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I nventors: Eduardo Rogelio ¢orral Soto Peter Swartz
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 _
$0017t THel iat dnfibn peitdihoil fenerdPlol REHACRRb VeI SRENLERE 36 D
(MADI ) techni ques have been proposed in order to

ngﬁ\:'lglﬁr BUGReAL bhd ASHRds 79 a0y atdﬁl%ﬁﬂé RGP miEEn hRERb1ds

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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t hreshol d val ues that can be adjusted manually in

order to inprove the performance of the de-interlacer

on a specific problematic video sequence, albeit

possi bly at the cost of z sacrificing the perfornmance
(and re-introducing de-interlacing artifacts) in other
viagiaaeing g perioasanct (oui) re Thieaduting de-intndaciaglartifactsd iruetheryvideo
adjusting the MADI thresholds in order to "Pass" a

. Spgedrces; vi deo sequence, it is desirable to develop a

new adaptive systemthat adjusts the |ocal MAD
threshol ds automatically and adaptively. 1 3 SUWARY
0] F@h%r@%?é\']_ﬂsgﬂd[o@%uﬂfa@i@ﬁﬁg th%rl\ﬁA;géJI ?llgr@éﬁo?&%qg b to “Pass” a
einterlaci ng systens an ods for reaucing
scintillation and.feathering artifacts. MADI | ocal _
PBEG % VIdEQ fequsnte s desraklpn d developa nexpdsptivietyptem that adjusts the
adj usted according to the anount of gl obal notion
decad ¥ D] thrasheldy putematisdlywed adaptivelgr eby ni ni mi zi ng
scintillation artifacts (generally present in | ow
notion inmages) and feathering artifacts (generally
present in high notion inages) when deinterlacing the
fields. A set of global notion "scenarios" are defined
for the purpose of <classifying fields, and a nunber
of gl obal 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
notion scenario of a field, the local notion
threshol ds are adaptively adjusted. The adaptive
adj ust ment of quantization thresholds are optionally
al so applied to tenporal noise reduction and
cross-col or suppressi on sub-systens.
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4 BRI EF DESCRI PTI ON OF TILE DRAW NGS [ 0061 The present
invention is illustrated by way of exanple, and not by
way of limtation, in the filgures of the acconpanying
drawi ngs and in which like reference nunerals refer

to simlar elenments and in which: Figure | a,b show an
exanple image froma sanple video sequence (noving
&HMWX@ETH&MEEH&’E)M obal motion R and S
signals. Figure 2a is a 3-D graph show ng an R gl obal
05 jo Disiagadbreatobal-idupaitvé ainteflaciBy byidfths! M ShetRblsTorefucing
froma sanple video sequence. Figure 2b is a 2-D graph

SR R R o
SRS T S o s o it

Figure 3b is a 2-D graph showi ng a normalized S gl obal
iFeducaee, diqgehy mingmizingfsomtillation afifactsrigedeeallyl presengiurlew 4dotion
§hovvs a moving pendulumwi th the Luna level slightly
ieagasnmeiifeabatind A0CRTEARFINDrékcht ih AFdHSmbGorSindleks)ivhen
appear. Figure 4b shows the sane noving pendul umw th
Fnsz 00 W= 0 g kS o Gase the t i
tuned aang Iﬂ%eshigélﬁistr'ra% é&?)é%&'bgl pr%lgtfloznd SHreHSY  F @gﬁ%@:ﬁ%é’e purpose of
ti.facts.. . Figure 4¢c sho t he sane novi ng pendul um
Rlpbsitv i G195 0t s Buhesad lobebmetien ingisaiors a8 uba] toHleteRton a field-
movi ng pendul um shows a hi gh degree of feathering
by-fie i different global motion scenarios. The global motion indicators are

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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Figures 5a,b illustrate exanples of R and S gl oba
notion signals correction functions. Figure 6a is a
graph showi ng an R gl obal notion signal (not

corrected) as a function Luma |evel and notion speed,
generated froma sanple video sequence. The S signa
behaves simlarly. Figure 6b is a graph showing a
cBRIEK BESCRIPBIODAOMIHEDRAWANGS npensated for
t he observed dependence on the Luma val ue. The Scorr

| {806]0The pieesht Sriveh#i @ s Yilusyrafel By whiy 6f barip16l AR RoLby {/BFof
Scnrr gl obal notion signal for a sanpl e video séquence

ts rs Vi reqions .indicatin h
AR inthd HelogS ot B B&ohFHARE alaAE AR B bl T cotgrepec
defi n%d for the Rcorr signal as well. The regions are
Jumsrals reler to yimylar elemisgts apdén whishal ot i on t hreshol ds
Tiow and Thigh. Figure 8 is a table summari zi ng

various considered global notion scenarios and their
conbi Fagure hab sikivgan exBnh onsgetfiom gsanpls video sbueBee(nioving
and dSccrr signals and indicates a count of the
peidbimPAn ity RscDiASHE08A ntftioH R A §- sigilyds, dSco”

di fference signal is used to determ ne the presence

of vertical notion pattern in the inmage. Figure 10 is

aflog%?i- gh-l eV 11l ustrating.a nethod for .

gl obaFsﬁ a apaills\%llg' %grépg‘lsglh%ﬂél & g%@@%@&ﬂ%w{‘lﬁé atfgrbctlon of
ﬁ’tru tugﬁqv\he the current input field is ODD parity.
Upe Igvepphipned Boy A328wds Videq $pgHencei deo fiel ds are
considered. 6 Figure 1 Ib shows the equivalent tap
structure when the current field is EVEN parity. Each
tap iBigiesdlis 2B igraphtshdwingfaiiormalentd o elobsémetiah signal as a
pixels in a line of the field.

