;e3eijf| F6T] CN METHOD AND APPARATUS FOR | NTERLACED/ NON- | NTERLACED FRAMVE
- DETERM NATI ON, REPEAT- FI ELD | DENTI FI CATI ON AND SCENE- CHANGE DETECTION 5 The
present i nvewioi0®51358| at es t o net hods and apparatus for the pre-processing
of noving pictures before encoding. In particular, the preseatgig12eosi on
-relates to nethods and apparatus for determ ning whether a digital picture
frame is an interlaced-scan picture or a noninterlaced-scapn picture;
identifying a repeated-field; and detecting a scene-changam'mwmmmmmre of
movi ng pictures. 10 Encodi ng net hods ,such as the well kno

MPEG- 2 st andards have been popul arly used for efficient transmi&sson and
storage of video. An MPEG encoder conpresses an input video signal

Phe rel evant MEEEOR a b AP RRA s R B PR RE A RO AR RREAREDSG 1ot
e rel evan : r'ef t prted to the
15 input video signal qugg!ﬁ;fgﬁh' pzq R PR Ay - nove noi se and
re-format the signal (%%T D2, o 4. :%@:}éhverm ?n@ln%ge Si ze conver si on,
etc.). . The input IDENJUFECATEON ANDYSCENE-¢HANGE DETECTION! fornat) for
exanpl e the 525160 or 625/50 (lines/frequency) format, with each video
frame consisting of two fields (top field and bottom 20 field). However,

t he sour nat erj al | de i .9 L ced on film
and co v@ﬁ? é’(ﬁeﬁcﬁe "88‘5/‘?’%5"23%% %n%ﬁﬁl\? [ g%jéd aé%lﬁ?lg&ptg%rc& gés'é ¥°#5$r%u8f8gé?§
conver t SpigmupdsQ@fo2s shceaing Ol Seridultrptha Prosérit eivepgarirel st methedPirvigdaanat t he

sane tine, if necessary, frame rate conversjon for exanple using a 3:2 or
2: 2 pul | @svictedriRingqwashen atdigital pietupy framers an inparkapeds s rictze OF derpn-

Video {1t RRAGRT iSab e e £l R Ry £ sl R G T
the 3: Zeguérdcd@fmndighg pichfted. N every second of the converted video.

| mprovernent in coding efficiency can be obtained if the video source from
filml& identified and the repeated (or redundant) fields are detected and

o o it PR P 3 S SER ki BT ERPG § eR i B RE 52
., 2_ 14 gausly 3848 (IMefidiantimidiain ahd stdriad T &/idlel eChh ONPERD dRedet del y

classifi'ed into two categories: (1) filmnode detection using filmfrane
pat t er n coTnpaTssesi B0ARPL iYidagraignap pichire-by rpdeterede tpseduc® An 0BtpuY sigurlmrdtiisyeam
interlace/progressive._fr tectiagn., 5 The output .of the.type.o t hod
usi ng 1 RO NG B ey ot MR SO ore pEocestit e lieinat e DEH fofpty
SequerE ninst viled SiRdll e erE&ﬁf?%.%réxﬁni Mk 2olreRidvé AOIE ahd belformaAp Hieh®G] | on
tries to gl)denti fyyt%ﬁe uni que pattern of a 3:2 or -2:2 pul |l down ? Img%%lqe of
t he nostegoh@vhioyt:dsbepnversion, dmage size eqnvdsiagsetct)ne repeat field pattern in
the 3:2 pulldown film (as described in US patents 5,317,398 and 5, 398, 071).
The pixel to pixel field differences between alternate fields 10 (fields

Wi th t hehsangut Pited sighalds SypitRAS U &flirkd st fininky, Mhekhgle 623/ 5@%‘%0 field
e

pattern exists.. Another commonly used assunption is that the fi
di f f er eflines/frguenszhiarmmst, iwitheaarkvidep frame densisting piymiof fieldn (tby fighlezndeotiotman t he

b T, A B B A Rl
di f f er epg@somenad fo thevideasRndlass deasdindMdcedss, FRisRAEIE conveRE a328gresshiaot her

method is to measure the consecutive field differences of incomng fields
acrd nosderse intoearp intewaaed tformacindeprovides at theasame rtimey, | i qeckssdrge fram@: ratef i | m

2:2 fil . d i.bed i 5.365,273 5,689 ool h
Sbove nEvHARSE oh EXEwE Bin Aot Eph 2 PR Prdssiaiore, TR Gytcnt 2t B oy
spanni ng25/40H2Vidh ddrivesiton, QSEIP?:_%g?@sQQE IS Qicdife i9RE8vendith ctveqngga&fad. of

filmnode detection using automaticC interlace/progressive frame tection,
apar 23f vdeodfeldsiandy imhaddigon, dherierase i mypeateuielde adcording itd the 312 pultdgpa of

detection also determnes . if a fra jSs interlaced .or progressive and
enct § PRCSTES Tu BT sttt ane EnveREY sisko  dpra e coflogracrcioncy can be

i nt er | agGaiN8 % B8 $id¥E sBtLEEMIN T RNdRVIBEY ahd %E%cpéaﬁed%??edﬁ?&an%&ﬁ B slow
response in interlace/progressive encoding as in the filmfrane pattern

i dent: fdcx/aztﬁd)mdmmgc&gdesmoﬁined Patyprocessibgecaihniqubeaprdict ddfore emmbdfrgreahhe )

