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patterns KP(1,1), KP(1,2), KP(2, 1) and 40 KP(2,2), where {KP(ij)}
represents the set of sixteen quarter-phase known patterns, where O [err] i
< 4 and O [err] j < 4, and where i and j each representing in quarter-phase
i ncrements the anmount of phase shift in one of two di nensions. The cross
correl ation between the i nmage represenygti on and the seventeenth known
pattern has a broader peak than the cross correl ati ons between the inage
representation and any of the quarter-phase known patterns; therefore, the
|n|t|al search |n the |nage representatlon for each allgnnent pattern |s
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patsern UL 1S found but pattern UR is not found, then the Iocatlon of
pattern URis est¥at &t relative to pattern UL. 40 | f patterns UL and
UR are notgopnd Bt JBt t egm LD, GH,#pund, then the |ocation of pattefZ UL
is estinmated rel atve-pth pattern LL. If patterns UL, UR and LL are not
found but pattern LR is found, the |ocations for all other patterns are
est Piratwherer el ative to pattern LR If no patterns are found in the current
field, the last found positions. of patterns in a previous field are used.
The | off)Tised Payplzeiditar eqefieient OEBR¥Mnat i ons of ni ssing and found patter ns
w Il be apparent to one skilled in the art. 45 Al t hough the alignnent
pattern search may be conducted entirely in the digital donmain, some or all
of the search nmay be perforned by analog circuitry applied to the video
signal generated by the CCD array 30 prior to the conversion into the
digital domain by the ADC 44. For exangge, such circuitry could exam ne a
sequence of 20 sanples fromthe CCD array 30 and generate a signal when a
sufficient nunber of sanples, say 18, match an expected pattern. This
signal can be used for exarrpl e, to |nterrupt t he \/ deo Processor 120 SO
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. 55 After the position of one or nore alignnent patterns has been
determ ned, the reconstruction fi b[_tfé] ﬁ% %(ireases the resolution of the
i mage representation in the neigh % 3 each fixel by applying a

t wo- di raa gnal pL EQQJ;a SE;E&E Qﬂggp, 524 Bl reconstruction filter

tothed g qugﬁ hRbiam t is desirable to determine

whet herya f i xelgdgh o¥Wﬂﬁmﬂ&?(n\lﬁbﬁ&t&m@xmerﬁ%@%ﬁl ng the anount of |ight
transmgted at |5A§£hoféq&ﬁberﬁ@ﬂ(n@rhber&%@)%ﬁepaum&rben| ow oversanpling rate, in
general no sanple will have been taken at the fixel center. By using

reconst r uebn @iibodinérit &fitis pteserit eantioh snowhich he digitabihfortriation isoéprdsiveed byagathogooalenayof | t
is pos syritiols, & basipequalizatibn fillhanay &e Eplembréeddy a spafse &édp twoedirhensionabitiR digitaHilter chremmisinghad
i Act @adritey tab ivethe teecicerer syHbol and four affaget tansear tap fooaach o tha teurimmediatdliyadiagept sgmbols.
t wo- di Tenitersaeflicieptcl(® Alrpireseanpia theicentasiapwhi ch upsarrpl es the i rrage represent a-
tioff. A npreapodimestal he prgsent iyeaiianfiaseigedooveis '“F' forraay (Pé‘d“"ﬂg" picture
 nt er pdmasehteng 2 26 tgew'@wwew% 5. o ffidon wagae {W Aoy
are ne%fg ‘f'th AEAEX P! t“,?r@ﬂ'yf’?'ﬂélm ARG 2 vae ¢f 137 s arRalRePiTIHY Dheo V\?'i“%l S5t es

