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UNITED DISTRICT COURT
SOUTHERN DISTRICT OF NEW YORK

—— X
EASTMAN KODAK COMPANY, Case No.
Plaintiff COMPLAINT FOR PATENT
i INFRINGEMENT OF U.S. PATENT
V.- NOS. 6,924,911 AND 6,380,539
FILMLIGHT U.X.; FILMLIGHT DIGITAL DPEMAND FOR JURY TRIAL
FILM TECHNOLOGY, INC,,
Defendants.
X

A1 lows against

PARTIES

I. KODAK is a corporation organized and existing under the Jaws of the State of New
Jersey, with its principal place of business in Rochester, New York. KODAK is a leading supplier of
digital technology to the worldwide motion picture industry.

2. On information and belief, Defendant FILMLIGHT U.K. is a corporation organized
and existing under the laws of the United Kingdom, with its principal place of business in London,
England.

3. On information and belief, Defendant FILMLIGHT DIGITAL FILM TECHNOLOGY
INC. is a corporation organized and existing under the laws of California, with its principal place of
business in Universal City, California. FILMLIGHT UK. and FILMLIGHT DIGITAL FILM
TECHNOLOGY, INC. are hereinafter collectively referred to as “Defendants.”

JURISDICTION AND VENUE

4. This is an action for patent infringement arising under the Patent Laws of the United
States, Title 35, United States Code. This Court has subject matter jurisdiction under 28 U.S.C. §§

1331 and 1338(a).
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5. This Court has personal jurisdiction over Defendants because they regularly and
continuously transact business throughout the United States and within this Judicial District by
selling and offering for sale, inter alia, digital film mastering scanners.

6. Venue is proper before this Court pursuant to 28 U.S. C. § 1391 and § 1400(b).

CLAIM FOR PATENT INFRINGEMENT

7. KODAK is the owner by assignment of the entire right, title and interest in and to
United States Patent No. 6,924,911 (“the ‘911 Patent™) entitled “Method and System for Multi-
Sensor Signal Detection™ (attached hereto as Exhibit A), which was duly and legally issued by the
United States Patent and Trademark Office on August 2, 2005.

8. KODAK is the owner by assignment of the entire right, title and interest in and to
United States Patent No. 6,380,339 (“the ‘536 Patent™) entitled “Four Color Trilinear CCD Scanning™
(attached hereto as Exhibit B), which was duly and legally issued by the United States Patent and
Trademark Office on April 30, 2002.

9. Upon information and belief, Defendants have been and still are infringing one or
more of the claims of the *911 Patent, and the 539 Patent by making, using, selling and/or offering
for sale, infer alia, digital film mastering scanners, inchuding but not limited to the Northlight 2 film
scanner and refrofitted Northlight film scanners (collectively referred to herein as the “FilmLight
Products™), and/or by contributorily infringing and/or actively inducing others to infringe the ‘911
Patent, and the ‘539 Patent in this district and elsewhere n the United States.

10.  Upon information and belief, Defendant’s acts of direct infringement, contributory
infringement and inducement have caused others to directly infringe the ‘911 Patent, and the “539
Patent.

i1. Unless enjoined by this Court, Defendants will continue their acts of contributory
mfringement and/or inducement to the substantial and irreparable damage of KODAK.

COUNT I - (Infringement of the ‘911 Patent)
i2. KODAK incorporates by reference each and every allegation contained in paragraphs

I through 11 inclusive of this Complaint as though fully set forth herein.
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13.  Upon information and belief, Defendants are and has been directly infringing the *911
Patent by making, using, selling, and/or offering for sale the FilmLight Products which embody the
claimed subject matier of the ‘911 Patent.

14. Upon information and belief, Defendants are and have been infringing the ‘911 Patent
in violation of 35 U.8.C. §271{c) by selling, and/or offering to seil the FilmLight Products for use as
digital film mastering scanners, which constitute a material part of the claimed subject matter of the
‘911 Patent, knowing the same to be made for infringing uses and not a staple article or commaodity
of commerce suitable for substantial non-infringing use. Defendants® conduct described in this
paragraph, has contributed to the direct infringement of the ‘911 Patent by others.

15. Upon information and belicf, Defendants have infringed and are presently infringing
the ‘911 Patent in violation of 35 U.S.C. §271(b) by actively inducing others to infringe the ‘911
Patent and will continue to do so unless enjoined by this Court, by engaging in conduct that includes,
but is not limited to, marketing, promoting, offering for sale, and manufacturing the FilmIight
Products. As aresolt of Defendants’ acts of inducement, others have directly infringed the ‘911
Patent.

16.  Upon information and belief, Defendants’ acts of infringement have been and continue
to be committed with knowledge of KODAK ’s rights in the ‘911 Patent and in wiltful and wanton
disregard of KODAKs rights, rendering this an exceptional case under 35 U.5.C. § 285.

17. Unless enjoined by the court, Defendants will continue their acts of infringement to
the substantial and irreparable damage of KODAK.

COUNT 11 - (Infringement of the ‘539 Patent)

18.  KODAK incorporates by reference each and every allegation contained in paragraphs
[ through 11 inclusive of this Complaint as though fully set forth herein.

19.  Upon information and belief, Defendants are and has been directly infringing the ‘539
Patent by making, using, selling and/or offering for sale the FilmLight Products which embody the
claimed subject matter of the “339 Patent.

20.  Upon information and belief, Defendants are and have been infringing the 539 Patent

mn violation of 35 U.5.C §271 (c) by selling, and/or offering to seil the FilmLight Producis for use as
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digital film mastering scanners, which constitute a material part of the claimed subject matter of the
539 Patent, knowing the same to be made for infringing uses and not a commodity of commerce
suitable for substantial non-infringing use. Defendants’ conduct described in this paragraph, has
contributed to the direct infringement of the “539 Patent by others.

21.  Upon information and belief, Defendants have infringed and are presently infringing
the “539 Patent in violation of 17.8.C. §271(b)} by actively inducing others to infringe the *539 Patent,
and will continue to do so unless enjoined by this Court, by engaging in conduct that includes, but is
not limited to, marketing, promoting, offering for sale, and manufacturing the FilmLight Products.
As a result of Defendant’s acts of inducement, others have directly infringed the 539 Patent.

22. Upon information and belief, Defendant’s acts of infringement have been and continue
to be committed with knowledge of KODAK s rights in the ‘539 Patent and in willful and wanton
disregard of KODAK’s rights, rendering this an exceptional case under 35 U.S.C. § 285.

23.  Unless enjoined by the court, Defendants will continue their acts of infringement to
the substantial and irreparable damage of KODAK.

PRAYER FOR RELIEF
WHEREFORE, Plaintiff demands judgment against Defendants and in favor of Plaintiff:

I. For an order preliminarily and permanently enjoining and restraining Defendants, their
officers, directors, agents, servants, employees, attorneys, licensees and assignees, and all others
acting in privity or in concert with them, from further infringement of the ‘339 Patent, and the ‘911
Patent:

2. Compensatory damages attributable to Defendant’s infringement of the ‘539 Patent,

and the ‘911 Patent;

3. Trebling Plaintiff’s damages;

4. For costs of suit and attorneys fees;

5. For pre-judgment interest; and

6. Granting such other and further relief as the Court may deem just and proper.
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DEMAND FOR JURY TRIAL

Plaintiff EASTMAN KODAK COMPANY hereby demands a trial by jury on all issues
triable of right by a jury that are raised for determination by this Complaint or that may be raised by

any counterclaim to be filed herein.

DATED: November 3:}“, 2006 Respectfully submitted,

By:(—;’>~ 7

%
Frank W. Ryan (/K ~C6/5 )
Tamar Duvdevani
Kate Cassidy
NIXON PEABODY LLP
437 Madison Avenue
New York, NY 10022
Telephone: (212) 940-3000
Fax: (212) 940-3111

Glenn E. Westreich

Patrick T. Michael

Beth L. Mitchell

2 Embarcadero Center, Suite 2760
San Francisco, CA 94111
Telephone: (415) 984-8200

Fax: (415) 984-8300

Attorneys for Plaintiff
EASTMAN KODAK COMPANY
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EXHIBIT A
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1
METHOD AND SYSTEM FOR MULTT-
SENSOR SIGNAL DETECTHON

This application claims benefit 1o US. Provisional Appli-

cation 60/3159,073 filed on O, 12, 1999,
TECHNICAL FIELD OF THE INVENTION

The present invention relaics generally to imaging
systems, and more particularly w0 a method and system for
mulii-sensor signal dewection.

BACKGROUND OF THE INVENTION

Imaging systems, such as digital cameras, satellites, and
image scanners, operale by converling cleciromagnetic
cnergy from a source image w0 an electronic, ie., digital,
represeniation, of an image. The source image could be an
actual view, such as a landscape, satellite image, and the
like, or embodied in @ physical form, such as a photograph,
£ilm, picture, document, and the like. In many applications,
the clectromagnetic energy used to convert the image into a
digitized image is visible light, however, infrared,
microwave, and other suitable 1ypes of electromagnetic
encrgy are also be used lo create the digitized image.

Imaging systems generally incinde a number of optic
sensors. The sensors measare the intensity of clectromag-
retic energy within a specific bandwidth of the eleciromag-
netic spectrum. Bach sensor generally comprises a color
filler and a photodetector, such as a charge-coupled device,
phototransistor, photoresistor, and the like. The photodetes-

tor produces an electrical signal that is propartional to the |

intemsity of electromagnetic cnergy striking the phowodetee-
tor. The cotor filier blocks all wavelengihs of light in the
visible electromagoetic spectrum ¢xcept a specific band-
width. For example, in a red sensor a red filler biocks all
other wavelengths of fight in the visible spectrum except for
the wavelengths of light associated with the color red.
Accordingly, only the red bandwidih of Hght from the source
image is measured by the red seosor.

The sensors arc generally geometrically positioned in
arrays such that the clectromagnetic energy siriking each
sensor corresponds o a distinet location in the source image.
Accordingly, cach distinct location of the source image
corresponds to a distinct location, or pixel, in the digitized
immage. In color applications, the clectropic imager com-
prises an array of color optic sensors relating 1o one of the
three primary colors—red, green, and blue. The intensity of
red, green, and blue clectromagnetic energy associaled with
cach discrete location of the source image is measured and
recorded.

In electronic scanner applications, the scanner records the o

color imensily for each color optic sensor in a sequence of
scan posilions until the entire image is scanned. The spaciag
hetween scan positions is referred (o as the scan line pitch,
The scan Hne pitch is generally the same as the pixel pitch,

ie., width of the line of deteciors, bul may vary depending 54

on the desired image resolution. The color data relating 1o
cach pixel is then correlated 1o produce the digitized image.

The digitized Image ofien Includes imperfections that are
g0t present i the source image. One cause of such defects
is the optical components of the imaging system. or
example, In the case of a electronic imagers, the scanning
surface or “platen”™ in the electronic imager may comain
scratches and other optical path obstructions. Dust,
fingerprints, and other such debris also causes optical path
obstructions. These optical path obstructions are digitized
along with the read image and appear as imperfections in the
digitized image.
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Another cause of imperfections is defects within the
physical medivem of the source image. For cxample, a
photograph, film, or ather physical medium having an image
hereon may be scratched, distressed, or deformed despite
careful handling. In addition, imperfections may arise from
foreign matter, such as a hair, dust, and the like being
deposited on the physical medimn while the image is
digitized. Thus, even though an image is replicated exactly
as contained in the physical medius, imperfections may still
be present iz the digitized image.

