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(57) Abstract: Techniques for improved binarization and extraction of information from digital image data are disclosed in accord -
ance with various embodiments. The inventive concepts include independently binarizing portions of the image data on the basis of
individual features, e.g. per connected component, and using multiple different binarization thresholds to obtain the best possible
binarization result for each portion of the image data independently binarized. Determining the quality of each binarization result
may be based on attempted recognition and/or extraction of information therefrom. Independently binarized portions may be as-
sembled into a contiguous result. In one embodiment, a method includes: identifying a region of interest within a digital image; gen -
erating a plurality of binarized images based on the region of interest using different binarization thresholds; and extracting data
from some or all of the plurality of binarized images. Corresponding systems and computer program products are also disclosed.
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ITERATIVE RECOGNITION-GUIDED
THRESHOLDING AND DATA EXTRACTION

FIELD OF INVENTION
18001} The present invention relates to image capture and image processing. In particular,
the present invention relates to capturing and processing digital images using a mobile
device, and extracting data from the processed digital image using a recognition-guided

thresholding and extraction process.

RELATED APPLICATIONS
[8002] This application is related to U.S. Provisional Patent Application No. 62/194,783,
filed July 20, 2015; 1.5, Patent No. 9,058 515, filed March 19, 2014; U1 8. Patent No.
8,885,229, filed May 2, 2014; U.S. Patent No. 8,855,375, filed Januarv 11, 2013; U.S. Patent
No. 8,345 981, filed February 10, 2009; U.S. Patent No. 9,355,312, filed March 13, 2013;

and U.S. Patent No. 9,311,531, filed March 13, 2014,

BACKGROUND OF THE INVENTION
9003] Digital images having depicted therein an object inclusive of documenis such as a
letter, a check, a bill, an mvoice, etc. have conventionally been captured and processed asing
a scanner or multifunciion peripheral (MFP) coupled to a computer workstation such as a
laptop or desktop computer. Methods and svstems capable of performing such capture and
processing are well known in the art and well adapted (o the tasks for which they are
emploved.
[D004] More recently, the conventional scanner-based and MFP-based image capture and

processing applications have shifted toward mobile platforms. ¢.g. as descnibed in the related
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patent applications noted above with respect to capturing and processing images using mobile
devices (U.S. Patent No. 8,855,375), classifving objects depicted in images captured using
mobile devices (U5, Patent No. 9,355,312, ¢ g. at column 9, ling 9 — column 15, line 28), and
extracting data from tmages captured using mobile devices (U.S. Patent No. 9311531, ¢ at
column {8, line 25 — column 27, line 16},

[B8005] While these capture, processing, classification and extraction engines and methods
are capable of reliably extracting information from certain objects or images, it is not possible
to dynamically extract mformation from other objects, particularly objects characterized by a
relatively complex background, and/or overlapping regions of foreground (¢.g. text) and
background. In practice, while it may be possible to reliably extract mformation from a
simaple document having a plain white background with dark foreground text and/or images
mmposed thereon, a document depicting one or more graphics (such as pictures, logos, etc.) as
the background with foreground text and/or images imposed thereon, especially if
overlapping.

{8606} This problem arises primarily because it becomes significantly difficult to
distinguish the foreground from the background, especially in view of the fact that digital
tmages are conventionally converted to bitonal (black/white) or grayscale color depth priorto
attempting extraction. As a result, tonal differences between backgroond and foreground are
suppressed in converting the color channel information into grayscale ntensity information
or bitonal information.

{8007} This is an undesirable limitation that restricts users from using powerful extraction
technology on an mereasingly diverse array of documents encountered in the modem world
and which arc usctul or necessary to complete various mobile device-mediated transactions

OF DUSINCss processes.
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8008} For example, 1t 18 common for financial documents such as checks, credit cards,
ete. to include graphics, photographs, or other imagery and/or color schemes as background
upon which important financial information are displaved. The font and color of the
foreground financial mformation may also vary from “standard” basiness fonts and/or colors,
creating additional likelihood that discriminating between the foreground and background
will be difficult or impossible.

{8009} Smilarly, identifying documents such as dnver’s licenses, passports, emplovee
identification, etc. frequently depict watermarks, holograms, logos, seals, pictures, etc. over
which important identifving information may be superimposed in the foreground. Fo the
extent these background and foreground elements overlap, difficultics are introduced into the
discrimination process, frustrating or defeating the ability to extract those important
mformation.

[06010] Therefore, it would be hughly beneficial to provide new method, system and/or
computer program product technology for extracting mformation from complex digital image
data depicting lughly similar foreground and background elements, and/or overlapping

background and foreground elements.
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4
SUMMARY
8611} According to one embodiment, a computer-implemented method includes:

wdentitving a region of interest within a digital image; generating a phurality of binarized
tmages based on the region of interest, wherein some or all of the binarized images are
gencrated using a different one of a plurality of binanzation thresholds; and extracting data
from some or all of the plurality of binarized images.

18612} In accordance with another embodiment, a system such as a mobile device
mncludes a processor and logic integrated with and/or executable by the processor. The logic
1s configured, upon execution thereof, to cause the processor to: identify a region of interest
within a digital image; generate a plurality of binarized images based on the region of
interest, wherein some or all of the binarized images are generated using a different one of a
plurality of binarization thresholds; and extract data from some or all of the plurality of
binarized images.

8613} According to yet another embodiment, a computer program product includes a
computer readable medinm having embodied therewith computer readable program
mstructions configured to cause a processor, upon execution of the instructions, to: identity,
using the processor, a region of interest within a digital image; generate, using the processor,
a plurality of binarized images based on the region of interest, wherein some or all of the
binarized images are generated using a different one of a plurality of binanzation thresholds;
and extract, using the processor, data from some or all of the phurality of binarized images.
8014} Other aspects and embodiments of the present invention will become apparent
from the following detailed description, which, when taken in conjunction with the drawmgs,

tHustrate by way of example the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 illustrates a network architecture, 1o accordance with one embodiment.
0016} FI1(3. 2 shows a representative hardware environment that may be associated with
the servers and/or chients of FIG. 1, in accordance with one embodiment.
{601 7] FIG. 3 a portion of a driver’s license in a color rendition, according to ong
embodiment.
{8618} FIG. 4 depicts the same portion of the dniver’s license, in a grayscale rendition
gencrated from the color image shown i FIG. 3, according to one embodiment.
[6019] FIG. 5 depicts a plurality of binary images generated by applying a phlurality of
different binarization thresholds to the grayscale image shown 1n FIG. 4, according to ong
embodiment.
[0020] FIGS. 6A and 68 depict a composite image generated by extracting and
asscmbling high-confidence components from the plurality of thresholded images shown in
FIG 5.

{0021} FI1G. 7 15 a flowchart of a method, according to one embodiment.
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DETAILED DESCRIPTION
{8622} The following description 1s made for the purpose of itlustrating the general
principles of the present invention and is not meant to fimif the inventive concepts claimed
herein. Further, particular features described herein can be used in combimation with other
described features in each of the various possible combinations and permutations.
[6023] Unless otherwise specifically defined hercin, all terms are to be given thewr
broadest possible mterpretation including meanings tmplied from the specification as well as
meanings understood by those skilled m the art and/or as defined in dictionarics, treatises,
ctc.
[0024] It must also be noted that, as used in the specification and the appended claims,
the singular forms "a," "an" and "the" mclude plural referents unless otherwise specified.
{6025} The present application refers to image processing of images (¢.g. pictures,
figures, graphical schematics, single frames of movies, videos, films, chips, ¢tc.) captured by
cameras, ¢specially cameras of mobile devices. In particular, the presently disclosed
mventive concepts concern determining optimum binanization parameters for recognizing
and/or extracting features of an image, especially text. Determining optirawm binarization
parameters involves an derative process whereby various binanzation thresholds are
emploved to an image, and data are extracted from the binarized images to determine whether
and to what degree the extraction result matches an expected result.
18026} According to one embodiment, a computer-implemented method includes:
identifving a region of interest within a digital image; generating a plurality of binanized
images based on the region of interest, wherein some or all of the binanzed mmages are
gencrated using a different one of a plurality of binanzation thresholds; and extracting data
from some or all of the plurality of binarized images.

