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(57) Abregée/Abstract:

CE

A profile detector In a scanning system measures spacing of an original non-planar image from a reference image plane of the

scanning system. The spacing Is measured by projecting a spot of light, with a collimated light source, onto a scan lir

e of the

original non-planar image at an angle that is obligue with respect to the fast scan direction of the scanning system. A first
photosensor converts optical information reflecting off of the original non-planar image at a first slow scan position into electrical

profile data. A position along the fast scan direction Is identified for the first slow scan position by locating the spot of lig
electrical profile data. The located position iIs compared with a pre-recorded position along the fast scan direction for

htin the
the first

slow scan position. The pre-recorded position defines a position where the first photosensor would have detected the spot of

light If It reflected off of a planar image. The difference between the located position and the pre-recorded position is

used to

determine the value for the spacing between the original non-planar image and the reference image plane at the first slow scan

position. In a one pass scanning system, a second photosensor records image data at a second slow scan position that
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(57) Abréege(suite)/Abstract(continued):

from the first slow scan position. The offset provides sufficient time for the scanning system to calculate the spacing of the
original non-planar image from the reference image plane before the second photosensor records image data at the first slow
scan position. In a two-pass scanning system, the first photosensor records the image data during the second pass. The
scanning system compensates for image distortion caused by the calculated spacing by either adjusting system scan

parameters or by performing image processing techniques.
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ABSTRACT OF THE DISCLOSURE

A profile detector in a scanning system measures spacing of an original non-
planar image from a reference image plane of the scanning system. The spacing is
measured by projecting a spot of light, with a collimated light source, onto a scan line of
the original non-planar image at an angle that i1s oblique with respect to the fast scan
direction of the scanning system. A first photosensor converts optical information
reflecting off of the original non-planar image at a first slow scan position into electrical
profile data. A position along the fast scan direction is identified for the first slow scan
position by locating the spot of light in the electrical profile data. The located position 1s
compared with a pre-recorded position along the fast scan direction for the first slow scan
position. The pre-recorded position defines a position where the first photosensor would
have detected the spot of light if it reflected off of a planar image. The difference
between the located position and the pre-recorded position is used to determine the value
for the spacing between the original non-planar image and the reference image plane at
the first slow scan position. In a one pass scanning system, a second photosensor records
image data at a second slow scan position that is offset from the first slow scan position.
The offset provides sufficient time for the scanning system to calculate the spacing of the
original non-planar image from the reference image plane before the second photosensor
records image data at the first slow scan position. In a two-pass scanning system, the first
photosensor records the image data during the second pass. The scanning system
compensates for image distortion caused by the calculated spacing by either adjusting

system scan parameters or by performing image processing techniques.
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METHOD AND APPARATUS FOR DETERMINING A
PROFILE OF AN IMAGE DISPLACED A DISTANCE FROM A PLATEN

The present invention relates generally to a system for scanning bound documents,
and more particularly to a method and apparatus for determining a displacement of an

original non-planar image from an image plane of a scanning system.

BACKGROUND OF THE INVENTION

Book scanners are becoming more prevalent given the advent of inexpensive
digital storage and the ease with which digital information can be disseminated and
reproduced. Recording bound documents in a digital format has become an important
manner in which to preserve information in ancient books, periodicals, manuscripts, or
any other document having a bound edge with a hard or soft cover. Institutions such as
the Library of Congress, the Vatican library, and university libraries seek to scan large
numbers of volumes of books, both to create digital libraries capable of feeding the
information superhighway and to halt the rapid decay of information stored in older
printed works. Once content of a page of a bound document is scanned and electronically
recorded, the recorded digital image can then be manipulated or processed to enhanced
forms not originally available in its bound format. For example, digital images recorded
on a storage medium can be reproduced audibly using applications that generate speech
from ASCII text. Alternatively, bound documents digitally recorded can be reformatted
and supplemented with additional information and reproduced on demand as hardcopy

using an electronic printing machine or the like.

Different arrangements exist for scanning bound documents. Most arrangements
arc traditional flat-bed platen scanners that scan bound documents In a face-down
position. A disadvantage of flat-bed scanning arrangements is that they require the
application of a force to the spine region of a bound document to insure that the bound
document comes within a scanner’s depth of focus. In addition, image quality is often

poor due to loss of focus, uneven illumination, and distortion caused by curvature of a

page in the vicinity of the binding. U.S. Patent Nos. 4,980,720 and 5,276,530 to Siegel
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disclose an improved arrangement that minimizes the application of force to the spine
region of a bound document and improves the image quality of scanned images.
Specifically, Siegel discloses a flat-bed scanner with a book mode that minimizes the
force typically applied to the spine region of a bound document. In the book scan mode, a
page height detector mounted on a scan carriage accounts for the deviation of a book page
from the horizontal platen plane in the vicinity of a book’s binding. In addition,
electronic correction of the captured image is used to compensate for loss of focus, image
compression, and uneven illumination. Besides electronic correction, the quality of
captured images is maximized by modifying mechanical parameters such as scan rate, and

local light source intensity.

Other face-down scanning arrangements minimize the stress on the spine region
of bound documents by forming a wedge or an angled platen. Examples of wedge platens
for scanning bound documents include, U.S. Patent No. 5,359,207 to Turner and German
Patent DE-A1 3546404. Turner discloses a book scanner with contact imaging that
employs two-dimensional sensor arrays that are attached at a common edge and disposed
in a wedge shaped manner. German Patent DE-A1 3546404 discloses a roof-shaped book
support apparatus for use in a copier application. The optics of the root-shaped copier
arrangement provide that opposing pages of a bound book are simultaneously imaged in

the same 1mage plane.

