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(57) Abstract: A Mixed Media Reality (MMR) system and associated techniques are disclosed. The MMR system provides mech-
anisms for forming a mixed media document that includes media of at least two types (e.g., printed paper as a first medium and

& digital content and/or web link as a second medium). In one particular embodiment, the MMR system includes a content-based re-

& trieval database configured with an index table to represent two-dimensional geometric relationships between objects extracted from
a printed document in a way that allows look-up using a text-based index. A ranked set of document, page and location hypotheses
can be computed given data from the index table. The techniques effectively transform features detected in an image patch into
textual terms (or other searchable features) that represent both the features themselves and the geometric relationship between them.
A storage facility can be used to store additional characteristics about each document image patch.
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DESCRIPTION

DATA ORGANIZATION AND ACCESS FOR

MIXED MEDIA DOCUMENT SYSTEM

TECHNICAL FIELD

The invention relates to techniques for
producing a mixed media document that is formed from at
least two ﬁedia types, and more particularly, to a Mixed
Media Reality (MMR) system that uses printed media in
combination with electronic media to produce mixed media

documents.

BACKGROUND ART

Document printing and copying technology has
been used for many years4in many contexts. By way of
example, printers and copilers are used in private and
commercial office environments, ;n home environments
with personal compﬁters, and in document printing and
publishing service environments. However, printing and
copying technology has not been thought of previously as
a meahs to bridge the gap between static printed media
(i.e., paper documents), and the “virtual world” of
interactivity that includes the likes of digital

communication, networking, information provision,
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advertising, entertainment, and electronic commerce.
Printed media has been the primary source of
communicating information, such as news and adverfising
information, for centuries. The advent and ever-
increasing popularity of peréonal computers and personal
electronic devices, such as personal digital assistant
(PDA) devices and cellular telephones (e.g., cellular
camera phones), over the past few years has expanded the
concept of printed media by making it available in an
electronically readable and searchable form and by
introducing interactive multimedia capabilities, which
are unparalleled by traditional printed medié.
Unfortunately, a gap exists between the
virtual multimedia-based world that is accessible
electronically and the physical world of print media.
For example, although almost everyone in the developed
world has access to printed media and to electronic
information on a daily basis, uégrs of printed media and
of personal electronic devices do not’possess the tools
and technology réquired to form a link between the two
(i.e., for facilitating a mixed media document).
Moreover, there are particular advantageous
attributes that conventional printed media provides such
as tactile feel, no power requirements, and permanency

for organization and storage, which are not provided



WO 2007/023993 ’ PCT/JP2006/316812
~3-

with virtual or digital media. Likewise, there are
particular advantageous attributes that conventional
digital media provides such as portability (e.g./
carried in storage of cell phone or laptop) and ease of
5 transmission (e.g., email). |
For these reasons, a need exists for
techniques that enable exploitation of the benefits

associated with both printed and virtual media.

10 DISCLOSURE OF THE INVENTTION

At least one aspect of one or more embodiments
of the present invention provides a computerlimplementéd
method for organizing and accessing information in ‘a
mixed media document system. The method includes
15 generating an electronic representation of the paper
document, identifying features on the paper document
that capture two-dimensional aspects of the paper
document, identifying locations of the features, and
indexing the features by their respective locations,

20  thereby geneiating an index table. .The method méy
include the preliminary step of receiving the paper
document. The method may include storing one or more
characteristics associated with at least one of the
features. In one such case, the one or more

25 characteristics include one or more actions including at
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least one of retrieval of textual information, retrieval
of graphiéal information, executing a process, executing
a command, placing an order, retrieving a Video,‘
retrieving a sound, storing information, creating a new
document, printing a documeﬁf, and displaying a document.
In another particular case, identifying features on the
paper document that capture two-dimensional aspects

includes identifying horizontally aligned (whether

adjacent or not) and vertically aligned (whether

adjacent or not) objects. In another particular case,
identifying features on the paper document that capture
two-dimensional aspects includes identifying horizontal

and vertical word-pairs (whole or partial word-pairs).

In another particular case, generating an electronic

represeritation of the paper document is carried out
during a scanning or printing process. in another
particular case, identifying features on the paper
document that capture two-dimensional aspects of the
paper document includes grouping sequences of text into
logical lineé by checking amount of'vertical ove?lap
between two consecutive sequences. The method may
include receiving one or more query terms that capture
two-dimensional relationships between objects in a
target document, and computing at least one mixed media

document and location hypotheses potentially responsive
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to the query terms, based on data from the index table.
In one such case, receilving one or more gquery terms that
capture two-dimensional relationships between objects in

a target document 1s preceded by receiving the target

~ document, creating an image'of'at least a patch of

target document, and generating the one or more query
terms based on the image. In one such cése, generating
the one or more query terms based on the image includes
generating horizontal and vertical word-pairs extracted
from the image. In another particular case, computing
at least one mixed media document and ;ocation
hypotheses includes locating a stored page tﬁat most
likely matches the patch of the target document, ard
calculating a location within that page that is most
likely the center of the patch. In one such case, each
word-pair is associated with an inverse document
frequency, and locating a stored page that most likely
matches at least a patch of the target document includes
adding the inverse document frequency for each word-pair
to an accumulator indexed by documehts pages on which
that word-pair appears. In response to a maximum value
in that accumulator exceeding a threshold, the method
continues with outputting the corresponding document
page as a match to the patch. 1In one such case,

calculating a location within that page that is most



WO 2007/023993 ' PCT/JP2006/316812

10

15

20

25

—6-

likely the center of the patch includes adding a weight
to each cell in a zone around each word-pair (the weight
for each cell can be determined, for example, by product‘

of the inverse document frequency of that word-pair and

a normalized geometric distance between that cell and

the center of the zone), and searching a corresponding
Accum array of the accumulator for the cell.with a
maximum value. In response to the maximum value
exceeding a threshold, the method further includes
reporting coordinates of the cell as the location of the
patch. In another particular case, reporting computing
at least one mixed media document and locatién'
hypotheses includes looking-up each of the one or more
query terms iﬁ the index table to retrieve one or more
locations associated with each guery term, and for each
identified location, identifying one or more candidate
regions that coqtain the location. In one such case,
computing at least one mixed media document and location
hypotheses includes identifying one of the one or more
candidate regions that is most consistent with all of
the one or more query terms. In response to determining
that the one of the one or more candidate regions
satisfies a pre-defined matching criteria, the method
continues with confirming the region as a match to the

target document.
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At least one other aspect of one or more embodiments of
the present invention provide a machine-readable medium
(e.g., one or more compact disks, diskettes, servers,

memory sticks, or hard drives, ROMs, RAMs, or any type

~of media suitable for storiﬁg electronic instructions) -

encoded with instructions, that when executed by one or
more processors, cause the processor to carry out a
process for organizing and accessing information in a
mixed media document system. This process can be, for
example, similar to or a variation of the  method
described here.

At least one other aspect of one 6r more
embodiments of the present invention provide a method
for accessing information in a mixed media document
system.  The method includes receiving one or more guery
terms that capture two-dimensional relationships between
objects in a target document, and computing at least one
mixed media document and locatiép hypotheses potentially
responsive to the query terms, based on data from an
index table that indexes document features and feature
locations of mixed media documents. In one particular
case, receiving one or more query terms that capture
two-dimensional relationships between objects in a
target document is preceded by receiving the target

document, creating an image of at least a patch of
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target document, and_generating the one or more query
terms based on the image. In one such case, generating
the one or more query terms based on the image includes

generating horizontal and vertical word-pairs extracted

~from the image. In another éuch case, computing at

least one mixed media document and location hypotheses
includes locating a stored page that most likely matches
the patch of the target document, and calculating a
location within that page that is most likely the center
of the patch. 1In another such case, each-word-pair.is
associated with an inverse document frequency, and
locating a stored page that most likely matches at leaét
a patch of the target document includes adding the -
inverse document frequency for each word-pair to an
accumulator indexed by documents pages on which that
word-pair appears. In response to a maximum value in
that accumulator exceeding a threshold, the method
continues with outputting the c§;responding document
page as a match to the patch. In another such case,
calculating a location within that page that is most
likely the center of the patch includes adding a weight
to each cell in a zone around each word-pair (the weight
for each cell can be determined, for example, by product
of the inverse document frequency of that word-pair and

a normalized geometric distance between that cell and
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the center of the zone), and searching a corresponding
Accum array of the accumulator for the cell with a
maximum value. In response to the maximum value

exceeding a threshold, the method includes reporting

~coordinates of the cell as the location of the patch.

In another particular case, computing at least one mixed
media document and location hypotheses includes looking-
up each of the one or more query terms in the‘index
table to retrieve one or more locations associated with
each query term, and for each identified location,
identifying one or more candidate regions that contain
the location. Computing at least one mixed ﬁedia
document and location hypotheses may further include
identifying one of the one or more candidate regions
that is most consistent with all of the one or more
guery terms, and in response to determining that the one
of the one or more candidate regions satisfies a pre-
defined matching criteria, confirming the region as a
match to the target document.

Aﬁother embodiment of the‘present invention
provides a machine-readable medium (e.g., one or more
compaét disks, diskettes, servers, memory sticks, or
hard drives, ROMs, RAMs, or any type of media suitable
for storing electronic instructions) encoded with

instructions, that when executed by one or more
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processors, cause the processor to carry out a process
for accessing information in a mixed media document
system. This process can be, for example, similér to or ’
a variation of the method described here.

At least one other'aspect of one or more
embodiments of the present invention provide a machine-
readable medium (e.g., one or more compact disks,
diskettes, servers, memory sticks, or hard drives, ROMs,
RAMs, or any type of media suitable for storing
electronic instructions) encoded with instructions,  that
when executed by one or more processors, cause the
processor to carry out a process for accessihg
information in a mixed”ﬁedia document system. This
process can be, for example, similar to or a variation
of the method described here.

The features and advantages described herein
are not all-inclusive and, in particular, many
additional features and advantages will be apparent to
one of ordinary skill in the art in view of the figures
and description. Moreover,Ait shouid be noted that the
language used in the specification has been principally
selected for readability and instructional purposes, and

not to limit the scope of the inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1A illustrates a functional block
diagram of a Mixed Media Reality (MMR) system configured
in accordance with an embodiment of the present |
invention.

Figure 1B illustrafes4a functional block
diagram of an MMR system configured in accordance with
another embodiment of the present invention;

Figures 2A, 2B, 2C, and 2D illustrate capture
devices in accordance with embodiments of the present
invention. |

Figure 2E illustrates a functional.b;ock
diagram of a capture device configured in acéordance
with an embodiment of the present invention.

Figure 3 illustrates a functional block
diagram of a MMR computer configured in accordance with
an embodiment of the present invention.

Figure 4 illustrates a set of software
components included in an MMR software suite configured
in accordance with an embodiment of the present
invention. |

Figure.5 illustrates a diagram representing aﬁ
embodiment of an MMR document configured in accordance
with an embodiment of the present invention.

Figure 6 illustrates a document fingerprint

matching methodology in accordance with an embodiment of
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the present invention.

Figure 7 illustrates a document fingerprint
matching system configured in accordance with an
embodiment of the present invention.

Figure 8 illustratés a flow ?rocess for
text/non-text discrimination in accordance with an
embodiment of the present invention.

Figure 9 illustrates an example of text/non-
text discrimination in accordance with an embodiment of
the present invention.

Figure 10 illustrates a flow process for
estimating the point size of text in an imagé patch in
accordance with an embodiment of the present invention.

Figure 11 illustrates a document fingerprint
matching technigue in accordance with another embodiment
of the present invention.

Figure 12 illustrates a document fingerprint
matching technique in accordance with another embodiment
of the present invention.

Fiéure 13 illustrates an éxample of
interactive image analysis in accordance with an
embodiment of the present invention.

Figure 14 illustrates a document fingerprint matching
technique in accordance with another embodiment of the

present invention.
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Figure 15 illustrates an example of word
bounding box detection in accordance with an embodiment
of the present invention.

Figure 16 illustrates a feature extraction

“technique in accordance with an embodiment of the

present invention.

Figure 17 illustrates a feature extraction
technique in accordance with another embodiment of the
present invention.

Figure 18 illustrates a feature-extraction
technique in accordance with another embodiment of the
present invention. |

Figure 19 illustrates a feature extraction

‘technique in accordance with another embodiment of the

present ‘invention.

Figure 20 illustrates a document fingerprint
matching technique in accordance with another embodiment
of the present invention.

Figure 21 illustrates multi-classifier feature
extraction fbr document fingerprintvmatching in
accordance with an embodiment of the present invention.

Figures 22 and 23 illustrate an example of a
document fingerprint matching technique in accordance
with an embodiment of the present invention.

Figure 24'illustrates a document fingerprint
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matching technique in accordance with another embodiment
of the present invention.

Figure 25 illustrates a flow process for
database-~driven feedback in accordance with an
embodiment of the present inﬁention.

Figure 26 illustrates a document fingerprint
matching technique in accordance with another embodiment
of the present invention.

Figure 27 illustrates a flow process for
database-driven classification in accordance with an
embodiment of the present invention.

Figure 28 illustrates a document fingerprint
matching technique in accordance with another embodiment
of the present invention.

Figure 29 illustrates a flow process for
database-driven multiple classification in accordance
with an embodiment of the present invention.

Figure 30 illustrates a document fingerprint
matching technique in accofdance with another embodiment
of the preseht invention.

Figure.31 illustrates a document fingerprint
matching technigue in accordance with another embodiment
of the presént invention.

Figure 32 illustrates a document fingerprint

matching technique in accordance with another embodiment
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of the present invention.

Figure 33 shows a flow process for multi-tier
recognition in accordance with an embodiment of tﬁe
present invention.

5 Figure 34A illustfétes a functional block
diagram of an MMR database system configured in
accordance with an embodiment of the present invention.

Figure 34B illustrates an example of MMR
feature éxtraction for an OCR-based technigue in

10 accordance with an embodiment of the present invention.

Figure 34C illustrates an example index table
organization in accordance with an embodimen£ of fhe
present invention.

Figure 35 illustrates a method for generating

15 an MMR index table in accordance with an embodiment of
the present invention.

Figure 36 illustrates a method for computing a
ranked set of document, page, and location hypotheses
for a target document, in accordance with an embodiment

20 of the presént invention.

Figure 37A illustrates a functional block
diagram of MMR components configured in accordance with
another embodiment of the present invention.

Figure 37B illustrates a set of software

25 components included in MMR printing software in
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accordance with an embodiment of the invention.

Figure 38 illustrates a flowchart of a method
of embedding a hot spot in a document in accordaﬁce with
an embodiment of the present invention.

Figure 39A illustrétes an example of an HTML"
file in accordance with an embodiment of the present
invention

Figure 39B illustrates an example of a marked-
up version of the HTML file of Figure 39A.

Figure 40A illustrates an example of the HTML
file of Figure 39A displayed in a browser in accordance
with an embodiment of the present invention.. |

Figure 40B illustrates an example of a printed
version of the HTML file of Figure 40A, in accordance
with an embodiment of the present invention.

Figure 41 illustrates a symbolic hotspot
description in accordance with an embodiment of the
present invention.

Figures 42A and 42B show an.example
page desc.xml file for the HTML filé of Figure 39A, in
accordance with an embodiment of the present invention.

Figure 43 illustrates a hotspot.xml file
corresponding to Figures, 41, 42A, and 42B, in
accordance with an embodiment of the present invention.

Figure 44 illustrates a flowchart of the
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process used by a forwarding DLL in accordance with an
embodiment of the present invention.

Figure 45 illustrates a flowchart of a ﬁethod
of transforming characters corresponding to a hotspot in
a document in accordance with an embodiment of the
present invention.

Figure 46 illustrates an example of an
electronic version of a document according to an
embodiment of the present invention.

Figure 47 illustrates an example of a printed
modified document according to an embodiment.of the
present invention.

Figure 48 illustrates a flowchart of a method
of shared document annotation in accordanée with an
embodiment of the present invention.

Figure 49A illustrates a sample source web
page in a browser according to an embodiment of the
present invention.

Figure 49B illustrates a sample modified web
page in a browser according to an embodiment of the
presenht invention.

| Figure 49C illustrates a sample printed web
page according to an embodiment of the present invention.

Figure 50A illustrates a flowchart of a method

of adding a hotspot to an imaged document in accordance
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with an embodiment of the present invention.

.Figure 50B illustrates a flowchart of a method
of defining a hotspot for addition to an imaged dbcument
in accordance with an embodiment of the present
invention. |

Figure 51A illustrates an example of a user
interface showing a portion of a newspaper page that has
been scanned according to an embodiment.

Figure 51B illustrates a user interface for
defining the data or interaction to associate with a
selected hotspot.

Figure 51C illustrates the user inferface of
Figure 51B including an assign box in accordance with an
embodiment of the present invention.

Figure ‘51D illustrates a user interface for
displaying hotspots within a document in accordance with
an embodiment of the present invention.

Figure 52 illustrates a flowchart of a method
of using an MMR docﬁment and the MMR system in
accordance with an embodiment of thé present invention.

Figure 53 illustrates a block diagram of an
exemplary set of business entities associated with the
MMR system, in accordance with an embodiment of the
present invention.

Figure 54.illustrates a flowchart of a method,
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which is a generalized business method that is
facilitated by use of the MMR system, in accordance with

an embodiment of the present invention.

'BEST MODE FOR CARRYING OUT THE INVENTION

A Mixed Media Reality (MMR) system and
associated methods are described. The MMR system
provides mechanisms for forming a mixed media document
that includes media of at least two types, such as
printed paper as a first medium and a digital photograph,
digital movie, digital audio file, digital text file, or
web link as a second medium. The MMR systemband/or ‘
techniques can be fﬁrther used to facilitate various
business models that také advantage of the combination
of a portable electronic device (e.g., a PDA or cellular
camera phone) and a paper document to provide mixed
media documents.

In one particular embédiment, the MMR system
includes a content-based retrieval database that
represents two-dimensional geometrié relationshiﬁs
between objects extracted from a printed document in a
way that allows look-up using a text-based index.
Evidence accumulation techniques combine the frequency
of occurrence of a feature with the likelihood of its

location in a two-dimensional zone. In one such
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embodiment, an MMR database system includes an index
table that receives a description computed by an MMR
feature extraction algorithm. The index table

identifies the documents, pages, and x-y locations

~within those pages where each feature occurs. An

evidence accumulation algorithm computes a ranked set of
document, page and location hypotheses given the data
from the index table. A relational database (or other
suitable storage facility) can be used to store
additional characteristics about each document, rage,
and location, as desired. _

The MMR database system may includé other
components as well, such as an MMR processor, a capture
device, a communication mechanism and a memory including
MMR software. The MMR processor may also be coupled to
a storage or source of media types, an iﬁput device and
an output device. In one such configuration, the MMR
software includes routines executable by the MMR
processor for accessing MMR documents with additional
digital confent, creating or modifying MMR documents,
and using a document to perform other operations such
business transactions, data queries, reporting, etc.

MMR System Overview

Referring now to Figure 1A, a Mixed Media Reality (MMR)

system 100a in accordance with an embodiment of the
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present invention is shown. The MMR system 100a
comprises a MMR processor 102; a communication mechanism
104; a capture device 106 having a portable input device

168 and a portable output device 170; a memory including

~MMR software 108; a base media storage 160; an MMR media

storage 162; an output device 164; and an input device
166. The MMR system 100a creates a mixed media
environment by providing a way to use information from
an existing printed document (a first media tybe) as an
index to a second media type(s) such as audio, video,
text, updated information and services.

The capture device 106 is able to Qenerate a
representation of a printed document (e.g., an image,
drawing, or other such representation), and the
representation is sent to the MMR processor 102. The:
MMR system 100a then matches the representation to an
MMR document and other second media types. The MMR
system 100a 1s also responsible‘ﬁor taking an action in
response to input and recognition of a representation.
The actions taken by the MMR system.looa can be any type
including, for example, retrieving information, placing
an oraer, retrieving a video or sound, storing
information, creating a new document, printing a
document, displaying a document or image, etc. By use

of content-based retrieval database technology described
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herein, the MMR system 100a provides mechanisms that
render printed text into a dynamic medium that provides
an entry point to electronic content or services 6f
interest or value to the user.

The MMR processor iOZ'processes data signals -
and may comprise various computing architectures
including a complex instruction set compﬁter (CISC)

architecture, a reduced instruction set computer (RISC)

architecture, or an architecture implementing a

combination of instruction sets. In one particular
embodiment, the MMR processor 102 comprises an
arithmetic logic unit, a microprocessor, a géneral
purpose computer, or some other information appliance
equipped to perform the operations of the present
invéntion. In another embodiment, MMR processor 102
comprises a general purpose computer having a graphical
user interface, which may be generated by, for example,
a program written in Java runniﬁg on top of an operating
system like WINDOWS or UNIX based operating systems.
Although only a single processor is shown in Figure 1A,
multiple processors may be included. The processor is |
coupled to the MMR memory 108 and executes instructions
stored therein.

The communication mechanism 104 is any device

or system for coupling the capture device 106 to the MMR
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processor 102. For example, the communication mechanism
104 can bé implemented using a network (e.g., WAN and/or
LAN), a wired link (e.g., USB, RS232, or Ethernet), a
wireless link (e.g., infrared, Bluetooth, or 802.11), a
mobile device communication iink (e.g., GPRS or GSM), &
public switched telephone network (PSTN) link, of any
combination of these. Numerous communication
architectures and protocols can be used here.

The capture device 106 includes a means such as a
transceiver to interface with the communication
mechanism 104, and is any device that is capable of
capturing an image or data digitally via an input devicé

168. The capture device 106 can optionally include an

'output device 170 and is optionally portable. For

example, the capture device 106 is a standard cellular
camera phone; a PDA device; a digital camera; a barcodeA
reader; a radio frequency identification (RFID) reader;
a computer peripheral, such as a standard webcam; or a
built-in device, such as the wvideo card of a PC.

Several examples of capture devices.106a—d are déscribed
in more detail with reference to Figures 2A-2D, |
respeétively. Additionally, capture device 106 may
include a software application that enables content-
based retrieval and that links capture device 106 to the

infrastructure of MMR system 100a/100b. More functional
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details of capture device 106 are found in reference to
Figure 2E. Numerous conventional and customized capture
devices 106, and their respective functionalities.and
architectures, will be apparent in light of this
disclosure. :

The memory 108 stores instruétions and/or data
that may be executed by processor 102. The instructions
and/or data may comprise code for performing any and/or
all of techniques described herein. The memory 108 may
be a dynamic random access memory (DRAM)'device, a
static random access memory (SRAM) device, or any other
suitable memory device. The memory 108 ié déscribed in
more detail below with reference to Figure 4. In one
particular embodiment, the memory 108 includes the MMR
software suite, an operating system and other
application programs (e.g., word processing applicationé,
electronic mail applications, financial applications,
and web browser applications).

The base media storage 160 is for storing
second media”types in their originai form, and MMR media
storagg 162 is for storing MMR documents, databases and
other.information as detailed herein to create the MMR
environment. While shown as being separate, in another
embodiment, the base media storage 160 and the MMR media

storage 162 may be portions of the same storage device
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or otherwise integrated. The data storage 160, 162
further stores data and instructions for MMR processor
102 and comprises one or more devices including, for
example, a hard disk drive, a floppy disk drive, a
CD-ROM device, a DVD-ROM device, a DVD-RAM device, a
DVD-RW device, a flash memory device, or any other
suitable mass storage device.

The output device 164 is operatively coupled

the MMR processor 102 and represents any device equipped

to output data such as those that display, sound, or
otherwise present content. For instance, the output
device 164 can be any one of a variety of tyﬁes such aé
a printer, a display device, and/or speakers. Example
display output devices 164 include a cathode ray tube
(CRT), liquid crystal display (LCD), or any other
similarly equipped display device, screen, or monitor.
In one embodiment, the output device 164 is equipped
with a touch screen in which a tquch—sensitive,
transparent panel covers the screen of the output device
164. | |

The input device 166 is operatively coupled
the MMR processor 102 and is any one of a variety of
types such as a keyboard and cursor controller, a
scanner, a multifunction printer, a still or video

camera, a keypad, a touch screen, a detector, an RFID
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tag reader, a switch, or any mechanism that allows a
user to interact with system 100a. In one embodiment
the inﬁut device 166 is a keyboard and cursor controller.
Cursor control may include, for example, a mouse, a
trackball, a stylus, a pen, é touch screen and/or pad,
cursor direction keys, or other mechanisms to cause
ﬁovement of a cursor. In another embodiment, the input
device 166 is a microphone, audio add-in/expansion card
designed for use within a general purpose computer
system, analog-to-digital converters, and-digital signal
processors to facilitate voice recognition aﬁd/or audio
processing.

Figure 1B illustrates a functional block
diagram of an MMR system 100b configured in accordance
with another‘embodiment of the present invention. In-
this embodiment, the MMR system 100b includes a MMR
computer 112 (operated by user 110), a networked media
server 114, and a printer 116 th;t produces a printed
document 118. The MMR system 100b further includes an
office portal 120, a service providér server 122; an
electronic display 124 that is electrically connected to
a set-top box 126, and a document scanner 127. A
communication link between the MMR computer 112,
networked media server 114, printer 116, office portal

120, service provider server 122, set-top box 126, and
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document scanner 127 is provided via a network 128,
which can be a LAN (e.g., office or home network), WAN
(e.g., Internet or corporate network), LAN/WAN

combination, or any other data path across which

~multiple computing devices may communicate.

The MMR system 100b further includes a capture
device 106 that is capable of communicating wirelessly
to one or more computers 112, networked media server 114,
user printer 116, office portal 120, service provider
server 122, electronic display 124, set-top box 126, and
document scanner 127 via a cellular infrastruqture 132,
wireless fidelity (Wi-Fi) technology 134, BiuetOOth .
technology 136, and/or infrared (IR) technology 138.
Alternatively, or in addition to, capture device 106 is
capable of communicating in a wired fashion to MMR
computer 112, networked media server 114;‘user printer
116, office portal 120, service provider server 122,
electronic display 124, set-top box 126, and document
scanner 127 via wired technology 140.' Although Wi-Fi
technology 134, Bluetooth technology 136, IR tedhnology
138, and wired technology 140 are shown as separate
elements in Figure 1B, such technology can be integrated
into the processing environments (e.g., MMR computer 112,
networked media server 114, capture device 106, etc) as

well. Additionally, MMR system 100b further includes a
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geo location mechanism 142 that is in wireless or wired
communication with the service provider server 122 or
network 128. This could also be integrated into the
capture device 106.

The MMR user 110 ié any individual who is
using MMR system 100b. MMR computer 112 is any desktop,
laptop, networked computer, or other such processing
environment. User printer 116 is any home, office, or
commercial printer that can produce printed document 118,
which is a paper document that is formed of one or more
printed pages.

Networked media server 114 is a nefworked
computer that holds information and/or applications to
be accessed by users of MMR system 100b via network 128.
In éne particular embodiment, networked media server 114
is a centralized computer, upon which is stored a |
variety of media files, such as text source files, web
pages, audio and/or video files, image files (e.g.,
still photos), and the like. Networked media server 114
is, for examble, the Comcasf Video—én;Demand servers of
Comcast Corporation, the Ricoh Document Mall of Ricoh
Innovétions Inc., or the Google Image and/or Video
servers of Google Inc. Generally stated, networked
media server 114 provides access to any data that may be

attached to, integrated with, or otherwise associated



WO 2007/023993 PCT/JP2006/316812

10

15

20

25

-20-

with printed document 118 via capture device 106.
Office poital 120 is an optional mechanism for capturing
events that occur in the environment of MMR user ilO,

such as events that occur in the office of MMR user 110.

