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METHOD AND APPARATUS FOR REDUCI NG NO SE | N ELECTRONI C FI LM DEVELOPMENT
RELATED APPLI CATI ON This application clainms the benefit of U S. Provisional
Application No. 60/032,114, filed Decenber 5, 1996. FIELD OF THE | NVENTI ON
This invention generally relates to the electronic devel opment of film and
nmore particularly to a nmethod and apparatus for reducing noise in
el ectronic fil ggbay@bopment. BACKGROUND OF THE | NVENTI ON pd-ggsofdec fil m
devel opnent, al so known as digital developnent, is a nethod of digitizing
color filmduring the WWFAﬁmmiﬁé‘dﬁﬁ& N@,QFQN Pat ent No.
ana

5,519,510 issued to the preselgcTRONIECEIL SOPIRERNT og inmages into
digital data, or scanning, has becone w despread for a variety of uses,

i ncl udi ng storing, manipul ating, | tfd ISPl aying or printing
copies of the images. |In order t#%tiwﬁ&%@aphi c image into a
digital image, the f iThis application chairaes the benafitsgafod.Se @ravisiomey ApglicktidnmNe.canni ng

station, and illgapaaiRdbad Pecniirs, fgegn |ine with a [inear |ight beam of
uniform diffuse illumnation, typically produced by a light integrating
cavity or integrator. The light transmtted through the illum nated scan

line of the inmage frane is focusELDYOR THEIINVENTION on a CCD-array inmage
detector which typic [ color Light inptensity
signals for each i magﬁ%ﬁ“@éﬁ&%é@yfe?agﬁﬁoitﬁé‘égfo&? Jselvelo et 3?@"1@ n
digitized and st®pP@Particulagy tcnmaeed anharRsratilor ©duding noissdn pleatreniaimel opnent
of filmhave a v@dvieRipphef. forns today and the common aspects of filminage
frame digitizing, particularly line illumnation and |linear CCD array based
digitizers, are described in greater detail in U S. Patent No. 5,155, 596.
In electronic fil mdevel opne BACKGROUNDeOBpTHE INVEMTI@NScanned at a certain

time interval (s) usi egbctrBhit 3k UeldiSitheriOalds kAcWn o didhel ddVRIcPRmeRt, apiang film
and also 1 method of digitizing color film during the development process as disclosed in

U.S. Patent No. 5,519,510 issued to the present inventor. Conversion of analog

images into digital data, or scanning, has become widespread for a variety of

uses, including storing, manipulating, transmitting, displaying or printing copies

of the images. ' '

‘In order to convert a photographic image into a digital image, the film
image frame is transported through a film scanning station, and illuminated
along each scan line with a linear light beam of uniform, diffuse illumination,
typically produced by a light integrating cavity or integrator. The light
transmitted through the illuminated scan line of the image frame is focused by a
lens system on a CCD-array image detector which typically produces three
primary color light intensity signals for sach image pixel. These light intensity
signals are then digitized and stored. Film scanners which enable the
electronic development of film have a variety of forms today and the common
aspects of film image frame digitizing, particularly line illumination and linear
CCD array based digitizers, are described in greater detail in U.S. Patent No.
5,155,596.

In electronic film development, the developing film is scanned at a certain
time interval(s) using infrared light so as not to fog the developing film, and also
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‘increase penetration of the light through any antihalation |ayers. Sone of
the incident light is reflected froman enulsion on the filmwhich contains
m | ky, undevel oped silver halide. The undevel oped halide enul sion has a
finite depth over which the photons fromthe |light source will scatter and
refl ect back toward a detector. This depth is within the range of the
coherency | engt "WW8P35¥Prared | i ght sources commonly in use HOMUSY74284% oni C
filmdevel opnment today. It is this finite reflective depth which causes

[ inth d i t Kl Noj in th d
"mge results. i n BISTHEaneliied 8BS i FRiEn PR SMRletol it SepEtEE o  he
| onger wavel engt hingfient dightisedfidctaghirom laotemulsien omthel @mgwhictasentaine milkyi di ng
fractional bandw giddvdiSpedssitldrhaiie? 2rHaWnebvaidpal haNds WnRifsidrOnda d e Yept

h
coherency |l ength than normally encountered in visible | t. In addition,
the width of the S¥er whica e Rbiotons fiPmdne 'é%‘/‘é?%‘lf?es‘)’/'l!éﬁl’ of m‘i{gﬁw bR EPVRIH: ¢ f || m
devel oprment, r eduxdetgctbheThis kepthris withie tgs lange obthe ablyerbroy(leragihl otinfrared
| peep erence SbedlghPeolidd (LR Jelh bUBSAR e bghicH 1bdlg. hPRITnE U2, Of

the filmis very faint, so any erency speckle I's a Ied as the faint
i mge is anplifi einitgnepfieptive; depyle whichyrayisgs tnoise inhthe snespedimage dppdpent in
Ecans offthﬁ f}I lmdhe@abﬁlsmmeomdmeﬁ gﬁrsﬁhﬁr\?ﬂaﬁmhﬁe fe?ﬁl}seiﬁhﬁﬂuﬁﬁgoéﬁ iMget Op or
ottom of the fi | nsmtted through the film However, it is
predom nant in théélt?'g%dré‘?%r%{ngggﬁ'on scan due to the increased |ight

refl ected by the anti Basause ghthedgnger wayelengthoef infrarediiight wth thepwxelengthaddr ess

s ob | oy 61 o HSIASIRORIY ot KRBT SOl X,

Si y V, | suhbs | § subj. 0. an. "

whi ch causes t he '2RGfr SPRFONY '@Pﬁhﬁ?&? n ﬁ’ﬁﬁ“ Btffqdd'l’\?"é'bgirhgﬁ{' gf‘c?(%a'é'g'i"ng,
photons penetrat ithg wikdth efrthes milky stiverkieligarlayers és verysthim e dlectrotibefilmnul si on
and reenerge to b&v&ﬁ?ﬂgﬁt,eFe%gciﬁﬁ’thb}clgfe?ég?ﬁqéﬁiﬁned@fsa% (FERCS irtBdrgRands,

