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conprise two video fields, one for the odd |lines and

one for the even |ines obYHWeniegge. This is due to
the i mage capture prbdumsdn Rogetioalorrdl Beto caner a out puts
the odd |lines at onePdteiSvddtz in ti ne and the even

l'ines slightly |aterandBhMadKifAsL£S @ tenporal shift
bet ween the odd and even lines of the imge, which

needs to be addressed in frane based processing
systems. A deinterlacing process generally attenpts
to overcone this problem by assenbling a clean frane

FHobD: OF INVENIHIN (0031 Since the tenporal shift

between the two fields introduce feathering and
[001] The invention pertains in general to motion adaptive deinterlacing, and in

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
scintillation artifacts, motion adaptive deinterlacing (MADI) techniques have been
proposed in order to reduce such artifacts. Some MADI techniques use local motion

. threshold valﬁes 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




scintillation artifacts, notion adaptive deinterl acing
(MADI ) techniques have been _ proposed in order to

reduce such artifacts. Some MADI t echni ques use | ocal
notion threshold values that can be adjusted manually
in.arder . to rove the performance of the . . )
BRI he Rssforigance (@Rt iTeys B ilasingiagificts) in other video
sequence, al beit possibly at the cost of 2 sacrificing
sdquenwes.f or mance (and re-introduci ng de-interl acing
artifacts) in other video sequences. [0041 Therefore,

i nstead of manual ly adjusting the MADI thresholds in

[004E TheRforBassticadof maREIT h§udtindafe SEAVEMERholdS i Sider to “Pass” a
desirable to devel op a new adapti ve systemt hat

J: . | reshgl ds aut ticall nd..
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ar I | -adaptive deinterl|acing systens and net hods
lP?f’i D’?‘éﬁi@i’?ﬁ%"ﬂg@mﬂm@iﬁ w1 adaptivebat heri ng artifacts.
MADI | ocal notion quantization thresholds are
adaptively adjusted according to the anount of gl oba
notion present in the video sequence, thereby
mnimzing scintillation artifacts (generally present
in lownotion 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 gl obal notion
indicators are used to detect on a field- by-field
basis different gl obal notion scenarios. The gl oba
notion indicators are corrected to reduce Lunma
dependenci es, thereby inproving reliability and
r obust ness.




Dependi ng on the global notion scenario of a field,
the 1 ocal notion thresholdszgre adapti vel y adj ust ed.
The adaptive adjustnent of quantization thresholds are
optionally also applied to tenporal noise reduction
and cross-col or suppression sub-systens. 4 BRI EF

P 0061 The present
mﬁi{%ﬁcﬁfﬂw y of exanple, and not by
way of limtation, in the figures of the acconmpanying
@Pgb\ﬂlﬂjbsaﬁl areiglobahadaptive ideintarfeeing nypstemmamimethsds fof ezducing
to simlar elenents and in which: Figure la,b show an

sexaitiplion anibfesthbrip At iR BMIA DI 68PmS 8 §ESizABVthAGholds are
pendul un) and its associated gl obal notion R and
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froma sanple. video sequence. Figure 2b is a 2-D graph
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function of Luma level. Figure 3a is a 3-D graph
nghgss) ayl athgring atificts(genaallsprgseat indsiglanfotios imagespivhen
Luma | evel obtained froma sanple video sequence.

deingsilacinglthd Helds. 24 BetdraRibab HOVIbA GscindHds™Ble d’eﬁﬂe@f&'tﬂ%ﬁkpose of
notion signal as a function of Luma level. Figure 4

[ ith t.he. I | slightl
BeeS Tl ol AERB STl o e Fioes SeGised 1 el om e
appear .. Fi,fgure 4h shows the same novi ng pendul um w th
by_-ﬁﬁ.lgﬁ]aé\;élp ent global mgbien peengRps 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.




case the systemis tuned and the imge is displayed

W thout feathering artifacts, Figure 4c shows the sane
novi ng pendul umwi th Luma | ével decreased to the poi nt
in which the noving pendul um shows a hi gh degree of
feathering artifacts. 5 Figures 5a,b illustrate

f Rand S global notion signals correction
ﬁm%ﬁgngg%%EWMMﬁ}ﬁ an R gl obal
notion signal (not corrected) as a function Luma
1086k The preserstinentiop esitlnstgesktaw egof exampi:, sadpdtdbywralad
sequence. The S signal behaves simlarly. Figure 6b

Iigit@ich! #he HEOWE BYHR aEé’&ﬁ]?éﬁgﬂ% bcgcg\?l\'i} s ngéigg:h—g@f?fif(@féferencc

signal, conpensated for ndence on

{E’_‘E val ye.. The Scour..is.cqorrected simlarly.
[ ga%lgp@eritg Sgﬁ%arrggfﬁneﬁs Eirﬁlemgéé gl obal notion signal

for a sanple video sequence together with the three
regiqps indicating three global notion scenari os.

Thes & @4fda,Pshew ancxanplsdmage fremra saawpla yeeq srauerssi(moving
signal as well. The regions are determ ned by defining
pepdilghbiral itsassoaiated globshobiien Alaow Ssigndlei gh. Figure 8
is a table summari zi ng various consi dered gl obal

noti on scenarios and their conbinations. Figure 9

showsidun2gisap @hpit MRwitdsn RARESLASERIdN s§$rﬁf‘9§ & fifiefon of

i ndicates a count of the hunber of zero ctfossings O

difference signal is used to
Lgétggévrrﬂ %%Qﬁ?(ggggir%%%clgv OJEMP®al notion pattern in
the image. Figure 10 is a flow chart (high-1evel)

illustratjn thqd for gl obal adaptive de-
_ Iélgure i 23-8% grap% showmgga normalized ?{ global motion signal as a

function of Luma level.

Figure 3ais a 3-D graph showing an § global motion signal as a function of

Luma level obtained from a sample video sequence.