{6027 In accordance with another embodiment, a svstem such as a mobile device
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includes a processor and logic integrated with and/or executable by the processor. The logic
is configured, upon execution thereof, to cause the processor to: identify a region of interest
within a digital image; generate a plurality of binarized images based on the region of
interest, wherein some or all of the binarized images are generated using a different one of a
plurality of binarization thresholds; and extract data from some or all of the plurality of
binarized images.

{8028} According to yet another embodiment, a computer program product includes a
computer readable medinm having embodied therewith computer readable program
mstructions configured to cause a processor, upon execution of the instructions, to: identity,
using the processor, a region of interest within a digital image; generate, using the processor,
a plurality of binarized images based on the region of interest, wherein some or all of the
binarized images are generated using a different one of a plurality of binanzation thresholds;
and extract, using the processor, data from some or all of the plurality of binarized images.
18029} As understood herein, a mobile device i3 any device capable of receiving data
without having power supplied via a physical connection {e.g. wire, cord, cable, etc)) and
capable of receiving data without a physical data connection {¢.g. wire, cord, cable, etc).
Mobile devices within the scope of the present disclosures include exemplary devices such as
a mobile telephone, smartphone, tablet, personal digital assistant, iPod ®, iPad ®,
BLACKBERRY ® device, ctc.

R However, as it will become apparent from the descriptions of various
functionalitics, the presently disclosed mobile 1mage processing algonthms can be applied,
sometimes with certain modifications, to images coming from scanners and multifunction
peripherals (MFPs). Similarly, images processed using the presently disclosed processing
algorithms may be further processed using conventional scanner processing algonthms, in

some approaches.
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186311 Of course, the various embodiments set forth herein may be implemented utilizing
hardware, sotiware, or any desired combmation thereof. For that matter, any type of logic
may be utilized which is capable of implementing the various functionality set forth herein.
{6032} As will be appreciated by one skilled in the art, aspects of the present invention
may be embodied as a sysiem, method or computer program product. Accordingly, aspects of
the present invention may take the form of an entirely hardware embodiment, an entirely
software embodiment {(including firmware, resident scftware, micro-code, etc.) or an
embodiment combining software and hardware aspects that may all generally be referred to
herein as “logic,” “circuit,” “module” or “system.” Furthermore, aspects of the present
invention may take the form of a computer program product embodied in one or more
computer readable mediom(s) having computer readable program code embodied thereon.
{6033} Any combination of one or more computer readable medium(s) may be utilized.
The computer readable medivm may be a computer readable signal medium or a computer
readable storage medium. A computer readable storage medium may be, for example, but not
himited to, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of the foregoing. More specific
examples {a non-exhaustive list) of the computer readable storage medium would include the
following: a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory {ROM), an crasable programmable read-only memory (EPROM or Flash
memory), a portable compact disc read-only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suitable combimation of the foregoing. In the context of this
document, a computer readable storage medium may be any tangible medium that can
contain or store a program for use by or in connection with an instruction execution system,

apparatus, processor, or device.
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180341 A computer readable signal medium may include a propagated data signal with
computer readable program code embodied therein, for example, in baseband, as partof a
carrier wave, an ¢lectrical connection having one or more wires, an optical fiber, etc. Such a
propagated signal may take any of a varniety of forms, including, but not himuted to, electro-
magnetic, optical, or any suitable combimation thercof. A computer readable signal medium
may be any cormputer readable medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for use by o7 in connection with an
mstruction execuiion system, apparatus, or device.

[8035] Program code embodied on a computer readable medium may be transmitted
using any appropriate medivm, including but not limited to wircless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.

6036} Computer program code for carryving out operations for aspects of the present
mvention may be writien in any combination of one or more programming languages,
including an object oriented programuing language such as Java, Smalkalk, C++ or the like
and conventional procedural programming languages, such as the "C" programming language
or similar progranuning languages. The program code may cxecute entircly on the user's
computer, partly on the user's computer, as a stand-alone software package, partly on the
user's computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connecied to the user's computer
through any type of network, inchuding a local area network (LAN) or a wide arca network
{WAN), or the connection may be made to an external computer {for example, through the
Internet using an Internet Service Provider).

{98037 Aspects of the present invention are described below with reference to flowchart
tustrations and/or block diagrams of methods, apparatus (systems) and computer program

products according to embodiments of the invention. [t will be understood that each block of
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the flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
iilustrations and/or block diagrams, can be implemented by computer program instructions.
These compuier program instructions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the mstructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for implementing
the functions/acts specified in the flowchart and/or block diagram block or blocks.

3

{8638} These computer program nstructions may also be stored in a computer readable
medium that can direct a computer, other programmable data processing apparatus, or other
devices to function in a particular manner, such that the instroctions stored in the computer
readable medium produce an article of mamafacture including instructions which implement
the function/act specified 1 the flowchart and/or block diagram block or blocks.

[6039] The computer program instructions may also be loaded onto a computer, other
programmable data processing apparatus, or other devices o cause a series of operational
steps 1o be performed on the computer, other programmable apparatus or other devices to
produce a computer implemented process such that the instructions which execute on the
computer or other programmable apparatus provide processes for implementing the
functions/acts specified in the flowchart and/or block diagram block or blocks.

[6048] The flowchart and block diagrams in the Figures ilhustrate the architecture,
functionality, and operation of possible implementations of systems, methods and computer
program products according to various embodiments of the present invention. In this regard,
cach block m the flowchart or block diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions for implerenting the specitied
logical function(s}. It should also be noted that, in some altermative implementations, the

functions noted in the block may occur out of the order noted in the figures. For example, two
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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 involved.
It will also be noted that each block of the block diagrams and/or flowchart thustration, and
combinations of blocks in the block diagrams and/or flowchart llustration, can be
mmplemented by special purpose hardware-based systems that perform the specified functions
or acts, or combinations of special purpose hardware and computer mstructions.

18041} FIG. 1 illustrates an architecture 108, in accordance with one embodiment. As
shown n FIG. 1, a plurality of remote networks 102 are provided including a fivst remote
network 104 and a second remote network 106, A gateway 181 may be coupled between the
remote networks 162 and a proximate network 198, In the context of the present architocture
188, the networks 184, 186 may each take any form including, but not limited to a LAN, a
WAN such as the Internet, public switched telephone network (PSTN}, intemnal telephone
network, efc.

[0042] In use, the gateway 181 serves as an entrance point from the remote networks 102
to the proximate network 108, As such, the gateway 101 may tfunction as a router, which is
capable of directing a given packet of data that arrives at the gateway 101, and a switch,
which furmishes the actual path in and out of the gateway 181 for a given packet.

6043} Further included 1s at least one data server 114 coupled to the proximate network
1408, and which is accessible from the remote networks 182 via the gateway 101, It should be
noted that the data server(s} 114 may include any type of computing device/groupware.
Coupled to each data server 114 is a phurality of user devices 116, Such user devices 116
may nclude a deskiop computer, lap-top computer, hand-held computer, printer or any other
type of logic. It should be noted that a user device 111 may also be directly coupled to any of

the networks, in one embodiment.
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8044} A peripheral 12€ or series of peripherals 128, e.g., facsimile machines, printers,
networked and/or focal storage units or systems, etc., may be coupled to one or more of the
networks 104, 166, 108, 1t should be noted that databases and/or additional components may
be utilized with, or mtegrated into, any tvpe of network element coupled to the networks 184,
§86, 108, In the context of the present description, a network element may refer to any
component of a network,

18045} According to some approaches, methods and systems described herein may be
implemented with and/or on virtual systems and/or systems which emulate one or more other
systems, such as a UNIX svstem which emulates an IBM z/08 environment, a UNIX system
which virtaally hosts a MICROSOFT WINDOWS environment, a MICROSOFT
WINDOWS svstern which emulates an IBM 2/08 environment, ete. This virtualization
and/or enuilation may be enhanced through the use of VMWARE software, in some
embodiments.