t he di stance between photon re g particles varies proportionally.
If the resulting eFKler ence between the photons' exit paths is a quarter
wavel engt h di f f er enceFuttieemno, tHecimahe spen throughrthe badigsidd bbthelslimdk very wWhi t e

or fromuwhite t ngginﬁ%%'angagéere%%pgék‘qughpﬁﬁ%dra%rmé/ E\in‘ F}Eag%FIS S#ﬁbﬁ'ﬁeﬁfaﬁ-.‘é(:t by

di fferenci ng i nages
the image is distorted. This problem is apparent in scans of the film regardless

of whether light is reflected from the top or bottom of the film, or is transmitted
through the film. However, it is predominant in the rear reflection scan due to
the increased light reflected by the antihalation Iayef. No prior art methods
appear to address this significant problem. Generally, during film processing,
the dry emulsion layer over the film substrate is subjected to an aqueous bath
which causes the emulsion to expand. During electronic film processing,
photons penstrating the emulsion strike particles suspended in the emulsion
and reemerge to be registered by light sensors. As the emulsion expands, the
distance between the photon reflecting particles varies proportionally. [f the
resulting difference between the photons’ exit paths is a quarter wavelength
difference, then a speckle point can change from black to white or from white to
black. Thus, any attempt to remove the speckle effect by differencing images
made while the emulsion is in a first expanded position and a subsequent
second expanded position can actually make the speckle effect worse by
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reasons, coherency speckle is a significant problemin practicing
~electronic filmdevel opnent. To view coherent speckle with the human eye,
the path | engt h\MA*8¥%d by the |ight can be no nore than PERUSSE2B4%ency
length of the light source. Beyond the coherency length, the speckle
shimers at the R&eFinglwd Hﬂ‘@en?éb@cl@@ﬁﬁ%ﬁ% B fhBSe Péh coiwgreP QIEIé nuous.

The characteristi.c nce "aser which is
a coherent |ight' ss%g'PE'h *Xﬁt B"°E]'&B"p'f‘8’ﬁcﬁ‘f"é9r$lg‘§@ﬂ'8 '"éf’?"@”?g‘e%l ch resul t from
coherence. Under | asevo Viewhoherent speckleiwitty therhumaneye) tapata ichgthtenkieéty and

the speckl es app%h&?céf%é‘ﬁ@ha@h%‘ﬁe'&ﬂ&&n g‘?&igg\ﬁ ’thé)ili?gy%% ¥fia Even

under ordinary Ilght speckle 1s sonetines s VEry short

path differences thaph 9'@!‘93' length.ghe sRagke shirvessatithn eneed of lightardapresaiepl e when
view ng a white stwaéwarito papertinususd IThé@har&d:téﬂsh@bfamyF&rspWQ %ie@Fanél ght,

- the coherency le e, ord wavel en di vi de
per cent band\>//m dt %ﬂa% @ﬂi‘gnw'ﬁ Eh I %g qr?n ['gﬁ’tﬁﬁ'\’fc? &?l% {‘]’dn ﬁ?’@ﬂf?/vﬁ&%qt'%ngt hs
of light, coher eMbichgRsuiiieam pghenertcendmm lagerVight, pyasything ircalroann appears ewi ng

wher e noncoher enfgpbdiiEal ahd tHeEpeBRES bpddar tossh.mereé meengharbb&*ai %%.e%rt hi's
i nvention to provi de a met hod of electronic filmdevelopment

significantly refif¥8s noise in capturing a devel oped or devel op| ng | mage.
It is another object EvMentumdsr ondinant ighty speckie &vsaestimesmsbbmavheh tiedrecirg Oni C
fil mdevel opnent vk %rtsbélﬂ' élff&%ﬁ&ésB/ar{oed&?%n‘a{}v gt 'a’h ILe¥ |ﬁ\LleEdn%tsef§r

coherent speckle in a\ devel o | mage, et anot ect of the
present inventi of*¥BPIg| Y"Pﬁ"h eé”"?ﬂ)laslé’hﬂ%uﬁ'éﬁ‘ ngl Péﬁﬂfeﬁ“eﬁ'ﬂ'ecép%@kgré difer ng
el ectronic fil m deraihemmt lightythectohesanay tiengtitlisbyn the order of the wavelength

divided by the percent bandwidth. Because this usually amounts only to a few

wavelengths of light, coherency shimmer is not normally visible in real world
viewing where noncoherent light is the norm.

It is, therefore, an object of this invention to provide a method of electronic
film development which significantly reduces noise in capturing a developed or
developing image.

It is another object of this invention to provide a method of electronic film
development which significantly reduces or entirely eliminates coherent speckle
in a developed image.

It is yet another object of the present invention to eliminate noise caused
by coherent speckle during electronic fiim development which is altered by
emulsion expansion.

To achieve these and other objects which will become readily apparent
upon reading the attached disclosure and appended claims, an improved
method of electronic film development which significantly reduces the amount of
coherent speckle noise in an image is provided. Additional objects,
advantages, and novel features of the invention will be set forth in part in the
description which follows, and in part will become apparent to those skilled in
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enmul si on expansi on. To achi eve these and ot her objects which wll becone
readi |l y apparent upon reading the attached discl osure and appended cl ai ns,
an i nproved nethod of electronic filmdevel opnent which significantly
reduces the ampbunt of coherent speckle noise in an inmage is provided.
Addi ti onal objects, advantages, and novel features of the invention wll be
set forth in part in the description which follows, and in part wll becone
apparent to tho3¥0%R¥$P ed in 3 Printed from M nosa 06/ 24/ 196fud92284: 18 page
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PCT/ US97/ 22840 t ar.t upon exam nation of the foll ow n or may be | earned
by practice of thE aH\}{?ﬂFeﬁ?f"'"%?Q% @“%"”%WW&H?%&@% Q}‘fp"?ﬂ\‘iePﬁV‘@ntlon

may be realized dneendion. aﬁhe@bbytsrmdr&deﬁagdseaf ithes inventien tredyi e @alizpdcand

conbi nati ons part ' d Y OF
THE | NVENTI O|\|I0Accéot{rélhqea bw“éaﬂﬁm @9&@3&?%%’&'5%? ﬁ%ﬁ&ﬁﬁﬂaﬁo@or 200! ngH & er

