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(54) Title: OPTICAL RECOGNITION OF TABLES

(57) Abstract: The present disclosure is directed to a method for optically

FIG. 3

recognizing a table and converting that recognized table to a digitized
format. In particular, the present disclosure relates to a method of optically
recognizing and identifying a table generally, individual cells within the
table, the data embedded within each cell, as well as the original table
format, including shading, cell borders, colors, and effects. Accordingly,
such digitization of an optically recognized table, in whole or in part, as
printed on a document or other media allows users to easily and quickly cap-
ture information as originally arranged without having to manually re-create
a table and enter data into the re-created table.
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OPTICAL RECOGNITION OF TABLES

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This application is being filed on 1 February 2017, as a PCT International
patent application, and claims priority to U.S. Patent Application Serial No. 15/420,647,
filed January 31, 2017 and entitled “Optical Recognition of Tables,” and U.S. Provisional
Patent Application No. 62/289,834, filed February 1, 2016 and entitled “Optical
Recognition of Tables,” the disclosures of which are hereby incorporated by reference in
their entireties.
0002} Details regarding the present disclosure are also provided in U.S. Patent
Application Serial No. 13/521,424, entitled “Borderless Table Detection Engine” filed on
Fuly 10, 2012; and U.S. Patent Application Serial No. 14/205,171, entitled “Detecting And
Extracting Image Document Components to Create Flow Document,” filed March 11,
2014, the entireties of which are hereby incorporated by reference.
BACKGROUND
{6003} Optical character recognition (“OCR”)} is a technology that is particularly
useful for converting handwritten or other printed text to machine recognizable, digitized
text. Such digitized text s useful for searching, editing, and notetaking purposes.
However, current OCR methods are Hinuted in capability, recognizing only text, including
fetters, numbers, and symbols. Although relatively specific problems are discussed, it
should be understood that the aspects should not be limited to solving only the specific
problems identified in the background.
SUMMARY
{0004 In a first aspect, disclosed is a computer-implemented method for optically
recognizing a table using an optical recognition application, the method comprising:
receiving an image of an original table; recognizing one or more aspects of the original
table; and generating a digitized table, wherein the digitized table resembles the original
table.
{6005] In a second aspect, disclosed is a system comprising: at least one processing
unit; and at least one memory storing computer executable instructions that, when
executed by the at least one processing unti, cause the system to perform a method, the
method comprising: recetving, at a server device, an image of an original table;

recognizing, at the server device, one or more aspects of the original table; generating a



10

15

20

30

WO 2017/136444 PCT/US2017/016055

digitized table that resembles the original table; and providing, by the server device, the
digitized table to an application.
{0006} In a third aspect, disclosed is a system comprising: at least one processing unit;
and at least one memory storing computer executable instructions that, when executed by
the at least one processing unit, cause the system to perform a method, the method
comprising: receiving an image of an original table; recognizing one or more aspects of
the original table; displaying a preview of a digitized table; and generating the digitized
table, wherein the digitized table resembles the original table; wherein recognizing the one
or more aspects of the original table further comprises: recognizing a structure of the
original table; recognizing one or more values stored in the original table; and recognizing
formatting applied to the original table.

BRIEF DESCRIPTION OF THE DRAWINGS
{00067} FIG. 1 tllustrates a system for capturing a photograph of a table and
recognizing the table and contents therein, according to an exampie embodiment.
HUHIRY! FIG. 2 illustrates an exemplary diagram of a computing device used to capture
a photo of a table embedded in a document.
{6009} FIG. 3 dlustrates a photograph captured of a table from the optical recognition
application.
{0016} FIG. 4 illustrates a preview mode displaying a digitized version of the table
captured in FIG. 3.
{0011} FIG. 5 illustrates a user interface used to export the table to a digital editor or
viewer application.
10012} FIG. 6 illustrates an example spreadsheet application to which the optically
recognized table 13 exported.
{6013} FIG. 7 illustrates a method for optically recognizing a table printed in a
docurnent.
10014} FIG. 8 1s a block diagram illustrating physical components (e.g., hardware} of a
computing device with which aspects of the disclosure may be practiced.
{0015} FIG. 9A and FIG. 9B illustrate a mobile computing device, for example, a
mobile telephone, a smart phone, wearable computer (such as a smart watch), a tablet
computer, a laptop computer, and the like, with which embodiments of the disclosure may

be practiced.
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10016} FIG. 10 illustrates one aspect of the architecture of a system for processing data
recetved at a computing system from a remote source, such as a general computing device
{e.g., personal computer), tablet computing device, or mobile computing device.
{0017} FIG. 11 illustrates an exemplary tablet computing device that may execute one
or more aspects disclosed herein.

DETAILED DESCRIPTION
{6018} Various embodiments will be described in detail with reference to the
drawings, wherein like reference numerals represent like parts and assemblies throughout
the several views. Reference to various embodiments does not limit the scope of the
claims attached hereto. Additionally, any examples set forth in this specification are not
intended to be limiting and merely set forth some of the many possible embodiments for
the appended claims.
{0019} Generally, the present disclosure is directed to a method for optically capturing
an image of a table (e.g., a spreadsheet, a datasheet, or a data table) that is printed on a
document (e.g., printed on paper, printed 1n a text book, printed in a picture, etc.),
recognizing the table, and converting the table to a digitized format so that it can be
imported into an application that supports tables, such as, for example, a spreadsheet
application, a word processing application, a presentation application, etc. In particular,
the present disclosure relates to a method for optically recognizing and identifying a
structure of a table including individual cells, columns, rows, headers, etc., as the values
stored in the table including, for example, characters {(e.g., words and numbers), source
{e.g., handwritten or typed), language, font, dates (e.g., long or short style), text alignment,
number types, etc. Furthermore, aspects of the present disclosure also recognize
formatting applied to the original table including, for example, general formatting (bold,
underline, italics), shading, cell borders, colors, effects, etc. Digitization of an optically
recognized table that is printed on a document therefore allows users to easily and quickly
capture information as originally arranged in a table without having to manually re-create
the table. Aspects of this disclosure can be implemented using an optical table recognition
application operating on a computing device while other aspects may be applied to stored
photos of tables taken from a photo capture device such as a camera. These and other
examples will be described in further detail herein.
10026} FIG. 1illustrates an example system 100 for capturing a photograph of a table

and recognizing the table and contents therein.
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{0021} As itlustrated, system 100 may include one or more client computing devices
102 that may execute one or more photo capturing applications 104 {e.g., a camera
application, a social media application, or other application that executes a camera on the
computing device 102), or an optical table recogrition application 106 that may also
execute a camera on the computing device 102. The client computing device 102 may
therefore capture an image of a table. The client computing device 102 may further
include a storage device that can store one or more images of the table. In some
embodiments, the client computing device 102 stores an image of a table captured by
another device.

