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SYSTEM:AND METHOD FOR | MAGE RECOVERY Field of the Invention

This invention relates to i mage enhancenent and recovery, and, nore e

particul arly, to systens and net hods whi ch conpensate for the effects of 5
storage nedi a defects on inages stored therein. . Background of the

| nventi on AT9-92-012 Ever since the firist image of an object was captured

on film a serious probl emwas apparent which has continued to plague _
the field of i mge capture and reproduction to the present day, nanely
i nperfections 10 in the re¥SiH AP ¥RIHOD FAR, IMAGH REGOMEEIh di stort and obscure

t he original | mage sought to be captured. These inperfections occur in-
I nnuner abl e  riell GENEhel 1GEMtdérng dust, scratches, fingerprints, snudges, and
the like. . Archi val pol yprropyl ene sl eeves enpl oyed to protect negatives

, trib ' | ' I Chi f tch
as the 15 negat | yé“s’?sa?‘%e“ﬁ%rgféi)%ﬁi T Bage N IR b B, B came
The probl em i Bar&iapantss §E Kt 202 Methatm vk Sommsnsate,ifpr the effectsafar enci es,

first becalsestoragsi refia Hefeqbyan iipeges sferedddergiggarma, or ratia gain, of
nore than two, and secondly because filnstrips are nore subj ect to
contact than pdcfgrninbednd tarRa@henci es. Such inperfections 20 may be

found present even in fresh photographic filmin surface waves,

Ever since the.fifst image of an cbject was captured on film, a
serious problem was appareht which has continued to plague the field of
image capture and reproduction to the present day, namely imperfections
10 in the recording medium itself which distort and obscure the original e
image sought to be captured. These imperfections occur in innumerable t
forms including dust, scratches, fingerprints, smudges, and the like.,
Archival poljpropylgngf;lgeves employed to protect.negatives even’ o
contribute to the préblem by leaving hairline surface scratches as the
15 negatives are pulled out of and replaced in?o the sleeves. .

H The problem is even worse with such negatives than with
transparencies, first because viewing the negative.requires a gamma, or
ratio gain, of more than two, and secondly because filmstrips are more
subject to contact than are mounted transparencies.. -Such impérfections

20 may be found present even in fresh photographic film in surface waves,
and may further arise from improper processing causing mild reticulation,
and unbleached- silver for example. Not only are such non-image;
imperfections surface related but can even be caused for example by
microbubbles in emulsion within the F£ilm itself.

25 . Numerous measures have been developed in the art in an attempt to
address the problem, particularly with respect to captured high
resolution images. One approach has been that of prevention as, for
example, in the development process itself. Expensive anti-static

. equipment including spray machines to neutralize dust-attracting chafges

30 are employed for example by reputable photo finishers. Photo finishers
also attempted to employ diffuse light source enlargers that helped
reduce the effects of refraction of the liéht by imperfections in the

photo finishing processes.
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and may further arise frominproper processing causing mld reticulation,:
s and unbl eached- silver for exanple. Not only are such non-inage .

i nperfections surface related but can even be caused for exanple by

m crobubbles in emulsion within the filmitself. 25 Nuner ous

measur es hav%g%?pm?evel oped in the artin an attenpt to address the

probl em particularfy with respect to captured high resol ution inages.

One approach has been that of prevention as, for exanple, in the

devel opment procegs Lbgklfvay RARHRGINE vl bsrSicld Cougnt +&RLMIRNE,l NCI udi ng

spray machi ne tg ngl.%rgl Lzé us,t-attra%tl ngrec ar%ﬁsb SQar.are enpl oyed for

exanpl e by r@%fﬁc BI°6 PRt TPFTIFERET 87 BRLIE PP Shels " %" al so att enpt ed

to enpl oy di fCPIFSELIOR JisFhndaise c @oenpiabiyish sexenmnuiopidothus highlgdlaber-t he ef fects

of refracti orntensivecandi efhenslive.i iy eanf @Ewtlen duiing the photo fihishingf i ni shi ng

processes.s process, a highly trained individual mifbelspeddDe ShritTdal of SGme

AT9-92-012  yith various spottinﬁ dyes and arl extremely small spotf@hg BARKNRLKiWGY the

probl em was 3pRLEAGNAT, SAAMu| B BlELASN Cmotner RLAAGHS Rl of NESC

| nperfections,once ey were gr esent by varl oys, orrection techni ques,
oSt of whi CRUTEOPE oFMIRLFe bt "G5 JPESHT 1n an attemht ERsi ve and
expensi ve. AsPHAaMXA#pl scradehesng t he photo finishing 5 process, a highly
trai ned individual m ght spend a great deal of tine Wi th various
spotting gyes andrmalprenilen &Fduyt SERatchsPOldd 0@ TikeISh 19ARKhdAGure tO
essentially palPibuld td hfe DRSS BF LB pBURDG! of SLPDIALiza¥aSHE O W pe
on or i merse; Lhe N8I3 HaY $2ed Rordetned thatlle ArdbfN »3h 418 Wke hnner
jeopardize the long term future of analog images., WNotwithstanding the
significant efforts that were made to solve the problem, it seemed that
15 no matter what was done the problem nevertheless persists. This is
particularly with respect to enlargements and high resolution scans.
Thus the problem is becoming even more acute and recognized as resolution
increases and multimedia brings attention to it with the increase in film
scanning for computer applications. ;
20 As the art developed, various attempts were made to automate the
correction process, particularly with respect to digital image systems.
In such systems once an imperfection was detected, various “f£ill"
algorithms had been developed for correcting the image at the situs of
the imperfection. Nevertheless, heuristics or human intervention were
25 'required to detect éhe imperfections with a subjective threshold.
Typically the identified area to be corrected in this manner was much
larger than neéessary under the present invention, in part due to these
subjective criteria for detecting defective areas,

Automated methods were in fact developed for even detecting
30 imperfect areas in recording media, notably as described in the German
- patent #2821868.0, published 11/22/79, entitled "Method and Device for
Detecting Recording and Counting of Mechanical Damage to Mo&ing Bands,
for Example, Films". In this system, a source of infrared energy
impinged upon the film medium. A scanned infrared image thereafter was
35 taken of the film in question by sensors detecting reflection of the )
‘infrared energy from the film surface. However several limitations were

present in this system.
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g)pt I cakly f'i Il scratches. 10 The probl em of dust scratches and

he Iike in |large neasure contributed to the de ‘? e‘i
popul arity of vi nyI records. The filmindustry h ed t hat
the probl em mgygin_d;bke manner j eopag di ze the | o Jof

Ro
anal og i mages tw thstandi ng the significant efforts that wer e nmade
to solve the probl em it seened that 15 no matter what was done the

probl em nevert hel egsspeisi firfose whBindtits correcPahlinggtl Srebdhtrd bhel fi5RECt tO
§C'ef,” gerent s u?gxdatﬁé g&e%fésse} gaehoagéa@esﬁm de£ed{lUS pL{iGr REORL G, h ly3 mtfflo?e o
brings attent |18‘hle’l'%‘tﬁe W?’?‘Fn%? Wgﬁﬂ geagléeva]ﬁ“ﬁ f’f’nd‘ese ‘gg?f%ﬁﬁﬁ ™ or conput er
appl i cati ans. autopgted photographig H@’eé‘i‘f’f"e'&e?féf’?fﬁéﬁe“?&r if‘?)"ug"a&t”feerfb?s were nmade
‘'t 0 aut onmt €5t lpeocess cagdrbeciutomrtpradlvesimt dowr 6F dhd defept watehexcesdodat to

di gi tal i nmage psesatide® level. Moresutd]) inpataNimagaiGes ast régoedelienl Fagilstvp S
detected, vari9USanyl binkr images &P Etlel Malh%t%e&’ gﬁvéjegﬂ%ﬁ’ag\;wlc correcting
e i Pge 2L Sl Ul one biYS JoRET TR By NREPLADSL SBerleUL] ST O OF

hunman i nter venfl on Ions Wth a

subj ective thrBs ﬁfﬁeﬁt of S“Chg’ﬁﬂ g%ﬁcF’y’“f I’i‘&teda“@nf'ﬁefﬁk Hags é’é°"‘t YT corrected in
thi s mannet? wdsfeftrcRresent png; gaiblepinthscrised aregordnrfe thet gy et i nventi on,
in part due t gortheye the optich] B tprttevay htreflegtive oneldtactheniR eefecte ve areas.

Aut omat ed net badsr Wef@rdnt fraf tthdourt epedr arutelieed ded @fdgh MGo@BsingTper f ect
areas in recording nedia, not any as descri bed I n the Gernman pat ent

#2821868. 0, publi 11/ 22 R 1 Led 4o & and 1\1{1I c.eafe(s)ro
Det ecti ng Recordin Ssh andslc 1 {1? P?CE 'hd Iy? %a o % gl@ﬁ' i ng fBands
for Exanpl e, ?‘i’JIeﬁ%s' alopg af‘h’l‘1§“t§ e I"’B“é’e’d‘f ei“ﬁfﬁ“ﬁ? éﬂagéner gy

i npi nged ubbnceqtesppwsmmcﬁlﬁ#ﬁre% @ﬁfameftf ?hqferlaﬁ*éefﬂamgé sPeféF@aft er was 35
t aken of the hetably in goresatiedlity phetogsphys anfetarotnabggyaneef drget fon of t he )
i nfrared ener gyampleQ ok RirpdskdTos Uhiga CanhardomBy L1 IS ARl sFhtenk Thhabd ONS Were
present int er?e %&ﬁmmay thus be supe,rihtposed on those from another spectrum of
the identical .object whereupdn various image processing algorithms well
20 known in the art might thereafter be employed. For example, an infrared
mapping system might functior!xally relate the IR spectrum._ of carbon
dioxide in an earth surface image from that of another portion of the
spectrum to draw conclusions regarding surface vegetation or the like as,
for example, in crop inventorying; and such techniques have been well
25 developed. However, these systems while in some sense enhancing the
captured image, are not detecting through means of the infrared spectrum
defects and imperfections associated with the recording medium itself, =
and thereafter using such information to enhance the image stored on the
medium.

30 A object of the invention is to render invisible or substantially
reduce the effect of physical imperfections of a storage medium caused by
dust, scratches, and the like, from the desired image stored on the

medium.

35 The present invention may be better understood with reference to
the following figures.
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3 g & First, its pur pose was not to correct an inmage present on the f|Im
forfthe effects of such detected fil m defects. Rat1'Tet'-Jf-Ifae——syﬁst.entuzsag~

i npl emented sinply to nonitor the preval ence of thes “%ee ts |n an

aut omat ed phot ogr aphi c devel opment process wher eby, h@d
process coul d beamsvo®a2i cal |y shut down if4 the def ect

prescri bed | evel. Mreover,: infrared i mage was not rec

wi th any ot her |mages fromthe V|sual portlon of the el ectrorragnetlc
spectrum This aPoieé Dges st renely difficult to subtract out
the effect of such |rrperfect|ons noted inthe IR imge fromsimlar
defects present and wigi bl® imiliie YiiSHAE theGRpdtattonlRe reftrgthat{d oft hE
contrary, .the opijJgal sk Iﬁfpetn,tvescea o@fJ ggjteteorp@emfmmgt Dipelf-SOM ¢ 1O

sensor different, rocmlteg‘e eo‘t.heer FENSQ ghur}gtull an%eomgi%dl mage processing.
Such systens have I'n fact been déve op jed T &f cap Ul I'ng maé'e’s of objects

|l ong an identical optical path V\/nerel n each such image corresponds to a
di fferent port5 on ofFigh@ isch sschamatiggreprasentspisstafuamrenreseabivive mysthre for

satel |l ite phot ogisppénenting thedevendiswsance arts, for exanple, for purposes
of image enhancenent. In such systemns, i mges of one spectrum may thus be
super | mposed on t 0S4 1 M3 G longP Bk Wikfihn LRBoLAGHY bF Bhe oRLLEE

wher eupon vari oug, | Mpge processing al gorithns we novvn in the art m ght
thereafter be enpl%ydd. For exanpie, an infrared nmappi ng system ni ght
functionally relate the IR spectrumof carbon dioxide in an earth surface
i mpmge fromthat of afitg-herds a flow diagram indicating a sequence of operation of the

10 system of Fig. 2 in accordance with the invention;

Fig. 5 is an illustration of various frequency response signatures
associated with aspects of the invention including that of recording
media imperfections, a typical array for capturing images from the
medium, and that of various dyes associated with the dye-based film-type

15 form of the recording medium; ) .
1
Fig. 6 is a schematic illustration of image processing steps
carried out by the system of Fig. 2 which comprise a portion of the flow
diagram of Fig. 4; '

Fig. 7 is a schematic illustration of a piece of film containing a
20 defect obscuring an underlying image;
Fig. 8 is another illustration of the film of Fig. 7 depicting the
results of two prior art methods for correcting images having defects
caused by recording medium imperfections;

Fig. 9 is another illustration of the film of Fig. 7 depicting
25 results of the invention in correcting the image in Fig. 7 for the
defects shown therein.

Summary of the Invention

A system and method for use in compensating for effects of storage
media defects on image data retrieved therefrom. Image data is stored on
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portion of the spectrumto draw concl usions regarding surface vegetation or
the like as, for exanple, in crop inventorying; and Sm&iShéeelidsBeauRegladadye

been wel | devel oped. However, these systens while in-s ﬁ}!m nci ng

the captured inpge, a5e not detecting thyough neans of
spectrum defects and i nperfections associated wth the I um
itself, and thereaft'er using such information to enhance the inage stored

on the medi UM a recording medium containing non-image imperfections such as film having
REPL ACEMENT SHE‘E:-'E'ace scratches, waves, smudges, bubbles, or the like, which é_ive rise

SUMVARY OF THE tL N:\r{geléqtl' e blemishes IJ'L 1|.m§ e%nsuﬁpéqgec ttlﬁfreérg%eid I’P{%{‘l E:llneon to.
anel i orate one or, nore di sadvant ages % t he ébo enen?lone prior art.

According to oﬁédléf'%pect of the invention there is disclosed a nethod for
use in correcting for the effects of storage medi uminperfections on an
i mage st oreds t her eiMsanscareppriovidad folidedigirignfyron rthe aedidm eepargte trmgsaind nmedi um
det ecting ener gye réd,tdreen,Bluey esh isperdrdsmtionOBT IRé d1ddRebinbighetRSUl ting from

said directed H;gcg%egrpégg&gync?cg; ERS BRRdisPGeateer3@l d | nperfections; mapping
said inperfections fromsaid detected énergy; directing energy fromthe

visible portion of said el ectromagnetic spectrumto said nedium and
In one embodiment, réd, green, blue, and infrared.light is

sequentially directed at one surface of the film by means of a light

10 source and color filter wheel. Corresponding sequential red, green,
blue, and infrared.images formed by that portion of the-light being
transmitted through the film are digitally captured from the opposite
side of the film. The images are preferably captured in registry to
faciiitate subtracting out effects of imperfections at locations in the

15 infrared record from corresponding locafions in the red, green, blue
images. The imperfections may either substantially reduce or totally
occlude the infrared light. However, remaining portions of the medium
having the desired image without such imperfections are essentially
uniformly transmissive to the infrared spectrum while of variable i

20 transmissivity .in the visual ‘spectrum as determined by the image
developed on the film. Accordingly, the infrared image may serve as an
indicator or map of the spatial position of these non-image imperfections
on and in the media, .thereby allowing recovery of the underlying desired

image.