obj ects and advarﬁ‘%{j‘e@gép%engﬁgaﬁﬁﬁd by an electronic film devel opnent
met hod and apparatus by which coherency speckle and ot her defects are

reduced to render conmercially %/u"ﬁ@ gwl @igq.ﬁ @od and apparatus for
reducing noise in electronic fi evel opnen a strate bearing a

latent image i ncl udesAeAAIRG tocthe Prasent 'ﬂ%ﬁml%lﬂuﬁ tomomg andfdthemobjeblstandt e t o
expand the subst raivantages e taitaifbdasy anitironi! ﬂllﬂ%é‘&l&ﬁﬂ‘%@ phsthécRlafdt O

substantial ly expan et erm ne canni ng, t he subst rate to
generate a first ?@3ﬁhi§fbytvﬁ'g&sc(?g§'iep‘é‘[%°¢ﬁ%§'£? °tFWOqfiq°ﬁga’3é%é'F ReRRdess ¢ he
substrate; scannidenmeralytiakie mageaf The mithod| angd mppdratus fgeaduciigendsesiacond
scan; and generatélélgroﬁi& ﬁlme i;ninr Wé'gﬁgstﬁ% Vﬁ&g}{ﬂég]ﬁ ﬁ%éélinchsecond

scan information. &l PHP
cross-sectional \APR "@fa§ ?'r“|° ?%{'ﬂlté’l“ tgtar EIE’E Ghkstrate; ﬁ?ge’@ﬁ%éllﬁjs'ﬂtlft'ﬂegﬁt in
whi ch the mnet hod prédedtdrimineidnamanint;cailowing the salpytlatectd. subsightizly Zxpéndito the -

cross-sectional \jreytdrrlidtdtdridunD ScoMicy A8 %Mbs?r@?ect‘élg%néﬂte 2 filst Tean of the
substrate image; inducing development of the substrate; scanning the substrate
after development to generate a second scan; and generating an image with
reduced noise from the first and second scan information.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a film layer structure being exposed
to light in which the method of this invention can be applied.

Figure 2 is a cross-sectional view illustrating coherency speckle in a film
layer structure.

Figure 3A is a cross-sectional view of a film layer undergoing electronic
film development before emulsion expansion.

Figure 3B is a cross-sectional view of a film layer undergoing electronic
film development after emulsion expansion. | '

Figure 4 is a graph showing the relationship of emulsion expansion over
time upon application of a neutral and alkaline solution.

Figure 5 is a graph representing the relationship of application of
developer and emulsion development over time.
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| ayer structure. Figure 3Ais a cross-sectional view of a filmlayer
undergoi ng electronic fil mdevel opnent before enul sion expansion. Figure 3B
is a cross-sectional view of a filmlayer undergoing electronic film

devel opnent after enul sion expansion. Figure 4 is a graph show ng the

~rel ationship of emulsion expansion over tine upon application of a neutral
and al kaline solution. Figure 5 is a graph representing the rel ationship of
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DETAI LED DESCRI PTI ON OF T5Er v, be descri bed
in nore detail with ref erence%ﬂ%ﬂ?ﬁgﬂ\g ﬁﬁﬁdm#gﬁw In the
figures, the inventi ohg igvetien sk row bendessribascinimate wptath with meferenéetedhe col or

fil'm havi ng at | Qraﬁéustﬂéra%%l ﬁljuféserlﬁﬂfe fl Bé@rt‘ﬁe lﬂ:vbﬂnon]is bfds té@ﬂr&ﬁﬁg&gﬁ' on of
how each of three ers of a ree bl ue

respectively, arewt\b'l %Pt\%%'rf’ok)(ff&éﬁw q)aq 'P@ﬁﬁ hre?\ﬁgﬁ?ret"ﬁ@yﬁ'gveﬁ'%p1 B filmis
vi ewed from the tregreshmtsting otisorebash b three layees diapfilma0e) sbrisitive tored| geehy Whil e

the [ower |ayers aag %Iu%%ﬁe@l%ﬁh#eﬂ%ﬁh#@ﬁ%x@ée& lfl:ﬁl gﬂgaﬁlkéﬁ( 18 debdGpih p

| ayer. Viewed fr therer duri ng devel opnent ayer 1s s
vm?ll e the ot her ?' &F Yiewp ’RB‘s‘PPM)@m"e(ﬂ?aelomnﬂm the top\jayer lmsemeleaslyl i ght
transmtted thr ouuj;iile thedofer layers ire siibsaitiallynocchudéd by the opadity d0me toeRGsr at e al |

nt of
Bl Sohr bl ayer s REetE e difdNeGon AN o pARTeEPi B8 A pRteF ot 10
of the film 101 ﬂ%var%%ﬁet@oqﬂv Qm'udPG4 Fm"bulgwntweﬂdnyl lightstrananisted twougthe fi | m

101, a viewer 10%hd mmmh‘eh&cfdmmgﬂt%t Qbed ;hﬁ\efrétla 2y ihQéle E{:érmér rpiud%a?é‘cf% lhlt 92&0

ransm t1ing t hr SIOHOSIDoSr aEE R Goniple 2 Vo B ies e kvt nesiicBly of ouer
112 fromthe back |Iﬂtlt-}5°©fcet1lﬁé at thierfiofitOtD2 offrerfila 101 tyirisndte light 04 thfowth thdie  back
113 of the film Jlarlomsnamw olfird b1, Jal\ﬁew%%n% e f.loﬁv?dzs fths'w;gwf 116
sees light 118 r %}c'lrlngﬁl;[l sees Irg%t 16)6 rega cted f¥om thee brlueedsengl’trllvseI Ia;lle\:ews f\j}wtﬁ rsome of The
Vi ewer
the light 110 transmitting through all of the layers to be ultimately viewed by
viewer 112 from the back 113 of the film 101. When a light source 114 at the
back 113 of the film 101 transmits light 115 through the layers, the viewer 116
sees light 118 reflected from primarily the red sensitive layer 120. The viewer
116 also detects a reflection 122 from the antihalation layer 124 which includes
coherency speckle. This coherency speckle becomes image-related noise
which the present invention reduces. Because of the additional light 122
reflected by the antihalation layer 124, coherency speckle is worse for the rear
reflection image; however, coherency speckle also contaminates the front
reflection and transmitted images. Thus, its elimination will improve all three
images seen by viewers 105, 112, and 116.
Fig. 2 illustrates the phenomenon of coherency speckle in more detail in
the context of the present invention. A typical light source 202 emits two
photons along paths 204 and 208. These photons penetrate into a milky
diffuser 208, such as a silver halide emulsion, deposited on a substrate 210.
Depending on the degree of opacity, photons will penetrate a random distance
into the diffuser 208 before they hit a particle and are reflected back. The
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116 al so detects a reflection 122 fromthe anti hal ation | ayer 124 which