[8046] In more approaches, one or more networks 104, 106, 108, may represent a cluster
of systems commonly referred to as a "cloud.” In cloud computing, shared resources, such as
processing power, peripherals, software, data. servers, ¢tc., are provided to any system in the
cloud in an on-demand relationship, thereby allowing access and distribution of services
across many computing systems. Cloud computing typically mvolves an Internet connection
between the systems operating in the cloud, but other technigues of connecting the svstems
may also be used.

80471 FIG. 2 shows a representative hardware environment associated with a user device
116 and/or server 114 of FIG. 1, in accordance with one embodiment. Such figure illustrates
a typical hardware configuration of a workstation having a central processing unit 218, such

as a microprocessor, and a number of other units interconnected via a system bus 212
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{8048} The workstation shown in FIG. 2 includes a Random Access Memory (RAM)
214, Read Only Memory (ROM) 216, an /O adapter 218 for connecting peripheral devices
such as disk storage units 220 to the bus 212, 3 user imterface adapter 222 for connecting a
kevboard 224, a mouse 226, a speaker 228, a microphone 232, and/or other aser interface
devices such as a touch screen and a digital camera (not shown) to the bus 212,
commmumcation adapter 234 for connecting the workstation to a communication network 235
{c.g., a data processing network} and a display adapter 236 for connecting the bus 212t a
display device 238.

{8049} The workstation mayv have resident thercon an operating system such as the
Microsoft Windows® Operating System {O8), a MAC G5, a UNIX 08, ete. It will be
appreciated that a preferred embodiment may also be implemented on platforms and
operating systems other than those mentioned. A preferred embodiment may be written
using JAVA, XML, C, and/or C++ language, or other programming languages, along with an
object oriented programming methodology. Obiect oriented programming {O0OP), which hag
become increasingly used to develop complex applications, may be used.

[8055] An application may be installed on the mobile device, ¢.g., stored m a nonvolatile
memory of the device. In one approach, the application includes instructions to perform
processing of an image on the mobile device. In another approach, the application includes
mstructions to send the image to a remote server such as a network server. In vet another
approach, the application may include instructions to decide whether to perform some or all
processing on the mobile device and/or send the image to the remote site.

86511 In various embodiments, the presently disclosed methods, svstems and/or
computer program products may utilize and/or inchude any of the functionalitics disclosed in
related U S, Patents, Patent Publications, and/or Patent Applications incorporated herein by

reference. For example, digital images suttable for processing according 1o the presently
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disclosed algorithms may be subjected to image processing operations, such as page
detection, rectangulanzation, detection of uneven ilummation, illumination normalization,
resolution estimation, blur detection, classification, data extraction, eic.

LEEY) In morg approaches, the presently disclosed methods, systems, and/or computer
program products may be utilized with, implemented n, and/or include one or more user
intertaces configured to faciitate performing any functionality disclosed herein and/or in the
aforementioned related patent applications, publications, and/or patents, such as an mmage
processing mobile application, a case management application, and/or a classitication
application, in multiple enmtbodiments.

[0053] In still more approaches, the presently disclosed systems, methods and/or
computer program products may be advantageously applied to one or more of the use
methodologies and/or scenarios disclosed in the aforementioned related patent applications,
publications, and/or patents, among others that would be appreciated by one having ordinary
skill in the art apon reading these descriptions.

{8054} It will further be appreciated that embodiments presented herein may be provided
in the form of a service deploved on behalf of a customer to offer service on demand.

[0055] Intetligent, Merative Recopnition-Guided Threcholding

REEREY In general, the presently disclosed inventive concepts encompass the notion of
performing a recognition-guided thresholding and extraction process on individual regions of
interest of a digital image to maximize the quality of the processed {preferentially a binarized
tmage, since a great mimber of OCR engines rely on binary images as taput) for subsequent
extraction of information therefrom. The process is tterative i that mdividual regions of
mterest are identified, and subjected to a plurality of thresholding and extraction iterations, in
an attempt to identify the best quality image for extraction. The process is infelligent in that a

traiming phase is employed from which ¢ prior expectations may be developed regarding the
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nature {¢.g. identity, location, size, shape, color, etc) of information depicted in images of
objects belonging to a common classification, e.g. driver’s licenses issued by a particular
state. These o priori expectations may be leveraged in subsequent operations directed to
extracting mformation from other objects belonging to the same classification, for example
by matching an expected region of interest identity with an expected region of inferest
location, it is possible to acquire confidence m the extraction result. For mstance, and as will
be described in further detail below, by maiching a region of interest location with an
expected region of interest identity, the result of extraction from various image “frames”
subjected to different threshold levels may be evaluated to determine whether the extraction
at one particular threshold is “correct”

{0037 In the training phase, image features {(such as the bounding box locations and
OCR results from various regions of inferest) are determined for a plurality of images
depicting representative exemplars of a class of object, such as a document or person. The
features are determined using a leam-by-example classification technique. Features are
analyzed to deternmine characterisiic features of the subject of the image. For example,
charactenstic features melude any suitable feature upon which a person or item may be
wdentified, such as the dynamic location range for the region (i.e. a subset of pixels within the
tmage in which a ficld or object 18 statistically likely to be located, which mayv preferably be
determined based on observing location of many exemplars in the training phase}); median
height, width, or other dimension(s} of cach region; appropriate character set for each region;
text or image formatting for each region; text color for each region; background color for
cach region; text alignment for cach region; etc. as would be understood by a person having
ordinary skill in the art upon reading the present descriptions.

[0058] A set of characteristic features is preferably defined as corresponding to objects

belonging to a particular class of object based on this tramming. In this manner, it is possible to
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subsequently facilitate dentification of characteristic features based on object class, and vice-
versa, in various embodiments. For example, an image may be labeled as depicting a
particular class of object. and features of the individual object belonging to that particular
class may be determined based i whole or in part on the class definition including the
charactenistic object features. Conversely, an object may be determined to belong to the
particular class based on determining an image of the object depicts some or all of the
characteristic features defined in the class defimition.

{8659} A trawned sysiem, algorithm, technique, etc. as referenced above is provided a test
o1 sample image, ¢.g. an image depicting a document belonging to a particular class of
objects for which the system, algorithm, technique, etc. was trained. Using the test image, the
presently disclosed inventive concepts perform an initial classification and extraction
operation such as described m U.S. Patent No. 9,353,312; and/or U 8. Patent No. 9,311,531
and attempt to extract as much information as possible from the image based on the object
class and corresponding extraction model.

8064} However, for varous reasons mcluding background/Aoreground overlap, complex
background, etc., at least some of the information cannot be reliably extracted. For example,
i one embodiment an image depicts a driver’s license wherein the name, date of birth,
expiration date, etc. partially overlap with a state scal depicted in the background of the
driver’s hicense and a hologram overlayving the text {e.g. embedded in a faminate laver
overlayving the foreground text and the background state seal). Worse still) the name, date of
birth, expiration date, etc. is depicted in a font color sebstantially similar to the color of the
state seal, but significantly contrasting with other portions of the driver’s hicense background.
{98061} In preferred embodiments, training therefore may also encompass the mitial
attempt 1o extract mformation, sach that particular elements within the image which are

robustly difficult or impossible to accurately extract may be identified. This “trouble region”
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information may be included as part of the characteristic features of the object, such that
computational cost of performing tterative, recognition-guided thresholding as described
further below 1s minimized.

