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Andrew MacKi nnon FI ELD OF | NVENTI ON [ 001] The

i nventi onﬁ)ertai ns in general to notion adaptive

dei LGB AL, MOTION ADAPTHVESYSEFEM WITH
TMBRDIN SRS iRk ion Wik REsPECT
g:t |e; af:?s.r eBX&&QI;qmwm;Eim& signal s
conprise two video fields, one for the odd |lines and

one for the even lines ofbydnvénierge. This is due to
the inmage capture prdimasio Rugeli€CorhlBoto camer a out put's
the odd lines at one pepskaRtzi N tinme and the even
lines slightly later. ' s a tenporal shift
bet ween the odd and éq\}l-ggé %ags 0 ﬁt he i mage, which
needs to be addressed in frane based processing
systens. A deinterlacing process generally attenpts

to overconme this problem by assenbling a clean frane

iFIRLDOKE INVIENTI©ON][ 003] Since the tenporal shift

between the two fields introduce feathering and _
$001)t THel iat dnfibn Peitdih Sl fenerdPlol REHACRRb NI SRENLERE 36H D
(MADI ) techni ques have been

particular to systems and methods for adaptively adjusting local motion thresholds
according to global motion indicators in order to reduce scintillation and feathering

artifacts.

BACKGROUND

[002] Interlaced video signals comprise two video fields, one for the odd lines and one
for the even lines of an image. This is due to the image capture process, wherein the
camera outputs the odd lines at one instant in time and the even lines slightly later. This
creates a temporal shift between the odd and even lines of the image, which needs to be
addressed in frame based processing systems. A deinterlacing process generally attempts

to overcome this problem by assembling a clean frame from the two fields.

[003] Since the temporal shift between the two fields introduce feathering and
sciniiliation artifacts, motion adaptive deinterlacing (MADI) techniques have been

proposed in order to reduce such artifacts. Some MADI techniques use local motion

threshold values that can be adjusted manually in order to improve the performance of the

_ de-interlacer on a specific problematic video sequence, albeit possibly at the cost of
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proposed in order to reduce such artifacts. Sone MADI
techni ques use local notion threshold values that can

be adjusted manually in ordef to inprove the

performance of the de-interlacer on a specific

probl emati c video sequence, albeit possibly at the
castifiging the peefermdrnice i(ang retielrgslucing dedmtedacizgartifacts) in other video
re-introducing de-interlacing artifacts) in other

. Vdegfgdcessequences. [ 004] Therefore, instead of manually

adjusting the MADI thresholds in order to "Pass" a
specific video sequence, it is desirable to develop a

a FVE t Do
R RBREIoKS (BRI A AThS ok apy Ri8noliid prgaptp “Poss 2
OF THE J.NVENTI ON [ QO05] . Di scl gsed are gl obal -adaptive _.

FRPFIHS Vid5e seayeRsss {t%@sg%e ﬁ%&ﬂ’&lﬂ’é’ angw gdaptivg sygtem that adjusts the
scintillation and feathering artifacts. MADI | oca

rotal YA Lthrasholds agnmiaticatlylaod ddapdively. adapt i vel y '

adj usted according to the anount of gl obal notion
present in the video sequence, thereby m nim zing
scintillation artifacts (generally present in |ow
notion images) and feathering artifacts (generally
present in high notion inmages) when deinterlacing the
fields. A set of global notion "scenari.os" are defined
for the purpose of classifying fields, and a nunber
of global notion indicators are used to detect on a
field- by-field basis different global notion
scenari os. The gl obal notion indicators are corrected
to reduce Luma dependenci es, thereby inproving
reliability and robustness. Depending on the gl oba
noti on scenario of a field, the |local notion
threshol ds are
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adapti vely adjusted. The adaptive adjustnent of
guanti zation thresholds are optionally also applied
to tenporal noise reduction &nd cross-col or
suppressi on sub-systens. 4 BRI EF DESCRI PTI ON OF TI-LE

DRAW NGS [ 0061 The present invention is illustrated by
way of exanple, and not by way of I|imtation, in the

S YMBMARYQF EHI INIAENTI@Nawi ngs and in which Iike
referer)ce numerals refer to sim| ar el enents and in
DS Dideiggead arclglababaddpeive a¢ineMading %’steﬂﬁ%dfrﬁéﬂ%c@ for reducing
sanpl e video sequence (noving pendulunm) and its

AR RRfh A Eshdte i LA Riantt) '
ARt lofRding RifCl BARFI0PAShARR Granfllaith fufdholdt arc
function of Lu | evel obtainpned froma sanple video
saLéia%"r? e?“ﬁ ‘ﬁfﬁfﬁ“ 8itQ the anqyngpiglpbal MOHQT%% in the video
normal i zed R global notion signal as a function of
Se@enee edrebyrhigimizirgzscingillatic: Dtifacaperealyi preseaninSow motion
gl obal notion signal as a function of Luma |evel
dibgdsh et fohmeRing safiels{oMicHIN praGHEATEh HbGMH Fnadks) whed
2-D graph showing a normalized S global notion si"gnal

. . ' f .Figure .4a, sh in
Qeinfriat R the R0 A bt B2l Bt houd] HiiriioF a7 ifiny P Mpose of
cAausk n therin rtifacts tQ start to appear.
FREPLATE Biis BREb s TohalmAgo pEAsaloTARER todtect on  feld-
| evel set to 100% In this case the systemis tuned
brrieldrhasis Wiliferit glabiabpbtigresbenaridso (the fefbia hbtiog indicators are

artifacts.
corrected to reduce Luma dependencies, thereby improving reliability and robustness.

Depending on the global motion scenario of a field, the local motion thresholds are
adaptively adjusted. The adaptive adjustment of quantization thresholds are optionally

also applied to temporal noise reduction and cross-color suppression sub-systems.
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Fi gure 4c shows the sane noving pendulumw th Luma

| evel decreased to the point in which the noving
pendul um shows a hi gh degreeof feathering artifacts.
5 Figures 5a,b illustrate exanples of R and S gl oba
notion signals correction functions. Figure 6a is a
graph show ng an R gl obal notion signal (not

cBRIEX DESERIPTION OBTHEBRRAWINGSI notion speed,
generated froma sanple video sequence. The S signa
Ljebe]v &t picbRrt atvieltio s GMisEra®R blySvad o8 b2RHp1E HAWNBELPwW

ay of
corrected Rcorr global notion signal, conpensaté€d }flor

- h | ye. Th
D ARAC GG 6ARF DERR Soofibahilfe tiihs Bl whiah 1RE Hifironce
Scnrr glﬁa%bal nmotion signal for a sanple video sequence

g HErelstte simikg elemieats apd i whishi ndi cating t hree

gl obal notion scenarios. These sanme three regions are
defined for the Rcorr signal as well. The regions are
det er Migved 14y shisy amcxanple heagg! folna b samplie eideb Bemhed @soving
Ti ow and Thigh. Figure 8 is a table sunmari zi ng

yandudius) S@Ns Lecedediloba mdihiROnd S’e:ﬁ'%[ailsc?s and their
conmbi nations. Figure 9 shows two graphs of the Scc,r

and dSccrr signals and indicates a count of the

nunbegs C | f QJ; The dScg" .

i 1 £ oF iehte B 8 3D RAEw e K Wl otot Gy GEES ag  fppgion of
f vgrthaI. ﬁi on qpatter,n in the image. Figure 10 is
PR e Wﬁ?lflg% PR 8P YideQ $eq¥encat i ng a net hod for

gl obal adaptive de- Figure 11 a above shows the tap

structure when the current input field is ODD
Figure 2b is a 2-D graph showing a normalized R global motion signal as a

function of Luma level.