‘i ncludes coherency speckle. This coherency speckl e becones inmage-rel at ed
noi se which the present invention reduces. Because of the additional |ight
122 reflected by the antihalation |ayer 124, coherency speckle is wirse for
the rear reflection inmage; however, coherency speckle al so contam nates the
front reflection and transmtted images. Thus, its elimnation wll inprove
all three i nageVaWeMy viewers 105, 112, and 116. Fig. 2PCTU$SRBM es t he
phenonenon of coherency speckle.in nore detail in the context of the

resent inventi o I 2 at hs
D e ool BPIGR b AL B RER AA% SBbb el 55@8%‘5‘ 80.0%
silver halide emmegmefsmgcﬁi?msqaﬂe%n%ﬂﬁa pgetsgﬁloag 931122955 Brandhe

degree of opacit Yreeﬁnléﬁﬁe’érh‘-'rod@ pdth mletm HeCillstiafiadaudh dboiﬁ PaHS 21ﬂtéhdté‘l%
di ffuser 208 before the gw%gzél cle and are reflected back. The
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particle 212 and ﬁ@?ﬁﬁfoﬁé Bgutt%’d%gp@aiﬂ% ébh”and'@b% a‘?é‘@&r@?erﬁ“urpﬂﬂt f?@% Bre? A0

strikes particle 21 reenerges al ong path he 1llustrated case,
both paths 214 anﬂ‘aﬂg’”tPQBBﬁU‘é‘Pﬂe‘"W the WP‘@P@F‘QW"QWG‘}FSP'H@QI“F%I‘HG W8ur ce
202 is a source opartiade2thand 2tfharesnadiosatogetharseras tb lappgan avedappingidt tacd

al ong pat hs 204 ; e ' th.one
“anot her al ong thg&%@gﬁ:@%&&?&?ﬁ@@ﬁ bﬁwgpﬁéhﬂr}i %oaéhﬁtobg "Eagqﬁt\%%a hl cles
212 and 216 are s®AcH|dker at figcrigpar 220, ' OFBa‘hﬂi)‘@&r'“%g‘ég rrawMIffﬂgera@naie§| ngl e

p;)lh nt vv[le?hdet ectmcbabﬁbumma taaqeng&rhefthm@hareedaspmzomwmrmvzmh each
other a e vie

particular, if t\r@{'?' %\ ef‘%‘n‘ﬁ?‘??’ i gg?er\?%lﬂ{’a‘?}% %%dl ffé‘b%r‘l’tﬂ%&g a

206- 218 differ frlght eamwddwrmxrqgwoantmnu@motm|vml porstrgcr:nvalyentaaermvemgt h of

the coherent |ighgach ratﬁér%dwbwers@ar Crug, AReir S16& &é&&rmmtaaaso Phokilice twice
constructively interfere }/\%@ h ot her at vie

h
el ectric vectors |qlec&réﬁj Hﬁgmgwr@epower V\F on tge othar Hand tthee Ip.E.uth

lengths differ by an mteger multiple and a half of the light source wavelength,
the two photons will interfere destructively, meaning the electric vectors will
cancel and produce no light at the viewer 220. The effect of this phenomenon
over a film surface area which is large relative to the light source wavelength is
that on average two coherent photons will produce twice the average power of a
single photon. However, the point detected by viewer 220 corresponding to the
image particles 212 and 216 may either appear very bright or completely black
depending on the degree of interference in the reflected light. This effect is
known as coherent speckle and it introduces noise in current methods of
electronic film development. _ _

Reference is now made to Figs. 3A and 3B for a description of a related
speckie problem unique to electronic film development. During film processing
in general, the dry emuision layer 308 over the film 300 is subjected to an
aqueous bath which causes the emulsion 308 to expand. Referring now to Fig.
3A, a light source 302 emits two photons along paths 304 and 306. The
photons penetrate into the dry emulsion 308. The photon traveling along path
304 is seen striking particle 312 located within the emulsion 308 and

Printed from Mimosa 06/24/1999 09:21:18 page -8-



the electric field, and four tinmes the power. If, on the other hand, the
path lengths differ by an integer nultiple and a half of the |ight source
wavel ength, the two photons will interfere destructively, meaning the
electric vectors will cancel and produce no light at the viewer 220. The
effect of this phenonenon over a filmsurface area which is large relative
to the light source wavelength is that on average two coherent photons w |
produce tw ce tWoW2shge power of a single photon. HowevePCTU$H2386 nt
detected by viewer 220 correspondlng to the image particles 212 and 216 may

ei ther appear very bright or conpletely black de endi ng on the degree of
interference in t"RAMPENGAPRY PRINGAL4. 'ﬁYfF'éa"éf f*\?c'? gten &Hgmaé& 306 19 8‘9
speckle and it i rnart«xlkjees im dhes emiulsionu808: abd mexnteagess elong Ipatht BOHI dnfthé m

devel opment . Ref Qﬁtﬁﬂgt% §sé“BWh[F£% 419 du%is rgd%n?é}ge dfa vﬁwe‘?sg?sﬁfgi BBl 08 of

a related speckle el ectronic
fil m processing |rﬁp"§é?f3$ dhe ei‘l’ﬂ?d&?)?"%ﬂ‘l”k?g?l aﬂay&“&o@%@ﬁm@ 19 PPn 300 is

subj ected to an aguesusshalat As inFig IBAC a ligitSoliloe 3627bmiEs o phidfbnk lopy Pate .
Referring now to :JEE%PO%@ pgp]ée pﬁ%ns peﬂ?t?aei? ﬁ%zeéﬁéﬂdteﬁ ‘M%.oR'?%h 'ﬁ?ﬁh&% pat hs