One method of remmoving imperfections from transparent
physical mediems, such as film, s 1o ransmit infrared (IR}
fight through the transparest medium to produce a defect
image. Conveational electronic imagers use the red Bltered
photadetector or a dedicated infrared photodetector for
detecting and measuring the infrared light, As a result,
conveational electronic imagers require two complete scans
of the source image. The first scan uses conventional light to
create a coler digitized image. The second scan uses infrared
light 1o create a digitized delect image that is used 1o comect
the defects in the digitized image. A disadvantage of con-
ventional methods is that the infrared scan takes the same
tenggh of time 1o complete as the color scan. Accordingly,
this method for defect correction doubles the duration of the
SCAnning process,

SUMMARY OF THE INVENTION

Accordingly, # aeed has arisen for an improved imaging
system. The present invention provides a method and system
for multi-sensor signal detcetion that substantially reduces
ot climinates problems associated with prior syslems and
methods.

In accordance with one embodiment of the present
imvention, an improved imagiog system for digitizing an
object is provided. In this embodiment, the imaging system
comprises an optical sensor array, a visible light source, and
an infrared light source. The optical sensor array includes at
icast multiple sets of color seasors thai detect different colors
of visibie Hght. In additicn, al least two seis of color sensors
operaie o measure the imensily of infrared light.

The present invention can be impicmented with many
different methods for employing the three calor channels in
a (rilipear imager to colleet the IR defect data. One such
method collects IR information from cach color channe] at
every third scan position of the image. This method also
enables defect data 1o be collected at every scan line. In this
manner the IR information gathering time is three limes
faster than i a system using only one color channel for
gathering IR information. One-pass and two-pass scanning
methods can be used in this embodiment of the present
izvention.

In ancther embodiment of the present invention, a method
for simultancously colleciimg IR information frem cach scan
line using cach color channel (red-greca-blue) is disclosed.
Because this embodiment eollects IR information from all
three color channels for cach scan line, three times more
defect information about the image Is captured as opposed 0
using only one color chargel. The additional information
can be used to increase the clarity of the capured image

' because it improves the signal/noise ratio.

Other technical advantages will be readily apparent 1o one
skilled in the art from the following figures, descriptions,
and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-

tion and the advantages thereof, reference is now made fo
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the following description taken o conjunction with the
accompanyiog drawings, whercin like referenced numersls
represent hike parts, in which:

FIG. 1 is a perspective drawing illustrating a computer
Imaging sysiem in accordance with the present invention;

FIG. 2 is a perspective drawing illusirating an imaging
sysiem in accordance with the present invention;

11G. 3 is a block diagram of a scanner using s trilinear
imager for scanning images and capiuring defects according
to the present inventiosn,

FIG. 4 is 2 diagram lusirating how a trilinear imager uses
& scan pattern with red, green, and blue channels in a serigs
of scan positions to capture information for all three colors
for cach scan line in an image according to the present
INVention,

FIG. 5 is & graph showing the spectral respanse of each
filter in a trilinear imager according to the present invention;

FIG. 6 is a diagram illustrating how a trilinear imager uses
three different scan positions to capture the three colors for
one scan hine according to the present invention;

FIG. 7 is a table illustrating scan positions thai record IR
imformation for different color channels for each scan line
according o the present invention; and

FIG. 8 1s a flow chart for a two-pass system according lo
an: embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTHON

FIGS. 1 through 8 illustrate an imaging system according
to the presentinveation. As described in greater detail below,
the imaging system allows an infrared defeel scans to be
performed at a faster raie than conventional systerns. In
particular, the present invention wiilizes all of the color
sensors in a iri-linear sepsor system 1o oblain the infrared
defect information.

FIG. 1 illustrates computer imaging system 10 in accor-
dance with one cmbodiment of the present invention. The
compuier imaging systern 1 comprises an elecironic scan-
ner 12, a compuies system 14, and optional output device 16.
Although the computer imaging system 10 is illustrazed with
separate and distinet components, it will be understood that
the compuier imaging system 10 can be integrated into a
single system, such as a kiosk imaging center.

As described in greater detail below, the computer imag-
ing sysiem 0 operates to digitize a source image 18 to
produce a digital image 20 that elecironically represents the
source 1mage 18 The source image 18 may be 3 scenc
image, photograph, document, or any other suitable object
that reflects or attenuales eleciromagnetic eneigy, i.c., Hght.
The digital image 20 is output from the electronic scanner 12
to the computer system 14. Fhe digital image 20 is gencrally
in the form of an electronic data stream or an etecironic file

having four numeric values that correspond 1o cach pixel in

the digital image 20. The four numeric valves describe the
measured intensity of the red, green, blue, and infrared light
for each discrete location of the source image 18. The
infrared value allows defects 10 be corrected as shown in the
U5, patent application No. 08999421, entitled Defect
Channel Nulling, having a priority date of Tan. 6, 1997; and
US. Pat. No. 06,498,867 entitled Method and Apparatus for
Differential-Hlwmination Image Capturing and Defoct
Handling, filed Oct. &, 1999, each of which is herchy
incorporated by reference.

The computer system 14 may he any suilable computer,
such as s personal compuler using 4 Pentium microproces-

it

b
w

30

35

ar

[

&

h

tn
o

4

sor; a workstation; server; mainframe embedded system;
discrete Jogic, and the bke. The computer system 14 gen-
crally includes memory and a graphical eser interface that
aliows the digital image 10 be viewed, saved, edited, elec-
tronically mailed, combined with other digital images, or
any other suitable vse according 1o the needs of a user. An
optional cutput device 16 may be coupled to the computer
sysici 14, A typical oulpui device 16 is a prinier that allows
a digital print image 22 to be produced.

FIG. 2ZA s a perspective drawing of the clectronic scanner
12 shown in FIG. 1. The clectronic scanner 12 i5 iliusirated
as an trapsoussive electronic scanner, such as a film, slide,
or negafive scanper, It will be undersiood, that the electromic
scanaer 12 may comprise any suilable color imaging device
operable to digitize the sovrce image 12. For example, the
clectronic scanner 12 may comprise & reflective electronic
scannet, such as a flatbed scanoer; 2 dmium type scanner; a
copy machine; and a {acsimile.

In the cmbodiment (llusirated, the electronic scanner 12
comprises an optical imager 26, a transport system 28, and
a processor 30. As described in greater detail below, the
optical imager 26 operates Lo illuminate the source image 18
with visible and infrared Hght and measure the inensity of
visible colors and infrared for cach discrete fecation of the

" source image 18.

‘The transport systemn 28 operates to move the source
image 18 relative to the optical imager 26. Various embodi-
ment of the transport system 28 may be implemented. For
cxample, in onc embodiment, the optical imager 26 is
stationary and the source image I8 moves, or scans, across
the optical imager 26, In another embodiment, the source
image 18 is stationary and the optical imager 26 scans across
the source image 18. In yet another embodiment, the source
image I8 is stationary and ihe optical imager 26 is rastered
across the source image 18.

The processor 3¢ receives clectronic data signals from the
optical image 26 that are used to construct the digital image
20. The processor 30 generally includes an analog-to digital
{A/D) converter as well 25 a signal processor andfor pre-
processor. The A/DD comverter converis the electronic data
sigoal 10 digital signals (hal can be casily processed by the
signal processor prior to being output as the digital image 20
to the computer system 14, In many applications, the digital
image 20 15 actually constructed within the compuler system
14. In these applications, the digital image 20 cutput to the
computer system 14 is an eectronic data strearn that is used
by the computer system 14 to construcs the compilete digital
image 20,

Referring to FIG. 2A, the optical imager 26 includes a
visible light source 32, an infrared light source 34, optics
36z and 365, and a seosor system 38, The visible light
source 32 produces visible light 40. {c., white light, having
a broad electromagpetic frequency band. In many
applications, the visible light source 32 comprises a floures-
cent light that varies between low ntensily and high inten-
sity. The flourescent light source 32 is generally not wmed
off as the bulb takes time to warm-up to operating tempera-
teres. The visible light source 32 may also comprise other

» suitable types of white light sources, such as halogen,

LED’s, incandescent, direct gas discharge lamps (xenon).
The infrared light source 34 operates a produce infrared
iight 42 “The infrared light source 34 is gencrally & whie
light source with a infrared filier thai is transmissive 1o
infrared light. In some applications the infrared lght source
34 will incorporate a infrared filter with the same light bulb
as the visible light source 32, The infrared Hght source 34
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may also comprise other suitable types of light sources, such
as an LED, or direct gas discharpe lamp.

The visible and infrared Hghu, 40 and 42 respectively, are
focused with optics 28a onio the source image 18, The optics
28g may include mirrored surfaces and varicus lenses for
directing the light onto the source {mage 18. 1n the case of
a trznsmissive clectronic scanner 12, the light passes
through the source image 18 and is attenuated by the colors
and defects in the source Image 18. The light from the source

mmage I8 is then coliecied and focused by optics 28k onta

the sensor system 38. The optics 285 generally include
precision focusing lenses for maintaining the spacial orien-
tation of the Hght from the source image 18. Spacial orien-
tation allows the sensor system 38 to detect the light from
discrete locations of the source image 18,

The sensorsystem 38 generally comprises 2 trilincar array
of sensors 4. As described in greater detail below, the
sensor systermn 38 measures the intensity of light associated
with each color of Hpht from the source image 18. As &
simpic example, assume the color slide of a red kite in a bhue
sky. The red kit portion of the color slide will aliow red light
o> pass through the slide, but will block substangially all of
the blue and green light. The inlensity of the red Hght is
measured by the sensor system 38. Accordingly, the sensor
system 38 will measure a high red intensity but a low green
and blue intensity. Similarly, the blue sky portion of the
color slide will allow a substantial portion of the blue light
and a small portion of the green light to pass through the
slide, but will block substantially al! of the green and red
light. Accordingly, the sensor systerm 38 will measwre 2 high
bluc intensity, a relatively low green intensity, and a tow red
intensity. The red, green, and bluc intensities vary depending
upon the color of that portion of the source image 18,

FIG. 2B is a perspective cutaway view of the irilinear
sensor system 38 of FIG. 2A. The sensor system 38 com-
prises a number of scosors 44 arrapged in a sct of three lines
4ba/bic with a glass cover 47 covering the sensors 44. The
horizomal spacing between consecutive lines 46 is known as
a pixel pitch 48. A pixel refers both to a position and to the
information gathered at that position: by the sensor 44. The
vertical spacing between sepsor lines is known as a seasor
line pitch 50 and is typically an integer multiple of the pixcl
piich 48. Each line 46 is associated with detecting a different
colog, such as red, green and blue. One example of a trilinear
imager 1hat is currently available is the Sony 1LX724K.

Each sensor 44 generally comprises a color filier 52 and
& pholodetector 54, The color Lilter 52 is transmissive 10 a
certain color of visible light and also infrared light. For
example, the blue line 462 has a blue color filler 52 that
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aflows blue light to pass through the color filter 52, The

photedetecior 34 measvres the intensity of blue light striking
the photodetecior 4. The photodetector 54 is generally a
charge coupled device (CCD). However, other types of
phatodetectors 54 may be used, such as photoresistors,
phototransistors, and the ke, The color filter 52 is also
transparent o infrared bght. Accordingly, the infrared light
42 transmitted through the source image 18 is measured by
cach of the sensors 44.

