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DETECTION OF GROOVES IN SCANNED
IMAGES

BACKGROUND

A. Field of the Invention

Systems and methods described herein relate to image
scanning and, more particularly, to techniques for scanning
and locating features in documents.

B. Description of Related Art

Modern computer networks, and in particular, the Internet,
have made large bodies of information widely and easily
available. Free Internet search engines, for instance, index
many millions of web documents that are linked to the Inter-
net. A user connected to the Internet can enter a simple search
query to quickly locate web documents relevant to the search
query.

One category of content that is not widely available on the
Internet, however, are the more traditional printed works of
authorship, such as books, catalogs, and magazines. One
impediment to making such works digitally available is that it
can be difficult to convert printed versions of the works to
digital form. Optical character recognition (OCR), which is
the act of using an optical scanning device to generate images
of text that are then converted to characters in a computer
readable format (e.g., an ASCII file), is a known technique for
converting printed text to a useful digital form. OCR systems
generally include an optical scanner for generating images of
printed pages and software for analyzing the images.

One problem with using OCR in the context of printed
documents such as books is that books are generally bound in
a manner that can make it difficult to generate high quality
images of the pages. For OCR, it is desirable to generate the
images of the printed pages from flat, two-dimensional, ver-
sions of the pages. Books generally have spines, however, that
can cause the pages to have a more three-dimensional profile.
This can cause difficulties when analyzing images of the book

pages.
SUMMARY OF THE INVENTION

One aspect is directed to a system that includes a stereo-
scopic camera to generate images of opposing pages of a
document from which a three-dimensional image of a surface
of the opposing pages of the document is generated. The
system further includes control logic to process the three-
dimensional image to locate a groove between the opposing
pages of the document that is defined by the spine of the
document.

Another aspect is directed to a computer-implemented
method for detecting a groove caused by a spine of a docu-
ment. The method includes generating scores for points in a
three-dimensional image that defines a surface of the docu-
ment, where the scores quantify a likelihood that a particular
point is in the groove. The method further includes detecting
the groove based on the generated scores.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate an
embodiment of the invention and, together with the descrip-
tion, explain the invention. In the drawings,

FIG. 11s a diagram illustrating a book that is to be scanned;

FIG. 2 is a diagram illustrating a frontal view of the book
shown in FIG. 1;
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FIG. 3 is a diagram illustrating an exemplary system for
optically scanning documents, such as books or magazines, to
obtain images of the documents;

FIG. 4 is a diagram illustrating an exemplary pattern;

FIG. 5 is a diagram illustrating an exemplary implementa-
tion of the control logic shown in FIG. 3;

FIG. 6 is a flowchart illustrating exemplary operations of
the system shown in FIG. 3 in processing a page of a docu-
ment;

FIGS. 7A and 7B are diagrams of an opened document,
such as a book, on a platform;

FIG. 8 is a graph illustrating an exemplary biasing function
that may be applied to the points of an image;

FIG. 9 is a top view of a document similar to that shown in
FIG. 7A, in which a number of possible candidate lines are
illustrated; and

FIG.10is a diagram illustrating one exemplary application
of'the concepts described herein relating to locating a central
groove in a document.

DETAILED DESCRIPTION

The following detailed description of the invention refers
to the accompanying drawings. The detailed description does
not limit the invention.

Overview

FIG. 1 is a diagram illustrating a book 100 that is to be
scanned. Pages 101-104 of book 100 emanate from a central
groove 110 that is defined by the spine of the book. Page 104
is shown as the opened-to left page of the book. In contrast to
a page of paper placed flat on a surface, page 104 includes a
three-dimensional profile.

It may be desirable to perform image processing functions,
such as OCR functions, on the scanned images of book 100.
Before performing such functions, it can be useful to auto-
matically locate certain features of the book, such as central
groove 110, in the images of the book.