{8062} As will be appreciated by skilled artisans, it is meredibly difficult if not
tmpossible to define appropriate parameters for extracting underlying information such as
text from an image that depicts text or other foreground regions having both substantial
similarity and substantial contrast with the backeround region{s} they respectively
overlav/overlap. This is in part because extracting underlyving information relics in some form
on reducing the color depth of the roceived mmage, ¢ g. from RGB to grayscale or bi-tonal,
before performing recognition, ¢.g. OCR, mitcHigent character recognition (JCR}, ¢tc. as
would be understood by a person having ordinary skill in the art upon reading the present
descriptions. As a result, where a region depicts both significantly similar and significantly
comtrasting foreground and background elements, it is not possible to define color
suppression {¢.g. binarization) parameters which generate a legible result for both the
sigmificantly similar foreground/background elements and the significantly contrasting
foreground/background clements.

[0063] Ingtead, color suppression parameters may be configured to boost the contrast
between the significantly similar foreground/background elements, but this generally renders
the significantly contrasting foreground/background elements illegible. In the opposite
scenario, ¢.g. without contrast boosting, the significantly contrasting foreground/background
clements are legible, but the significantly similar foreground/background elements are not. In
rare circumstances, it may be possible to achieve an intermediately contrasting result by
boosting contrast only shghtly, but in practice this approach does not adequately facilitate
extraction of ali elements within the region of interest.

0064} In order to accomplish accurate and reliable extraction of both significantly
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similar and significantly contrasting foreground/background elements within a single image
or region of nterest of an image, the presently disclosed mventive concepts propose an
tierative, intelligent, recoguition-guided thresholding and extraction process. In essence, and
with reference to a string of text characters as the exemplary embodiment, the thresholding
process may be performed m a manner that renders a legible result on a per-character basig,
and upon achicving a legible result, extraction 1s performed on the legible result, and the
process proceeds to obtain a legible result for other characters in the string. Upon accurately
extracting all individual characters, the string may be reconstructed from the aggregate
extraction results, mncluding the extracted portion(s) of the image, as well as the result of
extracting the region of interest (¢.g. OCR result). As described herein, this basic procedure ig
referred to as recognition-guided thresholding.

6065} Of course, 1t should be understood that recognition-guided thresholding as
generally deseribed herein may be performed on the basis of any suitable confidence
crterion, and need not evahuate textual information as a means of denving such confidence
mformation. For example, in vanous approaches image features may serve as the basis for
deriving confidence.

[0066] In one implementation, a recogmition-guided thresholding process may dentify a
region of interest depicting one or more image features. Characteristics of the image features
{c.g. size, location, shape, color profile, etc.} may be known based on a training operation
such as a leamn-by-example classification training operation. For example, a class of
documents includes an image feature comprising an embedded security mark that overlaps
with or is otherwise partially obscured by background textures appearing in the document. In
order to authenticate the document, it is necessary to extract and verify the security mark. So
as to overcome the apparent obscurity or overlap, it may be advantageous to apply an

tterative thresholding process as described herein, and evaluate confidence of a result under
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cach threshold on the basis of image features in the thresholded region matching
corresponding image features in thresholded traiming images.

[0067) Of course, any other equivalent means of determining confidence ag to whethera
particular tmage feature matches an expected 1mage feature may be emploved without
departing from the scope of the present disclosures.

[D068] Recognition-guided thresholding and extraction may also preferably include color
normalization as an aspect of improving extraction robustness and accuracy. As discussed
herein, color normalization should be understood as normalizing intensity values across the
various color channels (e.g. R, B and G} to “stretch” each channel onto a single normalized
scale. Most preferably, color normalization is performed prior to thresholding, and may be
performed for cach region of interest independently or on the aggregate of all regions of
mnterest. This is particularly advantageous where foreground and background are symilar and
relatively dark, and assists in discriminating between foreground and background by
“stretching” the values across the entire intensity range.

8069} For instance, an tmage region 1 characterized by pixels having a RGB color
profile. No pixel in the region has an intensity value greater than 100 in any color channel.
Each color channel pernuts mtensity values in a range from 0-255. In this scenario, color
normalization may effectively set the maximum intensity value of 100 as corresponding to
the maximum value in the range, and “stretch” the mtervening values across the entire color
space, such that each difference of 1 intensity unit in the original image becomes effectively a
difference of 2.55 intensity units.

{8676} Of course, it should be understood that the tterative thresholding and extraction
process described above 1s equally applicable to extraction of non-textual information, such
as lines or other document structares, graphical clements, etc., as long as there s a guality

criterion (as akin to OCR confidence for characters, e.g. a classification-based or other
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feature~-matching confidence measure) evaluating the result. For example, consider a
graphical clement depicting a gradient of color, which progresses from contrasting with the
background to substantially representing the background color the graphical element
overlays. In such circumstances, it is similardy possible to progress along the gradient (or
other pattern or progression} using an iterative thresholding process to extract a legible or
clear version of the graphic.

18071} In practice, and according to ancther exemplary approach based on connected
components, images of a particular class of object such as a document may depict a plurality
of regions of interest cach corresponding to one or more of photograph(s), document
structure, graphical clements, text ficlds, etc. A plurality of such images are used in a training
phase as described above, and subsequent to training an 1mage depicting a plorality of regions
of interest 1s analyzed.

[08072] As referred-to herein, 1t should be understood that the term “connected
component” refers to any structure within a bitonal image that is formed from a contigucus
set of adjacent black pixels. For example connected components may mclude lines {e.g. part
of a document’s structure such as ficld boundaries in a form), graphical clements {c.z.
photographs, logos, iHlustrations, unigue markings, etc ), text {¢.g. characters, symbols,
handwriting, ¢tc.) or any other feature depicted in a bitonal image. Accordingly, in ong
embodiment a connected component may be defined within a bitonal image according to the
location of the various pixels from which the component is formed.

18673} The term “image feature™ is to be understood as inclusive of connected
components, but also includes such components as may be defined within color spaces other
than a bitonal image. Thus, an image feature includes any structure of an image that is
formed from a contiguous set of adjacent pixels. The image feature may be defined according

to the location of constituent pixels as noted above for connected components, but may also
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mchide other information such as mtensity information {e.g. in one or more color channels).
18674} Based on the training phase, cach region of mterest expected to appear 1s known a
priori, preferably both in terms of the statistically-likely location of the region, as well as an
expected identity of one or more image features and/or connected components located within
the region (including an expected set of possible identitics, such as a subset of alphanumeric
characters, pixel color channel values, feature shape, size, ¢tc. or other identifying
characteristics of one or more connected components located within the region of interest)
[8675] This information s utilized to perform conventional classification and extraction,
by which a plurality of expected regions of interest are successfully extracted, while others
are either not found or imperfectly exiracted.

{8076} {Omne or more particular regions of interest, ¢.g. depicting a ficld partially or wholly
overlaying a seal, logo, or other similar background texture, may be known to be among the
“trouble regions” defined 1n the classification, and/or may be determined “trouble regions™
based on achieving imperfoct/incomplete extraction results from the conventional approach.
In response to determining a trouble region exists in the digital image, in some approaches a
determination may be made that recognition-guided thresholding should be applied to the
particular trouble regions, and/or optionally on all regions of interest in the digital image.
{8077} Each of the particular regions of interest are subjected {o a color normalization
process to stretch the intensity values in each color channel, thereby enhancing ability to
distingmish between foreground and background clements.

18078} In one exemplary approach, where the confidence measuore 18 OCR confidence
and the primary but nonexclusive objective is to threshold textual information, each particular
region 15 matched to a corresponding region of interest known from the training set, ¢.g.
based on its location, and is rendered {¢.g. in grayvscale) using channel weights denived from

the analysis of foreground and background colors so that the foreground in the rendere
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tmage ts made dark vs. Hghter background. ' the foreground 1s known or determined to be
brighter than the background, this rendered tmage 15 inverted.