[ ' ' in US No. 5,452,011, i
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compgpes the inter-field and intra-field differences to detect whether two
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_3_greater than the intra-field difference. 14 August 2003 In nost of the

- current video/filmdetection nethods which have no automatic
intcrl ace/ pmogoesissa/e detection, when there is a transition frominterl aced
video to film the 5 decision switching is nade after a del4pugista20p&ri od
-typically spanning 5 to 64 fields. This neans that the encoding of the film
frames in this delay period is still done in interlace node and redundant
fields in this period are not renoved before encoding. Simlarly when there
is atransition fromfilmto interlaced video, the interlaced video franes
in the decision switching delay perdod are still encoded as progressive
frames. 10 A filmsequence is often being edited, and a scene change may
occur in any field. Sub-titles mght also be added to any field of Ehe
film tiperabyn eleeiods of filnh mode Aseepemtant heewitichaelawsiBedint Mo FRFEALSS {Hat t he
frames are not always progressive. Intecrlaced Vi C nsi st
of sondilypmagesisirnen W-%ﬁ“f@én'gé@e pIaR nqxgéc[aﬁpxé, qugﬁ?@?’:{%‘% q%?]ecgéﬁ\?l\ég t hese
fields. The 15 cyrrent fj.l: I t hods whi ch have no automatic
interl&B@FBFGd?@g§$§@m@%#ég%ﬁgﬁﬁ&%Fﬁﬁﬂg? be able to detect these interlaced
frames wthin a filmand the progressive frames within the interlace video.
It is therefore an object of the present inventiop to address, th

above- Masugued te Gipe @fenetipd 2sing SlradiamtPIRRE }ﬁ’é’i‘u%cﬂar’réa,df:%mf’ﬂt"zlﬁd%fé e or
rogressive i medi ately.after ,receivi a0%n : coder
gangenc%jé‘PFhéeqPF%‘?és la[ﬁ’tl%cfﬁé'b PO %?%Z;ir]g sulnve aggg%?‘%geﬁhﬁg%ﬁ?em on

deci si o qir@fﬁ tn Bf 28iXl6r Z:2usdidownaiie Ot ofbe st camimonlymgsed
aut ona?‘?kcx:m?%{ﬂeer a uedgér?% P Liﬁﬂ

rogressi ve detection mnethod i ¢ch conparg.t he
intra 2dghhiqeeslisamdietast tie-repest fieldi pamerreiici@s 3t PrEGQIVR ﬁgné& RerbTR el si on,

the conparison_is _no curate. . [ s@ldshe
it cr - pReN a7y 8RR S SBD) daF Pk 7t el BEEHERE berPer Qe Wtk 0

bet wee ' 26 mleAnirh® (d penaff Wbktleslifef Roempea el gatem ge
beca sgﬂ%#g&g@;a%gs?gél e %?exture 5r i nf orrrg}{i on within the field. 30 There
are al ggistsnaccuracy problens in detection nmethods which assune that
interlace WO 001 51355 -4 14 August 2003 difference is significantly
greater than progressive difference. The problem which arises fromthis
assunpty on IS +ha adshHBpRINQY tat e ekl diffefeeds) bearweercowo imedrlated fieldgf N, )
have |M%F}§§? nom%%?d;n, theni nterlaced field difference between fN:1 and
N ni ghy sigificinely sireaef them thel field difference eaveap o RonrialeElaed (08 PREIAST Y5

progressive fields fN and fN+1. 5 Th S ' ' j j ded to
pr deidscOne B 5o BLOHR PhEisPrte Do e ibleedeld ¢ ot b e
det ect Ll ARSI thidy 1nSUBObateth! 563,968, Ofnédler el 155 on nhaue che L he
interl aCé ditterence and the progressive difference, but also qn, the noving

acti vi thgsechetafeld differenssiot éncomang §eldTand monitptherragkm © desidedEitghaARi cant
field difference 10_hetwe LN nd f N,i.s i lel i as to
avoi d Wﬁ%@%@ﬂ%@@?‘s‘%’ g& ’a’&éaafglefﬁ?é’%’é.@f#‘ba‘éht*?hf’é% gcsgggagl ’? ?Qr ence.

lehgl P 1 e abdPL SRS, RN flfeSp e frEls hshi@ireP fraassriodd ypicily spaimng 6 rdet ect

20 64 fislds) before a decision is made.