In alternate arrangements, platenless scanners capture image data with a document
in a face-up position. Such arrangements do not require additional stress to be applied the
binding region of a document when scanned since the document is scanned 1n 1ts natural

open condition. For example, platenless scanners that record a bound document opened
face-up from above are disclosed in U.S. Patent Nos.: 5,084,611; 5,377,019; and
5,416,609. Specifically, U.S. Patent No. 5,084,611 discloses a document reading
apparatus which is disposed above a document table. Curves of the bound document are
detected using a curvature detector which includes a linear light source. In addition, the
linear light source defines a brightness distribution which is used to rectify image signals

received from the document reading means. U.S. Patent No. 5,377,019 discloses a
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reading apparatus which can determine an effective image pickup area containing
objects such as an operator’s hand. U.S. Patent No. 5,416,609 discloses an image
pickup apparatus with a focus adjusting means for controlling an imaging optical

system so that an image is in focus on a line sensor during scanning.

In order to facilitate the copying or reproduction of bound documents a
plurality of automatic page turning apparatuses have been developed. Such page
turning apparatuses minimize the amount of manual effort required to electronically
capture the contents of a bound document, as disclosed for example in U.S. Patent No.
5,640,252 entitled “Bound Document Imager with Page Turner” to Turner et al., filed
on December 12, 1995 and assigned to the same assignee as the present invention, and
U.S. Patent No. 5,612,791 entitled “Bound Document Imager with Air Jet Page
Turning System” to Turner et al., filed on December 12, 1995 and assigned to the
same assignee as the present invention. Further advances have been made to
electronic publishing systems to offer job programming of books on a flat bed
scanning system. For example, U.S. Patent No. 5,119,206 to Rourke et al. discloses a
system that can be programmed to scan either a selected side or both sides of the
bound document. Also, U.S. Patent No. 5,212,568 to Graves et al. discloses an

electronic reprographic apparatus for selectively controlling the areas of the document

to be imaged.

Most scanning systems require two passes to correct distortions caused by
scanning an original image or bound document having a non-planar surface displaced
a distance from an image plane. Typically, a height profile of the bound document,
which defines the height or distance open pages of the bound document are spaced
from the image plane of the scanning system, 1s determined during the first scan pass
(i.e. a prescan mode). This measured height profile, which changes as pages are
turned from one end of the document to the other, represents the contour of the open
pages in two or three dimensions. A two-dimensional profile is developed by
measuring changes in height between an open page and the image plane of the
scanning system along its slow scan direction. A three-dimensional profile 1s
developed by interpolating height measurements between a plurality of two-

dimensional height profile measurements at different locations
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along a scanning system’s fast scan direction. During the second pass (i.e. scan mode)
the scanning system records image data of the open page. Image distortions due to the
contour of the open page are corrected using the two or three-dimensional height profile

“map”. Factors that account for image distortion include magnification and spacing.

A disadvantage of performing two passes to correct distortions of scanned non-
planar original images 1s the additional process time required to accomplish the first pre-
scan pass. Improved performance is achieved by combining the pre-scan pass with the
scan pass. In contrast, a one pass scanning system corrects distortions caused when a
page of a bound document is displaced from an image plane by determining a height
profile of the bound document while simultaneously recording image data. U.S. Patent
Nos. 4,980,720 and 5,276,530 to Siegel suggest that a height profile can be obtained “on
the fly”, during the first pass by positioning a height detector sufficiently far enough in
front of a scanning station to provide sufficient time for the height profile of a page to be
processed. The height profile detector disclosed by Siegel uses a distance measurement
detector such as an auto focus sensor that 1s used 1n cameras. Auto focus sensors measure
distance by detecting how long it takes emitted light to reflect off an object. Small
changes in distance, however, are difficult to accurately measure with an auto focus
system since such distance measurements are a function of time (i.e. the shorter the

response, the smaller the distance).

In order to correct image distortion caused when an original image 1s displaced a
distance from the image plane in one-pass or two-pass scanning systems, accurate height
profile measurements must be performed by a height profile detector. It would, theretore,
be desirable to provide a height profile detector which can accurately measure the small
displacements of non-planar portions of a page from the image plane of a scanning
system. In addition, it would be advantageous for such a system to operate in either a

one-pass or a two-pass scanning system.
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SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, there 1s provided a method for
determining a displacement of an original non-planar image from a reference image plane
of a scanning system having a fast scan and a slow scan direction. The method 1includes
the steps of projecting a spot of light at an oblique angle onto a scan line of the original
non-planar image, the scan line being aligned along the fast scan direction and having a
location along the slow scan direction; recording optical information reflected from the
scan line to provide profile data for the scan line; evaluating the profile data to identify a
first position where the spot of light i1s located along the fast scan direction in the
reference image plane; 1dentifying a second position representing where the spot ot light
intersects the reference image plane along the fast scan direction; and calculating the
difference between the first position and the second position to determine the
displacement of the original non-planar image from the reference image plane ot the

scanning system at the location along the slow scan direction.