Figure 3a is a 3-D graph showing an S global motion signal as a function of

Luma level obtained from a sample video sequence.

Figure 3b is a 2-D graph showing a normalized § global motion signal as a

function of Luma level.

Figure 4a shows a moving pendulum with the Luma level slightly decreased

causing feathering artifacts to start to appear.

Figure 4b shows the same moving pendulum with Luma level set to 100%. In this

case the system is tuned and the image is displayed without feathering artifacts.

Figure 4c shows the same moving pendulum with Luma level decreased to the

point in which the moving pendulum shows a high degree of feathering artifacts.
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parity. Taps fromthree successive input video fields
are considered. 6 Figure 1 |b shows the equival ent

tap structure when the curreft field is EVEN parity.

Each tap is itself horizontally flltered over severa
pixels in a line of the field. ure 12 shows a flow

di agr diigures tash Hastratg cxampdesafoR fand gghaball metitaptignads correction
dei nterlacing, in accordance with an enbodi nent of the
fussent. | nvention. } 7 DETAI LED DESCRI PTI ON OF THE

I NVENTI ON [ 007] Reference will now be nmade in det ai

to a particul ar enbodi nent of the invention, exanples

f whige il t . Npt '
O [ e@ﬁﬁvgﬁé@n&%&% R B RSB AR

ar .enbodi nents, it will be underst ood
%&Rw{' u ?Y& 2 iatigfbPoes Sepgipled R 3 SHUAIR Vigg0 BesuEns. The S

descri bed enbodi nents. To the contrary, it is
signaligbeves simbwlyr al t er nati ves, nodifications, and
equi valents as may be included within the spirit and
scope of the invention as defined by the appended

cl ai nBigurc\dhtik aigraptiahbivitg ARaERd R g]&)a@ﬁﬂ)tlbﬁ@@nal compensated
Mot i on QJantl zation Threshol ds [008]° An interl aced

g‘.\'rl; aﬁ?eg({/bé%ﬁ TI%H@Q{CF %n )4 Seolgﬂni bﬁ!léed %11«(: bf@l‘? % Cé)negtied % mﬂaﬂng

vi deo processi ng system pr oduces a progressive video

nte aced vi deo i nput si gnal
for 16%?'?(8‘58 g;ﬂf 2‘&@ a’diﬂ% lhvgnaé &riacsmplsgengpquence
of perform ng S|rrplef|elds merging (i.e. static nesh)

tbgethiariwitietht @aee ieifons intRettink ﬂﬁ@@glo@al%%?@n%@éﬂaﬁ@s Ofhese same three
vertical interpolation and tenporal i nterpol ation is

d&ﬁﬁsoérgﬁg%ﬂé%’l fglﬁrglg g{c%ﬁr} é}ﬁ%ﬁ \A#]slr\gﬂl hig rl)%g%ﬁ%l & determined by defining

einterl has

the global motion thresholds Tlow and Thigh.

Figure 8 is a table summarizing various considered global motion scenarios and

their combinations.

Figure 9 shows two graphs of the S, and dS__ signals and indicates a count of

corr corr

the number of zero crossings of dS,,,. The dS,,_ difference signal is used to determine

the presence of vertical motion pattern in the image,

Figure 10 is a flow chart (high-level) illustrating a method for global adaptive de-

Figure 11a above shows the tap structure when the current mput field is ODD

panty Taps from three successive input video ﬁelds are considered.
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m ni mum of flickering artifacts in the static areas
and a m ni num of feathering artifacts in the noving
areas. In order to better achieve this goal, |oca

nmotion (such as on a pixel- by-pixel basis) in the
I nput sequence can be estimated in order to separatel¥/E
pr ocedégurné1b shaxrs the equivaléens tapirpigreywhan the sursmt figkd is EVEN
i mge dependi ng upon the presence and | evel of |[|oca
atityoHadhtap ieitsél ftobizéntaldf ﬁl%’ﬁ@d"o@r X@Jeral Eme& ih 9 linefoé thedtdld.
to as notion adaptive A ... _a....l ....:.. ~[TI ATT 1
ucM Mat . ui S I'tvtrudl), 4111 tmo |||al i asxs of sueh a

& t
ot oo FIEY2 I TG fidw aMtand Gl "?@P"‘g?gﬁ“&?&%&p“"e
.its ne hborh od; nt er |
AR1elaging 8 JaeaiEnes WOt wReisaen! PLIM present U ion,

order to detect the presence of |local notion in the.

i nput video sequence, two fields of the sanme polarity
(i.e. even and even, or odd and odd) are used by the
MADI systemin order to conpute the value differences
(i.e. tenmporal variation) between each two pixels
having the same coordinates in the two fields. In
addition, differences between pixel values of two

adj acent fields in the vertical direction may be
conputed in order to recognize the presence of
vertical notion. The MADI systemthen estimates |oca
notion val ues for each pixel based on the obtained
tenporal variation, vertical wvariation and optionally
gl obal noi se present in the video signal. Once
estimated, the |ocal notion values are quantized into
a nunber of levels as indicated by a set of MADI

| ocal notion quantization thresholds, which define a
set of local notion ranges. The pixels are then
deinterlaced by a set of avail able nmethods according
to the quantized | ocal




notion val ues. G obal - Adapti ve Deinterl aci ng System
[00101 Wile a MADI system as descri bed above does
reduce deinterlacing artifacts, scintillation and
feathering artifacts are still present in the final
dei nterl aced sequence. Disclosed herein are

gIBobaI -adaptive deinterlacing systens and net hods for
rREICAILED DESCRIBEIGN OF IHEANVENTIONt s by
adaptively adjusting the MADI |ocal notion

t ' - I ceor.di ng to the unt . o . .
g8 RERkBE T RS Bfkd BERGAE o Rl GutBR Mot S prntion,
gl oba tion "scenarios" are defined for the purpose .
SFamp g? whichgre dusliatertt wdhe ageampamingdiewites g Wanlg|the invention
notion indicators are used to detect on a
fvill[bet-desorivied irdcontpariisn diithftkey eanticuddredlodiminits it will be understood
scenari os. Depending on the gl obal notion scenario of

hat it i€ h6h intch@ed @At IRGELARLEDNERE Qésgfi})&f &nﬁaeﬁﬁ@ﬁtg. atd he

adjusted, thereby mnimzing scintillation artifacts

t i ti ! d.
FOARLI o B R o QU 0 B o s oo may b
[msi on i.mages) when deinterlacing the field. i

included withul the’spirit and sqope phthe istenon asdsifiped by the appended gaims.