10022} In some examples, the optical table recognition application 106 may execute
jocally on a client computing device 102. Alternatively or additionally, the optical table
recognition application 106 may operate on one or more server computing devices. In such
embodiments, the one or more client computing devices 102 may remotely access, e.g.,
via a browser over a network (e.g, network 106}, the optical table recognition application
106 iraplemented on a server computing device or multiple server computing devices {e.g.,
in a distributed computing environment such as a cloud computing environment).

{0023} As will be described in further detail herein, the optical recognition application
106 may perform one or more of image capture of a table, analysis on the captured image,
optical recognition of the table, translation of the table captured 1n the image to a table,
fookup of additional information, etc. In some embodiments, an optical recognition
application may not be used, and instead, a server or other computing device may provide
some functionality independent of a single application.

10024} In a basic configuration, the one or more client computing devices 102 are
personal or handheld computers having both input elements and output elements operated
by one or more users. For example, the one or more client computing devices 102 may
include one or more of: a mobile telephoune; a smart phone; a tablet; a phablet; a smart
watch; a wearable computer; a personal computer; a desktop computer; a laptop computer,
a gaming device/computer (e.g., Xbox®); a television; and the like. This hist is exemplary
only and should not be considered as limiting. Any suitable client computing device for
executing a client spreadsheet application and/or remotely accessing spreadsheet
application may be utidized.

{0025} In some aspects, network 106 1s a computer network such as an enterprise

intranet and/or the Internet. In this regard, the network 106 may include a Local Area
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Network (LAN), a Wide Area Network (WAN), the Internet, wireless and wired
transmission mediums. In further aspects, server computing devices as described herein
may comrunicate with some components of the system via a local network (e.g., an
enterprise intranet), whereas such server computing devices may communicate with other
components of the system via a wide area network (e.g., the Internet). In addition, the
aspects and functionalities described herein may operate over distributed systems (e.g.,
cloud computing systems}, where application functionality, memory, data storage and
retrieval, and various processing functions may be operated remotely from each other over
a distributed computing network, such as the Internet or an intranet.

10026} As described herein, the optical table recognition application 106 may be
implemented on a server computing device (e g, server computing device 104A and
104B). In a basic configuration, server computing device 104 may include at least a
processing unit and a system memory for executing computer-readable instructions. In
some aspects, server computing device 104 may comprise one or more server computing
devices 104 i a distributed environment (e g., cloud computing environment).

{6027} As should be appreciated, the varicus devices, components, etc., described with
respect to FIG. 1 are not intended to limit the systems and methods to the particular
components described. Accordingly, additional topology configurations may be used to
practice the methods and systems herein and/or some components described may be
excluded without departing from the methods and systems disclosed herein.

{6028} FIG. 2 illustrates an exemplary diagram of a computing device used to capture
a photo of a table embedded in a document.

0029} More specifically, FIG. 2 illustrates a camera on a mobile device 202 capturing
a photograph 204 of a table 206 printed on a document 208, In this example, the
photograph 104 is captured using an optical table recognition application 106 executing on
the mobile device 102. However, as described herein, it is understood that the disclosed
table optical recognition application 106 may also be executed on any other suitable
computing device such as the one or more server computing devices ilustrated in FIG. 1.
Furthermore, although some examples provided herein describe the use of an optical table
recognition application 106 to capture images of a table, it 15 understood that these
descriptions are exemplary and should not be construed as being limited to only the
embodiment in which a table is captured. In other embodiments, an image of a table may

be captured using a camera application or an image of a table. Alternatively or



10

15

20

30

WO 2017/136444 PCT/US2017/016055

additionally, the methods and systems described herein may be applied to images of tables
that are stored elsewhere (e.g., the Internet or previously captured and stored in memory).
Such images may also be optically recognized using the methods and systerms described
herein.

10030} As described herein, the optical recognition application 106 may perform one
or more functions. In some embodiments, the optical recogntion application 106 may
capture an image of a table, analyze the captured image, optically recognize of the table,
optically recognize text or images that are part of the captured image of the table, look-up
of additional information, translate recognized text to digital text, etc. In some
embodiments, an optical recognition application may not be used, and instead, a server or
other computing device may provide some functionality independent of a single
application.

{0031} Referring back to FIG. 2, in this example, the table 206 printed on a document
208 is captured in the photograph 204 by the optical recognition application 106. In some
embodiments, the optical recognition application 106 may capture a photograph of a typed
table or a handwritten table. Furthermore, the table may be provided on paper, in a text
book, ou the display of a computing device, a photograph, etc. Thus, the disclosed optical
recognition application 106 can recognize tables of many different forms provided on
different mediums,

{6032} Furthermore, the optical recognition application 106 can stitch multiple images
together to recognize a single table. In some examples, a large table cannot be captured
using a single image. Accordingly, multiple images may be captured and the optical
recognition application 106 may stitch those images together to recognize and generate a
single table using image stitching techniques. In some embodiments, the optical
recognition application 106 can recognize a table from a panoramic photograph captured
of the table. In other erabodiments, the optical recognition application 106 can recognize a
table from a video captured of the table. In such embodiments, the optical recognition
application 106 may capture a video of a table that may span one or multiple pages.