ﬁl 0S€ rgfa;rpd%mWr%n ft%e e%t?nvgnqio aI\ chpnt glsgr% tirdid 36 18 BXRRG 1 the
apgen? a%d Xa mB tlngﬁla JE gi e n Fifnihizb $h rorid8 Thé! %?S
t r

the &.n§ nge Feeb &?es Bie eht'lyllfe forzasmeua i
t he or°|d3@,gsragem§t|ggof\4ﬁerffeydca di mensions. The effect of suc upsanpl |ng can

be vi e\/vedrhaa,résmereg@maﬁ&mta.nwmdwtel ds an inmage representation of
sufficient resolution to provide a sanple no farther away froma fi xel
cengoer th?& alt;out-alS if @ &OWo>fTH, he fixel size. Enpirical results sho i)hat
this reso f'on [i-4 satherwied, ent to accurately recover digital informat
under substantially all filmconditions such as filmweave, warpage, and
nm=fior dePace defects caused by nornmal wear. Al ternatively, enbodinents
usi ng ot her hardware conp onents may be able to avoid reconstruction

fil®erilm H@‘yby o\iipsholgied ’°F§ b°€?‘P°él“%“ &P infeslm &8hn| es per interperf
area i 1Mot h t HEeHGE e 8™ "%l'ﬁ PP L P M A% si ons rather than at only 256

sanpl esf Pesabf‘sn 96;1;8 rrgshgﬁ?ﬁ“ ssegge%é\nﬁpugre étalll‘]OWF"V(:"r it still may be
desirabl'ey ut 2o thd ol "%1&9&&.0& B b BB dmbIFR -
Thegpr gf ,ﬁ:lg,g es In e | mag
representati on | t re uces t e armunt of pr ocess- ing required by filtering

only thos gsih n, d fixel center. The interpolation
upsanpl i ng ?gjrm ?@'&xe'?) wa?g‘kg’chl eved by selecting one filter frg“ﬁn a
set of weemt een 3-by-3 two-di mensional reconstruction filters, and applying
t hesssel ected filter to the nine sanples nearest each expect ed fixel center.
The chdixee of whimbérofsyinbalyin 2 tieldise kdioesiohe set of sixteen depends upon the
of f set Nyet ween nummberghgymbaisdnia fidlddethe pdmension.andl t he nearest sanple in the
i mge rSeffi'es ent%rspenireatoacepre ofspidh Yilor fitlb 3 by 3 two- d| rren5| onal
reconstructlonfllters IS anons met ri cal ter Wi t

oo flacon

hi Pt 1 or!" & ekomant otiBe seRpiie pqui f
ts hla | ntcgﬁi}f{‘/‘ﬁ" K{alra Plly %rgﬁﬁgfs-cgrre '°?s£8’8§§ﬁ{“i55€ r]ugrﬂer]o ﬁ?’li@:owrrelﬁgﬁcorej equ%s the

of fi

.5”“0 oQ&éfé 0P Ror e RmRRh fis 9o IB R {, bdebiBih
R ’”fses b cg,%.:amé’se&? et blba i o dil e WaBvelkechhg,

I epgses %tamb o cOHenGYfbol Sfear B TRt Sides M isfabsumBa tﬂ&l'ihe@ mﬂoVB?lt ) éib@%f the
These fcurlrehﬁ%bo%rﬁaaré@rﬁd«hmm 6)HBSI by the EAN® afrobir:, ARRBIGIBIAS érétsTHTLRE sKd1OYAone side
pat t er nésusel t6 adjsS M6l FIRIMS! &p cEfticiont @h thb Bsposie idél urf@n&mgﬁedrosﬁbérbafca staie clafuale
from a fikey tapedy) is 0sddueddivet-tiaiosticieht citrdspdntiieg to filteh@p ¢0§f, fhiids, ewfiter ap mifoted bbaat tae
shown icentéF &b lirem the cid&s-correlation score tap. Tabl e
| [@r r] f the {)8BS Syfnbols carrylagthq digital ivfcgB:BidrliReach [ed;hsl?\own t@hanmg@tqogreia}lortpropemes
0 029078618, a vprg jow]autacalyelgli0 s foraibpfispts except (0105 2B Gtefsymbd intederghcodan 2o RMpImized Par r |

