;e3epm L*68THT1 -1 ' PROGRESSI VE/ | NTERLACE AND REDUNDANT FI ELD DETECTI ON
FOR ENCODER ' The present invention relates to a nmethod and system for
processing video data, and i n partl cul ar for progre53| ve/| nteriace and
redundant held detect; on far vi e deryMegobsom
movie film 10 Background of the ]ﬂ[wu u‘“ﬂmmmﬂodl ng rret hods such’ as the
well known MPEG 1 and MPEG 2 stan n popul arly used for
efficient transm ssion and storage of *sw&z. A MPEG encoder conpresses |5 an
i nput video signal picture-by-picture to produce an output signal or
bitstream conpliant to the rel evant MPEG standard. Pre-processing

techni ques can be applied to the input video signal before encoding, for
exanple, to renove noise and re-format the signal (eg. 4:2:2 to 4:2:0
conversion) inmage size conversion, etc.). 20 The input video signal is
‘typically in an i PROGRESSTVE/MAIER LA C2X AND REDIENDAN® e p625/ 50
(l'ines/frectuency) format with each video frame consisting of two fields
(top field and bottom fi el dPEFHeUSION) FORENC@DERt eri al of the vi déo
'signal nay be originally produced on filmand converted to the video signal

vvvvvv

via a telecine process. This process convert; a progressive source into an

interlaced format and provi des at if necessary, frane rate
25 conversion for exanpl e using a"ﬂ ”Ig' B« ul | down technique. In the
case of Bwldlf ellavenios25] 60 Hz v on, etch progressive film
picture is converted to two interlaced™ Vi deo fi eld and, in addition,
there are 12 repeated fields according to the 3:2 puIIdown patterns in

every seThadrefent hevendoy eslirediovi deshed B OMedTRTbr bivceRbigngided fdael, emgyincan
be obtained if the video sours:. fromfil m is identitled and the r epeat ed

. (or reduP‘ﬁH&H?‘) fof PEp RSy DienareAad dequadant Hald dessEoR e WuEsaiych may
Pre- procgsgbiled 8eRNhaHesappl i ed before encoding can 30 May 2003 al so
~ain fromtl(‘ e results of filmpicture detection. S Methods for dete: ring
pr ogr d9si ve or |nt erlaced frame andl or repeacd gel ds have beer know in

% % 3 E Fgr eéanple United S tatrs patents 5, 317 , 398, 5,398
) 071 53 9% 757, 435 di se! osc net hods generally is~olv~~ a
cal cul ation of dizierencrs between two adj acent yields of the s,:nt, pariry

(top or bottos~ field) a_".d a conparison of the rcs~:Its of the

cal cul at Egeodingi Wﬁﬂ@éhﬁ%ﬁﬁt #r BsHuelldnpwn M@E@al agd | MPEGHR d@@ééltﬂlschﬁdah%ﬁﬂ or
Wi th pf’”%‘é&ﬂ?ﬂ# ﬂ.@dcf%{‘ %ﬁ&cﬂfcrmfsfmzanﬁ Vg? 3CERS I&@teg&g ez c X‘% sgs—
conpari sém o fee adj acent ne parity are

pat ents an36mtXideo ﬁgﬁﬁ@lcﬂﬁ&oy@ﬁtdufi @%ocﬁ_ﬁianloums sigh4D df&ixﬁ&dmct@mm
thr~ ~ tithe adjacent fields, ape make decisj ons based gn det..~tion. of 3:2
(and 2: 2)° BEAFESHR 1\68?@&%: Lﬁrctﬁ%%ﬁ'ﬁléﬁt‘e@n%? erR1be aPHed Hothe jRpys VAIRa o

four sLC 56 fd& [ sad.ﬁq.g I

pr obressi v"cl |}?et\€§rrel acréj'ﬁ%tfgrc‘t”l?as(%lJ as V\rg?’ CZ%CH%% un M@&“%‘gt c%don WlthOUt
assunpt i agn2df cdniversib3 iRagersiZ2:c@nyparkibdpgw.)pattern. It utilizes both intrancld
and inter-field (sane and opposite parity) dificrences. 15 AltEzou~h the
.telecine process of irlrn to video conversion is well understood) and its
resul t s afe Uk iBeaal 8RR el inarCes 'r LERC RS éi,.a{z):bfé&l B35 IgY SIS 380
nunber of rep@ét éd net ds l i thjle1 converte v d‘R[‘c:) nlgy e cagnge in

pas- prodmbnc%ﬁecpmocsé§was-voﬁn m'stdméamut@smmg olveol Zeldngep Eeld andabatpit) a
sub-title be5|n on a,repeat. dfleldlnthe nver

i deo.  arSHSE HEHRT) h g et o BEie i o e ol R et (o

interlac eﬂndfdoﬁﬁ&&d za t@e Wide0 GlcRSISH Y 814184160 hac&s deeelobdts RbRELES progressive

source into an interlaced format and provides zt the same time, if necessary, irame rzte

<4|A<

25 conversion for example using a 3:2 or 2:2 pulldown technique. In the case of 24 Hz film 10
525/60 Hz videc conversion, each progressive film picture is converted to two interiaced
video fields and, in addition, there are 12 repeated flelds according to the 3:2 pulldown
parterns in every second of the converted video. Improvement in coding efficiency can be
obtamned if the video source from film is identified and the repeated (or redundant) fields are

30 detected and removed before coding. Pre-processing echniques applied before encoding can



Generally lowin conplexity, ruethoas utilirng 'o~erencs of two ::djaccnt
fields of Lhe sanme parity to det.,~t repeated gelds lack the ability to
detect i+~"dividual progressive or ~.nterlzced 26 i=arr:es ar;d lac k t."".c
abil ity to detect 2.2 pt:l Ido wn sequenc.=s. Fur ~ernore, é@ﬁ%& ~%@pods
eo not peror:n well nor 3:2 pulldown: sequences wit: frequent P03 o
pa.~te;ns, acrd :herefore cf:iciencies of st:bseauent pre-proc_ssLng and
encodi ng are aff:c~~, Methods , involving cor~anson o: c:aree of nore

adj acent fields odiffereat panty provide t~ ability to dCcct both 3:2 and
2:3 pul l dowmn scQUencs. |:owevPr, given the fact drat fields of ;0 difrc:cat
parity w--e coripared, the ncchods _are scasitr~e co vertical details and
vertical notion ;o ~ ~:30 Nhy'%OOS ", "" , -3 wthin the sequences.
Ez:.istLna nethods al so suffer tomdetection |atency problens. ~Basically,
the decisionyof whether or..not.two f elds belong to a same progressive
filin t§§ﬁ§a¥%” ﬁﬁnﬁﬁé“iﬁﬁ@ﬁﬁ&?&Fﬁcgﬂﬁg%er recei ving the second field of
the two fields froma video source. Instead, the decision is nade by.--.