Office portal 120 is, for exémple, a computer that is

separate from MMR computer 112. In this case, office
portal 120 is connected directly to MMR computer 112 or
connected to MMR computer 112 via network 128.
Alternatively, office portal 120 is built into MMR
computer 112. For example, office portal 120 is
constructed from a conventional personal computer (PC)
and then augmented with the appropriate hardWare that
supports any associated capture devices 106. Office
portal 120 may include capture devices, such as a video
camera and an audio recorder. Additionally, office
portal 120 may capture and store data from MMR computer
112. For example, office portal 120 is able to receive
and monitor functions and eventssthat occur on MMR
computer 112. As a result, office portal 120 is able to
record all audio and video in the physical environment
of MMR user 110 and record all events that occur on MMR
computer 112. In one particular embodiment, office
portal 120 captures events, e.g., a video screen capture
while a document is being edited, from MMR computer 112.

In doing so, office portal 120 captures which websites
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that were browsed and other documents that were
consulted while a given document was created. That
information may be made available later to MMR user 110

through his/her MMR computer 112 or capture device 106.

' Additionally, office portal 120 may be used as the

multimedia server for clips that users add to their
documents. Furthermore, office portal 120 may capture
other office events, such as conversations (e;g.,
telephone or in-office) that occur while paper documents
are on a desktop, discussions on the phone, and small
meetings in the office. A video camera (not shown) on
office portal 120 may identify paper documents on the
physical desktop of MMR user 110, by use of the same
content-based retrieval technologies developed for
capture device 106.

Service provider server 122 is any commercial
server that holds information or applications that can
be accessed by MMR user 110 of MMR system 100b via
network 128. 1In pafticular, service provider server 122
is represenfative of any service prbvider that is
associated with MMR system 100b. Service provider
server 122 is, for example, but is not limited to, a
commercial server of a cable TV provider, such as
Comcast Corporation; a cell phone service provider, such

as Verizon Wireless; an Internet service provider, such
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as Adelphia Communications; an online music service
provider, such as Sony Corporation; and the like.
Electronic display 124 is any display device, such as,

but not limited to, a standard analog or digital

~television (TV), a flat screen TV, a flat panel display,

or a projection system. Set-top box 126 is a receiver
device that processes an incoming signal'from a
satellite dish, aerial, cable, network, or telephone
line, as is known. An example manufacturer of set-top
boxes is Advanced Digital Broadcast. Set-top box 126 is
electrically connected to the video input of electronic
display 124. | “

Document scanner 127 is a commercially
available dogument scanner device, such aé the KV-52026C
fuli—color scanner, by Panasonic Corporation. Document
scanner 127 is used in the conversion of existing
printed documents into MMR-ready documents. Cellular
infrastructure 132 is representative of a plurality of
cell towers and othér cellular network interconnections.
In particular, by use of cellular ihfrastructure 132,
two-way voice and data communications are provided to
handheld, portable, and car-mounted phones via wireless
modems incorporated into devices, such as intoc capture
device 106.

Wi-Fi technology 134, Bluetooth technology 136,
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and IR technology 138 are representative of technologies
that facilitate wireless communication between
electronic devices. Wi-Fi technology 134 is techﬁology
that is associated with wireless local area network
(WLAN) products that are baséd on 802.11 standards, as
is known. Bluetooth technology 136 is a
telecommunications industry specification that describes
how cellular phones, computers, and PDAs are
interconnected by use of a short-range wireless
connection, as is known. IR technology 138 allows
electronic devices to communicate via short-range
wireless signals. For example, IR technolog& 138 is a
line-of-sight wireless communications medium used by
television remote controls, laptop computers, PDAs, and
other devices. IR technology 138 operates in the
spectrum from mid-microwave to below visible light.
Further, in one or more other embodiments, wireless
communication may be supported using IEEE 802.15 (UWB)
and/or 802.16 (WiMAX) standards. |

Wifed technology 140 is ahy wired
communications mechanism, such as a standard Ethernet
connection or universal serial bus (USB) connection. By
use of cellular infrastructure 132, Wi-Fi technology 134,
Bluetooth technology 136, IR technology 138, and/ox

wired technology 140, capture device 106 is able to
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communicate bi-directionally with any or all electronic
devices of MMR system 100b.
Geo-location mechanism 142 is any mechanism

suitable for determining geographic location. Geo-

“location mechanism 142 is, for example, GPS satellites -

which provide position data to terrestrial GPS receiver
devices, as is known. In the example, embodiment shown
in Figure 1B, position data is provided by GPS
satellites to users of MMR system 100b via service
provider server 122 that is connected to network 128 in
combination with a GPS receiver (not shown).
Alternatively, geo-location mechanism 142 isla set of
cell towers (e.g., a subset of cellular infrastructure
132) that provide a triangulation mechanism, cell tower
identification (ID) mechanism, and/or enhanced 911
service as a means to determine geographic location.
Alternatively, geo-location mechanism 142 is provided by
signal strength measurements from known locations of
WiFi access points ér BlueTooth devicgs.

In’operation, capture device 106 serves as a
client that is in the possession of MMR user 110.
Software applications exist thereon that enable a
content-based retrieval operation and links capture
device 106 to the infrastructure of MMR system 100b via

cellular infrastructure 132, Wi-Fi technology 134,
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Bluetooth technology.136, IR technology 138, and/or
wired technology 140. Additionally, software
applications exist on MMR computer 112 that perform

several operations, such as but not limited to, a print

. capture operation, an event capture operation (e.g.,

save the edit history of a document), a server operation
(e.g., data and events saved on MMR compﬁter 112 for
later serving to others), or a printer management
operation (e.g., printer 116 may be set up to queue the
data needed for MMR such as document layout and
multimedia clips). Networked media server 114 provides
access to the data attached to a printed doéument, such
as printed document 118 that is printed via MMR cbmputer
112, belonging to MMR user 110. In doing so, a second
medium, such as video or audio, is associated with a -
first medium, such as a paper document. More details of
the software applications and/or mechanisms for forming
the association of a second medium to a first medium are
described in reference to Figures 2E, 3, 4, and 5 below.

Capture Device

Figures 2A, 2B, 2C, and 2D illustrate example
capture devices 106 in accordance with embodiments of
the present invention. More specifically, Figure 2A
shows a captﬁre device 106a that is a cellular camera

phone. Figure 2B shows a capture device 106b that is a
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PDA device. Figure 2C shows a capture device 106c that
is a computer peripheral device. One example of a
computer peripheral device is any standard webcam.

Figure 2D shows a capture device 106d that is built into

~a computing device (é.g., such as MMR computer 112).

For exémple, capture device 106d is a computer graphics
card. Example details of éapture device 106 are found
in reference to Figure Z2E.

In the case of capture devices 106a and 106b,
the capture device 106 may be in the possession of MMR
user 110, and the physical location thereof may be
tracked by geo location mechanism 142 or by fhe ID
numbers of each cell tower within cellular
infrastructure 132. .

Referring now to Figure 2E, a functional block
diagram for one embodiment of the capture device 106 in
accordance with the present invention is shown. The
capture device 106 includes a processor 210, a display
212, a keypad 214, a storage device 216, a wireless
c0mmunicatioﬁs link 218, a wired coﬁmunications.link 220,
an MMR software suite 222, a capture device user
interface (UI) 224, a document fingerprint matching
module 226, a third-party software module 228, and at
least one of a variety of capture mechanisms 230.

Example capture mechanisms 230 include, but are not
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limited to, a video camera 232, a still camera 234, a
voice recorder 236, an electronic highlighter 238, a
laser 240, a GPS deviée 242, and an RFID reader 244.
Processor 210 is a central processing unit (CPU), such
as, but not limited to, the éentium microprocessor,
manufactured by Intel Corporation. Display 212 is any
standard video display mechanism, such those used in
handheld electronic devices. More particulariy, display
212 is, for example, any digital display, such as a
liquid crystal display (LCD) or an organic light-
emitting diode (OLED) display. Keypad 214 is any
standard alphanumeric entry mechanism, such és a keypad
that is used in standard computing devices and handheld
electronic devices, such as cellular phones. Storage
device 216 is any volatile or non-volatile memory device,
such as a hard disk drive or a random access memory
(RAM) device, as 1s well known.

Wireless communiéationg link 218 is a wireless
data communications mechanism that provides direct
point-to-point communication or wiréless communication
via access points (not shown) and a LAN (e.g., IEEE
802.11 Wi-Fi or Bluetooth technology) as is well known.
Wired communications link 220 is a wired data
communications mechanism that provides direct

communication, for example, via standard Ethernet and/or
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USB connections.

'MMR software suite 222 is the overall
management software that performs the MMR operatiéns,
such as merging one type of media with a second type.
More details of MMR software‘suite 222 are found with
reference to Figure 4.

Capture device User Interface (UI) 224 is the
user interface for operating capture device 106. By use
of capture device UI 224, various menus are presented to
MMR user 110 for the selection of functions thereon.
More specifically, the menus of capture device UI 224
allow MMR user 110 to manage tasks, such as,‘but not
limited to, interacting with paper documents, reading
data from existing documents, writing data into existing
documents, viewing and interacting with the augmented:
reality associated with those documents, and viewing and
interacting with the augmented reality associated with
documents displayed on his/her MMR computer 112.

The document fingerprint matching module 226
is a softwaré module for extracting'features from a text
image captured via at least one capture mechanism 230 of
captufe device 106. The document fingerprint matching
module 226 can also perform pattern matching between the
captured image and a database of documents. At the most

basic level, and in accordance with one embodiment, the
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document fingerprint matching module 226 determines the
position of an image patch within a larger page image
wherein that page image is selected from a large

collection of documents. The document fingerprint

~matching module 226 includes routines or programs to

receive captured data, to extract a representation of
the image from the captured data, to perform patch
recognition and motion analysis within documeﬁts, to
perform decision combinations, and to output a list of
x-y locations within pages where the input images are
located. For example, the document fingerprint matching
module 226 may be an algorithm that combines.horizontal
and vertical features that are extracted from an iMage
of a fragment of text, in order to identify the document
and the section within the document from which it was’
extracted. Once the features are extracted, a printed
document index (not shown), whiqh resides, for example,
on MMR computer 112 or networked media server 114, is
gqueried, in order to identify the symbolic document.
Under the control of capture device'UI 224, document
fingerprint matching module 226 has access to the
printed document index. The printed document index is
described in more detail with reference to MMR computer
112 of Figure 3. Note that in an alternate embodiment,

the document fingerprint matching module 226 could be
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part of the MMR computer 112 and not located within the
capture device 106. In such an embodiment, the capture
device 106 sends raw captured data to the MMR combuter
112 for image extraction, pattern matching, and document
and position recogniﬁion. Iﬁ yet another embodiment,
the document fingerprint matching module 226 only
performs feature extraction, and the extracted features
are sent to the MMR computer 112 for pattern matching
and recognition.

Third-party software module 228 -is
representative of any third-party software module for
enhancing any operation that may occur on capture device
106. Example third-party software includes security
software, image sensing software, image processing
soffware, and MMR database software.

As noted above, the capture device 106 may
include any number of capture mechanisms 230, examples
of which will now be described.

Video camera 232 is a digital video recording
device, such as is found in standard digital cameras or
some cell phones.

Still camera 234 is any standard digital
camera device that is capable of capturing digital
images.

Voice recorder 236 is any standard audio
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recording device (microphone and assoclated hardware)
that is capable of capturing audio signals and
outputting it in digital form.

Electronic highlighter 238 is an electronic
highlighter that provides the ability to scan, store and
transfer printed text, barcodes, and small images to a
PC, laptop computer, or PDA device. Electronic
highlighter 238 is, for example, the Quicklink Pen
Handheld Scanner, by Wizcom Technologies, which allows
information to be stored on the pen or transferred
directly to a computer application via a serial port,
infrared communications, or USB adapter.

Laser 240 is a light source that produces,

"through stimulated emission, coherent, near-

monochromatic light, as is well known. Laser 240 is,-
for example, a standard laser diode, which is a
semiconductor device that emits coherent light when
forward biased. Associated withland included in the
laser 240 is a detector that measures the amount of
light reflected by the image at which the laser 240 is
directed.

GPS device 242 is any portable GPS receiver
device that supplies position data, e.g., digital
latitude and longitude data. Examples of portable GPS

devices 242 are the NV-U70 Portable Satellite Navigation
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System, from Sony Corporation, and the Magellan brand
RoadMate Series GPS devices, Meridian Series GPS devices,
and eXplorist Series GPS devices, from Thales Nérth
America, Inc. GPS device 242 provides a way of

5 determining the location of capture device 106, in real

time, in part, by means of triangulation, to a plurality
of geo location mechanisms 142, as is well known.

RFID reader 244 is a commercially available
RFID tag readér system, such as the TI RFID system,

10 ‘manufactured by. Texas Instruments. An RFID tag is a
wireless device for identifying unique items by use of
radio waves. An RFID tag is formed of a midréchip that
is attached to an antenna and upon which is stored.a

“unique digital identification number, as is well known.

15 - In one particular embodiment, capture device
106 includes processor 210, display 212, keypad, 214,

Storage device 216, wireless communications link 218,

wired communications link 220, MMR software suite 222,
capture device UI 224, document fingerprint matching

20 module 226, third-party software moduie 228, and at
least one of the capture mechanisms 230. In doing so,
capture device 106 is a full-function device.

Alternatively, capture device 106 may have lesser
functionality and, thus, may include a limited set of

25 functional components. For example, MMR software suite
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222 and document fingerprint matching module 226 may
reside remotely at, for example, MMR computer 112 or
networked media server 114 of MMR system 100Db aﬂd'are
accessed by capture device 106 via wireless

5 communications link 218 or wired communications link 220.

MMR Computer

Referring now to Figure 3, the MMRycomputer
112 configured in accordance with an embodiment of the
present invention is shown. As can be seen, MMR
10 computer 112 is connected to networked media server 114
that includes one or more multimedia (MM) files 336, the
user printer 116 that produces priﬁted documeﬁt 118, the
document scanner 127, and the capture device 106 that
includes capture device UI 224 and a first instance of
15 document fingerprint matching module 226. The
communications link between these compoﬁents may be a
direct link or via a network. Additionally, document
scanner 127 includes a second instance of document
fingerprint matching module 226'.
20 The MMR computer 112 of this example
embodiment includes one or more source files 310, a
first source document (SD) browser 312, a second SD
browser 314, a printer driver 316, a printed document
(PD) capture module 318, a document event database 320

25 storing a PD index 322, an event capture module 324, a
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document parser module 326, a multimedia (MM) clips
browser/editor module 328, a printer driver for MM 330,
a document-to~video paper (DVP) printing system 332, and
video‘paper document 334.

Source files 310 are representative of any
source files that.are an electronic rep:esentation of a
document (or a portion therecf). Example source files
310 include hypertext markup language (HTML) files,
Microsoft Word files, Microsoft PowerPoint files, simple
text files, portable document format (PDF) files, and
the like, that are stored on the hard drive (or other
suitable storage) of MMR computer 112. |

The first SD browser 312 and the secohd‘SD
browser 314vare either stand-alone PC applications or
plug-ins for existing PC applications that provide
access to the data that has been associated with source
files 310. The first and second SD browser 312, 314 may
be used to retrieve an originallHTML file or MM.clips
for display on MMR computer 112.

Pfinter driver 316 is printer driver software
that controls the communication link between
applications and the page-description language or
printer control language that is used by any particular
printer, as is well known. In particular, whenever a

document, such as printed document 118, is printed,
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printer driver 316 feeds data that has the correct
control commands to printer 116, such as those provided
by Ricoh Corporation for their printing devices; In one -
embodiment, the printer driver 316 is different from
conventional print drivers in that it captures
automatically a representation of the x-y coordinates,
font, and point size of every character on every printed
page. In other words, it captures information about the
content of.every document printed and feeds back that
data to the PD .capture module 318.

The PD capture module 318 ‘is a software
application that captures the printed repreéeﬁtation of

documents, so that the layout of characters and graphics

" on the printed pages can be retrieved. Additionally, by

usé of PD capture module 318, the printed representation
of a document is captured automatically, in real-time,
at the time of printing. More specifically, the PD
capture module 318 is the softWare routine that'captures
the two-dimensional arrangementAof text on the printed
page and transmits this information to PD index 322. In
one embodiment, the PD capture module 318 operates by
trapping the Windows text layout commands of every
character on the printed page. The text layout commands
indicate to the operating system (0S) the x-y location

of every character on the printed page, as well as font,
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point size, and so on. In essence, PD capture module
318 eavesdrops on the print data that is transmitted to
printer 116. In the example shown, the PD captﬁre
module 318 is coupled to the output of the first SD
browser 312 for capture of data. Alternatively, the
functions of PD capture module'318 may be implemented
directly within printer driver 316. Various
configurations will be apparent in light of this
disclosure;

Document event database 320 is any standard
database modified to store relationships between printed
documents and evenﬁs, in accordance with an‘eﬁbodiment\
of the present invention. (Document event database 320
is further described below as MMR database with
reference to Figure 34A.) For example, document event
database 320 stores bi-directional links from source
files 310 (e.g., Word, HTML, PDF files) to events that
are associated with printed doéument 118. Example
events include the capture of multimedia clips on
capture device 106 immediately after a Word document is
printed, the addition of multimedia to a document with
the élient'application of capture device 106, or
annotations for multimedia clips. Additionally, other
events that are associated with source files 310, which

may be stored in document event database 320, include
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logging when a given.source file 310 is opened, closed,
or removed; logging Qhen a given source file 310 is in
an active application on the desktop of MMR computer 112,
logging times and destinations of document “copy” and
“move” operations; and logging the edit history of a
given source file 310.  Such e#ents afe captured by
event capture‘module 324 and stored in document event
database 320. The document event database 320 is
coupled to receive the source files 310, the outputs of
the event capture module 324, PD capture module 318,and
scanner 127, and is also coupled to capture devices 106
to receive queries and data, and provide output.

The document event datébase 320 also stores a PD index
322. The PD index 322 is a software application that
maps features that are extracted from images of printed
documents onto their symbolic forms (e.g., scanned image
to Word). 1In one embodiment, the PD capture module 318
provides to the PD index 322 the x-y location of every
character on the printed page, aé well as font, point
size, and so on. The PD index 322 isuconstructed at the
time that a given document is printed. However, all
print data is captured and saved in the PD index 322 in
a manner that can be interrogated at a later time. For
example, 1f printed document 118 contains the word

“garden” positioned physically on the page one line
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above the word “rose;” the PD index 322 supports such a
query (i.e., the word “garden” above the word “rose”).
The PD index 322 contains a record of which document,

which pages, and which location within those pages upon

- which the word “garden” appéérs above the word “rose.” .

Thus, PD index 322 is organized to support a feature-
based or text-based guery. The contents of PD index 322,
which are electronic representations of printed .
documents,‘are generated by use of PD capture module 318
during a print opération and/or by use of document
fingerprint matching module 226’ of document scanner 127
during a scan operation. Additional architécfure and
functionality of database 520 and PD index 322 will be
described below with reference to Figures 34A-C, 35, and
36;

The event capture module 324 is a software
application that captures on MMR computer 112 events
that are associated with a givénlprinted documeht 118
and/or source file 310. These eveﬁts are captured
during the lifecycle of a given sourée file 310 and
saved in document event database 320. In a specific
examﬁle, by use of event capture module 324, events are
captured that relate to an HTML file that is active in a
browser, such as the first SD browser 312, of MMR

computer 112. These events might include the time that
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the HTML file was displayed on MMR computer 112 or the
file name of other documents that are open at the same
time that the HTML file was displayed or printed.' This
event information is useful, for example, if MMR user
110 wants to know (at a later time) what documents
he/she was viewing or working on ét the time that the
HTML file was displayed or printed. Example events that
are captured by the event capture module 324 include a
document edit'history; video from office meetings that
occurred near the time when a given source file 310 was
on the desktop (e.g., as captured by office portal 120);
and telephone calls’that occurred when a giVeﬁ source

file 310 was open (e.g., as captured by office portal

©120).

Example functions of event capture module 324
include: 1) tracking - tracking active files and
applications; 2) key stroke capturing - key stroke
capture and association with the‘active.applicafion; 3)
frame buffer capturing and indexing — each frame buffer
image is indexed with the optical character recognition
(OCR) result of the frame buffer data, so that a section
of a printed document can be matched to the time it was
displayed on the screen. Alternatively, text can be
captured with a graphical display interface (GDI) shadow

dll that traps text drawing commands for the PC.desktop
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that are issued by the PC operating system. MMR user
110 may point the capture device 106 at a document and
determine when it was active on the desktop of fhe MMR
compufer 112); and 4) reading history capture - data of
the frame buffer capturing and indexing operation is
linked with an analysis of the fimes et which the
documents were active on the desktop of his/her MMR

computer 112, in order to track how long, and which

parts of a particular document, were visible to MMR user

110. In doing so, correlation may occur with other,
events, such as keystrokes or mouse movements, in order
to infer whether MMR user 110 was reading the document .

The combination of document event database 320, PD. index

' 322, and event capture module 324 is implemented locally

on MMR computer 112 or, alternatively,-is implemented as
a shared database. If implemented locally, less
security is required, as compared with implementing in a
shared fashion. |

The document parser medule 326 1s a software
application‘that parses source files 310 that are
related to respective printed documents 118, to locate
useful objects therein, such as uniform resource
locators (URLs), addresses, titles, authors, times, or
phrases that represent locations, e.g., Hallidie

Building. In doing so, the location of those objects in
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the printed versions.of source files 310 is determined.
The output of the document parser module 326 can then be
used by the receiving device to augment the presentation

of the document 118 with additional information, and

~ improve the accuracy of pattérn matching. Furthermore,

the receiving device could also take én action using the
locations, such as in the case of a URL, retrieving the
web pages associated with the URL. The document parser
module 326vis coupled to receive source files 310 and
provides its output to the document fingerprint matching
module 226. Although only shown as being coupled to the’
document fingerpriqt matching module 226 of‘tﬁe capturé
device, the output of document parser module 326 could
be coupled to all or any number of document fingerprint
matching modules- 226 wherever they are located.
Furthermore, the output of the document parser module
326 could also be stored in the document event database
320 for later use.

The MM ciips browser/eaitor module 328 is a
software application that provides aﬁ authoring function.
The MM clips browser/editor module 328 is a standalone
softﬁare application or, alternatively, a plug—in
running on a document browser (represented by dashed
line to second SD browser 314). The MM clips

browser/editor module 328 displays multimedia files to
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the user and is coupled to the networked media server to
receive multimedia files 336. Additionally, when MMR
user ilO is authoring a document (e.g., attaching
multimedia clips to a paper document), the MM clips
browser/editor module 328 is a support tool for this
function. The MM clips browsef/editor module 328 is the
application that shows the metadata, such as the
information parsed from documents that are printed near
the time whenlthe multimedia was captured.

The printer driver for MM 330 provides the
ability to author MMR documents. For example, MMR user
110 may highlight Fext in a UI generated by'the printer
driver for MM 330 and add actions to the text that,
include retrieving multimedia data or executing some
other proceés on network 128 or on MMR computer 112.
The combination of printer driver for MM 330 and DVP
printing system 332 provides an alternative output
format that uses barcodes. This format does not
necessarily require a content—bésed retrieval technology.
The printer driver for MM 330 is a printer driver for
supporting the video paper technology, i.e., video paper
334.\ The printer driver for MM 330 creates a paper
representation that includes barcodes as a way to access
the multimedia. By contrast, printer driver 316 creates

a paper representation that includes MMR technology as a
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way to access the multimedia. The authoring technology
embodied in the combination of MM clips browser/editor
328 and SD browser 314 can create the same outpﬁt format .
as SD browser 312 thus enabling the creation of MMR
documents ready for content-based retrieval. The DVP
printing system 332 performs the linking operation of
any data in document event database 320 that is
associated with a document to its printed representation}
either with explicit or implicit bar codes. Implicit
bar codes refer to the pattern of text features used
like a bar code.

Video paper 334 is a technology for presenting
audio-visual information on a printable medium, such as
paper. In video paper, bar codes are used as indices to
electronic content stored or accessible in a computer.
The user scans the bar code and a video'clip or other
multimedia content related to the text is output by the
system. There exist systems fb; printing audio or video
paper, and these systems in essénce provide a paper-
based interface for multimedia information.

MM files 336 of the networked media server 114
are iepresentative of a collection of any of a.variety
of file types and file formats. For example, MM files
336 are text source files, web pages, audio files, video

files, audio/video files, and image files (e.g., still
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photos) .
As described in Figure 1B, the document
scanner 127 is used in the conversion of existing

printed documents into MMR-ready documents. However,

- with continuing reference to‘Figure 3, the document

scanner 127 is used to MMR-enable existing documents by
applying the feature extraction operation of the
document fingerprint matching module 226’ to every page
of a documéntithat is scanned. Subsequently, PD index
322 is populated with the results of the scanning and
feature extraction operation, and thus, an electronic
representation of the scanned document is sﬁofed in the

document event database 320. The information in the PD

" index 322 can then be used to author MMR documents.

With continuing reference to Figure 3, note that the.
software functions of MMR computer 112 are not limited
to MMR computer 112 only. Alternatively, the software
functions shown in Figure 3 may be distributed in any
user-defined configuration between MMR computer 112,
networked media server 114, service provider server 122
and capture device 106 of MMR system 100b. For example,
source files 310, SD browser 312, SD browser 314,
printer driver 316, PD capture module 318, document
event database 320, PD index 322, event capture module

324, document parser module 326, MM clips browser/editor
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module 328, printer driver for MM 330, and DVP printing
system 332, may reside fully within capture device 106,
and thereby, provide enhanced functionality to éapture

device 106.

MMR Software Suite

Figure 4 illustrates a set of software
components that are included in the MMR software suite
222 in accordance with one embodiment of the present

invention.l It should be understocd that all or some of

the MMR software suite 222 may be included in the MMR

computer 112, the capture device 106, the networked
media server 114 and other servers. In addition, other
embodiments of MMR software suite 222 could have any
number of the illustrated components from one to all of
them. The MMR software suite 222 of this example
includes: multimedia annotation software 410 that
includes a text content-based retrieval component 412,
an image content-based retrieval component 414, and a
steganographic modification comﬁonent 416; a paper
reading history log 418; an online reading history log
420; a collaborative document review component 422, a
real-time notification component 424, a multimedia
retrieval component 426; a desktop video reminder
component 428; a web page reminder component 430, a

physical history log 432; a compléted form reviewer
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component 434; a time transportation component 436, a
location awareness component 438, a PC authoring
component 440; a document authoring component 442; a
capture device authoring component 444; an unconscious
upload component 446; a document version retrieval
component 448; a PC document métadata component 450; a
capture device UI component 452; and a domain-specific
component 454.

TheKmultimedia annotation software 410 in
combination with the organization of document event
database 320 form the basic technologies of MMR system

100b, in accordance with one particular embodiment.

’

More specifically, multimedia annotation software 410 is
for managing the multimedia annotation for paper
documents. For example, MMR user 110 points capture .
device 106 at any section of a paper document and then
uses at least one capture mechanism 230 of capture
device 106 to add an annotation to that section. In a
specific example, a lawyer dictétes notes (cfeate an
audio file) about a section of a confract. The
multimedia data (the audio file) is attached
automatically to the original electronic versioﬁ of the
document. Subsequent printouts of the document
optionally include indications of the existence of those

annotations.
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The text content-based retrieval component 412
is a software application that retrieves content-based
information from text. For example, by use of text

content-based retrieval component 412, content is

retrieved from a patch of text, the original document

and section within document ié'identified, or other
information linked to that patch is identified. The
text éontent—based retrieval component 412 may utilize
OCR-based techniques. Alternatively, non—OCR-based
techniques.for performing the content-based retrieval
from text operation include the two-dimensional
arrangement of word lengths in a patch of text. One
example of text content-based retrieval component 412 is
an algorithm that éombines horizontal and vertical
features that are extracted from an image of a fraément
of text, to identify the document and the section within
the document from which it wés extracted. The
horizontal and vertical features_can be used serially,
in parallel, or otherwise simulfaneously. Such a non-
OCR-based feature set is used that prbvides a high-speed
implementation and robustness in the presence of noise.
The image content-based retrieval component 414 is a
software application that retrieves content-based
information from images. The image content-based

retrieval component 414 performs image comparison
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between captured data and images in the database 320 to
generate a list of possible image matches and associated
levels of confidence. Additionally, each image match

may have associated data or actions that are performed

in response to user input. In one example, the image

content-based retrieval component 414 retrieves content
based on, for example, raster images (e.g., maps) by
converting the image to a vector representation that can
be used to quéry an image database for images with the
same arrangement of features. Alternative embodiments
use the color content of an image or the geometric
arrangement of objepts within an image to ldok up
matching images in a database.