= 0. 8291@3ngt qeqqpﬂllzer-fu@r epefiiciontsgintil gg cross-correlation scores of the equalizer output wj }btpq resholded
0 4591g2ta are zerg. (A asmn@le@gﬁ@rzof ad r:guauzatlon%%szgsagg first H rrthwéqn? @Igl %ch |
Tuelves "f—’?"?ﬂ"f"f“l? npfﬁ?ﬂ“te% (Aer s %WE}?'P%‘@EW&'%H“’F’Y“S ‘8fPe % bp'emﬁtm
F(1 T @?%‘H@"ﬁ“% alp & 130 g)a [i.58S Soefficlents

roceé ower Is avi is pos etocalcu (-} ?o E SCOJe Fﬁ ust all squal-

[err ] fil err% J ffl?gn?f or% i &gﬁnb%fgﬁ FJ&E ﬁ\lérg ion \Qg. Etg()ﬁ howgver,
Equal '%ﬁl brﬁ)ﬂ? ocEdsing bows %o caﬁ&l&b‘&?e Etm\%df&révﬁr E\G it thidr dr8<e'
is trans ve or opaque may | nder e y I'n--tersynb I nterference.
The adaptive equalization 64 perfor nms additional digital filtering,
referred to herein as equaliza- tion, which may reduce and ideally may
elimnate intersynbol interference. In the preferred enbodi nent of the
present invention as shown in Figure 947equalization adapts in response to
t he output of both the adaptive equalization 64 and the adaptive threshold
66. Conceptually, an array of upsanpled data at the fixel or symbol centers
|s fil tered by an equal [ zatlon f| I ter to m n| m ze [ ntersynbol | nterference
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. EP Q 570 524 BI [err](x,y) = upsanpl ed data for synbol at position (x,Y)

infieldm [err](x,y) = equal i for synbol at position (X,y)
infield m Lx = | engt h ofﬁgaﬂ*&?é& filter (nurrber of taps) in the
x di n‘er@ﬁ%s n&&ga&% utllrze the cross rrgﬁ% Qcogafs oggléa*es %Ffreldg IJszﬁrh %@Pﬁeﬁd Q(L {eﬁcgé)
1 e ot mao didruiibo W 4 8 bodobIE 1R 3 10h Eaéﬁaﬁmsoaad wwy%u £ the
di gi t alophnth &iu{mtby%bula&wgroﬁ%r&‘é%&kﬁ ntdYoréor Mbry BRGHal. array of symbol s

basi ¢ equAdjis#htioPiRertthg dobHicidh ¥ ddsbmiphERéIDY B ibkrEdting W/ fradtioh BPdasiEhoamdliR cross-correlatlon

t wosdi rsedisianithd cofrésboriing bduallzerftiitdr tap  EabDdigRE-tarielafibn @caieifl hatrhalik by Hiditing it the score

I eC oV ersgelo)serbaizatiomeliminates depdindacce pontvalibs factre stch thef rarge ebvaluewih tHelequalizme butput

i predi a¢pedsyntisglymbatsnand themiratiesof syfibels éamptising adele Mhus ditertep cXfficietd are adjusted pesordisg t 0
the’ cemer tap. 10 I n one enbodi nent of the present invention

descri bed above for recoggry-pf digital information fromnotion picture
fil fﬁ st ockeilfs? Tl efliatFgmy—wi th fixed-val ue coefficients, each @)

filt r‘fft" coeffrcrent other than C(O 0) may assurre a vaI ue vmthrn a range
.Srlﬁltejstlg‘l F Iuef %C}r oup to Rrovrclle ai‘uﬂ % c@ \fe }[
u%gbr |tgm cg rgen C) var |oris91 any Ied rE des enco otwe ofs mb
ek E’fa