Figure 3bis a 2-D graph showing a normalized S 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.




interlacing. Figure 1 i a above shows the tap
structure when the current igﬁput field is ODD parity.
Taps fromthree successive i'nput video fields are
considered. 5 Figure 11b shows the equival ent tap

struct.ure Slng t he curre[wt field is EVEN parity. Each
tap i9SWEE 2P isiatesremples of iR aud Sdglebal matiopdignals correction
&xgls inaline of the field. Figure 12 shows a flow

eitpnaém i | lustrating a nethod for gl obal adaptive
deinterlacing, in accordance with an enbodi nent of the
present invention. 7 DETAILED DESCRI PTI ON OF THE

| NVENT{GB6E Q07 grafie EigsvaAg 8n W LlobROMG#AGH (4t céﬁéééq) asa

to a particular enbodi nent of the invention, exanples
Rhctdhire i x in th conmpanyj ng.draw ngs.
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Wi t he particul ar enbodinments, it will be understood
Sfﬂ'i‘?l{bqﬁ"'?vqsﬁfﬂﬁ%r&-ntended tolimt the invention to the
descri bed enbodi nents. To the contrary, it is

i ntended to cover alternatives, nodifications, and

equi Viguenhsisasgraplyshowing mcorvateed Rt lobal tetispsigndl, @athensated
scope of the invention as defined by the appended

forltine otervivl dbgund ot te LERh Whk! Pifd 19n38 QoG sitphiipn
Quanti zati on Thresholds [008] An interlaced video

signal conprises odd fields (lines 1, 3, 5, ...) and

evengii,&l 'g:fsﬂ,4, . .). Adeinterlacin

vi deolggﬁoﬁéegé Jrﬁdg}p sys%gﬁf'pgrltguﬁl&ggg%’éSEP%&%@W@‘?\W%S&W““%
out put signal froman interlaced video input signal

togethenwigiwihe ghree regigrsdpdieatsigitkred ighybh biyotioke Sdengriosl Mhéseasime three
of performng sinple fields merging (i.e. static nesh)

regionslgre AbRRdPe tHd Bcorr signal as well. The regions are determined by defining

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

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-

interlacing.

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

parity. Taps from three successive input video fields are considered.




I nput video, a conbination of vertical interpolation
and tenporal interpolation u§ perfornmed in order to
obtain a high quality deinterlaced i nage frame which
has a mninmumof flickering artifacts in the static
ar eas..and inimym of, feathering artifacts in_the
movi nededdb Shows isapivalsiap savctueny ?FH@%Q%JH}S EVEN
| ocal_notion (such as on a pixel- by-pixel basis) in
panky.ibaply tapde tisel hberizoatally diltestliovat seteiahpiaekidn a fine of the field.
separately process the static and the noving portions
of the image dependi ng upon the presence and | evel of

| ocal Figareilarshbws b MewdiggrantiMusdfatif@ s Pdthodefor glbbalsadbgtive
referred to as notion adaptive deinterlacing (MAD),
ot BLich Bk i it e lo o AKE BRI Wisoden. o

| ocal notion for each pixel and/or its nei ghborhood,
and 2. Deinterlacing, thereby producing a progressive
frame. 8 [0091 In order to detect the presence of

| ocal notion in the input video sequence, two fields
of the same polarity (i.e. even and even, or odd and
odd) are used by the MADI systemin order to conpute
the value differences (i.e. tenporal variation)

bet ween each two pixels having the sanme coordi nates
inthe two fields. In addition, differences between
pi xel values of two adjacent fields in the vertica
direction may be conputed in order to recogni ze the
presence of vertical notion. The MADI systemthen
estimates |ocal notion values for each pixel based on
t he obtained tenporal variation, vertical variation
and optionally global 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, which define a
set of local notion ranges. _-The pixels are then
deinterlaced by a set of avail abl e nmethods according
to the quantized |ocal notion values. G obal - Adaptive
Dei nterl acing System [00101 While a MADI system as

BN IR BRCAPAC R B RS R ™
present in the final deinterlaced sequence. D sclosed

00T Refeaéee N Bal-RdARc iN Qe tdh BakiRGlaP SmBYEmER fAinvention,

nmet hods for reduce scintillation and feathering

' ' dj.usting the MADI | .. .
BakblaGirith FEARSIEY fy BERERh GubE e ibes o7 e he invention
a u% of gl .obal, notion present in the video
%‘iﬁaﬁ sgibeq iy gonjypctign At thaperiswplar erpbotimpenss, it wilkbe understood
defined for the purpose of classifying sequences, and
thatntisinet intended whlahit het inoentiondd drtdes@ibad embséehdnes. To the

detect on a field-by-field basis different gl obal
cORArAr9!it RGRRANDD coaRRBHaPesOMoliiIRGbRPAd é@h}aﬁts as may be
eshol ds are

scenario of a field, the local notion thr

- ' : b S t her.eby minim zi .

iR iR IneABH 3 Sk 07 Rty iRl 3 el v the smggnded claims.
notion images) and feathering artifacts (generally

Nfre%gm in high notion images) when deinterlacing the
qtimdaptiyefpeinteriacingandlagcad Mantion @uaniization; Khrasholds
[0011] Two signals, hereinafter referred to as Rand S

[098 el interlarerl videwlsignal icoinpiigds odid fidldsatingssl, 8f 5,t.hg agdrewentfields
of global notion present in the input image. These

(ImegpA, s, MAY A H&nﬂ:@lﬁ&h?%ﬁféo B)’oc@ss'i_'ﬂ;% %ﬂgﬂ?ﬁggﬂﬁg gﬁt@essive video

bl ock of the de-interlacer syste
nal.s are defi ned

o@ﬁ%{@%fﬁgm%ﬁg&é{‘lﬁgediVI(@%I#?% g{j@% f%lr glewmg on a progressive display

1 ons e

device. Instead of performing simple fields merging (i.e. static mesh) to deinterlace the
input 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
deinterlacing (MADI), and two main tasks of such 2 MADI system are:

1. Motion detection, comprising detecting the level of local motion for each pixel and/or

its neighborhood; and

~ 2. Deinterlacing, thereby producing a progressive frame.




fields as follows: ¢ = curr _ field - Luma val ues of
the current field in the intgrlaced video signal (can
be even or odd) p = prev_ field - Luma val ues of the

previous field (intine) in the interlaced video
odd, and vice versa).

j | (when I§ even [ p_1
fq"gf 3“ Bﬁ(d@(/?o‘ifgecf a’ﬁ PIGSEH&%MSJ%% BtgR i1 the 1NHUE Ve SRUHEBERS tWo
top (intime). R=1c¢ - p_1 F R = sun(c Pixel-to-pixel
Belds oiibe same poldritydhe.even amd ofeny esnddtant 0dd) ars asdday the MADI
sum(c - pl). S=c¢ - p E S= sumc - p). -

pefl infoddd? it EdmPutd tedRlil Qi ffard
Slg,lsscallnar S = slﬁﬁ mc - p). [001%&&8%’2&?%6;?1»\%%3%&%‘%&&9each

AR TSGR L BB e

dlfferen is srmll Furt hernore, when an object noves
Betwrrnaixe qalues ef woradiasantcfiedds initks veriien! dizpationvienyshe computed in

the spatial shift causes a corresponding increase in
ariir to exoptizo fhetpheseseehifivartichhnstiorArTiIRXMND IS yitemaRer dstiffates
a. sanple video 10 sequence is shomn in Figure 1 a,

1&datinfofien Raladifo® Font
Fi gure li b. Cor?gdgg?ﬁéé%ﬁegolgtgﬁg S ﬂlq’gﬁ?@%p"kﬁwal

obal notion indj at or
ﬁ% 8, bl S Rl ) S et e Sgimated, the
Lmer ent video fields, the signals ar e dependent on
plipivalugpeire quantized into a number of levels as indicated by a set of MADI
local motion quantization 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 deinterlacing 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
quantizatiqn thresholds according to the amount of global motion present in the video

“sequence. A set 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.




For exanple, if a specific video sequence conprising
obj ects noving at a fixed sgﬁed is played with two
different Luma levels (i.e. two different brightness
| evel s), the two obtained sets of R and S val ues

rr nding.to eagch Luma level will be different.
F&MZ}W Pé't}gg%c%sb Baiggalsr e 3-D and 2-D graphs
show ng actual sanples of Rand S values and
(001 Us Twatsignglshbeeinhfgaefytrod &d asnRtdndnS \signalsare asad as initial
exponentially with respect to the maxi num Luma val ue
i0RbRdhd AnbliR of BROSE m&lidHBsehRinthe @R
as a function of Eﬁﬁarlnev(gil% asn 1a sa lugﬁ\%gg.eg'h%asllgnalsmay

! e ), ..and Fi e 2b shows the R

RERUERRS b 2 £lek B sy lobk BUF oEam iR sl o ey may be
the S signal as a function of Luma |level and a sanple
sspHasycoputde ThedR gadpY stenals aredlefingd pefiBptiaisofighe iheorsing
signal as a function of Luma | evel. The graphs were

fgpbdsesdiolbovani t h t he sane sanple video sequence. [0015)
When the maxi num Luma | evels in the incom ng video

dLelds pagy, the nmagni rfﬂ”? ' .
altered (scal ed) by %%%%F%f%%%%&. lélfdel?g?‘lér,?acg&%deo
fromthis nmoment we will refer to the R and S signals

as the uncorrected SgaddFsn bagyenrupddrr signal s.

Suncorr -S-f(Y..) 11 Rancorr =R J (Y. 10016] where Y.
represents the maxi mum Luma value in the video field.
pragréwunfieldon f i s anLempoalast ofthe previdus ieldén tilne) ks
shown in figures 2b and 3b. [0017] The Luna dependency
probl em affects the performance of the deinterlacer as

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=sumi - p). - Pixel-to-pixel subtraction and conversion of result to a

scalar R =sum(c - p.;).

S=c—p€ s=sumie - 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
p are close in value and their difference is small. Furthermore, 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




illustrated by the exanples of Figures 4a,b,c all
having the sane fixed |l ocal potion threshold

gquanti zer settings. The | oc notion thresholds were
adjusted in such a way that the noving object starts
show ng f eat heri ng artlfacts when the Luma level is
segpenc 13 fhownda £igyre 13, and theoR andoSsignplg dertha sequmesesreshown in
novi ng pendulumwi th the Luma |l evel set to the
kigimubt 100% In this case the noving pendulumstarts
to show feathering. Figure 4b shows a the sane noving
pendul um novi ng at the sane speed but with the Luma
Céireétingléh@R anQ bhiisp@se the feathering artifacts do

not appear because he MADI  system produced a
resul t, of

[ red nt erl gced |rra
IBFET ko1 cuf S BisbRRONAD indeies G CaiBd by etrsieg Luma
| ocal, thr eshol ds. In contrast, Figure 4c shows the

sybiFctinpy boty cpedifiigranhvidew fields, dhe sipmals snvelepqnelent dnthe Luma levels.
with the Luma set to 80% In this case the feathering

Far txdngsde,Sf & bgeifiovidapegienes célﬁﬁnslﬂglg? ccth ﬁﬁﬁk&fgedtta'"ﬂ%ed speed is

MADI system produced a filed-paired (static-nmesh
I
PSed P R T 08 e i i) nf SERI evsﬁz?%e fwo
%t %g %tSl '133 c{ﬁ,er to renove or at |east reduce t
e § ﬁ8§ Aq Revalissicorrespanding fo sachd s leval il WFtterent,
a(YyY.,,) f (Y) is defined for multiplication by the