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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Figure 12 shows a flow diagramillustrating a nethod

for gl obal adaptive deinterlacing, in accordance with
an enbodi ment of the present?invention. } 7 DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 007] Reference will now

be made in detail to a particul ar enbodi rent of the

i nventhigies Sagdxdluptrate exgmples afhR and 5 globskmetiesigmmls dverection
acconmpanyi ng drawi ngs. Wile the invention wll be
dasatiohdted in conjunction with the particul ar

enmbodi nents, it will be understood that it is not
intended to limt the invention to the described

enbodi : e apY, .k 1S | nt t e
ol or e B s Whrdino SRR ER ot cfob SBHES! oRiel Bk -
i.-ncl.uded within the. spirit and scqope of the invention
[octin Liwd lwi i*rhfemawgm genetptRd fomybtane Yidap sqavence. The S
Dei nterlacing and Local Mdtion Quantization Threshol ds
pigod]behaves sularlxced vi deo signal conprises odd fields
(lines 1, 3, 5, ...) and even fields (lines 2, 4, 6,

.). A deinterlacing video processi ng system produces

a pr oBigassibiie a\GraphGhowiHoRibonetied Rlo-T JI6WHI AibtioR sBhhR 6@ Hpensated
vi deo input signal for view ng on a progressive

EHr SR AMervEE YL I m&@ﬁ h i npl e fiel.

mgr gi nger{i . eé.:p% gctl%ntclgg’hnes %gﬁ%%?%?‘gg aisec%gted isﬁ%lg@y'

vi deo, a conbination of vertical interpolation and
tenpog.al interpolation_is rformed.in_qrder to obtain

a hi gﬁfﬁaﬁ}wﬁp‘a@gi%@ fae 8@3%4%@1? TigHb on semplgagdep sequence
m ni mum of flickering artifacts in the static areas

tagether witinthedire©fegloda iMBEAtRg tiabd IbBa nfotioncédd€i oS PMieBDsame three
areas. In order to better achieve this goal, |ocal

EBbhOfte USRI BR 18 Q{C%lér@leé“lt%ll as WAL X ?%ﬁ;%%f’alr?s %etérgxgtgf? yeil%fming

I hput sequence can mated i n

racess the  static.and the noving portions of the
tﬁ%&@@d’éﬁ?ﬁ&mﬁhqﬁ%ﬁ%@dﬂﬁ%}bnce and | evel of |ocal
notion in the vicinity of each pi xe‘l‘;.r This is referred

to as_notion adaptive
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 input field is ODD

parity. Taps from three successive input video ficlds are considered.
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AL a0 i ~ITHATT 1 ucM Mat.ui S Itvtrudl),
4111 two iiial iasxs ofsueh a w e&us systemare. 1
Mbtion detection, conprising®detecting the |evel of
| ocal notion for each pixel and/or its neighborhood;
and 2. Deinterlacing, thereby producing a progressive
f r ane Figire [ Dpshowstheeqivalens tapestrueture waenghe serren fighd is EVEN
| ocal notion in the input video sequence, two fields
@hrityh Bachaap iiedeBHokiYor(tallyefilte@dbsvor BEvetl pikelsdn adihe ofittd field.
odd) are used by the MADI systemin order to conpute
the value differences (i.e. tenporal variation)
bet we j i '
1 RS T st Bt BB A 00 a5 BTG RE U B hfe
i xel . val ues of two adjacent fields.,in the .vert.ica
dritlelarigg MC%&%%@@&%M%Q the FrosEUIRHTEET he
presence of vertical notion. The MADI systemthen
estimates |ocal notion values for each pixel based on
the obtained tenporal variation, vertical variation
and optionally gl obal noise present in the video
signal. Once estimated, the |[|ocal notion values are
quanti zed into a nunber of |evels as indicated by a
set of MADI |ocal notion quantization thresholds,
whi ch define a set of |local notion ranges. The pixels
are then deinterlaced by a set of avail abl e net hods
according to the quantized | ocal notion val ues.
G obal - Adaptive Deinterlacing System [00101 Wile a
MADI system as descri bed above does reduce
deinterlacing artifacts, scintillation and feathering
artifacts are still present in the final deinterlaced
sequence. Disclosed herein are gl obal -adaptive
dei nterl aci ng systens and net hods for reduce
scintillation and feathering artifacts by adaptively
adjusting the MADI |ocal notion




quanti zation threshol ds according to the anount of
gl obal notion present in the video sequence. A set of
gl obal notion "scenarios" aré defined for the purpose
of classifying sequences, and a nunber of gl obal
notion indicators are used to detect on a
fleld by-field basis different gl obal notion