pr e%e tE S Shctor
Em“em ,,ga ﬂe,s égy I on b a ustrna |ts ter- a
C Oef f | C' edfﬁn%réeﬂcerﬂ AthiBVed for & M&ﬁlﬁ%ﬂ@ﬁier irlt@rr-tﬁ‘ﬁ Jo@ffuﬁ‘dﬁ%en I%rr& BEHAG odﬂ%latlon score is
| Nt er s 8B Qhusiindicatihg BEIRNERIng & INtERIMbYI Rdridddhch B GaréliegS- cor r el at ion scores of the
equal i zeringahefalitonfrdy to ha adsurhption rdadélabdie of the Lakd bof distusbA, caeIibIt 868 hit hécassaly haldr€
fi ebod. gddumutbturreistion pramdties. Apapep@niaiiatiadean cOmpPdhkas ty@dte@ining taiattgal dutocdrtblation prop-
[ err] erties of each field. In implementations which do not have sufficient processing power to perform such ceclationkifer e
25 [ eagh]field, itbecomeg hacesshny kachaldulatethe awesntreletiprossores fosa seiies! of fidldspiyesumalimedck figld i n
fe=€l d mpsserser similar characteristics; hanee B plefgrredemberireant gidhp raggniinyentiongstablistrs@e everage set
r epr es @hRUPeeTEigtionpeiesdy calaylatinglongaytocestelatian sease gl eyeny pecong! fill-scussed bel ow i n
mor & det ayiecorpfpionhealerigtiss may badetsrning fprB terthreseldadgepansprialion of dierstital dfpymate
t hr eshSFEEW9%pr esent ati on used to measure the amount 30  of i ntersynbol
[ nterferen e kmﬁabl [ shed according to [err]
(4) wher eM T4x.3) * Bigwb¥)-of symbols in a field in the x di mesion,

Ny Becaus@bfme%ﬁecﬁf rSPYMEY e i Phatx § ridel &bgawh exfart*r%mﬁ bi6HRents ¥ Whe 1/ duo-
Cross- %&Faﬁa%rﬁ&alh@ﬂ(dsd} Qrcgnsﬁht ahd bpdto thé" Qlx . v efbodtbnt of the pJeQanf"lﬂventlon with
ermbodi ERAE cdfpriding@ arréﬁofemlslmro)weaﬂeem ed by the 5-tap FIRfilter
di scuss eCByaJaﬁyﬁbrmﬂﬂﬂ utbdokrbiftion bod s, a@ilidatichi fitdi-tap dodicidmé Msy &r’ahustmhout regard for
Cr 0SS - @araficdb i hitadraaRion RopettiesWRding thesiza vifixarrayak synB 6, thht is; thoghie 61M(D,0). Gdelfiditnts
sco¥es amgujpsted sctvedingeorber of filter taps mnus one. It is possible to fix
t he val ue of coeffrcrent C(O 0) at on The remai ning coefficients are
adj ust ed cadfigi che rEhgJX 0 M-0SH- correl ation scores. A

cross- corfatdt i o ek e TSED) t 0 “MEp MG 05| de of the current sanple, f of?

exarrp maasures 45 t ne anmount b i ch the current ¥rrbol snears to

t hat’ q dtshp ol -c ! l[nqu %ns Eﬁ?seﬁh‘r“’?’ﬂ%n pp laited 9 pgver cafgot cal-

C\;’Jr(r renf gt& Fl'lﬁematr B o lmgr)rﬁ tfan optrcal o SR Y rieR tbgswt?m un m)cye tyhre ug;c ore
€ CT @58t Infahenbd? phordrdli tt%ﬁb\?g b IFeiihiatbe g

tap coglglip6leabps :% ey %pt.ct.r i E«

SCOkE @ |neﬁﬂldl%dsge§fhr eﬂ:ente?sos ol Vi lfbls d@&re Gmgéar@ Tiré ﬁdn%&swﬂy

COr r es RriddieRgicd dPeskh éy BJI is héHAniformX vanling @édsinﬁsmdmi&t i & flicBn of didtanBd fof@eRpmRP o ut

the ceméigr. tap fromthe cross- correl ation score tap. 50 If the array
of synbol symbals suph axghcsér@presentied i Figira b axqtilidlids® squalizatiomfiaridgibedadseitits tianditions Hotivebialv €
good altabepboslobdppasite gpediaes dréaths reduichditight-aider kamiadicy. Trabstlioasibetwsen bréfbrad dy@ibolssaor €
f or%0al theohpryend passesepuch(mdreFjgnificahténighomterdeenpniol | nt er f erence can be

m nim zed by adapting the equalizer filter coefficients until the

Cross- do‘}dﬁlé'l"%ffﬂfﬁi%'%cor es of t he equal | zer out put vvrth the threshol ded dat a

are zero. A ba i it m ati on o zat ion is discuss t

b, Sty @ﬁt& e ttéi’tra T e t‘if‘%?%

| nrpl errﬁh Tl\?a%'de‘?llﬁ: nt:lrm el' aﬁel ransmés}:ve ropa t:& él? 91 l)!e §g f“’:u ﬁﬁ eé se tatlon |
Cl