In accordance with another aspect of the invention, there 1s provided an apparatus
for determining a displacement of an original non-planar image from an reference 1mage
plane of a scanning system. A first light source projects a spot of light at an oblique angle
onto the original non-planar image. A first photosensor records optical information
reflected from a scan line of the original non-planar image along a fast scan direction to
provide profile data of a scan line at a location along a slow scan direction of the scanning
system. Means evaluate the profile data to identify a first position where the spot of light
is located along the fast scan direction in the reference image plane. Means 1dentity a
second position representing where the spot of light intersects the reference image plane
along the fast scan direction. An electronic subsystem calculates the difference between
the first position and the second position to determine the displacement of the original
non-planar image from the reference image plane of the scanning system at the location

along the slow scan direction.
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In accordance with yet another aspect of the invention, there is provided an
apparatus for scanning an original image displaced a distance from an reference image
plane. A first light source illuminates the original image along a fast scan direction. A
first sensor records image data illuminated by said first light source. A second light
source directs a collimated beam at a location along the fast scan direction. A drive
assembly moves the location of the collimated beam in a slow scan direction
perpendicular to the fast scan direction. A second sensor converts light reflected off a
scan line of the original image to electrical profile data. An electronic subsystem
determines the distance the original image is displaced from the reference image plane

with the profile data so that distortions in the image data can be corrected.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will become apparent from the following
description which illustrates preferred and alternative embodiments of the invention read
in conjunction with the accompanying drawings wherein the same reference numerals

have been applied to like parts and in which:

Figure 1 is a side view of a full rate/half rate scanning system incorporating the

present invention;
Figure 2 is a top view of the scanning system shown in Figure 1;

Figure 3 is a block diagram of the control architecture of the scanning system

shown 1n Figures 1 and 2;

Figures 4 and 5 illustrate the full rate mirror nearing the spine region of the bound

document in the scanning system shown in Figures 1 and 2, respectively;
Figure 6 is a cross-sectional view of Figure 2 as viewed along the line 6-6 thereof;

Figure 7 is a cross-sectional view of Figure 5 as viewed along the line 7-7 thereof;
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Figure 8 illustrates a graph of output as viewed along a fast scan direction and a

slow scan direction;

Figure 9 is a flow diagram of the steps required to determine displacement Az for

a scan line;

Figure 10 1s an alternate embodiment of the scanning system shown 1n Figure 1 in
which one channel of a color scan bar 1s used to record image data and a second channel

of the color scan bar is used to record profile data;

Figure 11 is another alternate embodiment of the scanning system shown in Figure
1 1n which the beam projected by the collimated light source 1s spaced sufficiently from
the light source mounted on a full rate drive assembly so that the profiler CCD and the

imaging CCD do not need filters to discriminate between the two light sources; and

Figure 12 is yet another alternate embodiment of the scanning system shown In
Figure 1 in which the scanning system 1s in an overhead position so that the bound

document does not need to be repositioned after scanning each page.

DETAILED DESCRIPTION

Referring now to the drawings where the showings are for the purpose of
describing the preferred embodiment of the invention and not for limiting same, Figures 1
and 2 show a scanning system 4 incorporating the present invention which operates either
in a conventional sheet document mode or in a bound document mode. Figure 1 is a side
view, and Figure 2 is a top view of scanning system 4. The scanning system 4 is
positioned under a transparent image platen 8. A bound document 3 with a spine 5 1S
shown in an open and downwardly facing condition on the upper surface of platen 8. As
will become apparent, it 1s not necessary to force the bound document 3 into a flattened
condition against the platen 8 while scanning in the bound document mode. The
scanning system 4 includes a light source 10 that illuminates bound document 6. Light is
directed at bound document 3 by light source 10 via reflector 14. A full rate/half rate

scanning system, which includes a full rate mirror 16 and a half rate mirror assembly 26,
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directs light diffusely retlected (i.e. optical 1mage information) from sheet or exposed
page 9 of bound document 3 along a path indicated generally by reference numeral 20.
Focal optics 22 focuses the optical image information onto a photosensor 24 which
converts the optical image information into electrical image data. The photosensor 24
can be a charged couple device (CCD) or any suitable alternative photosensor. The light
source 10, reflector 14, and the full rate scanning mirror 16 are mounted on a common
drive assembly 18 that moves in a slow scan direction, indicated generally by arrow 12.
The drive assembly 18 is adapted to move from right to left beneath the platen 8 at the
full rate scan speed. The half rate or corner mirror assembly 26, which 1s also driven In
the slow scan direction 12 from right to left, operates at one-half of the full rate scan

speed of common drive assembly 18 to maintain a constant system conjugate.

When operating in conventional sheet document mode, a collimated light source
28 is turned off and only optical image information is recorded using photosensor 24.
However, when operating in the bound document mode, the scanning system 4
illuminates an area (or spot) on the page 9 of bound document 3 with a collimated light
source 28 in order to determine profile data of the page 9. The collimated light source can
be any collimator capable of focusing light. It will be understood, however, by those
skilled in the art that the collimated light source 28 could additionally be a coherent light
source such as a laser. In accordance with the present invention, the page height or
profile data of the bound document 3, which defines the displacement of an original
image from a reference image plane of scanning system 4, is measured by determining a
relative distance between the illuminated spot and a pre-recorded spot. The pre-recorded
spot is determined by measuring profile data for a planar original image. When recording
profile data for either a non-planar image or a planar image, the spot of light projected by
the collimated light source 28 traverses the fast scan direction 13 (note Figures 2 and 4)

as the drive assembly 18 moves in the slow scan direction 12. The light source 28 projects

the collimated beam 30 at an angle 0 that is not equal to zero (e.g. 20 degrees) relative to
the slow scan direction 12. Full rate mirror 16 directs the beam 30 upward from the point

indicated generally by reference numeral 60 in Figure 2 to the exposed page 9 and at an
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oblique angle (90-0) (where 0 1s 1n degrees and is not equal to zero) relative to the fast
scan direction 13. Light retlecting directly oft of exposed page 9 from light source 28 i1s
incident on full rate mirror 16 at the point indicated generally by reference numeral 78 in

Figure 2 (for clarity see Figure 6 which 1s described below).