{6033} In this example, the table 206 is printed on a document and adjacent to a text
caption 212, The disclosed optical recognition application 106 can further recognize a
table that is surrounded or encumbered by text, figures, and other document effects.
Accordingly, aspects further provide the digitization of a table 206 using enhanced

recognition techniques to distinguish surrounding text or other images from the table 206.
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Furthermore, because the table 206 may be provided in various documents such as, for
exampie, a book, 1t 1s understood that such documents may be bound, and hence have
curves or other contours such as bumps or folds. Accordingly, the photograph 204 of the
table 206 may also contain such contours. As will be described in further detail heretn,
although the photograph 204 of the table 206 contains contours, the optical recognition
application 106 can recognize the table and digitize the table despite such unevenness in
the captured photograph.

{06034} FIG. 3 dlustrates a photograph captured of a table 206 from the optical
recognition application 106.

{0035} As hustrated in the example of FIG. 2, a user may capture a photograph of a
table 2006 using the optical recognition application 106. In some embodiments, the
document 208 within which the table 206 1s provided may have text or images outside the
table2. Accordingly, the example Hustrated 10 FIG. 3 contemplates the use of a selection
area 302 (represented by dashed lines) that is used to assist in identifying the table 206. In
some embodiments, based on a user’s selection of an option to show the selection area
302, the selection area 302 may be presented on the display to identify the location and
size of the table. In other embodiments, the selection area 302 is presented automatically
in response to activation of the optical table recognition application 106 or in response to
selection of an image. The example selection area 302 may be used to identify the outer
borders of the table 206. In one example, the selection area 302 may be displayed prior to
capturing the photograph 104 of the table 206, In such an example, the selection area 302
may be used to more accurately identify the location and size of the table that is to be
photographed. In an embodiment, based on a selection of a table image capture option, a
photograph of the table 200, as positioned within the selection area, may be captured.
Alternatively, in another example, the selection area 302 may be used to select the table
206 within an already captured photograph 104, In either example, the selection area 302
may be float arcund the display of the device 102 and be repositioned and resized in order
to more accurately refine the boundaries of the table. Accordingly, the selection area 302
may be used to identify a table 206 or even a portion thereof. In particular, the selection
area 302 may be used to crop certain portions of the table, such as, for example, one or
more columns or rows.

10036} Alternatively or additionally, the optical table recognition application 106 may

identify the boundaries of the table as well as individual cells within the table, either
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before or after capturing an image of the table without the use of a selection area 302 In
some embodiments, the optical table recognition application 106 may recognize the
generally linear horizontal and vertical lines that comprise a table. The table optical
recoguition application 106 may further identify the colurn headers based on shading,
font size, recognition of a top or outermost cell, etc. The table optical recognition
application 106 may also recognize each cell based on relative positions of data between
cells. Tables are generally aligned such that data in a single column or a single row align.
Accordingly, an image technique that separates data between columus and rows to identity
distinct cells of the table may also be used. Similarly, celis can be differentiated by
different font types, font sizes, or font effects (bold, underline, italics, etc.), shading,
highlighting, ete. applied to various cells. For example, a first column may be shaded in
blue while an adjacent column is shaded in red. Accordingly, two separate columns may
be recognized and distinct cells may be identified based on any combination of the
described image processing techniques. Accordingly, using enhanced image identification
techuiques, an optical recognition application 106 may recognize table boundaries,
individual cells, and data within the table. I is understood that such image recognition
techniques may also be employed with the selection area 302 imaplementation. It 1s further
understood that the data within cells of the table may also be recognized using known
OCR techniques.

{6037} In addition to identifying columns, rows, and the general boundaries of a table,
the optical recognition application 106 may 1dentify other features of a table structure such
as, for example, merged areas, cell alignment, column or row headers, formatting, borders,
shading, cell effects, font, and styling.

{0038} Furthermore, tn addition to identifying characters {e.g., words and numbers}
stored in the table, the optical recognition application 106 may identify other features of
the contents of the table. For example, the optical recognition application 106 may further
identify language, font, date formats {e.g., long date, short date format), horizontally
positioned text, vertically positioned text, and general text alignment. Furthermore, the
optical recognition application 106 may identify number styles such as, for example,
currency, percentages, decimal places, units, etc.

{0039} Additionally, the optical recognition application 106 may further identity
vartous formulas applied to the table. In some embodiments, the optical recognition

application 106 may identify such formulas through recognizing a URL, QR code, or bar
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code, for example, that is positioned near the original table and that may lead to a website
that provides further information about the table. In other embodiments, the optical
recognition application 106 may recognize patterns in the data. For example, a row that
captures the totals of one or more columus may be recognized by the optical recognition
application 1006 based on, for example, summing up each of the values in that column to
arrive at a particular number provided in the final row, and further recognizing that
adjacent cells in that row are also totals. Alternatively or additionally, the optical
recoguition application 106 may identity formulas based on identifiers in the table. For
example, the table may recite the word “Total,” which provides a clue to the optical
recognition application 106 that the corresponding row or column is a total row or column
and therefore has applied thereon a sum function. In such embodiments, the optical
recognition application 106 may recognize a formula.

{0040} Stifl further, optical recognition application 106 may be capable of analyzing
the table to identify trends in the data, types of data, and context of the spreadsheet itself to
determine more advanced formulas. The optical recognition application 106 may also
provide a user interface that allows a user to easily confirm the correctness of the applied
formulas (and therefore apply those formulas to the detected cells), remove detected
formulas, or edit one or more detected formulas.

{0041} In an embodiment, table recognition could also be performed using a bordered
table or a borderless table approach, as a non-exclusive example. In a bordered table
approach, the system, for example, uses clear borders of a table and any structure around
the table to understand that the structured data ts a table. In such an example, the system
recognizes the table and identifies data in the identified cells. In a borderless table
example, the system begins table recognition by first reviewing the cells to determine if
the data is a table or if the data is merely laid out in columns or rows.

{0042} In vet another embodiment, a mobile device may directly access a spreadsheet
application to capture a picture of the table 206. Accordingly, in such an embodiment, the
document is understood or assumed to include at least one table of 1nterest. Thus, aspects
may include the use of the selection area or other methods to identify a table using a
spreadsheet application installed on the photo-capturing device.