exi sting nethods only after, receiving one or more subsequent f elds.” This -
has an ?4%%&&5 r@frFefeﬁ%UgtRfPﬁFmﬁ%ﬁb’éFﬂ&&gﬁ@ﬂcﬁﬂé’@f repxceddedaverPesy knews such
as those, i1p [ G I; - SSi JHg~5 el |l as
R L L e e L R

char acét 657%h.#e% disg)oscometradsyzotralh dovoinies i @ivul:donof difttatces sewicth ttvbe

present _inventian, . . ovided a nethod of processin video. dats to
det ect ﬁ‘%’lz‘d“ r@k‘ﬁ@%@‘t %?%%dcﬁwo FiHe Og%"f*a{?ﬁ?)n#lfoﬁoﬁﬁ?‘nﬁ %ﬁ’éﬁéé%ﬁl 5i xel
val ues ehicsiation edthaotne tmbdhaide it fbfeataTes dbedivpendbheimalaness giditange
successi ve fields af t he glata};gi %regc,essi In? tl te difference values to

det ect Ont'BFIHEPUHAPFRPAESn MsPadshveling crmyarispyet aen adimient fgids ot he o

successidfefdnebiisy hed aRE oL iR URI RERSSEYS 260N shased aa s2rdahiecthan of
said interlace patterns; and gerierating a progressive frame out put

i ndi ckR iIrRYhPAREEPISE SYPLYUBE vtagtanBeliasnb gk distisionetkrsedine detriaradis:2

differe a4 [NisTel gg,#h egcdifference val ues of four vertically and

t enpor al ydgp'gﬁ%ldgggé#s of gjagéqgéﬁgbéggr&é‘fﬁg‘?'g%og ué%‘%man%}%%“ecﬁsav)eé

pat t er n fiddsdstiacibed. Zuiswhetind padvities biogesslvd/fresrbne atvibt as welch rexndest a
first prgqgt efrm' red.threshol d and nave il _ ~e sane sign_. The present

i nvent i oFFAREECIOR SOTRIULSHTOR et S5h 2k RIKOWY PaRss-d &t WliZehBeHARER: means
for procggging iRbXfell (¥aleUed ofosRapittiliditdcabt ain difference ~~al ues
bet ~. veen 30 the pi%el( val ueg“oofs tFV(l)tg)guccesgiég\je fields of the data; . ..~
, tit st~ -~ " T 30 May 2003 . , ,." , ; ~~~, , . ", . ,..",
. Lo Processi. tile difference to values . to dete

interl acéﬁ%a%t er“né%chngspgé:cdgsdﬁg%gs‘éi\v‘éo Frefgeen s wrfglaur?ge or ddeérfég‘(rgsr F\%\llt{g i f

t he successieneprtdichils, thetvangal repeaed field maasiny enbanmiee ob ageded fieltistinclid on of

said’interlace patterns; j nmeans. for generating a progressive franme poutput
ndli cat | FPREE ROH GUFY ks RPEE Ca e P S PR SIS B S &y SRE SR
di f f er engeeriaainde Fok BEWIE o subLafe evaliah SR ENEE V&t HeseEd hioMrin e ddrakly and

tenmporal |y spaced pi xel's of said successive fields, and an interlace £
patt ePf Vilegetddiis @il nahey Baildthedr bpattint bey dscacaavreistaskactl Gameeu a

first pr g@gg\'{sﬁégﬂﬂggﬁ'&gg&%r@&q&have the 10 sane sib. Brief Description

Y

of t~"~e~

Generally low in complexity, methods utlizing dirferences of two zdjacent flelds of the same

parity to detect repeated fields lack the abilicy to detect individual progressive or interlaced

18]
in

izzmes and lack the ability to detect 2.2 pulldown sequences. Furthermors, these methods
do not periorm well for 3:2 pulldown sequezces with frequent broken 32 parterns, and
therefors ctilciencies of subsequent pre-processing acd encoding are affecied.  Methods
involving companson of three of mare adjacent fields of different panty provide the ability
to detect both 3:2 and 2.2 pulldown scquences. However, given the fact that rields of

30 differeat panty are compared, the methods are seasigve to vertical dewails and vertical motian
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A prefers e3 enbodi nent of the present invention is described hereinafter,

.. by way of |j exanple only, with reference to the acconpanying draw ngs,

whérein: Fi~sre 1 is a repssentatron of pi xels in two successive fields
processed by a preferred errbodr nent .of a pro ~essi-vel i nt- erI aee Mag20@3Iundant
nel d detector; Figure 2 iis'a.di agram of zones of a flame processed by the
detector; Figure 3 is a block dia~rarm of the d(—:-tectorr 1" ?0 Figure 4 is
a bl ock di ajram of a progressivel/interlace check circuit of the detector;
and Fijure j is a block diagramof a redundant field check circuit of the

- detector - . .. r., w =i ,. =3=p..~~".rn"'~ ~i-_. 30 May 2003 -5

detail ed description of the preferred enbodr ment J S A
progressivel/interlace and redundant field detector 100, as shown in Figure
~ chamﬁﬁ,qhgsgf_,eg&si nterlace pazrcmas beis~ a~ obje .t area with hid
inter-field cliff creates, wiucu is detec,P-1 5 using four vertically
ad7acrnt |um nance pixels fromtwo successive ticlds froma video source.