FG. 3 is a functional block diagram of an embodiment of
the presenl ipvention for capturing defect data. FIG. 3
iilustrates a film scanner 4040 that vses a trilincar imager 422
1o capture the defect data from a transmissive mediem, such
as film 402 containing an image thercon.

Scanner 40 inciudes coupled elements including 5 first
light source (L.51) 404 thar produces visiblc light, and a
sccond light source {152) 466 that produces IR light
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Scanner 408 alse includes electronic switches 408 and 410,
a power supply 412, a rzasport mechanism 414, a controller
416, a sensor unit 418, and an analog Lo digital (A/D)
converter 424. Sensor unit 418 further includes lens 428 and
he trilinear imager charge-coupled device {CCD) 422,
Within sensor uait 418, lens 420 focuses light wransmitied
through film 402 such that the trilincar imager 422 can detect
and capfure image dara.

images and defects are caprured when light gencrated by
first and sccond Jight sources 404 and 406 is transmitied
through film 402 1o the sensor vait 418, Seasor unil 418
outpats the caplured inrage and defect information to an A/D
converter 424, which converts to digital image and defect
data. The digital data is then transferred through interface
328 1o be processed by a computer 326.

First and sccond Hghs sources 404 and 406 are preferably
arranged for separate operation such that, during scanning,
light from first light source 404 is used to capture an image
{including defects), while the light from the sccond light

. source 406 is used to capture the defects on the image. In
other words, when light from first (visible) light source 464

illuminates film 402, the light transmitted through film 402
and received by sensor unit 418 will contain image
information, including information on any defects thal may
be present on the surface of film 402. When light from the
second (IR) light source 486 illuminates film 402, the light
transmitted through film 402 and received by sensor unit 418
will contain information of defects on film 462,

The first light source 404 generates Hght when power is
applied from the power supply 412 via a first electronic
swilch 408, The sccond tight source 406 generates light
when power is applied from the power supply 412 via a
second electronic switch 418, Electronic switches 408 and
410, which may include transistors and/or relays, are regu-
lated by ihe controller 416 via control lines 436 and 438,

in addition to controlling clectronic switches 408 and 410,
controller 416 is also coupled to transport mechanism 414
via control lines 4340 and 432. This zllows controller 416 to
send signals 1o transport nechanism 414 to cosntrol the
positioning to system 400 components during separate
operalions for capturing image and/or defect information.
Controller 416 is [urther coupled o sensor upil 418 via
control line 434. Controller 416 can comprise, for example,
a programmable microconiroller such as an MCGSHCUS
made by Motorola.

Transport mechanism 414 preferably responds 10 com-
mands from controfler 416 by aligning system 400 compo-
nenis for separate operations for capturing image and/or
defect information. More specifically, a first alignment wil

; preferably provide for conventional image capturing, and a

second alignment will preferably provide for capturing
defects, as will be discussed in more detail hereinafier,
Operationally, controller 416 provides conirol signals for
two separate scan cycles. During an “Image scan” cycle,
mmage data (including any defects) Is captured, and during a
separate “defect scan” cycle, defect duta is captured. During,
a ope-pass scan, for example, conmolier 416 preferably
sends first aligament control signals 430 0 transport mecha-
nism 414 {o align sensor unit 418 in a conventional one-pass

¢ omanner Buring a two-pass scan, seasor unit 418 is moved

i response (6 first control sigpals 430 10 4 first alignment
position. Then, during a defect scan oycle, sensor unit 418 is
moved in response to second control signals 432 (a reverse
scan cycle order can alse be used). Although # one-pass scan

. is preferred for expediency, multiple scans can also be used.

In addition (o comtrolling the alignment of the svstem 4K
components, the controller 486 can also be used for con-
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wolling other components of the present invention. For
example, first and second controf signals 430 and 432 can he
semt in conjunction with first and second conirol signals 4346
and 438 10 conirol electronic switches 408 and 419, respec-
tvely. Controller 416 can also send additional control sig-
nzls (mot shown) such that, consistent with conventional
image scanning, when Hoht is supplied, 4 sensor Is activated,
apd sensed light is captured during a given scan cvcle.
Alternatively, muitiple controllers, CPU’s, digital signal
processors (“DSP’s™) and/or other data processing compo-
nents can alse be used in accordance with the preseat
IVention,

it will be apparent fo thosc skilled In the ast that other
embodiments of the preseat jnvention are 2lso possible. For
example, the computer 426 could be replaced with dedicated
hardware, and a wide vanety of different light source could
be used for the first light source 404,

FIG. 4 illustrates how a trilinear imager 422 in FiG. 3
scans an image 506 on a page 510, When the visibic Iight
source (LS 404 pulses, the trilinear imager 422 pathers
information in a scan pattern 502 simultaneously capturing
information for three separale scan lines across the image’s
page through each of the red, green, and biue channels. The
imager 422 continues capluring information in a series of
scan positions 504 as the visible light source pulses until
cach scan line of the image has been scanned for all threc
cojors. The imager 422 gathers the scanned information for
the image slarting at the firsl scan line (scan Hoe 1). The
scanner loads the image starting from scan line } because the
first line of pixels covers ajl three eolor chanzels. Thercafier,
cach subsequent line, such as scan line 2 and scan line 3, are
loaded into the scanner. In the example provided above, it is
assumed that the line spacing between each color channel of
the scan pattern 502 is 4 lines. In other words, when the red
channel is positioned on Hine 1, the corresponding green and
blue channels are positioned or lines 5 and 9, respectively.

F1G. 5 15 a graph showing the spectral response of each
filter in a trilinear imager according to the present invention,
As shown, the spectral response (y-axis) of each filier in the
trilinear imager reaches a peak at a wavelength (x-axis) that
is associaled with a particular color. Each filier is also
capable of blocking out wavelengths associated with certain
colors. In addifion, each filter used in the present invention
is capable of responding o wavelengths associated with IR
light. Therefore, the present invention can use muliple
colos-filter chanpels to capture defec! information in
response to IR light.

FIG. 6 illusirates how the trilincar imager 422 in FIG. 3

uses three different scan positions to capture information of 55

all three colors for one scan line 716, Le. scan fae 1, of an
image 786 on 2 page 788, according to the preferred methad
of the preseat invention. For scan hine 7H), the information
from blue channel s caplured during the first scan position
(posiion 1}, the information from the green chanpel is
captured during the fifth scan position (position 8), and the
information from the red chapnel s capured duning the
amth scan position (position 9). Thus, information for all
three cofor channels are captured at different scan positions.

Tn the fisst embodiment of the present invention, a method
for collecting IR imformation through at least one color
channel for each scan line 1s disclosed. In this embodiment,
defect data can be collected at every third scan position to
capure informaton aboul every scan line. Using this
metbod, the IR gathening time 18 at least threo umes faster
thanr using a conventional scanner having only one color
chansel for detceting IR imformation. Preferably, the present
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method can be implemented with a scanner having compo-
nents {(hardware and sellings) such that the sensor lne piich
is not a factor of three times the scan lne pitch.

The first embodiment of the present invention can be
implemented with either & ose-pass sysiem or a 1wo-pass
systezn In the once-pass system, the visible light source
puiscs during the first scan position, and the trilinear imager
simultancousiy captures theee separate scan Hnes of image
information across the image’s page, one Hne for ke red,

1o green, and blae channels. Then, before moving the scanner

1o the second scan position, the IR light source pulses
through all three color channels, thus aliowing the trilincar
imager 1o capture three scparaie scan lnes of defect infor-
mation across the page. When (he scanner is in the second
scan position, only the visible light is allowed fo pulse, and
the trifinear imager capiures only the image information for
three separale scan lines. At the third scup, again only the
visible light is allowed to pelse and only image information
is captared. The fourth scan position is similar to the first

+p Stan position where the visible light and IR light sources are

pulsed in the order set forth above, and both image and
defect information is captured. Al the fifth and sixth scan
positions, only image information is captured. At the seventh
position, bath image and defect information is captared. The
process continues, palsiag the wvisible hight for cach scan
position and further pulsing the IR light every third scan
position, unti} all scan posifions for the image have been
caplured.

FiIG. 7 is a table iHustrating scan positioas that record IR
information for different color chansels for cach scan line in
accordance with the present invention. By usiang all thrce
color channels to capture IR information, the scanner only
needs to pulse the IR light at every third scan position, for
example al scan positions 1, 4, 7, 10, 13, 16, and so on, to
captuare every scan ling in an image. For example, for the
first scan Hne, the trilinear imager records the IR information
through the blue channet at the first scan position. For the
second scan line, it records the IR information through the
red channel at the teath scan position. For the third line, it
records the IR information through the green channel at the
scventh scan position, and 5o on. Al cach of these scan
positions (1, 4, 7, 10, 13, 16, ctc), the trilinear imager
simulianeously records the IR information through all three
color channels. At the tenth scan position, for example, i1
records theough the red channel for scan line 2, through the
green channel for line 6, anad through the blue channel for
ltne 10.

Next, 1o a two-pass syslem of the first embodiment of the
present investion, a visible light source Is used to record
color information for ali the scan Hoes of the image during
the first pass. Then an IR light source 1s used to capture
defects during a second pass of the image while scanning the
image either forward or backward. In the second pass, the
svstem moves directly 1o every third scan position in the
series and captures defect data, until all the scan Hnes for the
image arc covered. Por example, the system moves to the
first scap position, the foenh, the seventh, and so on As in
the one-pass system of the first embodunent, the trilincar
imager records the IR information through all three color
chanoels simulianeously to eventually gather correct infor-
maiion from every scan line in the image. But, ualike the
one-pass system where the IR information is gathered when
the IR light source pulses every third scan position during
ihe first pass, the two-pass svstem captures the 1R informa-
tinn every third scan position only during the second pass.

In more detail, F1G. 8 illusirates a flow chart of a two-pass
sysiem i accordanee with the fisst embodiment of the
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present invention. The scanper pulses a visible light for the
first scan position in S908, and the trlinear imager records
image information. Then the scanner moves 10 the sceond
scan position in S92, and so on unti} it captures the color
for the entire image. On the second pass, scanning forward,
the scanner pulses an IR light for the first scan position in
5914, and the wrilinear imager records defect information
through all three color channels. Then the scanner moves to
the fourth scan position in 5916, and the trilincar imager
records defect data. This process continues at every third
position, at the 7, 107, 13", 16%, and so on. Alicmately, the
second pass could scan backward at every third scan posi-
ton.

An alternate method of the first embodiment Is to use cach
color channel simultanecusly to record IR information at
every scan position, but reducing the gathering time by one
1hird at each scan position. Thus, the gathering time is three
times faster than if the scanning was performed ai every scan
posiion using the full gathering time. Since this aliernative
method emplays three chanaels to simultaneously gather IR
information, it gathers the same amount of defect informa-
lion as the system using the fidl gathering time. Afier the IR
mformation has been recorded from all three channels, this
method systematically adds together the recorded values to
accurately reflect and identify defects.