[6079] For each region of interest, a plurality of thresholds are applied to the rendered
tmage, which is preferably a graysecale mmage, of the rectangular region encompassing the
region of inferest. Fach threshold represents a different mtensity value along a range of
mtensity values (¢.g. grayscale ifensity ), and generates a different binary image with a
number of connected components. Each component is subjected to a recognition process such
as optical character recognition to attempt exiracting information therefrom, ¢.g. character
wdentity. As will be understood by those having ordinary skill in the art, the OCR may
achieve varied results across the set of connected components. However, it is extremely
likely that in at least one such binary image the component will be legible and the extraction
will match expected extraction results based on the training set. For example, the extracted
character may match an expected character or match one of a set of possible expected
characters with high confidence, and deemed a candidate oo this basis.

86841 While the above example contemplates performung a plurality of thresholding
operations on a particular region, it is also within the scope of the present disclosures to
perform thresholding on a per-component or a per-feature basis. For example, in one
approach a particular region may depict text having a known character spacing, or depict one
or more image teatures according to a known pattern. It may be advantageous in some
approaches to perform thresholding on individual features rather than the region as a whole.
For example, the region may be divided according to the known character spacing or patterm,
and each subregion defined therem mayv be separately subjected to thresholding, which may
utilize different parameters than a thresholding process applied to the region as a whole.
0081 In this manner, it is possible to tailor the thresholding to the individual feature or

component desired for extraction, as well as for an immediatelv surrounding background
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region, without needing to consider the differences between the foreground and background
of the region as a whole.

[0082] For instance, 1n one approach a credit card may depict a credit card number
comprising a plurality of characters arranged in a line and having equal spacing between each
character. The credit card number as a whole may be encompassed within a region of interest,
which may be matched as described above. In addition or in the altemative to performing
region-based thresholding as above, thresholding may inchude subdividing the region into a
plurality {¢.g. 16) subregions of mterest, and performung thresholding on each individual
region. This may be particularly useful in sitwations where, €.g., the credit card depicts a
complex background whereby some but not all of the characters in the credit card number are
i “trouble spots” and overlap or are obscured by unigue background clements, such that no
single threshold applied to the region as a whole can identify character(s) overlapping one or
maore of the unigue background clements. By isolating those characters, thresholding may be
specifically performed on the “trouble spot” to maximize the likelihood of achieving a
candidate vesult with sufficient confidence for extraction.

[8083] In anv ¢vent, as the threshold value diminishes the amount of black in the binary
tmage is reduced and connected components become thinner and break into smaller
components. Performing GCR on the sequence of progressively thinning components
associated with diminishing threshold levels with significant overlap of their bounding boxes
generates a sequence of candidates, and as the components break up a formerly single
candidate with a wider bounding box may be replaced by a more confident pair or triplet of
components associated with a lower threshold level. The candidates with highest confidences
form the final string.

[0084] In some approaches, since the highest confidence candidates for a particular

character/feature/component, etc. may include several (potentially consecutive) binanzation
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threshold levels, it may be advantageous to choose from among the several highest
contidence candidates. For instance, m situations where intensity values are mimmized across
multiple extraction resolts to assemble a contiguous extracted result, it may be useful to select
one of the highest confidence candidates having an intensity value closest to a mean, median,
etc. mtensity of other frames to be used in assembling the final extraction result. Accordingly,
in one embodiment the presently disclosed mventive concepts include techniques for
determining from which thresholded image(s) to select a corresponding bounding box into
the final binary rendition of the original region of interest.

{8085} Upon identifying the threshold range for cach candidate in the region of interest,
the various bounding boxes {and/or extraction results obtained therefrom) may be assembled
o a cohesive resolt. As noted in further detail herein, in some embodiments where the
various portions of the image corresponding to each component are to be assembled, 1t 1s
advantageous o select a legible bounding box {but not necessarily the one with the highest
confidence character) for some or all of the components in order to gencrate a more
consistent visual result.

{0086} As another advantage, the presently disclosed inventive, recognition-guided
thresholding process provides superior accuracy and reliability even outside the context of
foreground elements that overlap with similar backgroond elements. For instance, and as
known m the art, extraction may be frustrated or rendered impossible due to poor image
quality, e.g. arising from msufficient illumination in the capture environment, presence of
artifacts such as shadows, eic.

16687} To address these common problems, conventional image processing algorithms
seck to improve the quality of the umage as a whole, which vields moderate improvements to
extraction capability, ¢.g. via correcting a uniformly insufficient ilhumination and permit

mmproved distinction between foreground and background clements. However, these



WO 2017/015404 PCT/US2016/043207
25

conventional sohutions approach the rectification process from the perspective of the image,
rather than individual elements of the image {¢.g. connected components), and thus are
bited m applicabibity and efficacy because adjustments that may be appropriate for one
portion of an image are not appropriate or are less appropriate for other portions of the image.
{6088} By contrast, the presently disclosed inventive concepts can provide extraction that
is robustly capable of extracting only the information from the image that most closely
matches expected mformation based on training, both in terms of information content {(c.g.
text character wdentity} as well as location {¢.g. center pixel, dvnanuc region, etc.}. In
particularly preferred approaches, extracted information matches the expected information in
terms of information content, location, and size.

0089} For instance, and as will be appreciated by persons having ordinary skill in the art
upon reading the present descriptions, nsufficient contrast between foreground and
background v a digital image can have the effect of making foreground elements appear
targer, duc to “blobifving” of the foreground element (see, ¢.g. images 362-5208 of FIG. 5,
where the 07 and “6” characiers are connected as a single “blob” that is not resolved until
1mage 522). As a result, in an image having insufficient contrast, an expected element may be
wdentifiable, but the appearance of the element may be vnreliably identifiable due to obscured
boundarics between foreground and background, or the identity of the element may be in
question because the element is not fully contained within the dyvnamic region where the
clement is expected based oun training.

18099} Stmtlarly, when contrast is excessive, a single element i an 1mage may appear
“broken” into several constituent elements (e g. connected components) which may be
unrecognizable or problematically represeunt an incorrect element {e.g. a capital letter “H”
representing two adjacent “17 or “1” characters when the cross-bar is broken or missing). By

leveraging the expected identity, location, and size, the presently disclosed concepts may
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more accurately and robustly determine, ¢.g. based on the width of spacing between the two
“17 or “1” characters, the location within the image, and/or the identity of the components
extracted from a corresponding location in training, that the component is actually a capital H
instead of adjacent “17 or “1” characters.

{6091} In addition and/or alternatively, the presently disclosed inventive concepts may
mclude determining a more appropriate image intensity to utilize prior to extracting the “H”
character based on an tterative thresholding process as described herein. Accordingly, not
only may overall extraction be improved with respect to compliance with expected results,
the quality of information extracted may be bolstered by selectively thresholding the region
from which the component s to be extracted.

{6092} Thus, while conventional image processing techniques are limited to determining
the best possible extraction based on the overall image, the presently disclosed technigues
can evaluate cach element or grouping of elements (such as connected components)
mdividually at varving levels of image intensity. and thus provide a more accurate extraction
result (e.g. by selecting a frame where the component most closely matches the size, shape,
and location cxpected by training from among a plurality of frames, where each frame depicts
the component at a different lovel of image intensity).

6093} Accordingly, in several embodiments evaloating each element or groaping of
clements may mnclude generating a sequence of candidate extraction results for each clement
or grouping of clements. Preferably, each sequence of candidate extraction results includes
and/or 1s based on extracting data from a plurality of images each generated using a different
binarization threshold but depicting the same element or grouping of elements. Thus each
sequence of candidate extraction results preferably represents data extracted from a plurality
of images spanning a spectrum or range of binarization thresholds, and more preferably

represents data extracted from a plurality of images depicting the same content, or at east the
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same element or grouping of elements.