Signals [0011] Two signals, hereinafter referred to as
R and S signals, are used as initial indicators of

MugioantdmitivefDeih eblakingoiniddrocpl Meeioh QuantizatiomPliesholds
i mage. These signals may be generated by a Fil m Mde

H]@BPE‘H iﬁfbrl@bé?ﬁ!ﬁdlaf siki® cOtRpridk _?_E{le ﬂGRIQg ﬁg*’é hens ory 4nld%Yen fields

may be separately Conputed. | S Signal’s are.
LT T SR R R ———
(Iuitﬁlltcsliéngl %rgnel airlrllrtltgrrlllc%(é%?de\c/)iil?peu? signal for viewing on a progressive display
device. Instead of performing simple fields merging (i.c. static mesh) to deinterlace the
inppt video, a combination of vertical interpolation and temporal interpolation is
performed in order to obtain a high quality deinterlaced image frame which has a
minimum of flickering artifacts in the static areas and a minimum of feathering artifacts
in the moving areas. In order to better achieve this goal, local motion (such as on a pixel-
| by-pixel basis) in the input sequence can be estimated in order to separately process the

static and the moving portions of the image depending upon the presence and level of
local motion in the vicinity of each pixel. This is referred to as motion adaptive
deinteriacing (MADI), and two inain tasks of such a MADI sysiem are:
1. Motion detection, comprising detecting the level of local motion for each pixel and/or

its neighborhood; and

2. Deinterl_acing_, thereby producing a progressive frame.
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signal (can be even or odd) p = prey _ field - Luma

val ues of the previous field (in tine) in the

interlaced video signal (whef c is even p is odd, and
vice versa). p_1 =field previous top - Luma val ues

of the field previous top (intinme). R=c¢c - p_1 (-
el88%In{icordeilo, detect thPpresénce of piclahotianiin tlempatrvideodequence, two
conversion of result to a scalar R=sun(c S=c - p

Hickts SUAg SamdPolarity (&< Blern MrlRW&E lor S4PAAASId) B REFby the MADI
I I sum(c - p).

conversion of result to a scalars =

[ 2]. Not e.that n.the interlaced video signa

COREPlin QR iq (ol B 1h06 g Roeg 6 5 igonp el y &1 P E between cach
value and then difference is small. Furthernore, when
dwopbyebehaviveg,hg same epprdinatesian the tyaifields. oln addisianfdiffergnees

(or vice versa), the spatial shift causes a

dbetwees pind ivalges ofitenadiecrt fieldaén fHeselticabdirdetién may be computed in
subtractions. An exanple imge froma sanple video 10

DEdE e R0 %{rﬁzéﬁe‘ﬁfpesieﬁbe e FetiBal ndion? 'ﬂetl\lf%{)gsﬁg@rf @.en ]estimates

signals f t he"sequence are shown in
rrect.ing the.R and.S, Si gnal 13], Since.the R and.
TG SRPP T T ritlpise BrSd Bn dnd s et Yoo
Luma, subtractions between different video fields, the
Fagpwngang optigeaderedehal naise pragent inrthe videe bignal. Emee estimated, the
exanple, if a specific video sequence conprising
tleplernbsomealigicirauantibediach SRaRtkriof levelsay adicatddbytanet of MADI
different Luma levels (i.e. two different brightness
[0@NEhSon {dMatiEMAn thresholds, which define a set of local motion ranges. The
pixels are then deinterlaced by a set of available methods according to the quantized local

motion values.

Global-Adaptive Deinterlacing System

[0010] While a MADI system as described above does reduce deinterfacing artifacts,
scintillation and feathering artifacts are still present in the final deinterlaced sequence.
Disclosed herein are global-adaptive deinterlacing systems and methods for reduce

scintillation and feathering artifacts by adaptively adjusting the MADI local motion

- quantization thresholds according to the amount of global motion present in the video

sequence. A sct of global motion “scenarios” are defined for the purpose of classifying
sequences, and a number of global motion indicators are used to detect on a field-by-field
basis different global motion scenarios. Depending on the global motion scenario of a
field, the local motion thresholds are dynamically adjusted, thereby minimizing

scintillation artifacts (generally present in low motion images) and feathering artifacts

(generally present in high motion images) when deinterlacing the field. |




obt ai ned sets of R and S val ues correspondi ng to each
Luma level will be different. [0014] Figures 2a,b and
3a,b are 3-D and 2-D graphs $how ng actual sanples of
R and S values and illustrating how t hese gl obal
mption val ues vary exponentially with respect to the
rikabsl MatiendndicatarscR andiSBignals t he i mage. Figure 2a
plots the R signal as a function of Luma | evel and a

S[a0pl |eTwo ¢l Sauensfer (ofBr&PRRk & hnd @ﬁ%@lg léfcetrsg@ as initial
shows the R signal as a function of Lu

nction une .
|‘2€*§f‘*8§ﬁ’3ﬂ§é Sk F %@%&9&%’&@&?&% ipeghi Rl Heg enls may
%& BH shows the S signal as a function of Luma
peratef by grralgn Moge deteefirelionkenf the devintrlsceraraenaonihey may be
vi deo sequence. [0015] Wen the maxi mum Luma | evels in
tshraratalysoinpgtedi dbe R iaed @S sigadlyare dbfined@dimidtideofahe ie6ming
R and S signals are altered (scaled) by a factor f
félds.caRllowkherefore, fromthis monment we will refer
to the Rand S signals as the uncorrected S and uncorr

Y GBI " o Ebpeeno e i R e viao

value in the video field. The function s an
exponenti al functi onsigsali{¢va beresn sthaid) | n figures 2b
and 3b. [0017] The Lunma dependency problem affects the
performance of the deinterlacer as illustrated by the
pxapphesfigh Fi gures Apua Galaésloflﬂ?élﬁreaoﬁé“ﬁela%E{Qnﬁéﬁﬁﬁle
| ocal notion threshold quantizer settings. The l'ocal
motion thresholds were adjusted in such a way that

p—

interlaced video signal (when ¢ is even p is odd, and vice
versa),

p-1 - field previous to p - Luma values of the field previous to p (in time),
R=c—p_ € R=sun(c - p.p. - Pixel-to-pixel subtraction and conversion of resultto a

scalar R =sum(c - p_y).

S=c—p € sesumiec - p). - Pixel-to-pixel subtraction and conversion of result to a

scalar § = sum(c - p).

- [0012]} Note that when the interlaced video signal comprises little global motion, ¢ and
£ arc ciose in vatue and their difference is small. Furihermore, when an object moves
from an odd field to an even field (or vice versa), the spatial shift causes a correspondlng

“increase in the result of the subtractions. An example image from a sample video




t he noving object starts showi ng feathering artifacts

when the Luma level is set to the default value of

100% Figure 4a shows a noviHy pendulumwith the Luma

| evel set to the default 100% In this case the

movi ng pendulum starts to show feathering. Figure 4b
styavugce 1 hews amEBigurs/l an gndpiba il landnSheigihaigfon thet sequenaergre shown in
speed but with the Luma set to 120% In this case the
fldgirbabi ng artifacts do not appear because the MADI

system produced a vertically-filtered de-interlaced

image as a result of the higher local notion values

k@iﬁlgﬁ Y€ A Qﬁdf‘%?@g&socal thresholds. In contrast,

Figure 4c shows t ne novi ng pendul um novi ng at the
speed. b ith the Luma set to 80%_ In this case
ﬁﬁ@aﬂ eﬁf‘??e‘th % a%#m i Elgbalgnatioaandigaters pescabtained brepdrfpomymg Luma

because the MADI system produced a fil ed-paired

ubteactionsimthgendtiferetievilaciddd, trgtenak afe dépeaddnt o fhelThgna levels.
| ower | ocal notion val ues being below the fixed | ocal

redseenic SRR e R IR R A et
BYORLRR A Y el B 5 pis i

s gveiS e o
u'co .. 1 RCorr =g9(1, ) R

= g(Y » LR
obtgx(ned gets of R and § values corresponding to each Luma level will be different.

[0014] Figures 2a,b and 3a,b are 3-D and 2-D graphs showing actual samples of R and
§ values and illustrating how these global motion values vary exponentially with respect
to the maximum Luma value contained in the image. F igilre 2a plots the R signal as a
function of Luma level and a sample video sequence (“R sample”), and Figure 2b shows
the R signal as a function of Luma level. Figure 3a plots the S signal as a function of
Luma level and a sample video sequence (S sample”), and Figure 3b shows the §
signal as a function of Luma level. The graphs were generated with the same sample

video sequence.