Ancther method of the first embodiment, alse not
restricied by the semsor line piteh, is to alternatively tum on
the visible light and the IR Light al every nih scan line, where
8 s the number of scan lines that fit into one sensor light
pitch. For the next 2n scag lines, the scanner only tusas on
the visible light, and this patiern is repeated for the remain-
der of the page. For example, if the pixel pirch is 8080 dpi
(Voo inch) and the sensor line pitch is § pixels (%hoo inch)
and the scanner is scanning at 400 dpi (Vieo inch), then # s
equal to 4 ($heo divided by Vaoo). In this example, the scanner
would alternate turning on the visible light and the IR Hght
for the next 4 scan lines. For the next 8 scan lines, the
scanaer would turn on only the visible light. For the next 4
scan lines thereafler, the visible and IR lights would alter-
nate, FFor the next 8 scap Haes, the scanper would again furn
on only the visible light. The same process would continue
unil the end of the page,

A second embodiment of the present invention uses each
RGR color channel simuitancously in a multilinear-imager
to collect IR informatien from cvery scan line. Since this
embadiment collects IR information from all three channels
for evesy scan line, three times as much defect information
1s captured. The additional information available fram these
three samples can be used o inerease the clanity of the
capiured defect image since i improves the signai/oise
ratio.

In a one-pass sysiem in accordance with he second
embodiment, the scanner pulses a visible light source for the

first scan position, aand the trilinear imager caplures image

information. Then the scanoer pulses an IR hight source in
the first scan position, and the trilincar imager capiures
defect information. The scanner then moves on 1o the second
scan position and again pulses the visible light source 10
caplure image inforsration and then pulses IR light source to
capture defect information. This process continues until alf
scan positions for the jmage have been recorded,

In a two-pass system In accordance with the second
embodiment, the scanner pulses a visible light sowrce to

record image imformation at each scap position umtil the &8

entire mmage is covered. Then the scanmer makes z second
pass over the image, scanning information.
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Once the present invention has capiured defect
information, users can employ a wide variety of methods to
remove the defeess from the seanncd image, as is known by
those skilled i the art.

Although the present Invenuon has been described in
several embodiments, various changes and modifications
may be suggested 1o one skilled in the art. It Is Intended that
the present invention encompass such changes and modifi-
cations that fall within the scope of the appended claims.

What is claimed is:

1. A method for capturing irmage and defect information
from ar image scanned from a medium, comprising the steps
of!

capuring image and defect information by a sensor unit

during every scan position while transmitting visible
light from a first light source through the medium; and
capturing defect information by the sessor unit during
every third scan position while transmitiing infrared
light from a second light source ihrough the medium.

2. A method according to ¢laim 1, further comprising the
steps of:

aligning the sensor unit andfor the medium in a fisst

alignment during ransmission of visibie Eght; and
aligning the sensor and/or the medium in & second align-
ment during transmission of infrared light.

3. A method according w claim 1, wherein visible light
and infrared light are not transmitted simultaneously through
the medmm.

4. A method according 1o claim 1, wherein the mediam
compriscs one of a film, a document, and a photograph.

5. A method according 1o claim 1, wherein the steps of
transmilting visible light and infrared light through the
medium occur during a first pass,

6. A method according to claim 1, wherein the step of
transmitting visible light occurs during a first pass and the
step af trapsmutting infrared light occurs during a second
pass.

7. A method according 1o claim 1, wherein every scan
positioa comprises three separaie scan Hnes, each scan lise
associated with either a red, green, and blue channel of the
SENSOF unit.

8. A method for capturing image and defect information
from an image scansed from 2 medium, comprising the step

. of:

(1) aiternatively iransmitiing visible light and infrared
light through the medinm for cach scan line up to n
lnes in conjunclion with caplering image and defect
information during visible light transmission and cap-
turing defect information duning infrared light trans-
mission;

(2} transmitting onlv visible light through the medium at
each scan line for the next 2n scan lines in conjunction
with capiuring image information during visible light
transmission after performing step (1), and

{3) repeating steps (1) and {2) vntd all image and defect
information is captured for the medivm.

9. Amethod according to claim 8, wherein o equals a pixed
pitch multiplied by 2 sensor line pitch divided by a scanning
rale.

14, A method for capturing image and defect information
from an image scanned from a medium, comprising the steps
of:

transmitting visible Hght from a first Hght source through
the medium 1o capture image and defect information by
a sensor unit during every scan position with the sensor
unit and/or the mediam in & first alignmest; and
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transmitting mfrared light from a second gl source
through the medium to capture defect information by
the sensor unit during every scan position after soving
the semsor and/or the medivm fo a second alignment
different than the first alignment.

11. A method according 1o claim 16, wherein visible light
is transmitied through the medivm before the infrared Hght
1s iransmitted.

12. A method according 1o claim 10, wherein the medium
comprises one of a film, 2 document, and a photograph.

13. A method according to claim 18, wherein the steps of
iansmitting visthle light and infrared light through the
medium occur during a fisst pass,

14. A method according io claira 10, whercin the siep of
irapsmitting visible light occurs during a first pass and the
step of transmitting infrared light occurs during a second
pass.

15. A method according fo claim 10, wherein every scan
position comprises three separate scan lines, each scan line
associated with either a red, green, and blue channel of the
SCOSOI Bnit.

16. A scanner used for capluring image and defeci data
from a surface of 2 medium containing an image thereon,
comprising:

a first light source and a second light source;

a fizst switch coupled to the first Hght source and a second

switch coupled fo the second light source;

a power supply coupled 1o the first and second lght
switches;

a sensor unil having a multi-linesr imager and optical
lens, the optical Iens adapted 1o focus light ransmitied
through the surface of the medivm to the multi-linear
imager, thereby capturing image and defect informa-
tion;

La
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an analog to digital convener adapred to conver! the
mage and defect information o digital image and
defect data;

iransport mechanism adapted (o align the sensor unit
and/or the medium for capturing the image and defect
information, wherein the fransport mechanism is con-
figured for aligning the sensor unit andfor the medium
in & first alignment {or captering image information and
for moving ihe sensor unit and/or the medivm 1o 2
second alignment different than the first aligement for
capturing defect information; and

a controlier adapted to controf the first switch, the second

switch, the transport mechanism, and the seasor unit,

17. An apparatus according to claim 16, wherein the first
light source generates visible light, and the second light
source generates infrared light.

18. An apparatus according 1o claim 16, whereia the first
light source s used to capture image and defect information
and the second hight source is used o capiure defect infor-
mation.

19. An apparatus according to claim 16, wherein the first
fight source and the second light souree do nol gencrate light
simultaneously.

20, An apparatus according o claim 16, wherein the
medium comprises one of & 8lm, a document, and a pho-
tograph.

21. A method of digitizing a source image, comprising;

collecting visible light data and infrared Hght data simul~

tancousty on at least (wo color sensor channels at a first
increment of scan positions; and

collecting visible light data during a second increment of

scan positions greater than the first increment of scan
positions on at least onc of said color sensor channels.

=
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FOUR COLOR TRILINEAR CCD SCANNING

RELATED APPLICATHON

This application claims the benefit of U8, Provisions
Apphication No. 60:036,655, fled Jan. 30, 1997

FIELD OF THE INVENTION

This invention reiates to image enhancerment and
fecovery, and more particularly to & method and apparatus
for scanping color image data.

BACKGROUND OF THE INVENTION

Ever since the first image of an object was captured on
film, a serious problem was apparent which has continued to
plague the field of image capture and reproduction to the
present day, namely imperfections in the recording medium
itself which distort and obscure the original image sought to
be captured. These imperfections occur in innumerable
forms including dust, scratches, fingerprinis, smudges and
the like. Archival polypropylene sleeves employed to protect
negatives even contribute 16 the problem by leaving hairline
surface scratches as the pegatives are pulled out of and
replaced into the sleeves.

One method of approaching the probiem of defective
images is described by the present inventor in US. Pat. No.
5.266,805 issued to Edgar. In that system, image dala is
siored on a recording medium or substrate containing non-
image imperfections such as film having surface seratches,
wave smudges, bubbles, or the like, which give rise (o
undesirable artifacts in images subsequenily retrieved from
the medium or substrate, Means are provided for deriving
from the medium separate images in the red, green, bluc and
infrared portions of the cleciromagnelic spectrum corre-
sponding to the image stored. The infrared image is used as
an jndicator or map of the spatial position of the non-image
imperfections on and in the medium so the defects can be
reduced or eliminated. In this way, the desired underlying
image is recovered.

The fundamentals of scanner wechaology for scanning and
storing images in digital form are well developed and
available in commercial producis. Scanners receive an opti-
cal image, and divide it into many points, called pixels. The
scanner measures light at each of these poiats o give each
pixel a numerical value. Software associated with the scan-
ner can then manipulate and store the pixel data. A color
scanner measures scveral numerical values for cach point,
one for cach primary color of red, green and blue. For
example, a scanner may mmeasure a pink pixel to have 80%
red, 4% green, and 40% blue. All numbers representing one
of the primary colors are grouped by the software into a
channel, or single color image. Some scanners measure only
oné primary color at a time, then back up, change cither the
fight source o7 a color filter 1o a second color, and measure
only that second color oa a second pass of the image. These
are called muliipass scanners. An example of 8 multipass
seanner is the RES 3570 made by Fasiman Kodak Company,

(Hher scanners make a single pass, and colieet all color
informmation in that one pass. One ype of single pass color
scannes uses & hnear array, or line of sepsors. This array is
moved, or scanned, perpendicalarly across the image to scan
all points on the image Hne by Tine. During this scan a light
source is rapidly switchod between the various colors o be
sensed. One complete cvele of the colored light sources
occurs for each line of pixels in the image. Thus a single
point oo the image is seen by s single sensor in the array first
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by one eolor, then by asother color, and 1ypically also by a
third or fourth color, before that sensor moves on to another
line of pixels on the image. Softwarc is used 1o store the
color-specific numerical information for each pixel into the
appropriate channel so that at the end of 1he scan, multiple
channels are available {one {or cach color). An example of
a single pass scanmer is the LS 1000 made by Nikon
Corporation.

Another type of single pass scanner Hiluminates the image
being scanned with Bght containing all visible colors, but
places tiny color filiers over the sensor elements so af any
point in time there are sensors receiving cach different color.
One such method positions three lincar arrays side by side
1o form a “wilinear array.” One of the three arrays is placed
under a red filtér, one under a green filter, and the third under
a blue filter. Typically these colored Eliers pass infrared light
in addition to the color they are intended 1o pass, and for this
reason the infrared light must be removed from the optical
path by a separate filier elsewhere in the scanner, or the
scanner must use a light source containing no infrared light.
An cxample of a scanner employing a triincar array is the
SprintScan 35 made by Polaroid Corporation.