FIG. 2 is a diagram illustrating a frontal view of book 100.
From this view, it can be seen that groove 110 is generally
defined by a dip or “hole” located in the vicinity of the middle
of'the book. Consistent with aspects ofthe invention, a central
groove, such as groove 110, may be automatically located and
identified in a three-dimensional image of surface of a docu-
ment.

System Overview

FIG. 3 is a diagram illustrating an exemplary system 300
for optically scanning documents, such as books, magazines,
or catalogs, to obtain images of the documents. System 300
may include cameras 305 and 310 for taking two-dimensional
images of a book 301 resting on a platform 302. Documents
other than books, such as, for example, magazines or other
documents for which it is difficult to generate a flat image of
a page, may also be processed. An infra-red (IR) stereo cam-
era 315 may include multiple imaging lenses 320 spaced at
known distances from one another. An IR projector 325 may
project IR radiation through a pattern mask 330 onto book
301. Control logic 350 may control the operation of system
300. For example, control logic 350 may control cameras
305, 310, and 315, and receive and process images taken by
these cameras.

Cameras 305 and 310 may include high definition cameras.
In some implementations, only one of cameras 305 and 310
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may be used. In other implementations, additional cameras
similar to cameras 305 and 310 may be used.

IR stereo camera 315, by virtue of its multiple imaging
lenses 320, can take multiple images of book 301, each from
different viewpoints. The images may be set to be taken in the
IR spectrum. IR projector 325 may project IR radiation
through pattern mask 330 onto book 301. Thus, IR stereo
camera 315 may take a stereoscopic image of the pattern
defined by pattern mask 330. The pattern may then be
detected in the resulting image. In one implementation, the
pattern may include a pattern that resembles a maze. Because
the relative positions of imaging lenses 320 are known, the
images can be stereoscopically combined (by, for example,
control logic 350), using known stereoscopic techniques, to
obtain a three-dimensional mapping of the pattern. The pat-
tern falls on the surface of book 301, causing the three-
dimensional mapping of the pattern to correspond to the
three-dimensional surface of the page of the book.

FIG. 4 is a diagram illustrating an exemplary portion of a
pattern. The pattern may be superimposed on the surface of'a
three-dimensional page. Control logic 350 may detect and
record the three-dimensional position of the pattern, which
may be used to define the surface of a page in three-dimen-
sional space.

FIG. 5 is a diagram illustrating an exemplary implementa-
tion of control logic 350. Control logic 350 may include a bus
510, a processor 520, a main memory 530, a read only
memory (ROM) 540, a storage device 550, an input device
560, an output device 570, and a communication interface
580. Bus 510 may include a path that permits communication
among the components of control logic 350.

Processor 520 may include a conventional processor,
microprocessor, or processing logic that interprets and
executes instructions. Main memory 530 may include a ran-
dom access memory (RAM) or another type of dynamic
storage device that stores information and instructions for
execution by processor 520. ROM 540 may include a con-
ventional ROM device or another type of static storage device
that stores static information and instructions for use by pro-
cessor 520. Storage device 550 may include a magnetic and/
or optical recording medium and its corresponding drive.

Input device 560 may include a conventional mechanism
that permits a user to input information to control logic 350,
such as a keyboard, a mouse, a pen, voice recognition and/or
a biometric mechanism, etc. Output device 570 may include
a conventional mechanism that outputs information to the
user, including a display, a printer, a speaker, etc. Communi-
cation interface 580 may include any transceiver-like mecha-
nism that enables control logic 350 to communicate with
other devices and/or systems.

System Operation

FIG. 6 is a flowchart illustrating exemplary operations of
system 300 in processing a page of a document.