304 and 306. The pho s on oton
travel i ng al ong piang MHSO%IS%@ntOsﬁGﬂKemangle@éEtan@ resn@ige alongpatihy 301, tamin t he

gg}llzg |3 gg 308 and the Prétok aRng pari Aol Rrkas Brtidd 81888 Qa% e?s&l th 84. VO

8
reemer gi ng al ong Beth pats,322;apd | 324, chf‘ﬁégepﬂ%taoﬁ'ea’%ﬁ ‘Ff’agﬁ% °ittp? kes
particle 316 in texpansion of the &@dsiomd20 abmmweaﬁemnpae thBtba reflectinge

illustrated case, épahﬂ:fég :ﬂﬁzﬁ?\g ﬁ%ﬂa@ﬁgg%gar¥£3?$$gﬁlﬁﬁaiq tl‘%néﬂgﬁlxﬂ%n ke FI O

3B represents th $‘P mul si on ubjected to an
aqueous bath. As §mpigion 3265 Thig qapgas the siiffesence i P length Retwsed tefalsPalh ong
pat hs 305 and 30&o04H1a @hﬁmspmmn@tnﬂaﬁeto&dl@ammmrawua&ycwna setdnd The

jphoton al ong pat r&ﬁﬁvﬁtﬁm %’Lnénoso%tté gﬁ%a@%‘ié{p&‘ g?e e t%:f%fléi‘n 3 pitNeet ba afh ONg

ipath 322, and th ot on reener ges
'al ong path 324. @95‘1'326614’11’53@92 ﬂU“@Z@‘PﬁB@QﬂnQ’EW@'@"cﬁﬁoa if iteqsliffegenee iBecause

'of the distance between the particles 312 and 316 is only a quarter wavelength (less
than one four-thousandths of a millimeter in a typical application using infrared
light), then a speckle point can completely change from black to white, or from
white to black. Thus, any attempt to remove the speckle effect by differencing an
image made with the pre-expanded emulsiori 308 from the image made with the
expanded emulsion 320 can actually make the speckle effect worse by
overlaying two different speckle pattemns.

The present invention reduces the amount of coherency speckle detected
by electronic film development by scanning a substrate bearing a latent image
after the emulsion has expanded to its final thickness but before development
has begun, and differencing that scan from the resultant post-development
scan. '

First, a solution is applied to the emulsion to initiate its full expansion.
Fig. 4 depicts the emulsion thickness which may contribute to the speckle effect,
and the relationship between application of both a non-alkaline pH solution (for

" example, a neutral solution with a pH factor of 7.0 or less, e.g., that of water) and
an alkaline pH solution (pH above 7.0) to smulsion and emuilsion thickness.
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expansi on of the enul sion 320, the distance between the photon reflecting

- particles 312 and 316 has al so expanded proportional to the expansion of

: the emul sion 320. This causes the difference in path |ength between total
path 304-314 of the first proton and the total path 306-318 travel ed by the
second proton within emulsion 308 to increase to the greater difference

bet ween pat hs 304-322 and 306-324 in the expanded enul sion 320. |f the

di fference in dWowRem® between the particles 312 and 316 iRCTAPR2#9quart er
wavel ength (less than one four-thousandths of a mllimeter in a typical

| t f | |
P 20o 1 om b e Deph bl ds A Wphyat bASBRr AL B AR Bk WeGRIB 568,
renove the speckbedies.f Teg trangit mprenresesisiae H’ﬂe it fakge farihe-aqmeeys eaiidion to
pr e- expanded emJ'bﬁ'aﬁQorB&Bb)f ﬂ@m&hﬂyérﬁﬁﬂﬁer&%:dﬂ ror foh@a@iﬁbatﬂéi%hr [ sion

320 can actual ly _make S e over | L fferent
speckl e patterns aspRE" ng'Eee k! °|t|§1§ % Mo Wg{ﬂ%g%u"%lﬁgcré lﬁ% %f"tfyb)an ?"ency
speckl e det ect ed ekgansiosof therfilra begihsraitimes407p Mietemysioncwith nontigpue tesepand at e

bearing a | atent uhﬁ&%a@?eb@ﬁedt &lsete?rﬁi\-lhlsthféﬂmé%@%o@)élpﬁﬂ sl Atithis 40d) e
t hi ckness but before, devel opnent has gun erenci ng that scan from

t he resul tant po§f"“!?§\?é?6?} fod and yyil "‘FPP%G(’ e"%ﬁngol ut ion is applied to the
enul sion to init | at e Adifustratet bg thEography the dmulsion/thidiaiiss il viahedependisg om

L1 ckness whi o Y, ea! i ARSI sBLIAE! up BBy ELRY onshi

bet ween appl i cati on
neutral sol ution 306?"("?? %l" ﬁﬂ“?%‘t‘de“%@z? “!9 Qﬁpa'l‘%@kc’f tae gmulsion hegipp UM‘t‘br) and

an al kal i ne pH s@ddthe® s (tofrhind) QHiekness 406 Cat &ifd 30®N A%Bd'dﬁhﬁubsth@ ééynt:kness
7 WO 98/ 25399. S97/ 22849