Fi gure . jdiliside i Su @ @%aMEe dQEctUbtehy proddms ~ BG Rl XEhs azngmrf%% i n
interlace pat+.ern detection in a verti cal /tperrpora plane. e pixels are
| abel edx@bn&tnomtmmfreeisbemngw 8 sifie progr@s@@ famdTagiyt s ot mnda umn@lddatﬁ(lt 1)

at ti.ne a,nd i xels edfromaf t), at. time r.
e P En SOt ek BB h Py S BER Tt S Bt t hedhighy "o
cotrrpalr ed ﬁn@defl?t hke'gh}ghdtt_r(oﬂh )on@fif&l%dtd&ﬂuﬁ@ ohér_e”r fmiré(:j @Wsequq@;s %&“?l crhdehakgg o)
interlace oatte:n _detection: i > an > a

> T1 )} 8F mpppAngheyiotal sumbeypf fiskd Ee%xeré pdednid S(ye&rm%sar—c 2 hqse iae S g“rgvnte
lac~ patiero debeew fd debess prs%@&ssshy,eaﬁr%d%samﬁd%eromtm@@heasods to
irterlac,.-d it there are sufficient areas within t "I two fields

cont ai niSHEAemrAhere%sdR et meyiAeo chiraqisrisieher words, sufncient nunmbers of

| nt elrd ace patterns bein5 detected. 20 To increase flexibility and detection
. ceurac a f-rye consisting of two successive yields is dividccd.into

zones) nirany o ibe Imyentionri gure 2, by the detector. Each zone is exzninPd

i ndependently for the interlace patrems, and deci sion on

progressivel/i_~terlace DrOCeSSI no i s nade based on the nunber of nines

cort ai nrh’x@csqr‘vavewrth ahrecpressint imeptidmceerpat pevinded 4 weibioli af Rbcaasingneédeo

| um nanc i X rLned tao. ob equence of four verzcally

adj acentdeﬁ)r Re et“Ct %ﬁﬁn‘i%mﬁsms Of? © éaﬁaf’e?ﬁ%g gpatt l-a de P~tion. T:ne

sequéhce coanMSmg@rrteaamhuagoina)&diﬁa td dteainidiffersngRI8tvided tho valaes ofttwiche

zones such egn.at -P? is al%\g%s above P2. Furthernore, the position arid size

of rt:e YSHEVAEF B AN :d dcacnding on ~plication needs, or tinming and

bui =Ferirzo rg@uéssereitesdifidfince IQAlu¥RYo 20283t -ibteVION phiydrBs SHCERS ShaRsdivel ds

are det ect ed as a progressive frame, a subsequent 1PI cld is conpared to the

lirst ofi$!A% two successive helds for redundant field detection.

Redl rndant ~ ; q&ik@hiels By e siceal@d s theond 2 RUbLsHQMePERGRSBadR  odTOVi €

fil msou~ce, or due to a lack ol novenent in L~le program materi al .

Howew8r , defettiserofGAddRE: lRerRATEISOInG : . dundant fi el ds

generating a progressive frame output indicating that a progressive frame has been

detected,
whereln said difference values include three difference values of four vertically and

temporally spaced pixels of said successive fields, and an interlace pattern is detected

[\
w

when said three difference values each exceed a first predetermined threshold and have the

same sign.

The present inventicn also provides a system of processing video data, including:
means for processing pixe!l values of said data to obtain difference values between

30 the pixel values of two successive fields of the data;



5 due to I ~.~Ic of novenent or 3:2 pull-down may bonh be useful for exanple
irn ~~EG encodi ng. information appal the renoved fields can be coded by a

: MPEG 2 encoder, and the renpoved fields arc re-created at t.~le | VLaEG 2
decoder by reoeatl~-~g the original !:fields:cording to the(ﬁbﬂb@2003
infotraation. h is note that:there a-te constralnts in IthG—2 for tleld
re_ue~r.~ and, in ~ where sUch restraints ~piy, redundant: field det _-ction
can be disabled. 10 Fi7ure 3 :Lustates one embodi nent of a
pro?ressive/:nterlacc 2.~Id redundant field dci..Mor 1QQ Lum nanc, -)

. signals froma video sou:ce 101 are prqavi ded as an input to the detector
100, ~-1d the video ~uzce input is coupled to a field renory 105 and a |line
nenory 104 of the detector. The held nencry 105 and line nenory 104 act as
del ay buffersndl 8 cst?d;dm%%ltf eOflo dlGed DUk UBIRBRL Batis A Said
respectively e output o m-nory 105 I'S coupled to t_h~ inputs
or addi tshomwrsdivd fieldst and l'ine nenorlrs 102 103 respectively. In view or the

del ayi ng effevt of. t mories,. | urr.enx by

t he video sod?%@Sﬂﬁpﬁﬁmfﬁ?“gépﬁ' %h%?gﬂnée %eﬁ A% 5 gé%§%ﬁ ?%g?% ngnnr
105 r eproaskdctioh besqid @veddes phttehg F(t1 ) arld tae output of field nenpry
102 rep reseals the f eld a recedln%?that nane F( -2) . 20 The -~

rn~. rt; ~or ~es"49% IO‘l%F&”’f?é‘P%F?‘Tﬁ‘i?SF’é’F aé"s“p%‘tf?‘rt\}ﬁ F ’Hevsm?ff pie eqSSldEtf-‘éﬂterom
fields Ritvkdn @ckiéa;’ F(t), respe;aive' ry. The video source |um narce

signals wsch are del ayed and buffered uspdg field m:~nmsnry 105 and the
two |ine nctnohesinges! ffereacy puesriaclpdedresoliferararaues YeQUENTESHY Fur

verucai | Xmﬁb?af{:ly’ {#ﬂcéﬁ EI‘JE% §PLid @uﬁ:es%@ﬂ;@snm (anain{lflqg‘t %EHJBI 19%“—7‘3%

(1 agcation ducuen t..techniques rnay b. to the vid

souzc. *M@qp sh duieodifferanee velos tahaexeed arfasypradeteriningrbthaeshelst angrhave Lhe
unpr?% '~g&§rra e ways of ?encradng tl:e sewenc::. of pixels Pl to P are
possi Ie AR ,rill be apparent those skilled in the ar. i'hrer