With the method of film mode detection using automatic interlace/progressive frame
detection, apart from deciding whether an incoming sequence is a film, this type of detection
also determines if a frame is interlaced or progressive and identifics 2 repeated field. Due to
25 the inclusion of the interlace/progressive detection for every frame, it does not have the slow
response in interlace/progressive encoding as in the film-frame pattern identfication methods
described above. One of the methods used for the interlace/progressive detection, such as in
US patent No. 5,452,011, is the intra-field and inter-field difference (IIFD) comparison. The
IIED method compares the inter-field and intra-field differences to detect whether two

30 consecutive fields are interlaced. The assumpdon is that the inter-field difference will be



characteristics of the data, said data having a plurality of fields,
including the steps of: 15 conparing first and second fields, said first
field being Mﬁ §§§ive field of said second field; comparing pixel val ues
of respective s ocks of said first fietd and a third f 1£hdgustabds second
field being a successive field of said third field, deternlnlng whet her
said first fieldis an interlaced field or a progressive field wwth 20
respect to a successive field of said first field based on said steps of
conparing. The present invention further provides an apparatus far
processing video data to detect fielyl characteristics of the data, said
data having a plurality of fields, including: first conparison neans for
conparing first and second fields, said first field being a successive
field of | cond conpari son nmeans for conparing pixel
val ues éfa%gépec ggrigngP sagf said first field and a third field, said
second field belng a successive field of said third field;
progressive/interlace decision neans far deternlnlgg“¥h t her said first

field i énaﬁ;qsht@fr | the cerITang | Widee/filmp dsirian i patheds | VESB%CPU‘PB"‘%‘ ;
Tire s S teetbokndd fefy RUGRLEpEIRTRHIGIWIA Al &)

pref ersr @dc@ﬁhq%mg iDinatid eftr 688 of Bperidd qrpmaﬂyctpm@éctor&rﬁadafm by
way of exanmple only, with reference to the acco anyllrr:%odravmn S, rein:

Fi gure meags hansheeicoding gf Biidm frames dn dys felay @et ne 1 tniefiace mode

interlace t g
scene- cAEnGRUPL RRAAG R BT e 8P Rhovth BrchE BRI . Rifia A S B 10

the pregemindiine ftomOfilm Rbdinteelaged $idRof lthevirdbigedmiddd m&ﬂeatmnmetdmxsianel d
groupi ng deci si on process; Figure 3 is a block diagramof the consecutive
fiel d dewhchingdelay peried argrstill eRepded a3 pregrassiyerames; enporal pi xel diagram

1l uthatl ng the consecutive field difference conputation; 10 Figure 5 is a
fl ow'di agram of the Interlacel/ progressive decision nmaking al gorithm Figure

6 is a APA Quh@R® e oHen De@lediedOindna icehd! HAnaE d§ dcber HLMyGkIA CSuieles
detection nethod. In the 1greferred enbodi nent of the fresent i nvention,

only twmightelsd bawddzdyo anphiield of e Al msrebwzhmengr@q@ cepearBtidrpanan Qfo
Fi gure a artl ul ar avdeos rowdes a, f:eld
N1 O s i B R el e e ok Fhan el B hal Foofiies it o

106. Atof some progressxvq frames duc to very little or no motion in between these fields. The

15 current film detection methods which have no automatic interlace/progressive detection will
not be able to detect these interlaced frames within a film and the progressive frames within

the interlace video.

It is therefore an object of the present invention to address the above-mentioned problems by
20 detecting whether a frame is interlace or progressive immediately after receiving the frame
dara so that the encoder can encode the frame as interlace or progressive according to the

detection decision, or to at least provide a usefu] alternative.

For existing automatic interlace and progressive detection methods, which compare the intra-
25 field énd inter-field differences to make the detection decision, the comparison is not always
accurate. The inaccuracy can be due to the inter-ficld difference being very small, because
of little or no motion between successive frames, or to the intra-field difference being large

because of very detailed texture or information within the field.

30 There are also inaccuracy problems in detection methods which assume that interlace



that tinme, the field nmenory 101 outputs the previous field NNl to the
second field nmenory 102 and to the consecutive field difference unit 106.
‘Al so at tha},{éio, 35ghe second field nenory 102 outputs field N-2 to the
subtracter . € sub-bl ock sum of absol ute 20 differencesabglisteenst he
-pi xel s of the incomng fields N and N2 (functionally expressed as SBD
(N2,N), is neasured using subtracter 103 and sub-bl ock accunul ator 104.
The consecutive field difference between the current field N and the
previous field N 1, (functionally expressed as CFD(N-1,N)) is neasured by
the consecutive field difference unij_106 and fed into an

i nterl ace/ progressive decision unit 107. The value of SBD(N-2,N) is 25 used
in a scene change decision unit 108 to decide if field Iv' is a new scene
conpared,to field N.2. It is glso used.in.a repe field decision unjit 105
o Hec! Biternce fLPERRFIRGY grealp uh BromFa s AiFERer hs PrAREmTRR A e Tom
sub-bl o VA D ' i Hqna ged as
novi ng %ﬁ&g “Sﬂﬁ§@f7§£§\gfﬁf 2%%E$e§(§% [%Fggfk&ﬂngﬁlélgcgmp? %cqggléjﬁf ef 109,
and is wpAgh, he idedadednfeld differetedeovendp,, and £, frOghtaot be significantly greater

interlace/ pr ogr essive decision unit, 30 107, a}é\ﬁen field N+1 arrives,

CFD( N, Nebiep the diffesenaeehesvieeadhe pepgsessiyadisldSh@mddmne Ne - WO 00151355 -6 14
August 2003 I,.N) in the interlace/progressive decision unit |07. The
nunber of sub-bl ock noving pixels, noving pixel (N1, N+1), is used in the
i nterl arké predgtcinséentivbnde @lsoiiomndsd fo ikdproventhdectutecy &f thiedhwdladd/prograsivd ar e
interlaced or Brogressi ve. The field groupi ng decision is de in a field