Runcorr and S. , values as follows: | Scorn =
[49 YiFiguyesSadrand 3aib arr3d and-2 gy yraphs sH@umng)aotuaI samples of R and

S values and illustrating how these global motion values vary exponentially with respect
to the maximum Luma value contained in the image. Figure 2aplots 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 S

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 § 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 neorr and

R, signals,

Sumtarr = Sf(Ymax)




[0019] Where the Sc,,,, and Rcorr corrected val ues
represent acceptable approxil tions of the desired R
and S indicators. [00201 By y of exanple, the

i nverse function g(YY) may be defined as a 256-entry
for a lel systenm) 8.8 Fi xed-Point format | ook-up
abk & £ HF e anple inplenented in firmvare or

har dware). Figures 5a, b show exanpl es of correction
functions. In these correction functions LUT, an entry

j0916)elvheleer afpRiselitdthetrRaxitiBmthdViThd-#TRe vid8Y fikld. The function
(i ndex) det'ected in the field. Then the entry is
y. the Suncorr and Runcorr values. In the

[tipli ed
JmJ J‘O tfﬁl%‘ioﬂﬂﬁﬁlelo@ﬁ%shoﬁ@ léﬁt&lﬁ@gb@@dﬁbspondl ng

to Luma values | ower than 128 (50% are clipped in
order to avoid over-correction caused by a division by

[0€1H. TheFbuma dependaicy sobdeu affects theipghfermittanf #i3Gleinterlacer as
(1 TU???-601 standard) the correction value is clipped

ill@strhted HIQBE dxdnipl&Y SHeigres £06.F 86 ‘ha{q'ﬂg t}féadaﬁt% Bed BUACRG ion

and Runcorr values fof a given maxi mum

fhel
o izl st 8 6l g R B et ﬁ@%# Hifigh gavay that
avalLablg fromthe delnterIaC|n system For
themaipg obigciviis shav msragiheninecarifacsgrhendhe hamp #g’el is set to the
avai | abl e the maxi num Luma val ue detected in the
defanlt galue b £0M%s. Fipuse 4mdhoes iasndhisnpetslathng sithnhé helax ldvel set to
a correction | ook-up table in order to properly

t}féeieﬁﬁlt 180981 864 RO S Rhg ﬁ\éﬂdﬁfﬁn‘f\’hﬂaﬁs %beshgw fehtﬁls:h@d

with the Suncorr and Runcorn values to tain t
r QL L val ues t sed .
o?er@c%%grs §i o% HTI0T Y08 pF‘?‘f@’lhB’é'thc}Vglg Ttdgezﬁnelflpﬁ%ﬁ bt with the
6a, b are 3-D graphs showi ng an exanple R signal before
Luymgseife égO 7o. In'this case the feathering artifacts do not appear because the MADI
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.




correction. Figure 6a is a graph illustrating an
uncorrected R signal as a fupction Luma val ue and
notion speed, generated froffa video sequence. Note

that reducing the Luma value in turn reduces the
whil e as a notion indicator

lﬁﬁgﬁio%bcr aér 8%&% orah leaghiaduse thadepsadongon H’&éﬁ‘gﬁd@Yﬁl an

of the Luma value. Accordingly, as shown in Figure 6b,

.t he s nal rrected (f.0 Luma | evel n of
e D08 S e i ARERHOP EHO ISR UEE Hor 0 S
dependence on the uffd”val ue. This avoids the

reduction of the global notion nagnitude val ues and
viahitse as fpdledisates a reliable (nearly-constant) pair of
Scorn and Roorr values (for the range of Luma |evels
50100% . Thereby inproving de-interlacer robustness by
etalnlmg the high performance of the deinterlacer in
nf wedt i on Scenari os 100231 A set of notion
scen 185 is defined in order to classify fields
depending on the |evel of global notion and presence
of vertical notion pattern. The foll owi ng scenari os
re_usdd: Low notion scenario: Indicating still inmages
dT’vgﬂy‘lpmﬂ@Tbbal notion i mages. Medi um noti on
scenario: |ndicating nediumglobal motion inmages. 14
Hi gh notion scenario: Indicating high global notion
' . Ver tion scenarjo: Indicating. inmages
(gTBh Rt e carg%ﬁt fSTestd YatuER FARIeS PGP s prayimations
i mage in a sequence, a scenario is determ ned based on

oftthe dEkiRdrR and S Sdwaforsi gnal s. The scenari o indicates
appropriate adjustnents to the [ ocal notion

[0020] By way 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 field. 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 §,,,,,, 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 system. For




t hreshol ds according to the anount of gl obal notion
and/ or the presence of vertigal notion in the inage.
By way of exanple, the follow ng definitions have been

found to work well: Scary and Rcorr val ues bel ow t he
16 bits of a

t hresho l.ue of Tlow = 3 (higher

eypmple, a %ﬁyhlp HRYdaYe A gegstergualgne puplabls thegpaxipuimlyuga value
Scorn and Rcorr val ues between the Tlow=3 and

debrictgd-n §@Ocuimenti foeld.i This valveds then ghalba|an imdex do a sorediondook-up
and Scorn and Rcorr val ues above Thi gh=4800

thBle i &b pRogitrlgRe bR rrcBBSA RIBto? SRR WL befth@lpBed/with the
shows a graph of the Scorn signal for a sanple video

equen t oget he i.t.h three arbjtrary regio
! et 3%({ '%Wg”t &1'3@ F%%g&?m i Pan L ehar ?’fblﬁ‘?s t%ewm}&“ée%?s the
Figure 8 summari zes various considered gl obal notion

conrestad globalanstidnhadicatosnbi nati ons. Currently, only the
non- shaded rows are being considered. Adjusting
Quanti zer Threshold Val ues of a Mtion Adaptive