System 300 may begin by gathering data (act 601). The
gathered data may include stereo images taken by IR stereo
camera 315. Optionally, high definition two-dimensional
images taken by cameras 310 and 305 may also be gathered;
although this data is not necessary for groove detection as
described herein, it may be useful for further image process-
ing, such as OCR processing. As previously mentioned, the
stereo images may include a pattern created by transmitting
IR radiation from IR projector 325 through pattern mask 330
and onto the surface of the open pages in the document. The
data gathered in act 601 may be saved to a computer-readable
medium, and in the case of the stereo images, may be pro-
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cessed to match the pattern in at least two of the stereo images
in order to recover the three-dimensional position of each
pixel (point) in the image. The recognized three-dimensional
image of objects will be referred to herein as a set of three-
dimensional points that define the surface of the document
(and potentially the platform) in three-dimensional space.

FIGS. 7A and 7B are diagrams of an opened document 710,
such as a book, on a platform 720, and having a central groove
705. The set of three-dimensional points gathered in act 601
may be gathered for document 710 and platform 720. FIG. 7A
is a top view of document 710. FIG. 7B is a front view of
document 710 taken along the line A-A' in FIG. 7A. Docu-
ment 710, which can be thought of as an object in a three-
dimensional orthogonal coordinate (X,Y,Z) image space, is
shown along the Y and X axes in FIG. 7A and the X and Z axes
in FIG. 7B.

The three-dimensional set of points may be processed to
locate the central groove of the document in a number of
iterative passes over the document surface at varying levels of
resolution. A first resolution may be chosen (act 602). The
first resolution may be a relatively coarse resolution in which
only a small subset of all the available points are used. The
points may be determined as a subset of the points that are
each a fixed distance from one another in the X-Y plane (FIG.
7A).

For each point in the set of points in the resolution chosen
in act 602, a score may be generated (act 603). The score may
be generally defined to quantify the likelihood that the point
is in the central groove. For example, one score may be
defined as:

(z1-Zo)+(z_1-20), (eq- 1)
where 7, is the Z coordinate value of the point being consid-
ered, z, is the Z coordinate value of the point immediately to
the right of z, along the X axis, and z_, is the Z coordinate
value of the point immediately to the left of z, along the X
axis. Three exemplary points z_,, z,, and z, are shown in FIG.
7B for a point 7z, that happens to be in the central groove of
document 710. As can be appreciated, the score for this point
will be relatively high relative to the scores for other points.
For example, the score for the points z_,', z,', and z,' (on
platform 720) will be approximately zero and the score for the
points 7Z_,", z,", and z," may be less than zero.

As an additional constraint to the score generated by equa-
tion (1), scores may optionally only be calculated for points in
which z,>7, and 7z_,>7,. Points that do not satisty this con-
straint may be assigned a predetermined value, such as zero,
or may be excluded from further consideration for being in
the central groove.

Document 710 will normally be placed on platform 720
such that central groove 705 is in the vicinity of the middle of
platform 720. The scores generated in act 603 may optionally
be biased towards points that are generally in the middle of the
image (act 604). For example, points towards the middle of
the image may be boosted in score while points toward the
edges may be reduced in score. FIG. 8 is a graph 800 illus-
trating an exemplary biasing function that may be applied to
the points.

Based on the scores calculated in acts 603 and 604, one or
more candidate lines may be determined as corresponding to
central groove 705 (act 605). The candidate line(s) may be
determined by searching for lines through the points that
define the surface of the document for which the sum of the
scores for the points in the line is maximized.

FIG. 9 is atop view of document 710, similar to that shown
in FIG. 7A, in which a number of possible candidate lines are
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illustrated. Of the three lines 901-904, line 904, which passes
near the actual center groove 705, will include points that
have the highest total score. Accordingly, this line will be
considered the most likely candidate line generated in act
605.

Acts 603-605 may be repeated a number of different times
using successively finer resolutions. In other words, if the
previous resolution of the chosen set of points was not the
final resolution, the resolution in the vicinity of the most
likely candidate lines can be increased by determining a new
subset of the points that are each a smaller fixed distance from
one another in the X-Y plane than the fixed distance used in
the previous iteration (acts 606 and 607). Whether the previ-
ous iteration was the final iteration (act 606) can be deter-
mined by a number of factors, such as whether a predeter-
mined resolution was reached (e.g., the scanned resolution of
the points) or whether the score of the leading candidate line
relative to the next likely candidate line is above a certain
value. The highest scoring candidate line may then be deter-
mined to be central groove 705 (act 608). Control logic 350
may store an indication of the determined central groove 705
for later or immediate processing.