ED DESCRHTHON OF JIHEANVENTEON enari o of

a _f| eld, the local motion thresholds are dynami cally
bﬂ%}%ﬁrey%%%@ﬁ% a{@g &%?1 f C'Rna]tqécld%ag)e'r@w@%{etn otatﬁé Tc’nvention,

featherlng artifacts agenerally present in high
FEETBIFS PRE @é)afwléﬂrza iithe seempgyingdrewvings. While the invention

e . 9 dobal Mtion Indicators: R and S
Svirveldesdridod i} conjumcsibg wathshe pretiailazhibedinieie itvetl bt andsstood
R and S signals, are used as initial indicators of

trie Iﬁﬂﬁb&r}hteﬁﬁe(QﬂOQHﬁﬁlt ﬂ@ﬁ%ﬂﬁozﬁ’foetﬁ@ ﬁ&schﬂect) dd&ﬂ?ﬁrﬁwg%gle

I mage. These signals may be generated

of the de- nterl er t.he
AEHFEL PRIEREP sotd e el RiioR ST g g pimay be
defln d.as functlons of the incomng fields as
frsfydsdavithen thespirkt and ggoge of th deptien essdedined hiethewppaded claims.
field in the interlaced video signal (can be even or
odd) p = prey _ field - Luma val ues of the previous
Madiod Adaptivieddinieniating andtcenl Moeidn Qlﬂrmizsi:i@l’l’a?hre(shblﬂ@
cC is even pis odd, and vice versa). p_1 = field

Wﬁy{%@%d VIHéHTﬁgﬂ’a‘?lc&ﬁﬁn&E 0 nf{‘ﬁclﬁ's g xfé') sR! ?VEJ ou)santd%%n ficlds
@n)éseﬁ A{ @ pl XGA dg’ ﬁj?:glﬁ&ﬁé Iv Q% Sl%gesgl%g\é?srtgﬁl%?o&ceg ae gr%gresstlge video
output signal from an interlaced video input 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

interiacing (MADI), and two main 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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S=c- pF S=sunmc -P). - Pixel-to-pixel subtraction
and conversion of result to a scalars = sun(c - p).
[0012] Note that when the inferlaced video signal
conprises little global notion, ¢ and p are close :

val ue and then difference is small. Furthernore, when

A 09b frearlentovdetect the presenve ofl thehli mabtibrt ia thaninpwteriddoi sefuknce, two
(or vice versa), the spatial shift causes a

RIS SR SHNDpolhrity (182 8Per! dhdlelbn, '0B 84 hnd¥ddh BR used by the MADI
subtractions.” An exanpl e image from a sanple video 10

S ence is.shown in Figure.l a, and the and.
SFERENE SpdsT (B ool it ™ bpref yRAop) bgpween cach
Correcting the R and S Signals [0013] Since the R and
$wgIpdEsas having e suneireosdioates drthe bin A¢lds dnisgdisensdfereness
Luma subtractions between different video fields, the
Depnzh pixd] @aldepefitderitjadent fekls in e viegtical directibi®hay be computed in
exanple, if a specific video sequence conpri sing

. . : ' s | . '
ST & Sl be Pl tyes of FerueAFRiy” THEMABE gt el timates
Level s)., the t bt ai, ned .set f R and S val ues .
5 Fiblion g 18 carhite g BBy Hipined Bimael PeiEiip, vertica
[0014] Figures 2a,b and 3a,b are 3-D and 2-D graphs
gaiationgnd optienallygighabroied preseahin thevidad sigsalafimce estimated, the
illustrating how these gl obal notion val ues vary
cploneidit edihes ané Giantiesia a nitibdr BE 16vals iaf il datsdeb y\edeti6f MADI
contained in the image. Figure 2a plots the R signal

: e

g AR W 3oy RGPl b papges. The
signal as g .functiqn of Luma.level. Figure 3a plots .
el drein dpinksatacea i et hvaable misihods Ringtedhe qygptiged local
vi deo sequence (" S sanple"), and Figure 3b shows the
molpyMaliesas a function of Luma |evel. The graphs were
generated wth the sanme sanple

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. |




vi deo sequence. [0015] Wien the maxi mum Luma | evels in
the incomng video fields vary, the magnitude of the
R and S signals are altered fscaled) by a factor f
(Y,,,ax). Therefore, fromthis nonment we will refer
to the R and S signals as the uncorrected S and uncorr
Fakbal Motiogdadisat@syR and SSigndls (Ymax ) RURCO'r = R - f
(Y. ) [0016] where Y. represents the nmaxi num Luma

VI@O1H Twolsix@al) teeinifted rérerrdd® a& UNGHA %"‘sigﬁalé,%reatﬁe% aszitr)litial

exponential function as the ones shown i'n figure

endency. problem affects the
Aectbrs ot M urouhl G R TR BERRRin B R S e s may
ebga | es %f Fi,]%gres 4a, b, c all having the sanme fixed
%5 EgheraisH by 3 Filim Mogp deigotymdeckafithada-intarlgser system) erdhéy may be
notion thresholds were adjusted in such a way that
tsharatolyicagpotsile dhe St and ' sipoals mg défaddarfinngiond 6f theficeming
when the Luma level is set to the default val ue of
H0fkoas Fdigwse 4a shows a noving pendulumw th the Luma
| evel set to the default 100% In this case the

j ulum starts to show feathering. .Figure 4b |
gﬁ%\bf\i‘,}ga%‘%‘g sane novff'r'dmﬁé’ﬁlﬁﬁﬁ #ﬁﬁ?‘rﬁ'ﬁ%ﬁg@“@ fgigHaced video
speed but with the Luma set to 120% In this case the
feathering artifact ssigmal o beppeasr diiause t he MADI
system produced a vertically-filtered de-interlaced
image as a result of the higher local notion values