{0043} In other embodiments, the optical recognition application 100 may be trained
over time to recognize aspects of the optical table. It can be trained to recognize types of

tables, formats, texts, fonts, etc. over time. Accordingly, the optical recoguition
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application 106 may be trained and, over time, become more accurate at recognizing
features of tables. Additionally, the training may help to offer files that contain the tables
{e.g., a table offered on a wehsite).

{0044} Thus, based on the selection of a table image capture option 204, the optical
table recognition application 106 may capture an image of the table 206 and perform
image processing on the captured image in order to digitize the table 206

{0045} Although it is described herein as the optical recognition application 106 as
performing these functionalities, it is understood that such functionality may be distributed
or may be performed on a single device. In an example of a distributed system, some
image processing functionality may be performed locally on the client device 102 and
other functions may be performed on one or more server computing device {e.g., server
computing devices 104). In a single device example, all functionality may be performed
on a server computer or a client device.

10046} FIG. 4 illustrates a preview mode 400 displaying a digitized version of the
table captured 1n FIG. 3.

{6047} In some embodiments, the preview mode 400 of the optical table recognition
application 106 displays a digitized version of the table captured from a document or other
medium. In this example, the preview mode 400 displays a preview of the digitized table
402 before 1t 1s imported or sent to another application.

{6048} In some embodiments, the preview mode 400 may display the digitized table
402 with image enhancements applied thereon. Image enhancements may be, for example,
brightening, sharpening, and flattening of the underlving table 206 illustrated in FIG. 2
and FIG. 3. In some embodiments, these enhancements may be performed automatically
and in other embodiments, these enhancements may be performed in response 1o a user
selection.

{0049} Alternatively or additionally, the preview rnode 400 may turther include the
option to select whether to import formatting or styles. As described herein, the original
table may have various styles or formatting applied thereto. Accordingly, in the preview
mode 400, the user may select whether to apply detected styles or formatting to the
digitized table. Furthermore, 10 some embodiments, the user may wish to only import the
styles or formatting applied to the table and not the contents of the table. Accordingly, the
preview mode 400 may also provide the option to capture only styles or formatting and

ignore the data stored in the table. For example, the user may wish to only import coloring,
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shading, decimals, grand totals formulas, header layouts, etc. associated with the original
table and not to import any of the contents of that original table. Accordingly, the structure
of the table and associated styles or formatting may be digitized and imported, leaving out
the contents of the original table. Tn such an example, the user may populate the table with
new data, applying the imported features of the table. In other embodiments, the user may
even populate the table with new contents froro the preview mode 400. Likewise, the
preview mode 400 may provide the option to only capture the contents of the original table
and to oruit any styling or formatting applied to the original table.

10050} Alternatively or additionally, the preview mode 400 may further include an
option to edit the digitized table 402, including the structure of the table or the contents
therein. In an example, the preview mode 400 may provide the option to leave out one or
more columns, rows, or contents from the digitized table 300, Alternatively or
additionally, the preview mode 400 may allow the user to edit contents of the digitized
table 402, edit formatting applied to the digitized table 402, or edit formulas detected and
applied to the digitized table 402, In some embodiments, the user may ink in any edits to
the table using an inking feature of the computing device 102. In embodiments, the optical
table recognition application 106 may recognize and digitize the inked input and insert it
into the digitized table 402.

{0051} The preview mode 400 may further provide the option to edit imported
formulas. As described herein, formulas may be detected by the optical recognition
application 106, so the preview mode 400 may also provide the user with the ability to
verify, edit, or remove applied formulas. Alternatively or additionally, the preview mode
400 may provide the ability to even add formulas that were not detected by the optical
recognition application 106 or not present in the original table. Likewise, the preview
mode 400 may provide the option to edit or remove conditional formatting detected by the
optical recognition application 106, Alternatively or additionally, the preview mode 400
may provide the ability to even add conditional formatting not detected by the optical
recognition application 106 or not present in the original table.

{0052] The preview mode 400 may further provide the option to import detected
metadata into the digitized table 402, In an example, metadata may be detected by
detection of hyperlinks on the page in which the original table is provided. In other
embodiments, metadata may be detected from an associated QR code, bar code, or other

identifying features. The preview mode 400 may provide the user with the option to
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import such metadata into the digitized table 300. In other embodiments, the preview
mode 400 may provide the user with the option to import, as metadata, detected images or
text associated with the table, but not stored in the table (e g, images, captions, or table
descriptions provided near and associated with the original table).
{0053} Furthermore, URLs, QR codes, bar codes, etc. may be provided near the
original table that may lead to more recent information. Accordingly, any such URLs, QR
codes, bar codes, etc. that are detected during the photo capture process may be followed
and used to venify the contents of the table, or to update the contents of the table with the
most recent information. Additionally or alternatively, such URLs, QR codes, bar codes,
etc. may provide the option to pull in additional data from a website with which the link or
code is associated. In an example, a URL may lead to a website that stores additional
pricing information, a company name, or any information related to the table. The preview
mode 400 may thus provide the option to import such additional information and provide
the user with the ability to preview the table with the imported information. In some
embodiments, the user may select where the imported information is to be stored in the
table (e.g., added to a new column/row, or to an existing cell, column, or row). In some
embodiments, the URL, QR code, or bar code may be saved so that it may be used to
follow a path to continually update information or import new information to the digitally
recognized table.

{0054] In some embodiments, the preview mode 400 may further provide the option to
translate the text of contents of the original table into another language. For example, a
table may be written in Mandarin and the optical recognition application 106 may provide
the option to translate it to English or another language. In some embodiments, this may
be performed during processing and the digitized table may be automatically provided in
the translated form, and in other embodiments, the contents may be translated based on
selection of a translation option.

10055] In some embodiments, the preview mode 400 may further provide a confidence
factor, such as low, medium, or high confidence {or any other scale, such as percentage or
other numerical scale} that describes the confidence level of the accuracy of the contents
and structure recognized by the optical recognition application 106, as compared with the
original table. This confidence factor may depend on many variables, inchading, for
example, the form of the original table {e.g., type or handwritten), the font size of the

contents within the table, etc. If the optical recognition application 106 flags the accuracy
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level as being low or below a predetermined threshold, the optical recognition application
106 may flag the accuracy so the user can further review. In some embodiments, the
optical recognition application 106 may provide one or more alternatively recognized
tables.