(0822 HiSlk86EH Mef%?@h%ﬁ@{zﬁ@aﬁ’exmﬁlelf}i@gfégagﬁ&‘é%d after

val ue of a specifi n-a glve

det ermi ned by conputi.ng.a function of .pjxel luma .
SRS Miburae SRy 38 poettretledtk Sinat i fonption Luma
nei ghbors) contained in the current, previous and

viipe gndEetion spestl.generad B a yidegfsequsnee. Nefe that reducing the Luma
conmput ati onal overhead reasons, the obtained | ocal

vilog iromrmveties tier R, § heigaaRwhileds Rinkdtlonlisdiedénit isZRdirable to have

hence reducing i ts resolution. If the thresholds in
ri bution of

the quantizer, are adjustable, then the dist )
theofg&w ﬁwdé)ﬁ m@aeré@nt%fiﬁiﬁ Sugy; vigkiee a‘\cae@arg@, @ slgown m Figure 6b,
the signal is corrected (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 S, and R, values (for the range of Luma levels
- 50~100%). 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.




Therefore, adjusting the quantizer threshold val ues
essentially redistributes tg? sensitivity of the
quanti zer. If the quantizer "Thresholds are set to a
relatively |l ow value, then the Mbdtion Adaptive
De-interlacer wll treat nost of the pixels as if they
High motypm scenpagio:  not i ladicatiegkigh glabel motiest imvagasvi ng
objects will exhibit scintillation artifacts. On the
Wethieal rhativah, scerfaribhe  Judichiizeindgbs e#h @bigalatlebas alotiof patiern.
rel atively high value, then the Motion Adaptive
De-interlacer will treat nost of the pixels as if they .

I t ts '
(0D Bl f e PycsEPRERBNBIAL focheiiba BN fhe, B, and
descri bed above, the present invention adjusts the
§ ac algnalpt Thnsagnarin indivates approbriats hdjusisncatsdo it logal tnootione
anmount of gl obal notion. As an exanple, the | ocal

' reginad ly.repr nted by 8-bit .-
(RS cck it F ek o OB B RE i it Bt Ve
ctgant.i er. into_four |evels indicated by a_ set of three
FGIoR I fhst imaRe- g By Rty LA Bmp e the & loones défimionsihaxe been found to
THRESHo, MADI QUANT THRESH1 and MADI QUANT THRESH2, as
viogk wells: [ 00271 Local notion level 0: local notion <
MADI QUANT THRESHo 10028] Local notion level | : MAD
QUANT THRESHo < | ocal notion < MADI QUANT_THRESHI
§0028d RLocaluedBElodthk @%Bihotd vARDbf TANT 3 gﬁi' H bts of a 32-bit
| ocal notion < MADI QUANT_THRESH2 16 [ 00301 Local
rmaéi_o | evel 2: NMADI QUANT THRESH2 <_ | ocal notion
wogh angie

2img @ low glabai motion sesnatioasS qu and iRze dvalessdictwrsnitlem
val ue obtained for a pixel
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 S, signal for a sample video sequence together with three arbitrary regions
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 giyen field 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.




i ndi cates which one of four avail able deinterlacing
nmet hods will be used to deia%erlace the pixel. [0032]
Feathering artifacts occur en the pixels and |ines

of a aning obj ect are wongly deinterlaced by the
hnlqu The ifect

e of f.ields pairin
Hpuseqt cgﬁ&?éﬂfowu?ﬁgnﬂwg%a R0uE the Qtpiged lagakpetiopsvalue for
horizontal |ines. This problemcan be inproved by

the waalyzed pixed isquantizeddfenchizdhdogits resolution.t hr eshol ds.
Scintillation artifacts occur when the pixels and

Ifittctbresliolds Bithé qGantibiefé adiifabIk ARG the dRtHiRIoh 3€ RitabMotion
the use of the "spatial processing” (vertical

The effect is a flickering

&ngg&' oHEEﬁQE&Q?aglc obj ect pixels. This problem

fbe roved r.ai sj t he val ues of the | ocal
Hrator b aﬂ feryd ghﬂhfévql IHgsesprtigly eadisteibuses the sensitivity
with a set of default val ues. By way of exanpl e,
of dlfieaquiantizea Iff 8 qiantigep tiuxshobdselky seb/fo DieldvalTowHRREBSHRACE the
6, MADI QUANT THRESHI = 8 and MADI QUANT THRESH2 =15
Métish Repiive Dietidterlbeerharl Kreﬂﬁhbst of Hle(i:i”ﬂﬂé’ 2d 19 16151HAl BidHa6 &

an |ncon1ng field, first a global notion scenarios

SRR, S08 STl CRRPEUIRE P bl
eshol ds remain in place (or are reverted to) and

Q5’§ gother hand. i thegnantiasr thrgshaldsarept do p slativeholigh yalue, then the
val ues for the pixels in the field and choose a

Migion tAstabtied Rg-imtetlived wilt treatdnosy bijthe pisstsvarif thef hadiibw local
field conprises a |low notion scenario, the

mdtieR aturseduén®y, Mg nitivind G8ieQOwaT LR teatheAn® SAMictget S

increased. In order to prevent the presence of these
artifacts, the local notion regions in the quantizer

[0%% @i %\E 'dte%?iééé glF’cgﬁse?ﬂle %?é:sgﬁtqh\rr]&ltl%n ngu[st% Itt?el Irclagaltnrl]csciolnocfu%htization

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 THRESHj < local motion <

MADI QUANT THRESH,

[0029] Local motion level 2: MADI_QUANT THRESH; < local motion <

MADI QUANT_THRESH,




17 By way of exanple, an adjustnent of approximately
MADI QUANT THRESHO = 13, MADL QUANT THRESH = 14 and
MADI QUANT THRESH2 = 15 has been found to work well.
On the other hand, if the field conprises a high
&3&@0@ enari o, the threshol ds _are | owered )
P‘Pf’g; mpliopJevehy: of exMARQUANTRFHRESNE losal motion
approxi mately MADI QUANT THRESHO = 4, MADI QUANT
THRESH = 5 and MADI QUANT THRESH2 = 15 has been found