A problem arises when applying media surface defect
correction to single pass scanners using trilinear arrays. Fhe
filters on standard trilinear arrays distinguish red, green, and
blue light, but not the fourth “color” of infrated light
necessary 1o practice surface defect correction. Further, to be
compalible with existing color dyes that pass infrared Hight,
infrared light is ofien removed from the opfical path prior 10
reaching the sensor, precluding addition of a fourth line of
sensors sensitive 1o infrared light,

The three sensor lines of a wrilinear array lypically are
spaced by an imeger multiple of the separation distance
between pixels in the image. I the spacing integer is eight,
then a specific point on the image may be sensed is red, and
exactly cight steps fater it may be sensed in green, and eight
sleps after that it may be sensed in blue. Thus, the same pixel
is scanned at three different times. The software then
rcaligns the color channels by moving cach a multiple of
eight steps so as to group logether all of the pixels sensed in
the same color. The spacing between sensor lines of the array
s wsuzlly a power of two {such as 2, 4, 8, 16, 32, eic)
multiplied by the pixel spacing dislance to allow the
designer the option lo choose submuliple resolutions. For
example, if the spacing were ¥4soth of an inch, the scanner
could operate at 2,000, 1,000; 500; or 250 dots per inch,
while retaining alignment beiween the calors with the appro-
priate offset.

irilinear array scanners oporale al very high speed
because three lines of an image are scanned simultaneously.
In addinion, they provide very pood color registration
because of the single pass and in spite of generally low cost
transport mechanics. Thus, there is no need o halt move-
ment of the image al cach scan line, and this further
increases the spoed of the scan. However, the market needs
an image scanfier with the speed and cost advantages of a
single pass frifinear array which also includes surface defect
correction capabilities,

Yot another type of single pass scanner uscs an area array
o cover a two dimensional region of the image al once
rather than mechanically scanning with a lincar array fo
cover the region. One such scanner called a color filier
malrix further incorporates tiny color ilters over each ¢le-

5 ment in the area array. In a specific implemeniation used in

a Kodak digital camera, half the sensor clements Le under
tiny green fiters incorporated on the seosor amay in s
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checkerboard paticrn. The other half of the sensor elements
in the checkerboard are behind altemating red and blue
filters. Thus, a quarter of the sensors respond 10 red light,
half respond 1o green light and a guarnier respond 1o hlue
light. in another implementation in 2 Polaroid digital
camera, an entire cotummn of sensors is behind tiny red filters,
the adjacent columa of sensors is behind tiny green filters,
and the next column of semsors is behind tiny blue filters.
This pattera repeats in additional columns. I vet another
implementation common in vileo cameras, the colored
filters on even rows ar¢ green and magenta, and the filters on
odd rows are cvan and vellow. Because the array is not
mechanically scanped, each pixcl in the image 18 measured
with only one of the three colors, as oppused fo the other
scanners discussed so far 1hal measure each pixel of the
image with three colors, As with the trilinear array discussed
above, all the colored filters pass infrared light, and therefore
infrared light musi be removed by a separate filter elsewhere
1 the optical path.

Ancther important consideration for image scapners is
dala compression due to the rather farge amount of pixel daia
which may be deiecled by image scanpers. Scanners that
only sense a single specific color from each specific pixel,
such as those employing a color filter matnix, produce only
one-third as much raw data as a scanner that senses all three
colors from each pixel, and therefore such scanness employ
a form of dala compression. For a purely black and white
image, detail can be resolved at the fall pixel resolution of
the scamner because for a black and while image, iL does not
matler whether a pixel senses in red, green, or blee light. On
the other hand, problems may oocur in the details of & color
image where a point of white light aligns with a red sensor
and so appears red, or with a blue sensor and so appears blue.
It is known that this aliasing problem can bo reduced by
controlled blurring of the image so thal a poinl of light will
always cover several color sensors; however, this anti-alias
blurring has the disadvantage of reducing image sharpness.

Another form of data compression of colored images adds
the threc primary colors to form a black and white image,
cailed a Y channel image, that is stored at full resolution.
Red and blue channel images are then individually differ-
enced with this ¥ channel image. Tvpically the red channel
minus the Y channel is called the U channel and the blue
channel minus the Y channel is called the V ¢hannel. The U
and V channcl images are stored at lower resolutions than
the Y channel image. In a specific implementation, alternat-
ing pixels store both Y and U records, and the next pixcl
stores both Y and V records, two numbers per pixel rather
than three numbers needed to store all three primary colors.
However, the disadvantage with using so calied YUV color
space is that 75% of the state space is wasted; that is, if Y,
U, and V numbers were generated randomly within the full
raage apprapriaie 1o cach, 75% of the generated numbers
would produce invalid colors, or colors outside the range of
real world colors.

Single chip color area sensors, commonly used in almost
ali consurer clectronic imaging products, place color fillers
over ¢ach sensor i a single two dimensional arrav of
sensors. Thus cach pixel represents a single color, and this
may be thought of as a data compression scheme in which
twa of the three primary colors are discarded for cach pixel.
Several paticras of colors are available in the art, such as the
Bayer array fhat assigns half the pixels 1o green in a
checkerboard; the siriped color array such as that vsed in a
Polaroid digsial camera in which ¢ntire columns cycle
between red, green, and blue; and a wehnique commenly
used m video cameras that uses cyan, magenta, yellow, and
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green in a repeating square. All of these techniques bave
been previously described above.

F 1s, therefore, an object of this inventien to provide an
improved method and apparatus for scananing images with a
variety of sensor arrangements.

It 1s yet another object of the presert invention to scan
images so that the image date may be compressed for easier
storage and mapipulation.

1t 15 still another object of 1he presem invention to provide
an improved method and apparatus for scanaing images
which decreases the time it 1akes 10 scan the image.

It is another object of the present invention to provide a
method and apparatus for recovering a scanned colot image.

It 15 another object of the present invention to provide a
methed and apparatus [or scanping images with infrared
light in a single pass using a color filter matrix.

1t is another object of the present nvention 0 provide a
method and apparatus for scanning images with infrared
ight in a single pass using an existing color filter matrix.

It is another object of this invention to provide a method
and apparatus for scanning images under visible and infrared
light so that surface defects in the scanned images are
reduced or eliminated.

To achieve these and other objects which will become
readily apparent upon reading the atiached disclosure and
appended claims, an improved method and apparatus for
scanning an inage is provided. Additiomal objects,
advantages, and sovel features of the invention will be set
forth in parl in the description which {ollows, and in part will
become apparest to those skilled in the art upon examination
of the following, or may be learned by practice of the
invention. The objects and advaniages of the invention may
be realized and attained by means of the instrumentalities
and combinations particularly poiated out in the appended
claims.

SUMMARY OF THE INVENTION

The present invention provides an improved method and
apparatus for scanning an image. A plurality of sepsors is
arranged in groups. The first group of sensors is behind a
filter material selective 1o both a first color and infrared light.
A second group is behind a secoad filter malerial which is
selective (o a second different color and infrared Hight. An
image at a first scan time is lominated with light fupction-
ally free of infrared which is sensed with the first group of
sens0rs 10 generale a first color image, and with the second
group of semsors 1o generate a second color image. The
image is then illuminated by a second Hght source contain-
ing infrared at & second scan Ume and sensed by at east one
of the first or second group of sensors (o generate an infrared
image. From the first color image, the second color image,
and the infrared image, & corrected color image is generated
which Is substantially free of media-based defects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a prior ant trilincar array
component as used 7 a typical Lmage scanning application,

F16G. 2 is a magnified view of part of the trilincar array
component shown s FIG. I

FEG. 3 3s a graphical representation of a trilincar array
component;

FIG. 4 is a graphical representation of the scanning of a
single row of pixels shown in FIG. 3;

FIG. 5 is & graph of visible and iafrared lght transmis-
sivily;
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FIG. 6 is a graphical representation of a scan of 2 single
row of pixels by a trilinear array component with alternating
visible and infrared Hght sources;

FIG. 7 is a graphical representation of a single row
infrared scan at an increased resolution;

FG. 8 illustraics an zlternative representation of the
information shown in FIG. 6 and indicates the color com-
ponenl nol present;

FIG. 9 is 2 graphical representation of three pixels used in
conjunction with & method for recovering missing color
COMPONENLs;

FIG. 18 illustrates an akternate cmbodiment of # trilinear
array;

FiG. 11 is a graphical representation of the color patlern
generated by the trilinear array of FIG. 16;

FiG. 12 is a graphical representation of a color pattern
produced by a scanner in which no pixe! lacks green; and

FIG. 13 is 2 perspective view of an illuminating Hght
SOUrCe.

BETAILLD DESCRIPTION

A suitable apparatus for practicing the present invention
may be constructed by modifving the desige of a typical
single pass image scanner utilizing a trilinear array and a gas
discharge tube that diffuses white light. About en light
emitting dicdes (“LEDSs™) may be attacked around the gas
discharge wbe in a pattern that docs not dircctly interfere
with the light path between the tube and the film subsirate
being illuminated. A suitable LED is an aluminum gallium
arsenide LED manufacrured by Cleairex Technology, Tnc. of
Plano, Fex. These LEDs may be pulsed in sync with every
third scan of the scanner by an exiernal computer pro-

granmmed 10 oniler the operation of the scanner. Overall 3

illumination of the subsirate may oeed to be attenuated to
avoid saturation. The alienuation may be accomplished by
adding a 64% passing neutral density fiiter, such as a Kodak
ND €3, to the optical path. After scanning the irmage, the
processes deseribed below are applicd 1o the pixel data
gencrated by the scanner 1o separale out the infrared
channel, to recomstruct missing colors, and to apply surface
defect correction. 1o reduce the amount of data to be
processed, a simple data compression scheme may be used

for color images that avoids the previously deseribed jpef.

ficiencies of YUV color space while still providing less
aliasing than the single color per pixel methed common in
color area array sensors.

Considering this embodiment of ihe invention iz more

detail, FIG. 1 shows a typical trilinear array component 100

used in a single pass scanner. A long reclangular window
142 in the component 108 exposes a line of sensor clements
104, typically laid in parallel with 2 CCD shift register (not
Shown} 1o receive the charges from the sensor clements 104

and shift those charges to an amplifier (not shown). The

amplifier is typically etched into the same silicon dic as
component 160, which outputs the amplified signal through
pin conacctors 106 for funher processing. In this type of
scanner application, light from a lamp 110, which may be a
gas discharge tbe, 1Huminates an image on a flm subsirate
112, A specific point 114 on this image is focused with lens
116 onio a specific sensor clement 118 within line 104 of the
trilinear array 100, Typicaily the film subsirate 112 is moved
perpendicularly 1o the direction of the Hoe 104 (as shown by
the arrow) to complete a two dimensiomal scag of the image.

FIG. 2 shows a magnified view of the trilincar array
component 100 of FIG. 1. As seen in FI1G. 2, the recuangular
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window 142 contains three separate sensor hnes 202, 204,
and 200, cach of which consists of manv individual scnsing
elements 210, The sensor lines 202, 204, and 206 may cach
lie behind cofored filters 222, 224 and 226, respectively, 5o
that any illuminating light must pass through, and be
affecied by, these filters. Filter 222 over senmsor line 202
passes both red and infrared light, filier 224 over lne 204
passes green and infrared light, and filter 226 over line 206
passes blue and infrared lght. The specific order and color
of the cofored fillers 222, 224 and 226 can be rearranged as
desired.

In FIG. 3, the layout of the sensors in the wilinear array
160 of FIG. 2 is represented graphically. The sensor line 302
under 1he blue sejecting filter, called the blue column,
consisls of individual pixel sensors 304, The spacing of
these sensors 304 is referred 1o as the sensor row pitch 318,
and is usually the same as the pixel column pitch 320,
Similarly, there is a green column 306 and a red colymn 308.
The spacing of these columns is knows as the sensor colusan

y pitch 322, Typically, the sensor column pitch 322 is a power

of two (such as 2, 4, 8, 16, 32, clc.) times the sensor row
pilch 318 t¢ allow casy reduction to scans at resolutions
reduced from the highest resolution by powers of two. In a
typical applcation, the ratio of sensor column pitch 322 to
sensor row pitch 318 is 32, although a ratio of 4 is used in
FIG. 3 for simplicity. In the representative trilinear array of
FIG. 3, a single sensor row 310 consists of a single red
sensor 312, a single green sensor 314, and a single blue
sensor 316, cuch separated by the sensor columan pitch 322.
In actual use, the image being scanned and the trilinear array
move relative to ¢ach other in a direction perpendicular 1o
the sensor lines. Individual scans of the jmage are made at
increments of the pixel column pitck 328, thereby producing
a scanned image with image pixels spaced according to both
the pixel column pitch 326 and the pixel row pitch 318, This
process creates scanned image information in a (wo-
dimensional array of pixels wherein any specific pixel may
be referenced by a colums and row designation.