10056 Although these options are described as being provided in the preview mode
400, these options may be provided at any stage of the digitization and import process. For
example, the options to capture styles or metadata may be selected prior to image capture,
or they may be selected once the table is imported to the desired application.

10057} FIG. 5 illustrates a user interface 502 used to export the table to a digital editor
or viewer application.

{0058} The digitized table 502 including the table structure and values stored therein
may be stored 1n a digital format such that the digital information may be exported to an
application such as, for example, a note-taking application, a text editor, a presentation
application, an email application, or a spreadsheet application. Alternatively or
additionally, the digitized table may be stored in a storage device local to the device or
may be stored in a cloud storage device or a database accessible over a network.
Alternatively or additionally, the digital information representing the table and contents
contained therein may be exported to a cloud storage device.

{06059} FIG. 6 illustrates an example spreadsheet application 600 to which the optically
recognized table is exported.

{0060} As illustrated, the original table 206 illustrated in FIG. 2 1s now arranged as a
digital table 602 in the spreadsheet application 600. In addition, the relative arrangement
of the cells, the font type, and the font effects of the original table 206 are maintained in
the digital table 602.

{0061} Accordingly, disclosed are systems and methods for optically recognizing a
table printed in a document, wherein the optical recognition includes, among other
features, recognizing the table boundaries, cell boundaries, values, column and row
headers, cell effects, etc. The optically recognized table may be exported to one of many
applications in which a user wishes to view or edit the table. Accordingly, aspects
eliminate the need to manually enter data into a table and format that table.

{0062} FIG. 7 illustrates a method 700 for optically recognizing a table printed in a

document.
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{0063} In some embodiments, the method 700 is performed by an optical recognition
application such as optical recognition application 106 described herein. The method 700
starts at operation 702 in which a photograph of the table is received by the optical
recognition application. As described herein, a photograph of a printed table or even a
photograph of a digital table may be captured using a camera of a device, such as a mobile
device or other suitable computing device. In some embodiments, the photograph is
captured using the optical recognition application 106. In other embodiments, the
photograph has already been captured (e.g., the image may be stored in memory or may be
from an external source) and is uploaded to the optical recognition application 106

10064} As described herein, the table may be printed in a document, such as, on a
piece of paper, in a text book, in a brochure, etc. In some embodiments, the table is
displayed on the display of another device, such as stored as a photo on another device,
displayed on a website, etc. In some embodiments, the table may be printed over multiple
pages. Alternatively or additionally, the table may be too large for a single picture.
Accordingly, multiple photographs can be taken of a table, wherein the optical recognition
application 106 may stitch the photos together to generate a single, digitized table.
Alternatively or additionally, a video may be taken of a table, wherein frames from the
video may be used to stitch together the images of the table.

{0065} In operation 704, the optical recognition application 106 recognizes aspects of
the photographed table. For example, the optical recognition application 106 recognizes
the table structure such as the outer border of the table, including the number of rows, and
columns of the table. As described herein, in some embodiments, this may be done using a
selection area such as selection area 402. The optical recogrition application 106 further
recognizes the values stored in the table, such as the numbers, letters, words, etc. The
optical recognition application 106 further recognizes formatting and style, such as font,
bold, underline, italics, shading, colors, fill effects, cell text alignment, units, decimals,
percentages, dates, languages, etc. In some embodiments, formulas may be recognized. In
some embodiments, the optical recognition application 106 further recognizes
supplemental information that is not part of the table, but associated to the table such as a
URL, QR code, or bar code that may lead to further information related to the
photographed table. As described herein, formulas may be recognized by analyzing key
words (e.g., “Grand Total,” “%,” “Rate” etc.) in headers or other cells. Alternatively or

additionally, the optical recognition application 106 may use a URL, QR code, or bar code
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to learn more information about a table. Alternatively or additionally, the optical
recognition application 106 may identify trends or patterns of the values in the table and
correlate such trends or patterns to a particular formula. The optical recognition
application 106 may further recognize any conditional formatting applied to the table. In
some embaodiments, the optical recognition application 106 may recognize metadata from
the image.

{06066} In operation 706, the optical recognition application 100 displays a preview of
the digitized table. In some erobodirnents, operation 606 15 optional, as indicated by the
dashed line. The preview may aliow the user to understand what the digitized table locks
like and even allows the user to edit the table. In some embodiments, the preview mode
may provide the option 1o select whether to import any of the recognized features in
operation 604, For example, the preview mode may provide the option to import
formatting or styles applied to the original table. The preview mode may also provide the
option to import the values or just to digitize the table itself without the values.
Additionally, the preview mode may provide the option to capture styles, formatting, or
formulas that are applied to a table without importing and digitizing the values.
Alternatively or additionally, the preview mode may provide the option to ouly capture the
values of the table and not the formatting, styles, or functions. In other embodiments, a
combination of such options can be imported. In other embodiments, the preview mode
may provide the option to edit recognized formulas and conditional formatting.
Alternatively or additionally, in other embodiments, the preview mode may provide the
option to add unrecognized formulas and conditional formatting,

{0067} Furthermore, the preview mode may provide the option to edit the structure of
the table. In an example, the preview mode may provide the option to add or remove
columns and rows of the table.

{0068} In other embodiments, the preview mode may provide the option to import
detected metadata into the digitized table. Alternatively or additionally, the preview mode
may provide the option to update or enhance the table based on any associated QR codes,
URLs, or bar codes associated with the table and recognized by the optical recognition
application 106,

{0069} The preview mode may further provide the abtlity to translate the text of

contents stored in the table to another language. In some embodiments, the preview mode
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may translate the language to a default language and in other embodiments, the preview
mode will perform translations in response to a user’s selection to translate.

{6070} In some embodiments, the preview mode may provide a confidence factor
describing the confidence in the accuracy of the digitized table. In some embodiments, the
confidence level may be based on the confidence relating to the accuracy of the values,
structure, style, formatting, formulas, etc.