1003 1joTkusyel this ekample; e quirtized lRaEmsBorofalugbinbiakd Matal
appropriately affects the local notion regi ons use

y
iR atdeivhichona e Foulr By ? atﬁBQQfelrﬁ&lz{/ﬁ%iﬁ%tgﬁﬂsbg&lla%etn&Eg #f&'en%rlace

scintillation and feathering

tg)g &% ion [0034] Vertical notion may cause artifacts
P a nedium notion scenario. Vertical gl obal

uri
notion is detected in a nurrber of ways. One approach
makes use of the Sco,, nal, as shown in the graph
(89324 Erathering amifants eeour Wbelti ipieeds angk lings pbamiaving dhgect are
~ongoing increnental difference dScorr between the
voongle deintealacrel l@rlﬂe ubsofithe Viiddspalahglegclafiqu®, ,The effect i 1)s a mis-

nanel y: dScorr (current Scorr) -- (previous Scorr
ifend 6P Gﬂoﬁﬁg'% e
af?ﬂnby coSntl ng h] r?‘(lasg‘rﬁgmgazsg{ogzg?%@srl}éﬁgghﬁ} r&ﬁ%m can be

. Crossi n a . :
by PR By lhctalies LR 1650 ol etk et latgn arifcts
10), this is an indication that a periodi cal pattern
OGRS W@@‘i thetaxely s lines jof a statie nbjewztmrbmr@tgljoglemerlmeddjy the use of
nmotion). Follow ng such a detection, the magnitude of

tht HepaSebprocasiaby pegtidah fibedtgs) tdcliniqdet Thé cHRLE £ flfekering artifact on
scenarios (e.g. vertical pattern and nedi um gl obal

thE8fati® Bbject3ield. "ehiS b can be improved by raising the values of the local

motion thresholds.

[0033] The thresholds start out with a sef 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 ficld 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 lbcal motion regions in the quantizer are re-

distributed accordingly by raising the local motion thresholds.




perform adjustnents in the |ocal notion quantizer that
produce i nprovenents in thej;di splayed i nage. 18

100351 Anot her approach to vertical notion detection
~utilizes a vertical notion detector elenent that

SR8 A s R PP PR R A - o,

|
' detected. These notion val ues are used to determ ne

L QUANETHREEHoTr 14fand MAPL/RY ANTY THRES Halvel § hgsiteen found
field. Last, the notion values of the tiles in a
thivairkl waetle used to deterni ne whether that entire field
is judged to be in vertical notion. Figurel | a

above shows the tap structure when the current input

On BleGthe? hbhdDiPRE ik @H&,{ - |

Vi dgo fi e%)lgtfﬁgﬁtghgncso |m er gsd;ﬁ apg&{&ﬁ%@ﬂ@&:@%'ﬂi{-?%}%ﬂ#h%ee
[ el d D, , and are fromthe previous

g Q%?*@ﬁ%‘%sﬁyé“ﬁ’aﬁ%‘?“?'& LRI DA

[ If[q‘régmthe revious field of the sane parity as the

I‘@%;P It”"?‘?reJIE{RE. SHogttMADILQLHIVE FHRESH U+ Vandnt t ap

structure when the current field is EVEN parity. Each

MABIiQUANTe THRESNH,zoi hds| beefl fdundne dodly RE11.S A¥@Mradult, presence of
pixels in a line of the field. (0036] The pi xel

gMoBalTh&Rdn APphdpRTatdls afd ik B PmBYo S gél%)cﬂ{s :ug(%i dﬁ)&%{e tr(]ig,{ﬁﬁeé‘lacer in

and bottom nost Tpixel 1n the curr
eld of osite parity. For

Lxel sein.t reyi ous. f.|
o@gﬁtﬁﬁ?@c@ﬁn ?ﬁdgﬁu Sgﬁilh@ﬂn "ﬂdefg%gerf?g-t ap C show high
correlation to either tap E and/or tap B, the pixel

is,sald to have downward notion. To prevent notion
Vegticy on feattern Defection downwar d notion i s predicated
on the pixel in the corresponding |location in the
[0B34vVerimal metich mby thee anifictpdiridc/a Peding MOE6H s@htE Wertical
with the tap in the current field (for exanple, C and

glc\%)atl fhﬂégii ?ﬁ?éﬂgb@&f in&! R} of GRS i Ap%poa%ﬁ haRSs TR o
signal, as shown in the graph of Figure 9. A buffer is defined for computing the ongoing

incremental difference dS, _ between the current value and the previous valuesof S,

corr

namely: dS,, = (current S, ) — (previous 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.




sinmpl e absolute difference or via nore el aborate
correlation functions. Pixehg in vertical notion then
cause a tile counter to be either increnented or
decrenented based on their direction of notion.

¢33y j - ield are divided .

