SUB- CARRI ER DETECTI ON (SCD) FOR MOTI ON THRESHOLD LOG C
BACKGROUND [ 0001] This invention relates to video
processing, and nore particularly, to an apparatus

and nethod for adaptive threshold |logic for notion
detection for decoding NTSC and PAL video signals. .
[0002] In the National TV Systens Commttee (NTSC)
standard for television transm ssion, RG (Red G een

and_Bl uwal s froma tel evision canera are
corVB-¢ ER BESHGHON (I(AR) FQRMOEON FHRESHALD LOGIC
allow for efficient transm ssion. The luma signal,
which is typically labeled "Y', describes the
bri ght ness and maxi num detail of a picture registered
with the television canera. The chroma signal is a
combi nati on of two col BAKEREOUBHe signals R Y (red
mnus Y) and B-Y (blue mnus Y), both of which are
' [0t e jve.col or

(GO0 S Syl Rt 2o TR broke e, 2l ol SPREMKE (8 Blparaus
aadphéthad] frofdapti@. hieshdld lsgib feamotien dsiectival for TeeodipaNTSC and

dul.ati.on.represents the hue, or specific color
lJm‘t‘élﬂaf’eﬂ,gmﬁ}\i'lereas the anplitude nodul ation represents
the intensity, or saturation, of the color difference
{6003 & . thd N atiiiak TUENSysterhs t O6mAtitheeC TNTBEY dtSndaROIBA television
such that the chroma signal can be frequency
ARSI FSIIh RGB (RehGrasa apd, Fiues signals fiom gtalevisierecamessd angloenverted
; It [ I j raQye..i ce .
S Pane final 3018 & ARALSED 16 20 for b IR 0RBron The tuma
sigedlewhich ontypeally dabeled €3 t describES Eheclmightisist endsingxialum téieil of a
PR R e pleVeioGrramets. Tihe SbifiunHEtal shaspomgnaton of two
cdlrediffeRAbs sibadle R -V ke fins §) GnBBYYCOIRIARDS V5] BHRLE which are
that can be used to recreaté RGB signals to be

bagrwidth Jiatited o @heutt e Mg sThsnrespacten colst difsranhe signata andbed to
mEQUATNS! SRR And "Ehfindd 6 30 T3g AAMBIELAS Gl D 1B phase

arou _
maobiatipne fdpirésente dthb elua; eort fpryifier eolagl de@ndddhewhei®® Medamplitude
c iﬁg}r&a si gnal s_.cannot be full separated in the
m Pﬁapfg?%&se%.mt?ﬁ%@z on saturafigny gfithg polppdifieregee signd.  The
{reQ B est B esublbiBier 38 $héidh QB SR Shrofid i '
) egr tr}b?act_s are pr egent . A nunber of metohods1 avogﬁ%%dﬁ%ency
_interleaved with the luma signal to generate a single, composite signal having no energy

interference between the chroma and luma signals,

[0003] When a television set receives the NTSC composite signal, the composite signal
is decoded in a decoder to separate the luma and chroma signals. The chroma signal is
then demodulated into R-Y and B-Y compenent signals that éan be used to recreate RGB
- signals to be displayed on the television screen. Since the luma and chroma signals share
the same frequency bandwidth at around 3.58 MHz, and the luma and chroma signals are
not prefiltered before they are added, the luma and chroma signals cannot be fully
separated in the decoding proceés. Thus, as a result of the crosstalk between the luma

and chroma signals, various decoding artifacts are present. A number of methods have




1 been designed to achieve a better separation of the

luma and chroma signals during the decoding process

in order to mnimze the decoding artifacts. 10004] In
general, there are two nethods for separating the |uma

and chroma signals. Both_,nvolve filters that are
designed to discern one portion of the conposite

signal from the other. The first nethod uses a

"not ch/ bandpass filter," and the second net hod uses a

~ begoddsighed teachievEhehattensepastior of thediufnh end whromyapsignals during the

ilters t at al.1. hav ecific..advant ages and
Thannist Pud o Hmite bn g eipgaTietiee gnad to pass
al | frequenC|es of the conposite signal, except the

[600a] Le peneradf thefeeare o MRethod3nfal sqrRitiag aHe AimB af8 choa signals.
t he chroma, si gnal is renoved, but so is

ares
Bg\asla"%t‘f% tt?réélt% Ats desiepest o Bipermronernoriainal taé § gppaposite signal from
HeQhtr! TRE fitd? nfeh RSB eOS “ndibiPthnlip RYEHOLY ald B second method uses a
Information. The notch filter is used in parallel wth
@nﬂiaﬁhq:rass efd Hlteeseyemh didferqmb syes of relognbt fikker$ (thag allnkwive sspecific
hroma band and outputs the chroma
advga‘ﬁﬁ'fs @ﬁ&‘fat"%gé‘ K% gh frequency portion of the |unma
'signal. In summary, the notch/bandpass filter nethod
[OBGS] Tlemnoachvfiltdr dgdsigntd bepasgald fisquantes of thercompésite signal, except
little or no Iosg%of verti cal

roach
Hegvcney aﬁmeﬁﬂaqmq Uegnal Geptered gl MLy Axp zespltfhp ghupma signal
is ?érﬁ‘oveﬁ ik sé ﬁealslo%rfeﬁiﬂhiﬁtg'p%ﬁdn%f |t19=§l§.1rrﬁ@%n 4 ?ésuliﬁﬁg‘fr}’a loss of

di splay artifacts resul requency

higly fieqeesce duras ucfhmmmn( \/Whedtottﬁs ﬁkwdmsqh ingparallgl n’bth/\n bandpass
ﬁIFe?t %vgj(cﬂ a sﬁ:gl gﬁﬁ \A%gaauencamen}hgec\ﬁrta%% If%ra ae\ﬂﬁt%% (huéputs the

chésmid sifghitlt #&id thg Hiph lﬁbqsencyhﬁ)rﬁdtbofi o [udia ﬂgﬂkﬂe InSsummary, the
desi gned to reverse 80 degrees between two

nojy LaBdnRes ﬁ#ﬁrg@ethOHé@S Glﬁwed‘taﬁ@g@o‘}f beiag asurpleeloW a5t approach
Wlﬁplltﬂg ®Pho 145 rticsl x@&ﬁutL Gt kS 1R HRGLABHED efheq{ravg?acks are

l'ines within rane) ere aré two nmjor 'types
that cht Ifma t@plungn ip ilond aodrtbatrigpaay]dlsfptaanmﬁfaotstmemgt when the high

fredity BT R G G o R CHFCRFOIAE i FATBRICOT IR i e ond

wheh 858 8y @é:86Tas 10Ma 1PkicH 8J6RAS as Wbetariyli ng t he
S|gnals the chroma signal is canceled out and the

gnal output and when subtracting, the
Iﬂ@ﬁgﬁ‘at%the b g MeHhadit e Aul-garFigephas if daigncd to reverse by

180 degrees between two adjacent image lines (and thereby also between two adjacent

frames, since there is an odd number of lines within a frame). There are two major types
of comb filtering: line combing and frame combing. In both methods, the basic concept
involves adding or subtracting two identical signals that have the chroma phase reversed
by 180 degrees. When adding the signals, the chroma signal is canceled out and the luma

signal is output, and when subtracting the signals, the luma information is lost and the
chroma signal is output.
[0007] One line, two lines or three lines can be used with in-line combing, When a

- single line is used, the incoming video signal is delayed by one line and the

corresponding delayed and un-delayed pixels are added and subtracted to obiain the luma




chroma signal is output. 100071 One line, two lines or
three lines can be used with in-line conbing. Wen a
single line is used, the incomng video signal is

del ayed by one line and the correspondi ng del ayed and
un-del ayed pi xel s are added and subtracted to obtain
the luma 2 and chroma signals respectively. Wen two
lines are used, weighted addition and subtraction of
one-1line del ayed, two-line delayed and un-del ayed

aat xdhrema Isignals edspcotivddy.al Wheﬁ hﬁol liee a6 dhsal) rwrghteal @udditien and
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a i Vve. co ilter. I ne c i th
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and dot crawls when a single line color is present.
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single frane, i nes w he sanme position within
two adj acent franes are used for the conbing, thereby

[@QBkE@mg:Omb@w@ similar te bn¢ ﬁgnblm,cht instead afenmaptarinig e Adjacent
d.for . .still

h% \{h nas ame r%rgrignle %‘e %a etio]élgvil in t‘f’ﬂ g‘li‘]accint frames

retrons 0
are SIsRERE ﬁibafomliing, ﬂﬁd&iytextbﬁdiﬁgtthb &&lﬁﬁﬁ&iﬂg@moﬁhe teffobd domain.

of using the .notion detection to change c
Hpwpyesy aﬁ@e fqrehing P%o%gﬁ prépresd Aorsl rogians ﬁggm image. If motion

s8ht, fflntiP ERAY 3P T ¥ G0 IPCQHH hod of th
ISggaptlvenollei:so an]&Tﬁe 3D ggaﬁ%?vé% ecod|ng§Eggp§ using the
mpligr dteetionotn ghangnccowdr filterirlg fionoline icombingt to flamdotombing is

d | f il . .Ho ) ;
refii Bt R Arreiorlri e, firoqud of gb' seplRg Giodi R LheAR sdapiive
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adaptive decoding, the conb filtering is swtched
fopgil ef-h Elogiavemm gnotion agiaes.furk ey fangp #ree Holigrawls and ghosting

h %, ¢ basis. If no notion is present, then
s ?L ?éa %ﬁﬁ§% Ilter is applied, and if notion is
present, then the 2D conb filter is applied. Hence,
[0009] In the 3D adaptive decoding, the comb filtering is switched between the 3D and

2D comb filtering methods on a pixel-by-pixel basis. If no motion is present, then the 3D
comb filter is applied, and if motion is present, then the 2D comb filter is applied. Hence,
there is a need to minimize the motion artifacts by accurately detecting whether there is

“true motion” between two frames, or whether the perceived motion is “false motion’

due to, for example, jitter or noise.




there is a need to mnimze the notion artifacts by
accurately detecting whether there is "true notion"
bet ween two frames, or whether the perceived notion is
"fal se notion" due to, for exanple, jitter or noise.
3 SUMVARY An apparatus conprising a video decoder
configured to receive a conposite video signa

nodul ated on a sub-carrier signal and having a | uma
conponent and a chroma conponent, the video decoder
configured to perform a rBUMNMARIEt ection operation on
the [|uma conponent and the chroma conponent in a

plurality of frequency region re i vel

D1 dedsbatbis PRANTRGS Va0 HeRe CRRBERS ey £ composite video
sEAMPBaulked lhea Yitdaerierds ?ﬁlj @hd havifg Qo2 HehREndéM and a chroma
provide a uni que threshold val ue to t he vi deo decoder

cowponsat lihe vifleq dreoinsondigurgd tof perfory wenetiony detictpr operation on the
resp Lyely, qThe ra ncI

Iun%c' c%&&) %%t d't g}] l%gl%glc E(H%%oq}eéﬁ in @ pﬁlﬂgl?tgr? Lf’Feguency regions
résbd&ceﬁrhlgl Thé @@iec deewidr aehideg mirmlblet thredhodlddbgict dompled to the video

Ao ] R taprogie damighie e Ol aNeto i S dosedsr iy cach
of‘ ael ﬁuraﬁt%@@!]t? Ebp}kg%ns%@%% [Pl Ypakeis algo %MY&S @ sub-

hi gh-1evél flowchart "of process perforned b
ca:eeromvcnpn logie, conplad ¢Qe thei \tanablh dhrieshpddhlagim an<{1 oonf'ngurﬂ ig, detect

oWs. a sc mat. ¢ C ram of a
% B0 RAEiSE SRR Piekine o0 B AR Brmfref FERATEig B g po s>
mﬁmghh&eu@ﬁk@kgmchart of the notion detection operation
of FIG 1. [0013] FIG 4A shows a schenmatic bl ock
di agram of circuitry for detecting | ow frequency
motion. [0014] FIG 4B shows a flowchart of a |ow
frequency notion detection process. [0015] FIG 5A
shows a schenmatic bl ock diagram of the logic used to
detect high.




frequency notion for chroma and/or |uma. 10016) FIG
5B shows a flowchart of a notion detection process for.
hi gh frequency chronma and/or luma. [00171 FIG 6A
shows a schematic bl ock diagram of the logic used to
detect high frequency notion for chroma and/or |uma
wth ess lama notion. [00181 FIG 6B shows a
flomchart of a notion detection process for high
frequency chroma and/or luma with | ess notion. 10019]
FIG 7 shows a scheptrpTiORF draowasef how NTSC
notion is determned. 100201 FIG 8 is a schematic

bl ock di agram showi ng the operation of the bl ender

W ng .

(PQ1} FIGs 1 shpws gekighdeve] Hoyekast of adeeesss pedormed by @ degoder in
' ' k di agram showi ng the adaptive

atbﬁ)rres gl I oégﬁggll(tf%gb) of the decoder. [0022] FIG 10

is a diagram of a tenporal -detection block that

[6Hd ¢ KEGf Drshowsrp scbdmatichirlockadiepamact erdestdec sn aécofd@23 jwith the
.FIC% 11 is a diagramillustrating the spatia
HEPAY i on Dbl ock [0024] FIG 12 is a diagram

illustrating a detection block that checks for spati al

[@12PFIG. 3cdhaiva a thégh-lstdl fowichar b molioh d&dctionloperhBon 6f FIG. 1.
anot her detection block for detecting |line Chroma

eristics. [0026].F 4.s a lqgi.c bl ogk that.