Exemplary System Operation

FIG. 10 is a diagram illustrating one exemplary application
of'the concepts described herein relating to locating a central
groove in a document. Books may be scanned using a system
such as that shown in FIG. 3. For example, an operator may
turn each page of the current book and instruct system 300 to
scan and process each page as described above. The resulting
image data, including two-dimensional image data from cam-
eras 305 and 310 and a three-dimensional map of the surface
of'the book may be stored in a repository 1005 along with an
indication of the location of the central groove. The two-
dimensional/three-dimensional data may then be processed
into a more useful form. The processing may involve tech-
niques that rely on the location of the central groove, such as
de-warping the two-dimensional images of the scanned docu-
ment. For example, after processing, the two-dimensional
images of the book 1010 may be stored with a corresponding
OCR textual version of the book 1015. One or both of the
OCR textual data and the images of the pages may then be
returned, over network 1020, to clients 1025 as search results.

CONCLUSION

Techniques for locating a central groove in a document,
such as a book or magazine was described herein. In one
implementation, the central groove was located by generat-
ing, for select three-dimensional points on the surface of the
document, a score that generally defines the likelihood that
the point is at a local minimum (in a “hole”). Lines are then
fitted through multiple points, and the line with the maximum
summed score may be considered to be a line traversing the
central groove.

It will be apparent to one of ordinary skill in the art that
aspects of the invention, as described above, may be imple-
mented in many different forms of software, firmware, and
hardware in the implementations illustrated in the figures.
The actual software code or specialized control hardware
used to implement aspects consistent with the invention is not
limiting of the invention. Thus, the operation and behavior of
the aspects were described without reference to the specific
software code—it being understood that a person of ordinary
skill in the art would be able to design software and control
hardware to implement the aspects based on the description
herein.
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The foregoing description of preferred embodiments of the
invention provides illustration and description, but is not
intended to be exhaustive or to limit the invention to the
precise form disclosed. Modifications and variations are pos-
sible in light of the above teachings or may be acquired from
practice of the invention. For example, although many of the
operations described above were described in a particular
order, many of the operations are amenable to being per-
formed simultaneously or in different orders to still achieve
the same or equivalent results.

No element, act, or instruction used in the present applica-
tion should be construed as critical or essential to the inven-
tion unless explicitly described as such. Also, as used herein,
the article “a” is intended to potentially allow for one or more
items. Further, the phrase “based on” is intended to mean
“based, at least in part, on” unless explicitly stated otherwise.

What is claimed:

1. A system comprising:

an infrared projector;

a pattern mask located in an output path of the infrared
projector;

a stereoscopic camera to generate images of opposing
pages of a document from which a three-dimensional
image of a surface of the opposing pages of the docu-
ment is generated; and

control logic to process the three-dimensional image to
locate a groove that is defined by the spine of the docu-
ment and located between the opposing pages of the
document.

2. The system of claim 1, wherein the document is a book.

3. The system of claim 1, wherein the document is a maga-
zine or catalog.

4. The system of claim 1, further comprising:

a second camera to take two-dimensional images of the

surface of the opposing pages of the document.

5. The system of claim 4, wherein the second camera
includes:

two cameras.

6. The system of claim 4, wherein the second camera is a
high definition camera.

7. The system of claim 1, wherein the stereoscopic camera
includes two lenses configured to take stereoscopic images.

8. The system of claim 7, wherein the stereoscopic camera
includes an infrared camera.

9. A system comprising:

a stereoscopic camera to generate images of opposing
pages of a document from which a three-dimensional
image of a surface of the opposing pages of the docu-
ment is generated; and

control logic to:

calculate a score for each point in on a surface of the
three-dimensional image, the score quantifying a likeli-
hood that a particular one of the points is located in a
groove defined by a spine of the document;

locate a plurality of lines through the points; and

identify, as the groove, one of the lines that maximizes a
total score of the points that comprise the line.

