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1
FILM SCANNER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a division of U.S. application Ser. No.
08/604,330, filed Feb. 21, 1996 is now U.S. Pat. No.
5,872,591.

BACKGROUND OF THE INVENTION

The present invention relates to an image scanning
system, and particularly to a system which scans a strip of
photographic film containing multiple images, and creates
digital representations of those images.

Currently, scanning of photographic images is accom-
plished with flatbed scanners and drum scanners. With these
scanners, only one image can be scanned at a time. If a new
image is to be scanned, the old image must be physically
removed from the scanner and replaced by the new image.
One disadvantage to using such scanners is that it is a slow
process to scan multiple images.

Other available scanners scan a roll of film by advancing
the film until the first image is aligned with a scanning
station, stopping and scanning the first image, advancing the
film until the next image is aligned with the scanning station,
stopping and scanning that image, and then continuing this
process through the roll of film. Again, this is a slow process
as the film must be stopped each time an image is scanned.

In addition to speed limitations, another disadvantage of
prior art scanners is that they are typically limited to
scanning only one type of film. With the variety of films that
are available today, it would be useful to have a single
scanner that can scan many types of film.

Afurther disadvantage of prior art scanners is the inability
to efficiently locate previously scanned images and rescan
them at a higher resolution. Typically, as the resolution
increases, so does the time it takes to scan an image. Thus,
it would be very advantageous to be able to quickly scan
multiple images at a low resolution, and then after examin-
ing the digital representations of the images, locating and
rescanning selected images at a higher resolution.

SUMMARY OF THE INVENTION

The image scanning system of the present invention scans
a photographic film containing a plurality of photographic
images and creates a corresponding plurality of digital
representations of the photographic images. The system
includes a touch screen monitor, a computer, a scanner and
a printer.

The scanner has a light tunnel, and a light source for
projecting light down the light tunnel. The scanner has a film
drive for engaging a strip of film and continuously advanc-
ing it between the light source and the light tunnel. When the
film comes between the light source and the light tunnel,
light is projected through the film, thereby creating an image
of the film which is projected down the light tunnel. A lens
focuses the projected image of the film onto a light sensor.
The light sensor receives the focused image of the film and
outputs pixel data to a buffer. A computer takes the pixel data
from the buffer and creates a digital image of the film.

After a digital image of the film is created, the computer
finds individual images in the digital image of the film,
converts these images into positive images, and color cor-
rects the images. The positive color corrected images are
then displayed on the monitor and may also be printed out.

In a preferred embodiment, the scanner is oriented verti-
cally so that film is inserted through an inlet at the top of the
scanner, and the film exits through an outlet at the bottom of
the scanner.
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Also in a preferred embodiment, the scanner has multiple
inlet tracks to accommodate different type of films.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the preferred embodiment of the image
scanning system of the present invention.

FIG. 2 is a perspective view of the scanner and computer
used in the preferred embodiment which shows film being
fed into the scanner.

FIG. 3 is a flowchart of the functions performed by the
scanner.

FIG. 4 is a block diagram of the image scanning system.

FIG. 5 is a flowchart of the operations performed by the
computer on the image data. FIG. 6 is a graph of a typical
D log E curve for a film.

FIG. 7 is a graph of a gamma correction curve.

FIG. 8 shows digital images being displayed on the
interactive touch screen monitor used in the preferred
embodiment.

FIG. 9 shows a user interacting with the touch screen
monitor.

FIG. 10 is a perspective view of the left side of the scanner
with the front and rear covers removed.

FIG. 11 is a perspective view of the right side of the
scanner with the covers removed.

FIG. 12 is a front view of the scanner with the covers
removed and the solenoid deenergized.

FIG. 13 is a front view of the scanner with the covers
removed and the solenoid energized.

FIG. 14 shows the back side of the scanner with the back
plate and circuit boards removed.

FIG. 15 shows the right side plate of the scanner viewed
along section 15—15 of FIG. 12.

FIG. 16 shows a perspective view of the right side plate
of the scanner.