F1G. 4 iHlustrales the movement of and image data col-
lection from a single sensor row 310 (originally shows in
FIG. 3) of a trilinear array. For purposes of illustration, the
vertical axis in FIG. 4 represents the passage of time during
& scan performed by sensor row 313 At a first scan time 412,
Lhe red sensor 414 aligns with pixel columa 0 of (he image,
the green sensor 416 aligns with pixel column 4, and the blue
sensor 418 aligns with pixel column 8. At the next scan time
420, cach of these sensors 414, 416, and 418 bhas moved fo
the right a distance equal to the pixel column pitch 320, As
is evident in FIG. 4, pixel columz 8 is the first column to he
sensed by all three colored sensors. In order 1o complete the
image scan, at some later point in time the trilinear array
must reposition over the image 1o allow scanning of columas
G through 7 by the green and blue sensors 416 and 418, The
first few columns which are not scanned by all the sensors
before repositioning the sensor array define a distance
referred w0 as the preamble 422, Afier the scanning process
bas repeated a fixed sumber of times 1o fill the preamble 422,
cach pixel columa will have been sensed by all three colored
sensors. Specifically, note thai at pixel column 8, the red

v sensor 414 made a pass at time 8, the green sensor 416 made

4 pass at time 4, and tie blue sensor 418 made a pass al time
(L In this way, & trilinear array can scase the red, green, and
blue components of every pixel of an image even though the
individual colored sensor columas do not lie directly on top
of each other.

FIG. 5 illustrates & charactenstic of almost all colored
filters to pass infrared Hght (o the sensors 434, 416 or 418 of
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FIG. 4. 1n particular, the thin colored filters used in 1ypical
trilinear arvays pass not only the colored light for which they
were designed o be specifie, but alse any infrared ligh:
preseat al the time of the scan. The graph in FFG. 5 shows
the transmissivity of Hghi through blue, green and red filers
versus the wavelength of the light. The bloe filter transmits
visible light at wavelengihs between 400-S00 nanometers as
shown by curve 502, and also fransmits infrared light having
wavelengths beyond 750 manomcters as shown at 504
Curve 506 shows that a green filter transmils visible light at
wavelengths between 500-600 nanometers, and also trans-
mits infrared Hght as evidenced at 308. Curve 51 ilustrates
that a red filler trapsmits visible light sl wavelengths
between 600-700 panometers, and also transmits infrared
light at 512. To generate 2 scan in color, normally the
infrared light myust be removed from the Numinating light
source. Alternatively, the light source may be lunclionally
free of infrared Hght. This ocours when the amount of
infrared light in the light source is known, such as 10%, and

so may be mathematically removed from the scanned pixel

information. Yor purposes of this disclosure, a light source
which is functionally free of infrared light includes complete
or partial elimination of infrared light from the light source.
If the illuminating light source comains only infrared light,
then all three sensors will transmit i€, Thus, the scanper
becomes ar infrarcd scanner in which cach pixel is scanned
three times, once with each sensor Line of the trilinear array.

FiG. 6 illustrates movement and data collection of a single
sensor row 310 when the iTluminating light source js alter-
nately switched during the scan between a light source
containing red, green, and bine {R, G, B}, but ao infrared
light; and z light containing only iafrared (1) lighe.
Specifically, the visible light source is on for scans al times
O and 1 (602 and 604, respectively). The ilumination source

then switches to infrared light for the scan at time 2 at 606, -

and the cycle is repeated. As seen in FIG. 6, this results in
cach pixel between the preamble 608 and postambic 616
heing sensed in infrared light and in two of the theee colors
{red, green and blue). In particular, column § is sensed in
infrared light and all colors except red, column 9 is infrared
Hght and al} colors except green, and column 10 in infrared
light and all colors except blue. This sequence repeais across
the irmage.

The scanning method shown in FIG. 6 uses a single pass
scanner with a trilinear color sensor and a physically modi-
{ied ifluminating light source 1o generate a scan in which
cach pixe} has an infrared record. This infrared record can be
used o remove the effects of surface defects by dividing the
visible records by the corresponding infrared records. More
delails on this method of surface defeel correction may he
found m U.S. Pat. No. 5,266,805 issued 1o the presemt
inventor. Following surface defect correction, a relatively
defect-free image remains in which cach pixel is deficient in
one of the three color components. However, these missing
color componenis may be approximated {rom the adjacent
color components which were delected by the corresponding
color sensor.

The missing color componeats may potentially lower the
guality of the scanned image. In practice, however, it has
been found thar negligible quality is actually lost if the
missing color is estimaied using methods disclosed below,
This is because ihe important luminance resolution of a
black and white image remains vnaliered by discarding one
of the thiee color components. The resolution reduction is
conlined entirely to the chrominance channel; however, as in
television and JPEG compression, the color resolution can
be significantly reduced relative o the luminunce resolution.
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Discarding one of the three color composents provides true
dala compression thai reduces the data size of an image
while potentiaily Josing negligible guality. In the case of 2
scanner, this tvpe of data compression permils the addition
of infrared-responsive surface defect correction withour
mandating the scan time penalty of making a fourth scan.
With the method of FIG. 6, the scanner proceeds at the same
speed as in the non-infrared sensing method shown in FIG.
4.

In situations where no data loss can be tolerated, the pixel
column pitch can be reduced 10 produce a higher resolution
scan. An inleresting case results when the pixel columa pitch
is reduced 1o %4 of the pixel row pitch, so the loss of one of
the three color components at cach pixel is compensated
with %2 the number of pixels. After this higher resolution
scan, the image can be sized down so the resized pixel
column pitch again matches the pixel row pitch. Of course,
the increase in resolution does not need to be %5, bul may be
any convenient number. FIG. 7 illustrates the case where the
resolution is dowbled, In fact, it cannol normaily be
increased 1o %4, This may be explained as follows. If the ratio
of the sensor column pitch 702 w the pixel column pitch 704
is “N,” then iz order for individual scans to align, “N” must
be an integer. Furthermore, in order to distribute the infrared
pixel information evenly, “N” must not be a maitiple of
three. If “N” were simply msultiplied by %: as a resuli of
increasing resclution, then if “N” were stifl an ineger, the
product would have three as a factor. In practice, when “N”
is a multiple of three, the resulting scan produces a cycle of
wo columns with red, green, and blue but no infrared pixel
information, foliowed by @ colums with infrared informa-
tion sensed three limes. In the case illustrated in FIG. 6
where “N” is 4, “N” could be increased 0 5, 7, or even 8 (as
illustrated in FIG. 7) but not te 6 or 9 if this problem is to
be avoided.

FIG. 8 ifhustrates the topology of FIG. 6 in an aliernative
representation. The missing red color componeat in pixel
column & of FIG. 6 is shown as R (“R bar” or “not R™) a1
BO2. The missing colors in the other rows are analogously
shown under a bar. FIG. 9 portrays a method for decom-
pressing pixel data to recover missing color information
when the illuminating light sowrce is swiiched between
visible and infrared Light during image scanaing (as previ-
ously described in conjunction with FIG. 6). For purposes of
ilfustration, the method is described for recavering green
from a pixel missing green 902, which lies between & pixel
missing red 904 and a pixel missing biuc 966. Missing pixcl
color information s indicated in FEG. 9 by the first letter of
the missing color in parentheses. This general method
applics 10 any color combination by substituting the corre-
sponding names for the missing colors. The simplest method
of estimating the missing green pixel value G2 of the center
pixel 902 is to average the green pixel values of the
immediately adjacent pixels 904 and $06.

An alternative embodiment for recovering the missing
green pixel value of center pixel 902 is 10 usc the known
eelor pixel values of the surrovading pixels and their cor-
responding rates of change. Most images are primarily
monochromatic, so red, green, and blue colors within a small
region of the image tend 1o chapge with simifar degree. In
the example shown in FIG. 9, the blue values B 968 and B2
91 for the left and center pixels are known. The difference
H2-11 specifies how fast deai in the image s causing biue
to chasge when moving froms the lefl pixel 904 to the center

» pixel 902, If it is assumed that the color green is changing

acress these same two pixels at about the same speed as the
color blue changes, then the value of the green eslimate of
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(2 912 originally obiained by averaging the green values of
the adjacent pixels may be improved by adding the change
in blue to G1 914, the Jefi pixel, to give a new value of green
for the center pixel (G2B. Similarly, the estimate of G2 912
may be improved by using the change i red between the
nght pixel R3 916 and the center pixel B2 %18 w give an
estimate of the change in green G2R based on the change in
red. Averaging the two new estimates G2B and G2R gives
an estimate for (G2 912 that is theoretically perfeet for a
monochrome Image, and very good for real world images.

Additional variations on the datz compression method
described above are possible, For example, the difference in
pixel color values may be calculated in the logarithmic
domain which has the effect of multiplving Gi 914 by the
rativ of B2 910 over B1 908 to produce the eslimate G2B.
This causes the estimate of green for the center pixel 902 1o
track the percentage change of blue when moving from the
left pixel 904 {0 the center pixel 902 rather than using just
the sbsolute difference. This variation gives a good predic-
ton for any inwape that is constapily colored, but may
introduce noise in the missing primary of salurated coloss.
Yet another mathematical variation on the method uses the
square root domain. The square root domain provides a
compromise between the linear and logarithmic cases, and
most images are stored Ia computer memory in this mode.
The use of the word “subtraction”™ In the previously
described methods is generally meant 1o include all such
differencing operations described above. A further refine-
ment of the methed of FIG. 9 acknowledges that the colors,
on average, do not all change exactly the same. This is done
by muitiplying the change in blue B2-B1 and in red R2-R3
by z factor close 1o, but less than unity, for example 0.9. The
vahue for the factor can be calculated based on the correla-
tion between the colors in an adjacent region arcund the
missing color clement.