18094} While in preferred approaches each sequence of candidate extraction results
mncludes candidates corresponding to different binarization thresholds, various individual
candidate extraction results from different sequences of candidate extraction results may
correspond to the same binarization threshold. The candidate extraction resulis from different
sequences may mclude images and/or data extracted therefrom corresponding to some of the
same elements or groupings of elements as elements or groupings of elements to which other
sequences correspond. For example, m one embodiment a windowed approach may attempt
to extract data from adjacent pairs, triplets, ctc. of connected components within a region of
mterest. However, in preferred embodiments each sequence of candidate extraction results
mcluades or is based on extracting data from images depicting at least one non-overlapping
clement or groupings of clements.

[D095] In addition, the overall extraction process is more robust since the evaluation can
be performed mdividually for each component, rather than on the image as a whole,
mereasing the bikelihood of extracting a sinularly accurate result from even drastically
different renditions of the same image, or from different portions of a single image {c.g.
tluminated region versus shadowed region, regions having different color profiles and/or
color depths, etc.).

[6096] Those having ordinary skill in the art will also appreciate that this recognition-
guided thresholding and exiraction technique may genecrate resulting extracted versions of
portions of a component or element which exhibit perhaps drastically different appearance, to
the point of potentially looking like a “mosaic” or “ransom note” stitched together from
multiplc tmages. For example, adjacent characters, one of which overlays a dark background
but the other of which overlays only a bright background, may be extracted based on very

different image intensity levels and thus appear very different upon recreating or synthesizing
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a composite of the extracted components.
86971 To alieviate this artifact, it is advantageous to select from among plural exemplary

frames of a component 5o as to minimize the overall range of frame mtensity across a
particudar set of components. For instance, assuming a two-component element is represented
bv a plurality of frames for each component, each of the plurality of frames being
characterized by a different intensity level. While 1t may be the case that the most legible
frame for the first component is characterized by an intensity of 100, and the most legible
frame for the second component is characterized by an mtensity of 20, if each component has
a frame that is legible {even if not most legible) and characterized by a value closer to the
midpoint between the two vahies (Lo, 60}, it 15 preferable in some approaches to choose the
frames that more closely match in intensity to generate a single, consistently intense result.
[6098] In practical application, the presently disclosed inventive techniques have been
applied to images depicting driver licenses. Training involved providing a plurality of
exemplar driver licenses from a particular state, identifving characteristic features thereof,
defining a classification based on the characteristic features, and attermpting classical
extraction.

[06099] Based on this training, several “trouble regions™ were identified, and intelhigent,
tterative thresholding was applied to these regions when processing subsequent test images.
[06108] From experimentation, it was determined that iterative, intelligent thresholding as
described herein emplov approximately twenty thresholds with which to investigate the
tmage to determine 1deal extraction parameters and perform extraction therewith,

{86101}  The vanous threshold levels may be evenly distributed across a particular range,
¢.g. gravscale intensity ranging from 0-255, or may be staggered throughout a particular
range, ¢.g. according to predetermined intensity levels known to gencrate desirable extraction

results. Again, according to experimental results, it is apparent that distributing the threshold
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levels across a grayscale intensity ranging from 1 to 120 (i.¢. sach threshold corresponding to
a 6-pont intensity increment) 1s advantageous for extracting text from documents or images
featuring complex backgrounds and/or illumination variations, e.g. from shadows, glare, ete.
{00182}  As will be appreciated by skilled artisans, different threshold valaes, distributions,
ot ranges may be appropriate depending on the nature of the image data to be processed. The
aforementioned experimentally determined values were established as optimal for processing
complex documents having primarily a white or light colored background, with a phirahity of
dark background and foreground clements depicted thereon.

{00193}  The images depicted in FIGS. 3-3 represent experimental results determined from
a Massachusetts driver’s license when attempting o extract an expiration date that overdaps a
complex background texture, in this case the state seal, forming a “trouble region” where
thresholding and extraction using conventional {e.g. OCR) approaches cannot obtain the
entire date. In all images depicted i FIGS. 3-8, the expiration date is June 27, 2013
{represented as “06-23-20137). The images have been enlareed to emphasize differences.
[86104]  First, FIG. 3 shows a rendition of the image in color, where many different
colored background textures underlay the month, date and the majority of the year. Although
the electronic record of the present application will reflect FIG. 3 in grayscale, skilled
artisans in the field of image processing and object recognition will appreciate, e.g. by way of
comparison to FIG. 4, that the complexaty of color images such as FIG. 3 1s greater than that
of grayscale or bitonal images.

801031 As will be further appreciated by those having ordinary skill in the art, and as
described in further detail elsewhere heren, presence of complex backgrounds is a common
source of error 1n atiempting to extract information from an image, particularly where the
information to be exiracted overlaps in whole or in part with the complex background.

[B6106] FIG. 4 depicts the same portion of the driver’s license, appearing in a gravscale
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rendition of the color timage shown in FIG. 3. As can be seen from FIG. 4, conventional
techmques for reducing color depth across an entirety of a particular image are ofien
mncapable of removing or rectifving the source of extraction error, ¢.g. a complex background
or illumination problem/variance. As shown in FIG. 4, the complexity of the background is
reduced relative to the color rendition shown m FIG.3, but retains sufficient vanation in
background texture that applying a single binarization threshold to the grayscale rendition
shown in FIG. 4 will not enable accurate extraction of all text depicted in the region of
mterest {expiration date field).

186107}  For example, according to one embodiment none of the plurality of images shown
it FIG. 5, each of which were generated by applving a different binarization threshold to the
tmage shown in FIG. 4, are sutable for extracting all characters depicted in the region of
mnterest with sufficient confidence. Each of the plurahity of images may be switable for
cxtracting one or more of the characters with sufficient confidence, but in each tmage at least
one character is sufficiently degraded {¢.g. by white pixels for low binarization thresholds
such as the bottom 25% to 33% of the range of binanzation thresholds) or obscured {(c.g. by
black pixels for higher binarization thresholds such as the top 50% to 25% of the range of
binarization thresholds) such that the obscured/degraded character(s) cannot be extracted
with sufficient confidence.

[00108] FIG. 5 depicts a plurality of binary tmages 562-538 generated using a plurality of
different binarization thresholds as described herein. The plurality of images depicted in FIG.
5 may be understood as forming a sequence of candidate extraction reselts, or aliematively a
plurality of images upon which a sequence ot candidate extraction resulis 1s based, m several
embodiments. Hach image is generated using a different binarization threshold, and is
charactenized by a difference in the binarization threshold of 6 units with respect to vertically

adjacent counterparts. Thus, in accordance with FIG. 8 the first image 582 corresponds to a
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threshold value of 115, while the last image 538 corresponds to a threshold value of T (each
on a scale from 0-233), and images 304-336 correspond to threshold values between 1-115,
cach separated by 6 anits of intensity. As will be appreciated by skilled artisans, according to
the binarization applied to FIG. 4 in order to generate the binary images shown in FEG 3,
pixels from the tmage shown in FIG. 4 having an intensity value less than the binanzation
threshold used to generate the corresponding image of FIG. § are converted to black, while
pixels having an intensity value greater than or equal to the binanzation threshold are
converted to white. Thus, low binanzation thresholds generally produce more white pixels
and high binanzation thresholds generate more black pixels. Although the embodiment
shown and described with reference to FIGS. 3-5 involve thresholding based on grayscale
pixncl intensity values, it should be anderstood that other embodiments may additionally
and/or alternatively utilize other image characteristics or values, such as intensity values in a
particular color channel or combination of color channels, hue values, otc. as would be
appreciated by skilled artisans upon reading the present disclosures.

861097  Of course, in various embodiments sequences of candidate extraction results may
be generated for cach connected component {¢.g. cach character ag shown in FIGS. 3-8), for
different groupings of connected components {¢.g. each pair or triplet of adjacent characters,
gach series of characters not separated by whitespace, etc.), or for the region of interest as a
whole.