FIG. 17 is an assembly drawing of the right side plate.

FIG. 18 shows an assembled pulley, shaft, and roller, used
in the preferred embodiment.

FIG. 19 shows the middle plate of the scanner viewed
along section 19—19 of FIG. 12.

FIG. 20 shows a perspective view of the slide plate of the
scanner.

FIG. 21 is an exploded perspective view of the lens
assembly of the preferred embodiment.

FIG. 22 is a perspective view of a completed lens assem-
bly.

FIGS. 23A-23B show the adjustable resolution feature of
the scanner.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The image scanning system of the present invention scans
a film strip and creates pixel data that is representative of the
film strip. The system then performs various operations on
the pixel data to obtain color-corrected, positive digital
images which are displayed on a monitor. Thus, the scanning
process will be discussed first to show how the scanner
creates pixel data from a strip of film. Following the
discussion of the scanning process is a discussion of the
various operations performed on the pixel data which are
needed to create color-corrected, positive digital images.
The mechanical construction of the scanner is discussed
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third, followed by a description of the lens assembly. The
detailed description concludes with a discussion of the
adjustable resolution features, and the DX-code recognition
features of the scanner.

I. The Scanning Process

FIG. 1 shows the image scanning system of the present
invention. The system includes scanner 50, computer 52,
and monitor 54. Monitor 54 is preferably an interactive
touch screen monitor which allows commands to be input to
computer 52 by touching screen 55. Alternatively, com-
mands may be entered through keyboard 98 (shown in FIG.
4). Scanner 50 is mounted on a front face of computer 52.
Film 56 is being scanned and when scanning is complete,
film 56 will fall into basket 58. Film 56 can be any type of
film including 35 mm film, APS film, black and white film,
or a positive film such as E6 slide film. Also, film 56 can be
either a complete roll of film, or a smaller strip of film such
as one containing only three or four images.

FIG. 2 shows scanner 50 attached to computer 52. The
scanner has front cover 60 and rear cover 62. Film loading
platform 64 extends out from front cover 60 and has inlet
tracks 66 and 68. Inlet track 66 of the scanner is for inserting
35 mm film, and inlet track 68 is for inserting APS film.
On/stop switch 70 is used to turn the power of scanner 50 on
and off. Film transport switch 74 controls the direction that
film 56 is transported through scanner 50. Wait indicator
light 72 indicates when scanner 50 is ready for film 56 to be
inserted.

FIG. 3 shows a flowchart of the film scanning process.
The first step in the process is to enter a strip of film into the
scanner. The film is entered either in inlet track 66 or in inlet
track 68 (both shown in FIG. 2). Optical sensors 136, 138,
and 140 (shown in FIG. 10) detect which track the film was
inserted. Inlet track 66 and inlet track 68 merge together at
common guide track 76 (shown in FIG. 10 and FIG. 19). The
common guide track consists of guides 150A, 152A, and
154A (shown in FIG. 10) that guide the right edge of the
film, and guides 149, 150B, 152B, and 154B (shown in FIG.
19), that guide the left edge of the film. The width of the
common guide track is electromechanically adjustable to
accommodate films having different widths. If the optical
sensors detect that 35 mm film has entered inlet track 66, a
signal is sent to solenoid 118 (shown in FIG. 10) which
responds by adjusting the width of the common guide track
so that it is the same as the width of the 35 mm film. If the
optical sensors detect that APS film was entered in inlet track
68, a signal is sent to the solenoid which responds by
adjusting the width of the common guide track so that it is
the same width as the APS film. Thus, the first three steps
shown in the flowchart of FIG. 3 have been completed. The
remainder of the steps will be discussed with reference to
FIG. 4.