GIALPLS SAA TG cTRERGIC DhRck e flapams o0 Eeutiof G0 dpiecting Tow
frkdqencyl@otién.@a schematic bl ock di agram show ng the

vari able threshold logic block (710) of the adaptive

threshold logic (120) in greater detail. ngZS] Fl G
[09 841G 4B shows a fgwehast ofz Igwifipqueneypaotipa deteedarRIpeess.

wi ndow. [0029] FIG 17 is a schematic bl ock diagram
e T e Y SRaIe ok Y8 o Tog el b etcot high
frequimesyarnotiorbioo clivontia agd/entugiaowi ng the 1 ogi ¢ used in the

decoder to do

[0016] FIG. 5B shows a flowchart of a motion detection process for high frequency

chroma and/or luma,

[0017] FIG. 6A shows a schematic block diagram of the logic used to detect high

frequency motion for chroma and/or luma, with less luma motion.

{0018] FIG. 6B shows a flowchart of a motion detection process for high frequency

chroma and/or luma with less motion.

. [0019] FIG. 7 shows a schematic block diagram of how NTSC motion is determined.

[0020] FIG. 8 is a schematic block diagram showing the operation of the blender (110) of

the decoder in greater detail

[0021] FIG. 9 is a schematic block diagram showing the adaptive threshold logic (120) of
the decoder.

[0022] FIG. 10 is a diagram of a temporal detection block that checks for temporal

' Chroma characteristics.




a spatial check of the 4fsc sanmpling. [0031] FIG 19
is a nore detailed view of the chroma sanpl e. conpare
bl ock of FIG 13. [0032] FIG 20 shows how a fina
chroma/luma status value is generated that is used by
the variable threshold |ogic block (710). [0033] FIG
21 is a schematic bl ock diagramfor detecting | ow
frequency notion for PAL in the decoder. [0034] FIG
22 is a schematic block diagramfor detecting chroma
[00231971GE O1 1s%*agr£h1til|l\.%traﬁ’x€gﬁtﬁggﬁatlaf habn blogk 23 is a
schemati ¢ bl ock di agram for etectlng Iuna nmotion for
PAL in the decoder, according to a

[004]1 diEnkZis |ad1ﬁa%$mtlil1‘é8u‘ﬁﬂ%ﬁ flﬁfsﬁwnl@@%f}wtmh@kszfar pRatigl Chroma
HGREMBLES iPgek. di agram for detecting |uma notion for

PAL I'n the decoder, according to a second
npl ement at i on of the invention. 6 90037] FIG 25 is a

[QQ%& 618 ipsnsdher detagfioarhléakrfor drteatingilive Chepma charsststistics.

detect PAL notion in the decoder. [0038] FIG 26 is a
ate

(DT TR 1R 20 R SOAIGATeRerpte Vol Gbcitd? s MaARELD,

is a schematic block diagramof the |logic used to do

[0025] FiGal5 ot schematidiledkndiagrainashowing the vanidblanthdeshAl8dogic block

st | G t bl ock
(g@gaf%‘ﬁ] ?thggiﬂ ﬁ%&ﬁeglﬁéﬁ’){ﬂigﬁ%&%ﬁ a: ge rrgf i ons
generated for high-frequency colored still regions for

[002B] F1@rislshows MDdkbinpld dfta 3-aipadapibe thysHold ®indow! he
various drawi ngs indicate |ike elenments. 7 DETAILED

(e ERE L1 scasparaia, oo fegrrb Siaigs s el e i Dlgecoder to

check the chroma amplitude temporally.

[0030] FIG. 18 is a schematic block diagram showing the logic used in the decoder to do

a spatial check of the 4fsc sampling.

[0031] FIG. 19 is a more detailed view of the chroma sample compare block of FIG. 13.

[0032] FIG. 20 shows how a final chroma/luma status value is generated that is used by
the variable threshold logic block (710).

[0033]) FIG. 21 is a schematic block diagram for detecting low frequency motion for PAL

in the decoder.

[0034] FIG. 22 is a schematic block diagram for detecting chroma motion for PAL in the

decoder.

[0035] FIG. 23 is a schematic block diagram for detecting luma motion for PAL in the

decoder, according to a first implementation of the invention.

[0036] FIG. 24 is a schematic block diagram for detecting luma motion for PAL in the

decoder, according to a second implementation of the invention.




signals, such as conposite NISC, PAL signals or
conponent video signals, which are received by a
tel evision set. First, an overview of a decoder
i npl enenting the novel notion detection schenme wll
be given, and then the notion detection in the various
frequency regions will be presented. This will be
foll owed by a description of how the individua
t hreshol d val ues are adjusted and a presentati on of
[003Y] TG, geies b@Rnant bRtk dagrath &8r B¢ 18giel tBadieuséd td Bétect PAL
decoder to determ ne whether to output a 2D or 3D
mpsiopdethe ds¢agaml . The di scussion herein will primrily
be focused on NTSC signals, but is equally applicable

. I _ . : ,
o8] o 26 g chenflic bRCE AIRAREH 1l )(ERDLS S FBra e 3D chroma
sighal imfie defodehi s description. [00431 FIG | shows a
hi gh-1evel flowhart of a process (1000) perforned by

oder ,inpl-epeniing th vel . ' [ .
[@gﬁgﬁg}dﬁéls caaf*FhBIgB o c% I%ll%rﬂ&:l %{ Fﬁ?eaﬁ)glgo@n%g glg tdgetb‘l? g:l(él(la)PHlOtlon
detegiiadtiondot DédmbigedNTHC ¢ PAGwstamd | una conponents is

received in the decoder (step 1002). A notion

et ect | .operation js then perfo d on the incomng ..
(GUHEELG 28 ioF Sgmefplerk el Sk o fiad toganeve ol hosons
eSePRMPRER gh Trelidrch 85106 Bl e f164sT9E PANQigniL | ON
detection operation is perfornmed both for chroma and

| uma. in several frequenc regi ons. Each region _has a
[09A1gkike t refesenss| dymbgls ein vasioyy)j drawingss eindiggte like elements.
therefore allows for better detection of "true
notion"” versus "false notion,"” resulting in a decoded
image wth fewer notion artifacts conpared to
conventi onal 3D decoders. The process then exam nes
whet her notion was detected or not in the notion
detection operation (step 1006). If notion was
detected, the process proceeds to step 1008 where 2D
logic is used to decode the conposite signal.
However; if no notion was detected in step 1006, the
process continues to step 10 10 where 3D logic is used
to decode the conposite signal. [00441 FIG 2 shows a
schemati ¢ bl ock di agram of a decoder (100) for
decodi ng NTSC conposite signals received by a
tel evision set. The 3D decoder (100) receives a
conposite video signal (102). The conposite video
signal (102) is delayed by one and two lines in a
first and a second line delay (104; 106) respectively.
A current line signal '




8 (L1) along with a one-line delayed signal (L2) and a
two-1ine delayed signal (L3) enters an adaptive 2D
decoder (108) with vertical |ogic, horizontal | ogic,
and single-line logic. The adaptive 2D decoder (108)
filters out the chroma signal (2D C) fromthe
conposite video signal, and passes the filtered 2D C
chroma signal to a blender (110), which will be
described in further detail below The one-line

del ayed signal (LZpppanlmepiscIa®TIONe delay (112),
whi ch conpensates for the processing tine required for
filtering out the chroma signal, to generate the |um
signal (Y). In addition t@veléeWdapti ve 2D decoder
(108), the decoder (100) contains logic for generating

[R4IPTHE R ter %I engﬁﬂﬁ%ﬁ_ §%)[939§H15 Etdctingthétion! @1 video

al so passed to t frame mBnories
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detectlon bl ock (118). [0045] FIG 3 s
frequgncy wgions Milbhe wegsented. This Vﬁﬂthecfﬁu%?de'&f 2 éﬁscaaEP%Pf By the

mﬁfv%cﬁl% Cﬁgholél Shials %Ig _&JS?%%%&? h p%e%erﬁ?ﬁ(f QSRS R dbfdeted &mt:on is

tection can be seen in
usdd biyheblemder dm tlted@otéron d@tanmamswhdtbartte duyput ecd wr 6@ dagoded

.ncom ng. frame,signal, a one- frane, de .signal,.
SR B0 SR o) RyLBTERN b P SPEL oSO SRR P i cavally
pgha%lle toPATNGgnAld) 6P 10 ddehponhantsideb Giihls| witls SdrRCin@tr rildefivations
004 The notion detection block (118) then receives

th@é’ﬂﬂrba?édf?ﬁﬁ‘ééﬁbﬁ end,ef thisgleseiptiome | ow frequency | uma
domai n, the high frequency chroma donmain and the high

\
[064 wsh gg%ﬁll@gqg%é %P@E ;?*?1@%%3? 5@2‘)0) 35&@%5&1 ®y a 3D
deccﬁbn Emplethenthg thanbed Ingotionrdetdetion schlemgl o‘Xemaaldic S(e_md)) FIG 1, a

su yi. as aratethre hol d value for each .pixel ..
coRRR o TR A gl Freor @b O RTRAR SR yed in the
de§dden (sﬁépcm) Y Al ey aéte@twm@}femlohq.s mwﬁm&abn Y in@éining
detection techniques. In | ement ati on,

compesigHade sigmal égtea}f@%aswwelh b@ [fscusspd dp fgﬂhﬁam@ﬂa%elow the

mctBAReE5br Shetdton i PSRt vOf ﬂ)li]keﬁfoh{bgarﬁ' Hifhdn s%\n:?al frequency

process  det‘erm nes e maxi hm noti on anong
regmisl diash regiontims dluhfqene dinestoldvalenthyt id adﬂsnabletand eer¢fhiee allows

for better detection of “true motion” versus “false motion,” resulting in a decoded image
with fewer motion artifacts compared to conventional 3D decoders. The process then
examines whether motion was detected or not in the motion detection operation (step
1006). If motion was detected, the process proceeds to step 1008 where 2D logic is used
to decode the composite signal. However, if no motion was detected in step 1006, the

process continues to step 1010 where 3D logic is used to decode the composite signal.

[0044] FIG. 2 shows a schematic block diagram of a decoder (100} for decoding NTSC

composite signals received by a television set. The 3D decoder (100) receives a

composite video signal (102). The composite video signal (102) is delayed by one and

two lines in a first and a second line delay (104; 106) respectively. A current line signal




final notion value for the pixel (step 3008). The
process then checks whether all pixels in the

i ncom ng frame have been processed (step 3010). If al
pi xel s are done, the process ends. O herw se, a next
pixel in the incomng frame is selected (step 3012),
and the process repeats steps 3006 through 3010 until
all pixels have been processed. This notion detection
process is performed for each received frame. 9 [0046]

(EEI algﬁg Wﬂh a@Nellide Elbﬁiyecﬁm givdd Qm)tdild aftWﬁélinerdleldyedl sigadl L(EB) enters
as been erm ned, the tion value is
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chrepia signab te grrcspte (tho Bymagsignag )e|1wd@11130)t0 éhfeea piiYS 23 decoder
RSP g8y pEnaBed ook g0 choms

sighed (3D C) whichaissalgm a&sstﬂatoothe bﬂdmdms{ 130R| Twedtines mem@nes (114;

ender ( tatio the chr
130 ol iR stftich S oBBnE SRR, b M, pime AP aff D hase
adbss 196 4rani@s (thhtdis, 18 franikd 40 andl FD), ahd @ 168 Febe RofralptidiPtanGasily be
the current pixel under 0|n ecodlng and two pixels
determinadrn ¢h egn%r@ndemnamb% hpl enent ation, the chroma
band pass filter (128) mnll be a w de band pass

jdqt r

DY 56 by S0P e B By 0 B i

(sttptl@04)ewhivhtis performeti foy thomotion deteconi bdockil bk Asicla&)bc seen in
Jt t he

FIGH S B FREh detoion s s Bieoafinglad iRGRHE sl s a one-
friiﬁ@&tﬂi}fed sigh@l, 2bd G S¥dftghe ldélajﬂddt sﬂgﬁal (ﬁé}ﬂ%@)nm Iﬁﬁ.«itl}ﬂ(bl in the
present, then the 3D C si out put

ingqeing rame sigppl Istsplectady(§BP 30 Thren@P% dé'i“%{eglotﬂb (48) then
re&ﬁlegg %falté ﬁlfesﬁaiﬁ%)alueg %ttheqeﬁrrf?éqﬁ& Quih& %ngigl% ﬁ@ fgaguency

Information in cases where the proper co
choingpleysd a‘ndrthv diiglho ds=qnaay dnmafchnon‘m dandins respevtiztlyofrem the

vapdHig o Rlosf o EPoR v eer, et et (g Pl aeshold

logi¢ BloS{ 120} sdp@lymg a separate threshold value for each pixel and each frequency

'domain, the motion detection is significantly improved compared to conventional motion
detection techniques. In one implementation, the threshold values are based on the
pixel’s value as compared to its immediate neighboring pixels. The process determines
the maximum meotion among the motions in the different frequency domains to be the
final motion value for the pixel (step 3008). The process then checks whether all pixels
in the incoming frame have been processed (step 3010). If all pixels are done, the
process ends. -Otherwise, a next pixel in the incoming frame is selected (step 3012), and
the process repeats steps 3006 thrdugh 3010 until all pixels have been processed. This

motion detection process is performed for each received frame.




the television set for generation of RGB signals to be

di spl ayed on the tel evision screen. Low Frequency

Motion Detection [00481 FIG 4A shows a schematic

bl ock di agram of the logic used in one inplenentation

of the notion detection block (118) to detect | ow
frequency notion. FIG 4B shows a correspondi ng

flowhart for the | ow frequency notion detection

process that is carried out in the notion detection

[0046F RefuldiBy now t51FEG. 2/Awhehhibe Ifmul fbtiopiealay hambdeh aleteirpined, the