gr oupi ndeteetians pymakng the geteqtinn Aecifionivyeh Ay nat aRiynbased omherGasRRANSEN, ypi ng

deci si [ ' ' i QU oL n r aned as
an int gg‘?‘%&’é ‘%%q%‘?é%é"eggf&\e%"? P“é‘ﬁeﬁge"g%%ﬁ?sﬁ}ge %ﬁﬁ{#(gg ’og‘fép\)%lts 018? ‘f‘ﬁgﬁ edl si on
uni t 10ftivified berwest Isatdesdive Frelmids. aMHisfis @b dhatklifaneingighifivhedfield differoce
interlaced by the unit 107, then fleds N and N+1 are grouped as an

i nt el dosswetn Sapanth§: isi ducdoNidtie ratione 50 eneo Aveidal ineorrect idesigion duertp eheds N

and N+ .1 are. defect I Ng progressive, and fields N and N+2 are not
det ect é&s'ggﬁﬁﬁ%ﬁ%g%ggf%%g’g& 10 unit 105, then fields Nand N + 1 are
grouped as progressive and field N +2 beconmes the new current field.

However, if fields N and N+ 1 are detected as being, progressive, and fields
N and NRIR sprasenst BWeRipTs Providesy ar speindeaf RTREessinBeVidso Ndata tondateat deldouged

now curmeReRHBRRLY fe dabf ot Widh bl PORAIRY 2 Midy, KRN eI < "Cach
fielgsis di Véc_ﬂﬁ?ia.ﬁx’gg first an@ GeedndSA#td) ok first Ted beingka sticaesstve fdld tdfgaid
consecutive field difference.unit 106 is illustrated in figure 3.

Subt r acseoend feld; and 303 are used to conpute the absol ute pixel differences
f

between fields N and .N-1. .andthe smal | er, .of the pi i.fferenc '
chosen by a W@%’é&ﬁgcsﬁée?ﬁ? ee#%%oc&s)p Isa@i ﬁ%ﬁg@cﬁ@ i Iﬁ?ﬁ’@et to
zer 0 bysai0ientEERIBENOR skdssi /e fidldiof shigWird Bala;a thr eshol d T' ~f-) and each
unat t enuat ed pixel difference is accunulated in accunulator 305. This is

i11ustrated determipingavhethexsaiddlinst figldds gnirteriagedifipid orie peogressivelfieldwithd B

q . ; N : . : tical . it
ahovs? Teikelh i focsh s 94 BF BB AT birebioh B4 deakSobBaBE”) ocer o the
absol utFhedirkdef iBvEORicAAIMBE providas af apmidarif forarocissihg vitiebidataap detseefisigen 25
Aand C, i'e. PD = Mn(~.4 - B~, ~A' C_ ) The PD of every pixel in field N

i s comshargtezisics M@é‘ﬂ@eﬁﬁéﬁaﬁmﬂ%ﬁ Pzt Abfisks eineludingar ded as noi se and
set to zero.gs Ihe CONREE UL cShibaldhd Fifk GRE SethPeltidl; sD) firQ'field Blidy &NV 1

successive field of said second field;

25 second comparison means for comparing pixel values of respective sub-blocks of said
first field and a third field, said second field being a successive field of said third field;
progressive/interlace decision means for determining whether said first field is an
interlaced field or a progressive field with respect to a successive tield of said first field based
on respective outputs of said first and second comparison means.
30



and field fN, is defined as the sumof all the PDs in field ~' . The reason
for selecting the WO 001 51355 14 August 2003 | esser of the two

di fferences {y jdidbss his will reduce inaccuracies in the calculation of the
field differences arising fromabnornmal vertical displacemaiaugustP@odzont a
-edges. To decide whether field fN and fN+1 are interlaced or progressive,
the conmputation of the CFD(N-1, N and CFD(N, N+1) is required. 5 The nunber
of sub-block 'noving pixels'" between fields fN-I and fN+1 is al so conputed
by the sub-bl ock noving pixel counter 109 to find out if there is
significant notion between fields fN—% and fN+1. The noving pixel (N-1, N+1)
is defined as the pixel in each sub-bfock (preferably 32 sub-bl ocks per
field} between field fN-1 and fN+1 with prxel-to pi xel difference greater

t han 10athres decrsron ma dra ramis shqQwn in
figure 5Aar=f=or{ &ﬂgwaseemhe N&?ﬂ@ﬁ@ e B LY LT
step 403 I d r erlaced, but to nake sure
that a sr?rlgl1 ﬁegerg?ﬁce&gaﬁﬁa % S r%{i‘% éel‘?%ér ttle or no 15 notion, it
is al so requi rmgluxtchhns tahblook ndiggramf ofre sy stem fmlrmte%mhﬁhg\ﬂmrlﬁd#ﬁdh-{n%rlac@nd

fN+1 is nore than threshold T2 in step 405. The decision at steps 407 and
40$, as tEMEetfRIYIRE rcpatdéehsaaaé fgeecting, @cmmg@fm a Vidgod8qiEred £ on

b1 oy CCRDE GRS o] o BRRRAGLONP L REERCHIRBA! N7 205 01 O0 e
(equivalent t @1%16% RdE 2@ Biagrdth Hustrbriddéieffietd girofzbln? deSisiflpracesgpeat ed
ec