{1 chrable ooy St w&a% érrésgaersaan vig tneh i ahst RSy

cross correl at|on scores an | ust I zat 1 on er-tap
coefficients for each field of synmbols. In one practical |nplenentat|on of
the present invention, however, only enough processing power is available
to cal cul ate one cross-correlation score for every second field. It
therefore 17 18



. EP 0570524 Bl becones necessary to utilize the cross-correlation scores for
a series of fields. Presumably, e%@o&g g elxperl ences simlar anmounts of
I mage degradatlon hence, it shoul 3 ? ble to adapt filter-tap

coeffi ? %ﬂ%d%qmﬁgﬁ grﬁssﬁ O?RL hlm,'le ?I;t}fgségﬂle mlﬁﬁl)r? 'dér@ﬁy] o'ﬂ?l %ols and

Cross- ¢ grr DforaCor e 1 or ev ry secon iel'd. Adjustment of filter-tap
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Eack Crrasiow raliof thd radge dsiatlistied by the TN 4R which cRhpshhd TorekAgel butdilyof the €CB GO EC.

S( O, O -ThéNaghioad of tha rdngdis edtabinsh ety @Bard a@taiisla intiguts[BahiclvatjusOhesefbrarch eoltagestitbé18-bih e
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(5) *wher gn pneempestimant o tp presentievertion deggrined Alpygdor f°6‘|"’°'b’ ﬁ@"qﬂ%l@mva"w ff?md'w@
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cengoer so thbshviyo hbode in gquetjpa d trethe threshokl\TusihgsheRveragk oCheilirgl miningurmeantl the sagend mittireum

t r ansnifixat value¢ g toehfiyalietand & dachyfectas £ obB@h synbol is nonuniform varying as a
rai sed siThagdartiveipesheld fegenerptag binagivalyp fog P@E‘ sybel i the iapherreseRBlian apdsieres the
Synbol dingry ¥glues in the M2, EhoRAMAR(igNgt hawnn '85"%9 g\ ‘?"ééﬁﬂe’t‘%"“fdé%@a“é‘ o value iwgiph
filter |°?‘F§°q§é'29é*ﬂgsl§°'? 300 § 7eipR 9o PraiAd o ABEN PR e Yhie!) FASR L exsped s iueneid ¢ ype

haveé gre ed hi gh-order harnonics. Transitions between uniform
synbol $; §3ﬁ¥§?f$°"?hi°ge%?'}1er hand, possess nuch nore significant high-order

har noni ¢ SIn th% greﬁqgtp&ﬂ m&bﬁ%t}@s&t Nr&ﬁgn t“‘ﬁbd @?glplgrggﬁegﬁﬁﬂgiﬂ%&gﬁnﬁoﬂal TnQﬁheIRAM

52 has been ance econstruction fil aptive 55
equal i zati on 64, the adaptlve t hreshol d 66 conpares the amount of [|ight
transmitted at or near the fixel centers with a threshold value to
determ ne whether a fixel is transm ssive or opaque. In effect, the
adaptive threshold 66 transl ates 8-bit qyal ues representi ng shades of grey
within the image representation at the fixel centers into a binary
representation. This is done by selecting one or nore threshol ds and
appl yi ng them agai nst the 8-bit values. Such thresholds nay be 18



. EP 0 570 524 B1 dynamically altered to track the transm ssivity of the

film the brightness of the illum | nsity of the synbols, and ot her
optical variations. In the prefer%%&%ﬁgﬁent of the present invention,

an aut gmat i.c aal 0608 Lok e wild! Ffds & RSedlddombh Birdr délibicoredord B ner
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est abl iggheshndhé. A fe Fbehinb aoitedite PBVidebardcaritialtitisiomehtatif Wit &ficibnit proctisgntispal. t he
CCDs 30 t Qn e prefbhid eib@imeat) he Bifarf iRBrmafitn Ge2eived fror tha Bdidptile @tkshold a8zemainsied lewlsofvn
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