[0015] When the maximum Luma levels in the incoming video fields vary, the

magnitude of the R and S signals are altered (scaled) by a factor f (¥, ). Therefore,
from this moment we will refer to the R and S signals as the uncorrected S cor, a0

Rt_mcarr Slgnals.

S_HMCOJ‘I’ = S . f(Yrrjax)




[0019] Where the Sta" and Rtorr corrected val ues

represent acceptabl e approximtions of the desired R

and S indicators. [0020] By Hby of exanple, the

i nverse function g(Y') may be defined as a 256-entry

(%or an 8-hit systen) 8.8 Fixed-Point format | ook-up

t bhe=1?of0§xénple inplemented in firmvare or

har dware). Figures 5a, b show exanpl es of correction
functions. In these correction functions LUT, an entry
Ot e e AR Vi B i 8Hold. Th functon
myl tiplied b¥ the unto,, and Runcorr values. In the

o am cmoneriedl ifenstion prthe ones shhwnénfigites 2o end s pondi ng
to Luma values lower than 128 (50% are clipped in
order to avoid over-correction caused by a division by

48017] Theoturhaidepeyddndg probipuahiferts th 9BEsmidnadloABS deinterlacer as
(1 TU???-601 standard) the correction value is clipped

§Pustratcd394id examh ésq)‘f'i?iéuﬁ’%si ert{ﬁcegl? leléng’?g @Eigﬁrﬁe Bled e Dotion

and Runod" valués for Qa maxi num Cuma

I the field i eterm.ned. The maxi num Lunma

51 e sPin, iy T g sy o6 Abyeaim such a way that
avai l able fromthe deinterlacing system For 13
theanping objemstaris showingdsathening artifhelg e therfatnimigvel is set to the
avai |l abl e the nmaxi mnum Luma val ue detected in the
defenienilué bf1 @)% TRigarevRl sewk & nidvaly peneduasw A tHe T4 kel set to
a correction | ook-up table in order to properly

I , . . o]
R a0, Y2 A MRSt sur G o Rl

oor, ,.and Raa' val ues.that wI| be used as the )
BB 3R e it pondb i Boging o peme sagsddt with the
6a, b are 3-D graphs showi ng an exanple R signal before
Tafraa %ﬁ‘ttt‘éﬂzo%o]%rt@é cisgrihe feparieg Gtificts do mptappear because the MADI
illustrating an uncorrected R signal as a function
systam produced a vertically-filtered de-interlaced image as a result of the higher local

motion values being above the fixed local thresholds.

In contrast, Figure 4c shows the same moving pendulum moving at the same speed but
with the Luma set to 80%. In this case the feathering artifacts clearly appear on the image
because the MADI system produced a filed-paired (static-mesh) de-interlaced image as a

result of the lower local motion values being below the fixed local thresholds.
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val ue and notion speed, generated froma video
sequence. Note that reducing the Luma value in turn
reduces the R,,,, signal, wfile as a nmotion indicator
it is desirable to have the Ruiner, signal be

i ndependent of the Luma val ue. Accordlngly, as shown
i[B0¥8] gluraxdagtio remdye oz pigazst redyce thedspendanqyfasrthe kema laval, an
| evel range of about 50-100%, conpensating for the
oQbserved dependence an the Luma val ue.. This avoi ds the
ABYRTRS fuBetion: 2 the) gl}g@m— indsinted fergRuiinlication by the g and §
hence generates a r W*%ble (nearly-constant) pair of
Sao" and Rao" values (for the range of Luma |evels
5Qle0 % follblver eby i nprovi ng de-interlacer robustness by
retai ning the high performance of the deinterlacer in
dark scenes. Modtion Scenarios [00231 A set of notion
scenariqs is defined in order to classify fields
d%@eﬁdr?g—oﬁghhe | evel of gl obal notion and presence
of vertfeal notion pattern. The follow ng scenarios

uRCQrr

are used: Low notion scenario: Indicating still inages
or very |low gl.obal notion inages. Medium notion
enarld | ndi cating nedi um gl obal notion inages. 14

?E Vceyw nario: Indicating high global notion

| rrage tical notion scenario: Indicating inmages

WI th verti cal gl obal notion pattern. [0024] Gven an
ge in a uence, a scenario is determ ned based on

RerShere Saust Rsj, ponested Yalgestspresent aciep@bleapproximations
appr opriate adjustnents to the | ocal notion

Mkﬁ?%@éﬂeﬁ%%&%‘fﬂﬁ%ﬁ%@ the amount of global notion
an

or the presence of vertical notion in the inmage.
By way of exanple, the follow ng definitions have been

{Oﬂ%]]d Btquay of example, the inverse function g(¥__) may be defined as a 256-entry

(for an 8-bit system) 8.8 Fixed-Point format look-up table (for example implemented in

firmware or hardware). Figures 5a,b show examples of correction functions.

In these correction functions LUT, an entry is selected according to the maximum Luma
level (index) detected in the ficld. Then the entry is multiplied by the S, and R,
values. In the shown correction functions the entries corresponding to Luma values lower
than 128 (50%) are clipped in order to avoid over-correction caused by a division by zero.
For Luma values equal or higher than 235 (ITU???-601 standard) the correction value is

clipped to 1.

[0021] In order to correct the pairs of S, and R,,,,,. values for a given field, the

maximum Luma level of the field is determined. The maximum Luma value can be

directly computed, or may simply be available from the deinterlacing systém—. For
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work well: S,0" and R 0" val ues below the threshold

value of Tlow = 3 (higher 16 bits of a 32-bit word)
indicating a | ow gl obal noti scenari o, Sco" and

Rcor, val ues between the Tlow=3 and Thi gh=4800

i ndi cating a nmedi um gl obal notion scenario, and S..

srample, a MARI ¢hip mal boee Miegister 28G0g avdilable tha gagimiog A.uma value
gl obal notion scenario. Figure 7 shows a graph of the

Setectediig Bl cufrefit freld aTmilh @alvé deBerd U AP e€irded &t heirrestibmlook-up
three arbitrary regions indicating the global notion
A0 brder o-gEF%EH? Qézg%t%fcoﬁle&iﬁnefa&oﬁwng Wil?] e mbBig et Jvith the
consi dere af notion scenarios and therr

conbi natfions. Currently, only the non- shaded rows are
g 2h Rsiod SRRIES toRHtaIR thend,..Qaak iRz cralues that Wall Be yegd psdhe

of a Motion Adaptive De-interlacer [0025] Generally,
tcBRediof MobiBhdtRR iNditASsOf @ specific pixel in a given
field afe determ ned by conputing a function of pixe

Luma and/or Chroma, involving the specific pixel (and

137 58806 ARl S PUELER ', YRS e
conpuxatibnal oye}head réasons, t he obtained | ocal .
ROFTPHiaNy Flayee §ags a erapd Hysinaling an psesiected Ky igaeli as @dunction Luma

-~ hence reducing its resolution. If the thresholds in

vilec gqumbiigespead, aenetptad fimhl & videb eeguetie. Aot thabretlicing dfe Luma
| ocal notion codes can be adjusted accordingly.

