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DIGITAL FILM PROCESSING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to digital film processing methods. More
particularly, the present invention provides a digital film processing method
5 wherein a dye is formed in the photographic element during processing in order

to provide an increased signal range.

Description of Related Art

In traditional film photography, the photographic film includes one or more

layers of a photosensitive material (typically silver halide). When a picture is

10 taken, the light from the scene interacts with the film’'s photosensitive material
to produce a chemical change in the photosensitive material. This chemical

change is in direct proportion to the intensity of the light. The greater the
intensity of light from the scene, the greater the chemical change in the
photosensitive material. As described in greater detail below, the photographic

15 film is then chemically developed in order to produce an image based on the

chemical change.
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Conventional black and white photographic film generally has a single
layer of silver halide emulsion coated on a transparent film support. Color
photographic film generally includes multiple layers of silver halide in
combination with dye forming coupling agents. Each silver halide layer in color
photographic film is sensitive to a different portion of the visible spectrum.
Typically, color film includes one or more silver halide layers sensitized to each
of blue, green and red portions of the visible spectrum, and the coupler in each
layer is capable of forming a dye of a color which is complimentary to the color
of light to which the layer is sensitized. For example, a silver halide layer which
is sensitized to blue light will include a coupler associated with the formation of

a yellow dye.

In traditional chemical development processes, the exposed film is
developed using a developing agent. The developing agent chemically reduces
the exposed silver halide to elemental silver. The amount of elemental silver
produced in any given area of the film corresponds to the intensity of light which
exposed that area. Those areas of the silver halide where the light intensity was
the greatest will have the greatest amount of elemental silver produced. In
contrast, in those areas of the silver halide where the light intensity was low, a
very small amount of elemental silver is produced. The pattern of elemental

silver thus forms an image in the silver halide layers.

During the traditional chemical development process, the highlight areas
of the image (e.g., areas of the film which were exposed to the greatest intensity
of light) will develop before those areas of the film which were exposed to a
lower intensity of light (such as areas of the film corresponding to shadows in the
original scene). A longer development time allows shadows and other areas of
the film which were exposed to a low intensity of light to be more fully developed,
thereby providing more detail in these areas. However, a longer development
time will also reduce details and other features in the highlight areas of the

image. Thus, the development time in a traditional chemical development
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process is typically chosen as a compromise between highlight details, shadow
details and other features of the image which are dependant upon the duration
of development. After development, in the case of black and white photographic
film, the image is fixed by dissolving the undeveloped silver halide. The
developed negative can then be used to produce a corresponding positive image

on photographic paper by methods well known to those skilled in the art.

In the case of conventional color photographic film development,
elemental silver is formed in the silver halide layers as described above. After
the developing agent has reduced the exposed silver halide to elemental silver,
the oxidized developing agent reacts with the couplers in the film to produce dye
clouds around the grains of elemental silver in each of the layers. The color of
the dye clouds in each layer of the film is complementary to the color of light the
layer has been sensitized to. For example, the red sensitive layer typically
produces cyan dye clouds, the green layer produces magenta dye clouds, and
the blue layer produces yellow dye clouds. At this point, each layer of the color
film includes both a silver image and a dye cloud image. The elemental silver
and undeveloped silver halide are then removed from the film by bleaching and
fixing, leaving only a dye image in each layer of the film. Since the dye in each
emulsion layer is formed in an imagewise manner, the developed film will
generally have yeliow, magenta and cyan colored negative images in the blue,
green, and red-sensitive emulsion layers, respectively. The color negative can
then be used to produce a corresponding positive image on photographic paper

by methods known to those skilled in the art.

The negative, or the corresponding positive image, can also be digitized
using a conventional electronic scannerto produce a digital representation of the
image. Scanning of negative images on film is typically accomplished by
passing visible light through the developed negative. Light transmitted through
the film is attenuated by developed silver (black and white film) or by the dye
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layers (color film), thereby allowing one to capture and record a digital
representation of the image. The transmitted light is then passed through filters
having appropriate spectral sensitivities such that the densities of the yellow,
magenta and cyan dyes may be detected for each location on the film. The
density values detected in this way are indirect measures of the blue, green and
red light that initially exposed each location on the film These measured density
values constitute three values used as the blue, green and red values for each
corresponding location, or pixel, in the digital image. Further processing of these
pixel values is often performed to produce a digital image that accurately

reproduces the original scene and is pleasing to the human eye.