{6071} In operation 708, the digitized table is provided. The digitized table includes
the one or more options selected in the preview mode, for example. In some embodiments,
the digitized table is provided in an application selected by the user, such as, for example,
a spreadsheet application, a word processing application, a presentation application, or an
ematl application. Alternatively or additionally, the digitized table may be stored locally,
on the cloud, or in a remote database.

{0072} Fi(ss. 8-11 and the associated descriptions provide a discussion of a variety of
operating environments in which aspects of the disclosure may be practiced. However, the
devices and systems illustrated and discussed with respect to FIGS. 8-11 are for purposes
of example and ilhustration and are not limiting of a vast number of computing device
configurations that may be utilized for practicing aspects of the disclosure, as described
herein.

{0073} FIG. 815 a block diagram illustrating physical components {¢.g., hardware) of a
computing device 800 with which aspects of the disclosure may be practiced.

{0074} The computing device components described below may have computer
executable instructions for implementing an optical recognition application 821 on a
computing device {e.¢., server computing device 108 and/or client computing device 104),
including computer executable instructions for optical recognition application 821 that can
be executed to implement the methods disclosed herein. In a basic configuration, the
computing device 800 may include at least one processing unit 802 and a system memory
804. Depending on the configuration and type of computing device, the system memory
804 may comprise, but 15 not limited to, volatile storage (e.g., random access memory),
non-volatile storage (e.g., read-only memory), flash memory, or any combination of such
rmemories. The system memory 804 may include an operating system 305 and one or more
program modules 806 suitable for running optical recognition application 821,

{0075} The operating system 805, for example, may be suitable for controlling the

operation of the computing device 800. Furthermore, embodiments of the disclosure may
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be practiced in conjunction with a graphics hibrary, other operating systems, or any other
application program and is not limited to any particular application or system. This basic
configuration 1s tllustrated in FIG. 8 by those components within a dashed line 808. The
computing device 300 may have additional features or functionality. For example, the
computing device 800 may also include additional data storage devices {removable and/or
nou-removable) such as, for example, magnetic disks, optical disks, or tape. Such
additional storage is illustrated in FIG. & by a removable storage device 809 and a non-
removable storage device 810, As stated above, a number of program modules and data
files may be stored in the system memory 804, While executing on the processing unit
802, the program modules 806 (e.¢., optical recognition application 821) may perform
processes including, but not limited to, the aspects, as described herein.

{06076} Furthermore, embodiments of the disclosure may be practiced in an electrical
circuit comprising discrete electronic elements, packaged or integrated electronic chips
containing logic gates, a circuit utilizing a microprocessor, or on a single chip containing
electronic elements or microprocessors. For example, embodiments of the disclosure may
be practiced via a system-on-a-chip {(8OC) where each or many of the components
illustrated in FIG. 8 may be integrated onto a single integrated circuit. Such an SOC
device may include one or more processing units, graphics units, communications units,
system virtualization units and various application functionality all of which are integrated
{or “burned”) onto the chip substrate as a single integrated circuit. When operating via an
SOC, the functionality, described herein, with respect to the capability of client to switch
protocols may be operated via application-specific logic integrated with other components
of the computing device 800 on the single integrated circuit {(chip). Embodiments of the
disclosure may alsc be practiced using other technologies capable of performing logical
operations such as, for example, AND, OR, and NOT, including but not limited to
mechanical, optical, fluidic, and quantum technologies. In addition, embodiments of the
disclosure may be practiced within a general purpose computer or in any other circuits or
systems.

{6677} The computing device 800 may also have one or more input device(s) 812 such
as a keyboard, a mouse, a pen, a sound or voice input device, a touch or swipe input
device, etc. The output device(s) 814 such as a display, speakers, a printer, etc. may alsc
be included. The aforementioned devices are examples and others may be used. The

computing device 800 may include one or more communication connections 816 allowing
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communications with other computing devices 850. Examples of suitable communication
connections 816 include, but are not limited to, radio frequency (RF) transmitter, receiver,
and/or transceiver circuitry; universal serial bus (USB), paraliel, and/or senial ports.
{0078} The term computer readable media as used herein may include corputer
storage media. Computer storage media may include volatile and nonvolatile, removable
and non-removable media implemented in any method or technology for storage of
information, such as computer readable instructions, data structures, or program modules.
The system memory 804, the rernovable storage device 809, and the non-removable
storage device 810 are all computer storage media examples (e.g., memory storage).
Computer storage media may include RAM, ROM, electrically erasable read-only
memory (EEPROM), flash memory or other memory technology, CB-ROM, digital
versatile disks {(DVD) or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other article of
manufacture which can be used to store information and which can be accessed by the
computing device 800. Any such computer storage media may be part of the computing
device 800. Computer storage media does not include a carrier wave or other propagated
or modulated data signal.

10079} Communication media may be embodied by computer readable instructions,
data structures, program modules, or other data in a modulated data signal, such as a
carrier wave or other transport mechanism, and includes any information delivery media.
The term “modulated data signal” may describe a signal that has one or more
characteristics set or changed in such a manner as to encode information in the signal. By
way of example, and not limitation, communication media may include wired media such
as a wired network or direct-wired connection, and wireless media such as acoustic, radio
frequency (RF), infrared, and other wireless media.

{0080} FIG. 9A and FIG. 9B illustrate a mobile computing device 900, for example, a
mobile telephone, a smart phone, wearable computer (such as a smart waich), a tablet
computer, a laptop computer, and the like, with which embodiments of the disclosure may
be practiced.