25 In the case wherein total occlusion does not occur, inasmuch as
imperfections are essentially colorless, the amount of reduction in
infrared transmitted through the medium at known locations on the film
corresponding to the imperfections can be utilized to increase intensity
of the red, green, blue images at these same locations so as to cancel

30 the effect of the iﬁperfections. Alternately, in the case of total
occlusion, the infrared record provides -an accurate map of the location
and shape of the imperfection to which conventional £ill-in algorithms

are applied.



detecting energy fromsaid visible portion of said el ectromagnetic spectrum

fromsaid nediumin response to said directing of enérgy fro i sible
portion of said electromagnetic spectrum

aspect of the invention there is disclosed a nethod for use in correcti ng
for the effects __gfg_%_g;;\ge medi um i nper f ectg ons on an inmage stored therein
conprising: dire & ng I nfrared energy to said nediunm detecting energy in
the infrared spectrumfromsaid nmediumresulting fromsaid directed
infrared energy gk }iB€lion td? &aixdef E@edil ; and mapping said

i nperfections fromsaid detected energy; directing non-infrared energy
fromsaid nmedium genetating a_secong. i e fromsaid . e I nfrared
and detected non-inf &ﬁ%eer 1“£%°r 5@5 Peﬁlé?g?%?aerg?%gé?‘gsécﬁép%g%’%% i%ﬁ?nr0 Ar e

nfrared
i mage and pl ur al ptspeiiteh g fer BrettiThiye Lefproridedita Fadi Eﬂ*r?a%ﬁ’cfaﬁjﬁf%e'r
wherein said seeshestepdige | B Hhecehebegiarhie fibf axtaitgpigat (Gt dn ifilger and sai d
plurality of rfontianégaaeredes preatp@gsparent to Wiecifchrad spetsim, |whesneotimsar-aspect
of the inventiongddtedne inStidi Hoh QSE doBPAAE AU Ef2Ed ik£R dePive@IFreC bilidhGa f OF
the effects of reaQrdiDdndRAinyMchiMeI-ifGh QPG FOR1A2 HITRYR1SLARES by ei N,
conprising the sieps.. f@#@é‘%ﬁ?&u%%@?rgt NP IR re?Ee%giJn”Bs?gm gi; Sald
medi um cont ai ni g | Ngi.Cat rons. .of i Nper f.ecttons Wt respect to Said
medi um and mean¥FYEY PRIPH: TIRECY %Wpéﬁea fonfarbgmatier Ha gB@ aHI ™4 d st or ed

i mage a second i?ﬁg%b,s, PB4 rfhus gerive the desired pure dye image taken from the film.

s hereinbefore set forth, numerous imperfections are associated
with £ilm, such as dust, smudges, and the like. The terms film and
transparency are utilized interchangeably and broadly herein and are
intended but not to bg limited to include any film media for storing

15 images which passes light including negatives as well as positives. Such
imperfections characteristically are almost always colorless and thus
affect the infrared spectrum equally with the red, green, and blue compo-
nents of the visible images retained in the film. This is true of
various forms of such imperfections. For example, small surface

20 scratches on film are visible because they refract light out of the
visual path. This refraction, although very slightly greater for light
of short wavelengths, nevertheless is effectively independent of
wavelength., Fingerprints and smudges on f£ilm are deposits of transparent
oils, and again refraction alone makes them visible. In like manner,

25 included bubbles in the emulsion or mild reticulation due to improper
film processing again are visible because of refraction, having
essentially no color themselves. Dust is yet another foreign agency
frequently contributing to degradation in the quality of images retrieved
from f£ilm media. Most dust is, in like manner, substantially transparent

30 when viewed as a single filament, having a color only when viewed as the
sum of many fibers, and again is visible primarily through refraction.

In like manner, metallic flecks are opaque, and opaque particles will
affect all colors substantially equally, subtracting out an equal
percentage of light from the pel on which they lie proportionate to

35 their size, but almost independent of wavelength. It is rare from the
foregoing that one may find dust or other particulate matter on film
vwhich is substantially colored as an individual filament requiring’



5 /s detecting non-infrared energy fromsai d nmedi um and—whe+eind-said neans -
for generating said second inage conprises neans for generating said
second image fromsaid infrared inage and said detected non-infrared
energy from saigterezdérzm neans for directfng infrared energy to said

medi um and wherein said neans for generating an infrared inmage generates
said infrared image in response to portions of said infrared energy from
sai d nmedi um andditdensd Hrofesdindeta remgve by gffe¢tsotherded firpmithd dmage beyand of

sai d el ect r onageat tamtepested ity tre swetisredi um and wherein said neans for
detecting non- infrared energy conptises neans for detecting energy from

sai d visible portiog.Qf.Sg thisClibde £ Lo1oPREGEELTE |4 M sa} d medium | n
response to said rrﬁar)cs for.t |,r§ct|rng.a(%ed lgar)cearl gxuj; qQm saj d. Vi Slfb| e portion
of said elect rdﬂ%eq BT ¥5s gttt fpPrec ot PG cBRE ™ PeaHGIHE? aspect
of the invenfi dRedtrwr Bay be dpeigeddenn Hipsratiaining gRdestced defetsrardcting for
the effects of impwéeationg. fanfl thiedimgnivmagp vy be eprdhe] by reh gnsmmeandshige ed
t herei n, conprirsidrgs abhs shtapsdfrom RRE B Smel §0rt HHANET £l NQTHRBe iiRjel Bdc€ibnk MAge oOf
said medi um cQpf dhdleBdel RUkLAlin0AR Rerd BBPCEILEE WIRgIW dube KRSRESb1dd Sai d
medi um - and WEQQStheft%Peegf?&%F%t Ly O&E&”Ln’%%lqe 'rPiJrésr.edaS' 308 .a0d: Sl stored
i mge a second | mage. cCOor di to stil %noLh,er aspect  Oof tf'he
i nvention tA%r éi“Tts9'W§€?Bsb§cfp§§‘§3ra§[l%§e‘f“8€ter 8B P PSR n%t?%rw"tthe
ef fects of substightirarqry steenagedp the bdvoFapr2nd FiiohaYilgps strength to
the red record in order to compensate for the slight color sensitivity of
refraction and defraction.
Most imperfections associated with f£ilm media reduce light
15 _.transmitted therethrough to some extent. In accordance with the
teachings of the invention, by dividing out the amount of reduction
across the red, green and blue images, the effects of the imperfection
are thereby nulled on the image desired to be retrieved from the film.
As will also be hereinafter detailed, this utilization of the infrared
20 record on the red, green, and blue spectra will not be entirely uniform
across each spectrum due to the aforementioned non-linearities associated
with refraction and defraction, different sensitivities of film dyes and ™~
light sensors to differing spectra, and the like. Such details will be
described further, but for present purposes, in order to understand the
25 inéention generally, iE-may be cénceptually understood that the infrared
record will essentially be utilized to adjust the affect of the
imperfections uniformly in the red, green, and blue spectra.

Although most imperfections associated with film media will reduce -
light to some extent as aforesaid, in some instances the imperfection may
30 totally occlude a part of the desired image. In such instances in
accordance with the invention, when the effects of the imperfection may
not be "retracted" by employing the IR map with the red, green, and blue
spectra, then the invention at least provides an extremely accurate
detection of the exact shape and location of the various imperfections in
35 the film, thereby permitting other fill-in algorithms well known in the
art to be employed. A significant limitation of those technidues was the
inability of such algorithms to accurately distinguish imperfections from



i n‘p{erfebtions on an image stored therein, conprisipngthe—steps—of—mEans
for generating an infrared inage of sai d medi um contai-ning—mdications of

i nperfections with respect to said nmedium and neans for generating from
said infrared i npge,Apsh said stored image @ second irmge. Accordi ng
to still another aspect of the invention there is disclosed apparatus for
use in correcting for the effects of recording filmnmedi uminperfections on
an i mage st or edijj.helaetan). CRRPraifglRg ihdte Eheyisvaafoftecans duartogeieer ati ng an
infrared imge Oﬂieuﬁfsltéc m@&&mecmmfmmw Slﬁ%ﬂ@&itgg%f%pérm&&ﬂc‘tﬂlaps with

respect' to said rre nd. neans. o 1N sal i Jsared i mage
and said stored Y %rémﬁngl mﬁdeuse o gE V\)E’l b 4 olg aﬁé%%d%’atl ng said

infrared i mage S‘Uﬁgt ﬁt‘f‘%ﬁ“f"’;i’"e%?c‘l”dg&r‘?ﬂf“rtﬁf &8 "éﬁ‘é?w Eﬁ‘ﬁf’s&?sds where

i nperfecti ons 5 imperfections substantially occlude the image, the system and methgd

Accordi ng to stidesccihel harimsmebt ueéd tiheoninnatin withtshelr €illsind pkptidhed
apparatus for Useadtomstfd1OF krérd@r fthd ibfeerRtiMCfFeddivelpGaVidinIG Hechu¥e medi UM
i nper fections ongagn hé@gfons %B%%d&h%é kD m&ﬂmwébﬂﬂﬁ B&ntiBPS wBlnoydTEANS

for generating an infrar medi um cont ai ni ng 1 ndi cations of

i
i nper f ecti ons V\n‘f“ﬁecrecsas‘saulgyt l‘fsm ade ¥ il and neans for generating from

said infrared i mage and sai d stored | mge a second i mage and
10 Fig. 1 illustrates the foregoing general principles of the

invention just discussed. A conventional film transparency 12 has one or
more frames 10 which include both an image 14 and physical imperfections
or defects 16 previously described associated with the film 12, such as
dust, scratches, or the like, which impair the ability to retrieve the

15 pure image 14 from the film 12. In accordance with the invention, a
mechanism such as a color wheel or the like (shown conceptually as a
prism 18) will be employed to separate the information comprising the
image 14 and imperfections 16 into a plurality of individual records,
each associated with a different portion of the électromagnetic spectrum. -

20 specifically, in sequence infrared 20, red 22, green 24, and blue 26
images of the film 12 are captured.

Referring first to the infrared image or record 20, a comparison of
the pattern of imperfections 16 appearing in the film 12 with those
appearing in the infrared record 20 will reveal that they are substan-

25 tialiy identical in spatial positioning. As previously indicated, these
imperfections 16 associated with film 12 will impede transmissivity of
the infrared through the film 12, and thus these imperfections appear at
locations 16 on the infrared record 20. It will also be noted in the
infrared image 20 that the components comprising the image 14 resulting

30 from various photographic dyes exposed in the f£ilm 12 do not appear in
the image 20. The reason for this is that, again as previously noted,
these dyes are essentially transparent to infrared light transmitted
through the film 12.

Referring now to the remaining red, green, and blue images 22-26,
35 respectively, each such image will be seen to pick up and record portions
of the image 14 of the frame 10 associated with their respective visible
spectra. For example, in the green record 24 a number of leaves may be



wherein:said neans for generating said second i mage fur TSES nmeans.

for detecting infrared and non-infrared energy, ‘and conprises neans for
generating plurality of non-infrared inmages from said nediunm and further
wherein said segeqadzigiage is a conbination of said infrared i mage and said
plurality of said non-infrared inmges. According to still another
aspect of the invention there is disclosed apparatus for wuse in correcting
for the effects sedn piechr di rgedibt divethatiitni wopbt heetdeoarslngaeen ihoege st or ed
therein, conpri sbhged Rfe $&RDENE fnon-GeedASpor Ofong RF Ahalindls ﬁnaz*enéﬂi:@éteélyl mage of
said  nedi.um CORb Al A G Yl &ALARE 201 thpqgfa%%m@ ¥ dflvdn® fcgf&Q sai d

medi u and neans ratin om sal nfrar stored
i nagema second ?ﬁ%aratwnsg 4 whar Qn tL § & 5 mp EP YTt f%aﬁg cgm?g’f'%?n% af"lcg/tlﬁ? ohi bi t
transni ssi on bf °F #P?ﬁf%"'&“@ﬁe’rsg?pef’ﬁé? ép HP?)G@‘H green, andaplus ipgrg 42026t i | |

anot her aspect ##1lt ravedlntiatt they agsigy are| spatiiadlyl posdtiongshin dheudmager use in
correcting for ekentiincts iddntieldiocitichsf td thozedh Wiidnaey fappddrommstian an

i mage stored tbaigkdl, £iCANRI | féregver Besd BRSr RLLiohP IO IphRr HENSH JEIRY an
infrared i mge pfq, salegl, gyﬁdmmrggaidél 05430 HeldhG 3hd S oAb 1dIREBILEHQNS Wi th
respect to SPUI dptq’ﬁarltgrgf g‘ucﬁi ﬂgeafrtlectlons 1 enr;%rlat éhag %Y r;anre ?s! njrared | mage

and said stored refh g FFECt i ons
partial ly prohi f)‘flf’é 6 A< rﬂ“éssf*'??ﬁd‘bfg'”é‘éﬂ'jds*ﬁf“rfa?eéd gEFdy gid FFeF-w‘sthlr ough.
Accordi ng to st FiPugintiehEilndgpbstaptiallycedualdynt i on there i s discl osed
apparatus for wuse in correcting for the effects of recording filmmedi um
i nperfections on an Thé@gération of the invention generally may now be clearly seen by

comparison of these four records 20~26. Because none of the desired

15 visual image 14 appears in the infrared record 20, although the
imperfections 16 appear 'in all four records (and particularly in the -
records of the visible spectrum otherwise impairing the ability to
reconstruct the image 14 withogt such imperfections 16), a subtractive
process may he employed to reconstruct the image 14 from images 20-26 as

20 a new image 36 wherein the 1mperfect10ns 16 are substantially reduced or
eliminated. ' Specifically, as shown conceptually by the additive
processes 28, 30, and 32, and subtractive process 34, each red, green,
and blue image is added together reéulting in the improved image 36.
However, the infrared image or “map" of the undesirable imperfections 16

25 are utilized with respect to each of these visual images 22-26 to
effectively mathematically subtract out (as shown by process 34) the
undesirable affect of these imperfections 16 on each of the records in
the visual spectra.

For simplicity's sake at present, one may appreciate that if the
30 imperfections 16 show up as imperfections of equal intensity in the red,
green, and blue images (due to the uniform transmissivity of the
imperfections 16), given that the precise location of these physical
imperfections 16 is known from the infrared record 20 (which includes no
information from the desired image 14 to be reproduced), these locations
35 of the imperfections 16 in the infrared record 20 may be utilized to
uniformly increase the exposure or intensity of pizels at these same
precise locations in the red, green, and blue records in a reciprocal way
to the infrared intensity to result in the improved image 36. Thus, the
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stored therein, conprising the steps of: neans for ml ng an infrared

I mge of said nedium containing indications of i i + vt spect
to said nedium and neans for generati ng fromsaid infrared i mage and said
stored i nage.-a- gﬁcgpglé mage and 10 ,

5b wherein said 1inperfections are conprised of a fi rst portion
substantially inpeding transm ssions of said infrared energy therethrough;
and a second pogdd,Odtet)| shasaut iinbdey aré Mpatbingd t(afzBevinstsyl summidig Battdobanf r ar ed
energy therethr -gE' to result&ﬁ%@ddmﬁ& 3¢ Buti dakh 3060 hRorogDREthadf the
nvent i on there” e i sdcr&sge 31%99% tys fsmrractué;f&n@tmq@% Qelidlethe

ef fects of recof ect 1 ons e tore her ei n,
conprising-the &t é’b"sp’cff’ %aéﬁ%"sf?fr e’ri'@f’%fff*r’r@“ St ia?ﬁefﬁ’rnggl |ﬂ‘§g’é‘ffﬁre%al d

medi um cont aisni reForha? ead it sorspsronfiag redt PSR oF PHer 49ge@l-%60 sai d nedi um
and neans for generating fromsaid infrared i mage and said stored i mage a
second inage and wheiRhd) nsaksl FERANS a fsahengeieeiiatdtbgriom ik prowiked of ARYE
further includeg P@%Ht%ti&rsy%w{ k&gbothf?:faﬂiumig'ﬂ:@ :TeUGE%UPB@Jr'%a &l ategd to the
intensity and | ofcgf%o fmm sai pmlnengg agsfd g?r %t tlf §;tenzgF| :Eb%uﬂ-g; {espect ive

| ocati ons on said of the

i nvention there®% gesdf'%dcf'béléed'"%i’ﬁb‘é ‘éﬁtu‘?s?‘% @"ﬁlﬂ ac?o’r"'lpé‘ﬁ’f? HgR ot t he
ef fects of ri@cofrgi scePtrah shfetusd timprrireds ivdhk 19 fheamhodifgat depicted in

Fig. 2 be implemented by means of a color wheel 38 having a plurality of
optical filters 40, specifically a red, green, blue and infrared filter.
A light source such as a lamp 42 provides light in each of these red,
" green, blue and infrared spectra. With each of the appropriate color
15 filters 40 being sequentially 1nterposed between the £ilm 12 and the lamp
42, light in the red, green, blue and infrared sp#ctra will sequentially
be caused to impinge upon and be transmitted through the desired frame 10
of the film 12 in sequence and will thence be captured by an appropriate
colﬁr camera 42, whereupon the video signal 46 thus generated may be
20 delivered to a suitable computer 48.