Light diffusely reflected off of exposed page 9 from light source 28 is optical
profile information that is recorded by the scanning system 4 to provide profile data for a
scan line having a location along the slow scan direction 12. The optical profile
information is directed by full rate mirror 16 along a path indicated generally by reference
numeral 32. Focal optics 34 focus the optical profile information 32 onto a photosensor
36 which converts the optical profile information into electrical profile data. The
photosensor 36 can be a CCD or any suitable alternative photosensor. In accordance with
the present invention, optical profile information 32 and optical image information 20 are
simultaneously recorded by photosensors 36 and 24, respectively, during a single scan
pass. In order that photosensors 36 and 24 discriminate between light diffusely reflected
from bound document 3, the two light sources 10 and 28 emit light having different
wavelengths. In one embodiment, light source 10 emits green light, and light source 28
emits red light. A filter 38 is positioned in front of light source 14 to absorb all but green
light. The filter 38 insures that only green light from light source 10 reaches photosensor
24. In addition, a filter 40, positioned in front of light source 28, filters out all but red
light from photosensor 36. It will be understood by those skilled in the art that light
sources 10 and 28 are not limited to emitting green and red light, and that for the purposes
of the present invention any two wavelengths that are distinguishable will do, such as

infra-red light and visible light.

Figure 3 is a block diagram of the control architecture of the scanning system
shown in Figures 1 and 2. An electronic subsystem (ESS) 42 controls the operation of
scanning system 4. During a scan pass ¢lectrical image and profile data output by imaging
CCD 24 and profiler CCD 36, respectively, is transmitted to ESS 42 for processing. ESS
42 includes a microprocessor and control software responsive to user Or system

commands for the processing and routing of electrical image and profile data. Electrical
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image and profile data transmitted to ESS 42 is stored in memory 44 which may include
RAM, tlash memory, floppy disk, or another form of optical or magnetic storage. At ESS
42, digital image data stored in memory 44 may either undergo image processing or may
be transmitted to a peripheral device through port 46. The peripheral device may be an
electronic printing system that provides hardcopy reproductions of recorded electrical
image data. Alternatively, the peripheral device may be a storage device or a display.

Using transmitted profile data and information in lookup tables (LUT) 48 and 49, ESS 42

calculates a displacement value Az between the exposed page 9 and a planar original

image for a scan line having a location along the slow scan direction 12, the details of

which are set forth below. With the calculated displacement value Az, ESS 42 adjusts in
one embodiment, imaging components to compensate for image distortion that occurs
when exposed page 9 1s displaced from the reference image plane of scanning system 4.
Imaging components that are adjusted by ESS 42 to compensate for image distortion
include the power supply 50 of light source 10 (i.e. lamp power supply), the half-rate
drive 54 of corner mirror assembly 26, and the full rate drive 56 of assembly 18. In an

alternate embodiment, correction factors for a scan line of image data can be derived by

ESS 42 using displacement value Az. These correction factors can then be applied to
image data using well known image processing techniques that compensate for loss of
focus, image compression, and uneven illumination. In both embodiments, ESS 42
controls power supply 52 of light source 28 to insure that diffusely reflected profile data

32 1s accurately sensed by protiler CCD 36.

Figures 4 and 5 1llustrate the scanning system 4 partly through an operation cycle.
In contrast, Figures 1 and 2 illustrate the scanning system 4 at the start of an operation
cycle. The full rate scanning mirror 16 is nearer the spine 5 of the bound document 3 In
Figures 4 and 5 relative to the position the mirror 16 shown in Figures 1 and 2. In
accordance with the invention, the collimated beam 30 strikes the full rate mirror 16 at a
position indicated generally by reference numeral 60 in Figures 1 and 2. In Figures 4 and
5, the collimated beam 30 strikes the full rate mirror 16 at a position indicated generally

by reference numeral 62. The position 62, at which the collimated beam 30 strikes the full

-10-
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rate mirror 16, traverses the fast scan direction 13 as the beam intersects the plane of the
mirror 16 moving in the slow scan direction 12. This traversal along the fast scan

direction 13 occurs because the light source 28 projects the collimated beam 30 at an

angle O relative to the slow scan direction 12. Specifically, as the full rate mirror 16
moves from right to left in the slow scan direction 12, as shown in Figures 1 and 4, the
position at which the collimated beam strikes the mirror 16 traverses from bottom to top

In the fast scan direction 13, as shown in Figures 2 and 5.

Figures 6 and 7 are cross-sectional views along the lines 6-6 and 7-7 shown 1in

Figures 2 and 5, respectively. The cross-sections shown in Figures 6 and 7 illustrate the

manner in which the displacement Az between non-planar exposed page 9 and a reference
image plane 68 of the scanning system, which is represented by dotted line 68, 1s
measured for two scan lines which are indicated generally by reference numerals 70 and
72, respectively. The reference image plane 68, in Figures 6 and 7, represents the position
of a planar image on the platen 8 where optical information reflected therefrom 1s not
distorted. The displacement Az between non-planar exposed page 9 and the reference
image plane 68 for each scan line 70 and 72 i1s determined by first locating retlections 32
recorded in profile data to identify a first location along the fast scan direction 13 at a
location along the slow scan direction 12. Using prerecorded profile data for a planar
image a second position is determined where the collimated beam 30 intersects the
reference image plane 68 along the fast scan direction at the location along the slow scan

direction 12. The difference between the first location and the second location 1s used to

calculate the displacement Az.