{0081} In some aspects, the client may be a mobile computing device. With reference
to FIG. 94, one aspect of a mobile computing device 900 for implementing the aspects is
illustrated. In a basic configuration, the mobile computing device 900 is a handheld

computer having both tnput elements and cutput elements. The mobile computing device
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900 typically includes a display 905 and one or more input buttons 910 that allow the user
to enter information into the mobile computing device 900. The display 905 of the mobile
computing device 900 may also function as an mput device {e.g, a touch screen display).
i included, an optional side input elernent 915 allows further user input. The side input
element 915 may be a rotary switch, a button, or any other type of manual input element.
In alternative aspects, mobile computing device 900 may incorporate more or less input
elements. For example, the display 905 may not be a touch screen in some embodiments.
In yet another alternative embodiment, the mobile computing device 900 is a portable
phone system, such as a celiular phone. The mobile computing device 900 may also
include an optional keypad 935. Optional keypad 935 may be a physical keypad ora
“soft” keypad generated on the touch screen display. In various embodiments, the output
elements include the display 905 for showing a graphical user interface (GUI), a visual
indicator 920 {e.g., a light emitting diode), and/or an audio transducer 925 (e g, a
speaker}. In some aspects, the mobile computing device 900 incorporates a vibration
transducer for providing the user with tactile feedback. In yet another aspect, the mobile
computing device 900 incorporates input and/or output ports, such as an audio input (e.g.,
a microphone jack), an audio output (e .g., a headphone jack), and a video cutput {e.g., a
HIDMI port) for sending signals to or receiving signals from an external device.

{0082] FIG. 9B is a block diagram illustrating the architecture of one aspect of a
mobile computing device. That is, the mobile computing device 900 can incorporate a
system {e.g., an architecture) 902 to implement some aspects. In one embodiment, the
system 902 is implemented as a “smart phone” capable of running one or more
applications {e.g., browser, e-mail, calendaring, contact managers, messaging clients,
games, and media clients/players}. In some aspects, the system 902 ts integrated as a
computing device, such as an integrated personal digital assistant (PDA) and wireless
phone.

{0083} One or more application programs 966 may be loaded into the memory 962 and
fun on or in assoctation with the operating system 964. Examples of the application
programs include phone dialer programs, e-matl programs, personal information
management (PIM) programs, word processing programs, spreadsheet programs, Internet
browser programs, messaging programs, and so forth. The system 902 also includes a non-
volatile storage area 968 within the memory 962. The non-volatile storage area 968 may

be used to store persistent information that should not be lost if the system 902 is powered
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down. The application programs 966 may use and store information in the non-volatile
storage area 968, such as email or other messages used by an email application, and the
like. A synchronization application (not shown} also resides on the system 902 and 1s
programiued to interact with a corresponding synchronization application resident on a
host computer to keep the information stored in the non-volatile storage area 968
synchronized with corresponding information stored at the host computer. As should be
appreciated, other applications may be loaded into the memory 962 and run on the mohile
computing device 900, including the wnstructions for asseciating one or more images with
one or more cells of a spreadsheet as described herein (e g, field component, associate
component, array component, hybrid component, operation component, and/or UX
component, etc.}.

{0084} The system 902 has a power supply 970, which may be implemented as one or
more batteries. The power supply 970 may further include an external power source, such
as an AC adapter or a powered docking cradle that supplements or recharges the batteries.
The systern 902 may also include a radio interface layer 972 that performs the function of
transmitting and receiving radio frequency communications. The radio interface layer 972
facilitates wireless connectivity between the system 902 and the “outside world,” via a
communications carrier or service provider. Transmissions to and from the radio interface
layer 972 are conducted under control of the operating system 964. In other words,
communications received by the radio interface layer 972 may be disseminated to the
application programs 966 via the operating system 964, and vice versa.

{0085} The visual indicator 920 may be used to provide visual notifications, and/or an
audio interface 974 may be used for producing audible notifications via an audio
transducer 925 (e.g., audio transducer 925 illustrated in FIG. 9A). In the illustrated
embodiment, the visual indicator 920 is a light emitting diode (LED) and the audio
transducer 925 may be a speaker. These devices may be directly coupled to the power
supply 970 so that when activated, they remain on for a duration dictated by the
notification mechanism even though the processor 960 and other compounents might shut
down for conserving battery power. The LED may be programmed to remain on
indetinitely until the user takes action to indicate the powered-on status of the device. The
audio interface 974 1s used to provide audible signals to and receive audible signals from
the user. For example, in addition to being coupled to the audio transducer 925, the audio

interface 974 may also be coupled to a microphone to receive audible input, such as to
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facilitate a telephone conversation. In accordance with embodiments of the present
disclosure, the microphone may also serve as an audio sensor to facilitate control of
notifications, as will be described below. The system 902 may further include a video
interface 976 that enables an operation of peripheral device 930 (e.g., on-board camera) to
record still images, video stream, and the like.

{0086} A mobile computing device 900 implementing the system 902 may have
additional features or functionality. For example, the mobile computing device 900 may
also include additional data storage devices (removable and/or non-removable) such as,
magnetic disks, optical disks, or tape. Such additional storage is illustrated in FIG. 9B by
the non-volatile storage area 968.

{6087} Data/information generated or captured by the mobtle computing device 500
and stored via the system 902 may be stored locally on the mobile computing device 900,
as described above, or the data may be stored on any number of storage media that may be
accessed by the device via the radio interface layer 972 or via a wired connection between
the mobile computing device 900 and a separate computing device associated with the
mobile computing device 900, for example, a server computer in a distributed computing
network, such as the Internet. As should be appreciated such data/information may be
accessed via the mobile computing device 900 via the radio interface layer 972 orvia a
distributed computing network. Similarly, such data/information may be readily
transferred between computing devices for storage and use according to well-known
data/information transfer and storage means, including electronic mail and collaborative
data/information sharing systems.

{0088} As should be appreciated, FIGS. 9A and 9B are described for purposes of
ilfustrating the present methods and systems and s not intended to limit the disclosure to a
particular sequence of steps or a particular combination of hardware or software
components.

10089} FIG. 10 ilustrates one aspect of the architecture of a system for processing data
recetved at a computing system from a remote source, such as a general computing device
1004 {e.g., personal computer)}, tablet computing device 1006, or mobile computing device
1008, as described above.