RSBk PO YOS BrPRStFE G e P eder gy ek LETE) 5% G (10
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resulting fro subtraction F2-F1 is |0
o9 [136)-c0. partiagass fler IoP) 15§ 8By 6L PR gimAlcyetore the
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S%ﬁ f%f@éf‘ |ﬂs?é:i§1ugdep lslg)z as P%ﬁﬁ%%@&‘i | ogic used to
clni‘emecsignhi pforferthe signdyreanbes tha bﬂtmdetﬂrl@)m Iarfdlﬁ amplementation, the

b G PSS o
tHe S ddIeRdpeBERiY it icBfient phel hlﬂi&ﬁg’t&ig ddcbdiag a0 @649 pm(Bl@ loti @izker side.

three 5-tap filters (2+2)  wt coeff|C| ents of gebandpass

Im/mothr imglemgpigtian, 3he slyomé\baa% @affS. filgez (128) pyifl B ¢ w1
ﬁﬁ&ﬁ% £ a%gl Bg'ncféffa{ d 31 %étﬁtet@{i alddfid %tSQP Tearrilp ﬁ%(}luency

Ion O ters int owpass filter

hel ps |n reduci ng noise in the notion path and
[00¢TioR=ed subibe detevted npdioniin ks tmat)n rdaSPcm;n bloglk 6 Yeacthe )blendel'

terpret as_no h
OB BRSBTS B85 o 2 HREL. Pt
is pRgait] the 2D| Girhi’én‘él Rloutpat, ues Iﬂlﬁ) zﬁoﬁdrt ils\peessmtgthah shed@®D C 51gna1 is
val ues 4006) and is then passed to a threshﬂ

outR ifeonp] chler{dzoél)w) Thbe sigpal frm &hq Hgnder greste g ey killer (132)
t r e

O BERIELS 8t St A AR st ot

dmpdazqzbd ffoiedarimisi reasonsg | sueh @s ﬁ'@pmémyoma' putsethet lackg color burst

sggel 304 5 s Fep et et it R pRL TR sl B6ibut o

théMRINRARMAES fob @eneration of RGB signals to be displayed on the television screen.

Low Frequency Motion Detection

[0048] FIG. 4A shows a schematic block diagram of the logic used in one
implementation of the motion detection block (118) to detect low frequency motion.
FIG. 4B shows a corresponding flowchart for the low frequency motion detection process
that is carried out in the motion detection block (118) of FIG. 4A. The low frequency
motion is determined by subtracting (202) a one frame delayed sample from an incoming
frame, that is, F1-FO (step 4002). As was discussed above, in NTSC, the sub-carrier for
“two adjacent frames is 180 degrees out of phase. Since the chroma signal is modulated
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obtain the | ow frequency notion value (step 4010), and
the I owpass filtered notion detection value is output
(step 4012). [00501 In one inplenmentation, the third
5-tap filter has a bypass option. The attenuation of
the | owpass filter block (204) for, NTSC signals can be
found in Table 1 below, and the attenuation for PAL

signals are listed in Table 2 below 11
FrequencyAttenuation 2 MHz-25 dB 3 MHz-80 dB 4 MHz- 100

ofl Bhé -sab-Vitfief Othél BesnltMtzthd QubtihcfioR |of flimedt K2 BB FDOB tﬁaﬁrluma is
NTSC si gnal s FrequencyAttenuatl on 2 MHz-15 dB 3 MHiz-4
cargelediout pod ciEpa R nipsion Bs gbigreds e Thmsigaal| () Fesulting from the

@ I
sf%trt‘a?g(#gn at » Eso ﬁovﬁﬁls% ?%tg{éﬁ @Oﬁnﬁ% Jo}%érntg\?mfétﬁ'né)ﬁ? r%e hlgh3 frequency
csmf.;dsmts md:iadmgmhrdmv(step r4@0|4)eﬁme samie | signabl@l)ds aiso msddsas input to

lj ed ~del t del
aRBgsatrd B e uen B FeRtmbadt by ot bl Hyfess toma
. B, vﬁhapwh%@dls&ﬁ&d%ﬁﬁ?é de&z@b belb® Sk refgents HFIGHE.

subtraction of signal F1 fromFO is used as input to

nmot.i on_f or

the |l ogic, for detectlng hi gh_freguenc
[004P bleonsriaRizmeniaton, (e dowBass St A KT gRe thestoPers (2+2)

with coefficients of %, 0, %, 0, %, and a 3-tap lowpass filter (1+1) with coefficients of /4,
Y, Y at the output. This combination of filters in the lowpass filter (204) helps in
reducing noise in the motion path and removes sub-carrier portions that may be
incorrectly interpreted as motion. The lowpass filtered signal is then passed to a rectifier
(206), which converts negative signals or values to positive signals or values (step 4006),
and is then passed to a threshold logic block (208). The threshold logic block (208)
subtracts the threshold value determined by the variable threshold logic (120) from the
incoming rectified motion value (step 4008). The resulting signal is limited (210), that is,
any negative values are clipped to zero while leaving positive values unchanged, to

obtain the low frequency motion value (step 4010), and the lowpass filtered motion

detection value is output (step 4012).

[0050] In one implementation, the third 5-tap filter has a bypass option. The attenuation
of the lowpass filter block (204) for NTSC signals can be found in Table 1 below, and the
attenuation for PAL signals are listed in Table 2 below.
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Het ection schene provides

proper chrompaMHA i on, as wel| as high freegsdiy | unma
poti-on—The resulting—si-ghal—-s—t-hen—output—{step
5012). [005 éﬂ@g one i nplenmeptation, the sj ls F2
and FO can ndpass filtefed before theé re
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hat Tow frequency [ una

motion is filterp@outam@pehtRnlfyr NETBC@igRaldand notion is

present. As a result, the re
step 5012 wil/| only contain

sulting signal output in
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Chroma / Luma Motion with Le
6A shows Fregwde¥tic bl ock d

frequency i for chronma
luma _notion. FIG__6B_shows

ss Luma Motion [0054] FIG
agram of tAlengHiaR ysed

kK—(II8) to detect nign
and/ or |uma, Wsija | ess
flowhart of a

correspondi ng notion detecti
the notion ddHECti on bl ock (

e

on process carried out in

118). As can #8dBeen in

A aond AN A 4.
Ll A = AT Adltu U0, LTIT S 1TUT 1
simlar tolipﬁﬁpigh frequeng
di scussed

L Lo . r '
m—estrrinatrulir ro r1afrttly

y motion estifgtiPn

5 MHz

-95dB

6 MHz

-46 dB

Table 2: Attenuation for PAL signals

[0051] In one implementation, in order to make the switching to 3D softer, the same low
frequency motion detection is applied to a one-frame delay and a two-frame delay,
respectively, shown in FIG. 4A by blocks 212 through 220. Also here, the signal (D)
resulting from the subtraction of signal F1

detecting high frequency motion for chroma and/or luma, with less luma motion, shown

from FO is used as input to the logic for
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above with reference to FIGs. 5A and 5B. The | ogic
shown in FIG 6A can operate in two nodes. In the
first node, the logic operates to detect chroma notion
across two 13 franmes, with less luma notion. In the
second.node, the logic operates to detect opne frane
chroma notion. 10055] First, the process (6000)

det ermi nes whet her the two-frame chroma node or the
one frame chroma node should be used (step 6002). In
i0 F8G. 600 ITheenkmiund f2lué bf the IF3-Fldedtennnd ¢ltk BlyFE medkh,mgspectively,
.Whet her a one:f ?ne chro noti on enabl e bit has been
igdgtermiped as the fHﬁ‘E‘W TeAveRnt yma BAf%on enabl e bit has

not been set, then the two-frane node is used and the

process @gtjﬁ, o} MctidD&E&1bn foP CHROIER ah8Br Diha
one-frane difference signals at TS, - and D
éthat is F1-FO fromFI G, 4A are rectified. Signal D .
[9052] FHaSA shewsha sepmatis hlagkgdiagran elenspingvaesntaion ¢fithe logic
sl i e 2 >
o i i iph APRLdr DL 1) B 08 P Bency, ima gndjog luma
motibueFi{e 58 siowe d ctiyesphding Spwelisrieoftshnetidnaletectiogprocess for high

120) fromthe, i ncom rectified mmtian e. (st.e
SRRty R POt ST 5o *4eb I FRCodh P PQUg to detec
high 18dquanéy hdtioRASStd-frhME edbidyl epnfpi Qs subratted (302) from an
l'ow pass filter (1+1) with coefficients of 1/4, %,
inggmingfpames dhgt s, rFé-liﬂ éwm 5008)-t Rba resultipgsignalsis dhenpryotified (304)

. :
(RASgOBLrBIBSE o F O kR bidck G, MR RAPLEICHIBAE Go6)
subirbcth asecoeé threshdld waheet(step S006)aletepmimet bk vriableathreshold logic

tion detectjon shoul d be_ _used,  the {acess 0
(1L e HE SR nhes efuendrh e Sabisd raLes CPRhisise 5008
anddo@Pdssilterddawith 9B-ta [oWBas eP(19 1 iR cBefRARBITY,, 1, Vi (ste

filt grg_ed ste 60_08)}; and r gct [ E?{Iedj:( step 6010). Th_e2 “ (tep
S Bkt i Yipesdthe splramicnp! Y gndiF2hmsithe sqmenpkaspi thiscdesastipp gpheme
, i ver si ' t 2) :
pob{iBed 5 i ipR0E ds e L0 ugnc 1 BohB, 7 Gesuting
sighal ie phefi@hithut (shfpt5@®12X. he di fference signal has been

rectified in- step 6014, the process continues with
(0GH37 B e rhplerhenatiof] tne Ohals T3 al 16 ch BE baHipass fitfered before they
are subtracted in step 5002, so that low frequency luma motion is filtered out and only

chroma band motion is present. As a result, the resulting signal output in step 5012 will

only contain chroma band motion.

Chroma / Luma Motion with Less Luma Motion

[0054] FIG. 6A shows a schematic block diagram of the logic used in the motion
detection block (118) to detect high frequency motion for chroma and/or luma, with less
luma motion. FIG. 6B shows a flowchart of a corresponding motion detection process
carried out in the motion detection block (118). As can be seen in FIGs. 6A and 6B, this
motion estimation is fairly similar to the high frequency motion estimation discussed
above with reference to FIGs. 5A and 5B. The logic shown in FIG. 6A can operate in

- two modes. In the first mode, the logic operates to detect chroma motion across two
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[0057] FIG 7 shows a schematic bl ock diagram of how
the final NTSC notion is determ ned based on the
notions determ ned for the different frequency
regions. The final notion file is the maxi mum of the
notions determ ned above for the various frequency
areas. As was seen in FIG 2 above, the final notion
is then passed through a 3-tap horizontal nedian
filter (122). The 3-tap horizontal nedian filter (122)
FrEABY §fth RRAfuklaCmBRdd. 0T AROsROIRIHE L @d;ﬁé %p&ﬁ@é % detect one
lines. The final NISC notion is clipped to 14 be

fame clgprie mofioraxi num noti on val ue of 16 will cause t he
decoder to output the 2D luma and chroma signals

008 DTSSR Do B GG or

ol ﬁameAnlyroml mede shoubkbeesal fospoo@i2Y 16 onelinpladentaion, this is
nal that is, a bl

Cif ; de ﬁs? ngrihéhey %ﬂ?ﬁ gy ghrogig PtioR ep ”gﬁjﬁéﬁm set. If

thd I)Qé frafﬂ@'cﬁfbnw InbtifiP ¥hdbEe BR38E hbetkeh ReHRA BE tH81FAKle mode is
The Bl ender [00581 FIG 8 is a schematic block di agram

userb ainch dher precesp esaoatuiutm tofsteph €004y dm andvicly thegtoopne-frame difference
g%%p{gqgmgth%tq? %eﬁlt tﬁﬁt! is P‘l %Oﬂ%%;gﬁ]% etsrlé]cl:jcg{%% Signal D is

I nventio
thdnovbiravna fbcan sigﬁals@ eqnep 6006) &nd tBe rdshikeing Eigﬁhin@ retisied (sdp 6014).

2 : he 2D chroma/ |
T dshol, 165ia, todk en Sbess o ?eé Rt gotetmized by the
vaMbNTRdsHOTR 1660 A0} ﬁ{)m the Encé 'Hilgt |s : t%tﬁmé: (gtgﬁggls) The

the notion detection bl oc SO use
r¢splsing stgnak lhémbtedr(a@&) (@trmcﬁplS)Tm ioWrmnsaﬁmrcqb Gterf 6@2&) tume 3-tap

16y Bl D IR RO AP Al T ol =SB el T e output

(998t 602D) dnliGheproddss ehds: (16 nmotion))/ 16 [0059] The | una
out put i s obtained by subtracting the chroma out put
killer,

3@% Og%u SREEEES ir%%r%a ﬁ%@%ﬁ%ﬁ%fﬂ? ?ﬁafﬂ%lafgﬂéom? gotion enable

bml@ﬁ bES geermytelsc%pbné 3@k ﬂ{o‘ﬁ%@éﬁe@ubﬁ‘ sHAEDe used, the
where the proper color cannot be displayed, fo

Premﬁfﬁ()@o) dires mot e sngmplﬂtC ashPoyit tustoad dews fanmss HZ@nd F1. Each of
0 Y% n SO ene
iR £ R b BAe e B P By PRI (SR oy he
rectified version of signal F1 is then subtracted from the rectified version of signal F2
(step 6012), and the resulting difference signal is then rectified (step 6014). Afier the
difference signal has been rectified in-step 6014, the process continues with steps 6016

through 6022, as described above.

