gnd .previoys line Ln4 n . The i r-lLine differences are
comput ea” GeBeUB et reveiicaeitianth iahbavidties PO aung Fycuis 18 Sayoa ook
m xer 210%LHdefPARM dGuft 208402 idnSla B RImHihQIReH:Bfa hidtish C2iD1e
correlator 2106 described hereinafter 12 [00581 The inter-1line

correl at 0i0058106 detwtarsedipe ahedma high frdquenmy tgratsel/Bp awhVFp are generated via

plurality of diagonal filters and subsequently combined either by simply interleaving UV or

taking the maximum of UV and duplicating result via a maxD circuit 801. The
intermediate signal, C2Fp, is passed through a horizontal low pass filter 802, coring circuit
803, scaling circuit 804 and saturation circuit 805 to generate combined high frequency
signal C2F. Alternatively, signal C2Fp may be binary thresholded to output C2F=0 in

presence of flat region and C2F=1 in presence of luminance residue.



bet ween the current and next line and current and previous |line, such
that the line conb does not filter across contrasting col our regions.
The Y signal passes through the nan-owband filter 2107 to isolate the
sub-band of the YC interl eave frequency band. The narrowband filter
has a snmaller bandw dth centered at chroma subcarrier frequency of

3. 58MHz cd@fsdl ed tohimiw,deban@ﬁiﬁtle(éﬂndtbnl qigrraiﬁok’é@pcaﬁldliéfé@p are generated

e, - angiopel PRai BRI E R oA Yo iR RO L il ol

circuits 2308 raskbnlBPtheusicnd 90RNdhpasHRE s%nﬁlmp theds %m&%’cQYpr&cessed
for 5|an|C|tg§accord|ng to_the follow ng equations (4-5) or
[0059] G by,a Rorigoniakdeny wass fiisrfii2acening ciropity3$1 :ﬁcaimgﬁzrcm_ﬂﬂf!mdmtm@on

{0 b SR BN Sy P T T

| [ 11- 2, peosst YX, "iThe A(ax—‘i)}us[ Q060 CED, €2F arX{CD are’ combined through a selector
xmn1x1"|| & 11+1. 30 11, .,= m)4Y,i,,11-1 -
Yx-imi 1 yeirpyif 1002 B felﬁﬁtﬁ Y5241 yhsodupage &S@@dﬁﬁé@(&u‘éﬁtqwhﬁ imaxispeg of

by hor i zogi 4 dOY"CPBS/?a 'rﬁatxﬁ&lscugc]ﬁgl %ﬂ%‘i}ajr%hroirﬁrleggﬂtlé Qé’t%%tgd &@&dmg to

| ower the gra lent, the higher the correlation
possi bili t:gmtrdiatgnah@ﬂﬁl xels fromthe two |lines belong to the sane

A RN S T AR N AR

oL, o ey b St OB Uy

repr esent g’gjfebiyon hésetoani o183, thelbaseband YC separation circuitry 2000 comprises a
cross luminance suppression circuit 2001 that suppresses dot crawl artifacts or chroma
residue present in Y signal, a cross chroma (U) suppression circuit 2002 that suppresses
cross colour artifacts or luminance residue present in U signals, a cross chroma (V)
suppression circuit 2003 that suppresses cross colour artifacts or luminance residue present
in V signals, and a baseband motion detector 2004 that differentiate between the moving
and the stationary pixels such that the optimum comb filter can be selected to maximize
effectiveness of YC separation. The baseband YC separation circuitry 2000 receives Y,
Uy and Vi, input signals separately and outputs the clean Y, U,,and V,, signals. The
operation of such a baseband motion detector 2004 has been described above.
[0057] Referring to FIG 5, there is provided an exemplary circuit of the cross
luminance suppression circuit 2001 for the NTSC standard in accordance with one
embodiment of the present invention. A wideband filter 2101 with frequency response
modeling the chroma band in composite signal and complementary to the horizontal filter
204 shown in FIG 1 filters out the low and high frequency signal and retains only the
frequency band with interleave Y and C signal. The line comb 2102 removes the
redundant chroma residue from the Y signal. It has a 3 line input, next line ) Sy
current line Y, ,sp and previous line Yo inwhp. The inter-line differences are computed by
subtractors 2103 and 2104 and subsequently mixed by a mixer 2105 corresponding to

K_ 2D signal from the inter-line correlator 2106 described hereinafter.



[0062] K 2D =, GIn,nl+1+Gtn,ilt-1(8) [0063]Alternatively, K 2D can
be obtained fromthe K 2D val ues generated by the cross chroma
suppression circuits 2002 and 2003. An anpl e net hod of conbi ni ng
may be represented by the equation (9) low. GQU ", +1+G\f R |
[0064]1C 2D = (9) &QJ +Gv10l1,,0_1+G 13 [ 0065] where QU I

repr esent 5[0Q5ﬁb | ow ﬂélﬁslﬂﬁ‘?rfltf@r é@rr@a@dlm Heleste ethe t telativar ¢heoma agntrelation

next |ine.f I e s the | ow r ed

ar adi ent sl M R B et i ond ERIGRERY B e SRETure e T Com
QJ,, ", _, rdepy esenller tAmsk awnpasmef tdlber agigisad thBthﬁ% epustdRethrough the
current and pr VIO s line for chroma signal represents the
| ow pass F‘F‘Ff"éf AR 18n o plate s Sﬂlhé’aB@leél?ﬂYﬁﬁﬁteﬁﬁ@\ﬁf@ﬁ&]ﬁlelllQYrﬂéﬁﬂFlorThe

chroma si gl'aﬁ!)wyea)d[ ﬁﬁgﬁﬂl 'I;hg SR baRiwilitRCodntdl& GO ofa! fuRbarfidl ﬁ%ﬁuency of

expressed accor
3.58MHz compared to the wideband filter for purposes of less interference from luminance

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

x,mm+l

G, pmer» @re computed in gradient circuits 2108 and 2109 using band-passed Y signal

represented by Y for simplicity according to the following equations (4-5) or (6-7).

[0059]
xmanst = min{max{'Yx’”Hl ~YeormpFeszmn —Yen }s maxﬂyx,mu =Y Yeamt = Yem }}
Gepma = min{maxﬂyx,m—l —YeombFozms — Yem }s maxﬂyx,m_; SR ) ST § X }} (4
[0060] (5
G = maXﬂYxH,mH Yerm H etansl ~ Y xitm i}’ (©)
-l = maxﬂY r+lw-l T Yx—l,m | et — K\’H,m }: 7
[0061) They are subsequently filtered by horizontal low pass filters 2110 and 2111

for continuity. The lower the gradient, the higher the correlation, meaning a higher
possibility that the pixels from the two lines belong to the same colour region, Thus line-
comb output from two lines having a lower gradient should have a higher contribution
towards the final comb value. K 2D is defined as the weight for the line comb filter
between the current and previous line in the function circuit 2112. X 2D is represented by

the equation (8) below.