The process of generating sequential color images may of course be
automated as shown generally by the control line 44 from the computer 48
to the image generating component of the system of Fig. 2. The functions
which may be controlled by the computer 48 and control line 44 are well
25 known in the art and will thus not be discussed in detail herein. Such
functions may include control signals to peripheral devices to sequence
advancement of the respective color filters 40 on the coior vheel 38,
advancement of the film 12 to the desired image 10, and may further
include other such controls features as controlling intensity of the lamp
30 42 for the desired spectral respoﬁse. A keyboard 52 provides a
conventional user interface to the computer and a color monitor 50 is
further provided for viewing the various images as desired. -

Referring now to Fig. 3, the computer 48 will in a conventional
manner include a system bus 54 for providing intercommunication between a
35 microprocessor 56 within the computer and a program 58 and input/output
adapter 60. The adapter 60 which may take the form of a video capture
card is provided in order to interface with the camera 42 and monitor 50



stored therein, cdrrpri sing the steps of : neans f or—generatinganm infrared
I mge of said nedium containing indications of inperfeecttons—wtirrespect
to said medium and neans for generating fromsaid infrared i rage and said
stored i mage a second image wherein said infrared image is functional Iy
related to rreasurag&&ﬁjﬁzof said infrared energy attenuated by said
| nperfections; and erein said neans for generating said second inage
conprises neans for adjusting said plurality of non-infrared i mages in
response to sai doeasusetBRimoper digitidet bvagde migta to be iskéredriotdndropaspect of
the invention thgrs bys il ssbosetisd ABIIBOMaT Qlaptatsanaly beCiovaet iaBGefRka t he
compr i 51 ng: i 1 oct (P By Py g ndher MSuaLoAtyol TAIRBLE of 16F Chllprs | |
the infrared spé’?;PF%’&?“]“r%rrnte_i'es%"lngr#fesd%arlns ,%? K Sk ?"Lr%g‘} Nify g‘n? Pagy %‘%T rected
infrared enerdy St6rt E¥P6¥RET nght 6°9ArY et rEETFRIRSICRIgp fioRY fo of
i nper f ecti ons fr bwhkseeherydespalieedf stoningglpraed anrauetsi ¢fgdatemsseriptedad tie highgy
from sai d nedi unresandigedyiadl igges, seebtodagayeingfoonrepaally tRueeted in
infrared and det pef efaDQRe isnddeas18ckscddebdly 8186k 9oN@IaCd4Na R iended to
_REPLACENENT SHEE chematically represent the various red, green, !ﬁlue anﬁ infzgﬁed images
I nperfection deflects N r%{‘e(il engray .transmt ed.t ereLhrougn so as to be
. uﬁgd rom the Ermf ¢ 8 stored in he form of digitized pixels in
partially ex®) uf&d“FFortSary et ect €8 Ehergy
memory. In like manner the output image box 66 is intended to
functionally represent the recombined visible image 36 as stored in
memory after the computer 48 has operated upon the input images 62 and 64
in accordance with the invention. This output image 64 may also
15 preferably be in the form of a plurality of digitized image pixels stored

in bulk memory in a manner well known in the art.

Still referring to Fig. 3, the program 58 is intended to represent
software necessary for controlling the microprocessor 56 and other
components of the system in the desired manner to achieve the objectives

20 described herein. For example, a éomponent of the program 58 may be the
control software necessary for generating sequentially the desired red,
green, blue and infrared images. Microprocessor 56 under the control of
this program 58 will thus generate the required signals on the system bus
54 transmitted to the input/output adapter or adapters 60 for placing

25 appropriate signals or receiving such signals on the lines 44 and 46
which may include data/address/control signals as necessary. Yet an
additional component of the program 58 will encode the steps necessary to
carry out the processing of the images as herein described.

One representative computerized system for implementing the
30 functions just described relative to Figs. 2 and 3 would include the

following components:

The lamp, filter wheel, f£ilm holder, and camera assembly is
contained within a Nikon film scanner model LS 3500. The scanner is
modified so during the infrared scan the built-in infrared filter is

35 removed, a Kodak Wratten 87C filter inserted in its place, and the
voltage on the lamp lowered from the normal 12 volts to 5 volts.
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Accor di ng to still another aspect of the inventi on—there—is-disclosed a
method for wuse in correcting for the effects of St—ﬁ-F—&ge-—H%d-l—H-m——

i nperfections on an inmage stored therein conprising: directing infrared
energy to said nmedium detecting energy in the infrared spectrumfromsaid
medi um resul ti ng AF99M03ai d directed infrare@ energy corresponding to said
| nperfections; mapping said inperfections fromsaid detected energy;
detecting non-infrared energy from said medium and generating a second

i mage from said det et cgmpuiey.afisplaymnddeykast® dambe oha fipmfatuederygy, and
wherein said inpetersaioreh Bosifiessatidciiineeldoatdifingal GpiBNdalra mesheRRQF by

transmtted ther QEﬂBﬁngfh-strwnents ACHRRER NQxdsOcd/ hteRFHRL h:%rthésﬁfnggca% t he
i nvention there is disclosed a method for use in correcting

effects of storage rrPth tﬁrgg{lfectlons on_an image stored therein
conprising: directin % PP Sred" e %Ly e SR &P P ﬁ‘ﬁ&f’hﬁ?m&%‘l"%ﬁ%gﬂ\sﬁergy in

the infrared Spiedet FRH teriedln orfieitdurthetuthe ivglY-indnfrared ahispddoed

infrared energy Editenspenchilogpd fidtezaidd ingbae fapCB7C oS infimped A S@hahrd
i perfections fresmosaifer ciet ethe @oLiReong Vrlusl QERA! inPEhred Ahsdrbing i ed r&NEr gy

from said nedi Uni'heg%ﬁﬁg'é&én@gofatﬁi%‘aw 1dHBIGnd 0 h%%éi Q#% BLbE Upviblll (2T €'
and detected nonginfriargdienergy and wherein said inperfections are
conprised of a i st port| on substantially deflecting infrared ener gy
transmtted therethrough so as to be substantially excluded fromsaid
detected enerlfy; and¥ATSEREBTRICHE? Fiem*oihey Persinent gprtjionof |the reayeai AF r ar ed
energy transm ttédch aegoantsr furgthe vimpergbgtionsl 16 andptiet irdrarefl imagei zb imf r ar ed
energy transnittpdcdsigugle S@idhs SiREgR0tPAIshitOM ithe babibal fecdififdd BgeNer gy;

and wherei n sai d3ed@N8IRh ivadaesatifeds € aRd thdTRIEL er&J udes S8t hf@l—éd‘ﬂnaQ&Cl uded
DC)rtl ons of have been digitized and appropriately stored for retrieval, the image
15 processing will commence by retrieving pixel data as shown by arrow 88.
Each pixel-digitized and captured from the frame 10 will actually include
a .corresponding red, green, blue and infrared pixel associated with the
respective red, green, blue and infrared images 20-26 of Fig. 1. These
i red, green, blue and infrared pixels corresponding to the same location
‘20  in the frame 10 will have intensity values associated therewith which
under computer control will be stored and retrieved from memory. For
each such particular group of pixels the associated value of the
corresponding infrared pixel 76 will be compared to a predetermined
threshold value as shown by decision tree 78. This threshold valve is
25 selected based on the noise and accuracy of the actual hardware to limit
subsequent compensating gain below the point where system noise
predominates. This limit is conceptually equivalent to the limit in the
automatic gain control (AGC) of a radio receiQer.

If the value of this infrared pixel does not equal the

30 predetermined value, the pixels associated with this infrafed pixel and
corresponding location in the frame 10 are considered to be obscured by
an imperfection 16 and this fact is recorded with respect to the pixels
as shown at block 84. an appropriate £ill routine may then be executed
by the system of Fig. 2 to replace the respective red, green, blue and

35 infrared pixel values with corrected estimates therefor more accurately
reflecting what the values would be if the correspondlng 1mperfectlons 16
were absent from the film 12. Such fill- ~in routines are well known in
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said i rage based on areas of said inmge partly occl uded—and—+ecovered—
The present invention nmay be better understood vmthiefefenee—{—e—t—he—\
following figures. 5d
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. |s‘an illustration of the
separation and retoadbiobati on of inmages in dBfferent spectra of an object
on filmhaving inperfections in order to reduce their effect in the

resul tant. conbi ned i mage; 2 is a schematic representation of a
representative syast ath fst SRR ié"’l‘Fé?ﬂsl trghnigpee TUSh @Ntexapining valuesphy 3 jg g
functional bl ockadiizeeptapirels Porndern s etrapbiates patapmsbimafgdgvalge for the Fjg. 4
is a flow di agr aspscmbidqakélngs ahweqitesteg 8of operati on of the system of Fig.
2 in accordance with the invention; Fig. 5is anillustration of

various frequency rescglggﬁﬁ élwgglag e4s Pﬁg&%ﬁ&.?% tg} t}@s}%g}cﬁ Qf the

I nvention includin recardin i cal array

for capturing rpéﬁ?qt e SE IR Lo & fﬂ‘%#pt(?f"v&’fce%‘gsﬂ'a e°§ §soci at ed

with the dye- predetermined value, the branch 82 of the decision tree 78 15 followed.

As previously described, under control of program 58, the computer 48
will thereafter adjust the corresponding red, green and blue ﬁixel values
retrieved in blocks 70-74 by values functionally related to that of the

10 infrared pixel intensity as shown at blocks 90~94. It will be recalled
that because the imperfections 16 will essentially, due to their uniform
transmissivity across the visual spectrum, manifest themselves as dimmed
areas perceived in the red, green and blue records, these intensities
must be appropriately intensified so th§t the areas associated with the

15 ‘imperfections will be in harmony with those of immediately adjacent
pixels, thereby reducing the perception of these imperfections in the
enhanced image 36. Details of the preciée mathematical operation in"
which the red, green and blue values are "divided" by the infrared value
of the corresponding pixel will be hereinafter described 1n greater

20 detail.

Once each red, green and blue pixel has been compensated for the
effect of the imperfections 16 by division in accordance with blocks 90-
94, or marked as observed by block 84, the estimation or £ill-in
. techniques (block 86) may be employed for the pixels marked observed.
25 The subroutine is then exited at 88. When the foregoing process has been
completed for all captured pixels of a frame 10, a resulting output
' visible image record 66, Fig. 3, is thereby generated comprised of red,
green and blue digitized images each comprised of its respective
collection of pixels thus adjusted as required in accordance with the
30 process of Fig. 4. These corrected red, green and blue images may there-
after be selectively recovered on the system bus 54 from memory under .
control of microprocessor 56 and thereafter output through the I/0
adapter 60 in appropriate form whereby they may be combined as, for
example, in the monitor 50 so as to display the desired recombined and

35 enhanced image 36 devoid of the deleterious visual affect of the
imperfections 16.
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form of the recordi ng medi um FLQZIQZEﬁZ?;ﬁigEﬁEiiC
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whi ch conprise a portion of the flow diagramof Fig.'4; . Fig. 7is a
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capture sensors and transducers such as charge coupled device (CCD)
arrays to various freqﬁencies of light, vhere the ordinant is the measure
of relative percentage of absorption, or for the sensor, sensitivity, and
the abscissa is the light wavelength in nanometers. Dye colors are
labelled with two names, for example “red/cyan" dye is formed by the red
sensitive layer to absorb red light, therefore appears cyan in-color.

Several things may be noted from Fig. 5. First, as previously
described, imperfections 16 such as.dust and the like exhibit
substantially uniform absorption of light across the visible range
between'approximately 400-700 nanometers and into the infrared spectrum
from about 700 nanometers on up. Accordingly, the graphical depiction of
absorption of these imperfections is éubstantially flat as shown at

‘reference numeral 92. Because the primary effect from most imperfections

is refraction, and refraction is slightly less at longer wavelengths, the
effect of most imperfections will be slightly less at longer wavelengths,
shown in Fig. 5 as a slight tilt to absorption curve 92. Moreover, as
mentioned in the background of the invention, a more diffuse light, re-
ferred to in microscopy as a light with a larger "numerical aperture", or
NA, will also lower the effect of refraction-induced defects. Thus by
constructing an illumination source that is less diffuse, or of a lower
NA, in the red and especially infrared, and slightly more diffuse in the
green, and especially blue, the tilt of absorption curve 92 may be

removed.

The invention has particular application in dye-based films.
However, unique properties associated with such dyes create problems .
which must be accounted for. For example, referring to Fig. 5, one
characteristic of these dyes is that some cyan dyes absorb some infrared.
Cyan dyes used in positive transparencies are designed to work with the
human visual system, and accordingly are permitted to open up rapidly
even in the near infrared, as shown by the positive transparency red/cyan
dye response curve 98. On the other hand, cyan dyes utilized in

5
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fections'in the filmare not. Thus an infrared i nage—derived+romsueh a
filmw th these physical non-inage inperfections w |[4+—oenty—contaim T mages
of these non-dye inperfections. A nmap of such inperfections fromthis
infrared i nege may .t hence be enployed to mathematically cancel their 10
effects, and t hym-deoizve the desired pureidye i mage taken fromthe film
As hereinbefore set forth, nunerous inperfections are associ ated with
film such as dust, snudges, and the like. The terns film and T
transpar ency ar eegatives zgsichYiyerek dgeadibyedypege bOAR ¥ dyeli-Eornind dayk e

i ntended but nNOfenk0rib@ akdoat tigeh héurl HEt1de, Y adcbldihdiGding Ol oS teaFdnbg 15

i mages whi ch paﬁ&gsthlellggrtarécpggpgﬁegg nd %el yy%ﬁ ﬁa \éebefome t??ns&:&z‘%@ SUCh

i nperfections characteris nost” al

affect the i nfr'gll’rled15 &38?5 fﬁ% &}éaﬁﬂffp?/ﬁtf?f f“}f8°'}séd’“r"§r‘éfeﬁe /478 ‘B’Fﬁe corrpo-
nents of the Svi&ihizedi fﬁﬁg‘égatﬁﬁsalrﬁéﬁeﬁ*% mReralil0f This is true of

various forns of such inperfections. For exanple, small surface 20
scratches on fil m anksovilmivblie Fiecauzsea L@y fredueidt rdspapisé cotite af of Be

vi sual path. Thinsrdeafdoafilel @icedbdrBPUSINVAT ¥ tplikthtlH &S c;pQﬁrJ.l'vb ght

3,; S PSL ; t \A/avgl gﬂgwri.raﬁ@ﬂs@ ﬂsk&sslelﬁlee&{de tfl*a\é-rg{lé ¥ c@gaePtesgglg taeQlce nsparem
oils, and agal nng g;tlfor%f’cf:"’l %gl%ﬂ'é g’?aig “#5EM °§|F5Fe9 ﬁsﬁ PPRE ’??a%ﬁ

i ncl uded bubi8l e&di §rese bé\‘mla%‘? drfravednimpgesy of b witlabe Blpiptyesees ﬁrﬁ‘brtb*ber

fil m processi ngPagfaimm 9 rtbene &5 hé erdbdemalotivhiqadiy frct'seging” Hafrargd as

essenti al | Yy NO thelsehsitkcny @lfveath abdsgé ektenil dhtA B! DFFadea rspéddbund G&N L1y
frequently contdatPytidichtip JQArQdRni MR idd tleNEvdsiBld i¥erDfeal HBHRS:H1EE i eved

fromfilmnmedig Qéb Iﬂsdé‘lll?‘s i P tnd Qe%}l:\o}l(s% 563”42:‘211} cc§‘491§ antial Jeved haasparent 30

when vi ewed

S n on en viewed as the
sum of many 1? bsé?"ssltl n&" A éf‘“ﬁe |'tsha\‘/|"é?‘k3pg st mi?# '%/ﬁ’ §R2FERr et i on.
In |ike manner cwphored te deFive dhe dgsiged dnfiared Hnee 8hafdagpardre the Eygne|
affect all col dﬂSJLSSLMMJamteldaMty ag ginedridgscestu amaast lanp 40 uthichnpeg uailt

percentage of Inbghbs fitoiadiRfcepel tNindRbed. they |ie proportionate to 35
their size, but al nost independent of wavelength. It is rare fromthe

foregoing that one fiihd dust or .ot her rticyl at ter on. film
whi ch is substan] %T% et o et A Plench 163 n’% \l"p F zem{r%]& a’”'se i g

infrared absorbing filter is mechanically built into the light sensor of

1gh source 1s emp%oyed exclu51ve1y as the lamp 42 or 1 an

the camera 42, as it would in, for example, in a single chip color CCD
array. Optically, such CCD sensors permit more light piping in the
infrared, softening the image and possibly requiring a software boost of

25 high spatial frequencies to renormalize it to the visible acutance.
Lenses associated with the camera 42 also focus differently in the
infrared, although this problem may be minimized with apochromats or may
be eliminated by simply refocusing slightly, which may even be done
through computer control on the I/0 control line 44 automatically.