field or CFD(N 3,N2) if the field fN-1 is det ed asarepeated
field). The tWigurnBdshdlerk disgrampfithe genseqnsive field @éﬁcrqnheOBmemr vity of

imior| ace. topFrede bPeREERhERR i banl fhnRs B bopsenyye neigditteencs,

avoi d theorﬁ%\gbh@m of an interlaced sequence which has little or no notion
swi tching the_decision too frequently between interlace and progressive.
Sui t aBPe val uEiureP isTadiosediagragy ef mv%ntezrace/mgemverdbcmemmg aignmrnn:o be
25 around 5, 30, 1.4 100 Tys re trvel It there.is scene
change bet meﬁ%glﬁﬁ@?% gf{“@{%g@’iﬁs %&j“ﬁéﬁﬁﬁ%rw% deteqtign
conpare gelol-!, N to CFD(N, N+1) as the scene change may occur between
fN-1 and fN, causi ng the value of CFD(N-1,N) to be arbitrary. The deci sion
can only be based on the 30 information in fields fN and fN+1. Therefore

wh h d b ~ss -
2003 cur LA TFREREE PRPSTRRRER Rt BRRsEt TR iy 8 5PR e abu g "
regi oms dpoest lr@qam(ewmfdaﬁhewﬂg@.museﬁ aaﬁa:ﬁmﬁ )% vxa’&ﬁsoMRQ rmieﬁradldgﬁeﬁ s

any ' afgged regi on' or novi ng ?I on'" which is noticeabl e
nmovi ng' e Redinald memenel @l sabréacrcm@i pedtg canwewiveviiald diffeserfce amis. 105. At

o xel o ranie  fie ekt rfntork 6n Bl MR pERUR AN TR R ettty Beinoru " ©
posi t i onp228nd hOWe cordseétifeafisie| diffaregiel i 206.CARS ISR thndNHe GocoRdaikid C.

and B and D are all greater than a threshold Tinterlace then the pair of
pi xel s anemanD 182 cowputy fiadd -2 14 thee subiraetdr pil3e(Tite. mbehloqbsmrdeomhlsbhm t he

21]8' 7% b RBEes b -Che 300 of B2 SGREE wRlks N ABPR A BRI et pe L Bt
“inter| xpn N-2905, 1saﬁeaﬁﬁ-é@qrs§a§ subfredtet ho3 %&Céﬁblb?o&oﬁb%j[x.ﬁrg{] theg.?gh& -

i nterl aced. If nore than one block is found interl aced
consecutive field difference between the current field N and the previous field N-

-

1,(functionally expressed as CFD(N-1,N)), is measured by the consecutive field difference
unit 106 and fed into an interlace/progressive decision unit 107. The value of SBD(N-2,N) is
25 used in a scene change decision unit 108 to decide if field N is a new scene compared to field
N-2. It js also used in a repeat field decision unit 105 to decide if fleld N is a rbpcat field of
field N-2. The number of sub-block moving pixels between fleld N-2 and N (functionally
expressed as moving-pixel (N-2,N)), is computed by a sub-block moving pixel counter 109,
and is input to the repeat filed decision unit 105 and the interlace/progressive decision unit
30 107. When field N+1 arrives, CFDO(N,N+1) is then measured and compared with CFD(N-



considered as interlaced. 15 Repeat field detection is perforned on a pair
of fields of the sane parity (odd or even). The field simlarity
'neasurenent-vé,é @Q?%g’l preferably based on 32 sub-blocks in which the

absol ute sum o? al'T" the pixel-to pixel differences of each1bphgglsti2e03
.accumul ated in the accunmul ator 104. The repeat-field decision unit 105
operates as follows: The pixel differences for each sub bl ock difference
(SBD) are conpared to a threshold Trepeat, ie., 20 SBD! (bl ock_w dth x

bl ock_height) < Trepeat for all sub-blocks If the pixel differences are
smal l er than Trepeat for all 32 of the sub-blocks, then a repeat field is
said to be detected and can be skipped for encoding by the field grouping
decision unit 110. It should be noted that the repeated field detection is
performed only when the incomng 25 frane is detected as progressive by the
i nt er | ac&Npimgeéueiaze/piaressive decisian upit d02nT ha AumBenek BibrbledhBeving Rl epeat

) st S O e ol i o i
(curr_degiigi QninA Rpephrefih@Hgkkd %i%b?f@md%b Felidromping Reniof iehade &ia field

(prev_deci si on3=repeat-field) (scene-change=No t hen o _
cur r _decgreupinz derisiempeat 110 Fheiflew dagram telqiogrte taefitldi graupiapdatisionand)l18s

deci si = t=fj i - Pi [ 35 i f the 32
Ob bR shon imEwst o gk PP, dEpceibba s Reicrd o kaes Bt e
the fir Sﬁiﬁp{&é&%? %H.Sm&'gﬁgﬁe Sk QhcikisR8ak 107 etrdndehehd fd A gnd M Naai fEon3

is the t evi ou ecl st on; scene-change is the scene change detection
10 ' decdetecred asdingointarhiced bplthe anit H87 nthenefledsf NpandeNs+ hwatehgouped as an