A relatively new process for developing film is digital film processing
(“DFP”). Digital film processing digitizes, i.e., electronically scans, the silver
image during the development process. The elemental silver image developed
in each of the layers of the photographic film is used to construct a digital image
of the scene photographed. The developing film is scanned with infrared (“IR”)
light so that the scanning light will not fog the film. The image can be scanned
at different times during the development process in order to acquire additional
information from the photographic film. The digitized images are then
electronically processed to determine the colors associated with each location.

The resulting digital image can then be printed or manipulated, as desired.

As discussed previously, conventional color negative film includes dye
precursors (specifically, couplers) in the light sensitive silver halide emulsion
layers, and these couplers react with oxidized developing agent to form dyes in
an imagewise manner. However, at least three different couplers must be used
in at least three different emulsion layers of the film in order to allow for the
formation of differently hued images which correspond to the different spectral
sensitivities of each emulsion layer. For example, the emulsion layer(s)

sensitized to blue light include a coupler which forms a yellow dye during
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development, while the emulsion layer(s) sensitized to green light include a
coupler which forms a magenta dye. The dyes formed upon development of
conventional color negative film do not attenuate IR light. Therefore, when
conventional color negative film is subjected to DFP using IR light, the dyes
formed during development will not attenuate the IR light used during scanning.
Only the developed silver in the emulsion layers will attenuate the IR scanning
light.

SUMMARY OF THE INVENTION

The present invention provides a method of developing a latent image on
a photographic element (such as imagewise exposed photographic film),
comprising: applying a dye precursor to the exposed photographic element;
applying a developer solution to the photographic element, thereby developing
the latent image and forming a dye in the photographic element; and scanning
the photographic element with light while the latent image is developing. The
light used for scanning is attenuated by both the developed silver as well as the

dye formed in the film by the dye precursor.

The dye precursor may comprise a coupler, particularly a coupler which
reacts with oxidized developing agent to imagewise form a dye in the silver
halide emulsion layers of the film. The coupler may be provided in a solution
which is applied to the film such that the coupler is absorbed into the film.
Alternatively, the coupler may be provided in the developer solution itself, and
is therefore absorbed into the film when the developer solution is applied to the
film. Suitable couplers include those which are soluble in agueous solutions,
and which form dyes which are substantially insoluble in agueous solution. The
coupler forms a dye which absorbs the wavelength of the light used for scanning
(such as IR light).
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The methods of the present invention may be used with a variety of films,
including black and white film (conventional as well as chromogenic), color
negative film, color positive film and color reversal film. Since the couplers
provided in the silver halide emulsion layers of conventional color film are not
utilized in the methods of the present invention, they may be omitted from the
film. Thus, film having at least one silver halide emulsion layer which is
spectrally sensitized to each of blue, green and red light, but having no dye
precursors incorporated therein, may be used in the methods of the present

invention.

The scanning step is commenced a predetermined time after the
developer solution has been applied to the film, and may be performed at
multiple predetermined times after the developer solution has been applied to
the film. For example, the film may be scanned at a short development time, at
a normal development time and at a long development time, thereby allowing
one to capture image detail in the highlight regions as well as the dark areas
(e.g., shadows) of the image. Scanning merely comprises directing illumination
light towards a first surface of the film, and detecting light which is either
reflected away from the first surface (reflectance scan) or which is transmitted
through the film (transmission scan). Particularly in the case of color film, two
reflectance scans and one transmission scan may be performed at each of the
predetermined times after film development has commenced. Detection of the
scanning light may be accomplished, for example, by means of photodetector
which produces an electrical signal proportional to the intensity of

electromagnetic energy striking the photodetector.

The present invention also provides a digital film processing system for
use in electronic film development. This system comprises a dye precursor
supply station configured for applying a dye precursor solution to a film; a
developer supply station configured for applying a developer solution to the film;

and at least one scanning station for scanning the film with light after application
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of the dye precursor solution and the developer solution. The dye precursor and
developer supply stations can comprise a variety of configurations. For example,
each may include a slot coater configured to urge the solution through an

elongate slot onto the film.