[0062]
K_2D= G, "
CANE < €A (8)
[0063] Alternatively, K_2D can be obtained from the K 2D values generated by the

cross chroma suppression circuits 2002 and 2003. An example method of combining may
be represented by the equation (9) below:

GU m e+l
[0064] K 2D=
B GU'm,mH +GV'

+GV'm Sl
t ' (9)
+GU hi pit—1 +GV

i+l mm-1



equation (10) below. [0067]Y_ 2D = K _2Dx(Y -)+ (1- K _2D)x(Y,"
-Y",,1); (10) [0068] The franme conb subtracts the previous frane

signal Y,"1 fromthe current frane sign Ym " using subtractor 2113
to generate franme conb output Y 3D. [0069] The residual chroma signal
is extracted via a mxer circuit 2114 using notion value, K notion
fromthe HR068band nwiheonGdE} g¢ tapres2S4healod pahefifiradbradleatbetivaern tharoeent
signal, Yow, is generated according to the equation (11) bel ow by

subt ract i agd treet liesifduahrovir eignalsUgGET", 1 caprcsyntst tHeulwivn pasefikérgd gradient
Y', with a subtractor 2115 and cli pping the output to defined pixel
range wit beavesatthe adrren aod mext line2fbt Ghrdn@Osighal ¥ G, - {dfresvmb ithnlow Yass
_ 2D+ (1- K _nmotion) x Y 3D) (11) [0071]Referring'to FIG 6, there
IS provi déitterrd gadiem|brtweei the vinkény and pidveorsringsSor GoMARIGUPDT emgiIN
circuits 2002/ 2003 in accordance with one enbodi nent of the present
i nvent i onrepidsen@nihlovepissfidteadd gridiemiriesscennhe vhrralippd eESicR linkerfotitiroma
Is alnost simlar to the cross |um nance suppression circuit. The

di fferencé’gng‘r\é t he absence of the wi deband filter for Iine conb and
nar r owban gl ter f [ -l I t ] r |

conb 2202ibrogﬁoves tﬁfelere r§d4<3;111n?{:é I gl?né r?g}rrll?eﬂ?eersF%égf%?nestg%egﬁ)ﬁ&%g et?ﬁtr}\le
si gnal . Segumdibn Cl®Bhaldw:be referring to either signal Uor V for the

cross chroma suppr essi circuit. It _ha t hree.l ine i nput, next

li ne Coi f [48% IO(llgur rgngﬁ ?%%Df,(lﬁrg*,}',bp)s*a&dlﬁL@\ﬂ)ﬁﬁé t¥ne: cA® | novap.
The inter-]ine differences are c ted by subtractors, 2203.and, 2204
and subselOBM; 1y m LB By P B0 Sk BEH BUD AR T e BB i gHrTen
fromthe k@kelkignhing, Cohd altRtactd2f3 b QBd3hiT Ml togit-duthlg ycpr el at or

2206 detects the rel ative chroma corre€l ation between the current and
next |inel0@¥ curr ehbe apddynl ehiramgs sighaleis exitistadhein 4 mexeheiomet 21k using

comb does m%glén ];\j‘z)cl;l)li[e;a g(&an%:gtz%%sfrgnqng}lg %%gébre]:gd Crpul)t?olﬂ’ d(l;,tg 519 9304 énil cﬁ% %%F clean

=1

filter can
luminance signal, Yy, is generated according to the equation (11) below by subtracting the

residual chroma signal from input luminance signal, Y;, with a subtractor 2115 and
clipping the output to defined pixel range with a saturation circuit 2116.

[0070] Y,, =Y, —(K_motionxY _2D+(1—K _motionyx¥ 3D} (11)

out
{0071] Referring to FIG 6, there is provided an exemplary circuitry of the cross
chroma suppression circuits 2002/2003 in accordance with one embodiment of the present
invention. The architecture of the cross chroma suppression circuit is almost similar to the
cross luminance suppression circuit. The differences are the absence of the wideband filter
for line comb and narrowband filter for inter-line correlator,

[0072] The chroma line comb 2202 removes the redundant luminance residue from
the Uin or Vin signal. Signal C shall be referring to either signal U or V for the cross
chroma suppression circuit. It has a three line input, next line Chor+1nwips cutrent line
Conwop and previous line C,.sppp. The inter-line differences are computed by subtractors
2203 and 2204 and subsequently mixed by a mixer 2205 corresponding to K 2D signal
from the inter-line correlator 2206.

[0073] The inter-line correlator 2206 detects the relative chroma correlation
between the current and next line and current and previous line, such that the chroma line

comb does not filter across contrasting colour regions. A low pass filter can be applied



14 prior to gradient conputation to exclude influence of |um nance on
clu.oma signal. The gradients of current and next line, Q&Q",,", + |,
and current and previous line, Q are cgrrput ed in gradient circuits
2208 and 2209 according to the equation (12) and (13) below [0074]
Glflflj = mn {max-xEc ,nml},- C'"1,",151C x-1,m¥1 Cicing = mn

{ max| Cx, " prior to gragignt ICPmPﬁTERDH tCexelpdd mflueade {)K)El?iﬁ]lmqe)onaaf}moma signal. The

subse uentl filtered ori zontal, | ow s filters 2210 and
2211. 83) FAiong;, 8 "P‘H i o 1€+ (e i ’gﬁféf CYTRRNT A5  REPUP RS fne n%a:m n=gare

a hi gher possihil.it t Lxel s, f the two || nes belo

same col o% mpiSH dh. éfﬁ‘hﬁ% WCH& ggﬁg aBﬁt%ﬁ?]aFF‘Hm"EVGB t#‘? FARaRRg( 2 & (13)
| oner gradeat shoul d have a higher contribution towards the f| naI
conmb value. K 2D is defined as the weight for the line conb filter

bet ween t B®78lurrent and previous cliroma I|ne in the finction circuit

2212. K 2D,is repregenged bythe equatlon}ﬁ)} elow. m ITHG nt
i n+l G? [O(ﬁ n]mlﬂ 325‘1’? t§ \Qﬂ _C(FJ—IGVLII xSl mzofﬁr rd

2003 can conbj ng a X nctl 2 or
interl eavgéef mpicy p%xgl\? cfg?{jh'e‘ chg" fé?” the c*rm@ }TL%LPIS "ﬂa e »fﬂ?ppnes sq'oA (12)
circuit 2%}5} They are subsequently filtered by horizontal low pass filters 2210 and 2211.(13)

The lower the gradient, the higher the correlation, meaning a higher possibility that the
pixels from the two lines belong to the same colour region. Thus line-comb output from
two lines having a lower gradient should have a higher contribution towards the final comb
value, K 2D is defined as the weight for the line comb filter between the current and

previous chroma line in the function circuit 2212. K 2D is represented by the equation

(14) below.
G‘m e+l
[0076] K 2D=———tomt (14)
C;'m,m+l +G'm,n#k
[0077] K 2D from the cross chroma suppression circuits 2002 and 2003 can be

combined using a max function and upsampled by 2 or interleaved to provide the X 2D for

the cross luminance suppression circuit 2001.

[0078] The output of the line comb filter can be expressed by the equation (15)
below.

[0079] C_2D=K_2Dx(C,+C, )+(1-K_2D)x(C,+C,, )} (15

{0080] The frame comb adds the previous frame signal Cipnt from the current

frame signal C,,,, using an adder 2213 to generate frame comb output C_3D.
[0081] The final 3D value, C,,, is generated via a mixer circuit 2214 using motion
value, K_motion from the baseband motion detector 2004 and clipped to valid pixel range

with a saturation circuit 2216. C,, can be represented by the equation (16) below.
[0082] Coe =K _motionC_2D+(1-K_motiopxC_3D (16)

[0083] Referring to FIG 7, there is provided a functional block diagram of a video
signal processing system in accordance with one embodiment of the present invention.