30 Lateral color distortions are also potential problems with asymmetric
lens designs which may be solved by software micro resizing or by using a
symmetric lens design. It has been found in practice that such lens
focus problems are small enough to ignore within 100 nanometers of the
visible spectrum. Also referring to Fig. 5, it will be noted that

35 conventional blue/yellow dye spectra such as the representative spectrum
94 and green/magenta spectra such as that shown at reference numeral 96

do not absorb in the infrared region.



7 -addi tional processing to renove the effee{—s—{—heLegi—f-Lgm_t_he I-mage
beyond t hose contenpl ated by the invention. Because of
this al nost universal colorlessness of film inperfections, it wll
appreciated th - (ﬂ st" inmage in the |ndﬁrared 5 spectrum nmay be derived
fromfilmcontarni'ng undesired defects an I mperfections, and this sane
i mmge may be applied to red, green, and blue recor.ds al so obtained from
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of the inperfedpigfpensatefug tf“ﬁéf“’é"ﬁ?“ﬁb‘f"Fe"’lﬂ"’ﬁ‘i“lghE‘ F*PFa’Q;’é‘edéﬁet”eﬂ‘dterbe
retrieved ftbmirdges | Pap purposen pjovidipg Ei8-be ipde dilustrate t4at anlscePr-t hi s
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defraction, di f; m,enghsenfsal gV, recor % and o Jght sensors to
differing s ectfa  and theif uch Heta s V\n‘ff’ ]b Ydescri bed

further, but® fB?deﬁ?té’%ﬁf °"‘pE}'f‘“'p6°§é%°m9 n Wr trtop Fosfdte §‘?eaﬁ’cf1'P]r?es*’25t”“?\vent i on
gener al I y, it mespsyee conseprudion the rdey dyeorrsorchuillidapse pfoplgmecin the record -
W | essenti al kspabsrin.i |onzed éthendpndsis titet@f fa@cintofthd Hefrared, itper f ect i ons
uniformy in tBsitQdprBi&e Hre®Rds1p| MiQtSREC LFemade worse. Accordﬂl;i}hoﬂ:gh nmost

I mper fections g‘?ssg&lna}oggd %Eba&ﬂa”kﬂl‘?%‘ i’wa\f:JsL frlfggcbglow 750 nanometers is

20 a good compromise. The blue sensor will see some of the magenta and cyan

record as well as the yellow record it is supposed to see. Similarly,
the infrared sensor will see some of the cyan record as well as the

dust" record it is supposed to see.

From the four sensor variables it is of course desired to find the
25 ‘pure" original red, green and blue records having information associated
with the Y“pure" image, and further to derive a dust record devoid of all
image information. In algebraic terminology, this suggesfs four
variables and four unknowns. Although there are non-linearities in
implementing the system of the invention as just described, in one
30 embodiment acceptable separation may actually be accomplished even by
applying a simpler linear algebra routine utilizing a predetermined 4x4

matrix as shown in Fig. 6.

Referring in more detail to Fig. 6, the purpose of this figure is

to illustrate, given the foregoing discussion of non-linearities and the

35 real world, that the image processing, once the red, green and infrared

records have been derived, ﬁay take a number of forms in co-relating the
infrared to the respective red, green and blue récords in a manner
determined by the particular system being employed and the results



light to sone extent as aforesaid, in sone instances t—h%—l—n@er—f—ee%-l—en——nay

30 totally occlude a part of the deS|red i mge. In such instances in
accordance with the invention, when the effects of the inperfection may
not be "retractg@d-odyizenpl oying the IR maprwith the red, green, and bl ue
spectra, then the invention at |east provides an extrenel'y accurate
detection of the exact shape and |l ocation of the various inperfections in
35 the film thiesbied. peperiificalig, chhdnventioh -ddnital tgos ilideas abgdblra lpaova i n t he
art to be enpl oyppebach ifii@Risfihglasd FormBul adoh@RpNted bOSE procbiinguRatines t he

i nabil1ty of sugh,ahgorithnms to accurately distinguish inperfections from
8 " image detail. Accordingly, imge detail was often | ost due to the
heuristic, subjective identification of the situs of inperfections which
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cubed values 116-122 have been obtained, to transform from the cube root
domain in which the matrix was applied, the result for the imperfection
or dust record 122 for.thé particular pixel in question will be employed
20 as shown by the divide functional boxes 124 to reduce or divide out the
effect of the imperfectigns in the red, green and blue records. The gain
of the dust record 122 may be adjusted slightly to match the refraction
of each color with gamma gain boxes 123. These values are then directly
oﬁtbut as R, G, B values 130-134 in the absence of interpolation 126.

25 As shown in Fig. 4, if the value for a given pixel in the infrared
record, 122, is tested as shown in the threshold box 128 and is found to
be below the threshold of acceptable recovery, this signifies that the
particular pixel is obscured, thereby activating an appfopriate
interpolation or f£ill-in routine 126 instead of the divide functions 124

30 to adjust the values for the red, green and blue pixels in accordance
with values for adjacent pixels, thereby resulting in the correct red,
green and blue pixel values 130-134. The interpolate box 126 receives
outputs from divide 124 so that fringe areas of the imperfection that are
partially, but not totally occluded may be used in the estimate. This

35 will be covered later in more detail referring to figs. 7 and 9.

Separation with a linear matrix 113 is an expedient greatly
simplifying computation, however such an assumption of linearity



i mage 14 and inperfections 16 into a plurality of Tndividuar—Tecords,

each associated with a diff-erent portion of the €electromagnetic spectrum
20 Specifically, in sequence infrared 20, red 22, green 24, and blue 26
i mges of the fihra-92o08z e capt ur ed. 18 Referring first to the.
infrared i mage or record 20, a conparison of the pattern of. -

I nperfections 16 appearing in tthe film12 with those appearing in the

infrared record 28reducés paveanlin tahas dftheplomr ethssebstrans c&bbé ireducyd itdehé i cal
in spatial positpdint pg.indknpfiesico by appiyicd aadref muitdeSeation ih P&IWEECHE ONS 16
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16 on the inf rare r%cord 20. 1T Wil al'so be noted. 1 n the Yinrrared
i mage 20 that ot HE ETTpOHET PETADFERORY  the: ithafgeemelete s lHapsmiy 30e from
various phot ogr afffiriengihssand ey cr frpctivn ofi Jight) at @thenotavedspaths i n t he
i mage 20. The r ciderenfept dfhwagelesgthhalin thtpataseais mychel Oursher axetmed, that t hese
dyes are essent idkh ¥oldrafmpa aithd Ganerd 4AhGH hiveOd lredpbi¥aSEdvELiag some t hrough.
E)Iheef | Lr;n ég broad ganrge J?ettaeélre.h s,ngyvthé}st:ﬂﬁcilm&éQhrﬁqle rr%gl gglrelﬁe[%n ank u
ue i - : Vi | .
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their respectiveioTer ffethe imperfectitng perfrctin when| wplied ipnkheglipeay dmelrd 24 a
nunber of | eaves may be AT9-92-012 9
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one wavelength as they would be,: for example, if the scanning system of

Fig. 2 employed four colored lasers as light sources. In this latter

case, the linear matrix lig separates peffectly when applied in the

logarithmic domain.

20 Yet an additional ca;e may be considered wherein dye sensitivity
varies with wavelength and sensors cover some broad range of wavelengths.
The linear matrix 112 may not separate perfectly, but nevertheless may
function sufficiently to achieve effectively perfect separation of the
effects of the imperfections 16 if applied in a domain between the linear

25° and logarithmic. For this preferred embodiment, the cube root domain as
shown in Fig. & has been employed and appears to work quite well.

The infrared or "dust" record absorbs wavelengths so uniformly as
to fall into the first case most typically, and thus is best separated
from the color records by a linear subtraction in the logarithmic domain.

30 This is precisely a division in the linear d.omain and as such is shown by
division blocks 124 in Fig. 6. Thus, the dye records are subtracted from
/the dust record in the cube root domain, and then the dust record is
divided from the dye records in the linear domain. If the tilt of the
dust/scratch absorption 92 is not compensated with variable diffusion as

35 mentioned earlier in the specification, then the effect of imperfections

will be slightly greater in the blue image than in the red image. To
compensate this, the dust pixel valve 122 can be raised to a power -



5 of inperfections 16 appearing in the red, green, —andblue—irages—22-26
wll reveal that they again are spatially positioned in the imge _
essentially in identical |ocations to those in which they appear in the
original film h2s-okkmeover these inperfectd ons 16 appear in each of the
red, green, and blue records, again bearing out the preéeviously described 10
property of such inperfections 16, nanely that they are essentially

col orl ess and t'buwat ppisgeto diapding $b¢ gad.ofreced andplienimagend TPiaLYY| Yist

t hrough the fi bestl 2gafmdys E@ntddais y.oaqfar loyeen, 1.06, and for bl¥hel dper ati on of

t he invention generally-may now be clearly seen by conpari son of these

four records 20-26., e U%ﬁer{‘%edm D& adBS S Bt B prliStdRhinkdTRERsHAaappear s
in the infrared r,eg_ord

0 gh the. .. inperfe appear in all
four records (ARdPHPEICE 5?%‘/}1.9% {Hgrpolation pay asus%{giﬁgasf\?%gi bl e spectrum
ot herwi se i nhaiBEyifgent hdt3F |bepsy fepd that a RyeyHe ipbREPOlRRien ‘Hé%;e‘nm wi t hout
such i nperfect poarsickGyemore sl rigpsrifections to pheorodnts ofrdyvisebidHiyl op@¥et o
reconstruct th@mdeFB@@ichd dnl @@ dthexgBenddiky e mak&Dby an Riwritmgdids wherein
the inperfectiQRs;lfiearix@tbat 301l 8t lavndi BHHEREs @he defec€! buthnat£d.

Specifically, 8. S00MLCANECPIRLY ity ARATA! Lhnique nkYf BEGSSES128, 3O,

and 32, and su Ctrve process ac green, and blue inage is
added t oget Mer °P¥sth l”i’enﬁgﬁlen° BT ST g?fega e?ﬁadéé' 36. _ However, the
infrared i mage or "map" of the undesirable inperfections 16 25 are
utilized with respemtning reach Rifist s etheses Gidurdsnengeint@ped gotidlustrate

ef fectivel y matheapdtical| the FdRIIEAGE iRbde {rmsncehanrembloypicopdss add) t he
undesirabl e af feghaofithnaRge bFRAL bRGLhORNABRN BREROfrikdies, &cOrds in

the vi .Sual Spec&ern?i al desjred.image E%rissgtl.méc!.c'i[ iege %@@1@53@2&&@9\%% one may
appreci ate t hat T Fhe 3t e ecti on éG Sshow u | rperfectians of
equal i ntendit fefeRt AR opegyring Poryieps ! tz‘h “Hit l'f'“r?ggég (%e etf(%ct*]e uni f orm
transm ssi vi t yinftuprthés comprisedeff @ degignd4a ghat eplydrially PHIeussF &8t se

| ocati on of t hessephysitgmically cansgdehyl tet blunsing @£ the |[dafroh Hyinaren Mee | nf rar ed
record 20 (whi glirsa@ChbeidRS £ out of EHeOIn¥Bé ipDamef @Myt Heofiesige ed themge 14 to

be reproduced) gedePESEs18CBhd RRS cotrRainOh cbAe rdgTRIEL {6k OfR%a1lf dbbeukdre i nfrared

record 20 utilized to ~uniformy increase the exposure or

. . . eI:Lmagel? . . .

intensity of piXxel's-at these sane preci se locations in the red, green,
and blue records in a reciprocal way to the infrared intensity to

result in the inprdver Spfestie 13fpareThipicalipgought to be eliminated in prior art
by the process first of detection followed by interpolating in the area

detected as being defective based upon adjacent image information in
order to mask the defect.  The results of two prior art methods of

25 attempting to effect corrections are shown in Fig. 8. In the firsﬁ
metliod in the left portion of Fig. 8, a human observer would poinf-to.the
defect 138 with an airbrush and identify a defective area for example in
the shape of a disk 146 of Fig. 8. The obvious problem with this
approach in identifying the area 146 of the defect 138 in such a manner

30 for purposes of subsequent manual or automated £ill-in correction, is
that it masks not only the defect 138 but portions of the desired image.
136 as well, thus subsequent interpolation would remove most of the
desired image 136 along with the defect.

In yet another prior art method, the actual specific boundary and
35 area partially obscured by the defect 138 is found either automatically,
e.g. algorithmically, or by painstaking outlining of the defect on an
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10 - - red, green, and blue inages are reconbi ned—(as—shown Dy sunm ng
functions © 28-32) to result in the imge 36, but—each—such—record—irst
has subtracted out (as shown by the subtracting function 34) the
intensities Tg_tgngclg pi xel 1ocations of 0the i nperfections 16 appearing
inthe infrared? ‘ecord 20 and the corresponding red, green, or blue

i mage 22-26. g Turning nowto Fig. 2, a schematic illustration is
provi ded of a af m_t.qf t ri ssary
PLOY 92000 So. gmeroRPhEBILEL bY e MRIETS Oo BR' At b0 LRlESS
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a red, green, Dblagsra@ndgafizari@diokt),t Rivertheless A dubGahtia0 porosdetn@s a | anp

42 provides |ight iirg? b Qf thasp w&d s maski,graﬁ, efalty%ogeag infrared

spectra. Wth eac tne apptopriate.color 15 ~filters 4 ei ng

sequenti al |y | neETRERAEBRORRER FHASS (Poe 136 JH PRAMERRSE © 42, 1ight in
the red, green, blue and infrared spactra will sequentially - be caused

t o i npi nge upon and Birally amithi referentd to it présent] dnventidn f dtmbllliee of the
film12 in seguesmeleinthavidné sifidnianberzd@fs uf @cbpliyy e BIPrAEH lafréred  COIl OF
canmer.a 42, wher g4R@Mst fEpdok EfR0arS i it e B cdlaihiGE RE a a8 heNBY 218320 _
delivered 10 a Sultahl GaOQIRHEPse We degects. accoraiddlf, A 96£55, Qlendggerating
sequential col or, ’Jﬁma es natﬁ?o course D€, s a%to e ﬁas 10 enfrally
by the control A& %4™Pro t°H'éer.cpé’ﬁ%d’f’elr ABie- 1) p %,e'efﬁig \é%ﬁ 8t ng
conponent of 't hBarAWE pPefured ghe dmagqmay g feftospsby the dpfirared diyisien

control | ed biys t haugkbApthey pat@ntnteagingt edy thithpordiiongr® whdth to®llyknown in t he
art and will thosladds the ihkgcussed thenpaeidaily ohsueddregidnsCle2 may beufatly ons
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latter region 150 is small, little image detail is lost. - Thus, the image

%¥f“ a

20 interpolation across the smaller core can be more accurate because the
image is known close to the area that must ‘be interpolated.

Additional aspects of the invention may be noted. First, it has
been found that even fresh film may contain surface waves and included
bubbles which, although not giving rise to immediately épparent

25  imperfections and artifacts in captured images, nevertheless contribute
to apparent graininess in "unblemished" film. By application of the
invention as herein described, it has been found that reduction in
apparent graininess to even such film may be achieved. It has further
been found that benefits of the invention may be achieved essentially

30 with all dye-based films including chromsgenic black and white films.
Moreover, although in the embodiment depicted herein, the sequential
images captured have been digitized in part for convenience in subsequent
Processing in the manner of the invention, the invention is not intended
to be so limited and contemplates application also in the analog domain.