{0090} Content displayed at server device 1002 may be stored in different
communication channels or other storage types. For example, various documents may be

stored using a directory service 1022, a web portal 1024, a maibox service 1026, an
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instant messaging store 1028, or a social networking service 1030, The optical recognition
application 821 may be employed by a client that communicates with server device 1002,
and/or the optical recognition 821 may be employed by server device 1002, The server
device 902 may provide data to and from a chient computing device such as a general
computing device 1004, a tablet computing device 1006 and/or a mobile computing device
1008 (e.g., a smart phone) through a vetwork 1015, By way of example, the computer
system: described above may be embodied in a general computing device 1004 {e.g,,
personal computer), a tablet computing device 1006 and/or a mobile coraputing device
1008 (e.g., a smart phone). Any of these embodiments of the computing devices may
obtain content from the store 1016, in addition to receiving graphical data useable to either
be pre-processed at a graphic-originating system or post-processed at a receiving
computing system.

{0091} As should be appreciated, FIG. 10 is described for purposes of illusirating the
present methods and systems and is not intended to limit the disclosure to a particular
sequence of steps or a particular combination of hardware or software components.

{6092} FIG. 11 illustrates an exemplary tablet computing device 1100 that may
execute one or more aspects disclosed herein.

10093} In addition, the aspects and functionalities described herein may operate over
distributed systerus (e.g., cloud-based computing systems), where application
functionality, memory, data storage and retrieval and various processing functions may be
operated remotely from each other over a distributed computing network, such as the
Internet or an intranet. User interfaces and information of various types may be displayed
via on-board computing device displays or via remote display units associated with one or
more computing devices. For example user interfaces and information of various types
may be displayed and interacted with on a wall surface onto which user interfaces and
information of various types are projected. Interaction with the multitude of computing
systems with which embaodiments of the invention may be practiced inchude, keystroke
entry, touch screen entry, voice or other audio entry, gesture entry where an associated
computing device is equipped with detection (e.g., camera} functionality for capturing and
interpreting user gestures for controliing the functionality of the computing device, and the

fike.
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10094} As should be appreciated, FIG. 11 is described for purposes of illustrating the
present methods and systems and is not intended to limit the disclosure to a particular
sequence of steps or a particular combination of hardware or software components,

{0095} Aspects of the present disclosure, for example, are described above with
reference to block diagrams and/or operational iHustrations of methods, systems, and
computer program products according to aspects of the disclosure. The functions/acts
noted in the blocks may occur out of the order as shown in any flowchart. For example,
two blocks shown in succession may in fact be executed substantially concurrently or the
blocks may sometimes be executed in the reverse order, depending upon the
functionality/acts involved.

{0096} The description and dlustration of one or more aspects provided in this
application are not intended to limit or restrict the scope of the disclosure as claimed in
any way. The aspects, examples, and details provided in this application are considered
sufficient to convey possession and enable others to make and use the best mode of
claimed disclosure. The claimed disclosure should not be construed as being linuted to any
aspect, example, or detail provided in this application. Regardless of whether shown and
described in combination or separately, the vanous features (both structural and
methodological} are intended to be selectively included or omitted to produce an
embodiment with a particular set of features. Having been provided with the description
and illustration of the present disclosure, one skilled in the art may envision variations,
modifications, and alternate aspects falling within the spirit of the broader aspects of the
general inventive concept embodied in this application that do not depart from the broader
scope of the claimed disclosure.

{0097} The various embodiments described above are provided by way of illustration
only and should not be construed to limit the claims attached hereto. Those skilied in the
art will readily recognize various modifications and changes that may be made without
following the example embodiments and applications illustrated and described herein, and

without departing from the true spirit and scope of the following claims.
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WHAT Is CLAIMED I5:

L. A computer-implemented method for optically recognizing a table using an optical
recognition application, the method comprising:

receiving an image of an original table;

recognizing one or more aspects of the original table; and

generating a digitized table, wherein the digitized table resembles the original

table.

2. The computer-implemented method of claim 1, wherein the original table is
provided in a document.

3. The computer-implemented method of claim 1, wherein recognizing the one or
more aspects of the original table comprises recognizing a structure of the original table

and one or more values in associated cell(s) of the original table.

4. The computer-implemented method of claim 3, wherein recogrizing the one or
more aspects of the original table further comprises:

recogrizing formatting applied to the original table.

5. The computer-implemented method of claim 4, wherein recognizing formatting
applied to the original table further comprises recognizing at least one of:

a style applied to the one or more values, a format applied to the one or more
values, an alignment of the one or more values, a language in which at least one of the one

or more value is written, and colors applied to the one or more values.

6. The computer-implemented method of claim 1, further comprising displaying a

preview of the digitized table.

7. The computer-implemented method of claim 6, wherein displaying the preview of

the digitized table comprises displaying the original table in a digitized format.



WO 2017/136444 PCT/US2017/016055

8. The computer-implemented method of claim 1, further comprising:

displaying an option to import one or more formulas tncluded in the original table.

9. The computer-implemented method of claim 1, further comprising:

displaying an option to import metadata associated with the original table.

10. The computer-implemented method of claim 1, wherein receiving the image

further includes receiving oune image, the one image ncluding an entire view of the table.

It The computer-implemented method of claim 1, further comprising:

exporting the digitized table to a spreadsheet application.

12, A system comprising:

at least one processing unit; and

at least one memory storing computer executable instructions that, when executed
by the at least one processing unit, cause the system to perform a method, the method
comprising:

receiving, at a server device, an image of an original table;

recognizing, at the server device, one or more aspects of the original table;

generating a digitized table that resembles the original table; and

providing, by the server device, the digitized table to an application.

I

(42

The system of claim 12, wherein recognizing the one or more aspects of the
original table further comprises:
recognizing a structure of the original table; and

recognizing one of more values stored in the original table.

14. The system of claim 12, wherein recognizing the one or more aspects of the
original table further comprises:

recognizing aspects of the original table based on training data.

15, A system comprising

at least one processing unit; and

A\
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at least one memory storing computer executable instructions that, when executed
by the at least one processing unit, cause the system to perform a method, the method
comprising:

receiving an tmage of an original table;

recognizing one or more aspects of the original table;

displaying a preview of a digitized table; and

generating the digitized table, wherein the digitized table resembles the original
table;

wherein recognizing the one or more aspects of the original table further
COmprises:

recognizing a structure of the original table;

recognizing one of more values stored in the original table; and

recognizing formatting applied to the original table.
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Figure 12-2: This figure shows the total revé
last three months of the calendar year.
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