Referring now to Figure 6 which illustrates the scan line 70 in detail, collimated

beam 30 reflects off of full rate mirror 16 at position 60 toward original image 7. In
accordance with the invention, the collimated beam 30 is directed at exposed page 9 at an

angle that is oblique to the fast scan direction 13. More specifically, reflected collimated
beam 30 travels toward exposed page 9 at an angle (90-0) relative to the fast scan

direction 13, where 08 does not equal zero. Initially the reflected collimated beam 30

travels through transparent platen 8 before crossing reference image plane 63, at a

_11-
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position indicated by reference numeral 74, and striking non-planar original image 7, at a
position indicated by reference numeral 76. Ditffuse reflection off of original image 7,
traveling along a path indicated by reference numeral 32, strikes full rate mirror 16 at a
position indicated by reference numeral 78. If light reflected off of a planar image
positioned along reference image plane 68, then light would travel along a path indicated
by reference numeral 80 and strike full rate mirror 16 at a position indicated by reference

numeral 82. The distance between the positions indicated by reference numerals 78 and

82 defines a distance Ad, which is used to determine the displacement Az for a scan line

having a position along the slow scan direction. In accordance with the invention, the

displacement Az is proportional to the distance between the position 74 at which the
collimated beam 30 strikes a planar image positioned along reference image plane 68 and
the non-planar exposed page 9 along the fast scan direction 13. Specifically, the
displacement Az is given by the equation Az = Ad * TAN (90-6), where 6 is given in

degrees.

Referring now to Figure 7 which illustrates the scan line 72 in detail, collimated
beam 30 is reflected off of full rate mirror 16 at position 62 toward original image 7. As

noted above, the full rate mirror 16 in Figure 7 is closer to the spine 5 of bound document
3 than in Figure 6. Consequently, the distance Ad in Figure 7 1s larger because the

displacement Az increased proportionately. In addition, Figure 7 illustrates that the
position at which collimated beam 30 is reflected off of full rate mirror 16 towards
original image 9 has moved along the fast scan direction to position 62 relative to
position 60 shown in Figure 6. Initially in Figure 7, the reflected collimated beam 30
travels through transparent platen 8 before crossing reference image plane 68, at a
position indicated by reference numeral 84, and striking non-planar original 1mage 7, at a
position indicated by reference numeral 86. Diffuse reflection off of exposed page 9
traveling along a path indicated by reference numeral 32 strikes full rate mirror 16 at a
position indicated by reference numeral 88. If light reflected off of a planar image
positioned along reference image plane 68, then light would travel along a path indicated

by reference numeral 80 and strike full rate mirror 16 at a position indicated by reference
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numeral 90. The distance between positions 88 and 90 define distance Ad which is used

to compute a second value of the displacement Az along the slow scan direction of

scanning system 4.

Figure 8 is a graph that illustrates output from profiler CCD 36 for each scan line
along the scan path of system 4 (i.e. slow scan direction 12). The output from profiler
CCD 36 1s a spot or area of light detected along a scan line of the profiler CCD 36 in the
fast scan direction 13. By plotting the position of detected light from profiler CCD 36 for
each scan line along its fast scan direction 13, a height profile 1s defined over the scan
path in the slow scan direction 12. A first height profile 92, shown in Figure 8, defines a
profile for the non-planar original image 7. For example, positions 78 and 88 along scan
lines 70 and 72, respectively, are areas where light reflected off of non-planar exposed
page 9 from collimated light source 28 was detected by profiler CCD 36. During
calibration of the scanning system 4, a second or reference height profile 94 for a planar
image, which 1s positioned along reference image plane 68, is measured using profiler
CCD 36. For example, positions 82 and 90 are areas along scan lines 70 and 72,
respectively, where light from collimated light source 28 is detected by profiler CCD 36
for the planar image positioned along reference image plane 68. Once recorded, the
second height profile 94 1s stored in LUT 48 (shown 1n Figure 3) for later retrieval when
calculating distance Ad for a scan line since height profile 94 is the zero reference point
for height profile calculations. Accordingly, image data recorded by imaging CCD 24 at
a position equivalent to height profile 94 along the fast scan direction 13 for a
corresponding scan line positioned along the slow scan direction 12 should not require

corrections for image distortion by ESS 42.

Figure 9 1s a flow diagram of the steps performed by ESS 42 to determine
displacement Az for a scan line. At step 100, a scan line of profile data 1s recorded using
profiler CCD 36. The scan line of profile data which i1s defined at a location along the
slow scan direction 12 contains a spot of light, which was projected onto the original
image by collimated light source 28 at an oblique angle. At step 102, the scan line of
profile data is thresholded to identify the spot of diffusely reflected light from the
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collimated light source 28. At step 104, the spot of diffusely reflected light is identified
at a first pixel position. The first pixel position identifies a pixel along the profiler CCD
36 at the defined location along the slow scan direction 12. For example, the first pixel
position identified for spot of light 78 in Figure 8 is different from the first pixel position
identified for the spot of light 88 at scan line 70 (1.e. the defined location along the slow
scan direction 12). If a cluster of pixels defines an area of diffusely reflected light, the

centroid of the cluster of pixels is used to define the first pixel position along the profiler

CCD 36.

At step 106, a second pixel position is identified using a first lookup table (LUT)
48. The second pixel position defines a pixel along profiler CCD 36 at a predefined
location along the slow scan direction 12 for a planar image positioned along reference
image plane 68 shown in Figure 8. More specifically, each second pixel position in LUT
48 identifies a pixel position along the fast scan direction 13 for the spot of light
projected by collimated light source 28 at a location along the slow scan direction of a
planar (or flat) image. Each of the second pixel locations in LUT 48 are indexed by the
location of the full rate mirror 16 along the slow scan direction 12. For example, scan line
70 in Figure 8 has a defined location along the slow scan direction 12 which 1s used to
identify the second pixel position 82. The difference between the first pixel position and
the second pixel position is determined at step 108 (e.g. the difference between the first
position 78 and the second position 82 in Figure 8). This difference defines the distance

Ad shown in Figure 8. At step 110, the difference between the first and second pixel
positions (i.e. Ad), and the angle 6 at which the collimated beam 30 is directed, are used
to identify the displacement Az in a second LUT 49. The difference value between a first
pixel position and a second pixel position (i.e. Ad) are used to index values in the second
LUT 49 for the displacement Az given by the equation Az = Ad * TAN (90-8). The value

for a scan line of the displacement Az is then used by ESS 42 to adjust imaging

components of system 4 to compensate for image distortion occurring when exposed page

9 is displaced from the reference image plane of scanning system 4. Once a displacement
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Az is calculated for each scan line along the slow scan direction of bound document 3

a height profile similar to profile 92 shown in Figure 8 1s defined.