335 As an example of a specific application in which defects occur
within the medium rather than the surface, consider the scanning of
Prints using transmitted light. When viewed by transmitted light, shadow



advancenent of the film12 to the desired image 10, and may further

i ncl ude ot her such controls features as controlling intensity of the |lanp
30 42 for the desired spectral response. A keyboard 52 provides a
conventi onal usersisataeface to the conputeer and a color nmonitor 50 is
further provided for viewi ng the various inmages as desited.
Referring nowto Fig. 3, the conputer 48 will in a €onventi onal manner
i ncl ude a syst emetrnid isdclearlyprioikleithgt iinttes daritnbe déteatedogirvMmnsuaragdh

Mi Croprocessor 56isel bidr1bdted QOFRAUL @F A8 Gr SorPdr@ udiTh Phs 6k o Nfhrifg!t put
adapter 60. The .adapldflreS0sMUsChy BRY rdndSP oldlf e VLl ¥ erpaLl IR GAPHHLS

card is provideq,i réuprregterim;tegtilogt %g apce V¥.Lh the cgrrera 42 a npnitor 50
AT9-92-012 - ' Ppr tibers Injthe base gay, &t tb"r‘iby‘ber
digitized i maye *EHVE EEPpBesiBPL AL Uk OBisEIgPelye defectyyBrovifing Be conput er
48. Additional &St ¥rg tawprie & vifer dyichEnede shnge from printy thandds to provi de
further system posstiblel imbee twtrertf &cl. ngcagdingly, efornghk urposes b tRis0Vi Si on of
the control sigRaenc#fl, deRSMAAQEM nENRN tb R HNArdrhftisdive aubsHatE T SHRMOYEd.

The conputer 483Wiln+gedﬁsﬂygp'l y include sone form of bul k menory
capabl e of storing large anounts -of data associated with high
resolution digital inmages, such storage being conceptually illustrated in

Fig. 3 as tht i mage 15 Gck'soPr g6 limif JeKuse cyangmitted 1aghs- | Fhearitdewrd; ypder
schemati cal | y r e¢flecteftinfraged dighbupringsl apppaeehitebtigle dastd scndtchessdandnages 10
captured from t behef rsanmacd Gesiets Sl visibide By anearad adét@hdui ARy Rkseets in
memory. In likeefRnfighe b OULRIhaph RIhLOXnGEA defeck MUENEETiiBIe image;
functional ly repiesgil; thec ! %ﬁQﬁpldQFe té"mg}l bl q_er!’or‘;%g.e 36 as- stored I'n

48 ~up t he

menory after the-conputer as operate on I nput i mages 62 and 64

I n accordance with the invention. This output inmge 64 may al so
15 Moreover, a benefit of the invention is achieved by ensuring that

the red, green, blue and infrared records are all captured by employing
substantially the same optical path, e.g. from the incident light
originating from the light source 42 through each selected filter.40,
thence through the frame 10 of the film 12 to the camera 42 or other

20 sensor. In this manner, one may be assured that each of the red, green,
blue and infrared images will be in registry, thereby facilitating ease
of correlating pixels in each of these records to light emanating from
the same location on the frame 10 whereupon they may be more efficiently

processed.

25 In the embodiment depicted herein, light of the various spectra has
been transmitted through the film 12 and is collected on the opposing
side thereof. However, the invention is not intended to be so limited to
collection of light energy transmitted through the medium for which
correction of impeffections is desired. Thus the invention admits to

30 applications wherein, for example, the sensor such as camera 42 is on the
same side of the medium as the source of light intended to illuminate the
medium 12, whereby the red, green, blue and infrared images may be
captured from reflection from the surface of the medium 12. In such an
instance, the sensor or camera 42 may not be in coaxial alignment with

35  the medium 12 and light source 42 as in the case of the system of Fig. 2
but rather may be off to one side of the light source. Nevertheless, it
would still be desirable to illuminate the medium 12 with various light



15" ‘preférably be in the formof a plurality of digitized—iwage pixels
stored in bulk nmenory in a manner well known in the art.

Still referring to Fig. 3, the program58 is intended to represent

sof tware necess é’;_t r.controlling the m croprocessor 56 and ot her
conponent s of tglcta'gy'gpem in the desired mfner to achi eve the obj ect.ives 20
described herein. For-exanple, a conponent of the Iplrogrzﬁm 58" miydb'é 'Ejhe
control softwar ar.y. faor neratin equentia t i red,
green, blue and?rl?ﬁ%r%g?%dg%ﬁgge?%ﬁeﬁr%%)‘,’rmg'?z*s"g()rgfﬁéhﬂcﬁéreqf ‘ t‘i ﬁﬁejeighq%’ rol of
this program 58*WitFin9tHe%) g¥nErth e (REvioRt}Y deaty thadgrrdrs fHtersee &)ak em bus
54 transmtted Ehs Yede gregiusrdobiugandgiabiyared inngeq eydt cthen BO githeresd bci ng 25
appropri at e -si ghights tesvel HogialomygesentiaBliyghal samO Bptibel pdthemr Ldcigebug 6

whi ch may i NGl uske sibat fiageddEQS EleCRIIE Rhasth BB Hasi 126t DRCAIIHY -of Yihg Bnd

addi tional COMPAREA! rHraddifh RIL AL, PhdchssTAC B End D4, S rR87, PfiESRITY 12
carry out the p{&gﬁgﬁl ggelgf ftg‘eé lmeges as hereln slf:”xt:) - - - One
representative conputerized syst & For |?1gpfeedrr‘re‘ﬁf?"n§’ hES AP EPERTC R8s | ust

descri bed rel at3Vecipbroryigh . o parkieplar deaatieni sicksdredtymel2- ol | owi ng
conponent s: The lanmp, filter wheel, film holder, and canera
assenbly is contled pedenviet emboddmdNit kel desdribedcRpmatialdpturk 5£32@0. The
scanner is 10 dreehi, {106 50 idbvarfd tiesHobid B B5hisGathat RRe Rbtilal oHtRinl B ar ed
filter is 35 ri%gp\iﬁgges %iMQ%OWIQtJS% gl{i@e'flk%l}tl]:eJoniaQEl r.ta(}g cloi'crrlstb% pl ace,
an? t he VOlJx@&%iggnst}&?garg%{lgi)fgvgggrq teggﬂmoglees Qc? I;Lfrczac')lors. \ég etxgmptlg >
volts. of this would b; to use a 4 line CCD sensor with filters built over the
lines to pass separately red, gteen, blue, and infrared, or a 4-chip
15 camera using dichromic mirrors to separate red, green, blue, and infrared

images separately on the 4 chips.

Any of the elements used to recover the image without defects may
be implemented in analog circuitry or by using an analog-to-digital
converter with digital hardware, or even with sofitware running on a

20 computer or a digital signal processor (DSP). Also the several elements,
such as capturing the red, green, blue, and infrared images, and
processing the results, can be done serially or in parallel. Although
the discussion has assumed serial capturé of images to a computer memory
for processing, in certain fields other structures are preferred. For

25 example, in film-to-video'transcription, a color camera with a fourth
infrared sensor outputs the red, green, blue, and infrared signals to
analog circuitry that substantially divides the red, green, and blue by -
the infrared, providing in real time removal of scratches, dust, fungus
growth, fingerprints, transparent-type splices, and other imperfections.

30 With the advent of HDTV, removal of all dust and hairline scratches will

be much more critical than it is today.



The conput er, di spl ay and keyboard can be one nmanufactured by

I nternati onal Busi ness Machi nes containing a GPIB card nanlIhraShddtrfﬁdB&\sReplaced
National Instruments of Austin, Texas to interface to the fif

Al ternately the.GajRpa 42 can be a Pul ni X ggonochrone CCD carlmmn”ﬂMHm
TMB4K specially ordered without the built-in infrared absorbing

filter, the colored filters 40 include an 87C for infrared and standard.
colors for the other positions plus addegaiygfrared absorbing filters.

The arrangement of the wheel, lanp, and film holder should be obvious to
one skilled in re Fi he perti nent
port| on of the pro r?atth"%g” fse lr\kﬁf’f:rﬁc 1ngofll’mt the Fpt%cfshof SJ“’gi’"'?fec Yons 16 and

the infrared i nEBEFoefipps on an iﬁ?%c%té’é‘?%ﬂ‘efﬁé SPERTIBtY | neges to result in
the desired reconbi ned i mage 36 will now be described. Once the red,
green, blue and i nf daeednyrages from a Hghesheen tdisgid medtwh mndhapinier i at eI y
stored for retrin@Vikrartdi@adggpge 15 processing will conmmrence by retrieving

pi xel data as shown by arrow 68 : Each pi er digitized and captured
fromthe franme 10 wi || a}:tua |sn(;ld €, nfrared orrgsapo)hdlng gd gr een,
bl ue and infrared p?%?éfa AL J AT e W h T hE® Tnag? BEFRITVEF 88, green,

bl ue and i nf r ar'deibiergfeges 1y dgegfingppproy fromtheanedium, al“%cfm'@’f‘%énsec?ﬂdue and
i nfrared pixel sowmesttespatiiang gaybiriasionagfetheoindrired apd plyrplity o ffyigtde 10 Wil |
have i ntensity ivéded e shaeBy eumting the émpenfekbiontincihe mediwinder conput er. control

will be stored and retrieved fromnenory. For each such parti cul ar
group of pixgl s, therh%sn%qg&damla\ﬁﬁ'lugheQLmt D step 6PLEASED |t ared

pi xel 76 w %grgg?’ Lﬁre det ! ﬁ %de as shown
by deci sion tré&l 1T FedreirEliet GeVaR Vet sy %rf _ %—“sé on the

noi se and accurdstsp. ordiiee Attt eaf andive at“é themi t subseq'ue-nt

conpensati ng gain bel ow t he point where system noi se predom nates. This
limt is conceptual detecqh WadoBrdspdndiigheed, i g¥tdn, i dnd thiée image FubnOB&Edi C gai n
control (AGC) qbgi@m!a@di o receiver. If the value of this

infrared pixel does not equal the 30 predeterm ned value, the pixels
associ at ed th thig infrare i.xel and orrespondi cation in the
frame 10 ar\é\g consi d@’f %ga %‘d SR8 duPed Byrein atalﬁaﬁtﬁﬁgf”ftgg’t f’gﬁle%te dthis
fact is recordEBERA¥ (oY sbgdniraged "t“He"lﬁ’rb}%éI@“ge of spddlecimomegnatiock 84. An
appropri ate filsbectout vave traysmitted theuglx egid wedium. by the systemof Fig. 2
to replace the respective red, green, blue and

4. The method of Claim 1, 2 or 3 wherein energy in the infrared and

20 visible range of the electromagnetic spectrum is directed along
substantially the same optical path.

5. The method of Claim 1, 2, 3 or 4 wherein said imperfections are

comprised of a first portion substantially deflecting infrared energy

transmitted therethrough so as to be substantially excluded from said
25 detected energy; and

" a second portion only partially deflecting infrared energy
transmitted therethrough whereby only a portion of said infrared energy
transmitted through said second portion is in said detected energy; and
wherein said second image is formed by estimating occluded portions of

30 said image based on areas of said image partly occluded and recovered.

-
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35 infrared pixel values with corrected estimates therefor nore accurately

reflecting what the values would be if the correspondi ng i nperfecti ons 16
were absent fromthe film12. Such fill-in rouUQiﬂ“IHEﬂ rll!j]i“t
AT9-92-012 AT9-92-012 | 13 arious

t echni ques such as "exam ni ng val ues of adj acent p| xel S in order to
extrapolate to an estinated value for the "obscured pi xel as shown at
step 86. . Appg;g@&é @W G% W EarEtl:th ﬂ'or ll;lIe L&@et@'&%eiec\é?thﬂi Q41 t he
particular 5 |nf a[,ecgn;% n 1d H]‘ﬁ?l ﬂrga to or excee t hat
of the predéterm ned ¥ é gf ﬁé”ﬁ anci '8’2°?3‘F’rits deci sion tree 78 is
fol | owed. As previ ousl y descri bed, under control of program 58, the
conputer 48 - Wi |reansh Seredireeingdpergy firémea ddohtesporedtn gaidetdigr Ben and

bl ue pi xel val uekse visible eid infv@@ddinandd, ocks 70- 74 by val ues functionally
related to that of the 10 infrared pixel intensity as shown at bl ocks
90 94 I t \MJ l be rm%%gl }:'onge‘n rat:.&ghg'r 1&%&?&% ihgf 5 ]:ile.u(x:nt éo%@?s_linl\% \M l l
essentially, due[{} ge i transm ssi VI acr sual
spectrum nani f & ?tﬁ%'fﬁs‘éﬁ 37'&°§r SHEPTLEP respectyfo.sadd ﬂ\S?’d"@l’\?é(P PJrF"f’déYred
green and bl ue PEZ&TBL inaseseaidtensities must be appropriately
intensified so that the areas associated with the 15. inperfections wll be
i n harnmony with thoseasf fdrngenekiadiml ¥ sacbhad Gofposite imbdeX&d 8. cohBI®EEBY oE€duci Ng

t he perception gfe irﬂ'?ﬁ%d'am%rlﬁﬂglﬂyogpvisgbfehﬁnages tﬂmﬁp%gﬂuh g 36.

Details of tﬁe gpf BDSE@ al operation’in he red, green
and bl ue val ues e tt')"flgtﬁe I nfrared val ue of t he
correspondi ng pi er Wi I I be hereinafter described in greater 20 detail.

) 7. The apparatus of Claim 6 whereln said medium is film. v

8. The apparatus of Claim 7 wherein said film contains image
information stored as a dye image.

9. The ‘apparatus of Claim 8 wherein said medium is subétantially
15 reflective. ;

10. The apparatus of Claim 9 wherein said medium is a print.

11. The apparatus of Claim 6, 7, 8. 9 or 10 wherein said means for
directing energy to said medium comprises, means for directing red,

green, and blue light at said medium.

20 12. The apparatus of Claim 11 wherein said means for directing said
infrared energy and said energy from said visible portions of the
electromagnetic spectrum transmit said energy along substantially an

identical optical path.

13. The apparatus of Claim 12 wherein said means for directing said
25 infrared energy and said energy from said visible portion of said
electromagnetic spectrum include a numerical aperture that varies with

wavelength.

14. The apparatus of Claim 11 wherein said méans for detecting of
energy from said infrared and said visible portions of the '

\%—1’
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Once each red, green and bl ue pixel has been conpensated for the ef f ect
of the inperfections 16 by division in accordance with bl ocks 90- 94,
or marked as observed by block 84, the estimation or fill-in t echni ques
(bl ock 86) may bgﬁggglqéed for the pixels rked observed. 25 The
subroutine is th it%8d at 88: WWen the f regoi ng process has been
conpleted for all captured pixels of a frame 10, a resulting output

visible image reqqLd. 40 ki s%ecm;ms%ew&r ERY SBNELAL Sl bl Sed Of red,

green and bl ue di specti ve
collection of pif g?ss"a?tl’rﬁ]slya‘ﬂigff'é‘ﬂe"(? 368! PatflSi red in accordance with the 30
process of Fig. 4. These corrected red, green and bl ue i nages.nmay there-
after be selectiuely Thecapparaets ofl abhensSys cbiind GStob fieyrinmesiar infraneder
control of m crophQfeess Aincbonang releeabtlisuddkepist of BisAUGHrdrle ehé@

adapter 60 in @pQ‘E%[‘At@E% fé%&&nlm%e‘%l?i’onw?é{d Weﬂesa‘iﬁfmkﬁegorﬁgen gi 9 1 ac

exanple, in the mon t.o display the desired reco

enhanced i mage 36%¢ e\s/'?)clo of? gf °m1?fefeter| ous visual affect of the

i nperfections 16. AT9-92-012 14

Now t hat a gener al unﬁem%fﬂnmjﬁgtinaﬁiiemrﬁiéwPéle!eln-éﬂfr?mi Bpessaii on of

the invention, arespoesedst adideteasiesmmipti on of inportant aspects
t hereof follows. Nunerous factors nmust be accounted for in a practical

i mge enhancenentg Sysﬁh@@p{:ﬁiaais' 08 ciln 15 it ALL Q05 ?r&gaﬂgrthéen% Latlhes of 5
the real worl gov\,hl ch

syst ens. Fly. n?l.| image :ﬁ'e com?rlgpd’ o{n c%r(?‘g?pgx\flcﬁn% xfs% d'm% secon§ plurahtf:l.es

Ive
tions such as du8f pé’f‘f‘dssé‘?%lf"éeﬁé%" saifdrepry 5‘1‘” HuEEPE f‘t“iq}?rt V“BflsFﬂage
capture sensors and transducers such as charge coupl ed devi ce (CCD)
arrays to various freguentiregenefatlingyfdr, easheiselt dfesdd diinstnplurslithe neasure

10 of relative pgibentrageidbl BEQbR dNtheOinffRtd bilRe TINSQH pifQRSndi. Vi ty,
and the abscissa is the Ilght wavel ength in nanoneters. Dye colors are

labelled with two nar;\%aris I‘or mu tJ.p :{n%, fgzeceiéc%y%Qd p1¥ee.ll I.‘:ssa:Lgrsecondby the red

15 plurality, the magnitude of said pixel of said second plurality by a
corresponding said number corresponding t¢ a pixel of said’ first
plurality.