subt . .ors 107 108 and ! 09 arc provided with inputs fromthe video

source 18 Eﬁearml ng%ge d | ne me.”-~...ories 103 , 104 and 105 . L-I p
articul 5 e NnTrno ry 103 30 reprcscn~ng ptx~l value P
and the output of Line n.enory 104 representing pixel value P2 30 May
2003 _7_.are_coup the actor 107. The o ine nenory 104
2nd e BuPREE ST SREPHChemors PIOBT BHFESEt NG PPROEPREPY T8 Chupl od
to the se&sn;ﬂsbmy,wﬁreﬁmC@wt atdobipahiiek @ri@aps, Ywrkddnand the vi deo source
1 01 providing plxel value P~ are couple to the subtractor 109. Thjs
arangewent i sFtEFT dedf BJePiBEAIFion; off Birelsce §TymatessEre Sedsaprgeesyt pyont 5
the out pgte?er% srhbo&mem b%esswhtteagtuoet@ rl%aa&%em d@fRdiot09 according
to: El = E2- (p?. P~ E3 he dLrerence signals are
i nput ted to ayﬁ%aﬁé%éﬁ@@%@@qna%ef%ﬁ@@kpﬂcﬁwﬂbvﬁﬁﬂfﬂ@t@enerate a
progreSS|ve/|@teﬁggqeageﬁp%hggﬂpgfpggeé}grfor a pair of successive fields
fromthe video Source rererce signals are used to indicate video o
bj ec20s and i Mgk dde apaedketingamDdpandgmssrovintdnecp olicki cmsitof tisheetewbi; ned
zones) thedprogressivclinterlace decision is nade aitcr 1 S conpletely or

al nost cornpletcly riving the second of tile two successive fields. A MPEG
encoder and arBigpee-ipaoi@fsiagras 906 rafuadantifielt dHrek krbpEeY ®ecedelr may nmake
use of the progrcssive/interlace decision output imediately. Ti:e
progressivel/interiacc check circuit i 110 is described in greater detai
below. 20 In the detector 100, another subtractor 106 is al so provided, wg
inputs fromt:ze field nmenory 102 (-) and the video sou:ce 101 ( =) . The
ou: put of the subtrantor 106 is a difference sisal DI. Ints, if the two
successive n.cle.s are detected as a progressive frane, a svbsequert field
:corn ch, video source is comar ed to the tics of the two successive
r~elds roc re~und ant fi a | d detecti on. Basically , tic |l d nerio ri
as 10 ~ anrl 102 ar c us a d sue z that the ZS two fields (laoelled 2s
F(t-2) and F(t)) can be cor..pare,”". at the appropriate tinme. T.ne
difference signal DI is gcn erat~ fromF(t-2) and F(t) Lsm t, :e
subcractor 106, and subject. to a r~edund~t field check by a circuit 111 to
genes at.”. a rp~' ~.tndant field decision oLrput | 13. The structure of the
redundant r~eld chec'.c circus: 111 is described in greater de~. ai

her ei nbel ow. 30



30 May 2003 _g_ The progressivel/interiace check circuit utilises the
~difference signals El to E3) as shown in Figure 4. To detect an interlx:c

pattern.in a video object, it is assuned that the video object: .. is
di stingui shable fromthe video background 2~-td that the vi dgﬁ I\ﬁQ&LQG 3
noves. In eif~t, ElI, , E2, and E3 should all have | a.?e enough magnitude

and have the sane sign ma~.itude. The 5 dii~erence si~.yls E1, EZ, ar.~d
;~.~ are provided to the progressive; interlace check circuit 110 at

respective inputs 401, 402 and 403. Tnes.. ir~uts are co~lcd to detect the
sign magni tudes of El , E?, and E3 by respectiv a SIG\( X~ processing bl ocks
41 | , 412, and 413 . The ou~uts .of.the SIGN(X) bl ocks 411 and 412 are
coupled as i.-~uts tc~ an XOR Date 414 and' ~he outauts of the SIG\(X)

bl ocks 412 and 413 at;_coupled as inputs to an XOR gate 415. The puroose
10 of i e iahio® PrSfa ithédiat the signs of the direrence

signals Ef , E2, and E3 are all equal, and if they are then the putouts of
. both XOR gates will be trrtte. The outputs of the XOR gates are coupled as

i nput s N . - Bhsok Jmagni tudes. of El B 2, .and E3 are

obt ai Ié%gpggé} s@ﬁg?gﬁﬁ%r%égﬂ"sms‘@%‘ 'J[i.)‘ll[lé)g‘f(g&gf)hé&@ﬁﬁc’%@ FEETS 2 REERS v, and
checkeg ih@ribee pdriergsse@irig-ah objacunra Wikt eigh adeek-did idirrsresecivhica it REskal d
conparators 4C7, 408, and 409 15 and an AND operation 410. The output oT
?2~~1 D ¢k IO VFSICHFE 4AI5F S0 HRiBanes marels Aipm tve sueressiye-Tiglds drome visear der to
ascert aj,p..t €15k i +f of¢ Si inBihnlerizRe ~ the
e e e R oS A b L e A SR

gat e 4du@qdentnm aeertical/jempoeah plane.i The plxatsearpdbeBech Mae Ak evhedgnhedtds Pin t he

Tersein e S UL L R

pat, . eg fReld F(HOM 1Hed t.NGU: 20TiRercSs BEREIv4raeRkNR 2 _R0hiGOR s BbkalrRdamat her
threshold T2 in a zone summaGOn and t hreshold process 417. This su~-nn:ati

on ¢0i vemparegeas thresheld (THkedserding tortbe following peaudbands foreinteslzcaipaemu~ci ent
area (?}%Iegﬁd' ve to t_he threshold Z"?) with interlace pa_r e:ns. Finally,
the nu Fof zones witlh 2~ ssf ciciert area of interlace part: nms is
cou.™ ted a:~d conpared with a third threshold T3 in a . zone count and

tl hreshol d pr 41 | f_the n=~ber of zones wi th interla: a patterns
ex ~~ ~.g sz?ggf%%ﬁﬁféra“fw’?%z)ﬁgl@Hﬁiégﬁgﬁ?ﬂ } an interlaced frame is

detected, els -PBRODT eSstrd ey KanE dascpdeigeledy The detection result is
provi ded at aqp%grlgssi ve/i%tverlf)ace aé{ecsz(l Si 032 out Z)Ut 419. 30 30 May 2003