In order to record image data and profile data in a single pass, profiler CCD 36
is positioned to record profile data a number of scan line in advance of imaging CCD
24. The offset between the two sensors is advantageous because it minimizes Or
eliminates the need to buffer scan lines so that there is sufficient time to calculate the
displacement Az before the scanning system requires it. The rate at which ESS 42 can
determine the displacement Az and make corrections to compensate for the
displacement defines the number of scan line the profile CCD 36 must scan 1n
advance of the imaging CCD 24. In one embodiment, ESS 42 compensates for the
displacement Az by adjusting individual system components. For example, ESS 42
can adjust lamp power supply 50 for loss of illumination as the displacement Az
increases. Image spacing can be compensated in this embodiment by monitoring the
speed of the half rate mirror drive 54 and the full rate mirror drive 56. In addition, loss
of focus can be compensated by adjusting the focus of the optical arrangement 24. In
another embodiment, ESS 42 can compensate for the displacement Az by correcting
image data from imaging CCD 24 with well known 1mage processing techniques that
include methods for correcting image positioning, focus, compression, and
illumination. Examples of these image processing techniques are disclosed in U.S.
Patent No. 5,276,530 to Siegel. It will be understood by those skilled in the art that
the profiler CCD 36 and imaging CCD 24 can record profile data and image data otf
of the same scan line in a scanning system that does not correct image data 1n real
time. For example, profile data can be recorded and used to correct image data at the

time it is reproduced as hard copy by an electronic printing system.

It will be appreciated by those skilled in the art that the present invention can
be readily used to measure the height profile of a non-planar original image in a one
pass or in a two pass scanning system. It will also be understood that in a two pass
system, the filters 38 and 40 are not required to discriminate between two difterent
sources of light 10 and 28 since light source 28 is only turned on during the first pass

and light source 14 1s
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only turned on during the second pass. In addition, only a single CCD sensor 1s
required in a two pass system since profile data for a document 1s recorded during a
first pass and image data is recorded during a second pass. Although a one pass
scanning system has the advantage of increased processing speeds because 1t can
simultaneously record image data and profile data, a two pass scanning system has
other advantages. One advantage of a two pass scanning system is that the spine
region 5 of the bound document 3 can be identified before recording image data
during the second pass. By measuring the height profile of a bound document before
recording image data, scanning system 4 can offer job level programming. Job level
programming can include input programming options for specifying whether to scan
one or both sides of a bound document. Examples of such programming options are
described in U.S. Patent No. 5,119,206 by Rourke et al. Accordingly, depending on
the particular requirements of a scanning system (e.g. processing speed or job level
programming), the present invention can be used to measure the height profile of a

bound document in a one or a two pass scanning system.

Figure 10 shows an alternate embodiment of the scanning system shown in
Figure 1, in which a known color scan bar 95 with focal optics 96 records both 1image
data and profile data on independent color channels of the color scan bar 95.
Specifically, the image data and the profile data are recorded during a single scan pass
with a first color channel 97 and a second color channel 98, respectively, of the color
scan bar 95. The first color channel 97 of the color scan bar 95 detects diffusely
reflected optical profile information 32. The second color channel 98 of the color scan
bar 95 detects diffusely reflected optical image information 20. It will be understood
by those skilled in the art that in conventional mode, light source 10 emits white light

and all three channels of the color scan bar 95 record optical 1image data.

When operating as a two pass scanning system, the scanning system 4 shown
in Figure 10 would operate by performing a first scan with the light source 10 OFF
and the collimated laser beam 28 ON. The laser 28, which is positioned to the side of
a centrally located color scan bar 95 and optical assembly 96, illuminates a spot on the

exposed page
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9 with full rate mirror 16. The beam 30 from laser 28 is aligned at an oblique angle to the
slow scan direction of the scanning system 4 (as described above). For a planar image,
the laser beam defines a height profile that is uniform. However, when a non-planar
original image 1s scanned, the laser beam defines a height profile that 1s contoured and
displaced in relation to the height profile of the planar image. Once the first scan is
completed and the profile data 1s accumulated, a second scan 1s performed with the light
source 10 ON and the collimated beam 28 OFF. The ESS uses data from the height
profile to correct distortions in recorded color image data recorded with the color sensor

98 during the second pass.

Figure 11 shows another alternate embodiment of the scanning system shown 1n
Figure 1 in which profiler CCD 36 records profile data a sufficient number scan lines 1n
advance of imaging CCD 24 so that each CCD can discriminate between light reflected
from source 10 and source 28 without filters 38 and 40. The embodiment shown 1n
Figure 11 has a slightly larger viewing area in the slow scan dimension 13 than the
embodiment shown in Figure 1. This increased viewing area is provided by increasing
the surface area on the full rate mirror 16 and the corner mirror assembly 26. The
advantage of this embodiment is that light sources 10 or 28 do not have to emit a

predefined wavelength of light.