10. The system of claim 9, wherein the score for a first of

the points is calculated as:

(zy-Zo)H(z_1-20),

where 7, is the Z coordinate value of the first point, z, is the Z
coordinate value of a point immediately to the right of z,
along the X axis, and z_, is the Z coordinate value of a point
immediately to the left of 7, along the X axis.

11. The system of claim 9, wherein the control logic is
configured to iteratively calculate the score for each of the
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points and locate the plurality of lines using progressively
finer levels of resolution of the three-dimensional image.

12. The system of claim 9, wherein the control logic is
configured to

bias the scores of the points that are located closer to a

middle of the three-dimensional image more than the
scores of the points that are located further from the
middle of the three-dimensional image.

13. A computer-implemented method for detecting a
groove defined by a spine of a document, the method com-
prising:

generating a score for each point on a surface of a three-

dimensional image, the score quantifying a likelihood
that a particular one of the points is located in the groove;

biasing the scores of the points that are located closer to a

middle of the three-dimensional image more than the
scores of the points that are located further from the
middle of the three-dimensional image; and

detecting a location of the groove based on the biased

generated scores.

14. The method of claim 13, further comprising:

fitting a plurality of lines through the points;

calculating a value for each of the plurality of lines based

on the scores of the points that comprise the line; and
selecting one of the plurality of lines as a line that defines
the location of the groove based on the calculated values.

15. The method of claim 14, further comprising:

calculating the value for each of the plurality of lines as a

sum of the scores of the points corresponding to the line.

16. The method of claim 14, further comprising:

selecting one of the plurality of lines as the line having a

maximum value.

17. The method of claim 14, further comprising:

repeating the generating the score for each of the points, the

fitting the plurality of lines, and the calculating the value
for each of the lines, using progressively finer resolu-
tions of the points on the surface of the three-dimen-
sional image.

18. The method of claim 17, wherein the progressively
finer resolutions of the points on the surface of the three-
dimensional image includes points located in a vicinity of a
previous line that has a maximum value defines the groove.

19. The method of claim 13, wherein the document is a
book.

20. The method of claim 13, wherein the document is a
magazine or catalog.

21. A computer-implemented method for locating a groove
defined by a spine of a document, the method comprising:

generating a score for each point on a surface of a three-

dimensional image, the score quantifying a likelihood
that a particular one of the points is located in the groove,

wherein the score for a first of the points is calculated as:
(z1-20)+(z_1-20),

where 7, is the Z coordinate value of the first point, z, is the Z
coordinate value of a point immediately to the right of z,
along an axis, and z_, is the Z coordinate value of a point
immediately to the left of 7, along the axis; and
detecting a location of the groove based on the scores.
22. The method of claim 21, further comprising:

identifying, using an infrared projector, the points on the
surface of the three-dimensional image.
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23. A device for detecting a groove defined by a spine of a
document, the device comprising:

means for generating a score for each point on a surface of

a three-dimensional image, the score quantifying a like-
lihood that a particular one of the points is located in the
groove;

means for fitting a plurality of lines through the points;

means for calculating a value for each of the plurality of

lines based on the scores of the points that comprise the
line; and

means for selecting one of the plurality of lines as a line that

defines a location of the groove based on the calculated
values.

24. The device of claim 23, wherein the device further
comprises:

means for biasing the scores of the points that are located

closer to a middle of the three-dimensional image more
than the scores of the points that are located further from
the middle of the three-dimensional image.

25. The device of claim 23, wherein the means for calcu-
lating comprises:

means for calculating the value for each of the plurality of

lines as a sum of the scores of the points corresponding
to the line.