_9. Ifhe redundatatiads mttdrredpdastedei rcuit 111 uses the inter-geld difference
signal DI as illustrated in FiSure 5. In this circuit 111, an average
difiererc,-,, as well as a neasure of area of lar~~ difference within a
zone arfheQRERUtcREkREIG0IP dEethibQl {CBREAEIVE there afeGsTirieht \ipdas &Sichil iee
inter-held difference signal D is providrd to the redundant field cheek

ci r cui trweafields captaiming intgslasppattesysel oA i aESHMores, waltigient suBbersi A dateplicaBS( X~
50' Z. tpkt absol ute val ue defsrm nadon is subjected to a zone
‘sunnationeégggﬁ#héﬁg%ﬂg sumat i on 503 products an average different.-,, for
eachaglefined. zone which is » conpared to a c~' zreshold T~ in a , threshold
conparator 504. The absolute value of D is also conpared to anather

t~: : eshbt JICT3Ss BaPH iy FECCRACHOR BiFHEACHL &I OB S OpYSEIRIKPPOTICEH S T5os iar ge

di ff er efGeiaTAS DUIERCT:: QllydQroBliX S Bl R8P trel DALY £380!00d & LRafACH ZONC
is summed at zone si:.mmatioa 50b, "and 'tHe result for each zone is conpared
to a t hindepazidentTibfdrrhamotriess ptteres hod dedsinpan atagreGiyE/ intEhlacopsopessingols

threshold,c ratpors 504 ar _d 507 are pravided as.input to, an ,gate 508
whi oh gBAGTEEPE of 1 Berpcy dlaptes Foerlien FhOrpth 508 B ERORIG T TORE o
-the 2gngsohasuBreraaexed ire 2806 gheatekaldad ofl thuaREridalepadihcdnabge set
difference greater than T6. Al thresholds tray 15 be determned with

r esper t {RictozRfdos inesEcupri Spistacion-i Ins Sequenss Jantaies RepPEer GAPIDE @ IXH$ | 3Ted
person i, - . i el t ol . a | t he
R R e
Furt her and eize of the opasndyl te dijustd Wedehdifik o asdiemionadadger defrciddobuferingg i on,
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for n: ogressivelinterlace detection useul for buffer nenory ruction in
encodzng applications. T r.e progressivelintcrlace detection nethod has
good detwt;on acesracy 25 :ncludi..”. ? sec uCnces contairsne notion a: c~I
~radon/'deoel eracion, vertical not; on, zed diage:.zl ~.dec..30MByQ0BBONS ON
progrcssivelinte:lace detection can thus inprove c”ciency in encoding as
wel | as ore-processing. Accurcy oredundant field detection is inproved with
better ptogrcssivelintrrlace detection. Renoval of redundant fields
therefore significantly enhance encoc','~ng quality. 30 30 May 2003 - to
The net hod and apparatus for progressive/intcrlace and redund, nt field
detection rnay be incorporated in_gn encoder according to the ISOIEC MPEG
standards (ISOIEC 1172-2:' MPEG | and 1SA | EC 13818-2 MPEG 2) for video
sources originally derived fromnovie ftL-n. The prob essive.~intrrl~ and
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data to_oght ffe e ween qumo I, gl ds of
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progressive frame based on detection or said interlace patterns; and

generating a progressive $anme output indicating that a progressive ane has

been detggled; ipwhesed &%adquﬂ«aeht 8 £9L8rMal 48R RE LR shREee rdidf {aLence.

£ f‘ed
val ues of four verticall y and terrpo?ar’ y spacedﬁepl xel s of said successive
fields, 1&Ad ammmx@r $19m§ fpern taevideol wurtetl@t teedpmuivisied saiy inrvr ¢e thei dekastaence

L e
the detector. The fleld memery 105 and line memory 104 act as delay buifers for a field and
15 line of the input luminance signals, respectively. The output of the field memory 105 is
coupled to the inputs of additional field and line memories 102, 103 respectively. Inview
of the delaying effect of the field mermories, if the current field supplied by the video source
input 101 is designated F(z), the oumut of field memory 105 represents the previous field F(t-
1), and the output of field memory 102 represents the field preceding that, namely F(t-2).
20 The line memories 103, 104 merely buffer respective lines of pixel datz from fields F(t-1) and L
F(v), respectively. The video source luminance signals which are delayzd and buffered using
field memory 105 and the two line memones 103 and 104 are used to generate 2 sequence of
four verdcally spaced pixels (PI w P4) according to a predetermined zone locaton. Noise

reducden techniques may te applied to the video source 101 ahead of time such that accuracy

(8]
U

of the detecton is improved. Altemnate ways of generzdng the sequence of pixels P 1o P4

ars pessible znd will be apparent those skilled in the art.

Thres suotractors 107, 108 and 109 are provided with inputs from the video source 101 and
the field and line memores 103, 104 and 105. In partcular, the output of line memory 103

30 representing ptxel value PJ and the ourput of lins memory 104 representing pixel value P2



processi ng pi xel values of the first field of said successive fields and a
subsequent field to said successive fields to obtain further di Ference
val ues; and processing said further difference values to determne if said
subsequent field is a redundant field, when said progressi v%dmﬁ@gt put
is generated. 3. A nmethod as clainmed in claim1 or 2, including allocating
sai d pi xel values of said 25 danes to zones, said zones representing
respective areas of said nelds, and detecting said interlace partens in
sai d zones based on respective ones of said difference values in said
zones. =1 A nethod as clainmed in clains 1 or 3, wherein P 1 and P3 are
pi xel values of the 30 first field- of said successive fields, and P2 and P4
are pixel values of the second field of said successive fields, and the
said pixel values P1, P2, P3 and P4 are of respective v;,~ ; ; .. n,.-:_,
" —+ 7 are‘coupled to the subtracter 107. * The oy t af line mes 12 104 an the g 'h;~~mq¥.2003 :
. 7 e coupled to the subtacter J07. 1 The ot BHInHBPTEI BNt B 219 HESUH Ui BEEj el ds,
_and sai shedidry 08 megreseatingesixaralRPF arf cduplRd o tRR2sudRecB4168.PThe cuputvg A
met hod as, cl ai ned | g cl ?Lem g i ncluding detecting a n interlaced zone when
the suni'8id TPty ilarrd die eee squace H providing il yaHe Rk ecwspisdsiocdad
pr edet egigAed 109, 03H9 hlangbmB & uilisdBbNhia % &l Rk ek % E},at%%ﬁh E3 HAIgr el n
said progressive fzane output is generated when the sum of e 1Tnterlaced
zones 5f e uputs of Sedespes@efshrgwors §07,498, ehdnl% atdudopredet er ni ned
threshold. 10 7. A nethod as clained il-~ claim®6 when dependent on claim
2, wherein said further diizerence values conprise differences between
correspondi nEpex@z vRhues of said first field of said successive fields
and sai d subsequent yield. 8 A nethod as clained in claim?7, including
. sunt pi n~ sai &4 Gr¢Wer? @i fference values 1 ~ obtained for said zones of the
first field .___t@_spgzsequent field and determ ning the average fiu-ther
di fference value tor each zone, and detecting a high average difference
when &t | east one of said avera?e difference val ues exceeds a fourth
predeterm ned threshold. . 20 9. A nethod as claimed in claim8, including
conpar i #&Eﬁrﬁﬁ?ﬁﬁﬁ?&? 3 FPEREIR & PR Ty of 19Teriacy theek FVE"Pﬁ?éO 19 gFgfrates a
pr edet emnisiraeEletitesa abakidroudRt 80X fofa bk 8¢ aftbidifr GRRE frde HROHANY s@rgone
| ane difference when the sumof said farge differences for a zone exceeds a
si xt h priégedidferanaesiganly arsvstdito ipdicape gideg\ ohpetscdd astedicsi pattdrnisn Répanding,
wherei n _sali u fi. i_,s_determ ned as.bei,n redundant. fi el d when
At easont BRI s bt 2SS BHRES T RENEE, feofit Y g R
di f f erenoeplasidet eletioetkofplerchaetkifing Gk sédoalidf aviriudessiibs eruBNtANERESG 11.
A system of processing video data, Lncluding~ 30 nmeans for processing pixel
val ues GPCCEr ML PGRSPACEIOR 8PP IRISH oEe ReaMIES setiee Ay HBaks Use Pl W ues