Often in a data compression methed, it is not desirable 10
treat alf pixel data in a given column of an image exactly
alike. F1G. 10 shows an alternate topology of a trilinear array
in which pixels of the ¢ven sensor rows, such as row 2 at
1602, are offsct by onc pixel spacing from the odd seasor
rows, such as row 3 at 1004. This array produccs the missing
color pattern illustrated in FIG. 11, Recovery of the missing
codors counld proceed using any of the methods described in
conjunction with FIG. 9. Furthermore, recovery could alsc
use the differences from pixels above and below, rather than
Jusi to the left and night of cach pixel, because the pixels
above and below are missing a color different from the one
being calevlated. For example, to estimate the missing green
information of pixel 1M12, one can add the change in blue
from pixel 1104 10 1102 1o the green of pixel 1104 10 give
4 top green estimate; add the change in blue from pixel 1106
to pixel 1102 to the green of pixel 1106 1o provide a boltom
green estimate, and average these with the joft and right
estimates as previously described to give an improved
estimate of the missing green data of pixel 1102

Other trilinear array topologies are possible. For example,
in the sensor of FIG. 10, row © and 1 can remain as shown,
butrow 2 may be offser two pixel colvmas (o the right of row
&. This pattern may be repeated 50 row 3 is apain aligned
with row 0, row 4 is offset oue pixed to the right, and row 3
is offiset two pixels 1o the vight. This produces a sensor
paltern in which the rmissing color of the pixel directly above
a given pixel is different thas the missing color of the pixel
directly below that given pixel. Still other sensor offsets are
possible with the intent of more randomly dispersing the
missing colors throvghout the image. Such an offset helps
reduce or prevent a sequence of vertical Hnes in the scammed
image which would be likely to create a moire effect.
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FIG. 12 porirays a pattern of missing pixels in which no
pixel facks green, butin which red and blue are cach missing
throughout the scanned image 10 a complementary check-
erboard pattern. All color differences are caleulated relative
to green in estimating the red and blue missing colors, Such
a green prionty patfern provides the data compression
deseribed herein with less image quality loss.

in general, the reconstruction of missing colors can be
performed on the image as it is scanned. Thes, aficr recon-
struction of each color, including the reconstructed color, 1s
divided by the associated infrared information 1o perform
sorface defect correction. Alternately, cach color can be
divided by the assoctated infrared data 1o perform surfzce
defect correction as svon as I is scanned, and then afler
surface defeet correction the reconstruction of missing col-
ors performed on the defect corrected scanned colors.

As previously described, there is a need for illuminating
ight sources which are swilched between infrared and
visibie in order to practice this inventics. Typical switchable
visibie light sources include a pure gas discharge tube. such
as xenon, or hight emitting diodes. In & more typical scenario
the ithuminating light contains a visible source that canaot be
rapidly switched. Visible light sources such as incandescent
lights glow with heat for several miBliscconds aficr the
power is removed. Visible light sources such as mercury
vapor discharge tubes glow for several milliseconds afier the
power is removed because of the phosphor vsed to convert
the ultraviolet dight of mercury info visible light. Thus, even
though the ultraviolet and mercury freguency band compo-
nents e off rapidly, the phosphor continues to glow with
visible light for some time.

FIG. 13 illustrates an illuminating light source 1300
consisting of a mercury disclarge iube 1302 sumrounded by
infrared light emitting diodes 1304. The tube power source/
costroller 1306 operates the discharge tube 1302 while the
LED power sowrce/controller 1308 manages the operation of
the LEDs. By surrounding the tube 1342 with the diode light
sources 1304, the milky white phosphor in the wbe fends
diffuse the infrared Highe emitted by the diodes 1304 so the
infrared and visible light appear 1o radiate from the same
directions, This uniformity in source light emission is impor-
lanl 10 accurate surface defect correction. The iliuminazor
can be driven by leaving the visibic light source 1302 on for
all scans and switching the infrared source 1394 on for every
third scan, as has been previously described herein. When
this is done, the infrared record will also contain visibie light
data corresponding to the “missiog™ color because that is the
cojor of the filler over the sensor making the infrared scan.
The overall Hlumination sst be adjusted 5o the visible light
phus the imfrared light will not saturate the sensor. To reduce
the amount of vistble light contamination, the sensitivity of
the array may be decreased. This can be accomplished by
shortening the inegration time and/or by ncreasing the
infrared Humination.

When using the illuminator 1300 disclosed in FIG. 13
with the visible light source 1362 constantly on, the follow-
ing steps will ensure proper scanoing and surface defect
correction, First, the “missing” color for eacl pixel is
caleulated from the adjacent pixels as before. The estimated
value for that color is then subtracted from the sensed value
which includes measurements of the “missing” color in
addition 10 the infrared information. After the subiraction,
this yields recovered infrared-only information for ihe pixel,
The final step in the process is to divide the three colors for
cach pixel, including the two measured colors and one
estimated color, by the recovered infrared information 1o
perform surface defect correction.
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In an aliernate embodiment, the gas discharge lamp 1362
can be switched off duning the infrared scan. This would
attenuate, bui not eliminate, the contamination of the infra-
red measurement by visible light. The mercury bands and
different phosphor components each have different
persisience, so each of the three celor components red,
green, and blve, decays to a different degree. Typically biue
light will decay fastest, and hence e¢xhibit the least
contaminaiion, while red light decays the slowest. When
using such a switched illuminator, the estimated valee for
the “missing” color is caloulated a5 previously explained;
however, before being subtracted from the infrared record, it
is first multiplied by a constant known by measurement io
represent the amount of that color remaining afior the visible
light source is extinguished. Typical values for the constant
would be 0.2 for blue, 4.5 for green, and 0.6 for red. By
switching the visible light source off during the infrared
scan, there 1s fess contamination, and therefore less io be
subtracted. This also helps w0 reduce noise and saturation
problesns,

Although the present crsbodiment has been described
with a fluorescent visible source and an LED infrared
source, there are many choices for visible and infrared
sources. An aliernaie embodimen! conlemplates an
unswilched incandescent lamp behind a rotating filter wheel
that removes infrared with a filter for two scans, and passes
only infrared with a sccond filter for the third scan. s this
embodiment, the filter wheel must be synchronized with the
sensor. In another version, a visible Buorescent source can
be supplemented with an incandescent source behind a filter
passing oaly infrared Light, and further behind a rotating
wheel or shutter thal passes the Infrared kght only for the
infrared scan. There ar¢ many combinations of visible
sources, nfrared sources, filter wheels :and shutters, and
these are meant only to Hustrate some of the many ways to
provide the required light source in which infrared ligin is
switched on alternating with, or in addition to, visible light.

The present invention has been described with a rilinear
CCI array having a pulsed infrared source 10 generate the
infrased image. However, high speed scanners such as the
Tamron Foitvix utilize an area array io avoid the time
required for mechanical movement of a linear array. These
area array scanners typically employ a matsix of tiny color
filters over cach element of the area array to sense the color
image. Typically, all of the fillers pass infrared light,
Because the image prescuted 1o the sensor array of the
present embodiment mast be free of nfrared light, the
infrared component is removed by a filter in the lght path.
To use a single chip area array, two scans are performed: a
conventional visibie scan containing no infrared Hght, and a
second infrared scap coniaining infrared light. Because all
colored filiers typically pass infrared light, the second
scanned image has an infrared value Tor each pixel of the
image. By dividing the visible values sensed for each pixel
by the infrared values sensed for each pixel, surface defect
correction may be practiced. The surface defect corrected
Image under the color mairix is then processed convention-
ally to recover the full color image.

In znother embodiment using an arca array, the visible
tight source is exiinguished for the infrared scan, and the
infrared light source is extinguished for the visible scan.
This may be done with two light sources which are alier-
nately excited. The infrared source can be a group of infrared
LLEDs, and the visible source can be a xenon discharge lamp
although many otber sources known in the ari can be
substittted 1o produce visible and infrared light
Adternatively, the light sources could be placed behind
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shutters o obviate swiiching ¢ach source tsel. In stll
apother aliernate embodiment, a single source containing
both visthle and infrared light such as an incandeseent lamp
could be placed behind a filter wheol 1o alternaiely pass only
visible light and only infrared Hght. In such an embodiment,
the visible value sensed for cach pixel is then divided by the
infrared value sensed for thai pixel. Finally, the resulting
color malrix is decaded into fuli color.

In an alternate version of the present invention using an
area array, the visible light is not extinguished dunng the
infrared scan so the infrarcd scan also contains some visible
Hght. Fhe visible light contained in the value sensed for each
pixel during the infrared scan is canceled by subtracting the
visible value sensed for that pixe] in the visible scan 1o leave
a value represenling pure infrared. By dividing the visible
value by the pure infrared value, surface defect correction
may be implemented.

While this invention has been described with an emphasis
upon ceriain preferred embodiments, variations in the pre-
ferred composition and method may be uwsed and the
embodiments may be pracliced otherwise thae as specifi-
cally described herein. Accordingly, the invention as defined
by the following claims includes all modifications encom-
passed within the spirit and scope thereof.

What is claimed is:

1. A method for scanning an imape on & substrate con-
taining defects which uses a plurality of sensors arranged in
groups, wherein a first group is behind a first filter material
sclective to a first color of light and infrared light, and a
second group is behind a second filter material selective 1o
s second different color of Hght and iafrated Hght, said
method comprising:

iHuminating the image at a first scan time with 2 first light

source funclionaly free of infrarcd light;

sensing light of the first color with the first group of

sensars 10 generaie a first color image, and light of the
second color with the second group of sensors to
generate a second color image;

tlluminating the image al a second scan time with a

second light source containing infrared Eght;

sensing infrared light with ar least one of the first or

seeond group of sensors to generate an infrared image;
and

generating from the first color image, second color image,

and infrared image, a corrected color image substan-
tialty free of the defects,

2. The method of claim I wherein the second light source
substantiaily excludes light in the visible range.

3. The method of claim 2 wherein the first light source is
a first switchable lamp, and the sccond light source is &
second switchable lamp.

4. The method of claim 1 wherein the second lght source
cinits light from a light emitting diode.

5. A method for scanning an image on a subsirale con-
taining defects which uses a plurality of sensors arranged in
groups, wherein a first group 1% behind a first Glier material
sefective W a first color of Hght and infrared light, and a
second group is behind a second filter material sclective to
a sccond different color of light and infrared light, said
method comprising:

illuminating the image at a first scan tme with 2 first light

source functionally free of infrared light;

sensing light of the first color with the first group of

sensors to generate a first color image, and light of the
sccond color with the second group of sensors to
generate a second color mmage, wherein the first group
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andt second group of sensors are arranged in first and
second paralle] rows separated by an offset;

tluminating the image at & second scan time with a

second fight source containing infrared lght;

scosing infrared light with at least one of the first or

second group of sensors o gencrate an infrarcd image;
and

generating from the first color image, second color image,

and infrared image, & comected color image substan-
tially free of the defects.

6. The rethod of claim 5 wherein the first scan Lime is one
of a first sequence of scan times with light functionally free
of infrared light and the sccond scan time is one of a second
sequence of sean limes in which the image is luminated
with a light source containing infrared light.

7. The method of claim 6 wherein the first sequence of
scan times includes a first serics of individual scan times
spaced between a second series of individual scan times of
the second sequence.

8. The method of claim 7 wherein the Brst and second
series of individual scan times each comprises wo indi-
vidual scan limes.

9. The method of claim 7 wherein the first and second
series of individual scan times each comprises three indi-
vidual scan times.

10. The method of claim 9 further comprising moving the
parallel rows of scnsors by an incremental amoum io a
direction perpendicular 1o the parallel rows between the
individual scan times of 1he first sequence.

1. The method of claim 7 further comprising moving the
paralie]l rows of sensors by an incrementz] amount in 2
direction perpendicular (o the parallel rows between the
individual scan times of the first and second sequences.

12. The method of claim 11 ferther comprising conduct-
ing individual scans of the second sequence based on the
Incremental amount so as lo spatially overlay an individual
sean of the first sequence.

13. The method of claim 12 wherein an individual scan of
the sccond sequence overlays two individual scans of the
first sequence.

14. Tee method of claim 13 further compsising

conducting a first group of individual scans solective to

infrared, preen, and blue light a1 a first pixel row site;

conducting a second group of individual scans selective 1o

infrared, red, and blue hight at a sccond pixel row site
adjacent to the first pixel row site; and

conducting & third group of individual scans sclective 1o

mfrared, red, and green light at a third pixel row site
adjacent to the second pixel row site.