Count or loBuTRcs Same ALY a N B2 et qev At die 4 O iR e AT e 2. s
The di ffeolonees btéﬁ{(?’ﬁ‘%gre{sﬁ% CAA "efeltls rf:iaﬁawgsaré h&: dy@veaogsoeﬁﬂsgg}ecggﬁzd Ng%eng

same panty are use 0 detect any significant change of
use of0 tumt XIbthbh fields N 4idaN € bares Fr&kiRY as prograspive antfeshN -+l bepomes hinzingw

o1 el BRI JLa TR 4 DR SN T cEngerer'ed 5 PR mDED GRS Foph ey
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change i‘s detected, I.e. _ ock_herght) > ene, for nore
t han Tblppegressive, fiebtNs- 213 digparded find fhisd e +3hioset abethecewanrrent Seléne change is
al so detected by conparing the current field difference with the previous
field difference to see if the current field difference has a sudden

R R ot R i e R R e

nore than Tratiol times greater than the previous field difference

(prev_FD), then a scene change is said to be dete d.. The 25 pseudogode of
t he scer%xechlaﬁl@éxaa&r%@ﬁ%cwsa%vs maﬁlf itfaencs| Yid08 Wiqué’f%tﬁ‘gt“? prnach
sequencey . ¥0s 980 2R are used to compute the absolute pixel differences between fields N

and N-1, and the smaller of the pixel differances is chosen by a comparator 301. The smaller

20 pixel difference is then set to zero by noise attenuator 302 if it is less than a threshold 7).
and each unattenuated pixel difference is accurnulated in accumulator 305. This is illustrated
in figure 4, where A is a pixe! of the current field N and B and C are pixels from the previous
field N-1 with vertcal positions as shown. The pixel difference (PD) of pixel A is defined

as the lesser of the absolute difference between A and B and the absolute difference between

25 A and C, ie.
PD = Min(|4 - B|, |4 - C|)

The PD of every pixel in field N is computed and the values of PD less than T, are
regarded as noise and set to zero. The consecutive field difference CFD(N-1,N), of field fy.,

and field fy, is defined as the sum of all the PDs in field § . The reason for selecting the



- 10 For i =Oto 3, 14 August 2003 If (SBD~I (block_w dth x bl ock_height)
> Tscene) then count = count + 1 FD = FD + SBD, 5 } If (count > Tbl ock)
‘then scene-c ggsigsdet ected Else If (FD prev_FD > Tratiol) then
scene-change 1S o(e ected 10 If ((prev_scene_change = Yes) ~4adgeeerad3d FD <
.Tratiol)) then prev_FD = FD FD=0 Increnent to next frame 15 In a 3:2

pul I down fil m sequence, subtitles nmay be added to a repeated .field,
resulting in the field not being detected as a repeat field. Wen this
particular field becones the current field, the current FD conputed
(between the current field N and second previous field N-2) will have a
smal | val ue (because of the small change due to the subtitles). Therefore,
in updating 20 the previous field difference (prev_FD), the condition
"prev_FD/FD < Jratio s to avoid updating a 'repeat .field, difference'. i ch
o 1Tt 1 et e cuh iR 8 BetnisReR s trareSRERh i v S licen e Al <

a scene camgﬁiecg%%@gm&ﬁ ABnHnSA | Redcal [@dPiaceBnof MBFiSoAtD A 36CNT GdARfade

detected Int us frame, then the condition "prev_FD FD < Trati 02’
m ght notwRihdrefidld tie antify,..{ aretinterlbeedge pragnessivd, the eunpilatomdofieha BFD G, N)
criteria 'pr e _change = Yes' will force an update of prev_FD.

Sui tabl e %I&égzig&'}ﬁs‘éé Iredip| ock, Tratiol and Tratio2 have been found to
be about 15, 25, 2.5 and 3.0 respectively. An advantage of enbodi nents of
the present invention is to nake accurate decisions as to 30 whether a

frame shorHedwitbee of abeslocks maving pixels! bareeca figidofy aadify g it usoRomputsd i they
after the WO 00/ 51355 -11 14 August 2003 second fjeld of the frane is
r ecei ved. solpblaskaneying sixeheounse E0R ke Hiad ot i tBereds e shiicant makombetmger fieldse or

progressiye or i r=Yele t 3 \ - LIRSt ed.f S
N R o P Set R e R RN e Pt BREEo R BN LREEYE
an i nt er 13288 bldckepersiit) domeen field fRpamify e withpitd hediteh UEfdreze/REfer BSS1 Ve
determ nati on nethod, apart fromb5 conparing the consecutive field '
di f f er Eh@abrespelé Tmmwi ng activities between two successive frames is al so
conputed to ensure that interlaced fields with little or no notion will not
cause an incorrect decision. The present invention al so addresses the

si tuat i o, Weefsforiekisg effew cdiagigm - Ghewni i Hia@reC I r&Nfatibr STCFD N1V k0
region detection nethod is then used for the interlace/ progressive
det er mi n&HREY, Ntol )1 smaller thgn thorsholdeBD 3L step 403 indicates that fields fy and {,, are