of t o PHegas Y Ant i1k d5cifbn biSutiakAiihdl). “Tie Frogressive/interlace check circuit
110 is described in greater detail below.

20 In the detzctor 100, another subtractor 106 is zlso provided, with inputs from the field
memory 102 () and the video source 101 (+). The ourput of the subtractor 106 is a
difference signal DJ. Thus, if the two successive fields are detected as a progressive frame,
a subsequent field from the video source is compared to the first of the two successive fields
for redundant field detecdon. Basically, field memories 1035 and 102 are used such that the

25 two fields (labelled as F(t-2) and F(t)) can be compared at the appropriate time. The
difference signal D] is genarated from F(t-2) and F(t) using the subtractor 106, and subjected
to a redundant field check by a circuit 111 w generatz a redundan: field decision ourput 113.
The structure of the redundant field check circutr 111 is described in grzater detail

hereinbelow.

30
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means for processing the difference to values to detect interlace patterns

in said successive fields; , . ., neans for determining if th Nﬁﬁp |ve
fields belong to a prop essive dane based on detection of sald terlac

patterns; neans for generating a progressive frame oatp~tt indicating that
a progressive frame has been detected; rherein said difference values of a
zone include three difference values of four vertically and tenporally
spaced pi xels of said successive fields, and an interlace pattern is ~ (

~ detected when said three differ@8nce val ues each exceed a first
predeterm ned threshold and 10 have the sane sign. 12. A system as cl ai ned
in claim1l, includin?: means for processing pixel values of the first

fiel dTok pregrdsshesyiiearticy ehdck elrasic atiised UsIbiSReEIMeD6ighbieIBY bERakEhemeaessi ve
fields_ to obtain further difference values; and 15 neans for roceSS|ng
sai d FUEERAr kP Fatest o BEETiosn RASST (& 2IK0EY APISED iF is eaTuaRed: hachpdifeo fabiacy +f s

[ edungaladdufthdhlc WARTD 9oy PLRELARS NPl IR iU Mbfbcr ol ENh el Ey3. A
system as aimed in clarm erein sal p| xel val Ues of “&ai d
ganes Eg, endEBahailédl havedagespouginthgninés anthiveshe sing sitaspaninde Iheas of
said fields, and sa 20 processi ng means detects interlace patterns in
sai & Afiuscdsagalsd sHEctH Y& Pemesehl SaPPArSTEraKEacs fIcGESIFHT 440 d

E?nfieﬁ}é\:}“‘%ﬁ @g}ogsm' 2HTBY e AP Lodlled!d athighie) éﬂ%ﬂmg@qb& ar e

Tues of fi rst field of “sal successi ve | d and P4
are p|o¢e’i‘] 2, axgsféfoyt@eccsmwm)@mm;alo@al-dlsédzk,e@shﬂe fTiel eisputand t he
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detecting an interlaced zone 30 when the sum of said interlace patt~ns
det é@t@dg#%QaR apatiasy ésde gheck ‘%%é%ﬁglﬁr@dé?é&fmf% fEneEshb| &P, and E3 are~j 1~ ¢

2063r | all Qc&upal and. ?‘ TYICY, Erg\(bcnfhf JEJ&% Abf.t.h XOR gates will Be true: I’he’o'{.xtputs of the 30 My
XOR aat.,s are coupled as inputs to an AND gate 416. Absolute magnitudes of £1, E2, and
E3 are obtained by ABS(X) processing blocks 404, 405, and 406 respectvely, and checked
to be all greater than a threshold T in respective threshold comparators 407, 408, and 409
15 and an AND operation 410. The output of AND gate 410 is also provided as an input to the
AND gate 416 in order to ascerain that the signs of the difference signals are all the same and
the magninudes are all greater than the threshold. If the output of the AND gate 416 is true,
then an interlace pattern has been detected in the respective zone from which the pixels

representad by difference signals £7, £2, and £3 have been taken. -~

© The number of detected interlace patierns in ezch defined zone is summed together and
campared to another threshold 72 in a zone summaton and threshold process 417. This
summation gives a measure of whether or not 2 pardeular zone conains sufficient area

(relative to the threshold T2) with inerlace parerns. Finally, the number of zones with

3]
h

sufficient area of interlace pattems is counted and compared with a third threshold 73 in a
zone count and threshold process 418. If the number of zones with interlace parterns
exceeding T2 is greater than the threshold 73, an interlaced frame is detected, else 2

progresstve frame is detected. The detection result is provided at a progressive/interiace

decision output 419.