Final Motion

[0057] FIG. 7 shows a schematic block diagram of how the final NTSC motion is
determined based on the motions determined for the different frequency regions. The
final motion file is the maximum of the motions determined above for the various
frequency areas. As was seen in FIG. 2 above, the final motion is then passed through a
. 3-tap horizontal median filter (122). The 3-tap horizontal median filter (122) reinoves

sparkle motion and no_motion points and/or lines. The final NTSC motion is clipped to

14




applied in the chroma path in order to enhance the
cross-col or suppression. Simlarly, adaptive filters

can be put in the luma path in order to reduce

cross-luma effects. Threshold Logic for Mtion

Det ection [00601,As was di scussed above, an effective,

way of decoding the conposite signal is to perform
notion based adaptive tenporal decoding with a 3D conb
filter, such that when no notion is present, then
HeSRRNAle, C AR HBuf3RdtidrSvabey dror6r e, caadthe B&ydét ®eoutput the 2D
spatial 15 conbing (2D) i s perforned 2D decodi ng has
lenwend wdror signals @aly. ¢k minimam metien walugpi 780 wilbcause the decoder
t(gi 8&?911 9 36?&1’?’1& QI?& clﬁ%}ﬁg_ﬁ%@%§ %nﬁrg naﬁv%ﬁlfes 118 éttatg;glﬂ%l %eﬁ‘o and 16 will
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SRR OO RS s Bedee g BEk Aratea by

studying differences between a current frame and

previous franes on a pi Xghe BYepdexel basis. The
detected difference, that 1s, the "raw difference"

needs to be processed in ord r to detect tru tio
[6ApB] KIS Bys a sehematc Qlock diagm hoying Be APLRtiRn %@%gﬁﬁé?l 10) of
th@fd&d?l&eﬁlrgi‘{:aq% R in é’@abr‘agnce Qﬂﬁlt Jn@ll Eﬁi@nﬂﬂ@ﬂ of Wi uln%cntion As

e suppressed based yst em noi se.
wah iliscussdir gmiveladd \cah ibe seen imEiGeds ehb ZD hebrorad eignala2D_C) comes

R b ARy era Sofalip SR 20y NP dSr) comes from the

3 RRINAY 18Rl ePAERHS THetS-Bif mdtidh Gatgu® Fom theh@bebo detectidn block
I s desirable to have adaptive threshold |o

(1B it g s an nepviiss e bisydkn 10)1 e dlepeioptbut FpwxthePlgnderis
bals&ﬂ#d:thle 5D b%dgﬁ HigralewiiRh L &?l&ﬁ%&ﬁé foRws0gi ¢ Wil |

tn order to understa vari ous issues
that need to be taken into account in the adaptive
t hr es héhdorhogitpyt (2R Gt motiemilitem(38%_G A liGemstion)/ b
- types will now follow [0062] The main causes for
i naecur - .

o198 4S5 DRER P b SRR R o e
conpobsie \ﬁkﬂm (L2).cArmia 1<$IlHr,rmhbh car lﬁﬁmlabl&d sad dirdbled by dinmware, is

The foll ow gdlsu53|nvvlllfocuson l'ing Iock

Tostmgve opof diom BRBE AISERRAI CPRANGIRS Bt BBPEeolqr Fannot be

dl@%é& 'f@f‘ e{:&ﬁnﬁl@nﬁﬁéﬁ HRWnAdnipadiee DRILS RLE2YisVA @RRochrome video
si gnal s,

signal. In some implementations, a filter, such as an adaptive controlled filter, can be

applied in the chroma path in order to enhance the cross-color suppression. Similarly,

adaptive filters can be put in the luma path in order to reduce cross-luma effects.

Threshold Logic for Motion Detection

[0060] As was discussed above, an effective way of decoding the composite signal is to
perform motion based adaptive temporal decoding with a 3D comb filter, such that when-

no motion is present, then temporal combing (3D) is performed, and otherwise spatial
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hi gh anplitude and hi gh frequency noise for the 3D
decoder notion detection logic is edge noise, which
causes fal se notion across frames, and hence sw tching
to 2D in those areas of the inmage, although 3D should
be used. The edge noisge occurs as a result of the ADC
(Analog to Digital Converter) sanpling clock jitter,
because of various reasons |like clock edge noise, PLL
(Phase | ocked | oop) instability, PLL tracking, or the

Lng (D)8 peﬁ&trﬁédngﬁ) déd3@R3haderods-EASHALd &t ci‘mhartlfacts while

sanpling clock jit there are variations in

Hadptodingglognast haaﬁﬁlleset artifagts dor s@lllpotthms of gmmaged Jbus, the motion
Jé?e g)g Yo%':uil 165lt | OC{1 t?g) %?Lll'lr%t% A e?eézt @1? &Lﬂ(lon a ? Zl}égeb%??%@gv? %’getger Image
,@dg@'anpl|tude or the slope, that is, the difference

in pixel values for two pixels that are | ocated on
e 16 i nplene

(ip§i1h e &p GimsaRipi s By Bl IR Rgoer i Lyoying differences

b deR ! £ EEEen® ffrateCatidr RB¥iouPrifbs 80d FxAEMIiR4DaBk X lhe detected
and a second difference between a current pixel and a

@@%ﬁncep ihaglis, thedrave differencg’ nerds fevberprasessed; incondaioto detect true
AT R PhOLERRTon P BTnd afUSREST R oy i

chatselsl how bmb]ﬂ redgeotiat 4l Ihﬁnsupﬁfeésednbds% ondgstes] apie. If this
basis. [0064] The edge/slo pe

on a_pi - by- pi xel
%tla{qo u‘% jsripeneicd: tham tscreplmotina WilhBe (RFEdn sRmeeaseh and if the
ﬂﬁ'b'@lbﬁia{/eﬂﬁ@ {s dededa8&d 's%em TRk GaAlll Q’enbﬁt@eﬁb&'o&é E'Eﬂorl}] indications.

conposite video signal, the edge noise int

Theretpye ni yis I@ﬁlﬁahi@ fto i hame adeptivie ghessheld alegiche Fed@@mm, ghe more

f h
bl b SR B B b Bl o P Bigertion, togie wil
pérﬁ'ﬁnﬁ ul-cedéritb @hderstagd) tHe. vahivtid RelcsdE neéd'® betaRerei@LSccount in

-ty ﬁlcally have steeger sl opes than the chroma_edges
theiargniive feshaltblogigg Brisfayervimyef vasiews seipotyperVillgiolt ©llaw-
5 MHz. If the edge threshold is set high to mask high

{abmqnﬁn&mml $HBeseE SndHeh Ricch b a8 QiEci &S S8 ThoRH nbi®S Sampling
real chroma notion will also occur. However, if

Cbﬂ@%ﬁg@ﬁ%ﬂeb ﬁ@gpmlé@hsm@n nejsdirtdo gerpreishinmera clewpanise and so
ot U'Pﬁé:ﬁ])ﬁlé{vﬁ{g @?&%&Bﬁ 01’1 g&lﬁﬁf@ &0%1? gbge Sﬁgﬁgeand diagonal

| nprove e nor e | ve
trafisition seBe. In addition to random low amplitude noise in VIdBO signals, the more

high amplitude and high frequency noise for the 3D decoder motion detection logic is
edge noise, which causes false motion across frames, and hence switching to 2D in those
areas of the image, although 3D should be used. The edge noise occurs as a result of the
ADC (Analog to Digital Converter) sampling clock jitter, because of various reasons like

clock edge noise, PLL (Phase locked loop) instability, PLL tracking, or the loop filter
settings.

[0063] As a result of the sampling clock jitter, there are variations in the sampled signal
amplitudes at all the signal edges. These variations cause edge noise to be present, which
. is directly proportional to clock jitter and to the edge amplitude or the slope, that is, the

difference in pixel values for two pixels that are located on either side of an edge. In one
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| mpl enent ati on of Edge and Sub-Carrier Detect Logic
for Adaptive Threshold Logic [0065] FIG 9 shows a
schemati ¢ bl ock di agram of the threshold | ogic (120)
that includes an edge detection |ogic block (710) and
sub-carrier detection (SCD), |ogic block (720). The
edge detection logic block (710), which wll be
described in further detail below, contains |ogic
that allows a user to set a threshold value as a

iRplARALASEHE ditrBen®A9 BetednhiAéd by Soterbiiing'd Eust AfffdrdiRe of a current

sl ope anplitude should be assigned as an edge
pinst enhalpdevigusaesil, A & sesapb diffesenge bRWEsh 9| iteat pikepnd a next
made r . . .
5yt Yot B AR RN bbbt Bihles. T B ig gadress
thi® gioblei, Qlek thfeSROIA nekdsl to dk signarhiealtiesariedbaskdi o Hath tdgerdetection
detail helqw, but geperally, the SCD | ogic bl ock (720)
a@g@? thesdee sope, Pﬁf‘@g‘ﬁ[:lg%'l’%e{!?f‘s’cshe edge detection |ogic
bl ock (710) as follows. A user may set two
WAL THE B@R31dRN adBptPR thicehdld ca B SurtHed imProRedbased Yiosabdarrier

[y% ~If the SCD | og_i c. block (720),, does_not detect a )

defedsionar Fynieallytinendigitized compepitgs/ideqesignabpibe sdgec B Jethe high

SR YR Mg s SR oL Moty (s o

pareions Binag ¢het sanpéihg clbck & loekddoto théavlopbursi partier ofthgeub-carrier
If x%is set to be higher .than y% a higher sl|ope

sigidlc _émt%eg@% Pied¥ar 6973 Fipis el eer o Haph® Broma cdges,

iR the ASa Edged Ratd MPE rdBRItiAN up WVBlousd SNFHRL B kd@ethreshold is
t hreshol d val ue can be used Tor chroma portions of the

set igheto magle highyfreqigot huna pdgechrisndhero s91em apsgaigted dass of real
achi eving a,dynam ¢ t I {abd . .
oA 8 AT BSOS ACELAAD e BRRE B
bagahbr Qlb-Ea@rier detation ke thireshaotd 1pgic throbs impirbreedt th ibe sinat dffective,
| ogi ¢ can, be programmed to suppress significant [uma
asggf @ofdiedisqtsseiout much 1 oss in chroma notion.. The SCD
Det ection Bl ock [0067] The SCD detection block (720)

det ect s t hermpRnfedidtiodl of Bage ARAISuUBICAGTerDiltectar i er .

characteristTcs, both spatially (i.e., across lines)

and tenporal |y (fogh for Adapfive ThedReId. Ldgic the spati al

domai n, since the sanpl'ing clock Is four times the
[0665) T8G9 kifws 4 RUNBNEILISN iagram of the threshold logic (120) that includes
an edge detection logic block (710) and sub-carrier detection (SCD) logic block (720):
The edge detection logic block (710), which will be described in further detail below,

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

. is, how much of the slope amplitude should be assigned as an edge threshold.

[0066] This edge-based threshold is then made further adaptive through the SCD logic
block (720), which examines the sub-carrier status. The SCD logic block (720) will also
| be described in further detail below, but generally the SCD logic block (720) operates
and interacts with the edge detection logic block (710) as follows. A user may set two
percentages for a particular edge, for example, x% and y%. If the SCD logic block (720)
does not detect a sub-carrier, then x% is used as the slope percentage threshold value, and

if the SCD logic block (720) detects a sub-carrier, then y% is used as the slope
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| ocked to the sub-carrier through the color burst, the
alternate sub-carrier sanples will be nearly equal in
magni t ude, but opposite in phase or sign. Furthernore,

the sub-carrier changes phase by 180 degrees across
lines, which can al so be used. In the tenporal

domai n, the sub-carrier inverses phase by 180 degrees
every frame, so there will be a significant

di fference between two adj acent frames and nuch | ess
p&bdtieanRshdie i IBE for that pEREBulah 8dgenrIe x¥onS stirtarbeshigipatitan y%, a
Thus, by studying both the spatial_ donmain and the.
higheranelpeErsTBEnthIGshOId Splus bt as<d fot Bimparmocions af &g impge and a

| t ' s @@Mhd Rnage,

log‘%gﬁ ?F’] 'ﬁ%@%‘l&%’ &l?%g&%(‘:%i ch c kﬁé{ %?);Tbﬂrjgﬂgg[% ggrﬁe three g
thirebpeeducangsthé 2hrofla, matich FEs @ntachipdpg alkynamicr thrgshold variation
frane, e previous.frane nd the.fra [0 t
bastC R SGD PP Ay PY POk Bt FoGr tat LA TRl cbftrol 13F luma
arfd€hirdthd pQRSnD R\ higbiPRLRaR be prspedriied fosuppriess significant luma
subsequent description of the SCD detection block: 1.
edphaoise Bithpuitmauchfoss ip ghroma matiopys si gnal , based on

tenporal chroma anplitude characteristics check, to

i ndi cate whet her thgysatd) Betedfidn BlocR™ or not; 2. The
CLD statusl B is the starus signal, based on tenporal

chroma polarity characteristics check, to_ indicate .
[00678 t FrerSGIN detsctiop|bdack 47 20) cletestsghosubrastrier by checkmgefor sub-carrier