Steganographic modification component 416 is a
software application that performs steganographic
modifications prior to printing. In order to better
enable MMR applications, digital information is added to
text and images before they are printed. 1In an
alternate embodiment, the stegan&graphic modification
component 416 generates and stores an MMR document that
includes: 1) original base content such as text, audio,
or video information; 2) additional content in any form
such as text, audio, video, applets, hypertext links,
etc. Steganographic modifications can include the

embedding of a watermark in color or grayscale images,
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the printing of a dot pattern on the background of a
document, or the subtle modification of the outline of
printed characters to encode digital information.

Paper reading history log 418 is the reading history log
of paper documents. Paper reading history log 418
resides, for example, in document eveﬁt database 320.
Paper reading history log 418 is based onh a document
identification-from-video technology developed by Ricoh
Innovationé, thch is used to produce a hisfory of the
documehts read by MMR user 110. Paper reading history
log 418 is useful, for example, for reminding MMR user
110 of documents rgad and/or of any associated events.
Online reading history log 420 is the reading history
log of online documents. Online reading‘history log 420
is based on an analysis of operating system events, and
resides, for example, in document event database 320.
Online reading history log 420 is a record of the online
documents that were read by MMR user 110 and of'which
parts of the documents were reaa. Entries in online
reading history log 420 may be printed onto any
subseguent printouts in many ways, such as by providing
a note at the bottom of each page or by highlighting
text with different colors that are based on the amount
of time spent reading each passage. Additionally,

multimedia annotation software 410 may index this data
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in PD index 322. Optionally, online reading history log
420 may be aided by a MMR computer 112 that is
instrumented with devices, such as a face detection
system that monitors MMR computer 112.

The collaborative document review component
422 is a software application fhat aliows more than one
reader of different versions of the same paper document
to review comments applied by other readers by pointing
his/her ca?ture device 106 at any section of the
document. For example, the annotations may be displayed
on capture device 106 as overlays on top of a document
thumbnail. The collaborative document reviéw‘component
422 may be implemented with or otherwise cooperate with
any type of existing collaboration software.
The real-time notification component 424 is a software
application that performs a ;eal—time notification of a
document being read. For example, while MMR user 110
reads a document, his/her reading trace is posted on a
blog or on an online bulletin board. As a result, other
people interested in the same topic may drop—in(and chat
about the document.

Multimedia retrieval component 426 is a
software application that retrieves multimedia from an
arbitrary paper document. For example, MMR user 110 may

retrieve all the conversations that took place while an
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arbitrary paper document was present on the desk of MMR
user 110 by pointing capture device 106 at the document.
This assumes the existence of office portal 120 in the

office of MMR user 110 (or other suitable mechanism)

. that captures multimedia data.

The desktop video reminder component 428 is a
softwaré application that reminds the MMR user 110 of
events that occur on MMR computer 112. For example, by
pointing capture device 106 at a section of a paper
documeht, the MMR user 110 may see video clips that. show
changes in the desktop of MMR computer 112 that occurred
while that section was visible. Additionaliy, the
desktop video reminder component 428 may be used 'to
retrieve other multimedia recorded by MMR computer 112,
such as audio that is present in the vicinity of MMR.
computer 112.

The web page reminder component 430 is a
software application that reminds the MMR user 110 of
web pages viewed on his/her MMR computer 112. For
example, by’panning capture device 106 over a paper
document, the MMR user 110 may see a trace of the web
pages that were viewed while the corresponding section
of the document was shown on the desktop of MMR computer
112. The web pages may be shown in a browser, such as

SD browser 312, 314, or on display 212 of capture device
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106. Alterﬁatively,:the web pages are presented as raw
URLs on display 212 of capture device 106 or on the MMR
computer 112.

The physical history log 432 resides, for
example, in document event database 320. The physical .
history log 432 is the physical history log of paper
documents. For example, MMR user 110 points his/her
capture device 106 at a paper document, and by use of
informatioﬁ stored in physical history log 432, other
documents that were adjacent to the document of interest
at some time in the past are determined. This operation
is facilitated by, for example, an RFID-like ﬁracking

system. In this case, capture device 106 includes. an

" RFID reader 244.

The completed form reviewer component 434 is a
software application that retrieves previously acquired
information used for completing a form. For example,
MMR user 110 points his/her capture device 106 at a
blank form (e.g., a medical claim form printed from a
website) and is provided a history of previously entered
information. Subsequently, the form is filled in
autoﬁatically with this previously entered infofmation
by this completed form reviewer component 434.

The time transportation component 436 is a

software application that retrieves source files for
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past and future versions of a document, and retrieves
and displays a list of events that are associated with
those versions. This operation compensates for the fact -

that the printed document in hand may have been

generated from a version of the document that was

created months after the most éignificant external
events (e.g., discussions or meetings) associated
therewith.

The'location awareness component 438 is a
software‘application that manages location-aware paper
documents. The management of location-aware paper
documents is facil;tated by, for example, an RFID~likel
tracking system. For example, capture device 106
captures a trace of the geographic location of MMR user
110'through§ut the day and scans the RFID tags attached
to documents or folders that contain documents. The
RFID scanning operation is performed by an RFID reader
244 of capture device 106, to detect any RFID tags
within its range. The‘geographie location of MMR user
110 may be tracked by the identification numbers of each
cell tower within cellular infrastructure 132 or,
alternatively, via a GPS device 242 of capture device
106, in combination with geo location mechanism 142.
Alternatively, document identification may be

accomplished with “always-on video” or a video camera
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232 of capture device 106. The location data provides
“geo-referenced” documents, which enables a map-based
interface that shows, throughout the day, where
documents are located. An application would be a lawyer
who carries files on visits to remote clients. 1In an
alternate embodiment, the docuﬁent 118 includes a
sensing mechanism attached thereto that can sense when
the document is moved and perform some rudimentary face
detection operation. The sensing function is via a set
of gyroscopes or similar device that is attached to
paper documents. Based on position information, the MMR
system 100b indicaFes when to “call” the owner'’s
cellular phone to tell him/her that the document ‘is
moving. The cellular phone may add that document to its
virtual briéf case. Additionally, this is the concept
of an “invisible” barcode, which is a machine-readable
marking that is visible to a video camera 232 or still
camera 234 of capture device 106, but that is iﬁvisible
or very faint to humans. Varioﬁs inks and steganography
or, a printed-image watermarking technique that may be
decoded on capture device 106, may be considered to
determine position.

The PC authoring component 440 is a software
application that performs an authoring operation on a PC,

such as on MMR computer 112. The PC authoring component
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440 is supplied as plug~ins for existing authoring
applications, such as Microsoft Word, PowerPoint, and
web page authoring packages. The PC authoring component

440 allows MMR user 110 to prepare paper documents that

~ have links to events from his/her MMR computer 112 or to

events in his/her environment; allows paper documents
that have links to be generated automatically, such as
printed document 118 being linked automatically to the
Word file froﬁ which it was generated; or allows MMR
user 110 to retrieve a Word file and give it to someone
else. Paper documents that have links are heretofore
referred to as MMR‘documents. More details’of MMR
documents are further described with reference to Figure
5.

The document authoring component 442 is a
software application that performs an authoring
operation for existing documents. The document
authoring component 442 can be'implemented, for example,
either as a personal edition or as an enterprise edition.
In a ?ersonél edition, MMR user 110 écans documents and
adds them to an MMR document database (e.g., the

document event database 320). In an enterprise edition,

.a publisher (or a third party) creates MMR documents

from the original electronic source (or electronic

galley proofs). This functionality may be embedded in
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high-end publishing packages (e.g., Adobe Reader) and
linked with a backend service provided by another entity.
The capture device authoring component 444 is a software -

appliéation that performs an authoring operation

directly on capture device 106. Using the capture

device authoring component 444, the MMR user 110
extracts key phrases from the paper documents in his/her
hands and stores the key phrases along with additional
content captufed on-the-fly to create a temporary MMR
document. Additionally, by use of capture device
authoring component 444, the MMR user 110 may return to
his/her MMR computer 112 and download the tém@orary MMR
document that he/she created into an existing document
application, such as PowerPoint, then edit it to a final
version of an MMR document or other standard type of .
document for another application. In doing so, images
and text are inserted automatically in the pages of the
existing document, such as into the pages of a
PowerPoint document. |

Unconscious upload component 446 is a software
application that uploads unconsciously (automatically,
withoﬁt user intervention) printed documents to capture
device 106. Because capture device 106 is in the
possession of the MMR user 110 at most times, including

when the MMR user 110 is at his/hér MMR computer 112,
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the printer driver 316 in addition to sending documents
to the printer 116, may also push those same documents
to a storage device 216 of capture device 106 via a
wireless communications link 218 of capture device 106,
in combination with Wi-Fi teéhnology 134 or Bluetooth
technology 136, or by wired connectioﬁ if the capture
device 106 is coupled to/docked with the MMR computer
112. In this way, the MMR user 110 never forgets to
pick up a document after it is printed because it is
automatically uploaded to the capture device 106.

The document version retrieval component 448 is a
software application that retrieves past and future

versions of a given source file 310. For example,  the

'MMR user 110 points capture device 106 at a printed

document and then the document version retrieval
component 448 locates the current source file 310 (e.g.,
a Word file) and other past and future versions of
source file 310. 1In one particular embodiment,‘this
operation uses Windows file tracking software that keeps
track of the locations to which source files 310 are
copied and moved. Other such file tracking software
can be used here as well. For example, Google Desktop
Search or the Microsoft Windows Search Companion can
find the current version of a file with gqueries composed

from words chosen from source file 310.
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The PC document metadata component 450 is a
software application\that retrieves metadata of a
document. For example, the MMR user 110 pointsvcapture
device 106 at a printed document, and the PC document
metadata component 450 determines who printed the
document, when the document was printed, where the
document was printed, and the file path for a given
source file 310 at the time.of printing.
The capture device UI component 452 is a software
application that manages the operation of UI of capture
device 106, which allows the MMR user 110 to interact
with paper documents. A combination of captufe device
UI component 452 and capture device UI 224 allow the MMR
user 110 to read data from existing documents and write
data into existing documents, view and interact with the
augmented reality associated with those documents (i.e.,
via capture device 106, the MMR user 110 is able to view
what happened when the document was created or while it

was edited), and view and interact with the augmented

.reality that is associated with documents displayed on

his/her capture device 106.

Domain-specific component 454 is a software
application that manages domain-specific functions. For
example, in a music application, domain-specific

component 454 is a software application that matches the
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music that is detected via, for example, a voice
recorder 236 of capture device 106, to a title, an
artist, or a composer. In this way, items of interest,

such as sheet music or music CDs related to the detected

~music, may be presented to the MMR user 110. Similarly,

the domain-specific component 454 is édapted to operate
in a similar manner for video content, video games, and
any entertainment information. The device specific
component 454 may also be adapted for electronic
versions of any mass media content.

With continuing reference to Figures 3 and 4,
note that the software components of MMR software suite
222 may reside fully or in part on one or more MMR,
computers 112, networked servers 114, service provider
ser&ers 122, and capture devices 106 of MMR system 100b.
In other words, the operatiogs of MMR system 100b, such
as any performed by MMR software suite 222, may be
distributed in any user—defined configuration between
MMR computer 112, networked ser%er 114, service provider
server 122,'and capture device 106 (or other such
procéssing environments included in the system 100Db).

In will be apparent in light of this disclosure that the
base functionality of the MMR system 100a/100b can be
performed with certain combinations of software

components of the MMR software suite 222. For example,
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the base functionality of one embodiment of the MMR

‘system 100a/100b includes:

creating or adding to an MMR document that includes -
a first media portion and a second media portion;
use of the first media bortion (e.g., a paper
document) of the MMR documenf to access information
in. the second media portion;

use of the first media portion (e.g., a paper
documént) of the MMR document to trigger or
initiate a process in the electronic. domain;

use of the first media portion (e.g., a paper
document) of the MMR document to create 6r add to
the second media portion;

use of the second media portion of the MMR document
to create or add to the first media portion;

use of the second media portion of the MMR document
to trigger or initiate a process in the electronic
domain or related to the first media portién.

MMR Document

Figure 5 illustrates a diagram of an MMR

document 500 in accordance with one embodiment of the

present invention. More specifically, Figure 5 shows an

MMR document 500 including a representation 502 of a

portion of the printed document 118, an action or second

media 504, an index or hotspot 506, and an electronic
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representation 508 of the entire document 118. While
the MMR document 500 typically is stored at the document
event database 320, it could also be stored in the

capture device or any other devices coupled to the

network 128. 1In one embodiment, multiple MMR documents

may correspond to a printed doéument. In another
embodiment, the structure shown in Figure 5 is
repliéated to create multiple hotspots 506 in a single
printed doéumént. In one particular embodiment, the MMR
document 500 includes the representation 502 and hotspot
506 with page and location within a page; the second
media 504 and the electronic representation'SOB are
optional and delineated as such by dashed lines. .- Note
that the second media 504 and the electronic
representation 508 could be added later after the MMR
document has been created, if so desired. This basic
embodiment can be used to locate a document or
particular location in a documént that correspond to the
representation. |

The representation 502 of a portion of the
printed document 118 can be in any form (images, vectors,
pixeis, text, codes, etc.) usable for pattern matching
and that identifies at least one location in the
document. It is preferable that the representation 502

uniquely identify a location in the printed document.
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In one embodiment, the representation 502 is a text
fingerprint as showntin Figure 5. The text fingerprint
502 is captured automatically via PD capture module 318
and stored in PD index 322 during a print operation.
Alternatively, the text finderprint 502 is captured
automatically via document finéerprint matching module
226’ of document scanner 127 and stored in PD index 322
during a scan operation. The representation 502 could
alternativély'be the entire document, a patch of text, a
single word if it is a unique instance in the document,
a section of an image, a unique attribute or any other
representation of a matchable portion of a document .

The action or second media 504 is preferably a digital
file or data structure of any type. The second media
504 in the most basic embodiment may be text to be
presented or one or more commands to be executed. The
second media type 504 more typically is a text file,
audio file, or video file related to the portion of the
document identified by the représentation 502. The
second media type 504 could be a data structure or file
referencing or including multiple different media types,
apd multiple files of the same type. For examﬁle, the
second media 504 can be text, a command, ah image, a PDF
file, a video file, an audio file, an application file

(e.g. spreadsheet or word processing document), etc.
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The index or hotspot 506 is a link between the
representation 502 aﬁd the action or second media 504.
The hotspot 506 associates the representation 502 and
the second media 504. In one embodiment, the index or
hotspot 506 includes position information such as x and
y coordinates within the document. The hotspot 506
maybe a point, an area or even the entire document. In
one embodiment, the hotspot is a data structure with a

pointer to the representation 502, a pointer to the

 second media 504, and a location within the document.

It should be understood that the MMR document 500 could

have multiple hotspots 506, and in such a case the data

structure creates links between multiple representations, -

"multiple second media files, and multiple locations

within the printed document 118.

In an alternate embodiment, the MMR document
SOO'includes an electronic representation 508 of the
entire document 118. This electronic representation can
be used in determining position 5f the hotspot 506 and
also by the user interface for displaYing the document
on capture device 106 or the MMR computer 112.

Example use of the MMR document 500 is as
follows. By analyzing text fingerprint or
representation 502, a captured text fragment is

identified via document fingerprint matching module 226
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of capture device 106. For example, MMR user 110 points
a video camera 232 of still camera 234 of his/her
capture device 106 at printed document 118 and captures
an- image. Subsequently, document fingerprint matching
module 226 performs its analysis upon the captured image,
to determine whether an associated entry exists within
the PD index 322. If a match is found, the'existence of
a hot spot 506 is highlighted to MMR user 110 on the
display 212 of his/her capture device 1067 For example,
a word or phrase is highlighted, as shown in Figure 5.
Each hot spot 506 within’printed document 118 serves as
a link to other user-defined or predetermined'data, such

as one of MM files 336 that reside upon networked media

" server 114. Access to text fingerprints or

representations 502 that are stored in PD index 322

allows electronic data to be added to any MMR document

500 or any hotspot 506 within a document. As described

with reference to Figure 4, a paper document that
includes at least one hot spot 566 (e.g., link) is
referred to as an MMR document 500.

With continuing reference to Figures 1B, 2A
through 2D, 3, 4, and 5, example operation of MMR system
100b is as follows. MMR user 110 or any other entity,
such as a publishing company, opens a given source file

310 and initiates a printing operation to produce a
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paper document, such as printed document 118. During
the printing operation, certain actions are performed
automatically, such as: (1) capturing automatically the
printed format, via PD capture module 318, at the time
of printing and transferring it to capture device 106.
The electronic representation 508 of a document is
captured automatically at the time of printing, by use
of PD capture module 318 at the output of, for example,
SD browser 312. For example, MMR user 110 prints
content from SD browser 312 and the content is filtered
through PD capture module 318. As previously discussed,
the two-dimensional arrangement of text on a page can be
determined when thé document is laid out for printing;
(2) capturing automatically, via PD capture module 318,
the given source file 310 at the time of printing; and
(3) parsing, via document parser module 326, the printed
format and/or source file 310, in order to locate “named
entities” or other interesting information that may
populate a multimedia annotation interface on capture
device 106. ' The named entities are, for example,
“anchors” for adding multimedia later, i.e.,
automatically generated hot spots 506. Document parser
médule 326 receives as input source files 310 that are
related to a given printed document 118. Document

parser module 326 is the application that identifies
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representations 502 for use with hot spots 506, such as
titles, authors, times, or locations, in a paper
document 118 and, thus, prompts information to be

received on capture device 106; (4) indexing

automatically the printed format and/or source file 310

for content-based retrieval, i.e., building PD index
322; (5) making entries in document event database 320
for documents and events associated with source file 310;
e.g., edit history and current location; and (6)
performing an interactive dialog within printer driver
316, which allows MMR user 110 to add hot spots 506 to
documents before they are printed and, thus, én MMR
document 500 is formed. The associated data is stored
on MMR computer 112 or uploaded to networked media
server 114.'

Exemplary Alternate Embodiments

The MMR system 100 (100a or 100b) is not
limited to the configurations éhpwn in Figures iA~1B,
2A-2D, and 3-5. The MMR Softwafe may be distributed in
whole or in part between the capture device 106 and the
MMR computer 112, and significantly fewer than all the
modules described above with reference to Figurés 3 and
4 are required. Multiple configurations are possible
including the following:

A first alternate embodiment of the MMR system
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100 includes the capture device 106 and capture device
software. The capture device software is the capture
device UI 224 and the document fingerprint matching

module 226 (e.g., shown in Figure 3). The capture -

device software is executed on capture device 106, or

alternatively, on an external server, such as networked
media server 114 or service provider server 122, that is
accessible to capture device 106. In this embodiment, a
networked éervice is available that supplies the data
that is linked to the publications. A hierarchical
recognition scheme may be used, in which a publication
is first identifieq and then the pége and section within
the publication are identified.

A second alternate embodiment of the MMR
system 100 includes capture device 106, capture device
software and document use software. The second
alternate embodiment includes software, such as is shown
and described with reference td Figure 4, that captures
and indexes printed documents ana links basic document
events, such as the edit history of a document. This
allows MMR user 110 to point his/her capture device 106
at aﬁy printed document and determine the name and
location of the source file 310 that generated the
document, as well as determine'the time and place of

printing.
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A third alternate embodiment of the MMR system
100 includes capture device 106, capture device software,
document use software, and event capture module 324.

The event capture module 324 is added to MMR computer

- 112 that captures events that are associated with

documents, such as the times when they were visible on
the desktop of MMR computer 112 (determined by
monitoring the GDI character generator), URLs that were
accessed while the documents were open, or characters
typed on the keyboard while the documents. were open.

A fourth alternate embodiment of the MMR system 100
includes capture dqvice 106, capture device'séftware,

and the printer 116. In this fourth alternate

" embodiment the printer 116 is equipped with a Bluetooth

transceiver or similar communication link that
communicates with capture device 106 of any MMR user 110
that is in close proximity. Whenever any MMR user 110
picks up a document from the pfinter 116, the pfinter
116 pushes the MMR data (documeﬁt layout and multimedia
clips) to that user’s capture device‘106. User printer
116 includes a keypad, by which a user logs in and
enters a code, in order to obtain the multimedia data
that is associated with a specific document. The
document may include a printed representation of a code

in its footer, which may be inserted by printer driver
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316.

A fifth alternate embodiment of the MMR system
100 includeé capture device 106, capture deviceVSOftware,
and office portal 120. The office portal device is
preferably a personalized version of office portal 120.
The office portal 120 captures events in the office,
such as conversations, conference/telephone calls, and
meetings. The office portal 120 identifies and tracks
specific papef documents on the physical desktop. The
office portal 120 additionally executes the document
identification software (i.e., document fingerprint
matching module 22§ and hosts document event database

320). This fifth alternate embodiment serves to off-

" load the computing workload from MMR computer 112 and

prdvides a convenient way to package MMR system 100b as
a consumer device (e.g., MMRASystem 100b is sold as a
hardware and software product that is executing on a Mac
Mini computer, by Apple Computer, Inc.). |

A sixth alternate embédiment of thé MMR system
100 includes capture device 106, capture device software,
and the networked media server 114. In this embodiment,
the ﬁultimedia data is resident on the networked media
server 114, such as the Comcast Video-on-Demand server.
When MMR user 110 scans a patch of document text by use

of his/her capture device 106, the resultant lookup
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command is transmitted either to the set~top box 126
that is associated with cable TV of MMR user 110
(wirelessly, over the Internet, or by calling sét@top
box 126 on the phone) or to the Comcast server. In both
cases, the multimedia is streamed from the Comcast
server to set-top box 126. Thé systeﬁ 100 knows where
to send the data, because MMR user 110 registered
previously his/her phone. Thus, the capture device 106
can be used for access and control of the set-top box
126. . ,

A seventh alternate embodiment of the MMR
system 100 includes capture device 106, captufe device
software, the networked media server 114 and a location
service. In this embodiment, the location-aware service
discriminates between multiple destinations for the
output from the Comcast system (or other suitabie
communication system). This function is performed
either by discriminating automatically between cellular
phone tower IDs or by a keypad interface that lets MMR
user 110 choéose the location where the data is to be
displayed. Thus, the user can access programming and
othef cable TV features provided by their cable operator
while visiting another location so long asythat other
location has cable access. |

Document Fingerprint Matching (“Image-Based Patch
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Recognition”)

Aé previously described, document finger?rint
matching involves uniquely identifying a portion, or
“patch”, of an MMR document. Referring to Figure 6, a
document fingerprintvmatching module/system 610 receives
a captured image 612. The docﬁment fingerprint matching
system 610 then gueries a collection of pages in a
document database 3400 (further described below with
reference to, for example, Figure 34A) and returns a
list of the pages and documents that contéin them within
which the captured image 612 is contained. Each result
is an x-y location where the captured input'iﬁage 612
occurs. Those skilled in the art will note that the
database 3400 can be external to the document
fingerprintvmatching module 610 (e.g., as shown in
Figure 6), but can also be internal to the document
fingerprint matching module élO (e.g., as shown in
Figures 7, 11, 12, 14, 20, 24, 26, 28, and 30-32, where
the document fingerprint matchiﬁg module 610 includes
database 3400).

Figure 7 shows a block diagram of a document
fingerprint matching system 610 in éccordance Qith an
embodiment of the present invention. A capture device
106 captures an image. The captured image is sent to a

quality assessment module 712, which effectively makes a
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preliminary judgment -about the content of the captured
image based on the needs and capabilities of downstream
processing. For example, if the captured image is of

such quality that it cannot be processed downstream in

the document fingerprint matéhing system 610, the

quality assessment module 712 causes the capture device
106 to recapture the image at a higher resolution.
Further, the guality assessment module 712 may detect
many othervrelevant characteristics of the captured
image such as, for example, the sharpness.of the text
contained in the captured image, which is an indication
of whether the captpred image is “in focus.”'.Further,k
the guality assessment module 712 may determine‘whether
the captured image cbntains something that could be part
of é document. For example, an image patch that
contains a non-document image (e.g., a desk, an outdoor
scene) indicates that the user is transitioning the view
of the capture device 106 to a new document.

Further, in one or more embodiments, the gquality
assessment module 712 may perform text/non-text
discrimination so as to pass through only images that
are likely to contain recognizable text. Figure 8 shows
a flow process for text/non-text discrimination in
accordance with one or more embodiments. A number of

columns of pixels are extracted from an input image
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patch at step 810. Typically, an input image is gray-
scale, and each value in the column is an integer from
zero to 255 (for 8 bit pixels). At step 812, the local

peaks in each column are detected. This can be done

- with the commonly understood'“sliding window” method in

which a window of fixed length (e.g., N pixels) is slid
over the column, M pixels at a time, where M < N. At
each step, the presence of é peak is determined by
looking foi a significant difference in gray level
values (e.g., greater than 40). 1If a peak is located at
Qne'position of the window, the detection of other peaks
is suppressed whenever the sliding window oVe£laps this
position. The gaps between successive peaks méy'also be
detected at step 812. Step 812 is applied to a number C
of bolumns in the image patch, and the gap values are
accumulated in a histogram at step 814.

The gap histogram is compared to other
histograms derived from trainiﬁg‘data with known
classifications (at sﬁep 816) stored in database 818,
and a decision about the category of the patch (either
text or non-text) is output together with a measure of
the confidence in that decision. The histogram
classification at step 816 takes into account the
typical appearance of a histogram derived from an image

of text and that it contains two tight peaks, one
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centered on the distance between lines with possibly one
or two other much smaller peaks at integer multiples
higher in the histogram away from those peaks. The

classification may determine the shape of the histogram

with a measure of statistical variance, or it may

compare the histogram one-by-one to stored prototypes
with a distance measure, such as, for example, a Hamming
or Euélidean distance.

Now"referring also to Figure 9, it shows an
example of text/non-text discrimination. .An input image
910 is processed to sample a number of columns, a subset
of which is indicated with dotted lines. Thevgray levél

histogram for a typical column 912 is shown in 914. Y

"values are gray levels in 910 and the X values are rows

in 910.- The gaps that are detected between peaks in the
histogram are shown in 916. The histogfam of gap values
from all sampled columns is shown in 918. This example
illustrates the shape of a histbgram derived from a
patch that contains text.

A flow pfocess for estimatiﬁg the point size
of text in an image patch is shown in Figure 10. This
flow‘proceSS takes advantage of the fact that the blur
in an image is inversely proportional to the capture
device’s distance from the page. By estimating the

amount of blur, the distance may be estimated, and that
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distance may be used to scale the size of objects in the
image to known “normalized” heights. This behavior may
be used to estimate the point size of text in a'ﬁew
image.

In a training phase 1010, an image of a patch
of text (referred to as a “calibratioﬁ” image) in a
known font and point size is obtained with an image
captufe device at a known distance at step 1012. The
height of fexf characters in that image as expressed in
a number of pixels is measured at step 1014. This may
be done, for example, manually with an image annotation
tool such as Micro;oft Photo Editor. The bluf in the
calibration image is estimated at step 1016. This may
be done, for example, with known measurements of the
speétral cufoff of the two-dimensional fast Fourier
transform. This may also be expressed in units as a
number of pixels 1020.