Figure 12 shows yet another embodiment where the scanning system 4 1s located
above a scanning platform 99. In this embodiment, the bound document 3 i1s positioned
for scanning on scanning platform 99 in an open and upward facing condition. Scanning
bound documents using the embodiment shown 1n Figure 12 simplifies the amount ot
work an operator is required to perform for each scan. Generally, the overhead scanning
system shown in Figure 12 i1s operationally less time-consuming for an operator because
the bound document 3 does not have to be repositioned after scanning each page unlike
the scanning system shown in Figure 1. Instead, the scanning system 4 1n this
embodiment 1s raised and lowered relative to platform 99, as indicated generally by arrow
93, so that pages can be turned between scanning operations. Also, it will be appreéiated

that scanning system 4 can be modified to incorporate functions of a system that
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automatically turns pages of a bound document. Examples of systems for turning
pages of bound documents are disclosed by Turner et al. in U.S. Patent No. 5,640,252
entitled “Bound Document Imager with Page Turner,” and U.S. Patent No. entitled
“Bound Document Imager with Air Jet Page Tumning System,” both filed on

December 12, 1995 and assigned to the same assignee as the present invention.

In a further embodiment of the present invention (not shown), the collimated
light source 28 is mounted on the full-rate drive assembly 18. In accordance with the
invention, the light source 28 is mounted so that the collimated beam 30 1s projected
at an oblique angle relative to the fast scan direction. However, in this embodiment,
since the collimated light source 30 is mounted onto the light source 28, the
collimated beam 30 does not move in the fast scan direction as the drive assembly 18
moves in the slow-scan direction. This causes the profile 94 shown 1n Figure 8 to be a
horizontal line along the slow scan direction 12. The position where the collimated
beam 30 intersects the reference image plane 68 along the fast scan direction 1s
therefore a constant in this embodiment. Consequently, the LUT 48 can be substituted

with a buffer for storing the constant.

In summary, the present invention is a method and apparatus for accurately
determining a height profile of a non-planar original image. The height profile
indicates the distance the non-planar original image i1s displaced from the reference
image plane of a scanning system. After determining the height profile, adjustments
can be made to the scanning system elements or the recorded image data to correct
distortions caused when recording the non-planar original image. The height profile 1s
determined by projecting a collimated beam of light on the original 1mage at a
position along the fast scan direction of the scanning system. In accordance with one
aspect of the invention, the collimated beam is directed to strike the original image at
an oblique angle. The diffuse reflection of the position is recorded by a profile sensor
to provide a relative position along the fast scan direction of the original image. The
position recorded by the profile sensor is compared with data in a lookup table. The

data in the lookup table defines the position
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the collimated beam would have been detected by the profile sensor 1f the original
image was not displaced from the reference image plane of the scanning system. The
difference between these two positions is used to define the displacement of the
original image from the reference image plane for a scan line along the slow scan path

of the scanning system.

It will be appreciated by those skilled in the art that the position of the profiler
CCD 36 and the imaging CCD 24 do not have to be staggered diagonally as shown 1n
the Figures (compare CCDs 24 and 36 in Figures 1 and 2) and that the two sensors 24
and 36 can be positioned next to or on top of each other depending on the
configuration requirements of a particular scanning system. In addition, 1t will be
appreciated that profiler CCD 36 can be substituted with a position sensitive detector
that would be used to carry out the present invention by calculating a moment along a
scan line for a spot of light projected thereon. The moment would subsequently be
used to identify a location along the scan line of the spot of light. An example of a
position sensitive detector is disclosed by Petersson et al. in “Position Sensitive Light
Detectors with High Linearity”, IEEE Journal of Solid-State Circuits, Vol. SC-13, No.
3, June 1978. It will also be appreciated that the collimated beam projector 28 can
positioned so that beam 30 is projected at an angle that 1s not parallel to the reference

image plane as shown in the Figures.

It will be further appreciated by those skilled in the art that the full rate and
half-rate mirror assemblies can be substituted with a single scanning unit that
traverses the slow scan direction. It will also be appreciated that the present invention
is not limited to a one-dimensional scanning system and can alternatively be a two-
dimensional flat panel detector or a two-dimensional charge coupled device (CCDs).
An example of a flat panel detector is disclosed in U.S. Patent No. 5,017,989.
Additionally, it will be appreciated that in such a two-dimensional scanning system,
the collimated light source would project a beam across the slow scan direction of the
scanning system and not at a single scan line. It will additionally be appreciated by
those skilled in the art that LUT 48 and LUT 49 can be substituted with a single two-
dimensional LUT. Alternatively, LUT 49 can be eliminated by computing a value in

the LUT on demand as an entry 1s required.
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Various aspects of the disclosed scanning system may be readily implemented in
software using software development environments that provide portable source code that
can be used on a variety of hardware platforms. Alternatively, the disclosed system may
be implemented partially or fully in hardware using standard logic circuits. Whether
software or hardware is used to implement the system varies depending on the speed and
efficiency requirements of the system and also the particular function and the particular
software or hardware systems and the particular microprocessor or microcomputer
systems being utilized. The system, however, can be readily developed by those skilled
in the applicable arts without undue experimentation from the functional description

provided herein together with a general knowledge of the computer arts.

The invention has been described with reference to a particular embodiment.
Modifications and alterations will occur to others upon reading and understanding this
specification taken together with the drawings. The embodiments are but examples, and
various alternatives, modifications, variations or improvements may be made by those
skilled in the art from this teaching which are intended to be encompassed by the

following claims.
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CLAIMS:

1. A method for determining a displacement of an original non-planar image trom
a reference image plane of a scanning system having a fast scan and a slow scan direction,

comprising the steps of:

projecting a spot of light at an oblique angle onto a scan line of the original non-
planar image, the scan line being aligned along the fast scan direction and having a

location along the slow scan direction;

recording optical information reflected from the scan line to provide profile data

for the scan line;

evaluating the profile data to identify a first position where the spot of light is

located along the fast scan direction in the reference image plane;

identifying a second position representing where the spot of light intersects the

reference image plane along the fast scan direction; and

calculating the difference between the first position and the second position to
determine the displacement of the original non-planar image from the reference image

plane of the scanning system at the location along the slow scan direction.