LIRSS by tRSact o yeichtb @A adtbcof i GonBveh i ojign detector
ssoci ated a counter, ich increnents of decrenents )
RGP GTetc s REIal Hlbaogtioy by i o e gsrgesss. Figt, vertical

tile counter provides a neasure of the overall notion
wptipn geindividnalpihls is ddtected. Thsse métidnhehtes lage wsedid é¢terinine the
positive, the pixels are, on average, noving upwards,

wdrticdl inofied AF il wHIT Wl I inpiXSidl@ UNEE the (Rt Vadues of the tiles in
conpared with a threshold to provide noise imunity;

- ] d,.the tile.is judged t.o be ..
el B8 1l 5 ot wEBEBRR gk ol b3 ks B RS 2G it Wotion
d or decremented based on the direction

i.s increment
%SWF ﬁia a‘?‘?"l‘?ﬁ%f fhstap stensbag when the qusntinpytdfiekdisi @RD parity.
counter is conpared with another threshold to
Tihps &om theseisficcesdiec impti vided fielidlate@snsidured. Gabs AndnidaDare from the
This threshold is adaptive based on attributes of the
uitehttingut Hefd, BS BC Bnd B aR@frbihMhe ol t i '
cout puntllj Si gnal whi ch i ndi cat eesgl:%?%tu%feﬁfaioglégﬁosﬁsé%iaﬁwto the
[ b if .s0, ~the.direction of tion
clfib el afPE B kbl sl i offipfhs BTy e
not i gﬂ) I.s kept over several fields. If this vertical
Fragirg bib shows Shnssqunaant fapcstaturwhesstive cuirens dieldbis FOVBN parity.
several fields, a high degree of confidence that
Eear tap cailtselfiorioonth by fikered exérseeerall pixdlhinsa Gisef the fielaal
one-bit output signal indicates that the input
[0D36] TRE BixeP AL SnotRMlik EAbuITRE 'bg gorrng!lpil% BRULL§ b%@—most

uses hysteresis to prevent noi om-causi ng qui
al

pi%ﬁﬁ?ﬁcséu\ﬁ%ng Eglﬁ With the p}xba?s ildl ?ﬁeelgrte%gugl gfrzlh Io(f“ opposite parity. For

example, with an ODD current 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

p_revious 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
: :simple 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




notion. [00401 Figure 12 shows a flow di agram

illustrating a nmethod for ghebal adaptive
dei nterlacing, in accordance with an enbodi nent of the

present invention. At step 1202, if the input port or

WitHiaahd Sles:hp ' "4‘@%

| ocati on not ?%EH’G %i@tefg%?%&\llﬁ ﬁ%g@ae?s értg’g%aéiuf%%e ioad upwards,
Inko. the NMA cal tion.quanti zer. at st .

305G, B, TRE ol v BB S tgGY i & ipirag provide

1205, and proceed to step 1206. Ot herw se, proceed )

Rty oif dhedthresbeld is miceededpthe 2ifwsis judgedito hanim varigah motion. A

(i.e. if the global-adaptive systemis not enabl ed)

fidle mertical mudtiomppliytet idnadmpittcd er ddcgidntdibaséd 6© the(dire€tion of the

if the gl obal -adaptive systemis enabled), get the

e Rigtiast di stribution and determ ne correction factor

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

rrect .the R.20 and S si gnal t ste 209, ..
RPN el Gnblict ociBter ey atorF yeatilg odgermine if
determ ne presence of vertical notion at step 1211. At
thg @ybire Bald hagwyrtieal mationplinis thrgsheld isadantivie basedeahatirisites of the
according to the gl obal notion scenario and presence

ingfut Yieldt suchlas panityj Diiis cratts @Wp bettodtpiub 8igRAIGAEE!S indicates if the field
proceeding to step 1213. Tenporal Noi se Reduction

R R A RGN S S

tenporal noi se reduction
te local notjon values.quantizer for increased )

BB el iRy Sl Feite e inrat ovrpevrel PaKisrpievertca

measur enent nmay be obtained froma sub-systemof the
m@Epmiseengigient andie the samsulitectiorsensr sgvetad fhehdsya bighpiese of

noi se meter and optionally some digital filtering to
cqufideiuteeha verichbbBoRired <ARES I BIFAAke a fRAISnRYiSSutput signal

nmeasur enent
indicates that the input sequence contains vertical motion. This output signal uses
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 pert or video is changed, 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 1206.
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 § signals and correct the R




may then be conbined with the global notion indicators
S,,, and Reorr to automati cdPly adjust both the

amount of noi se reduction and the |ocal notion

t hreshol ds according to the neasured noi se and gl obal
gt Songnalyas stepj 1869) deterofinathe glpbaheotmirahariatistep 1210 and
values is to avoid "ghosting" artifacts (blurring) on

detiniige plREGE Sf VEEEa1aR6HIN ABRP 1D IE Affﬁbmz@f adjlQitBEMADI local
reduction is relatively high in the high-nmotion

BLEE s BB 3 R S palifpesncs overin

neasur enen

reductl n according to the noise present in the
%F%‘E‘E e@fh@i’r@ﬁﬁdﬁﬁ%e@ﬂlﬂg@@ﬂlﬂﬂlm ional Iy, the

delnterlacer may conprise a cross col or suppression

(CCS) conponent, having a separate | ocal notion

val ues quantizer for increased flexibility. In such

an enbodi ment, the quantizer thresholds can be

adj usted based on the global notion 21 indicators

TaopdrabNdisBReduction or der to reduce blurring of colors
and ghosting artifacts in video sequences invoIving

[ﬂ?’zflg g(?gtidngﬁg?dle Eélgﬁahgc% aigﬁ%\é}@nl‘ge gj\é\é d' & Teduction (TNR)

dei nterlacing, in accordance with an enbodi nent of the
cpTBLRTY: haN e eBRaicApcal makion yplues quanfiger fonimgreagrsflexgility. In
vi deo is changed, fetch the standard (default) MADI

shahoaat éndhrodimentom initial esise htastatmes nady et abpaid@Bfroh@adb-system of
theminto the MADI | ocal notion quantizer at step 204,

tiandbirg@tadhr, wWherdih BMa duBQysteRMAEL R tist hHofke niRQlr and olptlonally

provi des fhe maxi mum Luma val u€ in - the current

step 206, Ot h

she L8R e TP rqthBEFEcibB RIS p a8 Shn el Ry mipsppement
EN:O &’IG . .if the gl obal -adaptive systemis not

may fisndg 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




go to step 217 (i.e. do not apply the adaptive
algorithn). Else (i.e. if tBe global -adaptive system

is enabl ed), get the maxi mum Luna val ue for the
current field at step 207. At step 208, if the nmaxi mum

indivatovaalSe and R s drilario5@icé bluering dfcoldre bad ghostingartifacts in
correction can not be applied), |oad the standard