Upon applicati on'"c‘f]e "té?nh g '? ?%ﬁr tmﬁ 4°8|"L”R tple etrm{"fﬂnlg'cm?fs °{ m? et"?"ﬂ‘ﬂ%'? %ime
period 403 begi nbeer mawa@.rmttbetqrmevdmmS beben, tthatethe tpresche of fte  t he

aqueous sol uti on gkt |§B§lﬁﬁl§?ﬁ%rlﬂ¥nlﬁlﬂﬁlgf& Qﬂﬁmétﬁﬁ%ﬁﬁer&ft sb&‘i‘dee”u' si on prior
to reaching the rear ce the liquid

reaches the rear of t ?‘f"laﬁllse E‘ﬁ%’h? &ﬁpﬁﬂ'wgﬁaeﬁmuf?mé@an%e"ﬁ'PP?' WRic07. The

emul sion wi || corontaine roodaveloping agent. Staple types of developers include HC-110
manufactured by Eastman Kodak of Rochester, New York diluted to a 1:7 ratio.
Alternatively, the emuision-expanding solution could be an activating agent
which enables the developing agent to work by elevating the pH of the solution
to alkalinity. Typical alkaline activators dissolved in aqueous carriers include
but are not limited to sodium sulfite and sodium carbonate.
in another embodiment of the inventidn, a developer containing a
developing agent is applied to the film emulsion. The developing agent
reduces silver halide crystals containing latent image centers. Suitable
developing agents include but are not limited to Elon, phenidone, and
' hydroquinone dissoived in an aqueous carrier and are commonly manufactured
by Eastman Kodak, Agfa, and others. In this case, the prescan must be done
upon the emulsion reaching its final expansion but before the beginning of
substantial development. Fig. 5 represents the time relationship between
application of the developer and development of the emulsion. Upon developer
application at time 502, there is a specific time period, called the induction time
504, before development of the film begins at inertia point 506. As the induction
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until it has reached its term nal thickness 405 at tine 408. At tinme 408,
the emul sion is saturated and will no longer expand. As illustrated by the
graph, the enulsion thickness will vary depending on the pH of the applied
enul si on-expandi ng sol ution. Upon application of an alkaline pH solution at
time 402, the expansion of the enulsion begins until it reaches its _
termnal thickness 406 at tinme 408. According to the present invention, it
is after time 4H®%RBY the terminal thickness of the enul sPowusyamsdseen
reached, but before devel opnent has begun, that the prescan of the

substrate is opti i pim zing or. eljmnating coherent speck|le. One
sui tabl e sol ut !Oo t%'fogé(epégh{&er? %'Jfarluge%s.%Iot*hSrf"i'”is-'%gB%rs%ﬁeﬁpgﬁ"emﬁhL%Bnt ai ns
no devel opi ng agéhRe dafiag|vhiah fiesemgisigavaxpapsiens and dlimddevilopmeot pbarssact ur ed
Rly el IKOdat( h@%rleﬁﬂf!h_&ﬁ& Sbodin) o lf”%b%%%ggﬁéaiy?gg%gﬁq’tgﬁ? t\?gtelngg agent

ternatively, e i.on-.ex i ng. sql uti u
whi ch enabl es t heO‘?gé%FlZ%ﬂgﬂamgﬁg?m{]%ﬂgﬁf ] Q?Fd?“ibﬁt@"tﬁ%emng?d-tﬁe
sol ution to al kalpresdap. takgmattiiis poikiatepresentst the dinal sohdraeyplspeckie PaietHeous
carriers include dabiadf Gmbahed leldeBdig? nafid gigheul f1te and sodium

' t of t

carbonate. In another enbodi nment ¢ e 1nvention, a devel oper containing a
devel opi ng agent is alhhg sqiutiog appliedstp the amulsien ésma deyelopge with slavglopigent
reduces silver haiged devejarivmnt bagiratimimediagy ateetrteiiéelimmiﬁt&iﬂlﬁ d‘eveﬁbinbgm e
devel opi ng agent S, t . i t on.. eni done, . an

hydr oqui none di s?glbelg%urgﬁc%# a@&%ogés?ﬁt{?ér%ﬂlpéere?d% eael’%"!%° rﬂlg °ﬁﬁﬁl5'f Act ur ed
by East man Kodak,deXgiPRing Aagnbthery therq js apjasbitrardy longhtime raitec the flos habe done
upon the elrmldsi olrexpa&rébidnlg:nd which ith‘eadcaﬁ%ﬁ?fb%i rﬁihe?%ncmﬁﬁ?&?/_eio%ﬁ%g ﬂg?\'/\ggn()f
substantial deve . reprgsents, e rel ationship

appl i cation of tﬁ@ﬂ%ﬁé\%}hgpégﬁmgnﬁan gg%ﬁf“oﬂ}?éﬂé“"ﬁ?" t"ﬂ% 58%19?%’?%“’. "ifp difter

devel oper appl i calevelppmenttiascbegoR, a phuality pksaans pex périfambd ne spasedotiine cal | ed

the induction tinReR@d, THEOENSSHEIMIPERIBinealintd ARirkie! P@gﬂ tdelErtia
poi nt 506. As the i_ndection 8 Printed fror_rqel\,/lmrmsaIn g/d%/ Bgﬁﬂgﬁ ZslfQ'TB page
-10- WO 98/ 258§dS already known in the electronic film development art. The present

PCT/ US97/ 22849 invention takes the post-development scan containing image and speckle
information and differences it pixel by pixel from the prescan information which
contains the speckle pattern without the image. During the differencing
procedure, a first image and a second image are received in a computer as
pixels. Each pixel has a numerical value representing a characteristic, such as
luminance, of the substrate corresponding to that pixel. The corresponding
pixel information in the first image and second image are combined to create
pixel values which will generate a third image in which the speckle pattern has
been decreased or entirely eliminated. The combining function may consist of
any of a number of mathematical steps or combination of steps including, but
not limited to, dividing and subtracting. As a result of combining the first and
second images in the present invention, the speckle pattem will be nulled out or
significantly reduced.

In general two-component film development, a non-alkaline solution
comprising a developing agent is typically applied first, then an alkaline
activator is applied subsequently. However, there are situations in which a
better result may be obtained if the order in which the agents are applied is
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time proceeds, the optical density of the enulsion increases. There may be
ca time during which the enul sion expansion and fil m devel opnment phases
overlap. In this enbodi nent, the prescan is optimally perforned before the
~end of the induction tine 504 but after the emnul sion has substantially
expanded. A prescan taken at this point represents the final coherency
speckl e pattern devoid of unwanted reduced silver halide grains. |If the
sol ution appl i eNOP#2SMe enul sion is a devel oper with a dewdTasywegssagent ,
devel opment begins inmediately after the inertia point of the devel opi ng

agent is reached. n,a sion.did not ontain a
devel opi ng agent, reHgséJ“ghﬁ%m gg‘ffrllc’p%? ag Ya\t?f ?Q?Hgfu?ren%‘) 3?4 & & e ?l | m has
expanded during \RIUSAN that comprises bobedavalorer aprnis ane agixpdaroagents. agbet i s
added to the sol gbinBmed B olufith afplp#dabh fshﬁbré@dhiﬁbﬁ AMhd hrifsffm%e Ifeht.t O run.