CLD st at A i.Snthe status. sSi 0 [
chERPETE T PR U B5Ea ey P AR s PR (20, RERS ines). In
thé bpatianNdonviiflesdndel the bamitingi cldiksik dal timestthe butdéaradrefrequency and

whet her the sanpl es_are chroma %% Eot; 4. The CLD ) b
loaked e, e spbcarmien hravghthrsclorhpast, the giemats U pafipygamples will be

i hihide inl $4s& B Gikn 2T uARSMOR, 8 sub-carrier
ne?x.{i’)?]g \5\/(111?? %%Iﬁggbﬁgﬁfﬁg{%g }ggéed apgrrlt for NTSC and
chngs Iphase el 80/ degreqsaacrosk dmeRANhich can atspdbedisedndndhatgmporal

to.indicate whether the a s are chr 0 i
o 410 SibessrAdvaTTes RBgsh L 150 ergh prer, Aofhe i, e will be a
sighffTtRh@itieRMc® belwden 206 \udjacklt Dranat aelmadiBlas Alffratcathesween

signals. These three independently %rogrannable st at us

frauies thet are 0 iapiee Spart-t d vt FPdying bRty the Ptk domgiiyand the
tenflﬁ?)rralt H&rﬁﬁn,ngﬁ 'a%ﬁro&ﬂﬁznec‘ subfABriet Ziete@Mbn can be made to control the

threshold logic. As can be seen in FIG. 9, the SCD block (720) receives the three frame

taps F2, F1, and FQ (that is, the current frame, the previous frame, and the frame prior to

the previous frame) for sub-carrier detection. The definitions provided below are useful

for the subsequent description of the SCD detection block:

1. The CLD Statusl A is the status signal, based on temporal chroma

‘amplitude characteristics check, to indicate whether the samples are chroma or not;

2. The CLD status! B is the status signal, based on temporal chroma

polarity characteristics check, to indicate whether the samples are chroma or not;
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freqg luma notion path, H gh freq Luma notion path,
Chroma notion path. It should be noted that the CLD
status signals can be either a single or nultiple bit
wi de signal. CLD Statusl(Tenporal Domain Check [00681
.Referring to Figure 10, a diagram of _a tenpora
detection block 1010 in the SCD 1ogic block 720 that
checks for tenmporal Chroma characteristics is shown.
The tenporal detection block 1010 receives the three

signgl s Ffje IdLRthnks2 AN dhd Rt:68heigal] Masd b@lgpatlaﬂ'hﬁroma
tenporal detection block 1010 checks. for tenpor

aBhlivdnanstpolady ehecktwithin Big cugraef) Videnbingloae émlwnal) to indicate
ude acros s and then across one frane.
“@%BgﬁLegngrﬁ%f?@é%@nghgge the Chronma anplitude
can be checked based on terrporal sign/ poI arity. The
out put of the_tenporal _detection bloc is .
desi §nat erglea§LQ;E%“§§a]?’ us Stafi; E‘lgtl"i‘ {0 Spatial chroma
arﬁglﬁtﬁc@é‘@?d)goﬁﬂ LIRRAR Ocitss Ghe6 Km@ whehneé oﬁb‘ Hn'éedelayed apart for
ete tion block 1010. D Status 1 Ais

NfFBéJraeﬂ owe lidh delayed appit fen RYSLYGizss b0 divesnaionalh do insliqateyiyhegher the

a di,agramil|ustrating the tenporal detection
Saﬁ'?pg??l?rﬁﬁ%n?ﬁm?t %SCD | ogi c bl ock 720 is shown. The
tenporal detection block 1110 includes three band

pass filters (BPF) 1112, 113,g 1116 whjch.rec b
Phe i gndie Fal 94 siEF 115 <Adk SOL eyl OMPBRGRR Fhrile 2bove
t 1
C?%rséc%ﬁssl e?/}g ? 9% §tgtja% %%nalg ’ﬁf'es@ﬂgeéﬁaagpeﬁﬁ&lt@ (ﬁ?&grgﬁn{aﬁlc status

el enment s desi gnat ed
s@tadk dod yyppofd, to Dautrdl)'thfamdtumsyh,reshq;ids fapehremotion mths,éh@wz Low

) T s oz gt KoL Bt g R Emp s B o
generates the output CLD Stat us 1B. If the sanple

It Sha@i bendtbethanite GIAD eatustsignalsrcanbs et agiggds vt multiplobis w1de
one frame, then the output CLD Status 1 B is True.

signgk CLD Status 1 Bis therefore tenporal polarity
based. CLD Status2 (Spatial Domain Check) Referring to

~Figure 12, a dippreiftusi (P&hpéral Dgmaidl€heddi on bl ock
1210 that checks or spatrla roma characteristics

[O(IJGSS] %Il?emrg:ng ;[)hll?lzurgl I%Cl; dfalga%( gf Efl St)ermpcorr]arl %gi?:ct?cl)qnablogk ?MO 1nI tﬁe SCD
logic block 720 that checks for temporal Chroma characteristics is shown. The temporal
detection block 1010 receives the three signals FO, F1 and F2 and a threshold input 1012.
The temporal detection block 1010 checks for temporal Chroma characteristics by
analyzing the Chroma amplitude across two frames and then across one frame. In an
alternative embodiment, the Chroma amplitude can be checked based on temporal
sign/polarity. The output of the temporal detection block 1010 is designated as
CLD_Statust A, indicative of the outcome of the temporal check performed by the

temporal detection block 1010, CLD_Status] A is therefore Chroma amplitude based.

Referring to Figure 11, a diagram illustrating the temporal detection block 1110 in
the SCD logic Block 720 is shown. The temporal detection block 1110 includes three
band pass filters (BPF) 1112, 1114, and 1116 which receive the signals FO, F1 and F2
| respectively. The outputs of the three BPFs 1116, 1114 and 1112 are provide to three sets
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spatially, by |ooking at four adjacent sanples in the
4f sc | ocked video stream and checks for the Chroma
anplitude and Sign of the four sanples in the w ndow.
The detection block 1210 includes a bandpass filter
(BPF). 1212 that receives a conposite videqQ signa
(e.g., F2). The output of the BPF 1212 is proved to
four delay elements D 1, D2, D3 and D4 respectively.
The output of delay elenents D1 and D3 are added by a

oﬁMSBélbxﬁéhts d@vgrﬁ%dl(EMDa,rlDB hrhED@),l(]DﬁgtD@ﬂ)Md@S) and (D9, D10,
el enents D2 and are added h% tsql%gnaeal on diﬁlﬁ‘é %Zé% are
Drlésﬁ@éc@ﬂ)eqe%e"tﬂ’féy ol autrte afrbe [dRigy Aematis it

{oﬁi'cé f AEPSdsh B If th I
P gﬁ%ﬁ’&l@qj R?ﬁ?lg %cheﬁ"f}%tgiﬂ%mgﬂmme t hreshal d 'I?I—fgmpe
siigs isathe ahie acmsm@dﬁamesaandﬂmpmﬁﬂe |agtoseonefjpmechen g quiput CLD

spst st onte LODTHAE RS atetre BBl o R thec 7

devi ces 1214 and 1216 are less than the THR

O herw se, the QuiIpSiatus? (Bpatial Mvnidie Chiedk)i c bl ock 1220
receives the outputs fromdelay elenments D 1 through

D4. The | bl 20 h ks .th '
San'pli{“efgmngg% iﬂl o?}éyal %[‘anﬂel gv%g%%ﬁ,éﬁletg rngﬁolﬁ ?21%%011301{3

fo& Epz{tlIQPCﬁjohﬁrcﬁﬁtabt\éﬁstﬁ:@ R4 Sm MBS bRER 6§dck§ forﬂlﬁdilﬁa cltdimmenstlcs
he output of lTogic block 1220 is a |l o

Sp@tlﬂbfr by dmkinges f@u-tagmcenwa@k%m the 4fspde e@ msle@ §trgam andyghecks
fof E}é {;ﬁ@ amoqciﬁ K& ?r%slgﬁqﬁ g}i%?o%égéﬁpﬁs i ?fg&ﬁw e gﬁtgctlon
bledk bZlUEnﬂﬁdds hG)aJnﬂlet: $i &D(Bmilalbﬂmttﬁcdﬁ@a galrapttsquldeo signal
t hen t he out put i ow. . Fi na i.N ,
(e, TOhGT LR OB ) 213 i ved o P a8y sl 17 amd
D# trésgg&lﬁ'eltyh e St of td@la? Qe BB @fd W Greeddied B9 a summation

str he output of detection block is CLD
degtcatl @5Pamd thwbutpht mfsdelayohlmtwlaz ond Dhareaidsdiy isumaation device

12 EeeResely Fe o™l Giths W rblpl BiucPRE 1214 STBIG arc otiied
antl REmB4ed Maths thtddhold OrHR) wi Igiciblocksl 2¢ 8irfBiedtbreslibld AEIR israavalue
scewhpehisaO i bt o BB oo T ok 1215
is QLc{g{cetL g&*&%@tﬁﬁofﬁ tﬁé‘sﬁnﬁﬁaﬂb%%cvﬁéé)gilm bes are less than -

 ock 1220 checks the sign of
theaTI‘HB.r ﬁhhawmnmeammms dpposiatkergogiartileok (320erec@h@cub§ outputs

?r}r%gr?fg ng g%”f%[@ ggi@elzi%gﬁeckg oa%t’e.ﬁn%?ve samples
rec@%@%fyttﬁe BshpEletnénts/h1 tHrdkgzh 4. If the alternative samples have opposite
signs, then the output of logic block 1220 is a logic one. Otherwise, the output is zero. If
both the outputs of the logic blocks 1218 and 1220 are a logic one, then the output of 2
logic block 1222 is also high. If one or both of the inputs to logic block 1222 are low,
 then the output is low. Finally, in logic block 1126, if the output of logic block 1222 is a
logic one ,then stretch this status to four samples wide else no stretch. The output of the

detection block is CLD status2 A, which is indicative of the chroma luma status of the
current line in the spatial domain. If the status is one, then the CLD status2 is considered
the chroma status. Otherwise it is considered the luma status. The block 1218 is a

compare circuit which compares the input rectified chroma amplitude difference signals
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| ogic one is output. The block 1222 is a | ogical AND
circuit. The block 1126 is simlar to Fig-19
flip-flop section, which does the signal stretch if
the status is logic one. [0070] The CLD status2 can

al so be based on the adjacent |ine Chroma .
characteristics check. Referring to Figure 13,

anot her detection block 1310 for detecting |line Chroma
characteristics is shown.. The detection. block 1310

diigi gwdm? tpbdgeagiaamd [Bsshold TIIIrﬁI STHeBblbER Ollzlz@ J:Beckiaﬂ.élls'gﬂ bf the
con gured taq recei ve three I nNe del ay S es

alipinatesaRlsS (o5 oPpess@ElErbHL . chesle B %ﬁﬂﬂcﬁﬁﬁ S#aples for
o?ﬁt'ﬁ’de%%lahtﬂ' and-As@AR sighs F Bzd&kﬁtyéa% pldser §%5H§1t@§01i1f12'1ry9m true, a

me field. The outputs of the'three v
lagld aneais @utp@mé"harb@c;srla% gadogical AN sirceibTheblocdll 3§ 1s similar to

£ E9 Blos ik ool e Sloal e R stes ek e

1318 is configured to receive the outputs of the
[@bF0h The IOE e RtatusDkaii Als0 g batdliZ2on (he Gtajb}:eﬁfhhledmrpmh chéracteristics

oblf kEefhaco o e s BREkp3aD 16 GBS 13 Lhrome

cﬁdrﬂﬁ‘ensh& REhGIn. WPhdSeteckibn bIagk ??fmln@!uﬁés&ﬁre@%ﬁ’(ﬁﬁss f¥&s (BPFs)

lines is sanme, (i.e. the current sanple and the two

1$l2né3h‘bh%(§/ééilﬁsa¢t}:ﬂ&lr@rte TEesite thmslmel qadayed spwples L1, L2 and L3

TESEL ee%? L Ve%aﬁ?r@ltﬁ%?iglay% ?S%éllp%:ﬁ rL Sasngolp)gare Od1 Eag n% ifi¢ samples

frhm\tﬁe SpROfc1d €T @pyts ?frﬂhe ﬂgbésBBm: mﬂfsze I1 af4 ﬁ’fél 1316 afd provided to
conposi te Vi eo signal_is_ba S iltere

iR gelay 10 Dot e a8, Dbt D7 o Brend (09, D10,

- pRelgr I_r)lis‘)geskgftﬁ}e [Aelo%l%’bl&ﬂ(l 1394 § &hg Elrell BfecVE R ok %ts of the
st at us atusl A/ B an CI d-status2 A

de#l’ymlwmcnﬁh]él togugh Blbck 1410 gener ates three status
outputs Final _cld status_1, Final _cld status-2, and
; -l d- st , f . I k
OB 1% A AR 18 RSl o By e e
acmisg hvad Hindsi 2l opploeitesicatss ond line.Anraherobetds tifithessapleagigh across

=

Final .cld st 3 can each be,independent et to
w3 dipes & i Fo e fumepesamlg, end it G ling dle{s%f a'@vPIA age both
podifite 6} Both trdfat les) B} $}ﬁ3”o§€e SR Wne 17eql.HSthe icBR@t Sample

are each capable of controlling three different notion
ang ghehonch ling delagied sample diave oppaskic stgnshelHiog beaaysserftsy the 4fsc

o BRED ppt Bl SRR BRa Rl e

bl ock 1410 is a progranmabl e
[0072] Referring to Figure 14, a logic block that mixes the status signals Cld-statusl A,B