An aqueous dye precursor solution is also provided by the present
invention, and consists essentially of a coupler capable of forming an infrared-
absorbing dye. The dye precursor solution does not include a developing agent.
However, it may include one or more compatible solvents, as well as other

additives.

After the digital film processing method of the present invention has been
performed on imagewise exposed film, a developed photographic film is
provided. The developed film comprises a plurality of emulsion layers, wherein
each of the layers has a silver and dye image. The same dye, however, is
present in each of the layers, and the dye may be an infrared absorbing dye. By
way of example, three layers may be provided in the film, with one layer
sensitized to each of red, blue and green light. After the DFP process, each of
these layers will be developed to produce a silver and dye image, with the same
dye forming in each layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of a digital film processing apparatus

in accordance with one embodiment of the present invention; and

Figure 2 is a schematic illustration of an alternative embodiment of a

digital film processing apparatus (wherein the scanning station is not shown).
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As described in greater detail below, the present invention provides an
improved digital film processing (“DFP”) method wherein a dye is formed in the
photographic element (e.g., photographic film) during DFP. A dye is formed in
each of the light sensitive layers of the film in an imagewise fashion, and the dye
is chosen so that it will attenuate electromagnetic radiation of the wavelength
used during the scanning process, thereby providing an increased signal range

without a corresponding increase in noise.

In order to form a dye in the emulsion layers of the film, a dye precursor
(such as a coupler) is applied to the film. The dye precursor may even be
provided in the developer solution itself. Thereafter, upon development of the
exposed silver halide, the oxidized developing agent will react with the dye
precursor to imagewise form dye clouds in each of the light sensitive layers of
the film. Thus, the dye precursor need not be incorporated into the individual
emulsion layers of the film. Rather, the dye precursor may be added to the film

after it has been exposed.

Figure 1 is a schematic representation of a DFP apparatus which may be
employed to process an exposed photographic element, such as fiim 10 in
cartridge 11. Film 10 can comprise any of a variety of photographic films having
one or more light sensitive silver halide emulsion layers. For example, film 10
can comprise black and white film having one or more light sensitive silver halide
emulsion layers (including chromogenic black and white film). Alternatively, film
10 can comprise conventional color negative film, or even color positive or
reversal film. Conventional color negative film generally has at least three silver
halide emulsion layers, with at least one layer sensitized to each of blue, green
and red light. Although couplers are typically included in each of the light
sensitive emuision layers of conventional color negative film, the methods of the

present invention allow for the elimination of these couplers in the film.
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Therefore, film 10 may even comprise a film having silver halide emuision layers
which are sensitized to each of blue, green and red light, with no couplers or

other dye precursors incorporated therein.

After imagewise exposure, film 10 is subjected to digital film processing
in accordance with the methods of the present invention. Film 10 is advanced
from cartridge 11 through a developer supply station 12, whereat a developer
solution is applied to film 10. Developer solution may be applied at station 12 by
any of variety of means. For example, developer solution may be applied from
a pod as a viscous fluid under a clear cover film, as described in U.S. Patent No.
5,465,155 (“the ‘155 patent”, which is incorporated herein by way of reference).
Alternatively, the developer solution may be applied using the apparatus and
methods described in U.S. Patent No. 5,988,896. In the embodiment shown in
Fig. 1, the developer solution is applied as a viscous fluid from slot coater 13
having an elongate slot positioned above, and extending across the width of, film
10. The developer solution is forced through the elongate slot of slot coater 13

onto film 10.

A dye precursor may be incorporated into the developer solution itself.
In an alternative embodiment, a dye precursor solution (further described below)
may be applied to the film prior to application of the developer solution. As
shown in Fig. 2, a dye precursor supply station 212 may be provided immediately
prior to a developer supply station 112. A dye precursor solution 36 may be
applied to film 110 from slot coater 213 at dye precursor supply station 212 in the
manner described previously. Thereafter, a developer solution 35 may be
applied to film 110 from slot coater 113 at developer supply station 112. In this
manner, as film 110 advances in the direction of the arrow shown in Fig. 2, film
110 will absorb the dye precursor solution 36 prior to application of the developer
solution 35. No further process solutions (such as a stop bath, fixer or bleach)
are needed beyond application of a dye precursor and a developer solution in
order to accomplish DFP according to the present invention.
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At a predetermined time after application of the developer solution, film
10 is scanned using electromagnetic radiation, such as light with one
predominant frequency, preferably in the infrared region in order to avoid fogging
the developing film. While the methods of the present invention may be used
with a single reflectance or through scan for black and white film, two reflectance
scans and at least one through scan may be performed (particularly for color
film). Thus, a predetermined time after application of the developer solution, film
10 is subjected to a reflectance scan from each side (“front” and “back” scans)
and at least one transmission scan (“through® scan). At least two
electromagnetic radiation sources are generally used, with one positioned in
front and one in back of the film. The radiation from these sources is attenuated
by the elemental silver and dye at each spot on the film. The attenuated
radiation is detected and converted to digital signals using appropriate optical
and electronic systems. Based on the amount of detected radiation, one
embodiment of the present invention produces three values, referred to as front,
back, and through data, for each pixel on the film. These values are directly