20. 16. A systemas claimed in claim1l S, wherein said progressive franme
out put is generated when the sumof the interlaced zones for said
successive fields is less than'a , third predeterm ned threshold. 17. A
system'as clained in claim16 when dependent an claim 12, WBY by 2008d
further difference values conprise differences between correspondi n? pi xel
val ues of said first field of said successive fields and said subsequent
field. 18. A systemas clainmed in claim17, including neans for summ ng
sai d funkier difference values obtained for said zones of the first field
and the subsequent field and determ ning the average difference val ue for
each zone, and neans for detecting hi gh average difference when at | east
one of said average difference val ues exceeds a fourth predeterm ned
threshold. 19. A systemas clained in claim18, including neans for

i id.furdh i £.fer | f . it i f1
et o PRt et HRELT Rl SR S FRRR e et L Wl
det ecti pgFidureofeld aigardici By enseriaanitRe SN af 282l b8 ge i ffrerepces

for a zone exceeds a sixth predeternined threshold. 20. A system as’cl ai med
in cl ai Aifiencsheieinng saiedrseAmmeoaed corapared 4o thepestng tardshedd beliagy dhe
redundant  f4i e ast aid hiagh. age .di ff.erence.and said
zone | a%efa?"?# %r‘eh’c‘: ge ?énal et zsc‘%‘g‘gg?dggr" ‘g%fe&“?aaﬁg?&g icéT% %ﬁa“s@ﬂ c?t§‘ﬁt5r§°él(ﬁuent
fields 501, and an-absolutevalue is obtained 8y MBS(X)j502. “Ttzoudit.of thel absoBlz Malye 2003

-15 d) determnin' ether said third field_ is a redundant f eld based on
sai d | nCBFFRIBRRPIHS FFYFCIEhe dOng SEBmMaoRE hod he Forfelie®aten W5 RHaGHEaRE nel d
in videgygldke diffbieed ! sch ABEES Y58 WHE! id REE n LG R %Ly Yal ues
of two sﬁ%%gesi ve fieol ds O said \%iogeeo dg{ g;%f@@?%ﬁ'ﬁ?%ﬁvﬁeﬁﬁe‘r Snalgd

{ Successithresiolé rarmpiralos Ag t Shaatsplugy valse vé Dlrianiso baspatedro amteherchiwholdf s2; d
‘UZterl acs PA=CLNS 11 e QR @hNLNG i nter-Hel d. di fferences tween a |I.lrSt
field 01&.55% %;Es.rag%oelcégiar\gtenarwre sba%becg f?’o‘%eﬁ'f)% TRt o KRS0 essi ve
fiel dgo idixfaithasitaiastiashold i75] i 2adtl QokkeisCHiniich 3Rnd ShaRatisd 506, &l te
progressive fraz;le;, and deternLning whether said subsequent field is a
ree~; ndamit RBFERGAPEIE CHRPER T 2itirediold T e 2rnther dRusphadd comBarpipt SR7syideem f or

A R TR AR S R BR ee R R o) 9Res P TECE

generates 2 redundant field decision output 509 by checking if none of the zones has average

difference greater that 74 and area of large difference greater than 76. All thresholds may

15 be determined with respective zone sizes and applications.

; It will be apparent to skilled person in the art that a redundant field detector in accordance
with the present invention may be modified to include scene change detection. Furthermore,
it is possible that with the scene change detection function, the redundant field detector may

20 improve detscuon accuracy by enforcing repedtve 3:2 patterns within each scene.

The above described embodiment of the present irvention utdlizes a minimal number of fields
for progressive/interlace detection useful for buffer memory reduction in encoding

applicadons. The progressive/interiace detection method has good detection accuracy

S8}
w

including sequencas conuaining motion acceleration/deceleradon, vertcal moton, and
diagonal edges. Decisloas en progressive/interizce detecdon can thus improve efficiency in
encoding as well as pre-procassing.  Accuracy of redundant field detecdon (s improved with
better prograssive/inweriace detection. Removal of redundant fields therefore significantly
enhance encoding quality.

30
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Claims:-

1. A method of processing video data to detect field characteristics of the daicé;
including:

5 processing pixel values of said data to obtain differences between the values of two
successive fields of the data;

processing the difference values to detect interlace patterns in said successive
fields;

determining if the successive fields belong to a progressive frame based on

10 detection of said interlace patterns; and

generating a progressive frame output indicating that a progressive frame has been
detected;

wherein said difference values include three difference values of four vertically and
temporally spaced pixels of said successive fields, and an interlace pattern is detected

when said three difference values each exceed a first predetermined threshold and have the
same sign.

2. A method as claimed in claim 1, including:

processing pixel values of the first field of said successive fields and a subsequent
20 field to said successive fields to obtain further difference values; and
processing said further difference values to determine if said subsequent field is a

redundant field, when said progressive frame output is generated.

3. A method as claimed in claim 1 or 2, including allocating said pixel values of said

frames 10 zones, said zones representing respective areas of said fields, and detecting said

interlace patierns in said zones based on respective ones of said difference values in said
zones.

4 A method as claimed in claims | or 3, wherein Pl and P3 are pixel values of the

first field of said successive fields, and P2 and P4 are pixel values of the second field of

said successive fields, and the said pixel values P1, P2, P3 and P4 are of respective



&4 zXJ<= 11 10"" 10""TKIF=10%"& ()- s,10% & ()-!f s"10%"& ()-z!'f
s'10%e& ()-z!f s'10%"& ()-z %) * [ a

$1 US1=!| $10%&b&L& ()-m L' OF( 10%b& ()-F3 Y10%& ()-&10%& () -

109%& () - #S10%& () - 10""$! »"" T#H_###} ~?1=! | $@ 10%0&' () @ 30 Ma 2003

10%8& () - ST 10%& () - $10%& ()-! - Sz&L0%b& () -!|$10%b5h& () - n##$$$<&&}"’>1—
| 1'$F3$10%& () - -#10%& () - +10%& () - & 10%b& ()- 'c ‘-
&L$10%b& () - #10%H& ()-&\' trrrr b Cl | $S# S109& () - 10b 10b 10b;
109%& ()-1:-109%& ()-8"109%& ()-f5"109%& ()-'' L) V*+ ~. zX6nbCl ! |
L 109848 ()-Z('1 109 ()-Z('; 1 ' 10%+&¢)-Z(' Tl ' 10999& ()-Z(!. |
'109% f & ()-2Z( 109%& ()-~.9% FOOAL12 2z[<1C 10@: #109%& ()- 9" 10%& ()-7
"100& ()- !#gl ' 109& ()-Z(!l '10% | & ()-Z(!rl '10% i & ()-Z( 22222u233gHC
10@ 10%8 b dnit 1Bk zo QXY o@)salhlfeldlsomcli Nifred 0O atks il ﬁio%f@gcpi L P2ld

1033333\ 443BHC 10" 10% - T109%% () -, 0% ()-'E
P4

:.»
~

5. A method as claimed in claim 4, including detecting an interlaced zone when the
sumn of said interlace patterns detected in a zone exceeds a second predetermined threshold.
6. A method as claimed in claim 35, wherein said progressive frame output is

generated when the sum of the interlaced zones for said successive fields is less than a
third predetermined threshoid.