interlaced, but to make sure that a small value of CFD(N-1,N) is not due to little or no
15 motion, it is alsc required that the number of moving. pixels between field fy., and £, is
more than threshold T2 in step 405. The decision at steps 407 and 408, as to whether the
fields N and N+1 are progressive, also depends on the CFD computed for the previous frame
during the decision. Prev_CFD(N,N+1) is the 'CFD(N,N+1)' computed for the previous
frame (equivalent to either CFD(N-2,N-1) if the field fy,, is not a repeated field or CFD(N-
20 3,N-2) if the field fy, is detected as a repeated field). The two thresholds T3 and T4 are used
to set the sensitivity of decision switching from progressive-to-interiace and interlace-to-
progressive respectively (at steps 409 and 410). This is to avoid the problem of an interlaced
sequence which has little or no motion switching the decision too frequently between interlace
and progressive. Suitable values for T,,.. Tpawr 11, T2, T3 and T4 have been found to be
25 around 5, 30, 1.4, 100, 1.1 and 1.7 respectively.

If there is a scene change between fy., and fy at step 401, then it may be meaningless to
compare CFD(N-1,N) to CFD(N,N+1) as the scere change may occur berween fy., and fy,
causing the value of CFD(N-1,N) to be arbitrary. The decision can only be based on the

30 informadon in fields fy and fy.,. Therefore when there is a scene change detected (between



14 August 2003 -12 Cainms: | . A nethod of processing video data to detect

. field characteristics of the data, said data having a plurality of fields,
‘i ncl udi ng tl\g,o%tug%ssof 5 conparing first and second fields, said first
field being a’successive field of said second field; conpanigngpsiEdoaval ues
.of respective sub-blocks of said first field and a third field, said second
field being a successive field of said third field; determ ning whether
said first field is an interlaced field or a progressive field with 1 O
respect to a successive field of said first, field based on said steps of
conparing. 2. . The method as cl ai mgq dn claim1, further including the
step of accunul ating, in an accunul ator nmeans, absolute differences between
the pi xel values of said first and third fields. 15 3. The nethod as
claimed in claim?2, wherein sai.d ste f.determning is further. on an
Ut UL STuTesaR dleli st SOPAAEaHEsS oo BER Y DoV pedrie SRR H TRAD)
further ingcludi sirap Pfﬁb ) A h { i"etinki rekigh'l S a
r epeat edn?r}‘ﬁ%‘fgug%isaesgﬁgn@' 'rne%u t gééﬁgdaai%&g%&o‘ggg?n{%ﬁﬂgp??el fgva% ues, .on
sai d outpwithQf ndatehbas abian lred Omaviah sonsedutive feldesrd interfacediand yiewedas a
determ ning whether said first field is an interlaced field or a
progresdrame.fiel d. The nmethod as claimed in clains 3 or 4, further
includjng the step of determ ning 25 whether or not there has been a scene
change’ between said first and third fields, at least in part based on said
out put Cﬁeféfihg né& G Fgh Al O(wHIER DRustrfes M RBPtrétbod)s Acdml Brack pikels|feonfiéld
further including the step of g;oupl ng successive, fields according to one

or nor e Nfand 4 andsDears poelsifon: freldilig 1 with yertizplpasistons as s20vE- df mertstiutsny

precedi ng_cl ai wherein id st ak i ' = WO
001 51355tfereace e‘ﬂﬁﬁ‘hg‘[ ”ﬂs)@s%aﬂ’é’e @e%&%@%? 5%9 %11 gé"?ffé?%?%ﬁ ttﬁg'f"“f' he
sum of fﬂaéH e gb&bipﬁ‘éls@m Dtzee Riid 8 bedirfzértdcen pRalsh Stordxe lervelinbartthy eholai d
first and second fields, said absol ut ;{pi xel differences exceeding a

t hr esHb|fthowaisusterlsoed, the dateatiom if ggain prafarabhinbashd opd sk biacks| Berrragh b~ any

recedi laim_ 9. arat us_f; xSl [ vJat ck. fijeld
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i ncl udi ng eoxis&crc?écf @%@ﬁ&éxﬁ@@dm%&cfﬂ% SHRBlatH Rolihd FiterRided, shewtd fiane! isls,
said first T1e elng a 10 successive field of said second field; second

conpar i sonsideradss frderlagedpari ng pi xel val ues of respective sub-bl ocks of
said first field and a third field, said second field being a successive
field of said third field; progressive/interlace decision nmeans for

det eryy HeRga MRt ddcrisAiipdrtaraied dreh Fair of fiBlds BF etid AeRDarite(stidodr even). The
progressive field with respect to a successive field of said first field
based field sirnilarity measurement is again preterably based on 32 sub-blocks in which the absolute

sum of all the pixel-to-pixel differences of each block is accumulated in the accumulator 104.
The repeat-field decision unit 105 operates as follows: The pixel differences for each sub-
block difference (SBD) are compared to a threshold T, .,

20 '

SBD/(hlock widthxblock_height) < T,‘Pm for all sub-blocks

If the pixel differences are smaller than 7., for all 32 of the sub-blocks, then a repeat field
is said to be detectad and can be skipped for encoding by the field grouping decision unit 110.
It should be noted that the repeated field detection is performed only when the incoming

25 frame is detected as progressive by the interlace/progressive detection.