related to the elemental silver that forms the image in each layer of the film.

The above-described scans may be repeated at one or more additional
predetermined times after application of the developer solution. For example,
image data may be acquired at short, normal and long development times.
Scanning may be performed at any number of predetermined times after
application of the developer solution. In contrast, conventional film development
allows only a single development time, and therefore compromises must be

made between, for example, shadow and highlight detail.

As seenin Fig. 1, as film 10 progresses in the direction shown, it reaches
a first scanning station 24. At scanning station 24, a firstillumination light source
15 (such as a source of infrared light) directs light at the upper surface of film 10.
Because of the opalescence caused by the absorption of the developer solution,
light from illumination light source 15 will be reflected from film 10. The reflected



10

15

20

25

WO 01/50192 PCT/US00/34951
11

light may be directed through one or more lenses 18, and thereafter detected by
sensors 20 which measure the intensity of the light reflected from the film. Each
sensor 20 comprises a photodetector which produces an electrical signal
proportional to the intensity of electromagnetic energy striking the photodetector.
The reflected light detected by sensors 20 may be converted into a digital signal
which is transmitted to a computer 22. Sensors 20 are generally geometrically
positioned in arrays such that the electromagnetic energy striking each sensor
20 corresponds to a distinct location of the image being scanned. This
reflectance scan (also referred to as the “front” scan) may be performed line-by-

line, pixel-by-pixel or as an area scan.

Light reflected from the front side of the film will be attenuated primarily
by the elemental silver and dye in the uppermost emulsion layer. In the case of
color negative film, for example, if the uppermost layer against which the light is
directed comprises a blue sensitized silver halide emulsion layer, the reflected
light which is detected by sensors 20 will primarily provide data concerning only
the blue portion of the image. Therefore, “back” and “through” scans are used
to collect data concerning the red and green portions of the image. It should be
noted that computer 22 need not be separate from the other apparatus used in
the methods of the present invention, since a processor may be incorporated
into a single apparatus which also includes the scanning stations 24, and the

developer supply station 12.

Also at first scanning station 24, a second illumination light source 16
(such as a source of infrared light) may be positioned such that light therefrom
is directed at the lower surface of film 10, and light reflected therefrom passes
through one or more lenses 19 and is thereafter detected by sensors 21 (the
“back” scan). Once again the reflected light detected by sensors 21 may be
converted into a digital signal which is transmitted to computer 22. Light
reflected from the rear side of the film will be attenuated primarily by the

elemental silver and dye in the lowermost emulsion layer. In the case of color
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negative film, for example, if the lowermost layer against which the light is
directed comprises a red sensitized silver halide emulsion layer, the reflected
light which is detected by sensors 21 will primarily provide data concerning only

the red portion of the image.

Finally, a third illumination light source 17 (such as another source of IR
light) may be positioned such that light therefrom is directed through film 10
(“through” scan), and passes through one or more lenses 19. The light thus
transmitted through film 10 is thereafter detected by sensors 21, and may be
converted into a digital signal which is transmitted to computer 22. Light
transmitted through the film will be attenuated by the elemental silver and dye
in all of the emulsion layers of the film. For conventional color negative film, the
transmitted light detected by sensors 21 will provide data concerning the blue,
green and red portions of the image. It should be noted that third illumination
light source 17 may be omitted, since the through scan can be performed by light
from source 15 or 16 being projected through the film and detected by sensors
21 or 20, respectively. In addition, through scans may also be performed

through both sides of the film (i.e., “front-through” and “back-through” scans).