FIG. 4 shows a block diagram of the scanning system. The
scanning system includes scanner 50, computer 52, monitor
54, keyboard 98, and printer 106. Scanner 50 includes light
source 80, light tunnel 82, lens 84, light sensor 86, film drive
88, amplifier 90, analog-to-digital (A/D) converter 92, buffer
94 and controller 96. After the width of the common guide
track has been adjusted, film drive 88 engages the film strip
and advances it through the scanner. As the film is advanced
through the scanner, it passes between a light source 80 and
a light tunnel 82 (both shown in FIG. 14 also). Light source
80 projects light through film 56 and down light tunnel 82.
Film 56 is continuously advanced in front of the light tunnel
at a substantially constant velocity by film drive 88. The
light projected through film 56 creates film image 83. Lens
84 focuses film image 83 onto light sensor 86. Light sensor
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4

86 and lens 84 make up a part of lens assembly 186 shown
in FIG. 21. Preferably, light sensor 86 is a Kodak KI.I-2103
image sensor.

Light sensor 86 has three parallel linear photodiode
arrays. Each linear photodiode array consists of 2,098 pho-
tosites. Depending on the lens used, film image 83 can be
focused on all 2098 of the photosites of each array, or any
subset of the photosites, such as the 300 in the middle of
each array. One array is covered with a red filter stripe, the
second array is covered with a green filter stripe, and the
third array is covered with a blue filter stripe. Each photosite
covered by a red filter stripe will output a signal that varies
according to the intensity of red light incident on that photo
site. Similarly, each photosite covered by a green or blue
filter stripe will output a signal that varies according to the
intensity of green or blue light, respectively, incident on the
photosite. Each photosite has a charge coupled device
(CCD) that produces the signal for that photosite. The
amplitude of the signal for each photo site builds up during
a specified integration period, and at the end of that period,
the signals are output to CCD registers. There is a separate
CCD register for each array of photosites. Thus, each CCD
register holds intensity data for a single color. Light sensor
86 has three outputs to output the intensity data stored in the
CCD registers. In FIG. 4 the three outputs for light sensor 86
are marked R, G, and B, which signify red intensity data,
green intensity data, and blue intensity data, respectively. As
film 56 is advanced in front of the light tunnel, film image
83 changes and new red, green, and blue intensity data is
output from the light sensor.

In operation, the scanner essentially divides film image 83
into a matrix of pixels. As the film advances, the first row of
pixels of the film image passes the first array of photosites
of the light sensor, and the red intensity data for each pixel
in the first row is obtained. As the film advances further, the
first row of pixels of the film image passes the second array
of photosites of the light sensor, and the green intensity data
for each pixel in the first row is obtained. As the film
advances further, the first row of pixels of the film image
passes the third array of photosites of the light sensor, and
the blue intensity data for each pixel in the first row is
obtained. This process applies to each row of pixels of the
film image so that, when scanning is complete, red, green,
and blue intensity data has been obtained for each pixel in
the matrix.

The red, green, and blue intensity data coming from light
sensor 86 is amplified by amplifier 90. Amplifier 90 is
actually three separate amplifiers, one for each intensity data
signal coming from the light sensor. Amplifier 90 is prefer-
ably located on circuit board 130 (shown in FIG. 10). After
amplification, the red, green, and blue intensity data signals
are converted to digital values by A/D converter 92. These
digital values are then stored in buffer 94. A/D converter 92
and buffer 94 are preferably located on circuit board 132
(shown in FIG. 10).

Controller 96 controls the advancement of film 56 by
sending control signals to film drive 88. The controller also
controls the operation of light sensor 86 and light source 80.
Any input signals initiated by a user, such as using on/stop
switch 70 or film transport switch 74 (both shown in FIG. 2),
will be interpreted by the controller and appropriate control
signals will be output. The controller is preferably located on
circuit board 134 (shown in FIG.

II. Image Data Manipulation and Image Display

After the intensity data for a film strip is stored in buffer
94, computer 52 performs a series of operations on the
intensity data. FIG. § shows a flowchart of the computer
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operations performed on the intensity data. After scanning is
complete, the intensity data stored in buffer 94 is loaded into
RAM of computer 52. Computer 52 organizes the intensity
data and creates a digital image of the entire film strip. The
digital image of the film strip is not displayed, but the data
for the image is analyzed to locate individual images.