pet peevablelé the fixedl dmgdiudsrasitbeivus fifld GaAMMA$h the
Fi gure 4c shows the sanme novi ng pendul um noving at the
same speed but wth the Luma set to 80% In this case

the feathering arti fin%grtlzic’ceg |v1 26 E@ﬁ%&%@ﬂ coig e&e%e pi ig%gg, and vice

p—

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 corresponding

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




because the MADI system produced a fil ed-paired

(static-nmesh) de-interlaced image as a result of the

| ower | ocal notion val ues bethg bel ow the fixed | oca

thresholds. 12 [0018] In order to renove or at | east

reduce the dependency on the Luma | evel, an inverse
al

f3gAvICe i own)n Figurq (2 apd the Riehd desighias fomthet seghdncatre ahown in
by the R, and Sunto" . values as follows: 1 Storr
Figr¥ 1p. Su"CO,. 1 RCorr =g¢g(1, ) .,R. . r [0019]

Wiere the Sta" and Rtorr corrected val ues represent
accept abl e approximations of the desired R and S

| 6HrEdl y of exanple, the inverse
fung%ﬁ%fﬁggﬁl%sﬁnaggfi ned as a 256-entry (for an

- bi stem) 8.8 Fixed-Point format |ook-up table
39@35 e%%‘?‘% R ﬁf'a‘? en&labaldngtion indieatous aee dhtained bivearfyming Luma
Fi gures 5a,b show exanpl es of correction functions. In

shisstions betwednadifferenictidentclds The sighaRnire Yepefd &€ b eeGthma levels.
according to the maxi mum Luma | evel (index) detected

FBr &tagnplé, 8f HspeditRRVidddSeGhEY, ?dﬂrﬁgﬂ%%bg%ﬁggﬁiﬂ%%{?fgﬁed speed is

.unto,, and Runcorr val ues.

pIAREE bRRRD AE Ly53 163Y €F Rppaiirn drgbincrsoualy: we tvo
over -e@orrecti on caused by a division by zero. For

pRifRed satsiek Retidal Voiuch pyispondingitoxash Lumutevel iillbe different.
standard) the correction value is

[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)




clipped to 1. [0021] In order to correct the pairs of

Su"CO'" and Runoo" values for_a given field, the

maxi num Luna | evel of the fik¥ld is deternined. The

maxi mum Lurma val ue can be directly conputed, or may

simply be available fromthe deinterlacing system For

1§mmeihﬁpf@;ué MADI chip may have a register naking

avai | abl e the maxi num Luma val ue detected in the

current field. This value is then used as an index to
00R4r | I - ' I :

S e et st thk ] oy B fld, e functon

wi,th the Suvao" and Ruaao,r values to obtain the

Jdoan expoaentipd functipr asthe aes showh ibEgursedb awd Ithe

corrected global notion indicators. [00221 Fi gures

6a, b are 3-D graphs showi ng an exanple R signal before

d 00l 741 Ther Lumadepeaddnoy problegiffediithb pedorgfadbdiof the deinterlacer as
illustrating an uncorrected R signal as a function

: t i . i .

M SRR o kR AERRAALEC suh M bl ifotion
the R ... i gnal ile a notion indi cator

el agsrini. Fpd e ‘H\é\g%ﬁlﬁ%?l‘?@ A sied I Stich 2 way that

I ndependent of the Luma val ue. Accordingly, as shown

the mpyjug ebjees, startsishowing featharing autifhets when ffedrmmalevdl gnset to the

| evel range of about 50-100%, conpensating for the

défswit velde d£PEOYEERgRre0n shb®s b uitving)dduludWih MeQikis R set to

reducti on of the global notion nagnitude val ues and

. i . - i f
%ggﬁﬁggg@%}gﬁgu%asé ﬁ%%lﬁ#eﬂﬁﬂﬁw st%'?sr} AR Ko g

al ues e range uma ['evel's
01009 Thereby inpraving de-interlacer robustness b
1?15%‘%% %ﬁ? shgwe ﬁéﬁfh%'a&f?'%%‘il%?%’&@éﬂ MoVIngy 7k UigPRie SPFeAdt Witk the
dark scenes. Mtion Scenarios [00231 A set of notion
Luensat it $20%. ladhis gess thafeathdung trtifasksedosidi yppdae betsuse the MADI
dependi ng on the
system 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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| evel of global notion and presence of vertical notion

pattern. The follow ng scenarios are used: Low notion -

scenario: Indicating still i¥ages or very |ow gl obal
notion images. Medium notion scenario: |Indicating

medi um gl obal notion inmages. 14 Hi gh notion scenario

| (Bt & almi anderiio rpmaye obaf leabradune theslgpendengyroni th%lLUIﬁ%qu@h an

scenario: Indicating i mages with vertical gl obal

noti on pattern [0024] G ven an i e.in a, sequence,
ameeeenfipetion; g(lged s i ecmgd g FWEDKSAON bR Rggoand S.nr
signal s. The scenari‘0m™ndi cates appropriate

adj ustnents to the Iocal notion threshol ds according
tvaluehes followst of gl obal notion and/or the presence of
vertical notion in the imge. By way of exanple, the
follow ng definitions have been found to work well:
S,0" and R, o" val ues bel ow the threshol d val ue of Tl ow