V08¢ §f Qffredddh URt kNI tRG0UANE W28 mokiBA _ﬁﬁﬁa&&fiwtg 'ggﬁ%ue to have

essentially redi stfbutfes’ the sensitivity o
t%.Lganti zer. If the quantizer thresholds are set to a _.
| Bt 4v siggal|bgvindependent ofithe Lume valvpt Aopordight as/ghown in Figure 6b,
De-interlacer will treat nost of the pixels as if they
184 b8l cbR6AL (for the Luma level range of about 50-100%), compensating for the

observed dependence on the Luma value,

This avoids the reduction of the global motion magnitude values and hence generates a

reliable (nearly-constant) pair of §_ and R values (for the range of Luma levels

corr corr

30~100%). Thereby improving de-interlacer robustness by retaining the high performance

of the deinterlacer in dark scenes,

Motion Scenarios
[0023] A set of motion scenarios is defined in order to classify fields depending on the

level of global motion and presence of vertical motion pattern. The following scenarios

- are used:

Low motion scenario: Indicating still images or very low global motion images.

Medium motion scenario: . Indicating medium global motion images.
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noti on. Consequently, slow noving objects will exhibit
scintillation artifacts. On the other hand, if the
quanti zer thresholds are setl¥o a relatively high

val ue, then the Mtion Adaptive De-interlacer wll
treat nost of the pixels as if they had | ow | ocal
nidighamoticBsaearjaent | y Indisgtingriogh gigbadbjeiondmagdsl exhi bi t
feathering artifacts. [0026] As described above, the

PV @giedltmdtionaBdHaf: aduhkﬁt:éﬁﬂghﬁla%@qakh V&tié4 Blobal motion pattern.
quanti zation thresholds according to the anmount of

gl obal notion. As an exanple, the |ocal notion values

e iginally represented by 8-bit nunhers. an
TRl b Wfecip = SRURREE 5 SEeno 1 GlmitaPpe e fp and
| evel s indicated by a set of three | ocal notion
asignsignalt.i The sceharzsindicates bigbpridtAMfustinBES¥the Iocal motion
MADI _QUANT THRESHI and MADI QUANT THRESH2, as fol | ows:
[L027] . Local,. mpti.on | evel .Q:. | ocal notjon ¢ MADI ANT . .
et SCEQiimo SRR of ibd) Fdion T p&sﬁﬁ\?@%ﬂwﬂ
THRESHO S | ocal notion < MADI _QUANT_THRESH, [0029]

Imestiom indhiel igmage- e vap of pmiplQUsNDIITMIRESI¢finBidng baye been found to
notion < MADI QUANT_THRESHZ 16 [0030] Local notion
exdeweR: MADI QUANT- THRESH2 < local notion [0031]

Thus, in this exanple, a quantized |ocal notion val ue
obtai ned for a pixel indicates which one of four

ayai I [ ' ' e : :
o BY (e R SR e IOl o Rl B6 bis of 0 32-bi
occur when the pixels and |lines of a noving object are
wonhdghdicdtimgntlew|giatetimotion henase f, sk R f iveluds between the
pairing" technique. The effect is a ms-

Tlow=3 and Thigh=4800 indicating a medium global motion scenario, and S, , and R,

values above Thigh=4800 indicating a high global motion scenario. Figure 7 shows a

graph of the §_,, signal for a sample video sequence together with three arbitrary regions

oorr

-indicating the global motion scenarios. The table of Figure 8 summarizes various

considered global motion scenarios and their combinations. Currently, only the non-

shaded rows are being considered.

Adjusting Quantizer Threshold Values of a Motion Adaptive De-interlacer

[0025] Generally, the local motion value of a specific pixel in a given ficld are

determined by computing a function of pixel Luma and/or Chroma,
involving the specific pixel (and its neighbors) contained in the current, previous and

previous,; fields.
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al i gnment of the noving object pixels visible as

hori zontal lines. This probl can be inproved by

| owering the val ues of the |'scal notion threshol ds.
Scintillation artifacts occur when the pixels and

I | nes of a static object are wongly deinter|laced by
tPreapseeofspst wasomglﬁa$qrai Oﬁrﬂé@éégﬁsﬁ@ ﬂw(e\p@fmme@épcal motion value for
filtering) technique. The effect is a flickering

aht afaysed pixel ishpastizat henehpdeingiisesatutiobhi s pr obl em

can be inproved by raising the values of the |oca
rIPEHeQHreEﬂHI@H%@@an{l% 3 ad ;ﬁib?ab'ié“ Hﬁ:ﬁlﬁ&l ﬂﬁnﬁﬁl%ﬁ onHEal motion
with a set of "default” ues exanpl e

default ues .of a rOX|nater NADI QUANT_THRESHO =
SO CﬁPb ﬂ&ﬁts‘? §ﬁfq % 8 and MADI QUANT THRESH2 = 15

have been_fqund to work well. 11l order to L
ddiernfere) adiusting the-auentiaey trpshiold values ssscatiajlyopdistribpies e sensitivity
scenario is identified for the field as descri bed

alf theaquahtizetHE theiqubhmtizex thirdshdKls arenseio WwreRTiv¢lp fow value, then the
scenario, the default thresholds remain in place (or

M&xdneﬂ&iph%ide&iﬁteﬂmr Wit nds PSfthQ ﬁ;@fsia%ththhad high focal

determ ne | ocal notion val ues or t e pl X

O DS S eSSk B st el

~scenario, the probability of scintillation artifacts

O the ether lpad sif thecuentized thresholsls desrset to iotadivelythigthealue, then the
presence of these artifacts, the | ocal notion regions

Mutivh d dgpiavet De-iterdacer Wil trehit ﬁidsi dfthepixale ao iftthayghad 18w local
rai sing the local notion thresholds. 17 fr By way of

%A W AR IR %{Jﬁ@ arffol]

THRESHo nﬁ@d%eﬁm MADI ﬁﬁjgﬁ%&gﬁx@ﬁe@ ¢

MADI QUANT_THRESH2 = 15 has been found to work well.

[0026] As described above, the present invention adjusts the local motion quantization

thresholds according to the amount of global motion. As an example, the local motion
values may be originally represented by 8-bit numbers and subsequently quantized by a 2-
bit quantizer into four levels indicated by a set of three local motion quantization
thresholds MADI_QUANT_THRESH,, MADI QUANT THRESH, and

MADI QUANT_THRESH,, as follows:

[0027] Local motion level 0: local motion < MADI QUANT THRESH,

[0028] Local motion level 1: MADI QUANT THRESH; < local motion <

MADI QUANT THRESH,

[0029] Local motion level 2: MADI QUANT_THRESH; < local motion <

MADI_QUANT_THRESH,




On the other hand, if the field conprises a high
notion scenario, the thresholds are | owered
accordingly. By way of exanpte, an adjustnent of
approxi mately MADI QUANT THRESHo = 4, MAD