‘and Cld-status2_A,B is shown. The logic block 1410 generates three status outputs
- Final cld_status 1, Final_cld_status 2, and Final_cld status_3 from the received inputs

and a Chroma/Luma control signal. The three status output signals Final cld_status_1,
Final_cld_status_2, and Final cld status 3 can each be independently set to any
combination of the input signals Cld-statusl A,B and Cld-status2_A,B. The three output
status signals are each capable of controlling three different motion path threshold
controls, such as the low frequency motion path, the high frequency Chroma motion path,

and the two frame motion path for example. The logic block 1410 is a programmable
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21 m xer which perfornms a nunmber of different m xing
functions. For exanple, the «cld status 1 output can

be derived fromthe following: (i) the Logical AND of
CLD Statusl A AND CLD Statusl__B; (ii) the Logical AND

of CLD statusl .A AND CLD status2_A; (iii) the Logica

AND of CLD status2 A AND CLD status2 B; or (iv) the

Logi cal AND of CLD statusl A B and CLD status2 A B. In
addi tion, each of the above conbinations of inputs

nGiRér haichophifarad i dumber lafgdiffatenOfikingt fmdtiafs. tHoe example, the

ohd aiach @uimarrs. e domind GPgh i, oL Y e Y ogichd AND of
G rRstust Al ARD ?Lﬁaﬁaﬁﬁl Gy indUdlgdl ARD bPCDD @hfubleA AND

a I“ogl c one or logic zero ‘respectively. The Variable
CTHY ehis? dA,L(au)thLomkal AU 8 CEPGitatus? hND GLB siened Beor (v)

i ggoat AN (i shif! A R LB SIE) A bl S1fldiPtach of the
abdveBnbaANBSs éfinpischntbeCddhribiiitd wifl %Ebgl(::ﬂr()R instead of the Logical

sel ected, for which variahl e threshol ds togf d
AdR epsriien. Finally, (tesgputpute &ﬁﬁ%ﬁ Bual, eid saips.dn mi)li-?(l Stai, s an

ﬁi’l\ﬁlt dd asté%ﬁse“.‘i's‘? g«%aﬁ e bR 18 be®Ntherd Kodc éidgrlibgic zero

I n— tthe horiz Irection,” and sel ects the maxi mum
redpdefieclgnce, as was descri bed above. This difference
describes the detected maxi num sl ope anplitude. A

correspondi ng (ﬁi Eﬁ E ' zgggﬁ in the
vertical directi e‘l‘ sshld lcience

Eval uation block by selecting the current pixel (Pn)
[0DT3] FGC U rshntys lai mhemﬂiccblbdkedipgmml ofi the tvagalde flweshold logic block
ext.

RS, e 8 BSOS, S b S s » uens

pﬁ(ﬁr(tPh?  sHARE Tor WARROGHAME [thresHVIKCarB aE rbedﬁlt&ﬁﬁﬁeﬂe dThalogic
t hreshol d val ues for the current pixel

coatss dhe eurrenh pixeh(Rag Notha: piayiges parek (- heand|aynext plxel (Pnt1) in
{] 19 f e

.thg ?lgpc Al cplaef:tlcﬁny a‘(i:lg %gl?gt%?&clglgmgﬂn? Qﬁffe\f%lcg as &Qse described above.

Thigrdifésrane addsatisestthe detehﬂeésha)hﬂumblup«s amphtdde A corresponding

non-linear with res ect t he, det ect dsl
d%r@watwwsrﬁlw%laf s R g FiaerdREetdt Btation
RKOYS MR tRe dbilrer? '])1)&91‘ SP@afoﬁ Wl @Rt 1ihErMINAE PP the same

that t he flnal t hreshol @ val ues can be programTed to
pokition its & peevirdusi lingrand a next line, respectively. Once the maximum horizontal

and vertical slopes, respectively, have been determined, a set of threshold values for the
‘current pixel is generated. The threshold values are linearly proportional to the detected
slope value. The proportionality constant can be varied. In some implementations the
threshold values can be non-linear with respect to the detected sldpe value. Also,
minimum and maximum clipping functions can be programmed to act on the calculated
thresholds so that the final threshold values can be programmed to have some minimum
thresholds or be programmed not to exceed some upper limit. In one implementation, th¢
variable threshold logic block (710) can determine threshold values for several adjacent

frames, such as F2, F1 and FO and determine the final threshold value to be the maximum

or minimum value determined for the respective frames.
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threshol ds or be programmed not to exceed sone upper
[imt. In one inplenentation, the variable threshold

| ogic block (710) can determ ne threshold val ues for
several adjacent franes, such as F2, FI and FO and
determ ne the final threshold value to be the naxi mum .
or m ni mum val ue determned for the respective franes.

22 [0074] The variable threshold | ogic helps in

removing fal se notion because of pixel value

[0@&1 Fhi QRS tiRkHOR 10@@9@& ktﬁrérﬁb\&@'f'ﬂils!en@oﬁd)mbkcause of pixel
Jitter /- variati ons. The her the SI ghal,
vilae yeriatione at/dgrahedgsp dig fq saggg@g oiqgk Jitse/ KIREOBS gﬁm higher the
I t.t ref e P
sipilefle A7 BB Yuratafyl 36 g2t piCanBrRbrmiat getore
tltehﬁxemﬂhme ldmt.ed ah atsteepsee skgg eholﬂmhawmthlgmr tlaeshelda @Iue At the
hi gh, so the shol d WI
soppetise 4 SR eda B e ir B Rabs s A g8 the rea
midfbh. e‘@ﬁ@%abfe%reﬁi&?d'rﬁ ncr&t@d ¥y efking! eredneige, fohedaniphg 10 % of

pi xel | ocat ed ggercent age i s further

thecgpei tw the Qe@blsripﬂ?é@i Orba i¢ psreentage isofughenpgapgively determined
h I
s RSB A g (BATE Gpal B Bt Mimes gy

hori zontal w ndow i s conbi ned with a 3-tap vertical
[007 50RO nﬁp‘ibﬁ’ébx&atimi; ap3-agpa potizcntdl hwiadomw| il opmbited, with @ 3-tap

16 shows an f suc [
veriigal saeday 9 ﬁ% 4 -ten @g%lrvle éﬂtleqw?c}(g'npdg Z@h X& 8%% 54 example
ofdGh&H B Baky Od@aﬁtﬁrel ﬂﬁe%h@ﬂ windd¥e NTHE | ®@mefit bixel under threshold
respective wi ndows. The absolute difference of Llh
dat@rnnmnpnsx@lcataﬁdntﬂhe mifidlec @At thpi reenestiver WiRflowsy kg qabsolute

dlglnlfe]mé gfh@ia uFSnma) )?eg Li& [h%'c}ﬁfao QEHI: 5&% drj:f‘e'iﬁfn% Qﬁ&i the maximum

rm ne e sl ope.
dlﬁ&Qﬂ'@é &mong the Bétermidéd dlt‘ﬂafencesns deternpinetkio b«zathméom Fog example,

ared with the val yes ec y
oGl o e CHBer R vaie PRdS sﬂmpa{?ﬂd‘r’ﬁ% thi YabE 1,453 and 4,

&1k %nﬂlt}[b&h Ehepediff
e
is Tiken gsethe é'malaglepwﬁ‘bmewmshrth%lﬁlfaﬂlab*t iswderiped & tbﬁ pixel Pn. The

pegﬁ;n’gﬁ% g%}ﬁ?ﬁ suﬁﬁa( d%c}ag ¥e|u§a§]sed 01? gﬁ%?ﬁ?}ng 8)172%%!&11953 ¥0@&§§1§ﬁ‘ x%

oriyPPbLER bh olirofid/lémbastectiont al t hreshol d value is
conputed in accordance wth the follow ng expression:

[0076] In one implementation a horizontal threshold value is computed in accordance

with the following expression:

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

[0077] In one implementation, the decoder can detect a synch edge or color burst regions
and determine their motion variance, for example, by using firmware. This detected
variance, which can be for one frame motion or two frame motion, can be used to
program the linear percentage threshold value, that is the programmable threshold gain.
The programmable variable threshold percentage gain can, additionally, be adapted based

on detected chroma/luma. The threshold logic alse has a programmable minimum DC
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Vt hr (Horizontal) = [[Max{IPn-(Pn-1)I, IPn-(Pn+l)1}] *

(Programmabl e attenuation)] + Programmble DC

threshold (mn level) [0077] In one inplenentation,

t he decoder can detect a synch edge or col or burst

regions and determine their notion variance, for

exanple, by using firmnare. This detected variance,

whi ch can be for one frane notion or two frame notion,

can be used to programthe |inear percentage

oftbete sl May 2lipsing e clips teoppadeshtatihe upﬂjﬂrelahmhdlue if the
in The progranmmab) e varlable t eshold

ﬂg@ﬁhﬁldﬁwsesagﬂp@g@ﬁm duppskliny yatued 1B sasmp 10 138 3%‘81 put in

el L5 b n, eacfr&fs%@@' S&s'éaﬁlb‘é r@ah&ed Ba®nd skxlled in the art, the

pr ogr amma ni mum DC fset. The max clippin
tﬂrmynkd Iml'aep’&gd: bml the DT ofﬂm\fen hqn@onthleandpfﬁérm faps ean/bg if-‘@arately

if the osses the t
Pips dThE'Eegg‘?mS’?ct?g["&e RS g SRR o7 BAERL AR, only e
h&%ohta?ﬁd cAQABE Repti uress tRCITDS6yid llﬁﬁﬁemé’ﬁes&aﬂ bé ehared Finally, as
reallze \t/}one skilled.in the art, .the

h
capcrastenn HBUaRdihe Nerahis Grsheld Yae I BbITSF BpmgRgioton value in
m\é%&ioﬁ%ete&?o%%%%@mo%ﬁ (7R re%énl &laYe 2 PHASH 30T, Hence,

red tor vertical |ogic,
only the horizontal |ogic can be kept, unless the
2D-1 ogi ¢ I'i ne nenoCGhrgmad pDetest bagicFi nal |y, as can
be seen in FIG 9, the varlable threshold value is

tract.ed fr t ti t t
AR Bl 8, ML B, oLy s
clilt‘@héledlutﬂl Ts@'i’(iﬁl/s LbyfT&lgFlahgdbrs blggm c]:@ﬁéﬁﬁsﬁlﬂﬂ@gnhﬁuc&nhaded on two

uma detect | oqi ocC 1 | 1 ar.s .
foekorio cihe PRt dactari Bt P kAP i € Ui pieal Mg s epfgation is part
of GNER 88 € ;@% e%'gleﬁfv’eﬁl dEPRd SRS Elﬁ)ullliiﬁ@ﬂeaﬂ@' dqWél in magnitude, but

factors. rst” factor is based on 4fsSc sanpling
bel cfppbt'le: ipisigal Aftedeectifioatigy, thyeabiselntei diffgramae of gfjagend W@ﬁlu%among
t hen e ernabe u y
i R e o eatg BEARRE, R AEoRE AR Lefa chroma
anipidddefchecld 110the dnb&i‘aﬂhﬁdiffHﬁeﬁcdiils fgf@!@ el thé tva:dfrane difference for
nﬁlxels anmong the_ four chr%ﬂa pi xel s, shoul d nears |
8

Hemagentben qigama acdsigtadattdonhFryise lREPIRRES DAY ‘Pﬁ%l@“‘e

check. If the one-frane difference is greater than the

[Oﬁm Hak % Hidelthb @REs liPfan tetdetdrmin®B g@sthet fhe pixehifivh décdding
detected, and otherw se the pixel is not a chroma
is pn Xl chroma cycle or on the luma signal. Further, based on this determination, the

variable threshold percentage is decided differently for chroma/luma pixels, for example,

as 30% for luma and 10% for chroma. It should be noted that the threshold percentage

(gain) and the DC offset min and max clip values are independently programmable for

each motion path.

[0080] A more détai]ed view of the different parts of the chroma / luma detect logic (810)
is shown in FIGs. 17-20. FIG. 17 shows the logic for the temporal chroma amplitude
check, which checks the one-frame and two-frame differences, respectively, and outputs
a first chroma/luma status value of one or zero, where a value of one represents chroma.
| FIG. 18 shows the logic for the 4fsc spatial sampling check, which checks whether every

alternate sample is nearly equal in magnitude, but opposite in sign, and outputs a second
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[0079] Based on these two checks, it can be determ ned
whet her the pixel under decoding 'is on the chroma

cycle or on the luma signal. Further, based on this
determ nation, the variable threshold percentage is
decided differently for chroma/luma pixels, for

exanple, as 30%for lum and 10% for chroma. It

shoul d be noted that the threshold percentage (gain)

and the DC offset mn and max clip values are

chird Sglfi{lds%&s! Yali SO5RBTeRIE whefe a \e@&&bmielrepremtsrnhmma FIG.
ni nmore detail ed view of the dlfferent p? kf %

1% $hews larmone detailedraicdeofibe chwma@amlﬁogomnase Ipeiat FI. 18, where

al@:,gg%%l 0: al% %t 1 1%%6812 %\/\B’% tfﬁdét%gééik 1yt %fg}et%? Fg%ﬁeﬁllmw the

ﬁ@f@dts\%bnﬁ ﬁﬁiﬁaﬂhfnﬁ@fa&ﬁmﬁws Bm&pmpanedm geneamja tinalphrogma/luma
a first chroma/l uma status val ue zero, where
stagus ealusethasfis wyed b w@ﬁ@é@hkémeﬂwﬁfﬁ]ﬁgc bies (748 Shows t he

l ogic for the 4fsc spatial sanpling check, which
checks whet her every A@thtgﬁ;diﬁtf&p@npl e is nearly equal
in magni tude, but opposite Tn sign, and outputs a
second 24 chroma/ |l unma status val ue, of one or zer 1o .
e HoRroPe

[00813 PALa(RhaseubltematingeLinghiscas widea standeghriisedrfog, xamp
| . § 1S presen
ang rdg%r(se ﬁgﬁ%‘?‘gg\ékaﬁ Alinh IHF?B%]@& app e ‘p‘@x‘ﬁ@é&r &F this present

ere r flip-flops are
apPldatib) the okt sigificamn differetet écthetithe Bittradtiiyy, isrkiuGof plase by 180
shows how the first and second t
degrges ASEOSH KO Eféﬁ‘ﬁ%uag NRLACHRSH BR%ESdT Wm’éﬁwm ? tHésub carrier
is c}ﬁtaéé%v\é%] 46 fd1Als. IFor PAEIRYD dHRoMAki gﬂehh@ éd&fzﬁﬁlqi dibtracting
ic block (710). Adaptations for L [0081] . PAL
wc(e@h@els Abat erertavoi fragnasiapar. The ghroma agption aﬁ@%%e%wms grent,

E f f
ong R hd ot gty QRGxee AP Bel FREITS AR, (i

. present applicati on the nost significant difference
[0082] FIGit21tshews aksehmlatncéﬂoqksilzgn:tm &6 dstesting loy frggrency motion for

egrees across t and. not acro
PATeR s aprigEaTIn R PRI Rtk nggh, RNESC, Fhich was
dedcAYEd IHRERSth EecIOBIGENEA 3bd 4B) &'Bptahayifal PAL only a two-frame
generated by subtracting video signals that are two

differendets uspdirt . The chroma notion is detected by using
current, one-frame and .two-frame del ayed signals

_[00%5] fIG. thkkﬁa:)\%ga sEHemARB16R di&RSrh for detecting chroma motion for PAL,

and is analogous to the detection of chroma motion for NTSC, which was described

above with respect to FIGs. SA and 5B, except that for PAL the FO and F2 signals are

added and clipped, instead of subtracted.