26. A computer-readable medium containing instructions
that when executed by a processor cause the processor to:

generate a score for each point on a surface of a three-

dimensional image, the score quantifying a likelihood
that a particular one of the points is located in a groove
defined by a spine of the document;

fit a plurality of lines through the points;

calculate a value for each of the plurality of lines based on

the scores of the points that comprise the line; and

select one of the plurality of lines as a line that defines a

location of the groove based on the calculated values.

27. The computer-readable medium of claim 26, wherein
the points on the surface of the three-dimensional image are
generated using an infrared projector.

28. The computer-readable medium of claim 26, wherein
the points on the surface of the three-dimensional image are
generated using a stereoscopic infrared camera.

29. A method for detecting a groove defined by a spine of
a document, the method comprising:

generating a score for each point on a surface of a three-

dimensional image, the score quantifying a likelihood
thata particular one of the points is located in the groove;

biasing the scores of the points that are located closer to a

middle of the three-dimensional image more than the
scores of the points that are located further from the
middle of the three-dimensional image;

fitting a plurality of lines through the points;

calculating a value for each of the plurality of lines based

on the scores of the points that comprise the line; and
selecting one of the plurality of lines as a line that defines
a location of the groove based on the calculated values.

30. The method of claim 21, further comprising:

identifying, using an infrared stereoscopic camera, the

points on the surface of the three-dimensional image.

31. The method of claim 29, where the calculating a value
for each of the plurality of lines includes:

calculating the value for each of the plurality of lines as a

sum of the scores of the points corresponding to the line.

32. The method of claim 31, wherein the selecting one of
the plurality of lines as a line that defines the location of the
groove further comprises:

selecting a line with a highest calculated value as the line

that defines the location of the groove.
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33. A computer-readable medium containing instructions
that when executed by a processor cause the processor to:
generate a score for each point on a surface of a three-
dimensional image, the score quantifying a likelihood
that a particular one of the points is located in a groove
defined by a spine of a document;
bias the scores of the points that are located closer to a
middle of the three-dimensional image more than the
scores of the points that are located further from the
middle of the three-dimensional image; and
detect a location of the groove based on the biased scores.
34. The computer-readable medium of claim 33, further
comprising instructions that when executed by the processor
cause the processor to:
fit a plurality of lines through the points;
calculate a value for each of the plurality of lines based on
the scores of the points that comprise the line; and
select one of the plurality of lines as a line that defines the
location of the groove based on the calculated values.
35. The computer-readable medium of claim 34, further
comprising instructions that when executed by the processor
cause the processor to:
calculate the value for each of the plurality of lines as a sum
of'the scores of the points corresponding to the line.
36. The computer-readable medium of claim 34, further
comprising instructions that when executed by the processor
cause the processor to:
select one of the plurality of lines as the line having a
maximum value.
37. The computer-readable medium of claim 33, wherein
the document is a book.
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38. The computer-readable medium of claim 33, wherein
the document is a magazine or catalog.

39. The computer-readable medium containing instruc-
tions that when executed by a processor cause the processor
to:

generate a score for each point on a surface of a three-

dimensional image, the score quantifying a likelihood
that a particular one of the points is located in a groove
defined by a spine of a document;

bias the scores of the points that are located closer to a

middle of the three-dimensional image more than the
scores of the points that are located farther from the
middle of the three-dimensional image;

fit a plurality of lines through the points;

calculate a value for each of the plurality of lines based on

the scores of the points that comprise the line; and

select one of the plurality of lines as a line that defines a

location of the groove based on the calculated values.

40. The computer-readable medium of claim 39, further
comprising instructions that when executed by the processor
cause the processor to:

calculate the value for each of the plurality of lines as a sum

of the scores of the points corresponding to the line.

41. The computer-readable medium of claim 40, where,
when selecting one of the plurality of lines as a line that
defines the location of the groove, the instructions cause the
processor to:

select a line with a highest calculated value as the line that

defines the location of the groove.

#* #* #* #* #*
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