Individual images are extracted from the digital image of
the film strip by first finding the boundaries between indi-
vidual images. When individual images on the film are
created, varying densities of silver are deposited on a
substrate layer. In the area between images, there is only the
substrate layer with no silver deposits. Thus, when light is
projected through the film, the light going through the area
between the images will have a high intensity because there
are no silver deposits to block the light. These boundaries
between individual images are determined, then, by calcu-
lating the average intensity of each row of pixels in the
digital image of the film strip. A high average intensity will
indicate that the row is a film boundary. In addition, since the
boundaries occur at regularly spaced intervals, the location
of each boundary is compared to the locations of earlier
boundaries and later boundaries, to ensure that the boundary
is in fact a boundary and not a portion of an image that was
unexposed.

In addition to the boundaries between images (which are
the left and right boundaries of the images), the top and
bottom boundaries of the images must also be found. The
location of the top and bottom boundaries indicates what
type of image is present. For example, in a panoramic image,
the top and bottom boundaries will be closer together than
a normal image. The top and bottom boundaries are found
using a process similar to that used in finding the boundaries
between images. To find the top and bottom boundaries, the
average intensity of each column of pixels in each digital
image is calculated. A high average intensity indicates that
the column is a boundary.

After the individual images are located, a separate data set
is created for each image, and each image is then rotated 90
degrees. The rotation is necessary because when an image is
scanned, it is scanned from one side of the image to the
other, rather than from the top of the image to the bottom.
Thus, the first row of pixels in the data set for each image
will represent a left or right edge of the image rather than the
top of the image. In order to display the image upright, the
first row must be changed to the first column, the second row
to the second column, etc., until the last row is changed to
the last column.

After the individual images are located and rotated, the
image data is analyzed to determine what color corrections
are needed. The color correction analysis is a four step
process. The first step in the color correction analysis is a
preliminary expansion, the second is a negative-to-positive
conversion, the third is a gamma correction, and the fourth
is a secondary expansion. The order of the steps in the color
correction analysis can be changed. Color correction data is
created and stored during the color correction analysis, but
color corrections are not actually made to the image data
until the images are either displayed on the monitor or
printed out.

The first step in the color correction analysis is a prelimi-
nary expansion. Each image is made up of a series of pixels
with each pixel having three intensity values (red, green, and
blue) associated with it. Each intensity value can range from
“0” to “255”7, but will typically be found somewhere near the
middle of this range. The intensity values for all pixels in all
images are examined to find the lowest intensity value for
each color, and the highest intensity value for each color.
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This color correction data is then stored. When it is time to
make the color correction, the range of intensity values for
each color is expanded by mapping the lowest intensity
value to “0”, the highest intensity value to “255”, and
linearly mapping all other values between “0” and “255”.
For example, if the lowest red intensity value were “100”
and the highest red intensity value were “2007, “100” would
be change to “0”, and “200” would be changed to “255”. If
there were a red intensity value of “150”, it would be
changed to “127”. Similarly, all other values in the range
“100” to “200” would be linearly mapped to the range “0”
to “255”.

After the preliminary expansion, the next step in the color
correction analysis is a negative-to-positive conversion. This
conversion involves creating three sets of positive intensity
data from the three sets of negative intensity data. Each
intensity value ranges from “0” to “255”. To convert a
negative intensity value to a positive intensity value, the
value is simply shifted from one end of the range to the
other. For example, if a red negative intensity value were
“07, this would be shifted to the other end of the range which
would be “255”. Each intensity value is shifted, then,
according to the equation, P=255-N, where P represents a
positive intensity value and N represents a negative intensity
value. If a positive film such as E6 slide film is being
scanned, the negative-to-positive conversion is not per-
formed.