5.3 € -S1G-bits of a 32-bit word) indicating a
IOW'gﬁgla# noti on scenario, 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.., and R, ,, values

ove Tﬁlgh 4800 i ndi cating a high gl obal notion-

eﬂar I: e 7 shows a graph of the Sco" signa
for a s e video sequence together with three
arbitrary regions indicating the global motion
scenari os. The table of Figure 8 summarizes vari ous
K948] Feharel thgl ShabndBt i, merseted saluesrepregent Bedeptable approximations
combi nations. Currently, only the non- shaded rows are

S ting Quantizer Threshold Val ues

0 ggﬁgﬁﬁdﬁqﬁgggP¥@%m%€ interlacer [0025] Generally,
the | ocal notion value of a specific pixel in a given

@Hﬁ@d ggfg’?f{yr %%er t g m%rse%{lrnpclf:lltolnngg(l’a ; }Jn%%' 8Qﬁ1%fd 8 36%6 -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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i nvol ving the specific pixel (and its neighbors)

contained in the current, previous and previous-,

fields. 15 Because of cost &hd conmput at i onal over head
reasons, the obtained local notion value for the

analyzed i xel is quantized hence reducing its

rexewple; & I ¢hip may hiveeastegisths makingrayaidabdethe ewirawm Luma value
adjustable then the distribution of |ocal notion

Gleetefedda thelmragt fittd. eThin ¢81Q& 6 thed Wsed B &k Bidex & a correction look-up
adj usting the quantizer threshol d val ues essentially

I | f
tﬁtﬂé B{U gljrc]l?f’tb gv?opieﬂ? g £0 i‘r\gété&ﬁsfggg{ Mﬁ%h Q&Hﬁﬂ% nft gtFp heP 'with the
val ue, then the thlon Adapti ve De- |nterlacer Wi

t¥.eat 2 &tc0fvaligetonbian theas..i fd oy Flltes fiag Wikl Be afed as the
noti on. Consequently, slow noving objects will exhibit
6hBitkd bRbaIRbtRNtiAdigEss: On the other hand, if the
quanti zér thresholds are set to a relatlvely hi gh

val ue, then the Mtion Adaptive De-interlacer wll

s as ..if the
T6ERY FIBEEs G tar P PhE sfhvibe h SIS & SRIRERE ndptie
feathering artifacts, [0026] As described above, the
BPBEEINE. F e 16 sphdlesirating an yaoarrepisd i signal asa function Luma

-~ quantization thresholds according to the anmount of

ghlobahd motivwspeedgendrated dwpl & yvidebeeduenal Navt thetreduahg s Luma
may be originally represented by 8-bit nunbers and
SHRS FAYATClYCcES ﬁﬁ:nk' zed; gmﬂ While abh h‘lo@iHﬁ‘ ﬁfdlczaﬁfr if B148sifBW to have
| evel s 1 ndi cat ed three I ocal nption _
uanti zation thr eshol ds MADI QUANT THRESHO,
DR . LQUARIFAL bﬁm@pmn@nwau@Ame THRESHnSlass shomugndigure 6b,
[0027] Local notion |evel 0: |local notion ¢ MADI _QUANT

RSy oM RSP e AR 48t

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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[0029] Local notion level 2: MADI QUANT THRESHL 5

| ocal notion < MADI QUANT THRESHZ 16 [0030] Local
motion | evel 2: MADI QUANT- THRESH2 < | ocal notion
[0031] Thus, in this exanple, a quantized |local notion
val ue obtalned for a pixel indicates which one of

fIdigh mactaon|se¢siagodei nt dndigatingdhigteglnbal snotiohlimbgesused t o
deinterlace the pixel. [0032] Feathering artifacts
O¢&HitalhRionisbhatibX el SndiBatingl 1ﬂﬁ§es%ﬂﬁve9@é@1 gmbebmsﬁdn {8,
vvrongly deinterl aced by thé use of the "freld

pairing" technique. The effect is a ms- ali gnment of

e R Rt R et SN o
of the local nmotion thresholds. Scintillation

a1l tigadls. Thewenarivhiadichfee a ﬁﬁprdlﬁ'ﬁﬁe adjektinkite fo thk lecabinatior
obj ect are wongly deinterlaced by the use of the

si,ng" [ filteri t echni
RSP PoRE3S Hd hbeISe mtion TP e tf otical
obj ect pixels. This problemcan be inproved by raising
tp@diopdn dedmege. t B wap @ébxamni@,utbenfoﬂlhwmgr@fmﬁmnp a&3ieemframnd to
thresholds start out with a set of "default" val ues.
Byorkvayllof exanpl e, default val ues of approxi mately
MADI QUANT_THRESHO = 6, MADI QUANT THRESH, = 8 and
MADI QUANT THRESH2 = 15 have been found to work well.
| kI t
o 0aT e e bolR thB ot Aol 5; Briglek 18bjefoLs 32-i
descri bed above. If the field exhibits a nedium notion
woehdndicatingladodedchal tnotibn esshatigsS ; eamd R, j, rvapleabetweon the
are reverted to) and used by the quantizer to

] I-c_ t.i val u t.he |erSJnt
PR Uit a8 ol Gliny Fuiilor Rl e SeBoiotmi Py 20 Ren
However, if the field conprises a | ow notion
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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scenario, the probability of scintillation artifacts

to occur gets increased. In der to prevent the

presence of these artifacts,”the |ocal notion regions

in the quantizer are re- distributed accordingly by

e]gls,lng the I gcal notion thresholds. 17 fr By way of
%ﬁ%?eé? cq¥t an PQ@P%‘#RH%PVG&W&QS% they) mmctlw)\mrpuon value for

THRESHo = 13, MADI QUANT THRESH, =14 and

I\ﬂ%@hnsz@éﬂl'ﬁlx'EHREﬁhﬂmd héndeasduvagitsroguhetiont 0 wor k wel | .