When presented a “new” image at step 1024, as
in an MMR recognition system at ?un—time, the image is
processed at step 1026 to locate textrwith comménly
understood method of line segmentation and character
segméntatibn that produces bounding boxes around each
character. The heights of those boxes may be expressed
in pixels. The blur of the new image i1s estimated at

step 1028 in a similar manner as at step 1016. - These
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measures are combined at step 1030 to generate a first
estimate 1032 of the point size of each character (or
equivalently, each line). This may be done by

calculating the following equation: (calibration image

blur size / new imagé blur size) * (new image text

height/calibration image text height) * (calibration
image font size in points). This scales the point size
of the text in the calibration image to produce an
estimated poiﬂt size of .the text in the input image
patch. The same scaling function may be applied to the
height of every character’s bounding box. This produces
a decision for every character in a patch. 'Fér examplé,

if the patch contains 50 characters, this procedure

" would produce 50 votes for the point size of the font in

the patch. 'A single estimate for the point size may -
then be derived with the median of the votes.

Further, more specifically referring back to Figure 7,
in one or more embodiments, feédback of the quality
assessment module 712 to the capéure device 106 may be
directed to a user interface (UI) of fhe capture device
106.  For example, the feedback may include an
indiéation in the form of a sound or vibration that
indicates that the captured imagevcontains something
that looks like text but is blurry and that the user

should steady the capture device i06. The feedback may
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alse include commands that change parameters of the
optics of the capture device 106 to improve the quality
of the captured image. For example, the focus, F-stop,

and/or exposure time may be adjusted so at to improve

the quality of the captured image.

Further, the feedback of thé quality
assessment module 712 to the capture device 106 may be
specialized by the needs of the particular feature
extraction.algorithm being used. As further described
below, feature extraction converts an image into a
symbolic representation. 1In a recognition system that
computes the length of words, it may desirablé for the
optics of the capture device 106 to blur the captured
image. Those skilled in the art will note that such
adjﬁstment ﬁay produce an image that, although perhaps
not recognizable by a human or an optical character
recognition (OCR) process, is well suited for the
feature extraction technique. The quality assessment
module 712 may implement this by‘feeding back
instructions to the capture device 106 causing the
capture device 106 to defocus the lens and thereby
produce blurry images.

The feedback process is modified by a control
structure 714. In general, the control structure 714

receives data and symbolic information from the.other
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components in the do;ument fingerprint matching system
610. The control structure 714 decides the order of
execution of the various steps in the document
fingerprint matching system 610 and can optimize the
computational load. The control structure 714
identifies the x-y position of received image patches.
More particularly, the control structure 714 receives
information about the needs of the feature extraction
process, the fesults of .the quality assessment module
712, and the capture device 106 parameters, and can
change theﬁ as appropriate. This can be done
dynamically on a f;ame—by—frame basis. In a éystem
configuration that uses multiple feature extraction
methodologies, one might fequire blurry images of large
patches of text and another might need high resolution
sharply focused images of paper grain. In such a case,
the control structure 714 may send commands to the
quality asseéssment module 712 fhat instruct it fo
produce the appropriate image quality when it has text
in view. The guality assessment module 712 would
interact with the capture device 106 to produce the
correct images (e.g., N blurry images of a large patch
followed by M images of sharply focused paper grain
(high resolution)). The control structure 714 would

track the progress of those images through the
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processing pipeline to ensure that the corresponding
feature extraction aﬁd classification is applied.

An image processing module 716 modifiés"the
guality of the input images based on the needs of the
recognition system. ‘Examples of types of image
modification include sharpening, deské@ing, and
binarization. Such algorithms include many tunable
parameters such as mask sizes, expected rotations, and
thresholds.

As shown in Figure 7, the document fingerprint
matching system 610 uses feedback from feature
extraction and classification modules 718, 7ZO
(described below) to dynamically modify the parameters
of the image processing module 716. This works because
the user will typically point their capture device 106
at the same location in a document for several seconds
continuously. Given that, fof example, the capture
device 106 processes 30 frames pgr second, the results
of processing the first few framés in any sequence can
affect how the frames captured later ére processed.

A feature extraction module 718 converts a captured
image into a symbolic representation. 1In one example,
the feature extraction module 718 locates words and
computes their bounding boxes. ’In another example, the

feature extraction module 718 locates connected.
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components and calculates descriptors for their shape.
Further, in one or more embodiments, the document
fingerprint matching system 610 shares metadata about

the results of feature extraction with the control -

structure 714 and usés that metadata to adjust the

parameters of other system components. Those skilled in
the art will note that this may significantly reduce
computational regquirements and improve accuracy by
inhibiting'the recognition of poor quality data. For
example, a feature extraction module 718 that identifies
word bounding boxes could tell the control structure 714
the number of lineg and “words” it found. vathe number
of words is too high (indicating, for example,lthat the
input image is fragmented), the control structure 714
could instruct the quality assessment module 712 to
produce blurrier images. The guality assessment module
712 would then send the appropriate signal to the
capture device 106. Alternatively, the control
structure 714 could instruct thevimage processing module
716 to apply a smoothing filter. |

A classification module 720 converts a feature
descfiption from the feature extraction module 518 into
an identification of one or more pages within a document
and the x,y positions within those pages where an input

image patch occurs. The identification is made:
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dependent on feedback from a database 3400 as described
in turn. Further, in one or more embodiments, a
confidence value may be assoclated with each decision.

The document fingerprint matching system 610 may use

. such decisions to determine'parameters of the other

components in the system. For example, the control
structure 714 may determine that if the confidences of
the top two decisions are close to one another, the
parameters.of‘the image processing algorithms should be
changed. This could result in increasing the range of
sizes for a median filter and the carry—thrdugh of its
results downstreamlto the rest of the compoﬁeﬁts.
Further, as shown in Figure 7, there‘may-be
feedback between the classification module 720 and a
datébase 3460. Further, those‘skilled-in the art will
recall that database 3400 can be external to the module
610 as shown in Figure 6. A decision about the identity
of a patch can be used to query the database 3400 for
other patches that have a similar appearance. This
would compafe the perfect image data'of the patéh stored
in the database 3400 to other images in the database
3400‘rather than comparing the input image patcﬁ to the
database 3400. This may provide an additional level of
confirmation for the classification module’s 720

decision and may allow some preprbcessing of matching



WO 2097/023993 PCT/JP2006/316812

10

15

20

25

-971-

data.
The database comparison could also be done on
the symbolic representation for the patch rather than

only the image data. For example, the best decision

~might indicate the image patéh contains a 12-point Arial

font double-spaced. The database comparison could
locate patches in other documents with a similar font,
spacing, and word layout using only textual metadata
rather than image comparisons.

The database 3400 may support several types of
content-based gueries. The classification module 720
can pass.the databage 3400 a feature arrangémént and
receive a list of documents and x-y locations where that
arrangement occurs.. For example, features might be
trigrams (described below) of word lengths either
horizontally or vertically. The database 3400 could be
organized to return a list of results in response to
either type of query. The claésification module 720 or
the control structure 714 could éombine those rankings
to generate a single sorted list of décisions.

Further, there may be feedback between the
database 3400, the classification module 720, and the
control structure 714. In addition to sto?ing
information sufficient to identify a location from a

feature wvector, the'databaser3400.may store related
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information including a pristine image of the document
as well as a symbolic representation for its graphical
components. This allows the control structure 714 to
modify the behavior of other system components on-the-

5 fly. For example, if there are two plausible decisions.
for a given image patch, the database‘3400 could
indicate that they could be disambiguated by zooming out
and inépecting the area to the right for the presence of
an image. .Thé control structure 714 could send the

10 appropriéte message to the capture device. 106

instructing it to zoom out. The feature extraction

module 718 and the plassification module 720 éould
inspect the right side of the image for an image printed
on the document.

15 Fuither, it is noted that the database 3400

stores detailed information about the data surrounding

an image patch, given that the patch is correctly
located in a document. This méy'be used to trigger
further hardware and software image analysis steps that

20 are not anticipated in the prior art.' That detailed

information is provided in one case by a print capture

system that saves a detailed symbolic description of a

document. In one or more other embodiments, similar

information may be obtained by scanning a document.

25 Still referring to Figure 7, a poéition tracking module
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724 receives information about the identity of an image
patch from the control structure 714. The position
tracking module 724 uses that to retrieve a copy of the

entire document page or a data structure describing the

~document from the database 3400. The initial position -

is an anchor for the beginning of the position tracking
process. The position tracking module 724 receives
image data from the capture device 106 when the quality.
assessment‘module 712 decides the captured image is
suitable.for tracking. The position tracking module 724
also has information about the time that hasrelapsed
since the last frame was successfully recogﬁi?ed. The

position tracking module 724 applies an optical flow

"technique which allows it to estimate the distance over

the‘document the capture device 106 has been moved
between successive frames. Given the sémpling rate of
the capture device 106, its target can be estimated even
though data it sees may not be iecognizable. The
estimated position of the capture device 106 may be
confirmed bj comparison of its image data with the
corresponding image data derived from the database
docuﬁent. "A simple example computes a cross correlation
of the captured image with the expected image in the
database 3400.

Thus, the position tracking module 724
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provides for the interactive use of database images to
guide the progress of the position tracking algorithm.
This allows for the attachment of electronic

interactions to non-text objects such as graphics and

images. Further, in one or more other embodiments, such

attachment may be implemented without the image
comparison/confirmation step described above. In other
words, by estimating the instant motion of the capture
device 106Iover the page, the electronic link that
should be in view independent of the captured image may
be estimated.

Figure 11 shows a document fingerprint

matching technique in accordance with an embodiment of

' the present invention. The “feed-forward” technique

shoWn in Figure 11 processes each patch independently.
It extracts features from an image patch that are used
to locate one or more pages and the x-y locations on
those pages where the patch occurs. For example, in one
or more embodiments, feature ext?action for document
fingerprint matching may depend on thé horizontal and
vertical grouping of features (e.g., words, characters,
blocks) of a captured image. These groups of e%tracted
features may then be used to look up the documents (and
the patches within those documents) that contain the

extracted features. OCR functionélity may be used to
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identify horizontal word pairs in a captured image.
Each identified horizontal word pair is then used to
form a search query to database 3400 for determining all .

the documents that contain the identified horizontal

word pair and the x-y locations of the word pair in

those documents. For example, for thé horizgntal word
pair “the, cat”, the database. 3400 may return (15, %, vy),
(20, 2, y), indicating that the horizontal word pair
“the, cat".océurs in document 15 and 20 at the indicated
x-y locations. = Similarly, for each vertically adjacent
word pair, the database 3400 is queried for all

documents containigg instances of the word pair and the
x-y locations of the word pair in those documents.. For
example, for the vertically adjacent word pair “in, hat”,
the database 3400 may return (15, x, y), (7, X, ¥),
indicating that the vertically adjacent word pair “in, |
hat” occurs in documents 15 and 7 at the indicated x-y
locations. Then, using the dodument and location
information returned by the dataﬁase 3400, a
determination can be made as to which document the most
location overlap occurs between the various horizontal

word‘pairS’and vertically adjacent word pairs extracted

from the captured image. This may result in identifying

the document which contains the captured image, in

response to which presence of a hot spot and linked
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media may be determined.

Figure 12 shows another document fingerprint
matching technique in accordance with an embodiﬁént of
the present invention. The “interactive image analysis”
technique shown in Figure 12 involves the interaction
between image processing and feature extraction that may
occur before an image patch is recognized. For example,
the iﬁage processing module 716 may first estimate the
blur in an inﬁut image. Then, the feature extraction
module 718 calculates the distance from the page and
point size of the image text. Then, the image

processing module 716 may perform a template matching

step on the image using characteristics of fonts of that

" point size. Subsegqguently, the feature extraction module

718 may theﬁ extract character or word features from the
result. Further, those skilled in the art will
recognize that the fonts, point sizes, and features may
be constrained by the fonts in the database 3400
documents.

An example of interactive image analysis as
described above with reference to Figure 12 is shown in
Figuie 13.. An input image patch is processed ét step
1310 to estimate the font and poiht size of text in the
image patch as well as its disfance from the camera.

Those skilled in the art will note that font estimation
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(i.e., identification of candidates for the font of the
text in the patch) may be done with known techniques.
Point size énd distance estimation may be performed, for -

example, using the flow process described with reference

_to Figure 10. Further, other techniques may be used

such as known methods of distance from focus that could
be readily adapted to the capture device.

Still referring to Figure 13, a line
segmentatién élgorithm is applied at step 1312 that
constructs a bounding box around the lines of text in
the patch. The height of each line image is normalized
to a fixed size at step 1314 using known teéhﬂiques such

as proportional scaling. The identity for the font

" detected in the image as well as its point size are

passed 1324 to a collection of font prototypes 1322,

‘where they are used to retrieve image prototypes for the

characters in each named font.

The font database 1322 may be constructed from
the font collection on a user’s system that is used by
the operatihg system and other softwére applicaﬁions to
print documents (e.g., .TrueType, OpenType, or raster
fonté in Microsoft Windows). In one or more‘other
embodiments, the font collection may be generated from
pristine images of documents in database 3400. The

database 3400 xml files provide x;y bounding box
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coordinates that may. be used to extract prototype images
of characters from the pristine images. The xml file
identifies the name of the font and the point size of
the character exactly.

The character prototypes in the selected fonts
are size normalized at step 1320 based on a function of
the parameters that were used at step 1314. Image
classification at step 1316 may compare the size
normalized‘characters outputted at step 1320 to the
output at step 1314 to produce a decision at each x-y
location in the image patch. Known methods of image
template matching may be used to produce ouﬁpﬁt such as
(ci, xi, yi, wi, hi), where ci is identity of a - .
character, (xi yi) is the upper‘left corner of its
bounding box, and hi, wi is its width and height, for
every character i, i=l..n detected in the image patch.

At step 1318, the geometric relation-constrained
database lookup can be performédlas described above, but
may be specialized in a case fof pairs of characters
instead of pairs of words. In such cases: “a-b” may
indicate that the characters a and b are horizontally
adjacent; “a+b” may indicate that they are vertically
adjacent; “a/b” may indicate thatAa is southwest of b;
and “a\ b” may indicate a is southeast of b. The

geometric relations may be derived from the xi yi values
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of each pair of characters. The MMR database 3400 may
be organized so that it returns a list of document pages
that contain character pairs instead of word pairs. The

output at step 1326 is a list of candidates that match

the input image expréssed as n-tuples ranked by score

(documenti, pagei, xi, yi, actioni, scorei).

Figure 14 shows another document fingerprint
matching technique in accordance with an embodiment of
the present invention. The “generate and test”
technique shown in Figure 14 processes each patch
independently. It extracts features from an image patch
that are used to locate a number of page imagés that
could contain the giveﬁ image patch. Further, in one or
more embodiments, an additional extraction-

classification step may be performed to rank pages by

‘the likelihood that they'contain the image patch.

Still referring to the “generate and test” technique
described above with reference‘tg Figure 14, features of
a captured image may be extractea and the document
patches in the database 3400 that contain the most
number of these extracted features may be identified.
The first X document patches (“candidates”) with the
most matching features are then further processed. 1In
this processing, the relative locations of features in

the matching document patch candidate are compared with
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the relative locations of features in the query image.
A score is computed based on this comparison. Then, the
highest score corresponding to the best matching

document patch P is identified. If the highest score is

larger than an adaptive threshold, then document patch .P

is found as matching to the query image. The threshold
is adaptive to many parameters, including, for example,
the number of features extracted. In the database 3400,

it is knowﬁ where the document patch P comes from, and

Athus, the query image is determined as coming from the

same location.

Figure 15‘shows an example of a word boundiné
box detection algorithm. An input image patch 1510 is
shown after image processing that corrects for rotation.
Commonly known as a skew correétion algorithm, this
class of technique rotates a text image so that it
aligns with the horizontal axis. The next step in the
bounding box detection algorithﬁ‘is the computation of
the horizontal projection profilé 1512. A threshold for
line detection is chosen 1516 by known adaptive'
thresholding or sliding window algorithms in such a way'
that the areas “ébove threshold” correspond to lines of
text. The areas within each line are extrécted and
processed in a similar fashion 1514 and 1518 to locate

areas above threshold that are indicative of words
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within lines. An example of the bounding boxes detected
in one line of text is shown in 1520.
Vérious features may be extracted for

comparison with document patch candidates. For example,

Scale Invariant Feature Transform (SIFT) features,

corner features, salient points, ascenders, and
descenders, word boundaries, and spaces may be extracted
for matching. Onejof the features that can be reliably
extracted from document images is word boundaries. Once
word boundaries. are extracted, they may be formed into
groups as shown in Figure 16. 1In Figure 16, for example,
vertical groups are formed in such a way that a word .
boundary has both abové and below overlapping word:
boundaries, and the total number of overlapping word
bouhdaries is at least 3 (noting that the minimum number
of overlapping word boundarigs may differ in one or more
other embodiments). For example, a first feature point
(second word box in the second line, length of é) has
two word boundaries above (lengths of 5 and 7) and one
word boundary below (length of 5). Alsecond feature
point (fourth word box in the third line, length of 5)
has two word boundaries above (lengths of 4 and 5) and
two word boundaries below (lengths of 8 and 7). Thus,
as shown in PFigure 16, the indicated features are

represented with the length of the middle word boundary,
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followed by the lengths of the above word boundaries and
then by lengths of the below word boundaries. Further,
it is noted that the lengths of the word boxes fnaiy be
based on any metric. Thus, it is possible to have
alternate lengths for some word boxes. In such cases, -
features may be extracted contaiﬁing éll or some of
their alternates.

further, in one or more embodiﬁents, features
may be extiacfed such that spaces are represented with
0s and word regions are represented with ls. An example
is shown in Figure 17. The block representafions on the
right side correqund to word/space regions'of the
document patch on the left side. |

Exfracted features may be compared with
variousvdistance.measures, including, for example, norms
and Hamming distance. Alternatively,Viﬁ one or more
embodiments, hash tables may be used to identify
document patches that have the;same features asvthe
query image. Once such patches are identified, angles
from each feature point to other featﬁre points may be
computed as shown in Figure 18. Alternatively, angles
between groups of feature points may be calculated.
1802 shows the angles 1803, 1804, and 1805 calculated
from a triple of feature points. The computed angles

may then be compared to the angles from each feature
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point to other feature points in the gquery image. If
any angles for matching points are similar, then a
similarity score may be increased. Alternativeij, if
groups of angles are used, and 1f groups of angles
5 Dbetween similar groups of feature points in two images .
are numerically siﬁilar, then a similérity score is
increased. Once the scores are computed between the
guery image to each retrieved document patch, the
document pétch resulting in the highest score is
10 selected and compared to an adaptive threshold to
determine whether the match meets some predetermined
criteria. If the criteria is met, then a maﬁéhing
document path is indicated as being found.
Furthér, in one or more embodiments, extracted
15 features may‘be based on the length of words. Each word
is divided into estimated letters based on the word
height and width. As the word line above and below a
given word are scanned, a binary'value is assigned to
each of the estimated letters acéording the space
20 information in the lines above and below. The binary
code is then represented with an integer number. For
example, referring to Figure 19, it shows an arrangement
of word boxes each representing a word detected in a
captured image. The word 1910 is divided into estimated

25 letters. This feature is described with (i) the length
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of the word 1910, (ii) the text arrangement of the line
above the word 1910, and (iii) the text arrangement of
the line below the word 1910. The length of the word
1910 is measured in numbers of estimated letters. The
text arrangement information is extracted from binary
coding of the space information above'or below the
current estimated letter. 1In word 1210, only the last
estimated letter is above a space; the second and third

estimated ietters are below a space. Accordingly, the

- feature of word 19210 is coded as (6, 100111, 111110),

where 0 means space, and 1 means no space. Rewritten in

integer form, word 1910 is coded (6, 39, 62) .

4

Figure 20 shows another document fingerprint

"matching technique in accordance with an embodiment of

the‘present invention. The “multiple classifiers”
technique shown in Figure 20 leverages the complementary
information of different feature descriptions by
classifying them independentlyrapd combining the results.
An example of this paradigm applied to text patch
matching is extracting the lengths of‘horizontally and
vertically adjacent pairs of words and computing a
ranking of- the patches in the database separately. More
particularly, for example, in one or more embodiments,
the locations of features are determined by

“classifiers” attendant with the élassification~module



WO 2007/023993 PCT/JP2006/316812

10

15

20

25

1

~105-

720. A captured image is fingerprinted using a
combination of classifiers for determining horizontal
and vertical features of the captured image. This is
performed in view of the observation that an image of
text contains two independent sources of information as
to its didentity - in addition fo the ﬁorizontal sequence
of words, the vertical layout of the words can also be
used to identity the document from which the image was

extracted. For example, as shown in Figure 21, a

 captured image 2110 is classified by a horizontal

classifier 2112 and a vertical classifier 2114. Each of
the classifiers 2112, 2114, in addition to inﬁutting the
captured image, takes information from a database 3400
to in turn output a ranking of those document pages to
which the respective classifications may apply. In
other words, the multi-classifier technique shown in
Figure 21 independently clasgifies a captured image
using horizontal and vertical features.« The ranked
lists of document pages are then.combined according to a
combination ‘algorithm 2118 (examples further described
below), which in turn outputs a ranked list of document
pages, the list being based on both the horizonfal and
vertical features of the captured4image 2110.
Particularly, in one or more embodiments, the separate

rankings from the horizontal classifier 2112 and the
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vertical classifier 2114 are combined using information
about how'the detectéd features co-occur in the database
3400.

Now also referring to Figure 22, it shows an
example of how vertical layout is integrated with
horizontal layout for feature éxtraction. In (a), a
captured image 2200 with word divisions is shown. From
the captured image 2200, horizontal and vertical “n-
grams” are'defermined. _An “n-gram” is a sequence of n
numbers each describing a gquantity of some
characteristic. For example, a horizontal tfigram
specifies the number of characters in each WOfd of a
horizontal sequence of three words. For example, for
the captured image 2200, (b) shows horizontal trigrams:
5-8-~7 (for the number of characters in each of the
horizontally sequenced words “upper”, “division”, and
“courses” in the first line éf the captured image 2200);
7-3-5 (for the number of charactgrs in each of fhe
horizontally sequenced words “Préject”, “has”, and
“begun” in the second line of the captured image 2200);
3-5-3 (for the number of characters in each of the
horiZontally sequenced words “has”, “begun”, and “The”
in the second line of the captured image 2200); 3-3-6
(for the nﬁmber of characters in each of the

horizontally sequenced words “461”, “and”, and “permit”
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in the third line of.the captured image 2200); and 3-6-8
(for the number of characters in each of the
horizontally sequenced words “and”, "“permit”, and

“projects” in the third line of the captured image 2200).

A vertical trigram specifies the number of characters in

each word of a vertical sequence of words above and
below a given word. For example, for the captured image
2200, (c) shows vertical trigrams: 5-~7-3 (for the number

of charactérs in each of the vertically sequenced words

‘“upper”, “Project”, and “461”); 8-7-3 (for the number of

characters in each of the vertically sequenced words
“division”, “Projecﬁ", and “461”); 8-3-3 (f&r the
number of characters in each of the wvertically éequenced
words “division”, “has”, and “and”); 8-3-6 (for the
number of chéracters in each of the vertically sequenced
words “division”, “has”, énd “permit”); 8-5-6 (for the
number of characters in each of the wvertically sequenced
words “division”, “begun”,. and “permit”); 8-5-8 (for the
number of characters in each of £he vertically sequenced
words “division”, “begun”, and “projects”); 7-5-6 (for
the number of characters in each of the vertically
sequehced words “courses”, “begun”, and “permit”); 7-5-8
(for the number of characters in éach of the vertically
sequenced words “courses’”, “begun”, and “projects”); 7-

3-8 (for the number of characters‘in each of the
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vertically sequenced.words “courses», “The”, and
“projects”); 7-3-7 (for the number of characters in each
of the vertically sequenced words “Project”, “461”, and
“student”); and 3-3-7 (for the number of characters in
each of the vertically sequeﬁced words “has”, “and”, and
“student”). ;

Based on the determined horizontal and
vertical trigrams from the captured image 2200 shown in
Figure 22,'lists of documents (d) and (e) are generated
indicating the documents the contain each, of the
horizontal and vertical trigrams. For example, in (d),
the horizontal trigram 7-3-5 occurs in documents 15, 22,
and 134. Further, for example, in (e), the wvertical
trigram 7-5-6 occurs in documents 15 and 17. Using the
documents lists of (d) and (e}, a ranked list of all the
referenced documents are respectively shown in (£) and .
(g). For example, in (f), doéument 15 is referenced by
five horizontal trigrams in (d)}’whereas documeﬁt 9 is
only referenced by one'horizontai trigram in (d).
Further, for example, in (g), documenf 15 is referenced
by eleven vertical trigrams in (e), whereas document 18
is only referencéd by one vertical trigram in (é).

Now also referring to Figure 23, it shows é technique
for combining the horizontal and vertical trigram

information described with reference to Figure 22. The
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technique combines the lists of votes from the
horizontal and vertical feature extraction using
information about the known physical location of

trigrams on the original printed pages. For every -

document in common among the top M choices outputted by

each of the horizontal and vertical classifiers, the
location of every horizontal trigram that voted for the
document is compared to the location of every vertical
trigram thét Qoted for that document. A document
receives a number of votes equal to the number of
horizontal trigrams that overlap any vertical trigram,
where “overlap” occurs when the bounding boXeé of two
trigrams overlap. In addition, the x-y positions' of the
centers of overlaps are counted with a suitably modified
version of the evidence accumulation algorithm described
below with reference to 3406 of Figures 34A. For example,
as shown in Figure 23, the lists in (a) and (b)
(respectively (f) and (g) in Figure 22) are intérsected
to determine a list of pages (c)lthat are both
referenced by horizontal and verticalltrigrams.' Using
the intersected list (c), lists (d) and (e) (showing
only the intersected documents as referenced to.by the
identified trigrams), and a printed document database
3400, an overlap of documents ié determined. For

example, document 6 1s referenced by horizontal -‘trigram
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3-5-3 and by vertical trigram 8-3-6, and those two
trigrams themselves éverlap over the word “has” in the
captured image 2200; thus document 6 receives oﬁé vote
for the one overlap. As shown in (£f), for the
particular captured image 2200, document 15 receives the
most number of votes and is thus idenfified as the
document containing the captured image 2200. (x1, yl)
is identified as the location of the input image within
document 15. Thﬁs, in summary of the document
fingerprint matching technique described above with
reference to Figures 22 and 23, a horizontal classifier
uses features derived from the horizontal afréngement of
words of text, and a vertical classifier uses features
derived from the vertical arrangement of those words,
where the résults are combined based on the overlap of
those features in the original documents. Such feature
extraction provides a mechanism for uniquely identifying
documents in that while the hori;ontal aspects 6f this
feature extraction are subject t§ the constraints of
proper grammar and language, the vertical aspecﬁs are
not subject to such constraints.

Further, although the description witﬁ
reference to Figures 22 and 23 is particular to the use
of trigrams, any n-gram may be ﬁsed for one or both of

horizontal and vertical feature
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extraction/classification. For example, in one or more
embodiments, vertical and horizontal n-grams, where n =
4, may‘be used for multi-classifier feature extraction.
In one or more other embodiments, the horizontal
classifier may extract features based on n-grams, where
n = 3, whereas the vertical classifieftmay extract
features based on n-grams, where n = 5.