The signal processing system 4000 comprises a front end digital decoder 4001 and a



[ 0078] The output of the Iine conb filter can be expressed by the
equation (15) below [0079]C _ 2D = K _2Dx(C",+C", _1)+(1-K

_2D)x(C, "+C',1); (15) [0080] The frame conb adds the previous frane
signal C'"" 1 fromthe current frane sigﬁlal C'," using an adder 2213
to generate frane conb output C 3D. [0081] The final 3D value, C0",,

i s gener abesbeidh Y& mipawmtiooimediile 4007.4 Theifrogt nod digital deasder KOGIbt¢oodes the

f t he haseband. noti.on .det ect or. 2004 an li.p to vali.d pixe
Fange. it AORPOCLIPTH SR T Brestas TheBRN ofnt BT Y il gt Sametont
equat i on ¢3@pribsla0ncllORBAiDuniEHO0POlI dﬁﬂt@t@@é@id@o.s‘?ﬁ&ﬁr%i%ﬂcﬁﬁéérﬁ@ and to

[0083] Referring to FIG 7, there is provided a functional bloc
di agr am ofock the gestens clpskito Bredewspeneigansyphagnefi the ncomriegpigral wising thmehroma

nmbodi h ' Lon. ' | | t
2000 comp 1S5 B SHRAL (b Gl ERNY 0PSB IR AR KR e of
YC separ aRvefHzmadivue tid20 The dlvecdriantreqrivacydiady € abpaattadercudiOfib4de Gogteste

the conposjte input signals to generate cqonponent Y, U and V signals.
The decodellaromo@dcl&mqr@%@gaa%@'ﬁ%%ﬁp@aﬁffl@rﬁlwhta glyoma; denpasylalgrA00f o

vi deo syn izt Lan I I
{r eauency and uFEnO SRR Aethitihy Gtyd B UL IBof A5 bulift Wilfple ste
i nput sanpérevertat @nd aozler 4606 46 03-stmpieethsasphratet] hegdq o iutpud rsampling eate

rate of 27MHz, to four tinmes, the sub-carrier frequency, a YC
separ at i oHORFPAR 0 W4tl}1F6’ld§8ﬁ§“3ft8 TEHGHEYECT-umi nance signal from

the compogjobg Si gnalrye %ﬁﬁé&%si@%?ﬁl&h%@&ec%@%dﬂ? ag@ﬁggf’ﬂoatﬁgbafsgﬁand YC
chroma signal according chronma phase | ock | oop, an output sanple rate
conver t or sepathtivo airenit 4005 for duntlesr S&hprineb fikieringe phircahasdbagid gi@Issparaion circuit
8;;2‘# C:a%)[H ngdgs%}igedd é)or(r)%ie Is gggcotn s,%gz(?rlat(iaont ct,]lrecu\llti igeiﬁe gljggﬁallzrogc%siglg ?slténﬁcgo
compensate for inefficiency of the first separation circuit 4004 and to eliminate residual
cross component signals. As such, the operation of the first separation circuit 4004 in
composite domain may be simplified. In one embodiment, the baseband YC separation
circuit 4007 may be a 3D comb filter using a mix of frame comb and line comb controlled
by a motion detector. In another embodiment, the baseband YC separation circuit 4007
may be a 2D comb filter with a 3-line comb controlled by an inter-line correlator. In
another embodiment, the baseband YC separation circuit 4007 may be a set of
complementary or non-complementary filters around the chroma subcarrier frequency with
band-stop or notch filter for the Y output and band-pass filter for the C output. In yet
another embodiment, the input is bypassed for the Y output and band-pass filtered for the C
output. The baseband YC separation circuit must operate independent of the front-end
separation circuitty and the motion detector must perform precise motion detection
regardless of source input.
[0085] Now there is provided a detailed description of the motion detection system
and baseband YC separation circuitry and signal processing system for PAL standard.
[0086] Referring to FIG 8§, there is provided a functional block diagram of the
circuitry of the motion detection system for the PAL standard in accordance with one

embodiment of the present invention. As shown in FIG 8, the motion detection system

1100 comprises a luminance motion detector 1101 that detects low frequency luminance



[ 0084] The conponent signals fromthe decoder 4001 are input to the
baseband YC separation circuit 4007 for further 3D conb filtering.

The baseband YC separation circuit 4007 as descri bed above is a
second separation circuit in the signal eprocesm ng systemto
conpensate for inefficiency of the first separation circuit 4004 and
to elim namionéwsivctaalframeas@ndofﬁ;@hmin@icg mraition dmcwm:mmtahé 1dpEthat dedect

of the fi paration.circ in _COMRoSsi t i nma

sinplifi e(rgJS E"TdriG ‘ﬁ‘é I%?T‘B’lg&f)ﬂé)ﬁtj weep gmﬁﬁ\&e@(fﬂga ‘i %ﬁtoﬁsy]r@(aiatnd 1105
4007 may ket detddd adhed bl luMinansé AGidae B fd Vroafmn@@csmpcaﬁﬂts ih REmePABnd
controlled by a notion detector. In another enbodi nent, the baseband

YC separ afiZrbhese mafien sigtrpiosn g 196 and AHT dhas detact average meingnoei and Juema
troll t t
Egg elrogn de%tl} %n%@twe{gfl glrnanl&% ;ﬁga-l(ﬁt? i 436 6134 Qt{d n géar?dﬂ'é) b % I‘[{g@q} IO 1{131 rl{;ﬁ% rtha‘[

non- conpl ﬁ’(@‘tﬁtﬁﬁ yhef inbfien detveduftiontend m @mpslwmar The ﬁn(fnbﬁqie&nﬁdn Wididin
band- st op_or notch filter for the Y output and band-pass filter for
the C out pIRY further campiisgs A ERXHISBY il ARG sapurgian gt Lo0hyARd e¥rag circuit

the ¥ out iy AAAACIARSAN bl LRI hALisbAG. C out put. The baseband YC

separation ci ‘rcuit nmust operate | ndependent of the front-end
separ at i ofo087Ir cui t r Yhansbtidne damttbonydet ett@r forutht PALf siamdapt das sesimilar

or ovi ded Beiuedine &b e Bkl Goae Tk TSR MoRasd s Puthlagrotion
baseband YGeagPasahi PO Lice Briyiduseidhn® haNAbioRd 8F RS IRGISKILRIERL, FA,

standard. [0086]'Referring to 8, there is provid functi

bl ock di aghamimteatiiog 1Gim.cCit s yncbﬁextﬂmermgnabni’ det, 6t msepd toént’; m,r,, €he,
PAL stand?r in_accor anccét th one .enbodi nent ?f t he $ ese{%t6 d

i nvent i on°" ASTUREGAR MONOR AEestor; FEOMIANSH MPLIOE efestors pof Shogiggss detectors

conpri sesag@ édﬁﬂdﬁﬂﬁﬁ%gé@ﬁé Qﬁplﬂl@é REAHRNsHIAOIF thd ghnded Arpifst Mot BSERBCY
| um nance 16 notion etween franmes n and n-2; clirom nance notion

det ect or s[008812 and RafoBinehBIG dethese atg pugnided exemplaryetecois Gesuidentor the
frames n g{ﬁﬂ ghc% matoy t&%?e%?% iiﬁjlel}thgr r%}%gq%n&n%oltm%S détggt%)rsdﬂ i103 the

presence unlnance resi due on romm conmponents |n

n and n- 2smpdtasss dekitorn Id@'ﬁﬂq{)@rﬁ}dlﬁ@@hﬂ%@dlollbﬁaeiebﬁirs dRi6E07 AN @&c’@ﬁ@nce
| um nance and chroma noti on between frames n, n-2, n-3, n-4 and n-5;
and a chr Wi oReEMBPlIREAL RS PR3 iRVeREON- Nt egr at es the notion derived

from U angey,conpongg ﬁm‘i%_%%erméﬁ&lndé?@ctt(ﬁcfl'ﬂqr}eée\f@etset%%lg% asfl%{ ah@?_? cach

conprises a rmax circuit a saturation circuit

circuit 160the anicahfrhmpat ahpremiduk feenmdagcr Faxethe hamennéhmern, the three line
[0087] The rm |on etector s ste 1100 for the P tandard has a
simlar a?‘&‘i‘ﬂ l("‘g? thegpex} ]d'éey gm*@e?‘g@t"éhn%%@f’g PEORTCYIRS HieSigppE -2

st andar d. V1§lj;t ¥ @neP1ihe Helgf Trrf'e%d?fes S Wgﬁﬂéajr 109 pUsesnd fzg\i'ﬁnxlgﬂ t%ﬁ?ﬁd?ergs

instead of n-1, previous [ine signals Ym2,n, P st ea . n,
cm1,,, afd? dé/%tls Iperfernsidgnalased] obt- zfiphmmomh sigrsdl ea(genxefraté dime-comb signal

| det h i t.
S0t hnoskluet QBT A bR Bl SR aes i Bt ghls Bbide thecppspline
of the stapgand, d},,g&, é\b?él@hﬁ@%!gﬁé‘l et eaiaosrevib@OB B@Ifxfﬁr}ﬂ, nQv!lazll t@o9uminance

there are provi exe Iary ectrlc circuitries for h um nance
mot i on defrane delay mxol'n%ear@hﬁoghﬁd\@h@@l remingncedbredeloy snemc@zeﬁ 11ajlatihen

1106/ 1107 a8 Hal BRI A0 o B bR A TR AR B R e R Dt o
line-comb signals YLC, and YLC,.» may alternatively be the output of line combs of the
baseband circuitry.