On the other hand, if the field conprises a high

@Eﬂe%emh'tﬁe qﬁaﬂﬁzetr ﬁfeeaﬁiﬁli%lta‘i\fl;e &R thd tﬁWﬁBﬁ@on of local motion
accordingly. By way of exanple, an adjustnment of

£ Oxi DI QUANT THRESHo = 4, MADI
(fﬁ ﬁ%é@ﬁ%te%%“’é‘%g ¥MDI QUANT THRESH2 = 15 has been

found to work well. As a result, presence of gl obal
rberedore aastinsting the asaytizer fhsesheld vadues @s;sanna%b'trs@ﬁm%u@s thesensitivity
used by the deinterlacer in order to reduce artifacts

soff e quanisr 1If thelqahntizer tacthbidatdeaet 10G. reldavély Gl valne,ithdn the
Pattern Detection [0034] Vertical notion may cause

Méti(fn@&da%uqy DelfkeAadE iy gkzlg‘ri:ﬁd;?ﬁ% Iﬁg gﬁ@fs Rif HEY ﬁé(gcqﬁhh focal

gl obal ndtion is detecte ways.
nal sho

h make e of the.S S
Pﬁﬂiﬁoaf‘é?fﬁ% By, e Mg ving e foor i ing g gy artfacts
ngétln%ﬁ@he ongoing increnental difference dSCorr
Pt d cifi theayentizgr ﬂ@e@nws aheesepiogatichtizely diighevalest, then the
Scorr , nanely: dScorr (current Scorr) - (previous
Bmoion @dapt'ﬁaeDé-ﬁme‘tm'chgwﬂhﬂﬂw afsodf tlSpiatle a€ otheyalnal lywdokal
on the fly by counting the nunber of zero crossings,

ADtiS Whsthefitld Wt ndvirlglobjects will exhibit feathering artifacts.

[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,




the zero crossings count for a specific period exceeds
a specified threshold (e.g. 10), this 1is an

i ndication that a periodical”battern was det ect ed
(which is often exhibited by vertical notion).
Fol | owi ng such a detection, the magnitude of the S, orr
dR938izbecal motiprdavelt  det dADS (IYANT: THRES Olocqlangion
vertical pattern and nedi um gl obal notion), and
therefore performadjustnments in the |Iocal notion
qoedit]i Zies, inthis eREBPICLS quARBAEQVBEE HistionVahie@btashedTbAY filel
i mage. 18 [0035] Another approach to vertical notion

SRR e b 0 R 915 bt

sﬁa}gie process. First, vertical notion of individual
pRSaiel

‘is detected. These notion values are used to
determne the vertical notion of tiles which divide
the input field. Last, the notion values of the tiles
(0032} Heatherng arifactseabctiowhiet the pixels antl dinbeof 4 hating objetieare
field is judged to be in vertical notion. Figure 11 a

abongly dbiaibtlatddchyt BPuslITid YTl AR REhGIMhE S The EFRYYs a mis-
field is ODD parity. Taps fromthree successive I nput

: [ g [ ed....Japs A and.C arge .fromthe
Ak P By it G0 LSt ARGl e i Rl om e
field of oppasite parity to the current field, and C,
%IEPYPY?Sﬁ?)E h@%ﬁ%wed@ e phthg lespl mption Byweshpldsi Byintibatigpeartifacts
current field. Figure 1 |b shows the equivalent tap
eqchuwhen thewplreals arddinesiof sthtid olgba arswiovBl deartediaced bizdehuse of
tap is itself horizontally filtered over several

the X§lasial prodesbinFe(veftichEltdr) tbchhif0B 6 neldifcPis ¥ Sickering artifact on

vertical notion 1s cal cul ated by ‘conparing the top-

' Ln the curre field wth th
P YaLHRERAERSE T EBb i bl ity easSph A Yefuged e loca
exanple, . with an CDD current field, if tap C show high
%W&E&Whyﬁs-to either tap E and/or tap B, the pixel
is said to have downward notion. To prevent notion

al i asi ng, detection of downward notion is predicated
(60334 nBrephsasholidnstei eucwith e sgad ddefgull bedidso Byiwayt dfexample,

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.