Further, in one or more embddiments,
classification may be based on adjacency relationships
that are not strictly vertical or horizontal. For
example, NW, SW, NW, and SE adjacency relationships may
be used for extraction/classification. |

7

Figure 24 shows another document fingerprint

‘matching technique in accordance with an embodiment of

the present invention. The “database-driven feedback”
technique shown in Figure 24 takes into consideration
that the accuracy of a document image matching system
may be improved by utilizing the images of the documents
that could match the input to defermine a subsequent
step of image analysis in which sub-images from the
pristine documents are matched to the input image. The
technique includes a transformation that duplicates the
noise present in the input image. This may be followed
by a template matching analysis;

Figure 25 ‘shows a flow piocess for database-
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driven feedback in accordance with an embodiment of the
present invention. An input image patch is first
preprocessed and recognized at steps 2510, 2512'35
described above (e.g., using word OCR and word-pair
lookup, character OCR and character pair lookup, word
bounding box configuration) to produce a number of
candidates for the identification of an image patch 2522.
Each candidate in this list may contain the following

items (doci, pagei, xi, yi), where doci is an identifier

for a document, pagei a page within the document, and

(xi, yi) is the x-y coordinates of the center of the
image patch within that page.

A pristiné patch retrieval algorithm at: step
2514 normaliies the size of the entire input image patch
to a fixed size opticnally using knowledge of the
distance from the page to ensure that it is transformed
to a known spatial resolution, e.g., 100 dpi. The font
size estimation algorithm described above may be adapted
to this task. Similarly, known aistance from focus or
depth from focus technigues may be uséd. Also, size
normalization can proportionally scale the image patcheé
based on the heights of their word bounding boxés.
The pristine patch retrieval algorithm gqueries the MMR
database 3400 with the identifier for each document and

page it receives together with the center of the
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bounding box for a patch that the MMR database will
generate. The extenf of the generated patch depends on
the size of the normalized input patch. 1In such a
manner, patches of the same spatial resolution and
dimensions may be obtained. 'For example, when
normalized to 100 dpi, the input patcﬁ can extend 50
pixels on each side of its center. 1In this case, the
MMR database would be instructed to generate a 100 dpi

pristine patch that is 100 pixels high and wide centered

‘at the specified x-y value.

Each pristine image patch returned from the
MMR database 2524 may be associated with the'following“
items (doci, pagei, xi, yi, widthi, heighti, actieni),
where (doci, pagei, xi, yi) are as described above,
widthi and heighti are the width and height of the
pristine patch in pixels, and actioni is an optional
action that might be associated with the corresponding
area in doci’s entry in the database. The pristine
patch retrieval algorithm outputé 2518 this list of
image patches and data 2518 together With the size
normalized input patch it constructed.

Further, in one or more embodiments, fhe patch
matching algorithm 2516 compares the size normalized
input patch to each pristine patch and assigns a score

2520 that measures how well they match one another.
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Those skilled in the.art‘will appreciate that a simple
cross correlation to.a Hamming distance suffices in many
cases because of the mechanisms used to ensure that
sizes of the patches are comparable. Further, this
process may include the introduction of noise into the |
pristine patch that mimics the image ﬁoise detected in
the input. The comparison could also be arbitrarily
complex and could include a comparison of any feature
set including the OCR results of the two patches and a
ranking based on the number of characters, characte;
pairs, or word pairs where the pairs could be
constrained by geometric relations as before. However,

in this case, the number of geometric pairs in common

“between the input patch and the pristine patch may be

estimated and used as a ranking metric.

Further, the output 2520 may be in the form of
n-tuples (doci, pagei, xi, yi, actioni, scoreil), where
the score is provided by the patch matching algorithm
and measures how well the input ﬁatch matches the
corresponding region of doci, pagei.

Figure 26 shows another document fingerprint
matching technique in accordance with an embodiﬁent of
the present invention. The “database-driven classifier”
technique shown in Figure 26 uses an initial

classification to generate a set of hypotheses that
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could contain the input image. Those hypotheses are
looked up in the datébase 3400 and a feature extraction
plus classification strategy is automatically designed
for those hypotheses. An example is identifying an
input patch as containing either a Times or Arial font.,
In this case, the control structure 7i4 invokes a
feature extractor and classifier specialized for
serif/san serif discrimination.

Figuie 2’7 shows a flow process for database-

‘driven classification in accordance with an embodiment

of the present invention. Following a first feature
extraction 2710, the input image patch is classified
2712 by any one or ﬁore of the recognition methods .
described above to produce a ranking of documents, pages,
and'x—y‘locations within those pages. Each candidate in
this list may contain, for example, the following items
(doci, pagei, xi, yi), where doci is an identifier for a
document, pageil a page within the document, and (xi, yi)
are the x-y coordinates of the cénter of the image patch
within that page. The pristine patch retrieval
algorithm 2714 described with reference to Figure 25 may
be used to.generéte a patch image for each candidate.
Still referring to Figure 27, a second feature

extraction is applied to the pristine patches 2716.

This may differ from the first feature extraction and
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may include, for example, one or more of a font
detectionAalgorithm, a character recognition techniqgue,
bounding boxes, and SIFT features. The features

detected in each pristine patch are inputted to an

. automatic classifier(designvmethod 2720 that includes, .

for example, .a neural network, support vector machine,
and/or nearest neighbor classifier that are designed to
classify an unknown sample as one of the pristine
patches. TheAsame second feature extraction may be
applied 2718 to the input image patch, and the features
it detects are inputted to this newly designéd
classifier that may be specialized for the pristine
patches. |

The output 2724 may be in the form of n-tuples
(doéi, pagei, xi, yi, actioni, scorei), where the score
is provided by the classification technique 2722 that
was automatically designed by 2720. Those skilled in
the art will appreciate that the,score‘measures'how well
the input patch matches the corresponding region of doci,
pagei. |

Figure 28 shows another document fingerprint
matching technique in accordance with an embodiment of
the present invention. The “database-driven multiple
classifier” technique shown in Figure 28 reduces the

chance of a non-recoverable error early in the
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recognition process by carrying multiple candidates
throughout the decision process. Several initial
classifications are performed. Each generates a
different ranking of the input patch that could be

5 discriminated by different feature extraction and
classification. For example, one of those sets might be
generated by horizontal n-grams and uniquely recognized
by discriminating serif from san-serif. Another example
might be génerated by vertical n-grams and uniquely

10 recognized by accurate calculation of line separation.

Figure 29 shows a flow process for database-

driven multiple qussification in accordance Qith an

embodiment of the present invention. The flow process

is similaf to that shown in Figure 27, but it uses

15 mulfiple different feature extraction algorithms 2810

and 2912 to produce independent rankingé of the input

image patch with the classifiers 2914 and 291l6.

Examples of features and classification techniques

include horizontal and vertical word-length n-grams

20 described above. Each classifier may produce a ranked

list of patch identifications that contains at least the

folléwing items (doci, pagei, xi, yi, scorei) for each

candidate, where doci is an identifier for a document,

pagei a page within the document, (xi, yi) are the x-y

25 coordinates of the center of the image patch within that
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page, and scorei measures how well the input patch
matches the corresponding location in the database
document.

The pristine patch retrieval algorithm
described above with reference to Figure 25 may be used
to produce a set of pristine image patches that
correspond to the entries in the list of patch
identifications in the output of 2914 and 2916. A third
and fourthAfeéture extraction 2918 and 2920 may be
applied as before to the pristine patches. and
classifiers automatically designed and applied as
described above in Figure 27.

Still referring to Figure 29, the rankings
produced by those classifiers are combined to produce a
single ranking 2924 with entries (doci, pagei, xi, yi,
actioni, scorei) for i =1 .. number of céndidates, and
where the. values in each entry are as described above.
The ranking combination 2922 may,be performed by, for
example, a known BordaAcount measure that assigns an
item a score based on its common position in thé two
rankings. This may be combined with the score assigned
by the individual classifiers to generate a composite
score. Further, those skilled in the art will note that
other methods of ranking combination may be used.

Figure 30 shows another document fingerprint
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matching technique in accordance with an embodiment of
the present invention. The “video seguence image
accumulation” technigue showh in Figure 30 consfﬁucts an -
image by integrating data from nearby or adjacent frames.
One example involves “super—fesolution.” It registers:N
temporally adjacent frames and uses kﬁowledge of the
point spread function of the lens to perform what is
essenﬁially a sub-pixel edge enhancement. The effect is
to increasé tﬁe spatial . resolution of the image.
Further, in one or more embodiments, the .super-
resolution method may be specialized to emphasize text-
specific features such as holes, corners, and dots. A
further extension would use the characteristics of: the
candidate image patches, as determined from the database
3400, to spécialize the super-resolution integration
function.

Figure 31 shows another document fingerprint
matching technique in accordanée'with an embodiﬁent of
the present invention. The ?video sequence feature
accumulation” technique shown in Figure 31 accumulates
features over a number of temporally adjacent frames
prior to making a decision. This takes advantage of the
high sampling rate of a capture device (e.g., 30 frames
per second) and the user’s intention, which keeps the

capture device pointed at the same point on a document
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at least for several seconds. Feature extraction is
performed independently on each frame and the results
are combined to generate a single unified feature map.

The combination process includes an implicit

. registration step. The need for this technigue is

immediately apparent on inspection of video clips of
text patches. The auto-focus and contrast adjustment in
the typical capture device can producé significantly
different results in adjacent video frames.

Figure 32 shows another document fingerprint
matdhing technique in accordance with an embodiment of
the present invention. The “video sequence decision |
combination” technique'shown in Figure 32 combines'
decisions from a number of temporally adjacent frames.
This takes advantage of the high sampling rate of a
typical capture device and the user’s iﬁtention, which -
keeps the capture device pointed at the same point on a
ddcument at least for several seconds. Each frame is
processed independently and generates its own ranked
list of decisions. Those decisions are combined to
generate a single unified ranking of the input image sét.
This technique includes an implicit registration method
that controls the decision combination process.

Tn one or more embodiments, one or more of the various

document fingerprint matching techniques described above
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with reference to Figures 6-32 may be used in
combination with one or more known matching techniques,
such combination being referred to herein as “multi-tier

(or multi~factor) recognition.” In general, in multi-

‘tier recognition, a first mafching technique is used to.

locate in a document database a set of pages having
specific criteria, and then a second matching technique
is used to uniquely identify a patch from among the
pages in the set.

| Figure 33 shows an example of a.flow process
for multi-tier recognition in accordance with an
embodiment of the present invention. Initiaily, at step

3310, a capture device 106 is used to capture/scan a

““culling” feature on a document of interest. The

culling feature may be any feature, the capture of which
effectively results in a selection of a set of documents
within a document database. For example, the culling
feature may be a numeric-only bar code (e.g., uﬁiversal
product code (UPC)), an alphanumeric bar code (e.g.,
code 39, co&e 93, code 128), or a 2-dimensional bar code
(e.g., a QR code, PDF417, DataMatrix, Maxicode) .
Moreover, the culling feature may be, for example, a
graphic, an image, a trademark, a logo, a particular
color or combination of colors, a keyword, or a phrase.

Further, in one or more embodiments, a culling feature
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may be limited to features suitable for recognition by
the capture device 106.
At step 3312, once the culling feature has
been captured at step 3310, a set of documents and/or
. pages of documents in a docuﬁenﬁ database are selected -
based on an association with the captured culling
feature. For example, if thg captured cﬁlling feature
is a company’s logo, all documents in the database
indexed as containing that logo are selected. In
another example, the database may coptain'a library.of
trademarks against which captured culling iméges are
compared. When there is a “hit” in the libfary, all
documents associated with the hit trademark are selected
for subsequent matching as described below. Further, in
one or more embodiments, the selection of
documents/pages at step 3312 may depend on the captured
culling feature and the location of that culling feature
on the scanned document. For example,‘information
associated with the captured culling feature may specify
whether thaf culling image is located at the upper right
corner of the document as opposed to the lower left
corner of the document.
Further, those skilled in the art will note
that the determination that a particular captured image

contains an image of a culling feature may be made by
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the capture device 106 or some other component that
receives raw image data from the capture device 106.
For example, the database itself may determine thet a

particular captured image sent from the capture device

.106 contains a culliﬁg feature, in response to which the

database selects a set of documents associated with the
captured.culling feature.

At step 3314, after a partieular set of
documents has been selected at step 3312, .the capture
device 106 continues to scan and accordingly capture
images of the document of interest. The captured images
of the document are, then matched against thexdocuments ‘
selected at step 3312 using one or more of the various
document fingerprint matching techniques described with
reference to Figures 6-32. For example, after a set of
documents indexed as containing the culling feature of a
shoe graphic is selected at step 3312 based on capture
of a shoe graphic image on a document of interest at
step 3310, subsequent captured 1mages of the document of
interest may be matched against the set of selected
documents using the multiple classifiers technique as
previously‘described.

Thus, using an implementation of the multi-
tier recognition flow process described above with

reference to Figure 33, patch recognition times may be
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decreased by initially reducing the amount of
pages/documents against which subsequent captured images
are matched. Further, a user may take advantage of such -

improved recognition times by first scanning a document

_over locations where there is an image, a bar code, a

graphic, or other type of culling feature. By taking
such action, the user may quickly reduce the amount of

documents against which subsequent captured images are

matched.

MMR Database System

Figure 34A illustrates a functional block
diagram of an MMR database system 3400 configured in

accordance with one embodiment of the invention. ' The

‘system 3400 is configured for content-based retrieval,

whefe two-dimensional geometric relationships between.
objects are represented in a way that enables look-up in
a text-based index (or any other searchable indexes).
The system 3400 employs evidencé.accumulation td enhance
look-up efficiency by,‘for example, combining the
frequency of occurrence of a feature with the likelihood
of its location in a two-dimensional zone. In one
particular embodiment, the database system 3400 is a
detailed implementation of the document event database
320 (including PD index 322), the contents of which

include electronic representations of printed documents
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generated by a capture module 318 and/or a document
fingerprint matching module 226 as discussed above with
reference to Figure 3. Other applications and

coﬁfigurations for system 3400 will be apparent in light

.of this disclosure.

As can be seen, the database system 3400
includes an MMR index table module 3404 that receives a
description computed by the MMR feature extraction
ﬁodule 3402, an evidence accumulation module 3406, and a
relational database 3408 (or any other suitable storage
facility). The index table module 3404 interrogates an
index table that identifies the documents, péges, and g—
y locations within those pages where each feature occurs.
The index table can be generated, for example, by the
MMR index table module 3404 or some other dedicated
module. The evidence accumulation module 3406 is
programmed or otherwise configured to compute a ranked
set of document, page and location hypotheses 3410 given
the data from the indeﬁ table module 3404. The
relational database 3408 can be used to store additional
characteristics 3412 about each patch. Those include,
but are not limited to, 504 and 508 in Figure 5. By
using a two-dimensional arrangement of text within a
patch in defiving a signature or fingerprint (i.e.,

unique search term) for the patch, the uniqueness of
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even a small fragment of text is significantly increased.
Other embodiments can similarly utilize any two-
dimensional arrangement of objects/features within a

patch in deriving a signature or fingerprint for the

~patch, and embodiments of the invention are not intended

to be limited to two-dimensional arrangements of text
for uniquely identifying patches. Other components and
functionality of the database system 3400 illustrated in

Figure 34A include a feedback—directéd features search

module 3418, a document rendering application module

3414, and a sﬁb—image extraction module 3416. These
components interact:with other system 3400 components to
provide a feedback—direéted feature search as well .as
dynamic prisfine image generation. In addition, the
sysfem 3400 includes an action processor 3413 that
receives actions. The actions determine the action
performed by the database system 3400 and the output it
provides. Each of these other components will be
explained in turn. |

An example of the MMR featufe extraction
module 3402 that utilizes this two-dimensional
arrangement of téxt’within a patch is shown in figure
34B. In one such embodiment, the MMR feature extraction‘
module 3402 is programmed or otherwise configured to

employ an OCR-based technique to extract features (text
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or other target features) from an image patch. In this
particular embodiment, the feature extraction module
3402 extracts the x-y locations of words in an imége of

a patch of text and represents those locations as the

set of horizontally and vertically adjacent word-pairs

it contains. -The image patch is effectively converted
to word-pairs that are -joined by a “-” if they are
horizontally adjacent (e.g., the-cat, in-the, the-hat,
and is-back) and a “+” if they overlap vertically (e.g.,
the+in, cat+the, in+is, and the+back). The x-y
locations can be, for example, based on pixei counts in
the x and y plane directions from éome fixed'pﬁint in

document image (from the uppermost left corner or’ center

‘of the document). Note that the horizontally adjacent

pairs in the example may occur frequently in many other
text passages, while the vertically overiapping pairs
will likely occur infrequently in other text passages.
Other geometric relationships bépween image feafures
could be similarly encbded, such as SW-NE adjacency with
a “/" betweén words, NW-SE adjacency with “ 7, etc.
Also, “features”icould be generalized to word bounding
boxes.(or other feature bounding boxes) that could be
encoded with arbitrary but consistent strings. For
example, a bounding box that is four times as long as it

is high with a ragged upper contour but smooth lower
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contour could be rep:esented by the string “4rusl”. In
addition, geometric relationships could be generalized
to arbitrary angles and distance between features. For

example, two words with the “4rusl” description that are

~NW-SE adjacent but séparated'by two word-heights could .

be represented “4rusl\\ 4rusl.” Numerous encoding
schemes will be apparent in light of this disclosure.
Furthermore, note that numbers, Boolean values,
geometric éhapes, and other such document features could
be used instead of word-pairs to ID a patch.

Figure 34C illustrates an example index table

organization in accordance with one embodiment of the

invention. As can be seen, the MMR index table includes

" an inverted term index table 3422 and a document index

tabie 3424. FEach unique term or feature (e.g., key
3421) points to a location in the term index table 3422
that holds a functional value of the feature (e.g., key
%) that points to a list of records 3423 (e.g.,'Rec#l,
Rec#2, etc), and eachvrecord identifies a candidate
region bn aypage within a document, aé will be discussed
in turn. In one example, key and the functional value
of tﬁe key (key x) are the same. In another example a
hash function is applied to key and the output of the
function is key x.

Given a list of query terms, every record
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indexed by the key is examined, and the region most
consistent with all query terms is identified. If the

region contains a sufficiently high matching score (e.g.,

based on a pre-defined matching threshold), the

“hypothesis is confirmed. Otherwise, matching is

declared to fail and no region is returned. In this
example embodiment, the keys are word-pairs separated by

either a “-” or a “+” as previously described (e.g.,

“the-cat” or “cat+the”).. This technique of

incorporating the geometric relationship in the key
itself allows use of convenﬁional text search technology

for a two~dimensional geometric gquery.

Thus, the index table organization transforms

‘the features detected in an image patch into textual

terms that represent both the features themselves and:
the geometric relationship between them. This allows
utilization of conventional text indexing and search
methods. For example, the vertically adjacent terms
“cat” and “the” are rebresented by the symbol “cat+the”
which can be referred to as a “query ferm" as will be
apparent in light of this disclosure. The utilization
of cohventional text search data structures and,
methodologies facilitate grafting of MMR techniques
described herein on top of Internet text search systems

(e.g., Google, Yahoo, Microsoft, etc).



WO 2007/023993 PCT/JP2006/316812

10

15

20

25

~130-

In the inverted term index table 3422 of this example
embodiment, each record identifies a candidate region on
a page within a document using six parameters: document

idéntification (DocID), page number (PG), x/y offset (X

and Y, respectively)[ and width and height of

rectangular zone (W and H, respectively). The DocID is
a unique string generated based on the timestamp (or
other metadata) when a document is printed.» But it can
be any string combining device ID and person ID. In any
case, documents are identified by unique DocIDs, and
have records that are stored in the document‘index table.
Page number is the pagination corresponding td the papér
output, and starts at 1. A rectangular region is:
parameterized by the X-Y coordinates of the upper-left
corner, as well as the width and height.of the bounding
box in normalized coordinate system. Numerous inner-
document location/coordinate schemes will be apparent in
light of this disclosure, and tne present invenrion is
not intended to be limited any particular one.

An example record structure configured in
accordance with one embodiment of the present invention
uses a 24-bit DocID and an 8-bit page number, allowing
up to 16 million documents and‘4 billion pages. One
unsigned byte for each X and Y offset of the bounding

A

box provide a spatiél resolution of 30dpi horizontal and
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23dpi vertical (assuming an 8.5” by 11" page, although
other page sizes and/or spatial resolutions can be used).
Similar treatment for the width and height of the

bounding box (e.g., one unsigned byte for each W and H)

~allows representation of a region as small as a period ,

or the dot on an “i”, or as large as én entire page
(e.g., 8.5” by 117 or other). Therefore, eight bytes
per record (3 bytes for DocID, 1 byte for PG, '1 byte for “
X, 1 byte for‘Y, 1 byte for W, and 1 byte for H is a
total of 8 bytes) can accommodate a iarge,number of
regions.

The document index table 3424 includes

relevant information about each document. In one

particular embodiment, this information includes the

document-related fields in the XML file, including print
resolution, print date, paper size, shadow file name,
page image location, etc. Since print coordinates are
converted to a normalized coordinate system when
indexing a document, éomputing éearch hypotheses does
not involve this table. Thus, document index table 3424
is ohly consulted for matched candidate regions.
However, this decision does imply some loss of’
information in the index because the normaiized
coordinate is usually at a lower resolution than the

print resolution. Alternative embodiments may .use the
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document index table 3424 (or a higher resolution for
the normalized coordinate) when computing search
hypotheses, if so desired.

Thus, the index table module 3404 operates to

~effectively provide an image'indeX‘that enables content-

based retrieval of objects (e.g., docﬁment pages) and xX-
y locations within those objects where a given image
query occurs. The combination of such an image index
and relatidnaludatabase 3408 allows for the.location of
objects that match an image patch and characte:istiqs of
the patch (e.g., such as the “actions” attached to the
patch, or bar codes’that can be scanned to céﬁse
retrieval of other contént related to the patch).. .The
relational détabase 3408 also provides a means for
“re&erse links” from a patch to the features in the
index table for other patches in the document. Reverse
links provide a way to find the features a recognition
algorithm would expect to see as it moves from one part
of a document image to another, thch may significantly’
improve the performance of the front—énd image analysis
algorithms in an MMR system as discussed herein.

Feedback-Directed Feature Search

The x-y coordinates of the image patch (e.g.,
x-y coordinates for the center of the image patch) as

well as the identification of the document and page can
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also be input to the feedback-directed feature search
module 3418. The feedback-directed feature search
module 3418 searches the term index table 3422 for

records 3423 that occur within a given distance from the

center of the image patch. This search can be

facilitated, for example, by storing the records 3423

for each DocID-PG combination in contiguous blocks of

memory.sorted in order of X 6r Y value. A lookup is
performed by binary search for a given valué (X or Y
depending on how the data was sorted when stored) and
serially searching from that location for all the
records with a givep X and Y value. Typically} this
would include x-y coordinates in an M-inch ringAaround
the outside of a patch that measures W inches wide and H
inches high in the given document and page. Recoids
that occur in this ring are locatéd and their keys or
features 3421 are located by tracing back pointers. The
list of features and their x-y lqcations in the ring are
reported as shown at 3417 of Figﬁre 34A. The values of
W, H, and M shown at 3415 can be set aynamically'by the
recognition system based on the size of the input image
s0 thét the features 3417 are outside the input‘image
patch. |

Such characteristics of the image database

system 3400 are useful, for exampie, for disambiguating
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multiple hypotheses. If the database system 3400
reports more than oné document could match the input
image patch, the features in the rings around tﬁe
patches would allow the recognition system (e.g.,
fingerprint matching module 226 or other suitable
recognition system) to decide which ddcument best
matches'the document the user is holding by directing
the user to slightly move the image capture device in

the direction that would disambiguate the decision. For

'example (assume OCR-based features are used; although

the concept extends to any geometrically indexed feature
set), an image patch in document A might be diiectly
below the word-pair “blﬁe—xylophone." The image patch
in document B might be directly below the word-pair
“blue-thunderbird.” The database system 3400 would
report the expected locations of these features and the
recognition system could instruct the user (e.g., via a
user interface) to move the camera up by the amount
indicated by the difference in y.coordinates of the
features and top of the patch. The récognition system
could. compute the features in that difference area and
use the features from documents A and B to determine
which matches best. For example, the recoghition system
could post-process the OCR resuits from the difference

area with the “dictionary” of features comprised of
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(xylophone, thunderbird). The word that best matches
the OCR results corresponds to the document that best
matches the input image. Examples of post-processing

algorithms include commonly known spelling correction

~techniques (such as those used by word processor and

email applications).

As this example illustrates, the database
system 3400 design allows the recognition system to
disambiguafe multiple~candidétes in an efficient manner
by matching feature descriptions in a way-that avoids
the need to do further database accesses. Ah
alternative solution would be to process each image
independently.

Dynamic Pristine Image Generation

The x-y coordinates for the location the image
patch (e.g., x-y coordinates for the cenfer of the image
patch) as well as the.identification of the document and
page can also be input to the ré;ational database 3408
where they can be used to retrieve the stored electronic
original fof that document and page. That document can
then be rendered by the document rendering application
module 3414 as a bitmap image. Also, an additional “box
size” value provided by module 3414 is used by the sub-
image extractipn module 3416 to extract a portion of the

bitmap around the center. This bitmap is a “pristine”
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representation for the expected appearance of the image
patch and it contains an exact representation for all
features that should be present in the input image. The

pristine patch can then be returned as a patch

characteristic 3412. This solution overcomes the

excessive storage required of pfior téchniques that
store image bitmaps by storing a compact non-image
representation that can subséquently be converted to
bitmap data oﬁ demand.

Such as storage scheme is advantageous since
it enables the use of a hypothesize-and-test recognition
strategy in which a feature representation éxfracted
from an image is used to retrieve a set of candidateé
that is disaﬁbiguated by a detailed feature analysis.
Often, it ié not possible to predict the features that
will optimally disambiguate an arbitrary set of
candidates and it is desirable that this be determined
from the original images of thoée candidates. For
example, an image of the word—pair “the cat” could be
located in two database documents, oné of which was
originally printed in a Times Roman font and the other
in a Helvetica font. Simply determining whether the
input image contains one of these fonts would identify
the correctly matching database document. Comparing the

pristine patches for those documents to the input image
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patch with a template matching comparison metric like
the Euclidean distance would identify the correct
candidate.

An example includes a relational database 3408

that stores Microsoft Word “.doc” files (a similar

methodology works for other document formats such as
postscript, PCL, pdf., or Microsoft’s XML paper
specification XPS, or other such formats that can be
converted fo albitmap by a rendering application such as
ghostscript or in the case of XPS, Microsoft’s Internet
Explorer with the WinFX components installed). Given
the identification for a document, page, x—y‘lécation,h
box dimensions, and system parameters that indicate the
preferred resolution is 600 dots per inch (dpi), the
Word application can be invoked to generate a bitmap .
image. This will provide a bitmap with 6600 rows and
5100 columns. Additional parémeters x=3", y=3",
height=1"”, and width=1" indicatélthe database sﬁould
return a patch 600 pixéls high and wide that  is
centered at a point 1800 pixels in X énd % away.from the
top left corner of the page.

Multiple Databases

When multiple database systems 3400 are used,
each of which may contain different document collections,

pristine patches can be used to determine whether two
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databases return the same document or which database
returned the candidate that better matches the input.
If two databases return the same document,

possibly with different identifiers 3410 (i.e., it is

not apparent the original documents are the same since ,

they were separateiy entered in diffefent databases) and
characteristics 3412, the pristine patches will be
almost exactly the same. This can be determined by
comparing the bristine patches to one another, for
example, with a Hamming distance that counts the numbert
of pixels that are different. The Hamming distance will
be zero if the orig;nal documents are exactly the same
pixel-for-pixel. The Hamming distance will be élightly
greater than zero if the patches are slightly different
as might be caused by minor font differences. This can
cause a “halo” effect around the edges of characters
when the image difference in the Hamming operator is
computed. Font differences liké'this can be cauéed by
different versions of the originél rendering application,
different versions of the operating system on the server
that runs the database, different printer drivers, or
diffeient font collections. |

The pristine patch comparison algorithm can be
performed on patches from more fhan one x-y location in

two documents. They should all be the same, but a
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sampling procedure like this would allow for redundancy
that could overcome rendering differences between
database systems. For example, cne font might appear

radically different when rendered on the two systems but

_another font might be exactly the same;

If two or more databases return different
documents as their best match for the input image, the
pristine patches could be compared to the input image by
a pixel baéed‘comparison metric such as Hamming distance
to determine which is correct.