17. The apparatus of Claim 16 wherein said functional relationship is
substantially a reciprocal.

AU A
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sensiti‘'ve | ayer to absorb red |l i ght, therefore appears cyan in color.
Several things may be noted fromFig. 5. First, as-previously 15 descri bed,

i nperfections 16 such as dust and the |ike exhibit substantial ly
uni f orm absor pt i 8#-8#-012 ght across the visi2bl e range bet ween
approxi mately 400- 700 nanoneters and into the infrared spectrum from

about 700 nanoneters on up. Accordin % t he graphi cal depiction of
absorption of these inperfectiBAEH A" s’ﬁB%‘tDa'F?FlI&P‘PEyR?q"&‘fRYaS shown at 20
reference nuneral 92. Because the primary effect from nost inperfections
is refraction, and refraction is miskest|of theIhsdabsdrenger wavel engt hs, the
ef fect of nost inperfections will be slightly | ess at |onger wavel engt hs,

shown in Fig. 5 as aasysgm odd Jnettﬁsaoma@ BERLLOBor LB 98 s MIERYEY peakl

mentioned in the bgckgr e I hve use re- 25

ferred to in m cPEEHRY a”“fa?e Rtagetiened QF %’ Lﬁf’gr R (15 G Tﬂ“e or
NA, will also?¥ O?IRfI"arteHé'lﬁthf b%fe‘ﬁF"tF@fll’ééffisB%FtF%d’ER?é@ felmaping qrhasagay .
constructing an edpbserdi ¥hateipntosther etemhetich sapfteses @rfdspedingimagés.a Theower

NA, in the red angdraspaeid hapsithé riacaion, dddndakieghinklyintanserids fof e meaiat he
green, and especidkies. Dhbe mag BE ebpibfedOdonBAa QI PA1L P i G £V oSy FaYtub& 30
renoved. inages {1140 qntawﬂla 25 Rk ) 3FecARP L 9%94; 3 |eflye- based
filmns. HOWV'% uni ro 'S asa‘ocﬁr_‘g t \gl es Create
probl ens i AgEse f)e 8 "85 Fe8xC e"“p?reff Ping to Fig.
5, one char adirédedsqut Erap t’t‘*hé%‘b Fyes 'P’é‘etsﬁa"ctr%dﬁe’“c‘si’afftd%g”é rb sone
infrared. 35 Cyasutdyhesinfisared iirrgpoistd o @ pixehrbpeixelchasis.aria gesltgrmaliet o wor k
with the hunaBodin&itathe8a4at the inperde adhar ahbsighyiadlyepfeeenti triaeghisdompen up
rapidly everpd fr iie NBeFethihgal @d, 1RAfag AN oD ¥hd BEFePOS i ¥R rtheless
Lranspar ency Jedlgyda ieh G SuloRRRMSR- EHaYor fin roPe LBACELDE wii3lla Cyan

dyes utilize d ue to the precision with which the defect boundaries are known.

//Il/l///lll/////lll/??i/m
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AT9- 827012 _ 15 negatives typically work with
col ored paper. having a cyan-form ng |ayer sensitive alnost into
near-infrared, and accordingly one nust go further into the infrared
for these negative cyan dyes to beconme transparent. This is
denonstrated by the spectral response curve of red/cyan dyes 5 utilized
for negatives, reference nuneral 100. Also shown in Fig. 51is
a light frequency response curve 90 of a 176 charged coupl e devi ce array
which is a typical transducer for capturing |l ight images both in the
visible and infrared spectra. Such a devi ge =F-ghj~ ﬁbicélly be found
in the canera 42 pi—~_g._2 for capturing tihe 10 red, bl ue and

n,
i nfrared i mages. Wil inly seen flromthe N iﬁgp?ﬁug;i? there is
no probl em el ectrFriceIIIy in Eﬂ- ng" i%f\a—ned as 16 e senstvity of
such arrays externflintlo the /¥ erf®ed spectfrum and ir ently
i £l e, nNFRAREDY’, f fom a cd As
, CCF sensorg alfe ofter
d :

O
-

2@~ O
—

systemof Fig. 2
exclusively as t
mechani cal | y bui
in, for exanple,
sensors permt
and possibly reg
renormalize it to

113
- A_ﬂ,ﬂt woul d
2\ TTaC Yy, such CCD
d ftenrqg t he i mage .
high b il |f¥egquencies to
Ferses-dassociatled with the
infrargd, althgughl this problem
{4Jm nat ed}by [si nply
Pt hrjstegh cofrputler control on
dol or di g$torfftions are
i ich may be

ic|lens design.
| efrs are snual |

U7

shown in the respomse M %ve to
infrared than vi bRt D to
derive the desir gt th D 1S
illumnated with|a 1 4h nost of
its radiance in ifn dj t he

e

r

a

may be m nimzed w t’h apochromats or [r
refocusing slightly, which may even bg
the 1/O control line 44 automatically.

al so potential problens with asynnetri@m¥N
sol ved by software mcro resizing or b 30y
It has been found in practice that suc
enough to ignore within 100 nanonetersjo

26

BLUE

FIG. 1



vi si bl e sioectrum Also referring to Fig. 5, it wll be noted that 35
conventional blue/yell ow dye spectra such as the representative spectrum
94 and green/ magenta spectra such as that shown at reference nuneral 96

do- not absorb in the infrared region. AT9-92-012
16 It will be recalled that it is a principle of the invention
t hat the infrafed record will incluBéédata only associated with the
| ocati on of the undesirable inperfections 16. These i rrpeﬂ‘ ections 16,
because of the essentially flat transmissivity curve 92 ©hereof
extending into the 5 visikWle region will cause perceptible iMmperfections
to appear in the respgctive blue, green an ' rkened
areas. However, becaggSe an infrared record
| ocati ons and darkness of t hese inperfectifo in the
infrared map may be utilized .to conpensat g S
appearing in the blue, green and red 10 i mageg. vi di ng
Fig. 5istoillustrate that in on- l'ine bat e
t hese inperfecti gis—f—pract ctaffiglyst em of hccount
for these non-ESe H+gs| andN\i Ehgb@arities :
response, opti: Yhps, chissi t he wavelle et he
infrared recor ' |f a EiMbEDT se as mgy} f rom t he
foregoing. | fSdft| BboN{l pse t ol i si bl e spdc
crossover from tdeTyamdye @ % || cause gr
separation.” On the other] hand i RUgut too far iﬁr
optical problens previoysly jnenti oned are made t
has been fouynd-in practilce tlhat a | ow pass filt rsis
20 a good génpr e prue Senspr [wWell s¢ E and
cyan regoprd fa as the yellawreddrd if
Simlarly, [} t ared sensor—=wt ||l $2e -sofF as well
as the 'JIHEIt" i dit is suppesHd|t= see w
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Fromthe four sensor variables it is of course desired to find the 25
"pure" original red, green and blue records having informati-on associ at ed
with the "pure" inmage, and further to derive a dust record devoid of all

i mage information. In algebraic termnology, this suggests four

variabl es and four unknowns. Although there are non-linearities in

i mpl ementing the system of the inventi on3 && just descr.ibed, in one 30
enbodi ment accept abl e separatjon may actually be acconpli shed even by
applying a sinpler linear al *W&OU'[I ne utilizing a predeterm ned 4x4
matri x as shown d-pA—Fig—6+ Referring in nmore detail to Fig. 6,

the purpose of {his figure is A%megilxggte given the fordggoing

di scussion of npn-1li real world, that theli nage
processi ng, once t he 78d records have Heen derived,
may take a nunbger of! $ i ng the infrared to tjhe
respective red,|greeg i manner determ rjed by the
particul ar systgm be sults AT9-92- 012
17 desirgd.” bpem T caw Y, tne rtnvention admts to a |lingar al gebra
matri x appfoachfin T T ut contenpl ates othgr processin
routines pgs wel | Ré&a‘/éﬁm'ﬁ Té:m?ng in m)?g detail tg FPg 6, thg
val ues of indiv|dual _pixels ¥5 for each pi xel |ocation associafed with the
frame 10 will pfef erlaREyEAEINFRARED®DEL §led 76ipon by the systemoff Fig. 2 and

specifically the nm crepreeesger 86. Each val ue of red, gr¢en, blue and

infrared 102-10B assgﬁi at ed Wi a particulggr pixel w I | §n one

i npl enent ati on have t t her eof :
YES /

VALUETOO
SM;\LL :

Y

DIVIDE RED VALUE BY 80 | MARKPIXEL 84
INFRARED VALUE ud *OBSCURED" ~

T
DIVIDE GREEN VALUE BY 92
INFRARED VALUE ~

Y

DIVIDE BLUE VALUE BY 94
INFRARED VALUE ~

- -

ESTIMATE OBSCURED PIXELS
WITH ADJAGENT PiXELS |5

l\/aa

FIG. 4
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obt ai ned as shown in block 110, whereupon the results will be operated 10
upon by a linear transform 112. The reason for the linear transform 112
istosinplify the matrix algebra so the cal cul ati ons may be done faster
on a conmputer. The coefficients 113, will, in one enbodi ment, be select-
ed using nethod of linear algebra to prg\%de i ndependence of all four
colors near a selected.reference, such as gray. The resulting outputs of 15
the transform 112 will then be cubed as shown by boxes 114 resulting in
red, green, blue and infrared values 116-122, respectively. Once these
cubed val ues 116-122 have been obtained, to t&nsformfromthe cube root -
domain in which the matrix was applied, s réult for the inperfection
or dust record 122 for the parti iquestion will be enployed 20
as shown by the divide function 4 tSrdduce or di vide out the
effect of the inperfections in tjh den and bl ue records. The gain
of the dust record 122 mayw.b& ad
of each color with ganma i xRS 123. ZTHesg vyl ues are then directly
output as R G B values 1304434 En the &bgené&e df interpolation 126. 25
As shown in Fig. 4, if thé3vélu %or a givdgn Bxdl inthe infrared
record, 122, is tested as i the thrgsh®d lbox 128 and is found to
be bel ow the threshold of Accepta@ll e recovary, tl’gs signifies that the
particul ar pixel is obscufed, thePeby actiMati ng*an appropriate
i ne 6 qd &f e divide functions 124 30
to adjust the values forfthe reg bﬁle%i xel s in accordance”
wi th val ues for adjacentf pi xel g dsu8irdg in the correct red,
green and bl ue pixel valfues 13Q . i/rit e$¥dollate box 126 receives
out puts fromdivide 124]so; t hat] #1 s-of tjhe inperfection that are
partially, but not tzua be Jused i|jn the estimate. This 35
will be covered |at I iJ-referrlingtq figs. 7 and 9.
Separation with a |li@ [ Ixpédi gnt gr.eald y sinmplifying
conput ati on, howevercgu ligpaity = .

~ A S

T

E

RED/CYAN
POSITIVE

600 nm

GREEN/
MAGENTA g6

BLUE/
YELLOW g4

500 nm
<+— Visible

/

400 nm

Absorption
Sensitivity



AT9=92- 012 18

color. these errors can be reduced to the
applying matrix multiplication in a domai
To select this linearity, severa

cases in which it is assuned the dyes na
spectral response, . they c ggletely

absorb a fraction g i ght atzotther wave)
wavel ength. In thigs| dase it rigly/be furtie

sensor in the canerp 42 nmay Hdye a resp

cases my be

%/E

introduces errors in areas of

poi nt of insignificance by
sel ected non-linearity.
considered. First, in

ave a 5 perfect square

nsmt sone wavel engt hs and

t hs i ndependent of

assuned t hat each col or

€ covering sone broad range

n of

of wavel engt hs, 4s theyILyplcale doint
just described, g linear=formof the matr
of the inperfectilo8s perdect!y when appli
However, in yet gnpther Qase in nodel | i ng
linearities, it rfay in $fme i nstances be
dyes varies wth|wavel edgths, as in fact
it may further bg assuned that the col or

A

d

I

one wavel ength as they would bk, for exan

rad |

Fig. 2 enployed fo

hejreal world.. fn 10 such a case
i x]112} s&par at e out effects
ed}in hgl i neaj donai n.

t xea nt@] agcount non-
assunep at abgorption of the
isjnorg gypical| In some cases 15
sepsorp are sengitive only to
pl e, if the scanning system of

In this latter

r COl A A AW T rywepwy | (A .
case, the lineard ri xyl123separ ates Her ‘applied in the
| ogarithm c domain, 8] 1 Yeig cfse may be considered
wherei n dye sensiy < | Ygg\eg—wilt h and sensors cover sone
broad range of wa ittes. | S Mdsllin ht |2 may not separate
perfectly, but ne Il 3 afun @lficlently to achi eve
effectively perfectd separhti ond of Lhé egts ol the inperfections 16
if applied in a donfain Regween the \ @ | o@hrithmc. For this
preferred enbodi ngt; the-cultél Foot ~ Bhdwn in Fig. 6 has been
enpl oyed and appe8fs’ t ogwor k i t e wel | o a Therinfrared or "dust”
record absorbs wgwete s sgzuyfgrmy, topketh into the first case
nmost typically, gne—tpusS is pest[separa _ frpm+ipe“col or records by a
| i near subtractignin}the |ogacifhmc Ln. ~ o
i ! t ! S
' i
{ i
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30 Thisis precisely a division in the linear domain and as such is shown

by di vision blocks 124 in Fig. 6. Thus, the dye records are subtracted
from the dust record in the cube root domain, and then the dust record
Is- divided fromthe dye records in the linear domain. |If the tilt of

t he dust/scratch absorption 92 is notg gonpensated with variable
diffusion as 35 nentionedgg Eetntheaspeci fication, then the effect of
i mper fections will be E n the blue inage than in the .
red i mage. To conpgps pi xet1ld&al ve 122 can be rai sed
to a power- 19

i ue i mage. Typically the

D6, and for blue, 1.1
predet erm ned threshol d as .
: ﬁ ed in place of 5 division.

.LE3§P'7 practice renove
: ge

"gamma" prior to dividing
best "gamma"™ for red is 1.
However, when the dusé
i ndi cated at bl ock 128,
It has been found that a

smal| inperfections to th {lity i mperfections
on the other hand may be < t hm whi ch dupl i cates
texture as well as density across the defect, such as a fractal
generator. However, enploying such t echni que may be desirable 10 only in
the case of extrenely |arge defects. Turning now to Figs. 7-9,
these figures are intended to illustrate conparatively the results of

| mage enhancenent enpl oying prior art met hods with those of the present
I nvention. In these figures, an I dentical desired imge 136 is stored.
A piece of film 139 contains a 15 ¢gf ect 138 obscuring portions of the
desired i mage 136. The defect 133 in turn is conprised of a region 142

that only partially

148

136

136

FIG. 8 PRIORART

139

136

FIG. 9




. : : S Novsag=0 ;
image 136, typically caused by the blurring of the defect |ying on tiﬁg’am

surface of the filmout of the inage plane, or by a soft edge of the
defect itself, and may contain a core region 144 that totall y\obw_

t he i mage 136. Such defects 138 are typically soughtylsp be —
elimnated in prior art by the process first of detection fql : SB*meI-

i nt er pQlati ng—in—t+he Fh detected as bei ng defective based b aceq
adj aceftTHISTOHEET S %hf)n in order26 o mask the defect. The® #/I#I/II/
two prijlor ar REPEACEDds of 125 attenpting to effect corrections are shown 11§}
Fig. 8.tda—tte—TTT7st method in the left portion of Fig. 8, a human

observer would point to the defect 138 with an airbrush and identify a
defective area for exanple in t he shape of a disk 146 of Fig. 8. The
obvious problemw th this approach in identifying the area 146 of the

def ect 138 in such a SESHEM AN METHOPOECE IMAGHIREQVIR Yranual or

automated fill-in correction, is that it nasks not only the defect 138

but portions of the desired inage 136 as well, thus subsequent
interpolatABETﬁ9&£P remove nost of the desired image 136 along with the

def ect. In yet another prior art method, the actual specific

boundary and 35 area partially obscured by the defect 138 is found either .
automati cal |y, e.g. algorithmcally, or by painstaking outlining of the

enl arged proj e asm pnd el o oinkBirate for offets of a reoprding mediusfuch s, |

Apbr bach e B e 1 e Risof, DIIRE R el 1B i

Fig. 8, thabuaidallyusdhsimittedethesughBinh halifig ant diBe leRPése@ithérem f Me sydem
which captures corresponding i_mages. The infrared image maps the location,
boundaries and intensities of the media defects. The map is employed combinatorially
with the other captured images resulting in an image from the film free of the effects
of the film defects. In one embodiment the effects of the imperfections are divided out
from the red, green, blue spectra in an operation dividing out the infrared image data
on a pixel-by-pixel basis (70, 72, 74, 76). In an alternate embodiment wherein the
imperfections substantially prevent transmission of IR light therethrough, the IR image

map of the defects is pevertheless employed with an automated fill-in algorithm more

effectively utilized due to the precision with which the defect boundaries are known.
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5°which will Ppegpee : rfthmically or manually (and thus | e¥&8F The
desi red i mage}1g6 pVRrt hel ess a substantial portion of the
desired i nagef 1 R ' t[tn masking the defect, so the

reconstructign bf—the-dasired ifrage 136 w11 be inperfect,.