ANT_THRESH = 5 and MADI QUANT THRESH2 = 15 has been
{103 Lecahmokiondavel 2:As a MADILIQUANTS FHRESH, < Igtadmadtion
notion appropriately affects the |ocal notion regions
used by the deinterlacer in order to reduce artifacts
0031 ] ashisginthisldkaimplea gitshik&PIoBA mhditbn viRfelobGAedBE 4 fitel
Pattern Detection [0034] Vertical notion may cause

y : j ' ipon_scenari o....Vertical, .
AEARe i She DO MNP G AR R MR Y e bhed iR dcinertce
aﬁfgé.oa];h makes use of the S Corr signal, as shown in
thePEflaph of Figure 9. A buffer is defined for
conmputing the ongoing increnmental difference dSCorr
bet ween the current val ue and the previous val ues of
$&2l Feathgring hryifactiSwonrr whern( the phelstanSdiaes Of = méping vhievisare
Scorr ). The incom ng sanples of dS are corr anal yzed

aorige déihterladed bIURE i1 e MR tZBhRUET PRSEMES is a mis-

1
as shown in Figure 9. If the zero crossings count for

: I J: specifi.ed threshal.d .
FugB: bl PSSVt BRIR oBRES iyt JpE afbiSpieBithean be
was defected (wWhich is often exhibited by vertical )
PRI ¥ bY Wpéé\\ﬂwg}’agﬁé af e decabmotion threshaldsa §eintillaftongrtifacts
the S,orr analyzed in order to detect specific
exsanwhenthe péxels anddinics 0f4 stptid dlgeat aeenatromglli deinteilabdby the use of
notion), and therefore perform adjustnents in the
the C&latiaDpro@RsiarafVeltal fikditly) REAHHEE THENIRVERBMiskdrhg artifact on
the displayed i mage. 18
the static object pixels. This problem can be improved by raising the values of the local

motion thresholds,

[0033] The thresholds start out with a set of “default” values. By way of example,
default values of approximately MADI QUANT THRESH, = 6,

MADI QUANT THRESH, =8 and MADI QUANT THRESH, = 15 have been found
to work well. In order to deinterlace an incoming field, first a global motion scenario is
identified for the field as described above. If the field exhibits a medium motion

scenario, the default thresholds remain in place (or are reverted to) and used by the

- quantizer to determine local motion values for the pixels in the field and choose a

deinterlacing method accordingly. However, if the field comprises a low motion

scenario, the probability of scintillation artifacts to occur gets increased. In order to

- prevent the presence of these artifacts, the local motion regions in the quantizer are re-

distributed accordingly by raising the local motion thresholds.
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[ 0035] Anot her approach to vertical notion detection
utilizes a vertical notion detector elenent that
detects vertical global notion by way of a four stage
process. First, vertical notion of individual pixels
iﬁ det ect ed. Thes . notion values are used to determ ne
tHE Way of exeamle, spedigsiment of anproxumpiely MAILAQUANT {TAERKSH, = 13,
field. Last, the notion values of the tiles in a
MA_QUANIE SHRESHet ¢4 mhd MAIE CREANT HERBSH), £6 5fHagbebn found
is judged to be in vertical notion. Figure 11 a above
sbewsk g tap structure when the current input field
is ODD parity. Taps fromthree successive input video
fields are considered. Taps A and C are fromthe

d e fromt
RS 15 Rt BEME 16 bS8 oPimpioes N el o et Pl dgsie
i,.s fromth preV|ous field of the same parity as the

dewrred pcgordingly. Byivwgyiod example suasbnstinent efappresiomately ap
structure when the current field is EVEN parity. Each

M@Di DUANG THRESHn G, AP QUANTe THRESH, S€¥ eiid
pixels in aline of the field. [00361 The pi xel

WeAD -
R e e S T d““%fﬁﬁ? ppgesence of
Bt ol BB 5 b ChaRBRE Cub g
rrelaélon to either tap E and/or tap B, the pixe
eitRiTRAYCE 2HHJRLS estranasiatiHasiongnd feﬂﬂleplnévent not i on

aI|a5|ng detection of downward notion is predicated
on the pixel in the corresponding |ocation in the

YewticabMotiondlatieni Deteetiomne parity being uncorrel at ed
with the tap in the current field (for exanple, C and

[O034TUSErtioe] HOGE he) @4u§9 Artif{ed] diftlndldl R GR AR RAMD e@lfemcal

vvlth either a S|rrp e absolute dirfference or via nor

tion functions.. Pixels .in vertica
O AR i 3 s S SR iRe One oo ael} Tl use of the 5.,
|ncrenented or decrenented based on their direction

sgfiakyes slwwn ih0OSahpIbEFigaRY. | A bulter is ERRAof ¢cﬁ1|1;§11tﬁi[g €he ongoing
di vided spatially into rectangular tiles. Wth

incremental difference dS_ between the current value and the previous valuesof S,
namely: dS,,, = (current S, ) - (prev10us S, ). The incoming samples of dS_ are

analyzed on the fly by counting the number of zero crossings, as shown in Figure 9. If
the zero crossings count for a specific period exceeds a specified threshold (e.g. 10), this
is an indication that a periodical pattern was detected (which is often exhibited by vertical

motion). Following such a detection, the magnitude of the S, analyzed in order to

detect specific scenarios (e.g. vertical pattern and medium global motion), and therefore

perform adjustments in the local motion quantizer that produce improvements in the

displayed image.
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tile is associated a counter, which increments of
decrenents according to the pixel notion calcul ated
above. The tile counter provides a nmeasure of the
overall notion of pixels 19 wthin the tiles: if the

L@?ﬂg%ﬁg e{ @?oapcgﬁé% igﬂé%cgfqnp ?Eagwl' > nmar];gpe’ ﬂg ?/el%\églrrgc%?dn detector
counter value is conpared with a threshold to provide
nedlerentithahdaiecty veiticak glebal imagioh bly avay ©f @ fwe ethgd prachss. Firgtevertical
is judged to be in vertical notion. A field vertical
nBbiieo GiadiRidRE] pikels RCdeBitRit THese indiBE VERNBNAe QPR ek tePRine the
the direction of the tile notion. [0038] Next, the

fiel i p i-S- i r . .
1P R0 B G2 Whih i1 ARRARR Sotd 1 B hidFion vatues of the s
ve{iti cal n(ti)ti&)n. This_threshold is_adaptive based on .

o B9l B used by determing Yhetherrtheleytiredipddyis judagd o b n vertical motion.
creates a two bit output signal which indicates if the
fligird 114 abdve shews theddp stotctwe whemthe ichirram ingut € cti is ©DD parity.

of notion, up or down. [0039] Finally, a history of

s Vo theR!subtebditinb st WK fiQlELre SEM6RTeRId. TS A%Snd fare from the
this vertical notion is consistent and in the sane

' t.] ey | fiel a .hi egree of .
SubER (AR RIEE, PR P ard g e prBriGl e SERRERLE oty o the
this cfa e a final one-bit output signal indicates
cRaent sl aptht isdeqqn drguevigny Beld of thesame parityss thecurrept Seld.
out put signal uses hysteresis to prevent noise from
Eegusé hip shoivs khsapiedsit wp sthamgeshdnthe barahe fiektie VEN parity.
vertical notion. [0040] Figure 12 shows a flow

SadOfap M itdel URLTBhth N fiRe@B b del Q51 1 0R! 2 Banthy feld.

deinterlacing, in accordance wth an enbodi nent of the

P30 e pREENGUE wltond FRetEpd husp el EER) “RRbprcH-most

| ocation notign threshold values at step 1203, | oad
Prrehiniths grrenb fighdorith e pixelonitesrpravians figld of appostte parity. For
example, with an ODD cwrent field, if tap C show high correlation to either tap E and/or
tap B, the pixel is said to have downward motion. To prevent motion aliasing, detection
of downward motion is predicated on the pixel in the corresponding location in the
previous field of the same parity being uncorrelated with the tap in the current field (for
example, C and C’ must be uncorrelated). Correlation can be measured with either a
simpie absolute differénce or via more elaborate correlation functions. Pixels in vertical
motion then cause a tile counter to be either incremented or decremented based on their
direction of motion.