An alternative strategy for comparing results
from more than one database is to compare the‘contents\
of accumulator arrays that measure the geometric
distribution of features in the documents reported by
each database; It is desirable that this accumulator be
provided directly by the database to avoid the need to .
perform a separate lookup of the original feature set.
Aléo, this accumulator should be:independent of the
contents of the database system 3400. 1In the embodiment
shown in Fiéure 34A, an activity array 3420 is éxported.
Two Activity arrays can be compared by measuring the
intefnal distribution of their wvalues.

In more detail, if two or more databases
return the same document, possibly with different

identifiers 3410 (i.e., it’s not épparent the original
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documents are the same since they were separately
entered in different databases) and characteristics 3412,
the activityvarrays 3420 from each database will be

almost exactly the same. This can be determined by

'comparing the arrays to one énother, for example, with .a

Hamming distance that counts the number of pixels that
are different. The Hamming distance will be zero if the
original documents are exacfly the same.

if fwo or more databases return different
documents as their best match for the input features,
their activity arrays 3420 can be compared to determine
which document “best” matches the input image; An
Activity array that correctly matches an image patch
will contain a cluster of high values approximately
centered on the location where the patch occurs. An =
Activity array that incorrectly matches an image patch'
will contain randomly distributed values. There are
many well known strategies for‘measuring dispersion or
the randomness of én image, such as entropy. Such
algorithms can be applied to an actiﬁity array 3420 to
obtain a measure that indicates the'presence of a
cluster. For egample, the entropy of an activi&y array
3420 that contains a cluster corresponding to an image
patch will be significantly different from the entropy

of an activity array 3420 whose values are randomly
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distributed.
'Further, it is noted that an individual client
106 might at any time have access to multiple databases

3400 whose contents are not necessarily in conflict with

~one another. For example, a corporation might have both

publiély accessible patches and ones pfivate to the
corporation that each refer to a single document. 1In
such cases, a client device 106 would maintain a list
of databases bl, D2, D3 ..., which are consulted in
order, ahd produce combined activity arrays 3420 and
identifiers 3410 into a unified display for the user. A
given client device1106 might display the patéhes
available from all databases, or allow a user to choése
a subset of the databases (only D1, D3, and D7, for
example).and only show patches from those databases.
Databases might be added to the list by’subscribing to a
service, or be made available wirelessly when a client
device 106 is in a certain locétion, or because the
database is one of several which have been loaded onto
client device 106, or because a certain user has been
authenticated to be currently using the device, or even
because the device is operating in a certain mode. For
example, some databases might be évailable because a
particular client device has its audio speaker turned on

or off, or because a peripheral device like a video
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projector is currently attached to the client.

Actions

12

With further reference to Figure 34A, the MMR

database 3400 receives an action together with a set

features from the MMR feature extraction module 3402.

Actions specify commands and parameters. In such an
embodiment, the command and its parameters determine
patch characteristics that are returned 3412. Action
are received ih.a format including, for example, http
that can be easily translatgd into text.

The action processor 3413 receives the
identification for a document, page and‘x~y location
within a page determined by the evidence accumuiation
module 3406. It also receives a command and its
parameters. The action processér 3413 is programmed
otherwise configured to transform the command into
instructions that either retrieve or sﬁore data using
the relational database 3408 at a location that
corresponds with the given documént, page and x-y
location. '

In one such embodiment, commands include:
RETRIEVE, INSERT TO <DATA>, RETRIEVE TEXT <RADIIjS>,
TRANSFER <AMOUNT>, PURCHASE, , PRISTINE_PATCH <RADIUS
[DOCID PAGEID X Y DPI]>, and ACCESS DATABASE <DBID>.

Bach will now be discussed in turn.

of

the

5]

or
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RETRIEVE — retrieve data linked to the x-y location in
the given document page. The action processor 3413
transforms the RETRIEVE command to the relational

database guery that retrieves data that might be stored

nearby this x-y location. This can require the issuance

of more than one détabase query Eo seérch the area
surrounding the x-y location. The retrieved data is
output'as patch characteristics 3412. An example
applicatioﬁ of the RETRIEVE command is a multimedia
browsing application that retrieves video clips or
dynamic information objects (e.g., electronic addresses
where current information can be retrieVed)."The

retrieved data can include menus that specify subsequent

'steps to be performed on the MMR device. It could also

be static data that could be displayed on a phone (or
other display device) such as JPEG images or video clips.
Parameters can be provided to the RETRIEVE command that
determine the area searched for patch characteristics
INSERT TO <DATA> - insert <DATA>‘at the x-y location
specified by the image patch. The acfion processor 3413
transforms the INSERT TO command to an instruction for
the relational database that adds data to the scecified
x-y location. An acknowledgement of the sﬁccessful
completion of the INSERT_TO comﬁand is returned as patch

characteristics 3412. 2An example\application of the
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INSERT TO command is a software application on the MMR
device that allows a user to attach data to an arbitrary
x~y location in a passage of text. The data can be
static multimedia such as JPEG images, video clips,. or
audio files, but it can also be arbitrary electronic
data such as menus that specify actions associated with
the given locaticn.

RETRIEVE TEXT <RADIUS> - retrieve text within
<RADIUS> of the x-y location determined by the image
patch. The <RADIUS> can be specified, for example,.as a
number of pixels in image space or 1t can be specified
as a number of characters of words around theix—y

location determined by the evidence accumulation module

3406. <RADIUS> can also refer to parsed text objects.

In this particular embodiment, the action processor 3413

transforms the RETRIEVE TEXT command into a relational
database query that retrieves the appropriate text. If
the <RADIUS> specifies parsed text objects, the Action
Processor only returns parsed te%t objects. If a parsed
text object 'is not located nearby the-specified -y
location, the Action Processor returns a null indication.
In an alternate embodiment, the Action Processof calls
the Feedback-Directed Features Search module to retrieve
the text that occurs within a radius of the given x-y

location. The text string is returned as patch
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characteristics 3412. Optional data associated with
each word in the text string includes its x-y bounding
box in the original document. An example applicafion of

the RETRIEVE TEXT command is choosing text phrases from

'a printed document for inclusion in another document.

This could be used, for example, for composing a
presentation file (e.g., in PowerPoint format) on the
MMR system.

TRANSFER <AMOUNT> - retrieve the entire
document and some of the data linked to it in a form
that could be loaded into another database. <AMOUNT>
specifies the number and type of data that is retrieved.

If <AMOUNT> is ALL, the action processor 3413 issues a

command to the database 3408 that retrieves all the data

associated with a document. Examples of such a command
include DUMP or Unix TAR. If)<AMOUNT> ié.SOURCE, the
original source file for the document is retrieved. For
example, this could retrieve thé.Word file for a printed
document. If <AMOUNT>‘is BITMAP the JPEG-compressed
version (or'other commonly used formafs) of theAbitmap
for the printed document is retrieved. If <AMOUNT> is
PDF, the PDF representation for the document is
retrieved. The retrieved data is output as patch
characteristics 3412 in a format known to the calling

application by virtue of the command name. An example
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application of the TRANSFER command is a “document
grabber” that allows a user to transfer the PDF
representation for a document to an MMR device by
imaging a small area of text.

PURCHASE — retrieve a product specification
linked to an x-y lécation in a doéumeﬁt. The action
processo& 3413 first performs a series of one or more
RETRIEVE commands to obtain product specifications
nearby a given’x—y location. A product specification
includes, for example, a vendor name, identification for
a product (e.g., stock number), and electronic address
for the vendor. Product specifications are retrieved in
preference to other daté types that might be loéated(
nearby. For example, if a jpeg is stored at the x-y
location determined by the image patch, the next closest
product specification is retrieved instead. The
retrieved product specification is output as patch
characteristics 3412. An exampie application of the
PURCHASE command is associated with advertising in a
printed document. A software applicafion on the MMR
device receives the product specification associated
with the advertising and adds the user’s personél
identifying information (e.g., name, shipping address,
credit card number, etc.) before sending it to the

specified vendor at the specified‘electronic address.



WO 2007/023993 PCT/JP2006/316812

10

15

20

25

-147-

PRISTINE PATCH <RADIUS [DOCID PAGEID X Y DPI]>
- retrieve an electronic representation for the
specified document and extract an image patch centered

at x-y with radius RADIUS. RADIUS can specify a

~circular radius but it can also specify a rectangular

patch (e.g., 2 inches high by 3 inches wide). It can

also specify the entire document page. The. (DoclD, PG,

X, y) information can be supplied explicitly as part of
the action’or it could be derived from an image of a
text patéh. The action processor 3413 retrieves an
originai representation for a document from the
relational database,3408. That representatibn’can be a

bitmap but it can also be a renderable electronic:

'document. The original representation is passed to the

docﬁment rendering application 3414 where it is
converted to a bitmap (with resolution provided in
parameter DPI as dots per inch) and then provided to
sub-image extraction 3416 where the desired patch is
extracted. The patch image i1s returned as patch
characteristics 3412. |

ACCESS_DATABASE <DBID> - add the database 3400
to the database list of client 106. Client can'now
consult this database 300 in addition to any existing
databases currently in the list. DBID specifies either

a file or remote network referencé to the specified
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database.

Index Table Generation Methodology

Figure 35 illustrates a method 3500 for

generating an MMR index table in accordance with an

~ embodiment of the present invention. The method can be

carried out, .for example, by datébase'system 3400 of
Figure 34A. 1In one such embodiment, the MMR index table
is generated, for example, by the MMR index table module
3404 (or some other dedicated module) from a scanned or
printed document. The generating module can be
implemented in software, hardware (é.g., gate-level
logic), firmware (e.g., a microcontroller configured
with embedded routines for carrying out the method, or
some combination thereof, just as other modules
described herein.

The method includes receiving 3510 a paper
document. The paper document can be any document, such
as a memo having any number of'pages (e.g., work-related,
personal letter), é pfoduct label (e.g., canned goods,
medicine, boxed electronic device), é product
specification (e.g., snow blower, computer system,
manufacturing system), a product brochure or advertising
materials (e.g., automobile, boat, vacation resort),
service description materials (e.g., Internet service

providers, cleaning services), one or more pages from a
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book, magazine or other such publication, pages printed
from a website, hand-written notes, notes captured and
printed from a white-board, or pages printed from any

processing system (e.g., desktop or portable computer,

camera, smartphone, remote terminal) .

The method continues with génerating 3512 an
electronic representation of the paper document, the
representation including x-y locations of features shown
in the docﬁmeﬁt. The target features can be, for
instance} individual words, letters, and/or characters
within the document. For example, if the original
document is scanned/ it is first OCR’d and the words (or

other target feature) and their x-y locations are

'extracted (e.g., by operation of document fingerprint

matching module 226’ of scanner 127). If the original
document is printed, the indexing procegs receives a
precise representation (e.g., by operation of print
driver 316 of printer 116) in XML format of the font,
point size, and x—y bounding box‘bf every character (or
other target feature). In this case,-index table
generation begins at step 3514 since an electronic
dchmént is received with precisely identified x-y
feature locations (e.g., from print driver 316).

Formats other than XML will be épparent in light of this

disclosure. Electronic documents such as Microsoft Word,
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Adobe Acrobat, and postscript can be entered in the

database by “printing” them to a print driver whose

. output is directed to a file so that paper is not’

necessarily generated. This triggers the production of

the XML file structure shown below. In all cases, the .

XML as well as the original document format (Woxd,
Acrobat, postscript, etc.) are assigned an identifier
(doc i for the ith document édded to the database) and
stored in fheArelational database 3408 in a way that
enables their later retrieval by that identifier but
also based on other “meta data” characteristics of the
document including the time it wés captured,'fhe date

printed, the application that triggered the print, .the

‘name of the output file, etc.

An example of the XML file structure is shown

here:

$docID.xml

<?xml version=“1.07" 2>

<doclayout ID=%“00001234">

<setup>

<url>file url/path or null if not known</url>

<date>file printed date</date>

<app>application that triggered print</app>

<text>$docID.txt</text>

<prfile>name of output file</prfile>
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<dpi>dpi of page for x, y coordinates, eg.600</dpi>

<width>in inch, like 8.5</width>

<height>in inch, eg. 11.0</height>

<imagescale>0.1 is 1/10th scale of dpi</imagescale>

</setup>

<page no="“1>

<image>$docID 1.Jjpeg</image>

<sequence box="x y W h7>

<text>this string of text</text>

<font>any font info</font>

<word box="x y w h”>

<text>word texﬁ</text>

<char box=%x y w h”>a</char>

<char b§x=“x y w h”>b</char>

<char>1 entry per char, in sequence</char>

</word>

</sequence>

</page>

</doclayout>

In one specific embodiment,'a word may contain

any characters from a-z, A-Z, 0-9, and any of @%$#; all
else is a delimiter. The original description éf
the .xml file can be created by print capture software
used by the indexing process (e;g., which executes on a

server, such as database 320 servér). The actual format
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is constantly evolving and contains more elements, as
new documents are acquired by the system.
The original sequence of text received by the

print driver (e.g., print driver 316) is preserved and a

logical word structure is imposed based on punctuation .

marks, except for ™ @%S#”. Usihg the.XML file as input,
the index table module 3404 respects the page boundary,
and first tries to group sequences into logical lines by
checking the émount of vertical overlap between two
consecutive sequences. In one particular, embodiment,
the heuristic that a line break occurred is used if two
sequences overlap by less than half of their'éverage h
height. Such a heuristic works well for typical text
documents (e;g., Microsoft Word documents). For html
pagés with complex layout, additional geometrical
analysis may be needed. However, it is not necessary to
extract perfect semantic document structures as long as
consistent indexing terms can be generated as by the
guerying process. |

Based on the structure of the electronic
representation of the paper document, the method
continues with indexing 3514 the location of every
target feature on every page of the paper document. In
one particular embodiment, this step includes indexing

the location of every pair of horizontally and
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vertically adjacent words on every page of the paper
document. As previously explained, horizontally
adjacent words are pairs of neighboring words within a

line. Vertically adjacent words are words in

neighboring lines that vertically align. Other multi- .

dimensional aspects of the page can be similarly
exploited.

The method further includes storing 3516 patch
characteriéticé associated with each target‘feature. In
one particular embodiment, the patch characteristics
include actions attached to the patch, and are stored in
a relational databa;e. As previously explained, the
combination of such an image index and storage facility
allows for the location of objects that match an image
patch and characteristics of the patch. The
characteristics can be any data related to the path,
such as metadata. The characteristics can also include,
for example, actions that will éarry out a specific
function, links that can be seleéted to provide access
to other content related to the patch; and/or bar codes
that ‘can be scanned or otherwise processed to cause
retrieval of other content related to the patch;

A more precise definition is giveﬁ for the search term
generation, where only a fragment of the line structure

is observed. For horizontally adjacent pairs, a query
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term is formed by concatenating the words with a “-”

"separator. Vertical pairs are concatenated using a “+”.

The words can be used in their original form to preserve .

capitalization if so desired (this creates more unique

terms but also produces a larger index with additional .

guery issues to consider such as case.sensitivity). The
indexing scheme allows the same search strategy to be
applied on either horizontal‘or vertical word-pairs, or
a combination—of both. The discrimihating power of
terms is accounted for by the inverse document frequency

for any of the cases.

Evidence Accumulation Methodology

Figure 36 illustrates a method 3600 for
computing a fanked set of document, page[ and location
hypotheses for a.target document, in accordance with one
embodiment of the present invention. The method can be
carried out, for example, by database system 3400 of
Figure 34A. 1In one such embodiment, the evidence
accumulation module 3406 computeé hypotheses using data
from the index table module 3404 as ?reviously discussed.
The method begins with receiving 3610 a target document
image, such as an image patch of a larger document image
or an entire document image. The method continues with
generating 3612 one or more quéry terms that capture

two-dimensional relationships between objects in the
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target document image. In one particular embodiment,
the query terms are generated by a feature extraction
process that produces horizontal and vertical word-pairs,

as previously discussed with reference to Figure 34B.

However, any number of feature extraction processes as .

described herein can be used to generate query terms
that capture two-dimensional relationships between
objects in the target image, as will be apparent in
light of tﬁis disclosure. For instaﬁce, the same
feature extraction techniques used to build the index of
method 3500 can be used to generate the query terms,
such as those discussed with reference to step 3512
(generating an electronic representétion of a péper
document) . Fﬁrthermore, noté that the two-dimensiocnal
aspéct.of thé gquery terms can be applied to each query
term individually (e.g., a single guery term that
represents both horizontal and vertical objects in the
target document) or as a set of search terms (e!g., a
first query term that is a horizéntal word-pair and a
second query term that is a vertical word-pair).

The method continues with looking-up 3614 each query
term in a term index table 3422 to retrieve a list of
locations associated with each query term. For each
location, the method continues with generating 3616 a

number of regions containing the location. After all
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queries are processed, the method further includes
identifying 3618 a region that is most consistent with
all guery terms. In one such embodiment, a score for

every candidate region is incremented by a weight (e.g.,

based on how consistent each region is with all gquery

terms). The method continues with determining 3620 if
the identified region satisfies a pre-defined matching
criteria (e.g., based on a pre—defined matching

threshold); If so, the method continues with confirming

3622 the region as a match to the target document image

(e.g., the page that most likely contains the region can
be accessed and othgrwise used) . Otherwise,'the method
continues with rejecting 3624 the region.

Word-pairs are stored in the te?m index table 3422 with
locations in a “normalized” coordinate space. This
provides uniformity between different printer and
scanner resolutions. In one particular embodiment, an
85x110 coordinate space is used for 8.5” by 117 pages.
In such a case, every word-pair is identified by its
location in this 85x110 space.

To improve the efficiency of the search, a two-step
process can be performed. The first step includes
locating the page that most likely contains the input
image patch. The second step iﬁcludes calculating the

x-y location within that page that is most likely the
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center of the patch. Such an approach does introduce
the possibility that the true best match may be missed
in the first step. However, with a sparse indexing

space, such a possibility is rare. Thus, depending on

the size of the index and desired performance, such an .

efficiency improving technique cén be employed.
In one such embodiment, the following algorithm is used
to find the page that most likely contains the word-
pairs detected in the input image patch.
For each given word-pair wp
idf = 1/log(2 + num docs (wp))
For each (dop, page) at which wp occuifed
Accum[doc, page] += idf;
end /* For each (doc, page) */

end /* For each wp */
(maxdoc, maxpage) = max( Accum[doc, page] );

if (Accum|[ maxdoc, maxpage ] > thresh page)

return( maxdoc, maxpage):;

This technique adds the inverse document
frequency (idf) for each word-pair to an accumulator
indexed by the documents and pages on which it appears.

num_docs (wp) returns the number of documents that
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contain the word pair wp. The accumulator is
implemented by the evidence accumulation module 3406.
If the maximum value in that accumulator exceeds a

threshold, it is output as the page that is the best

match to the patch. Thus, the algorithm operates to

identify the page that best matches the word-pairs in
the query. Alternatively, the Accum array can be sorted
and the top N pages reported as the ™N best” pages that
match the input document.

The following evidence accumulation algorithm
accumulates evidence for the location of the'input image
patch within a single page, in accordance with'one
embodiment of the preseht invention.

For eachrgiven word-pair wp
idf = 1/log(2 + num docs(wp))
For each (x,y) at which wp occurred
(minx, maxx, miny,ymaxy) = extent (x,vy):’
maxdist = maxdist (minx, méxx, miny, maxy);
For I = miny to maxy do |
For j = minx to maxx do
norm_dist = Norm geometric_dist(i, J, %, ¥,
maxdiét) |
Activity[i,j] += norm dist;
weight = idf * norm dist;

Accum2[i,j] += welght;
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end /* for j */
end /* for I */
end /* For each (y,y) */.

end /* For each */

The algorithm operates to locate the cell in
the 85x110 space that is most likely the center of the
input image patch. In the embodiment shown here, the
algorithm does this by adding a weight to.the cells in a
fixed area around each word-pair (called a zéne). The
extent function is given an X,y palr and it fefurns thé
minimum and maximum values for a surrounding fixed size
region (1.5” high and 2” wide are typical). The extent
function takes care of boundary conditions and makes
sure the values it returns do‘not fall oﬁtside the
accumulator (i.e., less than zero or greater than 85 in
x or 110 in y). The maxdist fuﬁqtion finds the ﬁaximum
Euclidean distance betWeen two points in a bounding box
described by the bounding box coordinétes (minx,rmaxx,
miny, maxy). A weight is calculated for each cell
withih the zone that is determined by product of the
inverse document frequency of the word—paif and the
normalized geometric distance between the cell and the

center of the zone. This weights cells closer to the



WO 2007/023993 . PCT/JP2006/316812

10

15

20

25

!

-160-

center higher than cells further away. After every
word-pair 1s processed by the algorithm, the Accum2
array 1s searched for the cell with the maximum value.

If that exceeds a threshold, its coordinates are

~reported as the location of the image patch. The

Activity array stores the accumulated norm dist values.
Since they aren’t scaled by i1df, they don’t take into
account the number of documents in a database that
contain partiéular word .pairs. However, they do provide
a two-dimensional image representatién for the x-y
locations that best match a given set of word pairs.
Furthermore, entries in the Activity array aré

independent of the documents stored in the database.

" This data structure, that’s normally used internally,

can be exported 3420.

The normalized geometric distance is
calculated as shown here, in accordance with one
embodiment of the present invention.
Normhgeometric_disf(i,4j, X, Vi ﬁaxdist)

begin
d = sgrt( (i-x)* + (3-y)? );
feturn( maxdist - d );
end
The Buclidean distance between the word-pair’s

location and the center of the zoﬁe is calculated and
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the .difference between this and the maximum distance
that could have beenAcalculated is returned.
After évery word-pair is processed by the evidence
accumulation algorithm, the Accum2 array is searched for
the cell with the maximum value. If that value exceeds
a pre-defined threéhold, its cdordinafes are reported as
the location of the center of the image patch.

MMR Printing Architecture

Figﬁre 37A illustrates a functional block

" diagram of MMR components in accordance with one

embodiment of the present invention. The primary MMR
components include a computer 3705 with an associated

printer 116 and/or a shared document annotation (SDA)

" server 3755.

Thé computer 3705 i1s any standard desktop,
laptop, or networked computer, as is knon in the art.
In one embodiment, the compufer is MMR computer 112 as
described in reference to Figuré‘lB. User prinfer 116
is any standard home, office, or‘commercial printer, as-
described hérein. User printer 116 produces printed
document 118, which is a paper document that i1s formed
of one or more printed pages.

The SDA server 3755 is a standard networked or
centralized computer that holds information,

applications, and/or a variety of files associated with
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a method of shared annotation. For example, shared
annotations asscciated with web pages or other documents
are stored at the SDA server 3755. 1In this example, the -

annotations are data or interactions used in MMR as

described herein. The SDA server 3755 is accessible via

a network connection according to one embodiment. In
one embodiment, the SDA server 3755 is the networked
media server 114 described in reference to Figure 1B.
The>computer 3705 further éomprises a variety
of components, some or all of which are optional
according to various embodiments. In one embodiment,

the computer 3705 comprises source files 3710, browser

3715, plug-in 3720, symbolic hotspot description 3725,

‘"modified files 3730, capture module 3735,Vpage_desc.xml

3740, hotspot.xml 3745, data store 3750, SDA server 3755,
and MMR printer software 3760.

Source files 3710 are representative of any
source files that are an electronic representation of a
document. Example4sou£ce files 3710 include hypertext
markup language (HTML) files, Microsoft@ Word® files,
Microsoft® PowerPoint® files, simple text files,
portable document format (PDF) files, and the like. As
described herein, documents received at browser 3715
originate from source files 3710 in many instances. In

one embodiment, source files 3710 are equivalent to
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source files 310 as described in reference to Figure 3.
Browser 3715 is an application that provides access to
data that has been associated with source files 3710.

For example, the browser 3715 may be used to retrieve

web pages and/or documents from the source files 3710.

In one embodiment, browser 3715 is an SD browser 312,
314, as described in reference to Figure 3. In one
embodiment, the browser 3715 is an Internet browser such
as Internet Eiplorer.

Plug-in 3720 is a software application that
provides an authoring function. Plug-in 3720 is a
standalone softwarg application or, alternatiﬁely, a
plug-in running on broﬁser 3715. 1In one embodiment,
plug-in 3720 is a computer program that interacts with
an épplication, such as browser 3715, to provide the -
specific functionality described herein. The plug-~in
3720 performs various transformations and other
modifications to documents or web pages displayéd in the
browser 3715 according.to varioué embodiments. For
example, plug-in 3720 surrounds hotspét designations
with an individually distinguishable fiducial marks to
create hotspots and returns “marked-up” versions of HTML
files to the browser 3715, applies a transformation rule
to a portion of a document displayed in the browser 3715,

and retrieves and/or receives shared annotations to
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documents displayed in the browser 3715. In addition,
plug-in 3720 may perform other functions, such as
creating modified documents and creating symbolid

hotspot descriptions 3725 as described herein. Plug-in

3720, in reference tQ capturé module 3735, facilitates .

the methods described in reference to Figures 38, 44, 45,

48, and 50A-B.

Symbolic hotspot description 3725 is a file

that identifies a hotspot within a document. Symbolic

'hotspot description 3725 identifies the hotspot number

and content. In this example, symbolic hotspot
description 3725 is stored to data store 3750. An

example of a symbolic hotspot description is shown - in

" greater detail in Figure 41.

Modified files 3730 are documents and web
pages created as a result of the modificétions and
transformations of source files 3710 by plug-in 3720.
For example, a marked-up HTML file as noted above is an
example of a modified file 3730. Modified files 3730
are returned to browser 3715 for dispiay to the'user, in
certain instances as will be apparent in light of this
disclosure.

Capture module 3735 is a software application
that performs a feature extraction and/or coordinate

capture on the printed representation of documents, so
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that the layout of characters and graphics on the
printed pages can be retrieved. The layout, i.e., the
two-dimensional arrangement of text on the printed page,

may be captured automatically at the time of printing.

 For example, capture module 3735 executes all the text .

and drawing print commands and, in addition, intercepts
and records the x-y coordinates and other
characteristics of every character and/or image in the
printed representation. According to’one embodiment,
capture module 3735 is a Printcapture bLL.as described
herein, a forwarding Dynamically Linked Libréry (DLL)
that allows additiqn or modification of the |

functionality of an existing DLL. A more detailed:

"description of the functionality of capture module 3735

is described in reference to Figure 44.

Those skilled in thg art will iecognize that
the capture module 3735 is coupled to the output of
browser 3715 for capture of daté, Alternatively, the
functions of capture module 3735 may be implemented
directly within a printer driver. Inlone embodiment,
capture module 3735 is equivalent to PD~capture module
318, as described in reference to Figure 3.

Page desc.xml 3740 is an extensible markup language
("XML”) file to which text-related output is written for

function calls processed by captufe module 3735 -that are
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text related. The page desc.xml 3740 includes
coordinate information for a document for all printed
text by word and by character, as well as hotspot

information, printer port name, browser name, date and

time of printing, and dots pér inch (dpi) and resolution

(res) information. page desc.xml 3740 is stored, e.g.,
in data store 3750. Data store 3750 is equivalent to
MMR database 3400 described with reference to Figure 34A.

Figures 42A-B illustrate in greater detail an example of

a page_désc.xmlx3740 for an HTML file.

hotspot.xml 3745 is an XML file that is
created when a document is printed (e.g., by operationh

of print driver 316, as previously discussed).