After scanning, the three digital signals representing the two reflectance
and one transmission scan may be subjected to several image processing steps
in order to compute the red, green and blue values for each individual pixel of
the image. These steps are necessary because the elemental silver and dye of
each layer of the film that form during development are not spectrally unique in
each of the layers. These image processing steps are not performed when
conventional scanners are used because the dyes which are formed with
conventional color processing of the film make each film layer spectrally unique.
However, just as with conventional scanners, once initial red, green and blue
values are derived for each image, further processing of the red, green and blue
values is usually done to produce images that more accurately reproduce the

original scene and that are pleasing to the human eye.
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As described in the ‘155 patent, muitiple scanning stations may be
employed for DFP such that the developing film is scanned at multiple
predetermined times after application of the developer solution. For example,
two reflectance scans and one transmission scan may be performed at first
scanning station 24 a predetermined time after film development has
commenced, as described above. Thereafter, film 10 may be subjected to two
reflectance scans and one transmission scan at a second scanning station a
second predetermined time after film development has commenced, and
subsequently subjected to two reflectance scans and one transmission scan at
a third scanning station a third predetermined time after film development has
commenced. In this manner, digital representations of the image at short,
normal and long development times may be computed. Of course the film may
be scanned any number of predetermined times after application of the
developer solution, and the present invention is not limited to methods employing
only three scanning stations. The digital representations of the image may then
be combined with one another (i.e., stitched together) to form a composite digital
representation of the image. This digital representation may be viewed on a
video monitor associated with computer 22, or printed on printer 23 connected

to computer 22 (such as a laser printer or an ink jet printer).

Since the developed silver in each emulsion layer is not bleached out, the
silver will attenuate the illumination light in the same manner as in, for example,
the '155 patent. The presentinvention, however, employs a dye precursor which
forms a dye in the emulsion layers of the film which also attenuates the
electromagnetic radiation used during scanning (e.g., forms a dye which
attenuates IR light). Since the combination of elemental silver and the dye will
attenuate more light than the silver alone, the present invention provides an
increased signal range between the low and high light exposure regions of the
image. Forexample, little (if any) dye or silver will form in the unexposed regions
of a negative film, while the more highly exposed areas of the fim (e.g., the -

highlight regions of the negative) will have the most dye and silver formation.
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The attenuation of the illumination light will not be affected in the unexposed
areas of the image where no dye has formed, while significantly greater
attenuation will occur in the highlight areas. At the same time, the noise level
(due to, for example, film graininess and noise caused by the electronics of the

DFP system itself) will remain substantially the same.

The dye precursors which may be used in the present invention comprise
couplers which are capable of forming dyes which absorb light of the wavelength
used for scanning. Thus, when IR light is used for scanning, the dye formed
during processing should be of a type which absorbs light in the IR spectrum.
The couplers used in conventional color negative film do not form dyes which
absorb IR light. In one embodiment, the dye precursor is provided in the
developer solution itself, along with a suitable developing agent, such that the
dye precursor is absorbed into the film. Alternatively, the dye precursor can be
applied to the film prior to application of the developer solution, such that the dye
precursor is absorbed by the film prior to application of the developer solution.
When the single solution approach is used (i.e., dye precursor in developer
solution), the dye precursor should be soluble in the developer solution (typically
an aqueous solution). Thus, the dye precursor may be soluble in aqueous
systems (which may optionally include one or more compatible solvents to

facilitate solubilizing the dye precursor).

The dye itself is generally insolubie in the developer solution so that it will
remain in the emulsion layers of the film during scanning. Thus, when an
aqueous developer solution is employed, the dye which is formed should be
insoluble in aqueous systems, regardless of whether the dye precursor is
provided in the developer solution itself or in a separate solution which is applied

prior to application of the developer solution.

The dye precursor also is chosen such that it will form a dye in the

emulsion layers of the film in an imagewise fashion. The dye precursor may
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comprise a coupler of a type which will react with oxidized developing agent to
form the desired dye in the emuision layers of the film. In this manner, after the
developing agent has reduced developable silver halide to elemental silver, the
oxidized developing agent will then react with the coupler to form the dye in an
imagewise fashion (i.e., the amount of dye formed at any particular iocation in

the film will correspond to the silver density at the same location).