[0090] These line-comb signals YLC, and YLC,., are then subtracted by a
subtractor 1203. The horizontal low pass filter 1204, with low pass frequency

characteristics not exceeding the lower end of the overlapping frequency band of chroma



[ 0089] The | um nance notion detector 1101 receives three line signals
fromeach of the current frane n and previous frame n-2. For the
current frane n, the three line signals Jéncl ude the next |ine signal
Y',+2,", current line signal Y,"," preV| us line signal Y,".z, via 4

| um nance line delay nenories. A vertical |ow pass filtering 1201

wi th coef fanéllémtr@n[lel signal1gtabang-giegr fioquendy tharaetnnﬂicscmwemﬁg pleasigoma band,

chroma si epera ine-c urren

Che previ oHenp Sl BEGE s, ihPEp B8 TardL R isnbr ' AR P er g of
si gnal 17%hibnda TesdiueC UThe thagnitige $¢ eR@dctedThy AnaiboRi& CirOls 1209Qnd passed
signal 17," 271.2, via two lum nance frane del ay nenories and four

addi t i onalthPugh FapiErg FhigtiydPO torshiprinaie posyiple| aaise ) lﬂt@tffsfélitqel c&inallpsit is

pass filt 2 0 t i 2.
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out put of 1208\ aprsiacf mbiien hagehande@ie lGWI ftdq}denc{y(lﬁ&lﬂia'ﬁb@matlbﬁ FBL comb
signal s YLC and YISFC % are then subtracted by a subtractor 1203. The
hor i zont af%%®dly pass SHHgete the QumiRgnee, ma$ignplessctary bifle rﬁléf—‘y‘?hmmmance motion
character V.

{roquoncy Bul” o PAAR R 09 AR, bR R0 lh PR 7 BE (PR ame n and
f r equenicy potvanmsdtand sl chmhve:uttﬂg frivee ahthenhrcoding, signass mglidatihe/next line

filters the |jine-conb s naL f erences t.o exclude possible
i nt er f er eft@82lfra Wr%‘ﬁ‘ﬁn{r Theprﬁﬁ‘@H? tf{}fi‘d%gli‘-aé lﬁxl‘tnr"’gb HCIH9H1§AIDS delay

absol ut e gichfd#ck. AZ%1M%@?%§@teP 'ﬂi(ﬁughh@o&‘ﬂ&'eﬂ@ 'Zr HW{S }%01‘% chﬁ el out-
elimnate possible noise interference. Finally, mul tiplie %

gai n, YGaphplee)lupizange signal b igenerat2Oline-comeb signplpeﬁl(b,y @osatrumlm ﬁm the
circwt 1208 to ro at ion ran ene te Io requenc
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signal s from each of the current frarre n and previous frame n- %

t he curr eftd fquwhrama iredelpy menoriss @hlglmarequﬁmlwd@tw%bhemﬂcahbw pass
si gnal n e evious 1] nal
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signal to generate Ilne conb sjig CLC'. Concurrently, for the

previ ous [0%%e n-2, Theérs liﬁ‘i?'é%mpl ?féﬂaﬁ g@[a@s anhGhfde erre thexsubtased by a
Si gnal r nt ign p Lana

oSl Oy 5L 9 b el i RS AU Ry
li ne deI ayltermedrataecﬂn,romblnujmmrté’);vmrdtlowqdabyﬁlfterbd By edlohyoraalvlewtpasaaﬂ“ﬂtdrdms

pass filter 130 enerate, |ine: gnal CLC'.2. The
CLC' and o #°Y %W@%ﬂ?%@ﬁdt H@S%ﬁba%ghoﬁ COIRR CEBHbd 306 1 e@ag%%ﬁamble

circuitry n l: 0 ah{@féﬁ
signal s &%ﬁes g{rtlél%as_hg? , Zqu%igj tlt Eﬁﬁ‘?rjgﬁé&aﬁ gﬁlhb)@/%?] subtr al(lzlta orhre m%g@?r E%Os‘?
magni t udeandsclipped dot @ shtiwptiom caibso il 3% tocapproepiriatel 8@tion gangertergaherate chroma
intermediatf ?J mam)tion CD p and I ow pass filtered by a horizontal
| ow pass YPI'P811305 to snoothen transitions and passed t hrough a

coring cifooeg]t 1306Tﬁ@sﬁbétlﬁ1é%§ﬂ@te@l@§§lﬂi4eanﬂol'13§ def&:ﬁﬂlfe%@s@ﬁ&? of luminance
Finally, 1t is m,l|tIB|Ied by gain, CGAIN (&) via a multiplier 1307,

and cl i ppeaidpy apd iatidate iop @V@mﬁe (he outpwEeTi tespeplpveoppairanan motian dategters.

1708 dot oige HIRREE R8I TR SRRk RE RS atday) "Bl

override ¢dmritauionsit Th [ine si@atls MeciBRIOIANRREBUIBINRE BLHREHNIS - [1kh&l by
snoot hness detectors 1104/1105 i nclude both forward and backwar d

di agonal ‘O8N diagenshdighThess| filfas JHBHARRZ. gnd hackwand dingonst dnghopass filters
: ] " :
1201/ 1402 T a ek Y SR n LR S P PR ARkt 0l 150 b 56 She

comon codidmoiagct sokbn Aetetdor 4vith threeclind vigaalt Iﬁlfbns dieecurfept frafs d:hext line

signal C,,+2,, current line signal C,,,, previous line signal C,,.2, and three line signals from



18 the previous franme n-2: next line signal Cmt2".2, current |ine
signal Cnm'.2, previous line signal Cm1,n-2. [0094] The |ine signals

of current and previous franes are diagppally filtered by forward

di agonal high pass filters 1401 and 14027 and backward di agonal high
pass filters 1403 and 1404 with comon coefficients [-1 2 -]]/4. The

i nput vectl pregious dramer v 2d nefdinel sigrht(i-but icomentslinecsignahiAGe, Feyigug/line
whi | e theiéﬁﬁﬁvvector for backward di agonal contribution isCr,,,,
C?-Fr,anf. e"t51Tward di agonal |y filtered signals are subtracted by
a subtracfeme4]l405 aftieiling si@@hi dfucl@rens agk brediviug drddyesadie dbpohdilyefiltered by

oy oSt o] Vaae S mrn Tt Lied 1 40E RS BShob hee b e
circuit 14883 AR 4iXwbh 'Shinfon S09RSEREGLP A DA/ TEHIUILON vEe £P" RN

or backward contribution to generate interne I'g equency
si gnal CFdiaghealscam@butios i [Gen.ed by Ghes/i zehtlalthd dupyp asstof i tbt dackward

1410 to snooth transitions and then cored by a coring circyit 1411 to
ol 1 i nat o JERERH RO QUEORS G Sio @R g 4] N4 RGP R b Histed Hb e
filtered quitRidtedatych Sib@aabr 1405 é}ﬂnts%h@%@ae BWe@raSill %%lh'a‘BEblﬁ't% rcﬁ-!:'l%ig 1407.