" hotspot.xml is the result of merging éymbolic hotspot

deséription'3725-and page desc.xml 3740. hotspot.xml
includes hotspot identifier information such as hotspot
number, coordinate information, dimension information,
and the cbntent of the hotspot; “An example of é
hotspot.xml file is illustrated in Figure 43,

Data store 3750 is any database known in the
art for storing files, modified for use with the methods
described hereiﬁ. For example, acéording to one
embodiment data store 3750 stores source files 3710,
symbolic hotspot description 3725, page desc.xml 3740,

rendered page layouts, shared annétations, imaged
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documents, hot spot definitions, and feature
representations. 1In one embodiment, data store 3750 is
equivalent to document event database 320 as described

with reference to Figure 3 and to database system 3400

as described with reference to Figure 34A.

MMR printing software 3760 is the software
that facilitates the MMR printing operations described
herein, for example as performed by the components of

computer 3705 as previously described. MMR printing

software 3760 is described below in greater detail with

reference to Figure 37B.

Figure 37B illustrates a set of softﬁare
components included MMR printing software 3760 in
accordance with one embodiment of the invention. It
shoﬁld be understood that all or some of the MMR
printing software 3760 may be included in the computer
112, 905, the capture device 106, the networked media
server 114 and other servers as'described herein. While
the MMR printing software 3760 will now be described as
including these different components,.those skilled in
the art will recognize that the MMR printing software
3760 could have ény number of these components from one
to all of them. The MMR printingysoftwaren3760 includes
a conversion module 3765, an embed module 3768, a parse

module 3770, a transform module 3775, a feature-
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extraction module 3778, an annotation module 3780, a
hotspot module 3785, a render/display module 3790, and a
storage module 3795.

Conversion module 3765 enables conversion of a

source document into an imaged document from which a

feature representation can be extracted, and is one
means for so doing.

Embed module 3768 enables embedding of marks
correspondingAto a designation for a hot spot in an
electronic document, and is one means for.so doing.. In
one particular embodiment, the embedded marké indicate a
beginning point fo; the hot spot and an endiné point for

the hotspot. Alternatively, a pre-define area around an

" embodiment mark can be used to identify a hot spot in an

eleétronic document. Various such marking schemes can
be used. |

_ Parse module 3770 enables parsing an
electronic document (that has been sent:to the brinter)
for a mark indicating a beginning point for a hotspot,
and is one means for so doing. |

Transformation module 3775 enables applicatioﬁ
of a transformation rule to a portion of an electronic
document, and is one means for so doing. In one‘
particular embodiment, the portion is a stream of

characters between a mark indicating a beginning point



WO 2007/023993 . PCT/JP2006/316812

10

15

20

25

-169-

for ‘a hotspot and a mark indicating an ending point for
the hotspot.
Feature extraction module 3778 enables the

extraction of features and capture of coordinates

corresponding to a printed representation of a document

and a hot spot, and is one means.for so doing.
Coordinate capture includes tapping print commands using
a forwérding dynamically linked library and parsing the
printed reﬁreéentation for a subset of the coordinates
corresponding to a hot spot or transformed characters.
Feature extraction module 3778 enables the functionality

of capture module 3735 according to one émbddiment.

Annotation module 3780 enables receiving .

' shared annotations and their accompanying designations

of ﬁortions of a-document associated with the shared .
annotations, and is one means for so doing. Receiving )
shared annotations includes receiving annotations from
end users and from a SDA server.

Hotspot module 3785 enables association of one
or more clips with one or more hotspofs, and is one
means for so doing. Hotspot module 3785 also enables
formulation of a hotspot definition by first designating
a location for a hotspot within a document and defining
a clip to associate with the hotspot.

Render/display module 3790 enables a document
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or a printed representation of a document to be rendered
or displayed, and is one means for so doing.
Storagé module 3795 enables storage of various files,
including a page layout, an imaged document, a hotspot
definition, and a feature répresentation, and is one
means for so doing; |

The software portions 3765-3795 need not be
discréte software modules. The software copfiguration
shown is méanﬁ only by way of example; other
configurations are contemplated by and within the scope
of the present invention, as will be'apparenf in light
of this disclosuren |

Embedding a Hot Spot in a Document

Figure 38 illustrates a flowchéit of a method
of émbeddiné a hot spot in a document in accordance with
one embodiment of the present‘inventionf,

According to the method, marks are embedded
3810 in a document correspondiﬁg,to a designatién for a
hotspot within the document. In one embodiment, a
document including a hotspot designation location is
received for display in a browser, e.g., a document is
received at browser 3715 from source files 3710. A hot
spof includes - -some text or other document ébjects such
as graphics or photos, as well as electronic data. The

electronic data can include multimedia such as audio or
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video, or it can be a set of steps that will be
performed on a capture device when the hot spot is
accessed. For example, if the document is a HyperText

Markup Language (HTML) file, the browser 3715 may be

Internet Explorer, and the désignations may be Uniform.

Resource Locators (URLs) within the HTML file. Figure

39A illustrates an example of such an HTML file 3910

with a URL 3920. Figure 40A illustrates the text of

HTML file 3910 of Figure 3%9A as displayed in a browser

4010, e.g., Internet Eﬁplo:er.

To embed 3810 the marks, a plug-in 3720 to the
browser 3715 surrognds each hotspot designaﬁién locatién
with ah individually distinguishable fiducial mark: to
create the hotspot. In one embodiment, the plug-in 3720
modifies the document displayed in the browser 3715, .
e.g., HTML displayed in Internet Explorer continuing the
example above, and inserts marks, or tags, that bracket
the hotspot designation locatidn,(e.g.f URL) . The marks
are imperceptible'fo the end user viewing the document
either in the browser 3715 or a prinfed version of the
document, but can be detected in print commands. In
this example a new font, referred to herein as MMR
Courier New, is used for adding the beginning and ending
fiducial marks. In MMR Courier New font, the typical

glyph or dot pattern representatién for the characters
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“b,” “e,” and the digits are represented by an empty
space.

Referring again to the example HTML pégé shown -
in Figures 39A and 40A, the plug-in 3720 embeds 3810 the
fiducial mark “b0” at the bééinning of the URL (“here”).
and the fiducial mark “e0”at the end of the URL, to
indicate the hotspot with identifier “0.” Since the b,
e, and digit characters are shown as Spaces( the user

sees little or no change in the appearance of the

document. In addition, the plug-in 3720 creates a

symbolic hotspot description 3725 1ndlcat1ng these marks,
as shown in Figure gl. The symbolic hotspot

description 3725 identifies the hotspot number as' zero
4126, which corresponds to the 0 in the “b0” and “el”

fiducial markers: In this example, the symbolic

hotspot description 3725 is stored, e.g.},to data store

3750.

The plug-in 3720 retufns a “markéd—up”'version
of the HTML 3950 to'thé browser 3715, as shown in Figure
39B. The marked-up HTML 3950 surrounds the fiducial
marks with span tags 3960 that change the font to 1-
point MMR Courier New. Since the b, e, and digit
characters are shown as spaces, the user sees little or
no change in the appearance of the document. The

marked-up HTML 3950 is an example of a modified file
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3730. This example uses a single page mocdel for
simplicity, however, multiple page models use the same
parameters. For example, if a hotspot spans a page

boundary, it would have fiducial marks corresponding to

each page location, the hotspot identifier for each is .

the same.

Next, in response to a print command,
coordinates corresponding the printed representation and
the hot spot ére captured 3820. In one embodiment, a
capture module 3735 “taps” text and drawing commands
within a print command. The capture module 3735
executes all the tegt and drawing commands and, in

addition, intercepts and records the x-y coordinates and

" other characteristics of every character and/or image in

the printed representation. In this example, the
capture module 3735 references the Device Context (DC)
for the printed representation, which is a handle to the
structure of the printed repreéentation-that defines the
attributes of textland/or images to be output'dependent'
upon the 6utput format (i.e., printer; window, file
format, memory buffer, etc.). In the process of
capturing 3820 the coordinates for the printed
representation, the hotspots are easily identified using
the embedded fiducial marks in the HTML. For example,

when the begin mark is encountered, the x-y location if
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recorded of all characters until the end mark is found.
According to one embodiment, the capture module 3735 is
a forwarding DLL, referred to herein as “Printcapfure

DLL,” which allows addition or modification of the

.functionality of an éxisting‘DLL. Forwarding DLLs

appear to the client exactly as the original DLL,
however, additional code (a “tap”) is added to some or
all of the functions before the call is forwarded to the
target (originél) DLL. In this example, the
Printcapture DLL is a forwarding DLL for the Windows
Graphics Device Interface (Windows GDI) DLL Qdi32.dll.
gdi32.dll has over 600 exported functions, aii of whicﬂ

need to be forwarded. 'The Printcapture DLL, referenced

"herein as gdi32 mmr.dll, allows the client to capture

printouts from any Windows application that uses the DLL
gdi32.dll for drawing, énd it'only needs'to execute on
the local computer, even if printing to a remote server.
According to one embodiment, gdi32 mmr.dll is rénamed as
gdi32.dll and copied into C: \ Windows\ system32, causing
it to monitor printing from nearly every Windows
application. According to another embodiment,

gdi32 mmr.dll is named gdi32.dll and copied it into the
home directory of the applicatipn for which printing is
monitored. For example, C: \ Program Files\ Internet

\

Explorer for monitoring Internet Explorer on Windows XP.
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In this example, only this application (e.g., Internet
Explorer) will automatically call the functions in the
Printcapture DLL.

Figure 44 illustrates a flowchart of the

_ process used by a forwarding‘DLL in accordance with one

embodiment of the present invention. The Printcapture

DLL gdi32 mmr.dll first receives 4405 a function call

directed to gdi32.d1l. In one embodiment,‘gdi32_mmr.dll
receives ail function calls directed to gdi32.dll.

gdi32.dll monitors approximately 200 of about 600 total
function calls, which are for functions thaf affect the

appearance of a printed page in some way. Thus, the

Printcapture DLL next determines 4410 whether the

" received call is a monitored function call. If the

recéived call is not a monitored function call, the call
bypasses steps 4415 through 4435, and ié<forwarded 444d
to gdi32.dll.

If it is a monitored fpnction call, tﬁe method
next determines 4415 whether the function cail specifies
a “new” priﬁter device context (DC),.i.e., a printer DC
that has not been previously received. This is
determined by checking the printer DC against an
internal DC table. A DC encapsulates a target fbr
drawing (which could be a printer, a memory buffer,

etc.), as previously noted, as well as drawing settings
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like font, color, etc. All drawing operations (e.g.,
LineTo (), DrawText (), etc) are performed upon a DC. If
the printer DC is not new, then a memory buffer aiready

exists that corresponds with the printer DC, and step

4420 is skipped. If the priﬁter DC is new, a memory

buffer DC is created 4420 that corresponds with the new
printer DC. This memory buffer DC mirrors the
appearance of the printed page, and in this‘eXample is
equivalent to the printed representation referenced
above. Thus, when a printer DC is added to the internal
DC table, a memory buffer DC (and memory buffer) of the
same dimensions is created and associlated witﬁ the )
printer DC in the internal DC table.

gdi32 mmr.dll next determines 4425 whether the
cali is a text-related function call. Approximately 12
of the 200 monitored gdi32.dll calls are text-related.
If it is not, step 4430 is skipped. If the function
call is text-related, the text;related output is written
4430 to an xml file, réferred to herein as page desc.xml
3740, as shown in Figure 37A. page_désc.xml 3740 is
storeéd, e.g., in data store 3750.

Figures 42A and 42B show an example
page _desc.xml 3740 for the HTML{file 39iO example
discussed in reference to Figures 39A and 40A. The

page _desc.xml 3740 includes coordinate information for
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all printed text by word 4210 (e.g., Get), by %, v,
width, and height, and by character 4220 (e.g., G). All

coordinates are in dots, which are the printer

equivalent of pixels, relative to the upper-left-corner

~of the page, unless étherwisé noted. The page desc.xml

3740 also includes the hotspot information, such as the
beginning mark 4230 and the ending mark 4240, in the

form of a “sequence.” For a hotspot that spans a page

boundary (e.g., of page N to page N+1), it shows up on

both pages (N and N+1); the hotspot identifier in both
cases is the same. 1In addition, other important
information is included in page desc.xml 3740, such as

the printer port name 4250, which can have a significant

effect on the .xml and .ijpeg files produced, the browser

3715 (or application) name 4260, and tlie date and time
of printing 4270, as well as dots per'iﬁch (dpi) and |
resolution (res) for the page 4280 and the printable
region 4290. |

Referring agéin to Figure 44, following the
determinatién that the call is not text related; or
following writing 4430 the text-related output to
page desc.xml 3740, gdi32 mmr.dll executes 4435 the
function call on the memory buffer for the DC. This
step 4435 provides for the output to the printer to also

get output to a meﬁory buffer on the local computer.
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Then, when the page is incremented, the contents of the
memory buffer are compressed and written out in JPEG and
PNG format. The function call then is forwarded 4440 to -

gdi32.dll, which executes it as it normally would.

~Referring again to Figure 38; a page layout is rendered

3830 comprising the printed representation including the
hot spot. 1In one embodiment, the rendering 3830

includes printing the document. Figure 40B illustrates

an example of a printed version 4011 of the HIML file

3910 of Figures 39A and 40A. Note that the fiducial
marks are not visibly perceptible to the end user. The
rendered layout is]saved, e.g., to data stofe 3750.

According to one emquiment, the Printcapture

' DLL merges the data in the symbolic hotspot description

3725 and the ?age_desc.xml 3740, e.g., as shown in
Figures 42A-B, into a hotspot.xml 3745,'as shown in
Figure 43. In this example, hotspot.xml 3745 is created
when the document is printed. 'The example in Figure 43
shows that hotspot O occurs at x=1303, y=350 and is 190
pixels wide and 71 pixels high. The content oflthe
hotspot is also shown, i.e., http://www.ricoh.com.
According to an alternate embodiment of
capture module 3820, a filter in a Microsoft XPS (XML
print specification) print driver, commonly known as an

“XPSDrv filter,” receives text drawing commands'and
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creates the page desc.xml file as described above.

Visibly ‘Perceptible Hotspots

Figure 45 illustrates a flowchart of a method

of transforming characters corresponding to a hotspot in

~a document in accordance with one embodiment of the

present invention. The method modifies printed
documents in a way that indicates to both the end user
and MMR recognition software that a hot spot is present.

Iniﬁially, an electronic document to be
printed is received 4510 as a character'stieam. For
example, the document may be received 4510 éf a printer
driver or at a software module capable of filfering thé
character stream. 1In one embodiment, the document is
received 4510 at a browser 3715 from source files 3710.
Figﬁre 46 illustrates an example of an electronic
version of a document 46iO according to one embodiment
of the present invention. The document 4610 in this
example has two hotspots, one é;sociated with “are
listed bélow” and éne éssociated with “possible prior
art.” The hotspots are not visibly perceptible.by the
end user according to one embodiment. The hotspots may
be established via the coordinate capture method
described in reference to Figure 38, or acéording to any.
of the other methods described herein.

The document is parsed 4520 for a begin mark,
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indicating the beginning of a hotspot. " The begin mark
may be a fiducial mark as previously described, or any
other individually distinguishable mark that identifies
a hotspot. Once a beginning mark is found, a
transformation rule is applied 4530 to a portion of the
document, i.e., the charactersdfollowing the beginning
mark, until an end mark is found. The transformation
rule eauses a visible modification of the portion of the
document cerresponding to the hotspot according to one
embodiment, for example by modifying the character font
or color. In this example, the oridinal font, e.qg.,
Times New Roman, may be converted to a different known
font, e.g., OCR-A. 1In another example, the text is
rendered in a different font color, e.g.,‘blue #F86A.
Thevprocess of transforming the font is similar to the
process described above according to one embodiment.
For example, if the document 4610 is an HTML file, when
the fiducial marks are encountered in the document 4510
the fent is substituted in the HfML file.

According to one embodiment; the
transformation step is accomplished'by a plug-in 3720 to
the browser 3715; yielding a modified document 3730.
Figure 47 illustrates an example of a prinfed modified
document 4710 according to one embodiment of the present

invention. As illustrated, hotspots 4720 and 4730 are
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visually distinguishable from the remaining text. 1In
particular, hotspot 4720 is visually distinguishable
based on its different font, and hotspot 4730 is
visually distinguishable based on its different color
and underlining.

Next, the document with the.transformed

portion is rendered 4540 into a page layoéut, comprising

the electronic document and the location of the hot spot

within the‘eléctronic document. In one embodiment,
rendering the document is printing the document. In one
embodiment, rendering includes performing feature
extraction on the'dpcument with the transforméd portioﬁ,

according to any of the methods of so doing described

"herein. In one embodiment, feature extraction includes,

in response fo a.print command, capturing page
coordinates corresponding to the electronic document,
according to one embodiment. 'The electronic document is
then parsed for a subset of the'qoordinates
corresponding to the transformedlcharacters./.According
to one embodiment, the capture module.3735 of Figure 37A
performs the feature extraction and/or coordinate
capture.

MMR recognition software preprocesses every
image using the same transformafion rule. First it

looks for text that obeys the ruley e.g., it’s in OCR-A



WO 2007/023993 ) PCT/JP2006/316812

10

15

20

25

-182-

or blue #F86A, and then it applies its normal
recognition algorithm.

| This aspect of the present invention is
advantageous because it reduces substantially the
computational load of MMR recognition software because .
it uses a very simple image prebroceséing routine that
eliminates a large amount of the computing overhead. In
addition, it improves the accuracy of feature extraction
by eliminaﬁing the large number of alternative solutions
that might apply from selection, e.g., if a bounding box
over a portion of the document, e.g., as discussed in
reference to Figures 51A-D. In addition, thevvisible
modification of the text indicates to the end user .which
text (or other document objects) are part of a hot spot.

Shared Document Annotation

Figure 48 illustrates a flowchart of a method
of shéred document annotation in accordance with one
embodiment of the present invention. The method enables
users to annotate documents in alshared envi;onment. In
the embodiment described below, the shared environment
is a web page being viewed by various users; however,
the shared»envirbnment can be any environment in which
resources are shared, such as a wérkgroup, according to
other embodiments.

According to the method, a source document is
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displayed 4810 in a browser, e.g., browser 3715. 1In one
embodiment, the source document is received from source
files 3710; in another embodiment, the source document

is a web page received via a network, e.g., Internet

~connection. Using the web pége example, Figure 49A

illustrates a sample source web page 4910 in a browser
according to one embodiment of the present invention.
In this example, the web page 4910 is an HTML file for a
game related fo a popular children’s book character, the
Jerry Bufter Game.

Upon display 4810 of the source doéument, a
shared annotation and a designation of a poftion of théu

source document associated with the shared annotation

" associated with the source document are received 4820.

A single annotation is used in this example for clarity
of description, however multiple annotations are
possible. In this example, the annotations are data or
interactions used in MMR as disﬁussed herein. fhe
annotations are stored at, and received by retrieval
from, a Shared Documentation Annotatién server (SDA
server), e.g., 3755 as shown in Figure 37A, according to
one embodiment. The SDA server 3755 is accessible via a
network connection in one embodiment. A plug-in for

retrieval of the shared annotations facilitates this

ability in this example, e.g., plﬁg—in 3720 as shown in
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Figure 37A. According to another embodiment, the
annotations and desiénations are received from a user.
A user may create a shared annotation for a document
that does not have any annotations, or may add to or
modify existing shared annotations to a document. For .
example, the user may highlighﬁ a porﬁion of the source
document, designating it for association with a shared
annotafion, also provided byvthe user via various
methods described herein.

Next, a modified document is displayed 4830 in
the browser. The modified document includes a hotspot
corresponding to the portion of the source doéument
designated in step 4820. The hotspot specifies the
location for the shared annotation. The modified
document is part. of the modified files 3730 created by
plug-in 3720 and returned to browser 3715 according to
one embodiment. Figure 49B illustrates a sample
modified web page 4920 in a browser according to one
embodiment of the present invention. The web page 4920
shows a designation for a hotspot 493@ and the
associated annotation 4940, which is a video clip in
this‘example. The designation 4930 may be visﬁally
distinguished from the remaining web page 4920 text,
e.g., by highlighting. Accordihg to one embodiment, the

annotation 4940 displays when the\designation 4930 is
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clicked on or moused over.
In response to a print command, text
coordinates corresponding to a printed representation of -

the modified document and the hotspot are captured 4840.

The details of coordinate capture are according to any -

of the methods for that purpose déscribed herein.

Then, a page layout of the printed
representation including the hot spot is rendered 4850.
According fo éne embodiment, the rendering 4850 is
printing the document. Figure 49C illustrates a sample
printed web page 4950 according to one embodiment of the
present invention.; The printed web page'layoﬁt 4950 N
includes the hotspot 4930 as designated; however the
line breaks in the print layout 4950 différ from the web
page 4920. The hotspot 4930 boundaries‘are not visible
on the printed layout 4950 in this example.

In an optional final step, the shared
annotations are stored locally, e.g., in data sforage
3750, and are indeied using their associations with the".
hotspots 4930 in the printed document.4950. The printed
fepresentation also may be saved locally. In one |
embodiment, the éct of printing triggers the downloading
and creation of the locai copy. |

Hotspots for Imaged Documents

Figure 50A illustrates a flowchart of -a method
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of adding a hotspot to an imaged document in accordance
with one embodiment of the present invention. The
method allows hotspots to be added to a paper dédument
after it is scanned, or to a symbolic electronic
document after it is rendered for printing.

First, a source docuﬁent is’converted 5010 to
an imaged document. The source document is received at
a browser 3715 from source files 3710 according to one
embodiment; fhe conversion 5010 is by any method that
produces a document upon which a feature extraction can
be performed, to produce a feature fepresentétion.
According to one empodiment, a paper documeﬁtvis scanned
to become an imaged document. According to another
embodiment, a renderable page proof for an electronic
docﬁment is rendered using an appropriate application.
For example, if the renderab;e page prodf is in a
PostScript format, Ghostscript is used. Figure 51A
illustrates an example of a user interface 5105vshowing
a portion of a newspapér page 5110 that has been scanned
according to one embodiment. A main window 5115 shows
an enlarged portion of the newspaper page 5110, and a
thumbnail 5120 shows which portion of the page is being
displayed.

Next, feature extraction is applied 5020 to

the imaged document to create a feature representation.



WO 2007/023993 PCT/JP2006/316812

10

15

20

25

1

-187-

Any of the various feature extraction methods described
herein may be used for this purpose. The feature
extraction is performed by the capture module 3735

described in reference to Figure 37A according to one

embodiment. Then oné or more hotspots 5125 is added

5030 to the imaged document. The hotspot may be pre-
defined or may need to be defined according to various
embodiments. If the hotspot is already defined, the

definition includes a page number, the coordinate

location'of the bounding box for the hot spot on the

page, and the electronic data or interaction attached to
the hot spot. In one embodiment, the hotspdt.definitién
takes the form of a hotspot.xml file, as illustrated in
Figure 43.

If therhotspot is not defined, the end user’
may define the hotspot. Figure 50B illﬁstrates a
flowchart of a method of defining a hotspot for addition
to an imaged document in accordance with one emﬁodiment
of the present invention. First, a candidate hotspot is
selected 5032. For example, in Figuré 51A, the end user
has selected a portion of the document as a hotspot
using a bounding box 5125. Next, for a given database,
it is determined in optional step 5034 whether the
hotspot is unique. For example, there should be enough

text in the surrounding n” x n” pétch to uniquely
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identify the hot spot. An example of a typical value
for n is 2. If the hotspot is not sufficiently unique
for the database, the end user is presented with4options~

in one embodiment regarding how to deal with an

' ambiguity. For example, a user interface may provide

alternatives such as selecting a larger area or
accepting the ambiguity but adding a description of it
to the database. Other embodiments may use other
methods of.defining a hotspot.

 Once the hotspot location is selected 5032,
data or an interaction is defined 5036 and aftached to
the hotspot. Figure 51B illustrates a user‘iﬁterface N

for defining the data or interaction to associate with a

" selected hotspot. For example, once the user has

selected the bounding box 5125, an edit box 5130 is

~displayed. Using associated buttons, the user may

cancel 5135 the operation, simply save 5140 the bounding
box 5125, or assign 5145 data or interactions to the
hqtspot. If the user selects to assign data, or
interactions to the hotspot, an assién box 5150 is
displayed, as shown in Figure 51C. The assign box 5150
allows the end user to assign images 5155, various other
media 5160, and web links 5165 to'the hotspot, which is
identified by an ID number 5170. The user then can

select to save 5175 the hotspot definition. Although a
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single hotspot has been described for simplicity,
multiple hotspots are possible. Figure 51D illustrates
a user interface for displaying hotspots 5125 within a

document. In one embodiment, different color bounding

boxes correspond to differeﬁt data and interaction types.

In an optional step, thé imaged document, hot
spot definition, and the feature representation are
stored 5040 together, e.g., in data store 3750.

Figure 52 illﬁstrates a method 5200 of using an MMR
document 500 and the MMR system 100b in accordance with
an embodiment of the present invention. |

The method 5200 begins by acquiring'5210 a

first document or a representation of the first document.

' Example methods of acgquiring the first document include

the following: (1) the first document is acquired by -
capturing automatically, via PD capturetmodule 318, the
text layout of a printed document within the operating
system of MMR computer 112; (2)Ithe first documént is
acquired by capturing automatically the text layout of a
printed document within printer drivef 316 of MMR
computer 112; (3) the first document is acquired by
scanning a paper document via a standard document
scanner device 127 that is connected to, fbr example,
MMR computer 112; and (4) the first document is acquired

by transferring, uploading or downloading, automatically
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or manually, a file that is a representation of the
printed document to the MMR computer 112. Whilg the
acquiring sfep has been descfibed as acquiring most or
all of‘the printed document, it should be understood

that the acquiring step 5210Vcould be“performed for only
the smallest portion of a printed document. Furthermore,
while the method is described in terms of acquiring a
single document, this step may be performed to acquire a
number of aocuments and create a library of first
documents.

.Once the acquiring step 5210 is pefformed, the
method 5200 performs 5212 an indexing operafion on the“
first document. The indexing operation allows
identification of the corresponding electronic
representatioh of the document and associated second:
media types for input that matches the écquired first
document or portions thereof. In one embodiment of this
step, a document indexing operétion is '‘performed by the
PD capture module 318 that generates<the PD index 322.
Example indéxing operations'include the followiﬁg: (1)
the x-y locations of characters of a printed document
are indexed; (2) the x-y locations of words of a printed
document are indexed; (3) the x-y locations of an image
or a portioh of an image in a printed document are

A

indexed; (4) an OCR imaging operation is performed, and
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the x-y locations of characters and/or words are indexed
accordingly; (4) feature extraction from the image of
the rendered page is performed, and the x-y locations of -

the features are indexed; and (5) the feature extraction

~on the symbolic version of a page are simulated, and the

x-y locations of the features are indexed. The indexing
operation 5212 may include any of the above or groups of
the above indexing operations depending on application
of the preéent invention.

The method 5200 also acquires 5214 a second
document. In this step 5214, the second document
acquired: can be the entire document or jﬁst(a portion \
(patch) of the second document. Example methods of
acquiring the second document include the following: (1)

scanning a patch of text, by means of one or more

.capture mechanisms 230 of capture devicé‘106; (2)

scanning .a patch of text by means of one or more capture
mechanisms 230 of capture devicg,lOG and, subsequently,
preprocessing the image to determine the likelihood that
the intendea feature description will be extracfed
correctly. For example, if the index is based on OCR,
the system might determine whether the image contains
lines of text and whether the image sharpness is
sufficient for a successful OCR operation. If this

determination failé, another patch of text is scanned;
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(3) scanning a machine-readable identifier (e.g.,
international standard book number (ISBN) or universal
produce code (UPC) code) that identifies the docuﬁent

that is scanned; (4) inputting data that identifies a

~document or. a set of documents (e.g., 2003 editions of -

Sports Illustrated magazine) that is requested and,
subsequently, a patch of text is scanned by use of items

(1) or (2) of this method step; (5) réceiving'email with

a second document attached; (6) receiving.a second

document by file transfer; (7) Scanning a-portion of an
image withlone or more capture mechahisms 230 of capture
device 106; and (9), inputting the second dodument withN
an input device 166.