[0037] The taps in the current field are divided spatialty into rectangﬁlar tiles. With each

tile is associated a counter, which increments of decrements according to the pixel motion

calculated above. The tile counter provides a measure of the overall motion of pixels.
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1204, and setup the contrast tool paraneters at step

1205, and proceed to step 1206. O herw se, proceed
directly to step 1206. At step 1206. if G. MADI EN=O

(i.e. if the global-adaptive systemis not enabl ed)
t {
P AL R ORAE OBnfe  pvus

Co'ﬁ East .di stribut and determ ne correction facto

Jf BypaiiSe HOWRY ﬁiﬁ%@tﬂ Vel S RBIPRTed g thep @wgh%lriéo provide
and correct the R20 and S signals at step 1209,

decigsr iFnpmityhid thyl thiesholds éxwrededgthatileds ftdged mybelia Vertalotion. A
determ ne presence of vertical notion at step 1211. At

sficdp vérfidal m@ibnudtntehi iMbhehtod 8¢ decFRichR@ tabdaes @t B ection of the

according to the gl obal notion scenario and presence

qﬁeﬁﬁﬁ% hcal motion, and conplete the process by

proceeding to step 1213. Tenporal Noi se Reduction
the deinterlacer nmay conprise a

|1y
tlg%gl r &3 rﬁ}? 52 dr@%fm Gopter FgRParsdnyiBrnether Hieshaly tg determine if

separate | ocal notion values quantizer for increased
ftllfesntm fieldynas Vertica mudtioan Thisttoeshokiit adapive badedain atpibaes of the
measur enent may be obtained froma sub-systemof the

drgiun Field| AR s pAOT Ehid cRdl a dws YR 0Bt ﬁ&‘ldﬁ%l&ﬁﬁﬁkbﬁ? iffhe field

noi se meter and optionally sone digital filtering t
no asurenent . Thi s noi se
R PiRahnbiite 204 o0 3 BB B R 0 S4B YBY o
t3i ﬁ&"l‘i@gdl cators Sco" and R ,,, to automatically
L3 inai Tpiemaasiinyerbiealosting is kent ¥pronvesaktialdg If this vortica
| ocal notion thresholds according to the nmeasured

molige issnodsigtenitral imtitel same diteeticvhjvecidverml Géldssd ligh tbgee of
gl obal notion values is to avoid "ghosti ng" artifacts

&dfidedidenBat veRicADMbAGh RREACK (st Hﬂius%ﬁ ﬁr\ﬂﬁ H%ut ut signal
amount of noise reduction iIs relative 111

R CR A
hrygt%ye%}sl tg Bre%gx(l:tonrogislenigoé ?:a&sri]neg qul(i)(I:kSS?JCCCSSiVB changes 1n the detected vertical
motion.

[0040] Figure 12 shows a flow diagram illustrating a method for global adaptive
deinterlacing, in accordance with an embodiment of the present invention. At step 1202,
if the input port or video is qhanged, fetch the standard (defanit) MADI location motion
threshold values at step 1203, load them into the MADI local motion quantizer at step
1204, and setup the contrast tool parameters at step 1205, and proceed to step i206.

Otherwise, proceed directly to step 1206. At step 1206, if GL_MADI EN=0 (i.e. if the

global-adaptive system is not enabled) then do not apply the adaptive algorithm. Else

(i.e. if the global-adaptive system is enabled), get the contrast distribution and determine

correction factor at step 1207. At step 1208, read the R and S signals and correct the R




present in the imge. Cross Coi or Suppression [0042]
Optionally, the deinterlacer2émy conprise a cross

col or suppression (CCS) conponent, having a separate
| ocal notion val ues quantizer for increased

f bk Sheigrialsyat step 12691civteRiniRhe diobBHiotion¥eeratio At 5t&81210 and
t hreshol ds can be adjusted based on the gl obal nption

2 rlnﬁgé ' de 159ug
blé?}?rl iy o éffcé g?égh%aﬁgﬁjotﬁn%t st lgi;lt t as:t:e?) Zﬁg (f‘];‘usathe MADI local
e voI no 043] Figure 10 shows a

ity ﬁﬁiﬁha P?W@Hg 2&‘&‘{%@10&’&[@ PHRIHSCERATIOATE PAFSCRREAS vetisal
de| nterlacing, in accordance with an enbodi nent of the
pinetiemtand nerepletedhe prwessthgpra@ding fo stehi213nput  port  of
video is changed, fetch the standard (default) MADI
| ocation notion threshold values at step 203, | oad
theminto the MADI |ocal notion quantizer at step 204,
and setup the M nMax tool paraneters (this tool
provi des the maxi mum Luma value in the current field)

tentpdial RBRe RRAHc@sPCEEd tO step 206. Ot herw se,
prc@seed di rgctlycto step 206. At step 206, if G._MADI

h bal - adapti ve system i s, not
Sﬁz‘@ﬂ eQPfIOHQBY’ttE 5?18&93%167 may, cgmp&ae ﬁ%‘fﬂpa Fbngise freluction (TNR)
adaptive algorithm. Else (i.e. if the gl obal -adaptive
sompenani.daghiglal sephrate dedal mmeonuxlmmguanm fordhereased flekibdity. In
current field at step 207. At step 208, if the maxi mum

kugiPanvahbodirhent] @6iaittaD Adis® Badurerfent H1§ b8 loBhfHed TRIn 9 Jub-system of
correction can not be appli ed) | oad the st andard

WRQleidtQeRkLr, W?He@rps%g g,%ﬁg%/&g o s }r{fy ? ﬁgllsixf'.}P :I\ﬁ‘? gptionally

quantlzer at st
(i.e. the gl obal

n$)l Ettgl 1% rocg (‘1

digteel filreziogte, Rroduge peeliz moea)meaﬁlgaraﬂtth Ty s mmeasurement
signals at step 211, correct the Rand S signals at
magtheate, conbinedwitietht lglobgl mbtidn imdichtors ScenadiR),, to automatically

adjust both the amount of noise reduction and the local motion thresholds according to
the measured noise and global motion. The objective of using the global motion values is
to avoid “ghosting” artifacts (blurring) on moving objects that occur when the amount of
noise reduction is relatively high in the high-motion objects. The objective of using the
noise measurements is to adjust the amount of noise reduction according to the noise

present in the image.

Cross Color Suppression
[0042] Optionally, the deinterlacer may comprise a cross color suppression (CCS)
component, having a separate local motion values quantizer for increased flexibility. In

~such an embodiment, the quantizer thresholds can be adjusted based on the global motion
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at step 213 and determ ne presence of vertical notion

at step 214. At step 215, adflst the MAD |oca

notion thresholds according to the global notion

scenari o and presence of vertical notion, and

codphere 51 hand e emwordst tp ratueebiunthgt of celogParidighosti}ddiacts in

For egoi ng descri bed enbodi nents of the invention are
stratjons and descriptions. They are

p{,.ﬁé/i ded as il lfJ {
not o9 HHEANEY 8 &R P he i nvention to precise form
descri bed. Oher variations and enbodi nents are
possible in Iight of above teachings, such as )
i 9 HnBisrrenly shaws gdlooy dipgrameilibssiting amssthiod fongldhelradapmive
software. 22 WE CLAIMS: 1. A global adaptive
dizintaleidg & agoffahdbodith e embstigledbitieAiBent REe@itth. At step 202, if
scintillation artifacts, conprising: determning a
e pREborf L CHBLPN EhFed, SEATACHALAN el D ABation motion
obal tio eg, sed. upon R and S signal s;
I Rosa Vb e 20 oload Bemnielr MASH ordresion pingass a step 204,
met hod of Claim1, wherein the determ ning an anmount .
gnd getep Hie MiMasntoebpasameters (thisetoel provides thn chaxgauindgmeralue in
or nore provided global notion indicator signals. 3.
Tireecuihhfieldpdt s€dpaliog) dnd prbede itdstkh 2061 ORI B, PBocdEd directly to step
anmount of gl obal notion conprises conmputing Luna
hé f i Fhel . j
708 8¢ S e rGLCROS ENCOINL. SHE SoLRBHRE HHlALR got cosbled
met hod. of . Claim 3, wherein, t