80118} FIGS. 6A (enlarged) and 6B (native size) depict a composite image generated by
extracting data from high-confidence candidates {c.g. candidate extraction results having
contidence above a predetermined threshold) from the plurality of thresholded images shown
m FIG. 5, and assembling the extracted bigh-confidence candidates mto a single image. For
instance, in one approach the composite image corresponding to FIGS. 64 and 6B may be

generated by assembling an extraction result from wmages 822 and/or 824 for the ©07
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character of the month figld, from 1mages 826 and/or 528 for the 67 character of the month
field, from mage 3390 for the hyphen separating the month and day fields as well as for the
numerals forming the day and vear fields, and from image 536 for the hyphen separating the
day and vear ficlds. In another embodiment extraction may be performed on the region as a
whole based on image 530. Of course, n various approaches any combination of images
and/or cxtraction results may be used to gencrate the composite tmage shown 1 FIGS. 6A
and 6B.

{86111} In certain embodiments, it may be advantageous to essentially mvert the
assumptions, operation of thresholds {¢.g. pixels with intensity greater than the binarization
threshold convert to black, and pixels with mtensity fess than or equal to the binarization
threshold convert to white), and/or the image data, ¢ g. when attempting to detect a light
foreground element on a light background as opposed to a dark foreground element depicted
on a dark background. This mversion mav be particularly advantageous when one particular
component overlays multiple different background textures, or when a particular component
depicts multiple colors or textures iself.

{80112}  The presently disclosed inventive concepts also encompass performing
binarization (which in various embodiments involves a thresholding process, but which does
not necessanly emplov the iterative, Recognition-guided approach set forth herein) based on
classification, ¢.g. as descnibed i related U.S. Patent No. 9,355,312, For instance,
determining particular binarization parameters based on a classification of an object such as a
connected component or group of connected components may include techniques and
features as desceribed i colurnn 16, line 33 — column 18, line 6 of U8 Patent No. 9355312,
{06113} Validauion

1006114} In additional embodiments, classification and/or extraction results may be

presented to a user for validation, e.g. for confirmation, negation, modification of the
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assigned class, ete. For example, upon classifying an object using semi- or fidlyv-automated
processes i conjunction with distinguishing critenia such as defined herein, the classification
and the digital image to which the classification relates may be displayed toauser{cg. ona
mobile device display} so that the user may confirm or negate the classification. Upon
negating the classification, a user may manually detine the “proper” classification of the
object depicted in the digital image. This user input may be utilized to provide ongoing
“training” to the classifier(s), in preferred approaches. Of course, user input may be provided
in relation to any number of operations described herein without departing from the scope of
the instant disclosures.

103115]  In even more preforred embodiments, the aforementioned validation may be
performed without reqairing sser input. For mstance, it is possible to mitigate the need fora
usger to review and/or to correct extraction results by performing automatic vahidation of
cxtraction results. In gencral, this techmigue involves refercncing an external svstem or
database in order to confirm whether the extracted values are known to be correct. For
example, if name and address are extracted, i some instances it i3 possible to validate that
the mdividual in question in fact resides at the given address.

{90116}  This validation principle extends to classification, in e¢ven more embodiments. For
example, 1f the extraction is correct, in some approaches if is appropnate to infer that the
clasaification 1s also correct. This inference relics on the assumption that the only manner m
which to achieve the “correct” extraction result {e.g. a value matches an expected vahie ina
reference data source, matches an expected format for the value in question, 15 associated
with an expected symbol or other value, ete. as would be understood by one having ordinary
skall in the art upon reading the present descriptions).

1093117 Now refernng to FIG. 7, a Hlowchart of a method 768 is shown according to one

embodiment. The method 760 may be performed in accordance with the present invention in
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any of the environments depicted in FIGS. 1-2, among others, in various embodiments. Of
course, more or less operations than those specifically described m FIG. 7 may be mcluded in
method 780, as would be understood by one of skill in the art upon reading the present
descriptions.

{80118}  Each of the steps of the method 780 may be performed by any suitable component
of the operating environment. For example, in various embodunents, the method 700 may be
partially or entirely performed by a processor of a mobile device, a processor of a
workstation or server environment, some other device having one or more processors therein,
or any combination thercof.

100119]  The processor, o.g., processing circuit(s), chip(s}), and/or module(s} implemented
int hardware and/or software, and preferably having at least one hardware component may be
utilized m anv device to perform one or more steps of the method 760, Hiustrative processors
mclude, but are not limited to, a central processing unit (CPU), an application specific
integrated circait (ASIC), a field programmable gate array (FPGA), etc., combinations
thereof, or any other suitable computing device known 1n the art.

{00120}  Asshown o FIG. 7, method 700 may initiate with operation 702, where a region
of interest within a digital image 15 identified. The region of interest preferably includes
content such as text, a photograph, a symbol, etc. upon which extraction is to be performed,
each of which may generally be represented via one or more connected components in the
digital image {(and/or representations of the digital image such as a grayscale or bitonal
rendition of the digital image}. Regions of mtcrest may be identified in various embodiments
based on ¢ priori expectations such as a leamed location of a particular ficld, photograph,
symbol, ctc. within a document, and/or image characteristics representing ¢.g. the identity,

color, shape, size, etc. of ohiect(s} depicted in particular location(s} of the document. Ag
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described above, m preferred approaches such o priori expectations may be developed in a
traiming phase.

100121 Method 708 also includes operation 784, in which a plurality of binarized images
arc generated based on the region of interest. The plurality of binarized images are preferably
generated using a plurality of different binarization thresholds, though some of the binanzed
images may be gencrated using the same threshold(s) m some approaches. In various
embodiments the plurality of binarized images may be arranged in one of MO seqUEnes,
cach sequence corresponding to a unique single connected component or a unique grouping
of connected components from the region of mterest. Where sequence(s) of binarized images
arc emploved, preferably each image within cach sequence is generated using a different
binarization threshold, but images from different sequences may be generated using the same
binarization threshold, in some embodiments.

[80122]  With continuing reference to FIG. 7, method 700 also includes extracting data
from some or all of the plurality of binarized images in operation 786. Data exiraction may
mclude any suitable form of extraction as disclosed herein and/or in the related patent
documents referenced herein, in various embodiments. In preferred approaches, extraction
includes recognizing text and/or objects within some or all of the plurality of binarized
tmages, e.g. using technigues such as optical character recognition or equivalents thereof,
and/or 1mage classification and/or data extraction.

86123} In multiple varying but combinable embodiments, method 788 may include any
number of additional and/or alternative features, operations, eic. as described herein. The
method 704 represented m FIG. 7 should be viewed as a generic embodiment of iterative,
recognition-guided thresholding as contemplated by the inventors. Various specics falling
within the generic embodiment are described in accordance with embodiments of the

mvention that may be utilized in different scenarios to achieve desired binanzation results.



WO 2017/015404 PCT/US2016/043207
36

Accordingly, skilled artisans reading the present disclosure will appreciate that the
embodiments described herein may be combined in any suitable manner without departing
from the scope of these mventive concepis.

{88124}  For instance, and in accordance with several such exemplary species
embodiments, method 700 may include any one or more of the following features, functions,
operations, inputs, eic.

86125} As mentioned briefly above, in one embodiment the region of interest
encompasses a plurality of connected components; and each of the plurality of binanzed
1mages corresponds to a different combination of: one of the plurality of connected
components; and ong of the phurality of binarization thresholds. As such, each binarized
tmage may represent a unigque combination of connected components rendered according to a
unigue binarization threshold with respect to that particular combination of connected
components. In more embodiments, of course, there may be overap between the
combinations of connected components {¢.g. a windowed approach) and/or binarization
thresholds applied thereto.