The third step in the color correction analysis is a gamma
correction. The exposure (E) to which film is subjected is
defined as the incident intensity (I) multiplied by the expo-
sure time (T). A popular way to describe the photosensitive
properties of photographic film is to plot the density (D) of
silver deposited on a film versus the logarithm of E. Such a
curve is called a characteristic curve or a “D log E” curve of
a film. An example of a typical D fog E curve for a
photographic negative is shown in FIG. 6. As can be seen
from FIG. 6, as E increases, so does the density of silver
deposited. However, D peaks at the shoulder region and a
further increase in E will not increase D. Similarly, at low
values of E, D remains essentially constant until E reaches
the toe region, at which point D begins to increase. The
region of the curve between the toe and the shoulder is
linear, and the slope of this portion of the curve is commonly
referred to as “gamma.” The greater the value of gamma, the
higher the contrast of the film. Since there is nonlinear
relation between density and exposure, the intensity data
must be adjusted to compensate for this nonlinearity. This
adjustment is called a gamma correction. In the present
invention, there are three gamma corrections calculated. One
gamma correction is calculated for each set of intensity data
(red, green, and blue). The gamma correction is simply a
mapping of the intensity data according to the gamma
correction curve shown in FIG. 7. The horizontal axis of the
curve represents the range of original intensity values, and
the vertical axis represents what the original values are
mapped to (i.e., the gamma corrected intensity values).
Since the value of gamma tends to vary from film to film, a
different gamma correction curve may be used for each type
of film. Alternatively, a gamma correction curve can be
generated using a typical or average value of gamma, and
the same curve can be used for all types of film.

The final step in the color correction analysis is a sec-
ondary expansion. The secondary expansion is essentially
the same process as the preliminary expansion except that
the process is performed on each individual image sepa-
rately rather than all images together. The secondary expan-
sion involves finding, in each image, the lowest and the
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highest intensity values of each of the three colors. The
lowest value for each color is mapped to “0”, the highest
value is mapped to “255”, and all other values are linearly
mapped between “0” and “2557.

After the color correction data is obtained in the color
correction analysis, each image is reduced in size, the color
correction data is used to perform a color correction on the
reduced images, and the reduced images are then displayed
on the monitor along with their corresponding frame num-
bers.

If the film that is scanned is black and white film, an
additional step must be performed prior to display of the
images. The three sets of intensity data must be converted to
a single set of intensity data, with the single set of intensity
data representing varying levels of gray in the film image.

Once the reduced images are displayed on the monitor,
various changes can be made to the images such as changes
in contrast, color and intensity. If changes are made to the
reduced images, these changes are stored so that the changes
can later be applied to the full size images. When the desired
changes have been made to the reduced images, they may be
printed out to printer 100 (shown in FIG. 4). The full size
images may also be displayed or printed out. Prior to
displaying or printing out the full size images, the stored
color corrections are applied to the image data.

FIG. 8 shows screen 55 of monitor 54 displaying various
digital images 102 which represent photographic images
scanned from a strip of film. Frame numbers 103 are
displayed along with images 102 to facilitate the location of
the corresponding negatives on the film strip. Menu bar 105
and menu bar 106 are displayed on screen 55. Menu bar 105
includes five pull-down menus labeled “File”, “Edit”,
“Setup”, “System”, and “Help”. When a user touches one of
the pull-down menus, a series of menu items (not shown)
appears on screen 55. A menu item may be selected by
touching that item. The menu items allow a user to perform
a variety of modifications on images 102. For example, a
user can modify the color, brightness, contrast, and orien-
tation of the images. A user can also delete images, save
images to a disk, and print images.