I on thr. esholdsmtothelocal noti on
g@g%nﬁq%& fnvglvélbg% "and proceed to step 217, which
conpl etes the process. Oherwse (i.e. the gl obal

notion correctlon can be applied), read the R and S
@P@ﬂa’f igure [Ossheps arflow diggreatilustraiing aanethe! foir idpkadaptive
step 212, determ ne the gl obal notion scenario at
dtimtprl @4y, anabcdrincanivitle ap wBedin@nos tiepies@R invdRtidrONABdtep 202, if
step 214. At step 215, adjust the MADI |ocal notion

thO pahedElsr AasPls @h el ofeiciil%cgét%l%}d {;H%f%u?c? I\/f‘&]ggﬁagétfobggggtion

presence of verti C ot 1 on

BRSSO SR @LP"@#M@@H%%&@@@&%% L8 209

il lustrations and descriptions. are not intended

ang s¢tpprihe MpMax ipehparameters (ﬁn%@pkerow srihganaximpadluma value in

O her variations and enbodi nents are possible in |ight

thef cuateot/Gelt pAGHPIAPS, aklibeRE th SEb 20&NOHGwisH, %;E@l@%a ﬂirb@li; to step

enbodi nents in hardvvare or software. 22 WE Al M

oAtk 0415, St NS BB Bk SR8
o551 AP, B e e . 06 G B st
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.e. the global motion correction can be applied), read the R and § 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

_ implemgl}tihg the described embodiments in hardware or software.




determ ning a gl obal notion_regions based upon the R
and S signals; and determ ﬁ?ng presence of vertical
notion. 2. The nmethod of Claim1, wherein the
determ ning an anount of gl obal notion conprises
%ﬁe ating and reading one or nore provided gl obal

| Mgdi cator si gnals. 3. The nethod of Caiml,
wherein the determ ning an anount of gl obal notion
todpgiabel adaptpret deigtetlaciag didthed dnr esdusatgnéathering Landesvtintillation
field and a previous field to obtain one or nore
ghiehad, compdighg:i ndi cator signals. 4. The method of
Claim 3, wherein the determ ning an anmount of gl obal
noti o .1 her L4 .obt ai ni ng the maxi mum Luna
val ueﬁl?t%r%ﬁ{“ﬂgaggifi{r%gegrqplsfrf%lugg’\/\hi ch is used to fetch a
correction factor that is nultiplied by the
uncor SSEPUYNG p SBHECHA ARG val ues in order to perform
correction of those global notion values. 5. The
met hadadifig @h Ri amd4nd \Sreégral;n t he det ermi ni ng an anount
of gl obal notion further conprises using the nmaxi mum

Lune dedrignih a%%?ﬁbtiw&gwn@laﬁéedr@bh% 1R A Safgdhls; and
signals and thereby reduce Luna dependency. 23 6. The

met ha f . iml. further c ri sing determning the

pr ese%f:%%’&%%lfeﬁ%gloyﬂﬁfﬁﬁn%ﬁ%ﬁ ern in the video

sequence. 7. The nethod of Claim1, further conprising

adj usting one or nore tenporal noise reduction

quanti zer thresholds according to the amount of gl obal
2octhieomettdd dHeClaiet Ho dwlndrei@l thenidternfitiinizhen atranupt iofi gigbal motion
adj usting one or nore cross col or suppression | ocal
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3. The method of Claim 1, wherein the determining an amount of global motion
- 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.




9. A global adaptive deinterlacing systemfor reducing
feathering and scintillatiof® artifacts, conprising: a
controller for: determ ning an anmount of gl obal notion
present in a video sequence; adjusting one or nore
| ocal notion quantizer thresholds according to the
anount of global notion; 10. The systemof Caim?9,

WEfeahsthédef Orin iimihegcanprisimt ddterafinig dizgiresentd afivertical motion
conpri ses readi ng one or nore provided gl obal notion

feﬂ%@h?ﬁttﬁévﬁieggéim%ncéj" The systemof Claim9, wherein
e

determning an anount of global notion conprises
computing Luma differences between a current field and
a previous field to obtain one or nore global notion
~indicator signals. 24 12. The systemof C aim 11, .
WhEhe methtodeofd€lasmnd ,nfurther porapuiting adjusgneopeg ORBrqre femporal noise
further conprises obtaining the nmaxi rum Luma val ue for

felction quantizef tédholdd Accolding &y tieamouht &8 gobul hidtionher ei n
the determ ning an anount of gl obal notion further

conprises using the maxi num Luma val ue to correct the
gl obal notion indicator signals and. thereby reduce

Luma dependency. . 14. The system.,f d.aim9, the

Sohes anataad ofre ish ]f=o§-‘r’?t%8‘étcgmﬁﬂﬂpﬁgagﬂ‘f§é‘n§r@?eﬂ’é dnqg cross color
vertical - notion pattern in the video sequence. 15. The
ssypressomibcdlindtinnauantizer doasholds| ageorfimgtt e anggunt of global motion.

adj usting one or nore tenporal noise reduction
quanti zer thresholds according to

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;

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.

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

comprises computing Luma differences between a current field and a previous field to

obtain one or more global motion indicator signals.




t he anmount of global notion, 16. The systemof Caim
9, the controller further f8?: adj usting one or nore
cross col or suppression | ocal notion quantizer

{? rT%% ggsltgnsi of %‘igi?nr ?ll ,aneg'e?n Ethtzaede?erltr?ltljnr}flg 2111: al%kglaaclf chB)tai l%gfion further

comprises obtaining the maximum Luma value for the current field.

13. The system of Claim 12, 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.

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

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

15. 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.

16. 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.