1413 to generate high frequency signal . Alternatively, circu

1410- 1413 Thaybabkwardplliagew!lpyiiltkredisygnalsr @s robttagied biyr € shbtracorolddpusnd) its
in presence of flat reaqi and i,n presence of | um nance. resjdue.

[ 0055) The TRgLle B PR RS ol e B ST A i BRE i By Sefeets the
det ect or s nhiireh F tHeBrva BF ¥ackMa@Boii@htR th Berldchfte RHESRARE: MEh frequency
| um nance residue and high frequency | um nance notion. Each receives

t he currepignglrGive Bieghgnal isdiltered byamHorizaptal dew pasp fdter pd HY togumpotly ansitions
signal s 7 " P . Ot A via four, chro fr e
ronor 1 os . e deet ol BRCT 4t e inthfe BRI BE R el o Gy 60
circuit 13912 aceaniglied td thet llerenu@bitosmd( sigal bettew.clibpQPbyY a ¥&iritieon circuit
Max1C " -C. + Cm" 2 1,11C, 171,11-1 . L
1413 to generate high frequency signal CF. Alternatively, circuits 1410-1413 may be
replaced by binary thresholding circuit to output 0 in presence of flat region and 1 in
presence of luminance residue.
[0095] The phase motion detectors 1106/1107 complement the above detectors by
detecting mainly chroma motion in the presence of luminance residue and high frequency
luminance motion. Each receives the current frame signal, C,, ,, and a plurality of previous
frame signals Cyy -ty Coun-2y Coynoz and Cy g, via four chroma frame delay memories. Then
cach computes intermediate motion values YCDp via a circuit 1501 according to the

equation (17) below.

[0096]
YCDP = Ma‘xﬂcm,n - Cm,nﬁl + Cm,n—Z - Cm,n—?- 2 Cm,n—l - Cm,n—Q + Cm,n—S - CHJ,H“4|} (17)
[0097] The first component detects average chroma and luminance motion for

plurality of frames from n to n-3 while the second component detects average chroma and
luminance motion for plurality of frames from n-1 to n-4. As each component is
asymmetrical about the temporal center, any scene change or chroma motion only
occurring between second and third frame is not detected. Thus, a second component

guarantees full motion detection.



[ 0097] The first conponent detects average chronma and | um nance notion
for plurality of frames fromn to n-3 while the second conponent
detects average chroma and | um nance notion for plurality of franes
fromn-1 to n-4. As each conponent is a%@rmetri cal about the tenporal
center, any scene change or chroma notion only occurring between
second andoaoB] rd fr dime matiomovalokest way bd.snibhihsd by = bodutad dop gragnfilter 1502

guar antees_ful | tion detection, 0098] The, npt i on | ues. be
dmoot hed: By GorrgrRisuRD a1 HiGe HROL 1507 Brmaeh ST b aa (RGNS e a
coring ci mauliplickSiE84 dnll dYed By SCMREHY cBAlN 15WREL Eotlebaté G4 nYdiRnSsignal,
mul tiplier 1504 and clipped by a saturation circuit 1505 to generate

YC noti on ¥ilynal , YCD. [0099] The sanme phase notion detectors

1106/ 1107 be apphied on the |um nance.co to nerate YC

not i on val[éu@é] accor ihﬁg%tmoe ?haésee t?élf’flo%egicfgf n]g@:%mb’][ﬁ]ﬁgglﬁﬁ applizd on the
Maxu- 1Yr n Jumiglafce ddnipbnert Yo btherdie M inotifn 2463 acBordibly 16 1) cquB@HAR] Below.
this case, the phase notion detector can conpl enent detection of high

frequency i%MInance that may not be present as |uninance residue in

chroma sig . [00102] The chroma cgnbin 1108 conbines resylts from
independen?gbet_e@g‘ﬁﬁémvﬁr}ﬁlﬂrlEﬁlgm—z\f el tgj.;m,nhn_ he tases 6me,4r:4§: £18)
sanpling format, the sanpl es of independent chroma is half that of

| um nancel9%FAH maxi M RRSnhenpitase malon fsiscion ar cogiplsmenh detection of high

duplicate } i : : i: it
1601 to grd ashrRghi i bl BB sE AT A IR |
VF is taki91862id duplThe ahmdndyorabimax DIG8 caubinesl 63alts frogi weleiRidemndbttdiers

i YC. ion YUD and YVD is t and . duplicated b D
Tt 1B by PR i Wi 1 80 SHuRg Rt B cotwis o ydependont
sanpl e ratRoas ik WA ARNGE URhhRR: THRAAAIhImAMma frod 19 XeEPrPR%sken and

through the max circuit 1604 and is further nodified by the selector
1605. Qut guplidatedraonmsponilingup ttwo doninasceswimpbasdy avmerDecifchiatt 68 h togme C2D.

9] o S UHFEL Tt SeRBu i B RS A ok BB
for undet gpkBighitA682 DEive T 1Y ari e naxthR 'Y C &idtieh H/0URd YPD is taken and
averagi ngdgglgcggztd blyna glgg[s)ecirrgg}tll%r(}?’ ctlg,‘ tg?\%t )gé?D. The duplicated signals have the same
sample rate as luminance motion.
[00103] Signals C2D and YC2D pass through the max circuit 1604 and is further
modified by the selector 1605. Output from max circuit 1604 is selected when a flat
chroma region is detected or C2F = 0 and signal YC2D is selected in presence of
luminance residue or C2F # 0 to give signal CM. This compensates for undetected chroma
motion by phase motion detector due to averaging effect in phase motion detector.
[00104] The final motion value, K motion, is derived as the maximum 1606
between the motion detected from luminance YA and motion detected from chrominance
CM, clipped by the saturation circuit 1607, and further processed as the maximum in a 5-
pixel horizontal window by the 5H-max circuit 1608,
[00105] Referring to FIG 10, there is provided an exemplary circuit of the motion
detector for PAL standard in accordance with another embodiment of the present

invention. Instead of combining the outputs of U and V detectors in the chroma combiner

1108, the intermediate output signals are combined before the filtering, coring, scaling and



[ 00104] The final notion value, K notion, is derived as the maxi num
1606 between the notion detected from | um nance YM and noti on

detected from chrom nance CM cli pped ﬁ% the saturation circuit 1607,
and further processed as the maxi mumi % s5- pi xel horizontal w ndow
by the S5H-nmax circuit 1608. 500_105] Referring to FIG 10, there is

provi ded snfutienpireacyscei rche detaied descriptidnon sdmilactoothefane PAINEIG Gadatd
in accordgggc%#%égbqw%not her enbodi ment of the present invention.

| nstead of ~condi ning the outputs of U and V detectors in the chrona

conbi ner 1dod6s] t he Refepnmpdi FIGS PUsHRUL, Sic @t Hrovidedcaiiphed cidefiwieeof the
the filtering, coring, scaling and 20 saturation processes. The
detai | ed @ESENMLISA SHRPIESSIAT GRcUit0Phanderess GHOINT SOesivasitguits 2002/2003

descri bed;abav g, 500106l @?Iﬂ%{i% Q:%c{nﬁrgr':im ajs]ﬁh%% ih2rid Qefo? I”’}{I?starnldard in

provi ded exenplary circuitries o Cross lum nance sSuppreéssio
circuit 2@Cbrdunde ovits sne Riwdinsen fethsipesent invuntich. 20Me/ 2ElKi3cal nfifférences

baseband YC separat.i o ir try as shown in FIG 4 for PAL.
standard PRV&ER avﬂaﬁc@r et ﬁ%ﬁ@déﬁﬂ%@ igeniheopserqidest Baesignalfpeninsisad of
The technigal,fl Jréﬁ{)mﬁfessi%%é‘lf@-QQHﬁbardC&f' I‘I‘la fg)?finé B&ngﬁh% ?P&JM%{J Signal

in the use of next line si m+2 |1 nst ea m+l an evious |1 ne
si gnal m 2-2 istegddbfof-1 mnd inothe| dasencainidebahdparel nawsw f raadeilsirg fial chmeRa

instead of .n-1. and,i e.desi (o) i deband and nar.row.hand filters,
For  onr ondBaiERT 148 MU i s M A5 BF Spfiplit Selcuoviry reiins
operati ony@f sdhe detdileli des¥riptRIBbN2rdsDQuddliBee 9§RlsRA SRSH bOU1 AR @foss

cross | umi nance suppression circuit 2001 and cross chrona suppression
circuits cloomagHpprese® dirspits R0 pd 2003 detdthaPAS strodandrisnoidedyided.