To prevent an incorrect consecutive repeat field being detected due to very little motion, the

following algorithm is implemented:



15 on respective outputs of said first and second conpari son neans. 10. The
apparatus as clained in claim9, further including accumul ator neans for
'accunulatlnqyﬁgaghgge di fferences between the pixel values of said first
and third fie 11. The apparatus as claimed in clai m3@ugukerossn t he
-determ ning of whether said first field is an interfaced field or a
progressive field is further based on an output of said accumul ator neans.
12. The apparatus as clainmed in claiml1l, further including repeat field
deci sion nmeans 25 for determ ning whether said first field is a repeated
field based on said output of said segond conparison neans, said output of
sai d accunul at or neans and on an output of said progressivel/interlace

deci sion nmeans. 13. The apparatus as clained in clains 11 or 12, further
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25 pseudocode of the scene change detection algorithm is as follows:

While (not end of sequence)

{
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25

30

{

If (SBD// (block_widthxblock_height) > T,.,) then count = count + 1
FD = FD + SBD, '

}

If (count > Ty,,) then
scene-change is detected

Else If (FD/prev_FD > T .;,) then
scene-change is detected .

If ((prev_scene_change = Yes) || @rév_FD/FD < Trio2)) then
prev FD =FD

FD =0

Increment to next frame

}

In a 3:2 pulldown film sequence, ‘subritles may be added to a repeated field, resulting in the
field not being detected as a repeat field. When this particular field becomes the current field,
the current FD computed (between the current tield N and second previous field N-2) will
have a small value (because of the small change due to the subdtdes). Therefore, in updating
the previous field difference (prev_FD), the condition ‘prev_FD/FD < T,,,' is to avoid
updating a 'repeat ficld difference’ which will affect the scene change decision made later.

The prev_scene-change is a scene change decision of a previous frame. When there is a scene
change detected in the previous frame, then the condition ‘prev_FD/FD < T, might not
be true due to the large value of prev-FD and hence the criteria ‘prev_scene_change = Yes'
will force an update of prev_FD. Suitable values for Ton Tywcks Trarior AN Tpgypp have been

found to be about 15, 25, 2.5 and 3.0 respectively.

An advantage of embodiments of the present invention is 1o make accurate decisions as to

whether a frame should be encoded as an interlace or progressive frame immediately after the

@
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within a film sequence due to editing or the odd progressxvc frames within an’interlaced video
sequence. In the above-described interlace/progressive determination method, apart from
5 comparing the consecutive field differences, the moving activities between two successive
frammes is also computed to ensure that interlaced fields with little or no motion will not cause
an incorrect decision. The present invention also addresses the situation where the scene
change occurs in the current frame. The moving region detection method is then used for the
interlace/progressive determinaton.
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having a plurality of fields, including the steps of:
5 'comparing first and second fields, said first field being a successive field of said
second field; |
comparing pixel values of respective sub-blocks of said first field and a third field,
said second field being a successive field of said third field;
determining whether said first field is an interlaced field or a progressive field with
10 respect to a successive field of said first field based on said steps of comparing,
2.  The method as claim.;a\ i claim 1, fﬁnher including the step of accumulating, in an
accuﬁxulator means, absolute differences between the pixel values of said first and third
fields.
15 1
3. The method as claimed in claim 2,'wherein said step of determining is further based

on an output of said accumulator means,

4. The method as claimed in clajm 2, further including the step of determining whether
20 said first field is a repeated field based on a result of said step of comparing pixel values,
on said output of said accumulator means and on a result of said step of determining

whether said first field is an interlaced field OT a progressive field.
5. The method as claimed in claims 3 or 4, further including the step of determining
25  whether or not there has been a scene change between said first and third fields, at least in

part based on said output of said accumulator means.

6.  The method as claimed in claim 5, further including the step of grouping successive

flelds according to one or more of said steps of determining,

7. The method as claimed in any preceding claim, wherein said step of comparing first

AMENDED SHEET
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bC 100 Sla%zﬁéeégﬁdlr?gfg‘sl pgx)o'vides an output of the sum of a plurality of absolute pixel differences
between respective said first and second fields, said absolute pixel differences exceeding a

threshold value.

5 8. A system for executing the method as claimed in any preceding claim.

9, Apparatus for processing video data to detect field characteristics of the data, said data

having a plurality of fields, including:
first comparison means for comparing first and second ﬁc_ld;, said first field being a
10 successive field of said second field;
second comparison means for comparing pixel values of respective sub-blocks of said
first field and a third field, said second field being a successive field of said third field;
progressive/interlace decision means for determining whether said first field is an
interlaced field or a progressive field with respect to a successive field of said first field based

15 on respective outputs of said first and second comparison means. -

10.  The apparatus as claimed in claim 9, further including accumulator means for

accumulating absolute differences between the pixel values of said first and third fields.

20 11. The apparatus as claimed in claim 10, wherein the determining of whether said first
field is an interlaced field or a progressive field is further based on an output of said

accumulator means.

12.  The apparatus as claimed in claim 11, further including repeat field decision means
25 for determining whether said first field is a repeated field based on said output of said second
comparison means, said output of said accumulator means and on an~output of said

progressive/interlace decision means.

13.  The apparaws as claimed in claims 11 or 12, further including scene change decision

30 means for determining whether or not there has been a scene change between said first and
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