S

previous field of the sane parity being uncorrel ated
wth the tap in the current fjeld (for exanple, C and
C nust be uncorrelated). Correlation can be neasured
with either a sinple absolute difference or via nDre
ﬁ%abora e correlatjon functions. Pixels in vertica

Y M@ of Freile @a adigstmentolanpraxamately MADE | QHANT THRESHo =13,
i ncrenented or decrenented based on their direction

o ARt QOANT OUBESH e 14 apd MADI IQ8JANT rEMIRES Hekd 5a1a€been found
di vided spatially into rectangular tiTes. Wth each

ttb verk Svefissoci ated a counter, which increnments of
decrenents according to the pi xel notion calcul ated
above. The tile counter provides a neasure of the
I i.xels .19 within the tiles: if the
‘F{h%&l%eﬁ'?sﬁdo ARG 680 Btbrisadiih ofeh Sieairc, T pissteS e
Vi n war ds and i f ne&gtlve downwar ds. The

DUTE F‘CC\%F i B 130 adjustmans hbappresmptedyi de
noi se i nmunity; |f the threshold IS exceeded, the tile
IMADL (3d 4 NiTo THR BSiflo e, tNLABDI_ QUANIN THRESH et slaner ti cal
notion counter is incremented or decrenented based on

MeDUiIgEeaNTOTHRESH) & 14 iids %egfpfdug&‘ to \ng&glﬁéll Nexs reshi? ' Spresence of

field notion counter Is conpare ot her

LR AT T RIER I p—

attributes of the _input field, such as parity. This

edgLiodeduce affagls suchgs seintidatipnand festheningndi cates i f t he
field is in vertical nmotion, and if so, the direction
of notion, up or down. [0039] Finally, a history of
YexrticabMotioa|Patteti Detdctolept over several fields. If
this vertical notion is consistent and in the sane

[0034CVERRAIOMEHonSANPERke Eﬂti%ic@ssdurﬁlgré' rﬂéhr,lﬁﬁgﬁ(ﬁfon%fcerfaﬁo. Vertical

confidence that verti cal nmotion i's real exists

a one- ut. signal _indicate
41 ‘ﬂjé’? n}%%%ﬁ N det"t"@é& e’é Bﬂ‘? n?l\?éigt”ioécal} makes U5 of thei &
out put signal uses hyst eresis to prevent noise from
signak an g}ocrm iokhesgreplestiigereth al geffer D dé R ddBE @ahRfling the ongoing
vertica
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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notion. [0040] Figure 12 shows a flow di agram

illustrating a method for glgbal adaptive

dei nterlacing, in accordance with an enbodi nent of the
present |nvent|on At step 1202, if the input port or

v ha fetch the st dard aul't). MADI .

{381 Ao AbROchits LSMiotdhoyion dbchtn Wil 4 yeichl Tgaipn detector
them into the MADI |ocal notion quantizer at step
1tomentdhat dsigcts yertical global magion by stay pép foneistags patcesst Bipst, vertical
1205, and proceed to step 1206. O herw se, proceed

dﬂnb@@ﬂ J)Mnm@l(ﬁlh xéld ¥detedteds TRke hfion viluedhre MAE toffenine the

(i . if the obal - adaptive systemis not enabl ed)
agﬁlénﬁgﬁ ?Hﬁg h%(ilfl\e/dé@iggs el nﬁt?egﬁ% t}% n{zzjlti%ﬁ Vfiﬁllles §f the tiles in

co trast di strlbutlon and determ ne correctlon factor

at 1S afs usod e detgrmineyhatherghat catite fikbispudged tasbe gypatical motion.
and correct the R20 and S signals at step 1209,
dégwe i aebavieshgivotheltapmsiticane shentheicorredt ispive fi kit ODID garity.
determ ne presence of vertical notion at step 1211. At

Sit=pp frlaﬁﬂtﬁree%dd:dé&hvé 2 umo 1iQ8dre cORdeRl. THELRRAYN €Sare from the

according to the global notion scenario and presence

d | h
%%%@L@Me 4 ﬁ“Pegndﬁ%% E§B oaTons e RaRRE éﬁmv to the
[0041] nal | t he dei nt erI acer nmay conprise
R ﬁ%‘? CelIsfeem dhe Ryaviprnggld ot':t:herﬁaﬁ@ﬁantywa\t«hwr@m field.

separate |local notion values quantizer for increased
Hligauxé biY shoys theequitabdnt tap strrbinel wizent the evarént ifieldaik BVEEN parity.
nmeasur enent may be obtained froma sub-systemof the

eatapid ACAThorMBRARY NItsds Bvé s%#@alﬁﬂfél@i’ﬁ‘ Ak FINPriLRe a
noi se rreter and optionally sone digital filtering to

bl,e noi se surenment . Thi

e i Bl Ve ndlngE o ﬂeﬁeﬂ Bieesiite [ Rt bottom-most
nptj on indi cators Sco" and ,, to automatically
perlathegirent Reldariduihe Pt??el%lﬂ%@rﬁélﬁﬁﬁ:ﬁ@lé f aprpsitagarity. For

| ocal notion thresholds according to

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
simplie absolute difference 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 spatially into rectangular 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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t he measured noi se and gl obal notion. The objective of

using the global notion valugg is to avoid "ghosting"
artifacts (blurring) on noving objects that occur when
the anbunt of noise reduction is relatively high in

t BRLAIEOG P 9R ti‘?@&ﬁﬁe? is g%%v‘sgtbﬂht@ ﬁbﬂei’searé) f Plﬁ%rgged'iﬁb%mg upwards,

noi se neasurenents Is to € anoun
?P% gt IE@E accordi n o the noise. present int

JENCEaHYS doppads s 9%@&# Yrfue wmpa@swawaihwhowﬁ%prmde
dei nterl acer may conprise a cross color suppreSS|on