Some of the more frequently used menu items are repre-
sented by icons 108A through 108N (collectively referred to
as icons 108) in menu bar 106. Thus, a user may select a
menu item by touching the icon 108 that represents the menu
item. Icon 108A represents a “Scanning Information” menu
item that allows a user to specify the starting frame number
of the images, and the orientation of the film when it is
entered into the scanner. The Scanning Information menu
item also includes an option to begin scanning. Icon 108B
represents a “Retrieve” menu item that allows a user to
retrieve and display previously stored images. Icon 108C
represents a “Save” menu item that allows a user to save
images 102 to a disk. Icon 108D represents a “Format” menu
item that allows a user to specify the format of the film that
is to be scanned. For example, a user may specify that the
film is a full length film, or that the film is divided into
multiple strips. Icon 108E represents a “Print” menu item
that allows a user to print images 102 in a variety of formats
such as on an envelope, on an index sheet, and on a sleeve
that holds the negatives. Icon 108F represents an “Undelete”
menu item that allows a user to redisplay an image that was
previously deleted. Icon 108G represents a “Delete” menu
item that allows a user to delete selected images. An image
is selected for deletion by touching the image. Icon 108H
represents a “Left Border” menu item that allows a user to
change the position of the left border of selected images.
Icon 1081 represents a “Right Border” menu item that allows
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a user to change the position of the right border of selected
images. Icon 108] represents a “Rotate Images” menu item
that allows a user to rotate the images. Icon 108K represents
a “Color” menu item that allows a user to change the red,
green, and blue intensity level of selected images. Icon 1081
represents a “Brightness” menu item that allows a user to
modify the brightness of selected images. Icon 108M rep-
resents a “Contrast” menu item that allows a user to modify
the contrast of selected images. Icon 108N represents an
“About” menu item that displays information about the
scanning system.

If a user touches icon 108D and then selects multiple
strips, the film drive will continue to operate for a short
period of time after a strip is scanned in order to facilitate the
loading of multiple strips. As long as another film strip is
loaded during this period of time, the film drive will con-
tinue to operate. If a film strip is not inserted within this time
period, the film drive will stop. When photographic film is
scanned in multiple strips, the images from each strip can be
displayed together (as shown in FIG. 8) as if the images were
scanned from a single roll of film. Also, the image data from
each strip can be combined to calculate color corrections
that require image data from the entire film. For example,
when doing a preliminary expansion, the lowest and highest
intensity values for the entire film image are determined. If
multiple strips are scanned, the image data from each strip
is combined to determine the lowest and the highest inten-
sity values overall. Also, the same gamma correction would
be applied to all images that came from the same film even
though the images were entered in separate strips.

FIG. 9 shows a user interacting with screen 55 of monitor
54.

Whenever a user touches one of the icons 108, a window
will typically appear which allows a user to input informa-
tion. Window 104 is displayed as a result of the user pushing
icon 108K, which represents a “Color” menu item. Similar
windows appear when other icons are pressed. A user can
input information in window 104 to change the red, green,
and blue intensity of selected images. Window 104 has three
slide bars 109A, 109B, 109C, three markers 99A, 99B, and
99C, and three buttons 101 A, 101 B, and 101 C. The red
intensity of selected images can be modified by moving
marker 99A left or right along slide bar 109A. Similarly, the
green or blue intensity of selected images can be modified by
moving marker 99B or 99C, respectively. After the desired
changes have been made, a user can view the changes by
pushing preview button 101A. If the images do not appear
as desired, further color changes can be made. When the user
is done making color changes, the user can touch “OK”
button 101B and window 104 will disappear. If the user
touches icon 108K and window 104 appears, but the user
then decides not to make any color changes, the user can
touch “Cancel” button 101C and window 104 will disappear
and no changes will be made to the images.

III. Mechanical Construction of the Scanner

FIG. 10 shows scanner 50 with front and rear covers 60
and 62 removed. Scanner 50 includes film loading platform
64, optical sensors 136, 138, and 140, base 110, left side
plate 112, slide plate 114, right side plate 116, motor 120,
solenoid 118, S-brackets 122 and 124, light source 80, light
shield 126, right rollers 144A, 144B, 144C, and 144D
(collectively referred to as right rollers 144), and right
guides 150A, 152A, and 154A. Although scanner 50 is
shown oriented vertically in FIG. 10, so that film is entered
at the top of the scanner and film exits at the bottom of the
scanner, scanner 50 may also be oriented horizontally so that
film is entered at the front of the scanner and film exits at the
back of the scanner.