Af t er devel opnent has A] ns,, ar orned at spaced
time intervals. Thes ev@iaﬁ’és 'deep??rhéﬂs h%‘%b‘feﬁ@r At an ?Fﬁlj‘ﬁ'é upon certain
post - devel opnent ps¥fared embgdisentsaugriatiomanin tha préferreﬂ eahpasition dndl method

devel t art: vt '
evel oprment  ar Jéﬁb@ﬁ%ﬁ&%d'tﬂ%ﬁo‘&ﬂn&r@é‘ﬁ% ﬁl?PgdﬁﬁéeodeﬁEHﬂ%Eﬁ oi xel

cont ai ni ng i mage and ec nformation a rences It

fromthe prescan sPﬁ‘F'B?ﬁ%ﬁtqeﬁ?f'b\ﬁﬂl"t?FP"?:orﬂcS‘P"H%‘QEyhﬂ‘esBM'P@ aﬁa‘fqﬂéﬁﬁ bithéiout t he
i mage. During t hdoldwirfgeclaimsi ingudesediatodiications§ énceinpasyed evithinctha spiicand | nage
are received in %m&%ﬁﬂ&%@i as pixels. Each pixel has a numerical val ue
representing a characteristic, such as |um nance, of the substrate
corresponding to that pixel. The corresponding pixel information in the
first imge and second i mage are conbined to create pixel values which wll
generate a third image in which the speckle pattern has been decreased or
entirely elimnated. The conbining function may consist of any of a nunber
of mat hematical steps or conbination of steps including, but not limted
to, dividing and subtracting. As a result of combining the first and second
images in the present invention, -the speckle pattern will be nulled out or
significantly reduced. In general two-conponent film devel opnent, a
non- al kal i ne sol ution conprising a devel opi ng agent is typically applied
first, then an al kaline activator is applied subsequently. However, there
are situations in which a better result may be obtained if the order in

whi ch the agents are applied is 9

10
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WD 98/ 25399 _ 49
reversed or if both devel oper and activator agents are i i ngl e
solution that conprises both devel oper agents and act im}‘“ﬂamﬂ\m“ .
conbi ned sol ution approach is nore common in the art * ewel epnent . -

VWhile this invention has been described wth an enphasis upon certain
preferred enbodi nents, variations in the preferred conposition and nethod
may be used and%o828Mhodi nents nay be practiced ot herw sePCHEE7/22849
specifically described herein. Accordingly, the invention as defined by the
following clainms includes all nodificat icg_rlgg%corrpas'sed Within the spirit
and scope thereof. 10 Printed from M nos 4/ 1999 09:21:18 page -12-
WD 98/ 25399 PCT/ US97/ 22849
CLAIMS 1. A netfiod AonethctbiCieBEbinyOiois ih Blebthddfcl iR Abteldpnidit Sy SlnepaEnt of a

substrate bearing a.latent iLnmage conprising: applying a first solution to
said substrate t e@ﬂ%ﬂﬁ“ﬁi’@%ﬁ@ﬁgf‘%' to a predeterm ned degree; allow ng

sai d substrate to expapplyinga disst dolpticrdiet saidsubsitate ég) pxpand saidnsubsitats 26 d
expanded substr atReddterdfift@dfgfed first scan; inducing devel opnent of said

substrate; scanning said substrate after the devel opnent inducing step to
generate a second scafPWIFAIHISYA Ip QRATH to;saigpr inRd degiP® second scan
to generate an inage sdahhing eald egmhnded sbstridte to gehbmten@tirsstanf cl ai m 1 wherein

said first solution cRERSRReRpfSNSh GRl IhalgeNt and an activating agent.
scanning said substrate after the development inducing step to generate
a second scan; and
combining said first scan and said second scan to generate an image
with reduced noise.

2, The method of claim 1 wherein said first solution comprises a developing
agent and an activating agent.

3. The method of claim 1 wherein said first solution comprises a
non-alkaline pH solution. '

4, The method of claim 1 wherein said first solution comprises an alkaline
solution,
5. The method of claim 1 wherein said first solution comprises an alkaline

activating agent.

6. The method of claim 1 wherein said first solution comprises a developing
agent.
7. The method of claim 1 wherein said substrate comprises an emulsion

containing particies that cause speckle interference.

11
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3. The nethod of claim 1 wherein said first sol uti on——eomp i

€0 se“
non- al kal i ne pH sol ution. 4. The nmethod of claiml
-solution conprises an al kaline solution. 5. The nmeth E.‘ rein
said first solution conprises an alkaline activating a It thod

of claim1l wherein said first solution conprises a devel op| ng agent 7. .
The nmethod of claim 1l wherein said substrate conprises an enul sion

cont ai ni ng part WgI9es3%hat cause speckle interference. 11 PCRSUBB45399
PCT/ US97/ 22849 8. The nethod of claim1 wherein said predeterm ned degree
represents a terrg nal f claim
8 wherein said flrgrst Eh%g'ﬁgtngé 8PC|8IH f@hgrei?\%%ﬁit6r@&§erm%egxd8§%§|rgﬁﬁ§@?s 8
substantial | y red@Rénal pxrangien 8‘(%"“’5%?[’3&% i al devel opment of said substrate.
10. The nethod of claim?2 wherel n said first solution causes both enul sion
- expansi on and i nductign of. dev o [ erein

. the devel opnent i*hduc g"‘E'PS% ﬁ’&? égrei\ safd | ngscgﬁééb%gsn%er% i twn%ivg said
substrate prior tespawich is subﬁmtlsﬂzareacim but hhferermbhtauﬂabﬁe@l@nmnnmf o#idr ei n
the second sol utigpameyPri ses a devel oping agent. 13. The nmethod of claim
11 wherein the second solution conprises an activator agent. 14. The
~method of claim 11 wherein said predeterm ned degree represents a termnal

. expansi on of sai dosubTe mbthodpticiaim 2l wherest said finst spiution calses doth ¢rhgsiemd of an
~induction tine a r mn& on is reached. 15. The

~met hod of claim %qﬁi’IePz‘ ar?%gg@ és?{eépodr%gé scanni ng step conprises generating a
:plurality of scans during devel opnent.