[0084] FIG. 23 shows a schematic block diagram for detecting M5_P luma motion for
PAL only. It should be noted that the logic depicted in FIG. 18 only gives proper motion
for luma only regions. If the logic of FIG. 18 is used on colored regions, large false

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

[0085] FIG. 24 shows a schematic block diagram for detecting M6_P luma motion for
PAL only. It should be noted that the logic depicted in FIG. 19 only gives proper motion
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[00821 FI'G 21 shows a schematic bl ock diagram for
detecting | ow frequency notion for PAL and is

anal ogous to the detection of |ow frequency notion for
NTSC, which was described above with respect to FlGs.
4A and 4B, except that for PAL only.a two-frane
difference is used. [0083] FIG 22 shows a schematic
bl ock di agram for detecting chroma notion for PAL,

and i s anal ogous to the detection of chroma notion for

fdﬂ&ﬁ:}a ot} fdpiotes Idescloghest Fldhdgds wsddhon eelpmdt regions;|l@ge false
and_b5B, except that for PAL t al s
mgfens wilkretHl eheayis gpetion Wil b Bimed b Hrhet G F0a)

FIG 23 shows a schematic bl ock diagram for detecting
fpi@% SHB Qacﬂéﬁ{anc Bk Aidgyam Kor detertih@ PAR meticad The PALL

the logic depicted in FIG 18 onl L ves proper
SIgml; which fsghe mawimusn pfsigreals MasP, Mé_R, gad MM rtaipgdces shgwn in

|
F @it SR RpBBE TR Ui b W86 18 P rorfPLE R Mblion. The
paep aiignab ehioh is[ 18O &Ea]xuﬁlhﬁof 2ignsk s NP,seBeNBt M3_B) BEKNP, and
P 0 g OB B, By e
c}Qﬁlan Pﬂ)'tl}ﬂﬁ §ncpf09&pﬁéqu@9$y 18Mha 4R thf! The! FRIGRbI6n S Bétefsined to be the

ogi ¢ of is used on colored regions, |arge

milaﬂnsmofﬁ’dthlmdmﬂ result The M6 _P notion will be
expl ained in further detail below [0086] FIG 25

{Oﬁgﬂ gan.l.ﬁy gegﬁl_t%lél Qﬁgtrlg %ﬁ’azgﬁldfﬁﬁ ZIA%;% ﬁgnmggt'hs have mask

logicqIvVi8 Bablh-that dlﬁuﬁhteﬁfaﬂ?e I\vﬁbti‘dﬁ gebéraied dor bigh frequsnciy rpolored still
|

rogings. Tt MENGER Saeit IsFeane tsraose e SHinis SEnnades nif bapgel by

tvdosﬁérﬂ@adaﬁiﬁrf%%@fl iR EaRY %olMJedNE’gmMZ THR . chMindsighd} cdfifains luma

obtained as shown in FI Gs. 4A, 21, 6A and
~ nezzz ther adap@mrvﬁeqnen%s whiehl ceuseti drectideo @ignahip hemob sxagty 180

O PRy 5 g s e s s
lofi0 @héks Atseqastidnefos atith high deq@enc@fEnoldrhia rd@)niPam]misd\/ﬂalsgpnotion
g le AR GSICF FPORIFHSt PoROGeIFEHIEY 2trat o MBrp e R gap be seen
in G 048I Stdnl He seen in FIG. 28; the M8 Mask logic receives the following inputs:
M1_NP, M2_NP, M3_P, M4_NP, M5_P, M6_P, M8_P, F2, F1 and FO, CLD STATUS,
. M$8 Mask En, and M8 Mask_threshold_control_regs. The M8 Mask logic examines
signal characteristics, such as spatial chroma signature, temporal chroma signature, low
frequency motion, chroma signal polarity across F2, F1, and F0, and the average value of
a 4-sample window across F2, F1 and F0, and generates a mask signal (M8_Mask). In
the implementation shown in FIG. 28, stretch/expansion logic is also provided for the

M8_Mask signal before the mask signal is further processed by the PAL motion detection
block.

[0088] In one implementation, there is also a small mask logic provided for the NTSC

modes, when one frame chroma is used. When one frame chroma motion is used, false
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regions. The MB Mask logic is required because the
chroma signal does not cancel by two-frane addition
for high frequency col ored regions. The chrorna signa
contains luma near the sub-carrier frequency, which
causes the video signal to be not exactly 180 degrees
out of phase across two frames and results in fal se
notion. Thus, the MB Mask |ogic nasks fal se notion
for still high frequency col ored regions, and al so
mbAbREMAP bE @Bnerktb® b Qhe:&seormn@ @hﬂéfnat et titaitsdueAo rttner @ay the
detail ed view of t %IC can _be s
caRn@sito signahds formed eThf—‘éé?‘ﬁk 1@81‘F11‘%!P° ognd ppgks FJ@SGA@E"W “F%’@P%
receives the following inputs: M. NP, M NP, MB_P, M4

[dlygs]klg@ Pe % eEmatlEzbloﬁi dBRATOr HewPiRTAD L@romé/%gnal is

threshol d control regs.
gd&hsakedl o@s cnndmﬂwm E!BFICS |2@jn%t>h‘ Péfatha 3Dethirems ggﬂefmhs ﬂ%ﬂe using

_ I
fr:largw 2fq eﬁ’ re%%n Z\#gce I;‘.h, OrOlg‘lﬁ an%‘&llnla%rl? g&glg:sr égframes F2
arld2F1.FIThepd 6k EiSd aaa%agdwe ptéefcROhe \B0 dhroafa bad4psarfiilee In one
w ndow across F2

mmlgmﬂtatl@wsﬂw%fa}ﬂt i1 use ﬁ@%%ﬁ%g%@%f 3D1GH ol ardvidfs used
c a

of S AP SEpARIc 18, S B B8 s e

arfifacs esﬁ:hchsbg/]ublhe dRAtshass, | fon edanﬁe,t ﬂmrﬂoWOfl'Q@-Ich)[ m@p can be

tio there also a smal |l mask
d”f'agkﬁ% g@? mé’af’ pags § es, when one frame
chroma i s used. Wien one frame chroma notion i s used,
[0090] Fenall§, NEIGL OZT5 shBys be @Béadtit Gtbchy dtalgmnormf i:lrealfmal motion

chroma nption circuit due to the
detarghation frpgombined RESGASAL yger. d Vﬁ%/eéﬁ?gc Thas the maximum
ofttlFbglgg 13 Bl 8 B! #VBROP anEi1 e8P E ibfals, 28 dégbﬁ%"d ﬁ:o‘ir@ Ramedesect to

| Agr &m b Foma si gnal
FIGeVLe Tat AL xﬂetlmmgrtaé 1macrated aFde&cribad alfaye “Fl’ﬂﬂLreSH‘?ét RIIG. 25.

Lo KRR SR b TSy SErE B or e

PATS MOTIONIRBaIE 35 sei’d&t?deThe'EBIEétEd nfotieh srgna Ib}&[bﬂstﬂtefmlt ih@rB-tap
for the 3D chrona band pass filter

medinp| flies tr remowR spikese apbidimily F&Pﬁeé 9 éé’lfﬁ ﬁléchoti)ﬁa@% motion signal
ha?%HaQﬁhun? 9a1{1§‘ af L%"al'ﬁe%bu&fﬁghm fhtehed ﬁl HS©8he bi18fdek bfg rog} of FIG.

ronma Si wever sone easons t he
2, WhicH Wndbiﬁeﬁ:the aDesd 3D decoding as described above.

[0091] The invention can be implemented in digital electronic circuitry, or in computer
hardware, firmware, software, or in combinations of them. Apparatus of the invention can
be implemented in a computer program product tangibly embodied in a machine-readable
storage device for execution by a programmable processor; and method steps of the
invention can be performed by a programmable processor executing a program of
instructions to perform functions of the invention by operating on input data and
| generating output. The invention can be implemented advantageously in one or more
computer programs that are executable on a programmable system including at least one
programmable processor coupled to receive data and instructions from, and to transmit

data and instructions to, a data storage system, at least one input device, and at least one
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artifacts, such as chroma overshoots, for exanple, the

| ow frequency notion can be disabled by enable the

band pass filter on this path. [0090] Finally, FIG 27
shows a schematic bl ock diagram of the final notion
determ nation.-for a conbined NTSC / PAL system. The

NTSC notion is the maxi num of the ML NP, M2 NP, M3 NP
and M4 NP signals, as described above with respect to

FIG 7. The PAL notion signal is generated as
od@ﬁﬁddvhﬁdEaﬂmomm'tet progesp et be imfiéEnt@bin a liglsatelproegdural or

SC/ PAL npde detec}ion si naI ei t.her the f Nmeligélesired'
Ctr%nteME"WP’m POt 1B aSSRRLY QF mAHRe JANEN

aﬁfptn'l QRy ak) ahe igngub@N cdd bt es S&npx'lbdaoxg itéPretdte ingdilage. Suitable
[ter to remove spikes, and is finally clipped to.5

mcc@oeu dheludeat by havayoof orexamplpal bothagengratasenthu ipseial y urpose

f 16. Th t
m?%i]brj)cegﬁorgl %)neragf} \/\ﬁg&% sg% %ﬁ E%%n{eﬁﬂ%ﬁ%hs dil@D@altz? RARY a read-
ofil§ &0 dig afdoreandéh acceabmemoryl (RAdhIY heompueniild inchg;n one or

be inplenmented . in digital electronic circuitr [
meBhatseTora g AeNigssdor Poring.date, et sigs lgvioes inglydeé magnetic disks,

L%H 'A’Qhﬁ él‘?ﬁﬁi rﬂgkstatﬁ@ %m&%ﬁﬁrﬁﬂdsmﬁ’éneidjﬁpﬁcll\/(ﬁmsr Nt é‘fgiléirll disks.

emented I n a conputer program product tangi
Steralgo dreedesr switablerfartiangibly embatying computenprograt ipetrycgpns and data

mgl)e(xg on %f rijlonpr geﬁ{l?a ﬁgmn@gﬁ E % g? ?)8 v né%ﬂdex%bi@os%mlconductor
méh W@Q'sﬁcw&smm EBRROM, iand ﬂaslpmegf)@rﬂe@fces magnetic disks

| nstructr ons to performfunctr ons of the . inventio
sugh aF antpmal bad |dr‘§&$€rtan‘éiﬁ?fﬁ°‘5‘hlﬂ’ digje B1egRF PGP Sk F5-rom

dikiRY ety OF R0 goﬁ'r éaﬁnﬁgtsﬁ HIRAYRABE A9L QS InkorpBra®d¥e i) ASICs

nore “conput er rans tha are executable on a

(appiivgtienspebifie istpgrarhcirowisiidi ng at | east one
progr ammabl e processor coupled to receive data and

[Obér@tfouﬁrov%nsfo ?%ctgrgﬁg 1 tatlfsgrnstﬁ@ nvte aa?'}?ee sqlemented on a

truttl ons orage sys
cohippiel sy hevingundisplay devisd suohas E?rlcmubpmt L@@ steen fdeaidplaying

comput er program _can be inplenented i a hi gh-1 evel
lnfsrlee&ruroaﬁle dier. o bpe dper fian gl FE Figiystgm through

vaRbus gﬁ@&@d’ﬁtﬂsysua{ alRCKkyB6arl %guaaﬂ&nhﬁ% Qi@ﬁbé eflch a80mblise, a

any c | 'anguage "can be a conpi
trapkttally pnMernarvgtuaéesensuw display, qdrm@wmagd reader, @ enagpstic or

paperlfape reacfér, nptaglét {y usgg Qrglrcg or ﬁan%erﬁ%lrgc!o 51? 9P gny other well-

known input device such as, of course, other computers. The computer system can be

programmed to provide a graphical user interface through which computer programs

interact with users.