2. The method according to claim 1, wherein said projecting step projects the spot

of light onto a full rate mirror assembly.

3. The method according to claim 2, wherein the spot of light traverses the fast

scan direction as the full rate mirror assembly moves in the slow scan direction.
4. The method according to claim 1, further comprising the steps of:

projecting the spot of light onto a planar image coincident with the reference

image plane; and
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recording in a lookup table positions where the spot of light 1s located along the

fast scan direction at positions along the slow scan direction.

5. The method according to claim 4, wherein said identifying step identifies the

second position from the lookup table.

6. The method according to claim 1, wherein said calculating step determines the

difference between the first position and the second position from a lookup table.

7. The method according to claim 1, further comprising the step of providing a
lookup table for recording displacements of non-planar images from the reference 1mage

plane that correspond to differences between the first position and the second position.

8. The method according to claim 7, further comprising the step of querying the
lookup table with the difference between the first position and the second position to
identify the displacement of the original non-planar image from the reference image plane

of the scanning system at the location along the slow scan direction.
9. The method according to claim 1, further comprising the steps of:

recording optical information reflected from a scan line at said location along the

slow scan direction to provide a scan line of image data; and

correcting the scan line of image data in accordance with the displacement

determined by the calculating step.

10. The method according to claim 1, wherein said projecting step projects the

spot of light with light having a first wavelength.

11. The method according to claim 10, further comprising the step of:

illuminating the original non-planar image with light having a second wavelength;

and
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filtering the second wavelength of light from the first wavelength of light before

recording optical information.
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12. An apparatus for determining a displacement of an original non-planar image

from an reference image plane of a scanning system, comprising:

a first light source for projecting a spot of light at an oblique angle onto the

original non-planar image;

a first photosensor for recording optical information reflected from a scan line of
the original non-planar image along a fast scan direction to provide profile data of a scan

line at a location along a slow scan direction of the scanning system;

means for evaluating the profile data to identify a first position where the spot of

light 1s located along the fast scan direction 1n the reference image plane;

means for identifying a second position representing where the spot of light

intersects the reference image plane along the fast scan direction; and

an electronic subsystem for calculating the difference between the first position
and the second position to determine the displacement of the original non-planar image
from the reference image plane of the scanning system at the location along the slow scan

direction.

13. The apparatus according to claim 12, further comprising a full rate mirror for

directing optical data from the image to said first photosensor.

14. The apparatus according to claim 13, further comprising a drive assembly for

moving said full rate mirror in the slow scan direction.

15. The apparatus according to claim 14, wherein the spot of light traverses the

fast scan direction as the drive assembly moves in the slow scan direction.

_24-



16.  The apparatus according to claim 12, further comprising a first lookup
table for storing positions along the fast scan direction of the spot of light projected

onto a planar image at locations along the slow scan direction.

17. The apparatus according to claim 16, further comprising a second
lookup table for storing the difference between the first position and the second
position that correspond to the displacement of the original non-planar image from the

reference image plane at locations along the slow scan direction

18.  The apparatus according to claim 12, further comprising a second

photosensor for recording a scan line of image data.

19.  The apparatus according to claim 18, further comprising a second hght
source for illuminating the scan line of image data recorded by said second

photosensor.
20.  The apparatus according to claim 19, wherein said first light source
emits light having a first wavelength and said second light source emits light having a

second wavelength.

21.  The apparatus according to claim 20, further comprising a first filter

for filtering the second wavelength of light from the first photosensor.

22. The apparatus according to claim 20, further comprising a second filter

for filtering the first wavelength of light from the second photosensor.

5.
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23. An apparatus for scanning an original image displaced a distance from an

reference image plane, comprising:
a first light source for illuminating the original image along a fast scan direction;
a first sensor for recording image data illuminated by said first light source;

a second light source for directing a collimated beam at a location along the fast

scan direction;

a drive assembly for moving the location of the collimated beam in a slow scan

direction perpendicular to the fast scan direction;

a second sensor for converting light reflected off a scan line of the original image

to electrical profile data; and

an electronic subsystem for determining the distance the original image 1s
displaced from the reference image plane with the profile data so that distortions in the

image data can be corrected.
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RECORD A SCAN LINE OF PROFILE DATA HAVING A SPOT OF LIGHT

PROJECTED THEREON AT AN OBLIQUE ANGLE
WITH A COLLIMATED LIGHT SOURCE

THRESHOLD THE SCAN LINE OF PROFILE DATA TO LOCATE
THE SPOT OF LIGHT FROM THE COLLIMATED LIGHT SOURCE
LOCATE THE SPOT OF LIGHT AT A FIRST POSITION
ALONG THE SCAN LINE OF PROFILE DATA

104

102

USE THE SLOW SCAN LOCATION OF THE FIRST POSITION TO
IDENTIFY A SECOND POSITION AT WHICH THE SPOT OF
LIGHT STRIKES A PLANAR IMAGE ALONG THE SCAN LINE
IN A FIRST LUT

DETERMINE Ad: THE DIFFERENCE BETWEEN
THE FIRST POSITION AND THE SECOND POSITION

USE Ad TO IDENTIFY

108

THE DISPLACEMENT Az
IN A SECOND LUT

110
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