Suitable developing agents which, when oxidized, will react with a coupler
to form a dye include aromatic primary amines. Exemplary developing agents
which may be used in the present invention include various phenylenediamines
(including salts thereof) well-known to those skilled in the art. Exemplary
developing agents include:

4-Amino-3-methyl-N-ethyl-N-(B-hydroxyethyl)-aniline sulfate;

2-Amino-5-diethylaminotoluene Monohydrochloride; and
4-Amino-3-methyl-N-ethyl-N-(B-methanesulfonamidoethyl)-m-toluidine

sesquisulfate monohydrate.

The first developing agent listed above is commonly used in the C-41 process
for developing conventional color negative fiim. In fact, a C-41 developer
solution may be used in the present invention. The deveioper solution may be
aqueous, and may be maintained at an alkaline pH. In addition to the
developing agent, the developer solution can include various other additives
well-known to those skilled in the art. Suitable additives include, for example,
various preservatives (e.g., sodium sulfite, sodium bisulfite, sodium metabisulfate
or potassium metabisulfate), accelerators (e.g., potassium or sodium carbonate,
potassium or sodium hydroxide, borax, or sodium metaborate), restrainers (such
as potassium bromide), and antifoggants (such as benzotriazole or 6-

nitrobenzimidazole nitrate).
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The developer solution may also include the dye precursor, such as a
coupler. Suitable couplers include those capable of forming dyes which are

absorb (attenuate) by the light used for scanning (such as IR light) and which

may be absorbed by the film. Suitable couplers include:

A
OH c”)
C—NH—CHQ—CHz—Q
rIlH
G0
CH;
B

OCHjs

P01
NH—C—C Hg-—C—Q

and

Cl

Cl cl

@)
SO
NH 2
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The above couplers form dyes upon reaction with oxidized developing agent.
The coupler concentration is generally not critical, and the developer solution
may include, for example, between about 1 and about 50 g/ml of the coupler.
A suitable solvent, such as hexylene glycol, may be added to the developer
5 solution in order to improve the solubility of the coupler. When the coupler is
applied to the film from a separate solution, an aqueous solution of the coupler
may be prepared in the same manner (and may include a suitable solvent in

order to improve the solubility of the coupler).

The example provided below demonstrates the increased DFP signal

10 range provided by the methods of the present invention.

Example

Two identical C-41 developer solutions (available from Eastman Kodak)
were prepared (250 ml each) in accordance with the manufacturer’s instructions.

These solutions were then modified as follows:

Control Developer Solution of
Present Invention
15 C-41 Developer 250 m| 250 ml
Water 20ml -
Hexylene glycol 6 mi -—-
Coupler soiution -—- 26 mi
pH adjusted to 11.65 11.65
20 The “Coupler solution” noted in the above table was prepared by adding 6.26 g

of Coupler A (as identified previously) to 95 ml of water at about 45°C with
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stirring. Next, 6.2 ml of hexylene glycol and 5.3 ml of 8M NaOH were added,

and the solution was stirred for an additional 2-3 minutes.

Red, green, blue and gray step wedge exposures were made on two rolls
of Kodak Gold 100 color negative film (available from Eastman Kodak) using an
Opal film recorder (available from Management Graphics, Inc.). The exposed
film was then developed in the above-described developer solutions for 2
minutes, at 38°C (the recommended development time and temperature for the
C-41 process). Immediately thereafter, the developed film was subjected to one
transmittance and two reflectance scans (from opposite surfaces of the film)
using light having a wavelength of 880 nm. LED’s were used as the illumination
light source, and the transmitted and reflected light was detected and quantified
using a CCD sensor. The signal range for each of the exposures was measured
by subtracting the signal obtained for the lowest light exposure pixeis from the
signal obtained for the highest light exposure pixels. The following results were
obtained, wherein the signal range is reported in number of counts (0 to 255

possible counts):

Control Developer Solution of
Present Invention

Front Reflectance Scan

Red 11 24
Green 41 62
Blue 70 78
Gray 61 69

Transmission Scan

Red 83 89

Green 90 105
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Control Developer Solution of
Present Invention
Blue 90 99
Gray 95 86
Rear Reflectance Scan
Red 57 68
Green 37 50
Blue 26 29
Gray 57 55

As noted in the above table, the method of the present invention provides a

significantly improved signal range since the IR light used for scanning was

attenuated by both the developed silver as well as the dye formed from the

coupler provided in the developer solution.
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1. A method of developing a latent image on an exposed photographic
element, comprising:
(@) applying a dye precursor to the exposed photographic element;
(b) applying a developer solution to said photographic element,
thereby developing said latent image and forming a dye in said
photographic element; and
(c) scanning said photographic element with light while said latent

image is developing.