| [0093] Finally, the processor optionally can be coupled to a computer or
telecommunications network, for example, an Intemet network, or an intranet network,
using a network connection, through which the processor can receive information from
the network, or might output information to the network in the course of performing the
above-described method steps. Such information, which is often represented as a
sequence of instructions to be executed using the processor, may be received from and

outputted to the network, for example, in the form of a computer data signal embodied in
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m croprocessors. Generally, a processor will receive
instructions and data froma read- only nenory and/or

a random access nenory. Cenerally, a conputer wl|

i nclude one or nore nmass storage devices for storing

data files; such devices include magnetic disks, such

as internal hard disks and renovabl e di sks;

magnet o- opti cal di sks; and optical disks. Storage

devi ces suitable for tangi bly enbodyi ng conputer

ala B8 aFave N Sithe Wb bRl cittd dbicas andflateeialsakill Beofamsliafio those of
non-vol atile nenory, including by way of exanple

skillrin shorrompuise hardwarsrapd geliwagarts.such as EPROM| EEPROM

and hash nenory devi ces; magnetic disks such as

[0®t4ﬁ gnaky g d bg Zﬁﬁi@n%‘{t ermUangﬁegi S lfr?'wentlc')&ln y fploys various

et o-opt | cal di sks
cﬁmpm:gmm}gemamecbep@atpmis dmeolviag d;aj;ﬂi storedi inceompoitent sygtems,  These

AS| Cs Ilcatlon eC|f| rat.ed circui,t
opeyBYE lgiglgﬁ?,olg}ftoaé €9 1"?1‘?3& g?ctt g&ﬁﬂ?lﬂﬂ% phgr%lgal ?%mpulatmn of
phy¥iQRN haHlitied N UeBallyMARER Ho€ deBsadily, GREAP lqh@ﬁtltﬁysﬁl&mhe form of
havi ng a di spl ay evi ce such. as a nonitor gD
sambinpd,.compared,

eloptrigal praAsnelics pRRAJ FRRabIe o Heingrstassr t“énﬁfﬁ%%
aﬁif SihefifAle %ﬁYﬂuzﬁ ed. NPHfe %ﬁtmﬁs GR &rhééiﬁttﬁé'f‘ fcﬁ‘ﬁ‘loﬂﬂ’t‘ of the

varl ous | nput evi ces s as a ey oard
inventivni agustéil intehing lopbrammsa T m;pu@txons mrfcbmled aregpften referred

hon nsitive dis .a_transduce
tog TSR Bio g 1R SRS BABUTE: Py P PP nE cxcoutin,
ddvalb&ling, 6r Sdtdidtin ? It?s s\éﬁieﬁﬁteﬁéoﬂ%ﬂgﬂ'ﬂ" princiyghll Q‘@tQ@éHoif@bf common
or any other we known i nput_ devi ce suc

useBerte sofenstotbese cinefriseborsagrivic signpE AEPits ;Yélt“é?nelf‘éwﬂbs@ variables,
P@ﬁa%%&?%dogﬁ @1?)(%& i S RRMHER! hoWRGEr, At & bR8Rse and similar

roudgh whic uter prograns Interact wth users
tefrl Akl td-iba adskociatédh @vithr theegpoopriaf pbysadall yquemtitidseand are merely _

coupl e tf a @%PDEQ or . .telecomrmuni cati ons networKk,
conyerien s@prlgd tp these AUANLKES wor k, or an i ntranet
network, using a network connection, through which

(0099 THeQRQSHAhyEHHON BRE QINes to Y Qdvige] b)@fbnf 6©04ppatabe for performing
network, or mght output information to the network in .

the h@r@mngeedoqpe@élpﬂ% rﬂhﬁﬁgstﬂn@aYMéﬁléés@ﬂSB@d%& wlesrequired
A8 g A Y LIRS o Ol SORLAR], EAREEREE LA by
a UmAeasSpiogram ytobel memeu sompuftero fhe palocesast puesertd tabovh @re not
inh?e?%ﬁg{réléwggé F&Sﬁ‘ cular corr]nptultqe? 0]; 8{hrenr ggm;?utﬁlg nBlﬁlgrgl[us.dl%tp%rﬁcular,

various general-purpose computers may be used with programs written in accordance

with the teachings herein, or, alternatively, it may be more convenient to construct a more

-specialized computer system to perform the required operations.

[0096] A number of implementations of the invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, the invention has been described above
with reference to NTSC and PAL video signals, which are typically used in broadcasting

- TV signals, but the invention is also equally applicable to component video, such as a
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28 a carrier wave. The above-descri bed devices and
materials will be famliar to those of skill in the
conmput er hardware and software arts. [0094] It should
be noted that the present invention enploys various
conmput er -i npl enent ed operations involving data stored
in conputer systens. These operations include, but
are not limted to, those requiring physica
mani pul ati on of physical quantities. Usually, though
vied sippaletanis dytputt fieae DVanplayeres Atardinglye ofher embbdiments are
el ectrical or netic, siignal s capabl e of being
wdthgy the scopp Qgg‘f"g&?%?g €8 ned, conpared, and
ot herwi se mani pul at ed. The operations described herein
that formpart of the invention are useful machine
operations. The mani pul ati ons perfornmed are often
referred to in terms, such as, producing,
i dentifying, running, determ ning, conparing,
executing, downloading, or detecting. It is sonetines
convenient, principally for reasons of commobn usage,
to refer to these electrical or magnetic signals as
bits, values, elenments, variables, characters, data,
or the like. It should renenbered however, that all of
these and simlar terns are to be associated with the
appropriate physical quantities and are nerely
convenient | abels.applied to these quantities. [0095]
The present invention also relates to a device, system
or apparatus for perfornming the aforenentioned
operations. The system may be specially constructed
for the required purposes, or it may be a
gener al - purpose conputer selectively activated or
configured by a conputer programstored in the
conmput er. The processes presented above are not
inherently related to any particular conputer or other
conmputing apparatus. In particular, various
gener al - pur pose conputers may be used with prograns
witten in accordance wth the teachings herein, or,
alternatively, it may be nore convenient to construct
a nore specialized conputer systemto performthe
- required operations. 100961 A nunber of
i npl enentati ons of the invention have been descri bed.
Nevertheless, it will be understood that various
nodi ficati ons may be nmade w t hout departing fromthe
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spirit and scope of the invention. For exanple, the
i nvention has been described above wth reference to
NTSC and PAL video signals, which are typically used
in broadcasting TV signals, but the invention is al so
equal |y applicable to conmponent video,. such as a 29
video signal that is output froma DVD pl ayer.
Accordi ngly, other enbodinments are wthin the scope
of the following clains. 30 CLAIMS 1. An appar at us,
conprising: a video decoderLapa$i gured to receive a
conposite video signal nodul ated on a sub-carrier
S|gnal and having a | uma conponent and a chrona

lc aHpARaRatUs; §9PTFIge0  decoder configured to perform a
noti on detection operation on the |uma conponent and

the ‘éhﬁd&%e@d&@éﬁ?ﬁ?ﬁmﬁ@o fecBivelh binposite fvideb 8fpwaINaydulated on a
regi ons respective vari abl e threshold | ogic,

suloptiensignal @rnbhawrmeeolume@g@eenenamd eipma gprEAonegt, the video
LI G5 el B BBl W RS0 dbiotbh Bodehchlh oL A ARG and

O ere%og ura e ncy
thicehpsed ¢oteponentdn d phurslith of Aedueacy régtoae taspasculvdg; c,

coupl ed to the variable threshold | ogic, and

conflg 0 ect t ub carrier signal b .
chec ki e bieAals e couniei b aren Seeofer Hioap e o pypide
a ful?ﬁu@ HReshNIaRle 16l Ble84ddoQRcdRB Tt cach of theplarility &t fusuaricy
claim1, wherein the sub-carrier detection logic Is

regioms regpeadiyelypand ecei ve a first frane, a second frame
and a third frame, wherein the first frane is a

currenh & et ﬁ:n ﬁgﬁg.gugxﬁfeﬁme' varigh10 nﬁyghgmo@eaam

with respec t frame, and the third

cdufigmedits dqitmtto]ne fub-caireer pigeali Meﬂm&grboth Spatfah@datptpamat us
of clajim ein the s carrier detection logic is
W?rﬁﬂ?sé%t?%su%ﬁngq{d?tﬁ‘émt“gﬂ%& al chroma conponent of
the sub-carrier signal by analyzing the chroma

2.amp| Thelkghpardfiss @F Slain 1] whdreih Hiai@basatiar dsectividofic dendigured to

t he sub-carrier si naI and t hen
receive a first frame, a second frame and a third frame, wherein the first frame is a

current frame, the second frame is a previous frame with respect to the current frame, and

the third frame is prior to the previous frame.

3. The apparatus of claim 1, wherein the sub-carrier detection logic is configured to
check the temporal chroma component of the sub-carrier signal by analyzing the chroma
amplitude across a first frame and a second frame of the sub-carrier signal and then

across a single frame of the sub-carrier signal.

-4, The apparatus of claim 1, wherein the sub-carrier detection logic is configured to
check the temporal chroma component of the sub-cartier signal by analyzing the temporal

polarity of the sub-carrier signal.

5. The apparatus of claim 2, wherein the sub-carrier detection logic further includes:
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across a single frame of the sub-carrier signal. 4.
The apparatus of claim1l, wherein the sub-carrier
detection logic is configured to check the tenpora
chroma conponent of the sub-carrier signal by

anal yzing the tenporal polarity of the sub-carrier
signal. 5. The apparatus of claim2, wherein the
sub-carrier detection logic further includes: 31 a
first band pass filter, a second band pass filter, and

a thig rgt @aﬂﬁ‘ﬂaﬁ%ﬁr al slséc@fd bafi@Phds Flte£ dnd @t}ﬁﬁdﬂh& ﬁastsl‘fﬂ!ter
first frane, the second frane and the thir

conéigmred ta reetiye the finyl frane; the seqpar Apmeapdisith lr‘g frame BWHCCUWIY’
aI%elay el enent and a third delay el enent conflgured to
eceive outputs fromthe a first band pass filter, a
second band pass filter, and a third band pass f| [ ter
and Lhef deuyr cdendng astecomel de&nyrel@ni@xﬂeechi thirddelag slestent ppnfigured

first franmg the and t
to ,ré@%@@pmpgq fyorn the étcbgﬁg ngtafﬂ%r, & seeqn@%ﬁpti'pas\g\ﬁfltcla Thd 2 ﬁhlrd
baﬁH as%é}ﬁ{ef £id &%Eg&%& R sthRFbir ajicthteampleoofht Ses &amema d
1 9

[ter con ured to receive the conposite vide
sem@mmemuhe@@ﬂﬁgan@lrmm@y coupl ed to the band pass
filter, and configured to store four sanples fromthe

6.0an dl'h%%@%ar%ﬂlg 5?&28&1?? Rk Elééub %atfrfef &étec‘iiHH‘l@tié Ritther

dev i'cCé 6 sumthe stored sanples in the
cofriptisds: and the third delay elenments; a second
sunmat i on devi ce configured to sum t he stored sanpl es

int eco rth del el t ctifier

el eﬂ'gjﬁf‘ge?f’ﬁ%?t gg?rgg rcef;?IFe% m?orr%a‘ﬁ%e i}%{e?out put

of the first and the second sunmation devices with a

t hr ephoddday@bhags coapléd fosthe bagl prsciiltaryand configured tosore dour

enerateaflrsti@i%nal of a first logic state if the
sagpiep fipm the bandpags jiltd GRREFHVSH: devi ces are | ess than the

t hreshol d vol t age;
a first summation device configured to sum the stored samples in the first and the

third delay elements;

a second summation device configured to sum the stored samples in the second

and fourth delay elements;

a rectifier element configured to rectify and compare the output of the first and the

second summation devices with a threshold voltage;

a first logic circuit configured to generate a first signal of a first logic state if the

outputs of the two summation devices are less than the threshold voltage;

a second logic circuit configured to generate a second signal of the first logic state

if alternate samples from the four delay elements are of the opposite logic state; and

a third logic circuit configured to generate a chroma status signal if the first signal

~‘and the second signal are of the first logic state.

32




a second logic circuit configured to generate a second
signal of the first logic state if alternate sanples
fromthe four delay elenments are of the opposite |ogic
state; and a third logic circuit configured to

generate a chroma status signal if the first signa

and the second signal are of the first logic state. 32

7. The apparatus of claim1, wherein the sub-carrier
detection logic is further configured to detect |ine

7hr ofe Catﬁgér@ﬁlts &3t ShintS, Afndrdif ROMPhikRr WetiBGorP 1@ lis further
the sub-"Carrier detecfion [ogic further conprising: a
chnfigredtmndbigsa dise tinomar chatactedisimns b dompasite videpesigngh dhe sub-
a third baTd.ggf filter. configured to receive a
PELfeqga g BERET ePIFRIFEInd a third 1ine of the
conposite video signal; a first delay elenent, a
secoadirsicbay wisefitiet, aveboad thahd gagefiyr midearehitd bandped filter

to, the first band pass filter, the second nd pass. .
configugsd R aceRed *ﬂ@%%ﬁ%f%@i@eﬁlﬂ Péfﬂrg ?@%ﬁ W@P}gﬂsﬂe video
@ﬂg;first del ay el enent, the second del ay el enent and

the third delay el enent configured to store four line
sanpl es each; and a logic circuit configured to

r eced fiest delay Shementd 2 ispaead delap elementandrcthitg deley glemept coupled to
3 RIEP %%ndahgsﬁt HREGORE: %%éﬁ% bﬁﬁgﬁ&gﬁﬁé}daﬂd“ fhe! g.lli{dd%%‘a' s filter

el enen 0 genera roma sign
respectively, the first delay element, the second delay element and the third delay element

configured to store four line samples each; and

a logic circuit configured to receive the stored line samples in the first delay

element, the second delay element and the third delay element and to generate a line

chroma signal.
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