1S. The method of claim 14 wherein a value for green is
calesfated for a pixel at the second pixel row site.

16. The method of claim 14 wherein a value for red is
calenlated for a pixel as the first pixel row site, a value for

green is caleulated for 2 pixel at the second pixel row site, s

and a valie for blue is calculated for a pixel at the third pixel
row site.

17. The method of claim 15 wherein the caleulation for a
value of green in the second pixel row site includes the siep
of averaging the value for green in adjacent pixels in the first
and third pixel row sifes.

18. The method of claim 17 wherein the calculation
further comprises calenlating the change of red vahie in
adjacent pixels betweesn the first and second pixel row sites.

19, The meihod of claim 17 wherein the calculation
further comprises calculating the change of red value in
adizcent pixels between the first and second pixel row sites,
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and the change in blue value in adjacent pixels between the
third and second pixel row sites.

20. A method for scanming an image on a substrate
containing defects which uses a plurality of sensors arranged
in growps, wherein a first group is behind a first flier
material selective to a fiest color of light and infrared lght,
and a second group is behind a second filter material
selective w0 & second different color of light and infrared
light, sai¢t method comprising:

iHuminating the image at a first scan time with a first light

souree functionally free of infrared light,

sensing light of the first color with the first group of

sensors to generale a first color image, and light of the
second color with the second group of scusors to
generate a second color image, wherein the first group
of sensors is arranged in a two dimensional grid;

llumigating the image at a second scan time with a

second light source containing infrared light;

sensing infrared light with at least one of the first or

sceond group of scosers to generate an infrared image;
and

generating from the fisst color image, second color image,

apd iafrared image, a corrected color image substan-
tially free of the defects.

21. A method for scanning 2p image on a subsirate

5 containing defects which uses a plurality of sensors arranged

in groups, wherein a first group is behind a first filter
material selective to a first color of light and infrared light,
and a second group is behind 2 sccond filter material
selective o0 2 second different color of Hght and infrared
light, said method comprising:

illuminating the image at 4 first scan time with a first light

source functionally free of infrared light;

sensing light of the first color with the first group of

5emsors to generate a first color image, and light of the
sceond color with the second group of sensors to
generale a seeond color image, wherein the first color
is red, the second color is green, and further comprising
a third group of sensors behind z third filter material
selective to blue light and infrared light;

ifluminating the image al a sccond scan lime with a

second light source coniaining infrared lght;

sensing infrared light with at least one of the first or

sccond group of sensors fo gencrate an infrared image;
and

generating from the first color image, second color image,

and infrared fmage, 8 correcied color image substan-
tially free of the defects.

22. A method for scanning an image on a subsimale
conlaining defects which uses a plurality of sensors arranged
n groups, wherein a first group is behind a first flier
malerial selective to a first color of light and infrared light,
and a second group it behind a second filler material
selective 10 & second differeat color of Yight and infrared
light, said method comprising:

illuminating the image o1 a first scan time with a first Light

source functionzily free of infrared hight;

sensing light of the first color with the first group of

sensors 10 generate a first color image, and Light of the
second color with the sccond group of sensors 1o
generate a second color image;
illuminating the image al a sccond scan time with a
sccond light source containing infrared light, wherein
the second light seurce also comprises visible light;

sensing infrared light with at least one of the first or
second group of sensors 1o generate an infrared image;
and
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gencrating from the first color image, second color image,
and infrared image, 3 comrected color image substan-
tially free of the defects.

23. The method of claim 22 wherein the first Light source
is a first Tamp emitting visible light, and the second hght
source emits & mixture of Hght from the first Jamp and light
from 2 switchable infrared lamp.

24. The method of claim 23 wherein the switchable
infrared lamp is a light emitting diode.

25. The method of claim 23 wherein the light from the
switchable infrared lamp is calculated as a difference
between the second light source and the first light source.

26. Ap apparatus for scanning ao imape on a substrate
conlaining defects comprising:

4 plurality of sensors arranged in groups, whercin a first
group is behind a first filter material selective to a first
calor of lght and infrared light, and a second group is
behind & second filter material selective o & second
different color of Hght and infrared light;

means for illeminating the image at 2 first scan time with
a first light source functionally free of infrared light;

means for sensing light of the first color with the first
group of sensors to genersate a first color image, and
light of the second color with the second group of
sensors fo generate a second color image;

means for #fuminaling the image al a second scan time
with a second light source containing infrared light;

means for seosiog infrared light with at Jeast one of the
first or second group of sensors lo generate an infrared
image; and

means for generating from the first color Image, second
color image, and infrared image, a corrected color
image substantially free of the defects.

27. The apparates of claim 26 wherein the second light

source subslantially excludes light in the visible range.

28. The apparatus of claim 27 wherein the fisst light
s0Urce is a first swiichable lamp, and the second light source
15 a second switchable lamp.

29. The apparatus of claim 26 wherein the secom light
source emits light from a light emitting diode.

30. Aa apparatus for scanning an image on a substrale
contaimng defects comprising:

a plurality of sensors arranged in groups, wherein a first
group is behind a first filter material selective 10 a first
color of light and infrared Eght, and a second group is
behind o second filter materiz] selective 1o a second
different color of light and infrared light, wherein the
first group and second group of sersors are arranged in
first and second parallel rows separated by an offset;

means for itlumninating the image al a first scan time with
& first Hght source functiopally free of infrared light;

means for sensing light of ihe first color with the first
group of sensors (o gencrale a first color image, and
Light of the second color with the second group of
seasors o generale a second color image,

means for Hluminating the image at & second scan time
with & second light source containing infrared light;

means for sensing infrared Hight with at feast one of the
first o1 second group of scusors 1o generate an infrered
image; and

means for generating from the first color image, sccond
color image, and infrared image, a correcled color
image substantially free of the defects.

31. The apparates of claim 30 wherein the first scan time

i5 one of & firsl sequence of scan times with lght function-
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ally frec of infrared light, and the second scan time is one of
a sccond sequence of scan times in which the image is
Hluminated with a light source containing infrared tight.

32. The apparatus of claim 31 wherein the first SEqUEnce
of sean times includes a first scrics of individual scan times
spaced between a second series of individual scan vmes of
the second sequence.

33. The apparatus of claim 32 wherein the first and second
series of individual scan times each compriscs two indi-

s vidual scan times.

34. The apparatus of claim 32 wherein the first and second
series of individual scan times each comprises three indi-
vidual scan times.

35. The apparatus of claim 31 wherein the paraie] rows
of sensors are moved by an incremental amount in a diree-
ten perpendicular fo the paraliel rows between the indi-
vidual scan times of the first sequence.

36. The apparatus of claim 31 wherein the parallel rows
of sensors arc moved by an incremenial amousnt in a direc-
tion perpendicular to the parallel rows between the indi-
vidual scan tirnes of the first and second sequences,

37 The apparatus of claim 36 wherein the incremental
amount emables, in conjunction with the offset between
paralle]l rows of seosors, individual scans of the second
sequence 1o spatially overlay individual scans of the first
seguence.

38. The apparates of claim 37 wherein the incremental
amount enables an individual scan of the second sequence 10
ovorlay two individual scans of the first sequence.

39. The apparatus of claim 38 wherein siles of overiay are
pixel row sites, and wherein 4 first pixel row site includes
individual scans selective 1o infrared, green, and blue tight;
a sccond pixel row sile adjacent to the first pixel row site
includes individual scans selective to infrared, red, and blue
light; and a third pixel row site adjacent to the second pixel
row site includes individual scans selective to infrared, red,
and green hght.

40. The apparatus of clajm 39 further comprising means
for calculating a value for green for a pixel a¢ the second
pixel row site.

41. The apparatus of ¢laim 39 further comprising means
for calculating a value for red for a pixel at the first pixel row
site, a value for green for a pixel at the sccond pixel row site,
and a value for blue for a pixel a1 the third pixel row sile.

42. 'The apparatus of claim 40 wherein the means for
calculating a value of green in the second pixel row site
further comprises means for averaging e value for green in
adjacent pixels in the first and third pixel row siles.

43. The apparatus of claim 42 wherein the means for
caloulating further comprises means for caleulating the
change of red vahie in adjacent pixels between the first and
second pixel row sites.

44. The apparatus of claim 42 wherein the means for
calculating further comprises means for caleulating the
change of red value in adjacent pixels belween the first and
second pixel tow sites, and the change in blue value in
adjacent pixels between the third and second pixel zow sites,

45. An apparatus for scenning an image on & substrate
conlaining defects comprising:

a plurality of scosors arranged in groups, wherein a first
group is behind a first filler material selective to a first
color of light and infrarcd light, and a second group is
behind a second filler material selective 10 a second
different color of light and infrared light, wherein the
first color is red, the second color is green, and further
comprising a third group of sensors behind 2 third filler
material selective 1o blue light and infrared lighy,
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meaes for ilhiminating the image at a first scan time with
a first light source functionally free of infrared ligh;

means for sensing light of the first color with the first
group of sensors (0 generale 2 first color image, aad
tght of the second color with the second group of
SenSOrs o generale a second color image;

means for Hluminating the image at a second scan time
with & second light sousce containing infrared lighy

means for sensing infrared light with at feast one of the
first or second group of sensors (o generate an infrared
inage; and

means for generating from the first color image, sccond
color image, and infrared image, a comrected calor
image substantially free of the defects,

46. An apparatus for scanning an image on a substrate

contaiging defects comprising:

a plurality of sensors arranged in groups, wherein a first
group is behind a first filter material selective to a first
color of light and infrared light, and 2 second group is
behind a second filter material selective 10 a second
different color of light and infrared light;

means for Huminating the image at a first scan time with
a first light source functionally free of infrared Iighs;

means for seasing light of the first color with the first
group of sensors 10 generate a frsi color image, and
light of the sscond color with the second group of
sensors fo generale a second color image;

means for illuminating the image at a second scan time

15

with a second light source comaining infrared lighy,

wherein the second light source emils visible Hght

means for seasing mfrared light with at least one of the
first o1 second group of sensors lo generate an infrared
image,; and

18

means for gencrating from the first color image, second
color image, and infrared image, a corrected color
mmage substantially frec of the defects.

47. The apparatus of claim 46 wherein the first light
source is 2 first lamp emitting visible light, and the second
light source emits a mixture of lght from the first famp and
light from a swilchable infrared lamp.

48, The apparatus of claim 47 wherein the switchable
infrared lamp is a light emitting diode.

49. The apparatus of claim 48 wherein the light from the
switchable infrared lamp is calculated as 3 diflerence
between the second hight source and the first Hight sonrce.

50. An apparatus for scanning an image on 2 subsirate
containing defects comprising:

a plurality of sensors arranged in groups, whesein a first
group is behind a first filter material sebective 10 2 first
eolor of light and infrared light, and 2 second group is
behind a second fifler material sclective 10 3 second
different color of light and infrared light;

a first Hght source configured o iuminate an image at a
first scan time with light functionally frec of infrared
light, wherein the first group of sensors sense the first
color of the light 10 gencrate 2 first color image and the
second group of sensors sense the second color of the
light 10 generate a secend color image;

a second light source configured to ifluminate the image
at & second scan time with infrared light, wherein at
least one of the first or second group of sensors sense
the infrared light 1 generaie an infrared image; and

at least one computing device configured 10 generale a
corrected color image from the first color image, the
second color image, and the infrared image.
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