[ 00107] Geperal,ly, the invention is enmbedd i.n base YC . .
separ at i oﬁb%g‘lﬁr]cui tr e@q@y,%@dﬁg&tm&ﬁs Swge‘f‘%ginﬂiﬁ}af%ap‘gw%ﬁ?@@tm“ curcuitry
conponent tfan@edudts EEORE rES8hdl UL Lirfinghe Ofth o AEM e Mumitinlé éfdueedl chroma

enbodi nent of the baseband YC separation circuitry conprises of a.
| i ne conbc@mpensat. Phprefopisd fegrhedinet of g bapsbpnd ¥iChigpaigtion cirewiive cemptises of

filter that. pe r t i) I . j nv Lon. hSeapplied
a baseban% hrirlig)tclro%ﬁ) gg?retggigﬁ ér?A orrﬁ(c?e‘{eec{a1 ?ﬂtgr;ﬂ%% ‘!(1)% tg%bﬁgﬁllbt%lge?@iéﬁdﬁg ec‘]’%?%ls
frames f otenippag)dilekingi Theinvegtioigrapiicd 3@ lacldsebamdnhafionvdetgttbr @Ndétbe the
frame conb when the pixel @iﬁlgre detected as stationary or selects a

hi gh wei gRlish beysen theeapdidptevinesipk smpor dligene ch stixasselmsiianyeh weight
[ 00108] The, RPRkfe boinb RiheRARE B £k GEHELE s TBNoREy BE 9GEAS &% wlight on

front end di
the line comb when pixels are detected as moving.

[60108] The inputs to the baseband circuitry may be processed by a front end digital
decoder. In this case, the front end digital decoder receives the composite signal or s-video
signal and decodes it into component Y, U and V signals for processing in baseband. The
decoding process may include YC separation with a simple 2D comb filter for example a
line comb, a 3D comb filter for example a line and frame comb controlled by a motion
detector, a notch filter for the Y signal and bandpass filter for the C signal, or simply a
demodulation circuitry.

[00109] Alternatively, the inputs may be processed by video decoder for example an
MPEG 2 decoder. The inputs to the baseband motion detector may or may not be pre-
processed by the baseband YC separation circuitry. Thus the invention is expected to

consider the same variety of inputs as the baseband YC separation circuitry.



decoder. In this case, the front end digital decoder receives the
conposite signal or s-video signal and decodes it into conponent Y, U
and V signals for processing in basebang The decodi ng process may

i ncl ude YC separation with a sinple 2D bnb filter for exanple a line
conb, a 3D conb filter for exanple a |line and frame conb controlled

by a noti dP¥P1d8k ect orlheanyestiem opsrptes puchghatitheinputsiagnagt tamporalin fpered in the
filter for,, j I i Lone.circuitry, .

[ 00100] Al PAF Rt Sfa e fnd Y Borlhy Yl SRS RO oGl ebhaing g v U
for exanplaeda¥i sidREGwthdedodéon oflkeoss npldw dnd ddteclaas edanchsimid afinimally

detector may,. or, nay. not be preprocesseqd by the baseband YC separation
circuit ry.m‘glaﬁﬁ%d %‘ﬁ‘ék’l WJE‘?]?QI?SS?FW@SEQ}J%B?E’@H- to consider the same

vari ety ofipgadput s asy bhepbasabatsl YG,SFRm abisaef blogtid i ion, di
[00110]Thé in@ention oper at'es suc% tﬁat ?ﬁgﬁkﬁ%ﬁfgﬁggggﬁ% mF%#%%%%PP$Y
filtered iseisttideqpBydnee OV Drpdsieonoranchri@npod sdtityp-botdsawidtcdnposivesources
absence of notio eneratinﬂeclean.Y“ U and V signals with reduction

of cross Ob P v © A SRR CEVRILN A (AR R FHIRE 9T Roarsping prier niap.
in the abswaes of swellicmbipt@eASinvd@Ba kAl blerC@RcPGeddRRh kb %gamcﬂiar
or end consuner products |ike television, display sets, V|§eo

pl ayer, DvDbpdimeatss iowill dwonrdlerstocainthat dte ewpodiocets ak tiHugtmnipo sind ehat the

sources or [ at. have conposite conver.sion. in at .l east e
stage of g REOEMR soBfast Hemf AT 6 Pt By fefae opprihiai B present
i nventi onihastiGeRivedres kétlredh by iRpli&hidh AR Kvifl BeRBpArbAUb Mose having ordinary
enbodi nents, it will be understood that the enbodi nents are

i |1 ust rat Pkl iarfhe prde whigh Sopresendinvenom peréainted Suthanltasnate embodingnts are
limted. Y, j t h resent inventi have ,been.
set forth '%?ﬁ[er?rp #Oc at ?%gr%ﬂg}ﬁ%%\?vi Vﬁth{géﬁea%cﬁ@? é)%ton ST thos eOfﬁg?/ f'%ndedecg‘ms'
ordi nary sktdidingly, thieescapd of the \phdsedit ihiantiph és@stribdiMnthe appddded alaidSs and is
Such al ternate ggbﬁphgﬁgts are considered to be enconpassed within

t he scopeSHIPOHREYIhe oWE destEipipPended cl ai ms. Accordingly, the
scope of the present invention is described by the appended clai ns

and is supported by the foregoing description. 22 CLAIMS What is
claimed is: 1. A notion detection systemfor processing of a video
signal including franes, each frane having a | um nance conponent, a U
chroma conponent and a V chroma conponent, the notion detection
system conpri si ng:



a |l um nance notion detector for detecting the |ow frequency | um nance
noti on between a current frane and a revious frane using respective
| um nance conponents; for each of U chroma and V chroma, a
chrom nance notion detector for detecting chroma notion between the
current frame and the previous frafbAIM®%Ng respective chrona
conponents; a snoot hness detector for detecting presence of
Iuninagﬁgﬁ%gﬁ%gﬂgi§n the chrona conponent in the cut-rent franme and
the previous frame;, and a phase notion detector for detecting chroma
notion between the current frame and a plurality of previous franes
usi ng respective chroma conponents, wher eby the notion
detection system detects notion between the current frame and one or
nor e phexiQition det¥BoRystdie o H6QsahPbRd villes sivhdl el edignAhmps, eEsFhME

i n baseband | um nance chroma (YC) separation 2. The notion detection
syst emha¥ing b &iminandeugonipenentoarprdhsémgcomponent andahy shemrgoimmenetnthicner
for integrati .t he tions.derived fromU and V chroma conponents

f or Ongu%pnge %?gﬁh%wﬁ”EWEéa PAL standard, wherein said chroma
notion conbi ner {0kunAndNESGnstian dRfedio OBPrdesdclifly the low feflondy dufmbiinte
for processing the signals fromeach of the palir of chrom nance .
noti on det eswodies, betweenpaicprrent Sape tahé dsRicyiOtE dragiesusing gespedive dppiggnce
phase notioemgﬁ&%%hprs, a max circuit coupled to the Maxd
circuits for stppressing false chroma notion detected by the pair of
chrom nance noti ¢ érhestt Or shramd dddeVpeiromaf a phaseinandd owtidetdeticar sfor
and 23 a. selector coupled to the Maxd, circujt for processin