Finally, withj . reference to the present invention, it wll be 10 recalled

t hat one sigm ert——ReRabit oty mapping the filmwth infrared - 1is so as
to provide an Fintl its pirpose avad niit6 BokrectainiBiage brésbi ¢ geififh for thé efaéts Of
and boundary of the defects. Accordingly, in Fig. 9, with the ‘infrared

map, the owchrdepastad film défectski Rathiey thé system dedseimpldéhted simiplp b ymonitor the
partially obscured the image may be restored by the infrared division 15
t aught i n prevalepeet efithese defeqts in amaytomated photegraphia 8evelppmaént tpyockss whereby,
occludes the image. Thus the partially obscured regions 142 may be fully
restored WOF §Xamples she, process cawdd bp aptomatically shut\dowmsit the defeet rate expeoded 80

Because this

that requires the afor ntioned_ algarithmc fill-ip.. . .

| at ter T ogiiGRTiBES Pl POV, dpirarell finaes fes 0t recandedsn rediis Witlhany pdgE 20
i nterpol at.i on_across,the smaller care can be nore accurate hecayse the
mmge s KRGRRE Ara8 dnb il Beritn o fe AliirERht AL TS M3t 'woua
Addi ti onal ' td ' et .been
found ¢ natBadnt FRirdinely REGRICH SREaPE sy e 8BS e sl HhperkicpRopred MIRE
bubbl es WRCinac! il e\ | i bl e .

| mper fections f_%(ﬁé}rﬁtl a@?geflg%tg?g%t‘%ﬂrégwl%%es, %ﬁ/%%{ﬂ%ﬁé@éﬂg%nirgﬁut%n
t 0 appar enhe Goptrity)ethe dptical/TR! 5ith ShRAda rkflbdfive BB B! IR SoBfce! RF sensor
i nvention as herein described, it has been found that reduction in

appar ent gfifferenDfom the othegrsefisorh uhudilided®yr agePhocessiflg. |t has further
been found that benefits of the invention may be achi eved essentially 30
with all dye- Swhdysteinsthave dh fabitrbgen kievelopeenfor chptarikg amdgeshoft ebjédts deng an
Moreover, although in the enbodi ment depicted herein, the sequential-

i mges capdentisdl pptical [pathnwhéngin eachdsuch image comesponds/tena differentrpartibs efuthet
Processing_in the manner of the invention, the invention is not intended

to be so [clegtHomagnefic spactrupn| natebly 4pshe satelligh pbotegraphy ahd regoanaigsancerairts,

35 etAs an e agl e of a specific application in _which defects occur
Wi thin t hdORSaRERIE ZORHITPASEs Qfinags; sTBRCETIENs; b sughh gysteramnimagesfof one

prints us'sIr;n(;i’ct:tt'urrffi1 ”xﬁar? tuesdbtle Isg{)‘ériml\mlgsgg on ﬁa‘“é%g ﬂl')c}/m tarll%&%;n s%xtecetxqunll Io%htilé 1321%%%

object whereupon various image processing algorithms well known in the art might

thereafter be employed. For example, an infrared mapping system might fun%tionally
relate the IR spectrum of carbon dioxide in an earth surface image from that of another
portion of the spectrum to draw conclusions regarding surface vegetation or the like as,
for example, in crop inventorying; and such techniques have been well developed.
H(_)v_yever, these Systems while in some sense enhancing the captured image, are not
detecting through-means of the infrared spectrum defects and imperfections associated
with the ;e;ordi_ng medium itself, and thereafter using such information to enphance the

image stored on the medium.
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AT9- 92- 012 21 detail is clearly visible

that s too dark to be detected through surface noi : eflec
light. In the prior art such transm ssion scanning "R@PIW’E%@SHEET
usel ess by the randomgrain of the fiber 4joase, however the e )

fgqctiyel 5

prO\n §i ﬁépa’m"L
sithands. .. JF
s of this o

on.uhich

current invention, the paper fibers in the base may be e
renoved fromthe image along with other non-dye defects,
better way to capture a w deSUMMARY O THEINVENTION i n
possible in the current art. Accordingly, for the purpos
I nvention, we consider "filnf to be any transm ssive sub

an image is |ayed. 10 It is alsonot alinmt to use transmitted .
light. \Wen Jida ebjeetrof the inveption: ta gmeHerata ege (or grere disadyantageyefirthe

white with_dust, scratches, and ot her surface defects clearly visible.
By clearl beV%‘P?WgWFWQ fef ect s fromimage detail, and mapping these

known defectsd&o the visible. i

may be renove ceordigg to one IF‘énig&gm,e 'Hwﬁlét}‘?g'? Tﬁé}%?sa{iﬁ Bgﬁérﬁé%‘%]&grdﬁ:é?%ied
i h h nf: .

Ohou e e, g S oo, BB G0 i,

sel cct od (eSS directis REL phexky W shidtpedibl (RLEAEeibee) 15 MOIEERET

camer a 42 ectfiith Fros GaidSAieaRin res'ulli:%hﬁ'ﬁm”ﬁﬂi1 Birect&d SnffaR¥d Iéﬁeg%??&ﬁg%&ﬁlﬁﬁ%/

each of the red, green, blue and-infrared i mages w || n reglstr

thereby f aocisaid Bhpereections; mapping saidr ingledfettichspiroml said deteated efbrolyh MsRcting

records to |ight emanating from the sane | ocation on the frane 10

wher eupon enkrgy from the visible pbftioni efh$did electromaguetiesspeetrum to said medium; and
detecting energy from said visible portion of said electromagnetic spectrum from said
'medium in response to said directing of emergy from said_ visible portion of said
electromagnetic épectrum.

According 'to another aspect of the invention there is disclosed a method for use in
correcting for the effects of storage medium imperfections on an image stored therein
comprising: directing infrared energy to said medium; detecting energy in the infrared
spectrum from said medium resulting from said directed infrared energy corresponding
to said imperfections; and mapping said imperfections from said detected energy;
directing non-infrared energy from said medium; generating a second image from said
detected infrared and detected non-infrared energy; generating a corresponding infrared
image and plurality of non-infrared images from said medium; and further wherein said
second image is a combination of said infrared image and said plurality of non-infrared
images.

According to still another aspect of the invention there is disclosed apparatus for
use in correcting for the effects of recording medium imperfections on an image stored
therein, comprising the steps of: means for generating an infrared image of said medium
containing indications of imperfections with respect to said medium; and means for

generating from said infrared image and said stored image a second image; means for



25 n I n the enbodi ment depicted herein, i Q“RE?’(LAPFIQENWSHEE $pectra
has . been transmtted through the film 12 andyis_colleciead on tl

opposin side thereof. However, the inventiof ils not jnpt. e

I P% tedgt 0 col lection of light energy transmtied 5hﬁgﬁgﬁ8?h yedi
for which - correction of inperfections is desjir sd-hvegntion
admts to 30 applications wherein, for exanple, {the sensor such as

42 is on tdstecting maninfsrakbensigy fimmead omedisn t del whereiesabd-slebgifortgenendiag t o
il lum nate the Jedium 12, whereby the red, green, blue and infrared

i mages maysaik second daage cewprisesnmearts| for geramatingosaid sesond rimagee from sdié imfieatied m
12. In such an i.,nstance, the sensor or canera 42 nmay not be in coaxial
al i gnment #Rags ansl sgid detecied, mon-dnfipred | angray Somy said qpediym; neans foasdirestinghe

Nover thol dbred enerey gt s it nd SwRirSia S2if gaeans or HopErng %@E@fﬁ%&ge'
] i Li ey s .. AT9-92-012 . .
[t equenci cinge,fibrates said infrareq PR PR pions o it et prgey ffom
| ' ' ol,or .fil.ters_so that .
the req. gri heimf) s Bealt B WFtng CaRtGS Mo vibbCPRuitR, of  taid
l'i ght  travgéditdtthgleRd SpSaafh itb dald/ n{eﬁgmﬁg‘%ﬁ %&feﬁf‘%aiﬁ%&sr{sofor ?‘&%&ﬁl&ééﬁb{?‘lﬁ q °

of such images for the noted reason o Itating registry

def ect r efinfafddosncgy! coMPEISE RRANSToR (REHAY ehérel TPorh adid G Poﬁidéxeoﬁ@ﬂd
infrared pixels of the corresponding red, green, blue and infrared I nages
associ at eceledttomagnpeic spesthumi fiope shidonediGmt ierebishise! 10 $2id means for directing ¢
preferred enbodi nent has described sequential capture of red, 10 green,
bl ue and iemergy frdm said visibde pdrtion aflsaidosiecttonmignetivespectiugl. obt ai n t he

four inmages simultaneously using white |ight containing all colors by

ext endi ng st antiegoadiBgdol still anothsraaspessiofahe givention there d$ dissloséd apparatuis for

use in correcting for the effects of recording film medium imperfections on an image

¥ T 1 il

stored therein, comprising the steps of: means for generating an infrared image of said
medium containing indications of imperfections with respect to said medium; and means
for generating from said infrared image and said stored image a second image.

According to still another aspect of the invention there is disclosed apparatus for
use in correcting for the effects of substantially reflective recording film medium
imperfections §n an image stored therein, comprising the steps of: means for generating
an infrared image of said medium containing indications of imperfections with respect to
said medium; and means for generéting from said infrared image and said stored image a
second image.

. According to still another aspect of the invention there is disclosed apparatus for
use in correcting for the effects of recording film medium imperfections on an image
stored therein, comprising the steps of: means for generating an infrared image of said
medium containing indications of imperfections with respect to said medium; and means
for generating from said infrared image and said stored image a second image and
wherein means for generating said infrared image substantially excludes infrared energy

from said imperfections.



~

of this would be to use a 4 line CCD sensor with h;ﬁ, MENT SHEREr) t he
| i:nes.to pass separately red, green, blue, and in __g?_e_a.u-a—é-c]hi b 15
canera using dichromic nmirrors to separate red, gfefn, bl r@ﬁf njrared
i mages separately on the 4 chips. Anyl of Onh2 gf% sluged to

. : 5 : .
recover the inmage w thout defects may % be i mpl ¢ngdpnted ip—arato

circuitry or by using an anal og-to-digital cofverter wi I
hardware, or eA&odrdingtosellt sotieerrdspedtng the itverfion QEipls-dselsetrappagatus | for
signal processor (DSP). Also the several el enents, such as capturing

t he red, gmsedn,cartecting forl theneffecte df ireeaydmg fand mediunp imperfedtions tdvean émage s,
can be done serially or in parallel. Althou%h the di scussion has
assumed setdrad therping comprisingdifie steps of: Joeaps fer generating an infrared imagecafssaid),
in certain fields other structures are preferred. For 25 exanple, in
filmto- viteedum eoptainingipdigations of| imperfactons With ¥espect & paigh mediumy, apdy megns

T O ket B S bR 05551 B ne, 5 Bl

I nf d, J di ' | ti : | of t dust . .f

L, R bRl BB o A b S B T 2o
Wih the aflkefhe Skl Y WBHRHRhrelondldy, ShPLomBisch Shdabh B6r SR Pty

be nmuch nore ¢

CLAI M5 1. t. 1 1 -of i
of %—Méf%%}?g%@e%gﬁ{ ﬁ‘%&iﬂﬁg 4nQ" fulthér a’%lél%ﬁ{ said Cﬁe;é(seﬂcﬁ[ %e”ﬁdé um

i nperfection on an i1 _ rei i conprisin _ (
infrared qugibitation ofahid ilBdtddimage and saiapRErhlifyOIRARY Oh-infrakddinagbs.ar ed
spectrum fromsaid nmediumresulting fromsaid

According to still another aspect of the invention there is disclosed apparatus for

use in correcting for the effects of recording ﬁlm medium imperfections on an image

~ stored therein, comprising the steps of: means for generating an infrared image of said
medium containing indications of imperfections with respect to said medium; and means
for generating from said infrared image and said stored image a second image and
wherein said . imperfections substantially prohibit transmission of infrared energy
therethrough.

According to still another aspect of the invention there is disclosed apparatus for
use in correcting for the effects of recording film medium imperfections on an image
stored therein, comprising the steps of: means for generating an infrared image of said
medium containing indications of imperfections with respect to said medium; and means
for generating from said infrared image and said stored image a second image and
wherein said- imperfections partially prohibits transmission of said infrared energy
therethrough.

According to still another aspect of the invention there is disclosed apparatus for
use in correcting for the effects of recording film medium imperfections on an image
stored therein, comprising the steps of: means for generating an infrared image of said
medium containing indications of imperfections with respect to said medium; and means

for generating from said infrared image and said stored image a second image and
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directed infrared energy corresponding to said i r bons; - rappi ng
said inperfections fromsaid detected energy; '@%tdé}g rigy] from
the visible portion of said el ectromagnetic spectr t a B ilnt and
detecting energy fromsaid visible portigp of said ele =e! spectrum
from said nediumin response to said directing off energy fromsaid yisible
portion of said electromagnetic spectrum 2. T of—ct+atrmrl

wher ei n sawlersime paidoimpenfentions cara ncbnimised t 0fng Erserpprtibm cewbstandiallyy iimpbdiag
portion of the el ectromagnetic spectrum conprises sequentially in any

order,

di traasmissjonseef said dafrared renergyutherathyonght andag deqondinortiem @nbyhpartially
detecting a correspondi ng red, gree

and blue inmage fromsaid nedium 3.

] n

- The net hodlnéﬁed&gaﬁf%ﬁsﬂllﬁ%‘@?@fW“&ﬂnfraé’ﬁ‘gﬁnedgbm?tbwug - detected energy from

- said infrared,and said visibl ortions_ of, said e] ectrogagneti c spectyum
were transm tt‘@ﬂcorfimgo‘if?gﬂﬂg %ﬂﬁ?fgﬁﬁpﬁ?ﬁ 0 t_zIP.e mveﬂt@n,{,&rﬁda dgﬁ%ﬁbgl:élaﬁ?f% Zi n

of the of bt ragnetie BF P pdiobil A Gl Rt b S

path. 5.

i nfrared

S (R oipel MU il o B Bl kg LERIS ©

al ong substafiuhPtdntaibfie BAERHGOR dCitiperfedidhs with respect to said medium; and means

for generating from said infrared image and said stored image a second image and
wherein said means for generating an infrared image further includes means for storing
information functionally related to the intensity and location of said infrared energy
passing through respective locations on said medium.

According to still another aspect of the invention there is disclosed apparatus for
use in correcting for the effects of recording film medium imperfections on an.image
stored therein, comprising the steps of: means for generating an infrared image of said
medium containing indications of imperfections with respect to said medium; and means
for generating from said infrared image and said stored image a second image wherein
said infrared image is functionally related to measurements of said infrared energy
attenuated by said imperfections; and wherein said means for generating said second
image comprises means for adjusting said plurality of non-infrared images in response to
said measurements.