2. The method of claim 1, wherein said dye precursor is applied to said

photographic element from a dye precursor solution.

3. The method of claim 1, wherein said dye precursor is provided in said

developer solution.

4. The method of claim 1, wherein said dye is insoluble in said developer
solution.
5. The method of claim 1, wherein said dye precursor comprises a coupler,

said developer solution comprises a developing agent, said developing agent is
oxidized upon development of said latent image, and said dye is imagewise
formed in said photographic element by a reaction between said coupler and the

oxidized developing agent.

6. The method of claim 5, wherein said coupler is chosen from the group

OH (1?
C—NH—CHZ—CHZQ

consisting of:
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OCH;

9
NH—C—C H2—C©

and

Cl
Cl Cl
o)
SO

7. The method of claim 5 wherein said developing agent comprises an
aromatic primary amine.

8. The method of claim 7, wherein said developing agent is chosen from the
group consisting of:
4-Amino-3-methyl-N-ethyl-N-(B-hydroxyethyl)-aniline sulfate;
2-Amino-5-diethylaminotoluene Monohydrochloride; and
4-Amino-3-methyl-N-ethyl-N-(B-methanesulfonamidoethyl)-m-toluidine

sesquisulfate monohydrate.

9. The method of claim 1, wherein said scanning step comprises directing
light at a first surface of said photographic element and detecting at least one of
light reflected away from said first surface and light transmitted through said

photographic element.
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10. The method of claim 9, wherein said scanning step further comprises
directing light at a second surface of said photographic element and detecting

light reflected away from said second surface.

11.  The method of claim 10, wherein both light reflected away from said first

surface and light transmitted through said photographic element are detected.

12. The method of claim 1, wherein said scanning is performed at a first

predetermined time after application of said developer solution.

13. The method of claim 12, wherein said scanning is performed at multiple

predetermined times after application of said developer solution.

14. The method of claim 1, wherein said light comprises infrared light.

156. A method of electronically developing a latent image on exposed film,
comprising:
(a) applying a developer solution to the film thereby developing the
latent image on the film and imagewise forming a dye in the film; and
(b)  scanning said film during development with light of a wavelength

chosen such that said dye attenuates said light.

16. The method of claim 15, wherein said developer solution comprises a

developing agent and a dye precursor.

17. The method of claim 16, wherein said dye precursor comprises a coupler

which reacts with oxidized developing agent to form said dye.

18. The method of claim 17, wherein said coupler is chosen from the group

consisting of:
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i j ,c NH—CHz—CHz—Q
1_
CHs
OCHs
Ol O
and

Cl
O
SO

19. The method of claim 16 wherein said developing agent comprises an

aromatic primary amine.

20. The method of claim 15, wherein said scanning step comprises directing
light at a first surface of said film and detecting at least one of light reflected

away from said first surface and light transmitted through said film.
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21.  The method of claim 15, wherein said scanning step comprises directing
light at a first and second surfaces of said film, and detecting light reflected away

from said first and second surfaces and light transmitted through said film.

22. The method of claim 15, wherein said film is scanned at a multiple times

during development.

23. The method of claim 15, wherein said light comprises infrared light.

24. A digital film processing system for use in electronic film develiopment,

comprising:

(a8) a dye precursor supply station configured for applying a dye
precursor solution to a film;

(b)  a developer supply station configured for applying a developer
solution to the film; and

(c) atleast one scanning station for scanning the film with light after
application of the dye precursor solution and the developer

solution.

25.  An aqueous dye precursor solution, consisting essentially of a coupler

capable of forming an infrared-absorbing dye.

26. A developed photographic film comprising a plurality of emulsion layers,
each of said layers having a silver and dye image, wherein the same dye

is present in each of said layers.

27. The developed photographic film of claim 26, wherein said dye is an

infrared absorbing dye.
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