the signal sIfEEHRE HEOPAI FoWen SREEER ks suralt diamy: ang dhe pisyiony ity Helng
chroma nDtiggpgﬁg@qﬁﬁﬁﬁa&@ﬁ&ﬁ&ﬁs§aid chroma notion conbi ner for PAL
9:

standard conprisin _
a smoothness detector for detecting presence of luminance residue in the

chroma component in the current frame and the previous frame; and
a phase motion detector for detecting chroma motion between the current
frame and a plurality of previous frames using respective chroma components,
whereby the motion detection system detects motion between the current
frame and one or more previous frame of the video signal for video signal processing

in baseband luminance chroma (YC) separation

2. The motion detection system of claim 1 further comprising:
a chroma motion combiner for integrating the motions derived from U and V
chroma components for one of a NTSC standard and a PAL standard,
wherein said chroma motion combiner for a NTSC standard comprising:

a Maxd circuit for processing the signals from each of the pair of
chrominance motion detectors, the pair of smoothness detectors, and the pair
of phase motion detectors,

a max circuit coupled to the Maxd circuits for suppressing false
chroma motion detected by the pair of chrominance motion detectors and the

pair of phase motion detectors, and



a Maxd circuit for processing the signals fromeach of the pair of
chroni nance notion detectors, the pai?¥ of snoothness detectors, and
the pair of phase notion detectors, a max circuit coupled to

the Maxd circuits for reSS|n fa S roma. notion dete ted

pair of chroninance nﬁtslglﬁ 088?‘53 biogt 8?%‘3’{5%‘%& rB‘i‘)Cfﬁﬁ% gg fons
detectors, and the pairdbf3Rlo6fheds &%Wrﬁﬂ)r%dh?ﬁlgl\{ﬁé( Eht%h{a%’dﬂonfd%fected
processing the S|gnals fromthe pair of snoofhness detectors for

modi fyi ng the ch imsstid drronh@trmitoeadsombmer ﬁré’Aiostamiar@eQmpmmm syst em

of claim2, further co rcw upled t
| um nance notion det eéiﬂg ﬁgg‘t“héo H‘OS?T%‘”% Lnﬁ“’ﬁle?acg $PeneNGhir of

sel ecting the maghaihmdet WeLidn tdeeechid ltmpﬂebﬁgm@&hﬁés@meteummn@eheY ir
and notion detected fromchrom nance CM a saturation circuit coupled

to the max circupfpifase melippgpigefothe naxi num and ~a 5H max
circuit coupled to the gsat Ltré:%ftoéb gledc%' thef &axar 91?&1? ' 39 shpﬁrg%ig 'R0

in a 5-pixel horizontal ive a nal on va

motion. 4. The ﬂmbmnnﬁteire@ettemﬁ By sitegpuiiodf @r@hiiands, mohi@t éétactbiend the
| um nance notion detector conprises: at least two vertical |ow
pass filters forPWBQfHé@%“PPPFéPWH@“&@“1east three |ine Iunlnance

signals of the curreng sf:l%@tHPc&(f)b‘i‘n%cP{oeMb T GRIR HEHDLYS ftBQE?gﬂzEls from,

i nput nmeans, outputting line c a 'subtr&ctor coupl e
to the at Ieast thmmaxrmﬂsmathnbss\depmmss for htod:fslrigdhesctb‘bmacmottoheietenwd.
conb signals; a horizontal |low pass filter coupled to the
subtractor for subsequently |ow pass filtering the |ine-conb signal
di fferences to exclude possible interference of chroma residue;

an absolute circuit coupled to the horizontal |ow pass filter for
ext r acBi heg mhgomegiedtiondeston of kRithi2péxthontomprging s; 24

a max circuit coupled to the luminance motion detector and the chroma motion
combiner for selecting the maximum between the motion detected from luminance
YM and motion detected from chrominance CM;

a saturation circuit coupled to the max circuit for clipping the maximum; and

a SH-max circuit coupled to the saturation circuit for processing the maximum

in a 5-pixel horizontal window to derive a final motion value, K_motion.

4. The motion detection system of claim 1, wherein the luminance motion detector
comprises:

at least two vertical low pass filters for low pass filtering at least three line
luminance signals of the current frame and previous frame received from an input
means, outputting line comb signals;

a subtractor coupled to the at least two vertical low pass filters to subtract the
line comb signals;

a horizontal low pass filter coupled to the subtractor for subsequently low pass
filtering the line-comb signal differences to exclude possible interference of chroma
residue;

an absolute circuit coupled to the horizontal low pass filter for extracting the

magnitude of the line-comb signals;



a coring circuit coupled to the absoluyte circuit for elimnating
possi bl e noise interference in the gnitude; a multiplier
coupled to the coring circuit for multiplying the magnitude by a
gain; and 3 SAWERL OO he SRURIE b0 EACIHhAGR) h&TiOfcise
clipping an appr%prié%g HDEIO raﬂge 67 t'heé gn|?u&énp% é%%e?g IS
frequency | wsdrftadiee ilMkeintdgn¥Mis; 5. The notion detection system of
claim4, wherein the horizontal |ow pass filter has | ow pass
frequency char act 8rilaplicg somled &k Bwayiing cirpet fywapltehdng fhe magnitude by a
over | appi ng, fir.egyency band of chroma and | um nance signal or

band- st op f%eduency characteristics covering the chroma band. 6. The
not i on det ect i ona satsitatton cfcud @upied to tisemdtiplidrifer dippirgrn dppaspeiagndotion
previous frame a % one of; i) fran? n _and fr?ne,n-l, respectively,

for NTSC st’é‘ﬁﬂ%l?ét, ¢ FRENTI]e tpghaats low dreAvery ‘Hmél?“?ee@%'é‘&‘{)f Mary, for
PAL standard. 7. The notion detection systemof claiml1l, wherein
each of the chroma notion detectors conpri ses: at least two
vertical low pass filters for |ow pass filtering at |east three line

chroma_sj,gnals of the current fra nd. preyvi ous ane received from
o o e st ST PF et Bt SRR LR Bash HEL IR dow 388
subt r agtqlenSP UiRdr@deri®ics N6t Alced @RS thel IWRCO{PIBLERN AP B64RNSy bald of
subtracting the Iine conb chroma signals; an absolute circuit coupl ed

t o t hechsompgtandcluarinanee sieoek e bigstop droqueyisyt ehaeactsiistiere coveniag dherighroma
chro hgnals to generate an internediate chroma noti on CDp; a
hori zont 4l | ow pass filter coupled to the absolute circuit for |ow
pass filtering the line conb chroma signals to snoothen transitions;
a coring circuit coupled to the horizontal |ow pass filter for

el i mnating possible noise interference of the magnitude; a

mul tipki - p i i i r td I . .
magni téfj élg{e Wrﬁwa(?ég%‘(%tlﬁ?tsgsﬁgﬁ Ul Hitletn MRcufMlt ARy A8 bR us frame are
one of: 1) frame n and frame n—1, respectively, for NTSC standard, and i) frame n and frame

n—2, respectively, for PAL standard.