According to still another aspect of the invention there is disclosed a method for
use in correcting for the effects of storage medium imperfections or an image stored
therein comprising: directing infrared energy to said medium; detecting energy in the
infrared spectrum from said medium resulting from said directed infrared epergy
corresponding to said imperfections; mapping said imperfections from said detected
energy; detecting non-infrared energy from said medium; and generating a second image

from said detected infrared and detected non-infrared energy, and wherein said



6. The method of claim 1l wherein said detected infy REPUACEMENY SHEED pai d
mediumis reduced by said inperfections.
24 7. Met hod for use in correcting for the effecks|o t i pm
i mperfections on an inmage stored thereig,conprising 6 SS .Wan

infrared energy to said nedium detecting ener gy—A~tRe—-rEHar pd
spectrumfromsaid nediumresulting fromsaid directed i nfrared ener gy
cor r espondimpgrfectismideflectp emfraned ensrgy atmgnsmitted  therpgh S-chstHedoE ‘

from said detected energ ~directing non-infrar ed ener gy from sai d
medi um eXCluc’gérfE?IatSaldg}ééﬁcmﬁgﬁ mage-from sai d detected infrared and

detected non-infrared ener generating a corresponding infrared
i mage and pl uréF"FQrglmetorﬁiﬂl- i‘?ﬁth“d'r e‘ﬁrﬁfg@% inyengipn dherg i ﬁé’gﬁclﬂ‘PF d 2naethod foe

wherein said second co nation of said nfrared i nage and a d
Bl ol 1ty W Rrorrorting 166 theBes Otostotazé asdih HiperpoRa O 70 ARBES FPTed. o

non-inf rartigre%{] € 1:1's1§1gf r&mécttﬂlg mfr%re%l ene! goyr oI 4d medium; detecting energy in the

infrared spectrum from said medium resulting from said directed infrared energy
corresponding to said imperfections; mapping said imperfections from said detected
energy; detecting non-infrared energy from said medium; and generating a second image
from said detected infrared and detected non-infrared energy, and wherein said
imperfection partially refracts said infrared energy transmitted therethrough.

According to yet another aspect of the invention there is disclosed a method for use
in correcting for the effects of storage medium imperfections on an image stored therein
comprising: direcfing infrared energy to said medium; detecting energy in the infrared
spectnim from said medium resulting from said directed infrared energy corresponding
to said imperfections; mapping said imperfections from said detected energy; detecting
non-infrared energy from said medium; generating a second image from said detected
infrared and detected non-infrared energy and wherein said imperfections are comprised
of a first portion substantially deflecting infrared energy transmitted therethrough so as
to be substantially excluded from said detected energy; and a second portion only
partially deflecting infrared energy transmitted therethrough whereby only a portion of
said infrared energy transmitted through said second portion is in said detected energy;
and wherein said generating said second image includes estimating occluded portions of
said image based on areas of said image partly occluded and recovered.

The present invention may be better understood with reference to the. following

figures.
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of said el ectromagnetic spectrum 9. The nethod of d R%m.er_e.l_mal i

" detected infrared and detected non-infrared energy are¢ de
registry. 10. The method of claim7 wherein said non-ipff a&gj Sckéaaw

conprise images from red, green, and blgg portions of }he-slectroragreti
spectrum 11. The nethod of claim7 wherein said infrafed image is
functionally related to neasurenents of said infrared s-n-e-r-gy—a-t—t—eﬁtra-t—ed—-%y
sai d inperfections, and BREEEDESGRIPTHONOBTHE DRAWINGS ai d second i mage
conpri ses adjusting said plurality of non-infrared i mages in response
to said neasurenents. 12. The nmethod of claim 11 wherein said infrared

| mge and sai dFI mage are conprised of correspondi ng first and second '
pluralities ofFigi s an iusratien, of; the§§l?"ﬂa%ﬁﬂ feqgmBmagon of imagss iadgliffer eé’és

h f h f d fi t L | t.
tnuﬁbZ? © P GrBestom af mp i ity bepie e 8 i e plrlc il me

f. each pi xel of said second plurality, t_he
magnl t ude rg#u sal égﬁplﬁ%gfi u?)%lg ’sai d second plurality by a correspondi ng said

number correspggdong 4 QelknbiritSlepfisertdfish of a representative system for implementing

the invention;

Fig. 3 is a functional block diagram of portions of the system of Fig. 2;

Fig. 4 is a flow diagram indicating a sequence of operation of the system of Fig. 2
in accordance with the invention;

Fig. 5 is an illustration of various frequency response signatures associated with
aspects of the invention including that of recording media imperfections, a typical array
fqr capturing images from the medium, and that of various dyes associated with the dye-

 based film-type form of the recording medium; i

Fig. 6 is a schematic illustration of image processing steps carried out by the
system of Fig. 2 which comprise a portion of the flow diagram of Fig. 4;

Fig. 7 is a schematic illustration of a piece of film containing a defect obscuring an
underlying image;

" Fig 8 is another illustration of the film of Fig. 7 depicting the results of two prior
art methods for correcting images having defects caused by recording medium
imperfections;

_ Fig. 9 is another illustration of the film of Fig. 7 depicting results of the invention

in correcting the image in Fig. 7 for the defects shown therein.



first plurality. 13. The nmethod of claim 12 wherein said functional o
relattonship is substantially a reciprocal. 14. Apparat ug—fef—sse—tn
correcting for the,effects of recording nedi um i nperfecti ohsREPLACEMENTEHEET

stored therein, c I S t ps of 23 means for gepegatt+ng—am _

I nfrared i mage oﬁﬂlﬁﬂ"ﬂﬂ”ﬁﬁﬂ“‘aai ni ng indications of i rfegt kensonpt
respect to said L s« means for generating fro aidvi nfrared

i mge and said stored i mage a second ChAMS means f ¢r ‘detectiNg
non-infrared energy fromsaid medium and wherein said megns for
gener at i ngl-sai Method Jar useringroreestipgifertherpbfsets of storage med RS 4t
second imge fromsaid.infrared i mage and said detected non- infrared _
energy fr ﬁisf?r?éa%efﬁ?compnsmﬁeans for directing i][lfrar Sd energy to s?i d
medi um and whgrei.n said ans for .. generating an infrared image generates
said infrared ‘FF&E‘B&'%FW&@T%B?F% t?éalﬂg??a‘brﬁs of said infrared energy from

of said el oct rRiese e L L A Inarte Eha Ul BBRR Yt MRl il footd "

for detectd;pg 39& R ESEE : li§ i ans for detecting
energy from sfatéia VI Si b?[gs‘%'ort | c? X% gﬁ%ﬁleﬁﬁeﬁr#g&%ﬁ%ﬁt I C
mapping said imperfections from said detected energy;
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directing energy from the visible portion of said electromagnetic spectrum to said
medium; and |

detecting energy from said visible portion of said electromagnetic spectrum from
said medium in response to said directing of energy from said visible portion of said
electromagnetic spectrum. |
2.  The method of claim 1 wherein said steps of directing and detecting energy from
said visible portion of the electromagnetic spectrum comprises sequentially in any order,
directing red, green, and blue light at said medium and then

detecting a corresponding fed, green, and blue image from said medium.
3. The method of claim 1 wherein at least a porﬁon of detected energy from said
infrared and said visible portions of said electromagnetic spectrum were transrﬁitted
through said medium.
4.  The method of claim 1 wherein said directing of said energy from said infrared and
said visible portions of the electromagnetic spectrum are along substantially the same
optical path. |
5.  The method of claim 1 wherein said detecting of energy from said infrared and said
visible portions of the eléctromagnetic spectrum are along substantially the same optical -
‘path.
6. The method of claim 1 wherein said detected infrared energy from said medium is

reduced by said imperfections.



spect r'um fromsaid nediumin response to said neans. fBEP%qEMTnﬁHBET gner gy
p

from said| I I“HL said el ectromagnetic §pdgctrum  15. The
appar at us o;nlllmlllml mnw #h said non-infrared enefqgy ig5f GEM m&]i gi bl e
portion of sdid®el &ct?ontgnetic spectrum, o —a b
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apparatus of claim 14 wherein said nmeans for directijng and detecting_gnergy
from sai d Wi si Methoddot ushimnfortditing fe€ tHeRTRER fistor bdiuf @epERfecfiéns on an
respectively, neans for directing red, green, and blue light at said

medi um anithage stored theagin cbmpridimgecti ng a corresponding red, green, and bl ue
i mage fromsaid nedium 17. The apparatus of claim 14 wherein said neans
for directing ditacting anfraned ¢nengyrtgpaidaneflivmi d energy from said visible
portions of the el ectromagnetic spectrumtransmt  respective said energy
al ong subst ant9eigoting fnerge it the ed spectya from sd ugpresuliingsfrom sdidi m

17 wherein,.said neans, for directing said. nfrared energy and said energy
from sai d QH%F% gﬁﬁfﬁdt‘?nﬁf;gyo‘f’o%%ﬁpﬂn 8 £9 saiddgperfectionssamd; ym i ncl ude a

nunerical aperture that .varies. with wavelength. 19. The apparatus of claim

17 wherein sai*HR%E dwpﬂ[g?%&nﬁh‘&%fmgﬂg%gFmﬁysai d infrared and said

vi sible porti °&l§ecﬁLghﬁﬁ-i&ﬁﬁ%&feﬁ@&?%&h“saﬁeﬁ&&i&ﬁi?" detect said respective
generating a second image from said detected infrared and detected non-infrared

energy;

generating a corresponding infrared image and plurality of non-infrared images
from said medium; and further wherein said second image is a combination of said
infrared image and said plurality of non-infrared images.
8.  The method of claim 7 wherein said nbn—infrared energy is from the visible portion
of said electromagnetic spectrum. i
9.  The method of claim 7 wherein said detected infrared and detected non-infrared
energy are detected in registry.
10. The method of claim 7 wherein said non-infrared images comprise images from
red, green, and blue portions of the electromagnetic spectrum. '
11. The method of claim 7 wherein said infrared image is functionally related to
measurements of said infrared energy attenuated by said imperfections, and wherein said
step of generating said second image comprises

. adjusting said plurality of non-infrared images in response to said measurements.

12. The method of claim 11 wherein said infrared image and said image are comprised
of corresponding first and second pluralities of pixels, and wherein said adjusting step
further comprises the steps of

generating, for each pixel of said first plurality, a number functionally related to

the infrared value of said pixel; and
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14. Apparatus for use in correcting for the effects of recording medium imperfections
on an image stored therein, comprising the steps of

means for generating an infrared image of said medium containing indications of
imperfections with respect to said medium; and

means for generating from said infrared image and said stored image a second
image;

means for detecting non-infrared energy from said medium, and wherein said
means for generating said second image comprises means for

generating said second image from said infrared image and said detected non-
infrared energy from said medium;

means for directing infrared energy to said medium; and wherein said means for
generating an infrared image generates said infrared image in response to portions of
said infrared energy from said medium; and

. means for directing energy from the visible portion of said electromagnetic
spectruin to said medium’; and wherein said means for detecting non-infrared energy
comprises
. means for detecting energy from said visible portion of said electromagnetic

spectrum from said medium in response to said means for directing of energy from said
visible portion of said electromagnetic spectrum. |
15. The apparatus of claim 14 wherein said non-infrared energy is from the visible

portion of said electromagnetic spectrum.
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18. The apparatus of claim 17 wherein said means for directing said infrared energy

and said energy from said visible portion of said electromagnetic spectrum include a
numerical aperture that varies with wavelength.
19. The apparatus of claim 17 wherein said means for detecting of energy from said
infrared and said visible portions of the electromagnetic spectrum detect said respective
energy along substantially coaxial optical paths.
20. Apparatusi for use in correcting for the effects of recording film medium
imperfections on an image stored therein, comprising the steps of

means for generating an infrared image of said medium containing indications of
imperfections with réspect to said medium; and

means for generating from said infrared image and said stored image a second
image.
21. The apparatus of claim 20 wherein said film contains image information stored as a
dye image.
22.. The apparatus of claim 20 wherein said imperfection is a surface defect on said
medium.
23. Apparatus for use in correcting for the effects of substantially reflective recording
film medium imperfections on an image stored therein, comprising the steps of

means for generating an infrared image of said medium containing indications of

imperfections with respect to said medium; and
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- imperfections on an image stored therein, comprising the steps of

means for generating an infrared image of said medium containing indications of
imperfections with respect to said medium; and

means for generating from said infrared image and said stored image a second
image and wherein

means for generating said infrared image substantially excludes infrared energy
from said imperfections.
27. The apparatus of claim 26, wherein said imperfections deflect said infrared energy
sufficiently to form indications of said imperfections in said infrared image.
28. Apparatus for use in correcting for the effects of recording film medium
imperfections on an image stored therein, comprising the steps of

means for generating an infrared image of said medium containing indications of
imperfections with respect to said medium; and

~means for generating from said infrared image and said stored image a second

image and wherein said means for generating said second image further comprises means
for detecting infrared and non-infrared energy, and comprises |

means for generating plurality of non-infrared images from said medium; and
further wherein said second image is a combination of said infrared image and said
plurality of said non-infrared images.
29. The apparatus of claim 28 wherein said means for generating said plurality of non-
infrared images comprise means for generating images from red, green, and blue

portions of the electromagnetic spectrum.
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31. Apparatus for use 'in correcting for the effects of recording film medium
imperfections on an image stored therein, comprising the steps of

means for generating an infrared image of said medium confaining indications of
imperfections with respect to said medium; and

means for generating from said infrared image and said stored image a second
image and wherein said imperfections partially prohibits transmission of said infrared
energy therethrough.'
32. The apparatus of claim 31 wherein said means for génerating an infrared image
includes means for storing indications of location of said imperfections with respect to
said medium.
33. Apparatus for use in correcting for the effects of recording film medium
imperfections on an image stored therein, comprising the steps of

means for generating an infrared image of said medium containing indications of
imperfections with respect to said medium; and

. means for generating from said infrared image and said stored image a second

image and wherein said imperfections are comprised of a first portion substantially
impeding transmissions of said infrared energy therethrough; and

a second portion only partially impeding transmission of said infrared energy

therethrough.
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means for generating from said infrared image and said stored image a second

image and wherein said means for generating an infrared image further includes

means for storing information functionally related to the intensity and location of
said infrared energy passing through respective locations on said medium.
36. Apparatus for use in correcting for the effects of recording film medium
imperfections on an image stored therein, comprising the steps of

means for generating an infrared image of said medium containing indicatioils of
imperfections with respect to said medium; and

means for generating from said infrared image and said stored image a second
image wherein said infrared image is functionally related to measurements of said
infrared energy attenuated by said imperfections; and wherein said means for generating
said second image comprises

means for adjusting said plurality of non-infrared images in response to said
measurements.
37.. The apparatus of claim 36 wherein said infrared image ana said second image are

| comprised of corresponding first and second pluralities ef pixels, and wherein said

means for adjusting further comprises

means for generating for each pixel of said first plurality a number functionally

related to the infrared value of said pixel; and
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39. Method for use in correcting for the effects of storage medium imperfections on an
image stored therein comprising

directing infrared energy to said medium;

detecting energy in the infrared spectrum from said medium resulting from said
directed infrared energy corresponding to said'imper_fections;

mapping said imperfections from said detected energy;‘

detecting non-infrared energy from said medium; and

generating a second image from said detected infrared and detected non-infrared
energy, and wherein said imperfection deflects infrared energy tfansmitted therethrough
80 as to be partially excluded from said detected energy.
40. Method for use in correcting for the effects of storage medium imperfections on an
image stored therein comprising

directing infrared energy to said medium;

detecting energy in the infrared spectrum from said medium resulting from said
directed infrared energy corresponding to said imperfections;

mapping said imperfections from said detected energy;

. detecting non-infrared energy from said medium; and

generating a second image from said detected infrared and detected non-infrared
energy, and wherein said imperfection partially refracts said infrared energy transmitted
therethrough.
41. Method for use in correcting for the effects of storage medium imperfectiohs on an
image stored therein comprising

directing infrared energy to said medium;
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infrared energy tTo said ne
from said detected energy; and

a second portion only partially deflecting infrared energy transmitted therethrough
whereby only a portion of said infrared energy transmitted through said second portion is
in said detected energy; and wherein said generating said second image includes
estimating occluded portions of said image based on areas of sgid image partly occluded

and recovered.
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of said infrared energy transnblstgdcteiobhe Digrliosldeond portion is in said
det ected energy; and wherein said generating said second i mage i ncl udes
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such as film on image data retrieved therefrom. Red, green, blue, and
5 infrared light is sequentially transmitted through film having an image
exposed therein to the system which captures corresponding images. The
infrared image maps the location, boundaries and intensities of the media
defects. The map is employed combinatorially with the other captured
images resulting in an image from the film free of the effects of the
10 film defects. In one embodiment the effects of the imperfections are
divided out from the red, green, blue spectra in an operation dividing
out the infrared image data on a pixel-by-pixel basis. In an alternate
embodiment wherein-the imperfectiohs substantially prevent transmission
of IR light therethrough, the IR image map of the defects is nevertheless
15 employed with an automated fill-irn algorithm more effectively utilized
due to the precision with which the defect boundaries are known.