10 7. A method as claimed in claim 6§ when dependent on claim 2, wherein said further

difference values comprise differences between corresponding pixel values of said first

field of said successive fields and said subsequent field.
8. A method as claimed in claim 7, including summing said further difference values
obtained for said zones of the first field and the subsequent field and determining the
average further difference value for each zone, and detecting a high average difference

when at least one of said average difference values exceeds a fourth predetermined
threshold.

20 5. A method as claimed in claim 8, including comparing said further difference values

for a zone with a fifth predetermined threshold to detect a large difference, detecting a

zone large difference when the sum of said large differences for a zone exceeds a sixth
predetermined threshold.

10.

[\
wn

A method as claimed in claim 9, wherein said subsequent field is determined as

being a redundant field when at least one of said high average difference and said zone

large difference is detected for said first field and said subsequent field.
11. A system of processing video data, including:

means for processing pixel values of said data to obtain difference values between

the pixel values of two successive fields of the data;
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on detection of said interlace patterns;

W

has been detected;

means for generating a progressive frame output indicating that a progressive frame

wherein said difference values of a zone include three difference values of four

vertically and temporally spaced pixels of said successive fields, and an interlace pattern is

detected when said three difference values each exceed a first predetermined threshoid and

10 have the same sign.

12. A system as claimed in claim 11, including:

means for processing pixel values of the first field of said successive fields and a

subsequent field to said successive fields to obtain further difference values; and
15

field is redundant field, when said progressive frame output is generated.
13.

20

difference values in said zones.

14.

means for processing said further difference values to determine if said subsequent

A system as claimed in claim 11 or 12, wherein said pixel values of said frames are
allocated to zones, said zones representing respective areas of said fields, and said

processing means detects interlace patterns in said zones based on respective ones of said

A system as claimed in claims 11 or 13, wherein P1 and P3 are pixel values of the

first fleld of said successive fields, and P2 and P4 are pixel values of the second field of

[e]
w

said successive fields, and the said pixel values P1, P2, P3 and P4 are of respective

adjacent honzontal lines of said fields, and said difference values are P2 - P1, P3 - P2 and

P4 - P3.

15.

threshold.

A system as claimed in claim 14, including means for detecting an interlaced zone

when the sum of said interlace patterns detected in a zone exceeds a second predetermined
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17. A system as claimed in claim 16 when dependent on claim 12, wherein said further
difference values comprise differences between corresponding pixel values of said first

field of said successive fields and said subsequent field.

10 18. A system as claimed in claim 17, including means for summing said further
difference values obtained for said zones of the first field and the subsequent field and
determining the average difference value for each zone, and means for detecting a high

average difference when at least one of said average difference values exceeds a fourth

predetermined threshold.

19. A system as claimed in claim 18, including means for comparing said further
difference values for a zone with a fifth predetermined threshold to detect a large
difference, and means for detecting a zone large difference when the sum of said large

differences for a zone exceeds a sixth predetermined threshold.

20. A system as claimed in claim 19, wherein said subsequent field is determined as
being a redundant field when at least one of said high average difference and said zone

large difference is detected for said first field and said subsequent field.

N
wn



xcdJeef sg~gWMUGE@
109 ()-!, 7$10%& ()-!63. $109%& ()-!3. $10%&' ()-! @ 10%uu& ()-! @ 10%m& ()-~g

999ggggg~\: !! 10%1& ()-!q 10%Y Q& ()-!l 10%.Lé& ()- 10 10 100=109%& ()-
=109 ()- gggggghaB~\: 11110% & ()-s10% & ()-  10% & () - 913DAlay @003
1096& ()-! 10% (& ()-hhhhhh~iaB~\: 1!1"10% & ()-gy #10% & ()-

Y110% & ()-!)10% (& ()-':10% & ()-!'10% & ()-~iik)kkdl ndE~\: !!

+"10% & ()-yy& 10% & ()-zf#"10%4 & ()-zS

104 & ()-@10% & ()-y&10% & () - m mwmmmmmmmbC ! 10%& ()-"T10%& ()- 10(
10( 10( =10% & ()- =10% & ()- &3.10% & ()-mRnnno(o{\;bC !!

>' 109 ()-h' 10%<& ()-10%<& ()-!#10x<& ()- #10%& ()-)!#10%& ()-g(o

pagpt pppp}*?bC 'l *L109%& ()-VY(:10%& ()-#109%& ()-,S

10%& ()-!> 109%<<& ()-h!j> 10%<& ()-h Normal" "Heading 13]c" "Heading

23] ¢" "Heading 3&furinitlibe adicthgr 4683 ctird' fiddds agediRfiadt fetldebded gnG3]dcittetHeadi ng
73] c" F@%ﬂ%{ﬁ\l 83] c¢" "Heading 93] c"A "Default Paragraph .

Font ( $/8 REF 1 t vxz| ~ oP"/ 9$@GP" Ya\ npHI JKLMNOPQRS+  4- hL& $! #& .
234a7": | @G’ J;

LNPQRTWKX1[ ] _s™ xc~ggh~i nm{ opTUVWKYZ[\ ] ~_" abcdef ghi j kIl mopqr st uvwxyz{| } ~6Ti m
es New4Ro na}a/mma@ol:@tgj Asteqtingiaeirent éﬁhﬁn yiieo dDecimnieding:

" HEUR () *+, -, (0123456789 - . . ) . ccion Fia s

< PPBCDEHSH TRENRCP G O VP pcel JBR88 PRT RITSE LR Ties

data;
determining whether said successive fields belong to a progressive frame based on
detection of said interlace patterns;
obtaining inter-field differences berwesen z first fleld of said successive fields and 2
10 subsequent field to said successive fields if said successive fields are detzrmined as bzlonging
1o said progressive frame; and
determining whether said subsequent field is a recundant fleld based on said inter-field

differences.

15 25. A system for executing the method claimed in ciaim 23 or 24.