7. The motion detection system of claim 1, wherein each of the chroma motion detectors
comprises:
at least two vertical low pass filters for low pass filtering at least three line
chroma signals of the current frame and previous frame received from an input means,
outputting line comb chroma signals;
a subtractor coupled to the at least two chroma motion detectors for
subtracting the line comb chroma signals;
an absolute circuit coupled to the substractor for extracting the magnitude of
the line comb chroma signals to generate an intermediate chroma motion CD);
a horizontal low pass filter coupled to the absolute circuit for low pass filtering
the line comb chroma signals to smoothen transitions;
a coring circuit coupled to the horizontal low pass filter for eliminating
possible noise interference of the magnitude;
a multiplier coupled to the coring circuit for multiplying the magnitude with a

gain; and



25 a saturation circuit coupled, to the nultiplier for clipping
the magnitude to an appropriate mot i ofT range to generate chrona
notion CD. 8. The notion detection systemof claim7 wherein each of
the at least two _chro notion detectars further opti.onally conprises
2 Maxd o rouit parRaRrra hEaRibd i Mieduiitblingor Rbyie e e GRURE i 63
pass filter appopti@knitgioanshadupkbmadte Rrohhenekod obm 9. The notion
detection systemof claim7, wherein the current frane and previous
frame are one of i) frame n and frane n-1, respectively, for NISC
standard and ii) frane n and frame n-2, respectively, for PAL
standard. 10. The notion detection systemof claim11, wherein each
of t he 8t bbe ammioh hieesdo eystath of slatarfpwhsest caah of elsht feww tfvorchemth motion
di agonal hi gh_ pass filters for. diagonally filtering three line ar

si gnal cigfioph Birger sRinally pEPHsGH fb?‘&iﬁ%oﬂ ujtybehcang e apae]ter g nd the
| NPUL; horizontalabw pa@Stied A0 tRBRKWRS Buflicagan@b nltixghypass filters for
diagonally filtering three line chroma signals of franes n and n-1
received froman input; at | east two subtractors coupled to the
hi gh pass filters for subtracting the filtered signals; at

| east two absolute circuits coupled to the at | east two subtractors

for exoraed iddoh BereSREHysiEC Uil Wikdréif HRO1tedNAhiSE and previdhs e are
circuit coupled to the at |east two absolute circuits for selecting

t he maxherahi)dianmae and fipaed dr ragpeotinalyd fa AMEYE blandasd and 1ij dramear andafiame

i nt er medi J. f i;gnal CF; a horizontal |ow pass
fiIteF%c%ﬁ%ﬁggﬁﬁgwgﬁgﬂﬁggg%piguit for low pass filtering the
i nternedi ate high frequency signal to snooth transitions; a

coring circuit coupled to the horizontal |ow pass filter for coring
the internediate high frequency signals to elimnate small noi se;

]‘?. mul t ilg.l TEL noRYR !d%%cﬁ(gh %J}Ferr? 8F gﬁgn Cli, Gfdbein ERh STUhE 4L ¥hREihBE detectors
iltered output with a gan; an
comprises:

at least two forward diagonal high pass filters for diagonally filtering three line
chroma signals of the current frame and previous frame received from an input;

at least two backward diagonal high pass filters for diagonally filtering three
line chroma signals of frames n and n—1 received from an input;

at least two subtractors coupled to the high pass filters for subtracting the
filtered signals;

at least two absolute circuits coupled to the at least two subtractors for
extracting the magnitude of the filtered signals;

a max circuit coupled to the at least two absolute circuits for selecting the
maximum of the forward or backward contribution to generate an intermediate high
frequency signal CF);

a horizontal low pass filter coupled to the max circuit for low pass filtering the
intermediate high frequency signal to smooth transitions;

a coring circuit coupled to the horizontal low pass filter for coring the
intermediate high frequency signals to eliminate small noise;

a multiplier coupled to the coring circuit for multiplying the filtered output

with a gain; and



26 a saturation circuit coupl edzsto the multiplier for clipping
the signal to generate high frequency signal CF. Il. The notion
detection system of claim 10, wherein each of the t wo snpot hness
detectors furthere sd tre!tlonalrlcﬁl CO rdts ulﬁ?)ilel 1uI 1tn ééqeearilté ery e
circuit and the RSFizontar 5 pr)ggss 5 °F Cer %pﬁ gand upllgrf

t he maxi mumhighlZequéhis si@ial OF. det ecti on syst em of claim 10, wherein
the current frame and previous franme are one of: i) frame n and frane
n-1, respectively, for NITSC standard and ii) franme n and franme n-2,
respectively, for PAL standard. 13. The notion detection system of
claim1l1, wherein each of the two phase notion detectors conprises:

a corrpdﬂi 'ﬁ@e giotion ttectemesygicngoSelginal 8, whioentcheh oftheend shrvatibesnitbtdohes
pIurall revious frames via . an input, said conputin c rcuit
conput if eaﬁp IRy ROFPAIEs q’ﬁnmv&m})@gwersﬁe mag £irc gn izontal low

det ect ipQ8y [A¥S (§MuQhg glll(paﬁph{.%mé/\dn@%nn&,he current frame and t he
pl urallty of previ ous frames are frane n and franes n-1, n-2, and n-3

respectively for NTSC standard so that the internedi ate notion val ues
YCDp is conputed according to the equation bel ow. YCDp= Max{ |Cm n+
CmCool -2 -Cmn-3I, 'Cm- Cnn-Cm2 + C,,,,,-3 1) wherein the

current;2f TR 0AOH dEtB@acm bl b5/clfim POSYhQLS the 8t FHathel dndPeo@Bame
frame n-1, n-2, n-3, n-4 respectlvely for PAL standard so that the

i nt er met @ieeofrok {rame \maandeiéam@Dpl,l @Smﬁr}ﬂm@l ACIYy diandprd ond hig Teagisat ﬁ@d\
bel ow. = -2Cnn-31 GmAOCnm,n-1 Cm,
?Xge)ﬁ‘- Zl\%éec?gagtﬁr Pfl\l_tsna

Cm,, wher Wo phase noti on det ectors further
conpri ses: a horizontal |low pass filter coupled to the
conputing circuit for snoothing the notion val ues; 27
13. The motion detection system of claim 1, wherein each of the two phase motion detectors
comprises:
a computing circuit receiving signals from the current frame and the plurality
of previous frames via an input, said computing circuit computing an intermediate

motion values YCD,.

14. The motion detection system of claim 13, wherein the current frame and the plurality of
previous frames are frame n and frames n—1, n—2, and n—3 respectively for NTSC standard so
that the intermediate motion values YCD, is computed according to the equation below:

YCDp = Max{ |Cm,n + Cm,nfl - Cm,n—z 7Cm,nf}|- |Cm,n - Cm,rrl - Cm,irZ + Cm,nfj |}

wherein the current frame and the plurality of previous frames are frame n and frame n—1,
n—2, n—3, n—4 respectively for PAL standard so that the intermediate motion values YCD, is
computed according to the equation below:
YOD, = Max{ |Coun+ Con-i1+ Coun2"Chon3b |Con— Conn1+ Cun-2— Con3lh.
and wherein each of the two phase motion detectors further comprises:

a horizontal low pass filter coupled to the computing circuit for smoothing the

motion values;



a coring circuit coupled to the horizontal |ow pass filter for coring
t he notion val ues; a nultiplie?7coupled to the coring circuit
for multiplying the notion values with a gain; and a saturation
circuit coupled tqo the .multipljer for, clippi t he tion valyes to
Generat o vC ot 1 bRoriGrE doBee fa indaoBRl b bet¥ aBt bR Yoyl Ui fon
claim 13, whgu&;n each of the two phase notion detectors further
optionally conprises a Maxd circujt between the conputing circuit and
the horizontal |dvnparléerfooppled tedhs coineairewt fakaulinkyinguplei matien vilges
maxi mum 2§“EEQ§E’ | ON DETECTOR FOR BASEBAND YC SEPARATI ON
ABSTRACT S¢ribed are a notion detection systemfor video

Si gnal a patoceiss ichiguit @oyplat esthefmiiltiphér fon cippiag thomofion vMucen singrad YC
processing, a lum . nance notion detector, a chroma notion detector, a
snmoot hAQYEN gighdlcf 6P, a phase notion detector, a baseband YC
separation circuitry for video signal processing, a chip for video
signal processing and a video signal processing systemused in an
electronic article. FIG1

15. The motion detection system of claim 13, wherein each of the two phase motion detectors
further optionally comprises a Maxd circuit between the computing circuit and the horizontal

low pass filter configured to take and duplicate the maximum.