11. The method of claim 7 wherein the development inducing step comprises
applying a second solution to said substrate prior to said second scan.

12. The method of claim 11 wherein the second solution comprises a
developing agent.

13. The method of claim 11 wherein the second solution comprises an
activator agent.

14. The method of claim 11 wherein said predetermined degree represents a
terminal expansion of said substrate and said first scan occurs before the end of
an induction time and after said terminal expansion is reached.

15. The method of claim 1 wherein said second scanning step comprises
generating a plurality of scans during development.

16. The method of claim 15 further comprising combining said plurality of
scans into a single post-development scan.

17. The method of claim 1 wherein said first and second scans read
quantitative pixel information representing radiance received from said
substrate.

12
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16. The nethod of claim 15 further conprising conbining sai ng said plurality of plura B
scans into a single post-devel opnent scan. 17. The ﬁﬂ m'""'u

wherein said first and second scans read quantitati v I

representing radi ance received fromsaid substrate. 12 *Print bd 'frdm m)sa
06/ 24/ 1999 09: 21: 18 page -14- WD 98/ 25399

PCT/ US97/ 22849 18. The nethod of claim 17 wherein said conbining step
conprises diffeVOMREBY said pixel information fromsaid fiPeHUsaTS8econd
scans. 19. The nethod of claim 18 wherein said differencing step conprises
di viding said pixel information fromsaid second scan by said correspondi ng
pi xel information fromsaid first scan. 20. The nethod of claim 1 wherein
said first scannilfg stk mribed of staimr &7 avierainlreid cambining #iep eampsiseand

after said al | oWdikbr&icPiR-saidlpixel MbrARIRA TR M5t n8LbEnAScdRl S I N
el ectronic filmdevel opnent of a substrate bearing a |l atent inmge

conprising: neans for applying a first solution to said substrate and
al | owi ng sai d suld®t r aThe metodahdlaino 18 wherdint saidi diffatenbing etep caraprisetor

scanni ng sai d subfiidiRd Saitl et MidrHafiorfiirbhs3ld S&BRd sﬁfﬂ%ﬁsilﬁ’ﬁohégﬂdﬁ&l]ﬂ?er

devel opnment of said sybstrate rreans f or scanning substrate a
devel oprent mducPP?ebﬁ‘l"Ba'{j’@r{@Fhﬁa@ ffst$e®nd scan; and neans for conbining

said first scan and said second scan to generate an inmage wth reduced

noi se. 22. The par‘g‘ﬁe“ﬁlef%? 8# é’}%.m ?Jrhéﬁ’&ﬁ rsgfdggsi %’:éh] n'g s?%) c?c%bﬂtﬂeﬂ?e %ﬁ mpr I ses

a devel opi ng agen an ac aratus o aim 21
wher ei n sai d noi dRdustienstige hasgRdega Ff@"lsﬁ'ﬂ@ﬂq"@'ﬁgaﬁ@é caused by particles
contai ned within an enul sion deposited on said substrate.

21.  An apparatus for reducing noise in electronic film development of a
substrate bearing a latent image comprising:

means for applying a first solution to said substrate and allowing said
substrate to expand to a predetermined degree;

means for scanning said substrate to generate a first scan;

means for inducing development of said substrate;

means for scanning said substrate after development induction to
generate a second scan; and

means for combining said first scan and said second scan to generate an
image with reduced noise.

22, The apparatus of claim 21 wherein said first solution comprises a
developing agent and an activating agent.

23. The apparatus of claim 21 wherein said noise arises from ‘speckle
interference caused by particles contained within an emulsion deposned on

said substrate.

24. The apparatus of claim 21 wherein said predstermined degree
represents a terminal expansion of said substrate.

13
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24. The apparatus of claim 21 wherein said predet er
.represents a term nal expansion of said substrate. WD 98/ 25399

PCT/ US97/ 22849 25. The apparatus of claim 21 vvherel n mmlﬂm“iwmﬂon
conprises a devel oper. 26. The apparatus of claim 21

~solution is applied to said substrate to induce-devel opment prior to said:
'second scan. 27. The apparatus of claim 26 wherein said second sol ution

"conprises a devNOASRETY agent. 28. The apparatus of clai m PEIyH&E84n sai d
second sol ution conprises an activating agent 29 The appar atus of claim

21 wherein a plurglity, of scans e ed. d i The
appar atus of cl al‘%Zl*\/\/ﬁeﬁp@gW% f)dc\aﬁ? ﬁ els"eco scé’¥”§°ﬁeg§‘ t(ﬁ'ﬁ?i%% tative
pi xel i nformati ondevelapesent i ng radi ance received from said substrate. 31.

EThe apparatus of claim 21 wherei n said conbining nmeans is a means for

i di fferencing said,pix nf or Q satd first secon SEans
- The apparatus of %&ai ﬁi’%fpaﬂé gi° #1 @5’? éP%F'FE‘r%ﬁ%?H& sﬁgg 'slafp ntga?ﬁg f or
. mat hemat i cal | y di subsgtratg ts tiducepdevelbpmerit prioreto said séeondsean. d second scan by -

. saird correspondi ng pixel information fromsaid first scan. 14 Printed from

M nosa 06/ 24/ 1999 09: 21: 18 page - 16-
27. The apparatus of claim 26 wherein said second solution comprises a

developing agent.

28. The apparatus of claim 26 wherein said second solution comprises an
activating agent.

29. The apparatus of claim 21 wherein a plurality of scans are generated
during development.

30. The apparatus of claim 21 whersin said first and second scans read
quantitative pixel information representing radiance received from said

substrate.

31. The apparatus of claim 21 wherein said combining means is a means for
differencing said pixel information from said first and second scans.

32. The apparatus of claim 31 wherein said differencing means is a means
for mathematically dividing said pixel information from said second scan by said
corresponding pixel information from said first scan.

14
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