(1SES3) Imnguvifyoid éhet threishelil igexmesdeg athatits ik prigbd todie invertical motion. A

val ues quanti zer for increased flexibility. In such

affel@ weraidaligdtion dohifteflidanirbmerited B RehalcHdbaldWh the direction of the
adj ust ed based on the global notion 21 indicators

00 mofBd R 0" in order to reduce blurring of colors
and ghostlng artlfacts in video sequences involving

Flgure 10 shows a fl ow di agram
rﬂ?{':{ﬁjﬁ}l ' dpeturcougter ¢ 4 Qggmaregdgg{ gnggher threshold to determine if
dei nterl aC| ng i n accordance with an enbodi nent of the

pﬂﬁ@@ém fieldvienvértoal nattiot €his A@Bshold is adldpeive bpsed opaittiibotes of the
video is changed, fetch the standard (default) MAD

i@ felaNsuth s Patity! THiS shated a b YR Suht ﬁ%{?a? wich mhﬁéﬂés 1f the field

theminto the MADI |ocal notion quantl at step 2
ara i s _tool
Ei‘gv"?ﬁ%?ée ﬁaxﬁ{]l\n%rér‘i ‘E‘gﬁz{ léﬁnl? °‘°n CCE’?Vrnent field)
and proceed to step 206 Clhermnse
Bf"égfe Z:glﬂﬁwfb@fqow ¢ighs vercal ragionss kept eperagrcral fieldy. Ifvhisivertical
EN=0O (i.e. if the gl obal -adaptive systemis not

Botibh iscb,onsiganttaudsin e saié diliectfmn aler sevtradfipldy, 4 igh degree of
adaptive algorithm. Else (i.e. if the global -adaptive

SotSidendei thatGeARhBAdtoIRL LRy
current'a f?el d at sttl%pﬁzrgﬂlg%,&?alsﬂttg}é%% %{%hﬁ%lt al

ﬁgfrcg?tgg ?Jaf'&le 11’? éjlt] g ncglteﬁcgeacn ggag 20 %ﬁt)lcal plggan ‘t o bal tBWﬁﬁ;n&Puses

MADI | ocal notion thresholds into the | ocal
hysteresis to prevent noise from causing quick successive changes in 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 (default) 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




notion quantizer at step 209, and proceed to step 217,
whi ch conpl etes the process.20Q herwise (i.e. the

gl obal notion correction can be applied), read the R
and S signals at step 211, correct the Rand S

skgh4l sgals stsep 1209, detteingridthe globilanétioalkaénarat ﬁ@p 1210 and
scenario at step 213 and determ ne presence of

V@&itinfiad 1{39&@&09 Bf fdrti I tl%glglg st’g)g): 154 Qﬁt%}e?) g’e&%ﬁ Lﬂ%eMADI local

I\/ADI | oc notion t cording
.0n ,sc rio a e of .~ vertical notion, and
NS ﬁ?%@gg Poof? éb@atl%m@%ar@ta@ﬂ ppespnce qfygrtical
Foregm ng descri bed errbodl nments of the invention are
pinetionl édd aempletathe pacessihy prageddide scsteppidl8ns. They are
not intended to limt the invention to precise form
described. O her variations and enbodi nents are
possible in |light of above teachings, such as
i mpl ementing the descri bed enbodi nents in hardware or
softvvare 22 \WE CLAIMs: 1. A gl obal adaptive

desrhpral Nofsk RealiRgspd for reducing feathering and
scintillation artifacts, conprising: determning a

t..di t.i 0 determmngacorrectlon
A0 Optiqnal h S eineogs g COPHaE 2 PR RPIE Fglugtion (TNR)
gl obal notion regions based upon the R and S signals;
apRIpoRpRl daringiarsgpyate devat motibn velnts @mhtlzmﬁ'mrancre&ed'ﬂemblhty In
method of Claim1, wherein the determ ning an anount

@iﬁclgalm&miodﬁﬁ&nt% 1ﬁﬂi@ﬁ®1§€ﬁ13a§@é}ﬁéﬂ§ﬂaﬁ}%e Bthidea g sﬁ’é‘-%/stem of
nmore provided global motion indicator signals. 3.

%ﬁ%&%&%?&f glfﬁélﬂ%l Ija gﬁw(}ggt n Sigl:%mgﬁgg 5 mngé H%te% rz‘md optionally
?cl?ﬁé% gl gﬁglcfgl%[ngg&g\gﬁ) u%‘r Y ]l:Jﬁrylrae etnogsle %lle%sggnqez% Euesvxio?s%smeasurement
may then be combined with the global motion indicators S, and R, 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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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.
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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.




feathering artifacts when deinterlacing the fields. A
set of global notion scenarios are defined for the
pur pose of classifying fields, and a nunber of gl oba
notion indicators are used to detect on a
field-by-field basis different gl obal notion

scenarios. Fig. 12 23
9. A global adaptive deinterlacing system for reducing feathering and scintillation artifacts,
comprising:

a controller for;

determining an amount of global motion present in a video sequence by
computing Luma differences between a current field and a previous field to obtain one or
more global motion indicator signals;

adjusting one or more local motion quantizer thresholds according to the amount

of global motion.

10. The system of Claim 9, wherein the determining an amount of global motion comprises

reading one or more provided global motion indicator signals.

. 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.