Once the steps 5210 and 5214 have been
performed, the method performs 5216 document or pattern
matching between the first document andhthe second ‘
document. In one embodiment, this is done by performing
document fingerprint matching dethe second deocument to
the first document. A document finge;print matching
operation ié performed on the second media docuﬁent by
querying PD index 322. An example of document
fingerprint matching is extracting features from the
image captured in step 5214, composing descriptors from

those features, and looking up the document and patch

that contains a percentage of those descriptors. It
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should be understood that this pattern matching step may
be performed a plurality of times, once for each
document where the database stores numerous documénts to
determine if any documents in a library or database
match the second document. Alternativély, the indexing

step 5212 adds the document 5210 to an index that

represents a collection of documents and the pattern

matching step is performed once.

Finally, the method 5200 executes 5218 an
action based on result of step 5216 and on optiocnally
based on user input. In one embodiment, theymethod 5200
looks up-a predetermined action that is assdciated witﬁ

the given document patch, as for example, stored in the

" second media 504 associated with the hotspot 506 found

as matching in step 5216. Examples of predetermined -
actions include: (1) retrieving informafion from the
document event database 320, the Internet, or elsewhere;
(2) writing information to a ldcgtion verified by the
MMR system 100b thét ié ready to receive the . system’s
output; (3)’looking up information; (4) displaying
information on a'client device, such as capture'device
106,”and conducting an interactive dialog with a user;
(5) queuing up the action and the data that is
determined in method step 5216, for later execution (the

user’s participatioh may be optional); and (6) executing
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immediately the action and the data that is determined
in method step 5216. Example results of this method
step include the retrieval of information, a modified

document, the execution of some other action (e.g.,

- purchase of stock or of a prbduct), or the input of a

command sent .to a cable TV box, such as set-top box 126,

that is. linked to the cable TV server (e}g., service

provider server 122), which streams video back to the

cable TV box. Once step 5218 has been done, the method

5200 is complete and ends.
Figure 53 illustrates a block diagram of an
example set of business entities 5300 that ére<

associated with MMR system 100b, in accordance with an

" embodiment of the present invention. The set of

business entities 5300 comprise an MMR service provider
5310, an MMR consumer 5312, a multimedié,company 5314,,a
printer user 5316, a cell phone service provider 5318, a
hardware manufacturer 5320, a hgrdware‘retailer 5322, a
financial institution 5324, a credit card précessor 5326,
a document publisher 5328, a document printer 5330, a
fulfillment house 5332, a cable TV provider 5334, a
service provider 5336, a software provider 5338, an
advertising company 5340, and a business network 5370.
MMR service provider 5310 is the owner and/or

administrator of an MMR system 100 as described with
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reference to Figures 1A through 5 and 52. MMR consumer
5312 is representative of any MMR user 110, as
previously described with reference to Figure 1B.

Multimedia company 5314 is any provider of

‘ digital multimedia products,.such as Blockbuster Inc.

(Dallas, TX), that provides digital movies and video
games and Sbny Corporation of America (New York, NY)
that ﬁrovides digital music, movies, and TV shows.

?riﬁter user 5316 is any individual or entity
that utiiizes any printer of any kind in order to
produce a printed paper document. For exampie, MMR
consumer. 5312 may be printer user 5316 or décﬁment
printer 5330.

Cell phone service provider 5318 is any cell
phoﬁe service provider, such as Verizon‘Wireless
(Bedminster, NJ), Cingulai Wireless (Atianta, GA), T-
Mobile USA (Bellevue, WA), and Sprint Nextel (Reston,
VA) . |

Hardware manufacturer 5320 is any manufacturer
of hardware devices, such as manufacfurers of pfinters,
cellular phones, or PDAs. Example hardware
manufacturers include Hewlett-Packard (Houston, TX),
Motorola, Inc, (Schaumburg, IL), and Sony Corporation of
America (New York, NY). Hardware retailer 5322 is any

retailer of hardware devices, such as retailers of
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printers, cellular phones, or PDAs. Example hardware
retailers include, but are not limited to, RadioShack

Corporation (Fort Worth, TX), Circuit City Storeé, Inc.

- (Richmond, VA), Wal-Mart (Bentonville, AR), and Best Buy

~Co. (Richfield, MN).

Financial institution 5324 is any financial

institution, such as any bank or credit union, for

handling bank accounts and the transfér of fuﬁds to and
from othervbanking or financial institutions. Credit
card processor 5326 is any credit card institution that
manages the credit card authentication and approval
process for a purchase transaction? Examplé credit caid

processors include, but are not limited to, ClickBank,

"which is a service of Click Sales Inc, (Boise ID),

ShareIt! Inc. (Eden Prairie, MN), and CCNow Inc. (Eden
Prairie, MN).

Document publisher 5328 is any document
publishing company, such as, but not limited to, The
Gregath Publishing Company (Wyandotte, OK), Prentice
Hall (Upper/Saddle River, NJ), and Pelican Publishing
Company (Gretna, LA). Document printer 5330 is any
document printing company, such as, but not limited to,
PSPrint LLC (Oakland CA), PrintLizard, Inc., (Buffalo,
NY), and Mimeo, Inc. (New York, NY). In another

example, document pﬁblisher 5328 and/or document printer



WO 2007/023993 PCT/JP2006/316812

10

15

20

25

~197-

5330 is any entity that produces and distributes
newspaperé or magazines.

Fulfillment house 5332 is any third—pérty
logistics warehouse that specializes in the fulfillment
of orders, as is well known. ExampleAfulfillment houses
include, but are not limited to, Corpérate Disk Company
(McHenry, IL), OrderMotion, Inc. (New York, NY), and
Shipwire.com (Los Angeles, CA). 4

Cablé TV provider 5334 is any cable TV service
provider, such as, but not limited to,

Comcast Corporation (Philadelphia, PA) and Adelphia
Communications (Grgenwood Village, CO). Sefvice
provider 5336 is representative of any entity that:
provides a service of any kind. |

Soffware prdvider 5338 is any software development
company, such as, but not limited to, Art & Logic, Inc..
(Pasadena, CA), Jigsaw Data Corp. (San Mateo, CA),
DataMirror Corporation (New York( NY), and Dataéank IMX,
LCC (Beltsville, MD).

Advertising company 5340 is any advertising
company or agency, such as, but not limited to, D and B
Marketing (Elhurst, IL), BlackSheep Marketing (Boston,
MA), and Gotham Direct, Inc. (New York, NY).

Business network 5370 is representative of any

mechanism by which a business relationship is
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established and/or facilitated.
Figure 54 illustrates a method 5400, which is
a generalized business method that is facilitated by use

of MMR system 100b, in accordance with an embodiment of

~ the present invention. Method 5400 includes the steps -

of: establishing relationship between at least two
entities, determining possible business transactions;
executing at least one business transaction and
delivering'préduct or service for the transaction.
First, a relationship is established 5410 between at
least two business entities 5300. The businéss entities
5300 may be aligneqlwithin, for example, foﬁrvbroad

categories, such as (1) MMR creators, (2) MMR

\ distributors, (3) MMR users, and (4) others, and within

which some business entities fall into more than one.
category. According to this example, business entities
5300 are categorized as follows:

e MMR creators — MMR servige provider 5310,
multimedia com?any 5314, document publisher 5328,
document printer 5330, software providerl5338
and advertising company 5340;

e MMR distributors - MMR service provider 5310,
multimedia company 5314, cell phone service
provider 5318, hardware manufacturer 5320,

hardware retailer 5322, document publisher 5328,
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document printer 5330, fulfillment house 5332,
cable TV provider 5334, service provider 5336
and édvertising company 5340;

e MMR users - MMR consumer 5312, printer user 5316
and document printer 5330; and

e Others - financial institution 5324 and credit
card processor 5326.

For example in this method step, a business

relationship is established between MMR service provider

5310, which is an MMR creator, and MMR consumer 5312,

which is an MMR user, and cell phone service provider
5318 and.hardware petailer 5322, which afe MMﬁ
distributors. Furthermore, hardware manufacturer 5320
hasAa business relationship with hardware retaiier 5322,
both of'whiéh are MMR distributors.

Next, the method 5400 determines 5412 possible
business transactions between the parties with
relationships established in stép 5410.. In parﬁicular,
a variety of transéctions may occur between any two or
more business entities 5300. Example transactions

include: purchasing information; purchasing physical

‘merchandise; purchasing services; purchasing bandwidth;

purchasing electronic storage; purchasing
advertisements; purchasing advertisement statistics;

shipping merchandise; selling information; selling
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physical merchandise; selling services, selling
bandwidth; selling electronic storage; selling
advertisements; selling advertisement statistics;
renting/leasing; and collecting opinions/ratings/voting.
Once the method 5400 has determined possible -
business transactions between the parties, the MMR
system 100 is used to reach 5414 agreement on at least
one bﬁsiness transaction. In particular, a vériety of
actions may occur between any two or more business
entities 5300 that are the result of a transaction..
Example actions include: purchasing information;
receiving an order; clicking-through, for méré

information; creating ad space; providing local/remote

" access; hosting; shipping; creating business

relétionships;.storing private information; passing-
through information to others; adding céhtent; and
podcasting.

Once the method 5400 has reached agreement on
the business transaction, the MMR system 100 is used to
deliver 5416 products or services for the transéction,
for example, to the MMR consumer 5312. 1In particular, é
variety of content may be exchanged between any two or
more business entities 5300, as a result of the business
transaction agreed to in method step 5414. Example

content includes: text; web link; software; still
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photos; video; audio; and any combination of the above.
Additionally, a variety of delivery mechanisms may be
utilized between any two or more business entities 5300,

in order. to facilitate the transaction. Example

delivery mechanisms include: paper; personal computer; -

networked computer; capture device 106; personal video
device; personal audio device; and any combination of
the above.

| In éddition to the invention as . claimed and
described in the above-mentioned embodiments, at least
one ‘aspect of one or more embodiments of the.present
invention provides a computer implemented métﬁod for

providing mixed media documents. The method includes

‘receiving (at an index table) an electronic description

of a feature extracted from a paper docgment. The index
table is for associating the paper document and a
location within that document of the feature with a
mixed media document that combihgs printed and digital
media. The method.continues with receiving query terms
that capturé two-dimensional relationéhips between
objects in a target document, and computing at least one
mixed‘media document and location hypotheses potentially
responsive to the gquery terms, based on data from the
index table. In one particular case, ‘the method further

y

includes storing additional characteristics associated
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with the target document. In cone such case, the
additional characteristics include one or more actions
including retrieval of textual information, retrieval of -

graphical information, executing a process, executing a

command, placing an order, retrieving a video,

retrieving a sound, storing information, creating a new
document, printing a document, and/or displaying a
document. In another particular case, receiving (at an
index tablé) én electronic description of a feature
extracted from a paper document, includes. receiving,
eledtronic‘descriptions of features extracted from a
plurality of paper!documents. In another pérficular
case, computing at least one mixed media document and
location hypotheses includes computing a ranked set of
mixéd media document, page, and location hypotheses
based on data from the index table. 1In another
particular case, receiving gquery terms that capture two-
dimensional relationships betweén objects in a ﬁarget
document includes receiving a set of horizontally and
vertically édjacent word-pairs extrac£ed from the target
documient. In another particular case, the index table
comprises an inverted term index table, where each
unique term in the inverted indsx.table points to a list
of records, and each record identifies a candidate

4

region on a page within a mixed media document. In one
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such case, computing at least one mixed media document
and location hypotheses includes examining every record
indexed by a key corresponding to .the query terms, and

idéntifying a region most consistent with all query

~terms. If the identified région has a'matching score

that satisfies matching criteria, the method may further
include confirming the corresponding mixed media
document and location hypothesis. In one particulaf
case, the faréet document is an imagé of a paper
document or a patch of that paper document.

At least one other aspect of one or more embbdiments of
the present invention provide a machine—readaﬁle mediuﬁ
(e.g., one or more compact disks, diskettes, servers,
memory sticks, or hard drives, ROMs, RAMs, or any type
of media suitable for storing electronic instructions)
encoded with instructions, that when exéquted by one or{
more processors, cause the processor to carry out a
process for providing mixed media documents. This
process can be, fof exémple, similar to or alﬁariation
of the method described here. |

At least one other aspect of one or more empbodiments of
the pfesent invention provides a database system for
providing mixed media documents. The systém includes an
index table for receiving an electronic description of a

1

feature extracted from a paper document, and associating
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the ‘paper document and a location within that document
of the feature with a mixed media document that combines
printed and digital media. The system further includes

an accumulator module for receiving query terms that

capture two-dimensional relationships between objects in

a target document, and computing at least one mixed

media document and location hypotheses potentially

responsive to the gquery terms, based on data from the
index tablé. ‘In one particular case; the system
includes a storage facility (e.g., relational database)
for storing additional characteristics associated with
the target dodumenp. In one such case, the'additional~

characteristics include one or more actions including

"retrieval of textual information, retrieval of graphical

inférmation, executing a process, executing a command,
placing an order, retrieving a video, retrieving a sound,
storing information, creating a new document, printing a
document, and/or displaying a doqument.\ In anofher
particular case, the index table'is capable of receiving
electronic descriptions of features e%tracted from a
plurality of paper documents. In another particular
case,vthe paper aocument includes multiple pages, and

the index table is further configured for identifying
mixed media documents, pages, and x-y feature locations

within those pages. In another particular case; the
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computing at least one mixed media document and location
hypotheses carried out by the accumulator module
includes computing a ranked set of mixed media document, -

page, and location hypotheses based on data from the

index table. In another parficular case, the receiving

gquery terms that capture two—dimeﬁsional relationships
between objects in a target document carried out by the
accumulator module includes receiving a set of
horizontaliy énd vertically adjacent‘wordrpairs
extracted from the target document. In another
particular case, the index table includes an inverted
term index table, Where each uniqﬁe term in'tﬁe inverted
index table points to a list of records, and each record
identifies a candidate region on a page within a mixed
media document. - In one such case, the:computing at
least one mixed media document and location hypotheses’
carried out by the accumulator module includes examining
every record indexed by a key éo;responding to ﬁhe query
terms, and identifying a region most consisteht with all
query terms. If the identified regioﬁ has a matching
score that satisfies matching criteria, theé accumulator
moduie may confirm the corresponding mixed media
document and location hypothesis. In another such case,
the index table further comprises a document index table

A}

that includes relevant information for each mixed media
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document, the information including at least one of
print resoclution, print date, paper size, shadow file
name, and pége image location. In another partiéular
case, the description received by the index table is
computed by a feature extraction module that associates
extracted features with inner—documenf location data of
fhose features. In one particular cése,’the target
document is an image of a paper'documént or a patch of
that paper doéument. The system funétionality can be
implemented with a number of means, such .as software
(e.g., executable instructions encoded on oﬁe Oor more
computer-readable @ediums), hardware (e.g.,‘géte level:
logic or one or more ASICs), firmware (e.g., one or more
microcontrollers with I/O capability and embedded
roufines for carrying out the functionality described
herein), or some combination.thereof.' The database
system can be implemented in a Mixed Media Reality (MMR)
system as described herein, Wifh,functionality éarried
out, for example, ét one more servers, Or on a computer
system, or on a portable device, or éome combination
thereof.

In one particular embodiment, the MMR system
includes a content-based retrieval.database configured
with an index table to represent two-dimensional

geometric relationships between objects extracted from a
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printed document in a way that ailows look-up using a
text-based index. A ranked set of document, page and
location hypbtheses can be computed given data from the

index table. The techniques effectively transform

features detected in an image patch into textual terms .

(or other searchable features) that represent both the
features themselves and the geometric relationship
between them. A storage facility can be used to store

additional characteristics about each document image

.patch.‘

The algorithms presented herein are not
inherently related to any particular computér.or otherw
apparatus. Various general-purpose and/or special .
purpose systems may be programmed or otherwise
configured in accordance with embodiments of the present
invention. Numerous programming languages and/or
structures can be used to implement a variety of such
systems, as will be apparent iﬁ light of this disclosure.
Moreover, embodiments of the present invention can
operate on or work in conjunction with an information
system or network. For example, the invention can
operafe on'a stand alone multifunction printer or a
networked printer with functionality varying depending
on the configuration. The présent invention is capable

of operating with any information\system from those with
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minimal functionality to those pioviding all the
functionality disclosed herein.

| The foregoing description of the embo&iments
of - the present invention has been presented for the
purposes of illustration and description. It is not
intended to be exhaustive or to limit the present
invention to the precise form disclosed. Many
modifications and variations are possible in light of
the above feaching. It is intended that the scope of
the present invention be limited not by this detailed
description, but rather by the claims of this
appligation. As wi}l be understood by those familiar
with the art, the preseﬁt invention may be embodied in
other specific forms without departing from the spirit
or essential characteristics thereof. ‘Likewise, the .
particular naming and division of the mddules, routines,
features, attributes, methodologies and other aspects
are not mandatory or signifiCant{ and the mechaﬁisms
that implément the present inven£ion or its features may
have different names, divisions and/or formats.
Furthermore, as will be apparent to one of ordinary
skill'in the relévant art, the modules, routines,
features, attributes, methodologies and other aspects of'
the present invention can be implemented as software,

A}
hardware, firmware or any combination of the three.
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Also, wherever a component, an ekample of which is a
module, of the present invention is implemented as
software, the component can be implemented as a.
standalone program, as part of a larger program, as a
plurality of separaté programs, as a statically or
dynamically linked library, as'a kernél loadable module,
as a device driver, and/or in every and any other way
known now or in the future tb those of ordinary skill in

the art of computer programming. Additionally, the

present invention is in no way limited to. implementation

in any specific programming language, or forAany
specific operating system or environment. Acéordingly;
the disclosure of fhe present invention is intended to
be illustrative, but not limiting, of the'scope of the
present,invehtion, which is set forth in the following
claims.

' The present invention is based on United
States priority applications S.N: 60/710,767 filed
August 23, 2005, S.N. 60/792,912 filed April 17, 200,
S.N. 60/807,654 filed July 18, 2006, S.N. 11/461,147
filed July 31, 2006, and S.N. 11/461,164 filed July 31,
2QO6,‘the entire contents of which are hereby

incorporated herein by reference.
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CLAIMS

1. A computer implemented method for"
organizing and accessing information in a mixed media
document system, comprising:

generating an electrénic representation of the
paper document;

identifying features on the paper document

that captufe fwo—dimensional aspects of the paper

document;

identifying locations of the features; and
indexing the features by their respective

locations, thereby generating an index table.

2. The method of claim 1 further comprising

the preliminary step of receiving the paper document.

3. The method of claim 1 further comprising:
storing one or more characteristics associated

with at least one of the features.

4. The method of claim 3 wherein the one or
more characteristics include one or more actions
including at least one of retrieval of textual

information, retrieval of graphical information,
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executing a process, executing a command, placing an
order, retrieving a video, retrieving a sound, storing
information, creating a new document, printing a

document, and displaying a document.

5. The method of claim 1 wherein identifying
features on the paper document that capture two-
dimensional aspects includes identifying horizontally

aligned and vertically aligned objects.

6. The method of claim 1 wherein identifying
features. on the paper document that capture'two~
dimensional aspects includes identifying horizontal and

vertical word-pailrs.

7. The method of claim 1 wherein generating:
an electronic representation of the paper document is

carried out during a scanning or printing process.

8. The method of claim 1 Qherein identifying
features on the paper document that‘capture two-
dimensional aspects of the paper document includes
grouping sequences of text into logical lines by
checking amount of vertical overlap between two

%

consecutive sequences.
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9. The method of claim 1 further comprising:

receiving one or more query terms that capture
two-dimensional relationships between objects in a
target document; and

computing at least one mixed media document
and location hypotheées potentially résponsive to the

query terms, based on data from the index table.

10. The method of claim 9 wherein receiving

one or more query terms that capture.two-dimensional

relationships between objects in a target document is
preceded by:

receiviné thé target document;

creating an image of at least a patch of
target document; and

generating the one or more query terms based’

on the image.

11. The method of claim 10 wherein generating
the one or more query terms based on the image includes
generating horizontal and vertical word-pairs extracted

from the image.

12. The method of claim 11 wherein computing

at least one mixed media document and location
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hypotheses includes:
" locating a stored page that most likely
matches the patch of the target document; and

calculating a location within that page that

is most likely the center of the patch.

13. The method of claim 12 wherein each word-

pair is associated with an inverse document frequency,

and locatiﬁg a stored page that most likely matches at

least a patch of the target document includes:

adding the inverse document frequency for each
word-pair to an accumulator indexed by documeﬁts pagesk
on which that word;pair appears; and

in response to a maximum value in that

accumulator exceeding a threshold, outputting the

corresponding document page as a match to the patch.

14. The method of claim 13 wherein
calculating a location within thét page that is most
likely the center of the patch includés:

adding a weight to each cell in a zone around
each Word—pair, wherein the weight for each celi is
determined by product of the invefse document frequency
of that word-pair and a normaliéed geometric distance

between that cell and the center 6f the zone:;
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searching a corgesponding Accum array of the
accumulator.for the éell with a maximum value; and

in response to the maximum value exceéding a
threshold, reporting coordinates of the cell as the

location of the patch.

15. The method of claim 9 wherein computing
at least one mixed media document and location
hypotheses includes:

looking~up each“of the -one or more query terms
in the index table to retrieve one or more locations
associated with each query term; and

for each identified location, identifying one

or more candidate regions that contain the location.

16. The method of claim 15 wﬁerein cdmputing’
at least one mixed media docuﬁenﬁ and location
hypotheses includes:

identifying one of the.one or more candidate
reéions that is most consistent with all of the one or
more query terms; and

in response to determining that the one of the
one or more candidate regions satisfies a pre-defined
matching criteria, confirming the region as a match to

\

the target document.
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17. A machine-readable medium encoded with
instructidns, that when executed by one or more
processors, ‘cause the processor to cairy out a process
for organizing and accessing information in a mixed
media document system, the process comprising:
generating an electronic representation of the
paper document;
identifying features on the paper document
that capture two-~dimensional aspects of the.paper
- document;
identifying locafions of the features; and
indexing the features by their respective

locations, thereby generating an index table.

18. The machine-readable medium of claim 17,
the process further comprising:
storing one or more characteristics associated

with at least one of the features.

19. The machine-readable medium of claim 17
wherein identifying features on the paper document that
capture two-dimensional aspects includes identifying

horizontal and vertical word-pairs.

20. The machine-readable medium of claim 17,
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the process further éomprising:

receiving 6ne or more query terms that capture
two-dimensional relationships between objects in a
target document; and

computing at least one mixed media document
and locationvhypotheses potentially résponsive to the

query terms, based on data from the index table.

21. A computer implemented method for
accessing information in a mixed media document system,
comprising:

receiving one or more query terms ‘that capture

two-dimensional relationships between objects in a,

-target documeht; and

computing at least one mixed media document-
and location hypotheses potentially respbpsive to the
guery terms, based on data from an index table that
indexes document features and feature locations of mixed

media documents.

22. The method of claim 21 wherein receiving
one Or more query terms that capture two—dimensional
rélationships betﬁeen objects in a target document is
preceded by:

receiving the target document;
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creating an image of at least a patch of
target document; and
generating the one or more query terms based

on. the . image.

23. The method of claim 22 wherein generating
the one or more query terms based on the image includes
generating horizontal and vertical word-pairs extracted

from the image.

24. The method of claim 23 wherein computing
at least one mixed media document and location
hypﬁtheses include;:

locating a stored page that most likely
matches the patch of the target document; and

calculating a location within that page that '

is most likely the center of the patch.

25. The method of claim 24 wherein each word-
pair is associated with an inverse doéument frequency,
and locating a stored page that most likely matches at

least a patch of the target document includes:

adding the inverse document frequency for each

word-palr to an accumulator indexed by documents pages

on which that Word—pair éppears; and
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in response to a maximum value in that
accumulator exceeding a threshold, outputting the

corresponding document. page as a match to the pétbh.

26. The method of claim 25 wherein
calculating a.locatién within fhét paée that is most
likely the center of the patch includes:- |

adding a weight to each cell in a zone around

each word-pair, wherein the weight for each cell is

‘determined by product of the inverse document frequency

of that word-pair and a normalized geometric distance
between that cell and the center of the zone}‘
searchiné a corresponding Accum array of the
accumulator for the cell with a maximum value; and
in response to the maximum value exceeding a

threshold, reporting coordinates of the cell as the

location of the patch.

27. The method of claim 21 wherein computing
at least one mixed media document and location
hypotheses includes:

looking—up each of the one or more query terms
in the index table to retrieve oné or more locations
associated with each query term} and

for each identified location, identifying one
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or more candidate regions that contain the- location.

28. VThe method of claim 27 wherein cbmputing
at least one mixed media document and location
hypotheses includes:-

identifyiné one of the one or more candidate
regions that is most consistent with all of the one or
more qguery terms; and

in response to determining that the one of the

- one or more candidate regions satisfies-a pre-defined

matching criteria, confirming the region as a match to

the target document.

29. A machine-readable medium encoded with
instructions, that when executed by one or more
processors, cause the processor to carry out a process
for accessing information in a mixed media document
system, the process comprising:

receiving one or mqre'query terms that capture
two-dimensional relationships between objects in a
target document; and

computing at least one mixed media doéument
and location hypotheses potentialiy responsive to the
query terms, based on data from‘an index table that

indexes document features and feature locations of mixed
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media documents.

30. The machine-readable medium of claim 29
wherein receiving one or more query terms that capture .
two-dimensional relationships between objects in a
target document is preceded byf |

receiving the target document;

creating an image of at least a patch of
target document; and .

generating the one or more guery terms based

on the image.

31. The machine-readable medium of claim 30
wherein generating the one or more query terms based on
the image iﬁcludes generating horizontal and vertical-

word~-pairs extracted from the image.

32. The machine~readable medium of claim 31
wherein computing at least one mixed media dqcument and
location hypotheses includes:

locating a stored page that most likely
matches the patch of the target document; and |

calculating a location within that page that

is most likely the center of the patch.

\
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33. The machine-readable medium of claim 32
wherein each word—pair is associated with an inverse
document frequency, and locating a stored page tHat most .
likely matches at least a patch of the target document
includes:

adding the inverse document'frequency for each’
word-pair to an accumulator indexed by documents pages
on which that word-pair appeérs; and

in response to a maximum value in that

~accumulator exceeding a threshold, outputting the

corresponding document page as a match to the patch.

34. The/machine—readable medium of claim 33
wherein calcﬁlating a location within that page that is
most likely the center of the patch includes:

adding a weight to each cell in a zone around
each word-pair, wherein the weight for each cell is
determined by product of the inverse document ffequency
of that word-pair and a normalizéd geometricvdistance
petween that cell and the center of the zone;

searching a corresponding Accum array of the
accumulator for the cell with a maximum value; énd

in response to the maximum value exceeding a
threshold, reporting coordinateé of the cell as the

)

location of the patch.
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35. The machine-readable medium of claim 29
wherein computing at‘least one mixed media document and
location hypotheses includes:

'looking—up each of the one or more query terms
in the index table to retrieve one or more loéations
associated’with each query term;

for each identified location, identifying one
or moreAcandidate regions that contain the location;

identifying one of the one or more candidate

" regions that is most consistent with all of the one or

more query terms; and
in response to determining that the one of the

one or more candidate regions satisfies a pre-defined

-matching criteria, confirming the region as a match to

the target document.
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