Bfe %}ﬁ@-egﬁoeamﬂ Y (BF 2dpPgkarleRdtingn i haf the gobal-adaptive
system is enabled), get the maximum Luma value for the current field at step 207. At
step 208, if the maximum Luma value is less than 50% (i.e. the global motion correction
can not be applied), load the standard MADI local motion thresholds into the local
motion quantizer at step 209, and proceed to step 217, which completes the process.
Otherwise (i.¢. the global motion correction can be applied), read the R and S signals at
step 211, correct the R and § signals at step 212, determine the global motion scenario
at step 213 and determine presence of vertical motion at step 214. At step 215, adjust the

MADI local motion thresholds according to the global motion scenario and presence of

- vertical motion, and complete the process by proceeding to step 217.

[0044] Foregoing described embodiments of the invention are provided as illustrations
and descriptions. They are not intended to limit the invention to precise form described.

Other variations and embodiments are possible in light of above teachings, such as

3 implemggting the described embodiments in hardware or software.




conpri ses obtaining the maxi num Luma val ue for the
current field which is used to fetch a correction
factor that is nultiplied by the uncorrected gl oba
notion values in order to perform correction of those
gl obal notion values. 5. The nethod of C aim 4,
wherein the determning an ¥nount of gl obal notion
further conprises using the maxi mum Luma val ue to

“ﬁqé#§§§;the gl obal notion indicator signals and
reduce Lunma dependency. 6. The nethod of C aim
1, further conprising detern1n|ng t he presence of

1. Ver tAI b?ln?é gt%g: icp %ﬁe meth%gl Sor” keaEdn S%%Hle nncge and scmtnlatlon

met ho er conpri sing I"ng one
artifgatsecargwipiog:al  noi se reduction quanti zer threshol ds

accgggmﬁg QEMH of global notion. 8. The
neth& %fé%ﬁ%&a E"ﬁer conpri sing adjusting one or
nDréw@m®@®%%%m©@m8@p@ne55|on | ocal notion quantizer

thrgg&g ASr 3aLOLding to the amount of gl obal notion.
23 gl obal ‘adaptive delnterIaC|ngasysten1for

r edd@?rﬁanmgewl%k opfipn ageEbng beser yren B ReAd A pigtatsarnds

C ONMREk:SiAY présesc@ O feptlchiBhoibrr ©: determ ning an anmount of
gl obal notion present in a video sequence by
conputing Luma differences between a current field and

2. @ PTRYmetsd §iadifl 1 Fha@lih BiclcRAMNIAE an AT AL cglgmbﬁ InofiB E@iprises
i ndi cat,or .si nor e, cal noti on

sels TR o S PR Biorr et P S Py of

gl obal motion. to. The systemof Caim9, mherein t he
3. det Hhd O Ior i r‘[Dwﬂerem (he%let%nmgngnt an?o%ntcgnggal mo%on comprises

computing Luma differences between a current field and a previous field to obtain one or more

global motion indicator signals.

4. The method of Claim 3, wherein the determining an amount of global motion further
comprises obtaining the maximum Luma value for the current field which is used to fetch a
correction factor that is multiplied by the uncorrected global motion values in order to perform

correction of those global motion values.

5. The method of Claim 4, wherein the determining an amount of global motion further
comprises using the maximum Luma value to correct the global motion indicator signals and

thereby reduce Luma dependency.

6. The method of Claim 1, further comprising determining the presence of vertical motion

pattern in the video sequence.

7. The method of Claim I, further comprising adjusting one or more temporal noise

reduction quantizer thresholds according to the amount of global motion.

8. The method of Claim 1, further comprising adjusting one or more cross color suppression

.. local motion quantizer thresholds according to the ambun_t of global motion.




readi ng one or nore provided gl obal notion indicator
signals. it. The systemof Caim 10, wherein the
determ ning an anount of gl obal notion further
conpri ses obtaining the maxi mum Luma val ue for the
current field. 12. The systemof Caim1l1l, wherein the
determ ni ng an anmount of glZ&bal notion further
conprises using the maxi mum Lurma val ue to correct the
gl obal notion indicator signals and thereby reduce
Luma dependency. 13. The systemof Caim9, the
9. contA globat adabtivctdeierliddig sycleh o Mdatingfehti@inp bRBRMGEatioh artifacts,
COver.stirilc_:al notion pattern in the video sequence. 14.
TR & stemof Aaim9, the controller further for:
adj usbititfjerdie or nore tenporal noi se reduction
ol obal - mietaRfind & GielSCH BhRP e JFeseB R Lol sequence by
conteriopitieg Ling difgenckoetwean p agtenniipldame a previony fizldto obtgin one or

col %oré%g&%{zgﬁﬁ}%iéa%ﬁ Jotion quantizer threshol ds

accor di e anount of gl obal notion. 24 ABSTRACT

GLOBAL NMBYRORE ARAPTIONEOGYSTHEN qWiikpr MEmEhals agardigSo the amount
ofé%ﬁglgﬂgng\l W TH RESPECT TO LUM NANCE LEVEL

obal - adapti ve deinterl aci ng systens and net hods for

reducing scintillation and feathering artifacts.

10Mot ITR8 s B AR IR B i@k 1R GeieShnikiMAR ImduRCatlglobAMM BN comprises
uanti zation threshaol ds are adaptively adjusted

reag’é‘&(?’i‘eo‘?rﬁﬁ’ret%o‘?‘i?é giohy) et lonindicigr 518831 ot i on present in

the video sequence, thereby mnim zing scintillation

ll.and The system of Claim 10, wherein the determining an amount of global motion further

comprises obtaining the maximum Luma value for the current field.

12. The system of Claim 11, wherein the determining an amount of global motion further
comprises using the maximum Luma value to correct the global motion indicator signals and

thereby reduce Luma dependency.

13. The system of Claim 9, the controller further for:

determining the presence of vertical motion pattern in the video sequence.

4. The system of Claim 9, the controller further for:

adjusting one or more temporal noise reduction quantizer thresholds according to the

amount of global motion.

- 15. The system of Claim 9, the controller further for:

adjusting one or more cross color suppression local motion quantizer thresholds

according to the amount of global motion.




feathering artifacts when deiégterlaci ng the fields. A
set of gl obal notion scenari® are defined for the
pur pose of classifying fields, and a nunber of gl obal
notion indicators are used to detect on a

field-by-field basis di f{g¢pRiacef obal notion

scega&i 0s. Fi g 12
LOBAL MOTION ADAPTIVE SYSTEM WITH MOTION VALUES CORRECTION WITH RESPECT

TO LUMINANCE LEVEL ;
Global-adaptive deinterlacing systems and methods for reducing

scintillation and feathering artifacts. Motion adaptive deinterlacing (MADI) local
motion quantization thfesholdé are adaptively adjusted according to the amount of
global motion present in the video sequence, thereby minimizing scintillation and
feathering artifacts when deinterlacing the fields. A set of global motion scenarios
are defined for the purpose of classifying fields, and a number of global motion
indicators are used to detect on a field-by-field basis different global motion

| scenarios.

Fig. 12