[86126] With continuing reference to connected components encompassed within the
region(s) of interest. in several embodiments extracting the data is performed on a per-
component basis for at least some of the plurality of connected components. As such,
extraction may be performed on a per-component resolution to address extreme variations in
image characterisiics across a particular region of mterest, enabling robust extraction even
when desired mformation overlaps with complex background texture(s) and/or variations in
thumination.

186127}  In various embodiments, extracting the data generally includes estimating an
wdentity of some or all of the plurality of connected components within one or more of the

turality of binarized images. The identity estimation may be based on a recognition engine,
o (otd P ! &
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classification technigue, eic. as discussed above, 1n preferred approaches. In particularly
preferred approaches, estimating the 1dentity of the connected components deternuning a
confidence of the estimated identity of some or all of the plorality of connected components.
Confidence may be determined in any suitable manner and measured according to any
suttable standard, such as OCR confidence, claswification confidence, ¢tc. m vartous
approaches.

{86128} In aprefemred embodiment, determining the confidence of the estimated identity
of connected components includes comparing the estimated identity of various connected
components with an expected identity of the respective connected components. Such
expectation-based identity comparisons may be based on @ prior? information derived from
training, and/or based on extraction results sbtained from other of the plurality of binarized
mages.

{90129}  In some approaches, expectation-based confidence may be determined based on
whether a particular component matches an expected component type and/or location, and/or
whether the particular component matches one of a plurality of possible expecied component
types and/or locations. Accordingly, determining the confidence of the estimated identity of
some or all of the connected components may mclude comparing the estimated location of
gach respective one of the plurality of connected components for which the wdentity was
estimated with an expected location of the respective one of the plurality of connected
components.

861381  In arcumstances where some or all of the plarality of connected components
comprise non-textual information; determining the confidence of the estimated identity of
some or all of the plurality of connected components may include classifyving some or all of
the connected components for which the identity was estimated. The classification is

preferably based on image features such as component color, size, location, shape, aspect
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ratio, etc.

{86131} Where confidence measures are available, exiracting data may inchide choosing
from among a plurality of candidate component identities {e.g. “37 versus “87), in which case
the choice may be made based in whole or in part on determining whether the confidence of
the estimated identity of one of the plurality of connected components is less than a
predetermined contfidence threshold. fn cases where the confidence of the estimated 1dentity
is less than the predetermined confidence threshold, the candidate component identity may be
discarded, and/or an aliernate candidate component identity (preferably having a higher
confidence measure, even if below the confidence threshold) may be chosen as the
component identity.

[86132]  In more embodiments, where the confidence of the estimated identity is less than
the predetermined confidence threshold method 706 may mclude estimating the identity of
the corresponding connected component(s) based on a different binarized image, optionally
but preferably a differcnt member of a sequence of binanized images corresponding to the
same connected component(s) but generated using a different binarization threshold.

186133}  In still more erabodiments of method 700, extracting data from binarized 1mages
may therefore include: generating at least one sequence of candidate extraction results for
gach grouping of one or more connected components depicted within the region of interest;
determining an optimal extraction resulf within cach sequence of candidate extraction results;
and assembling all of the optimal extraction results into a single string of the one or more
connected components.

[86134] Preferably, each sequence of candidate extraction results includes a pluraiity of
candidate extraction results, and each candidate extraction result within a given sequence
corresponds to a same connected component or grouping of connected components depicted

within the region of interest. Furthermore, cach candidate extraction result within the given
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sequence preferably corresponds to a different one of the plarality of binarization thresholds.
Accordingly, each sequence may represent a spectrum of binarization results generated using
different binarization thresholds to render the same connected component{s) into a binarized
form.

[B8135]  Of course, in various embodiments candidate extraction resuits in different
sequences may correspond to the same binarization threshold, and in one embodiment at least
one candidate result from each of at feast two of the sequences corresponds to a same
binarization threshold.

[86136] Detormining the optimal extraction result within cach sequence of candidate
extraction results, as mentioned above, may include selecting one extraction result within
each sequence of candidate extraction results so as to minimize intensity differences between
the optimal extraction results assembled into the single string. This approach facilitates
avoiding the appearance of a “ransom vote” in the assembled result, and may include
selecting candidates that do not correspond to the highest identity confidence level in order to
minimize intensity differences across the assembled resuit.

186137}  In onc embodiment, at least two of the plurality of connected components
encompassed by the region of interest are preferably extracted from different ones of the
plurality of binarized images. As noted above performing extraction on a per-component
basis mayv enable extraction of components that could otherwise not be accomplished using
conventional binarization techniques.

[86138] The method 708 in one embodiment also mchudes normalizing color within the
digttal image and/or the region of interest specifically. Advantageously, region-based color
normalization allows more precise extraction of data since the normalization process 15 not
influenced by other portions of the document/digital image that may have very different color

profiles and thus would “stretch” the color channels m a manner not appropnate (or less
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appropriate) for the particolar region of interest,

[86139]  As described n further detail above, method 760 may also include validating
extracted data. Preferably, in such embodiments validation includes inferring a classification
of an object depicted i the digital image based on validating the extracted data. For example,
upon validating a name and address correspond to a same mdividual, a digital image or object
depicted therein may be classified as an appropriate type of document, e.g. a utility bill,
wdentification document, etc. opticnally based m part o a location within the digital
image/document from which the name and address are extracted. Of course, in various
embodiments other combinations of criteria may be used to validate extracted information
and infer therefrom a classification of a particular object.

[006148] Whle the present descriptions of data extraction within the scope of the mstant
disclosure have been made with primary reference to methods, one having ordinary skill in
the art will appreciate that the inventive concepts described hercin may be cqually
implemented in or as a system and/or compuiter program product.

{86141} For example, a system within the scope of the present descriptions may include a
processor and logic in and/or executable by the processor to cause the processor to perform
steps of a method as described herein,

[06142] Sumlarly, a computer program product within the scope of the present
descriptions may include a computer readable storage medium having program code
embodied therewith, the program code readable/executable by a processor to cause the
processor to perform steps of a method as described herein.

{86143} The mventive concepts disclosed heremn have been presented by way of example to
tHustrate the mynad features thereof 1 a plurality of illustrative scenarios, embodiments,
and/or implementations. It should be appreciated that the concepts generally disclosed are to

be considered as modular, and may be implemented in anv combination, permutation, or
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synthesis thereof, In addition, any modification, alteration, or equivalent of the presently
disclosed features, functions, and concepts that would be appreciated by a person having
ordinary skill in the art upon reading the instant descriptions should also be considered within
the scope of this disclosure.

[00144]  Accordingly, one embodiment of the present mvention includes all of the features
disclosed herein, including those shown and described in conjunction with any of the FIGS.
Other embodiments include subsets of the features disclosed herein and/or shown and
described in conjunction with any of the FIGS. Such features, or subsets thereof, may be
combined in any way using known techniques that would become apparent to one skilled in
the art after reading the present description.

[08145]  Whle various embodiments have been described above, 1t should be understood
that thev have been presented by way of exampie only, and not limitation. Thus, the breadth
and scope of an embodiment of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be defined ounly in accordance with the

following claims and their equivalents.
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CLAIMS

What is claimed 1s:

I, A computer-implemented method, comprising:
dentifyving a region of interest within a digital image;
generating a plurality of binarized images based on the region of interest, wherein
some or all of the binarized images are generated using a different one of a
plurality of binarization thresholds; and

extracting data from some or all of the plorality of binarized images.

o]

The computer-implemented method as recited m claim 1, wherein the region of
interest comprises a plurality of connected components; and
wherein each of the plurality of binarized images corresponds to a different
combination of.
one of the plurality of connected components; and

one of the plurality of binarization thresholds.

3. 'tThe compuicr-implemented method as rectted m claim 1, wherein the region of
interest comprises a plurality of connected components; and
wherein extracting the data is performed on a per-component basis for at least some

of the plurality of connected components.

4. The computer-implemented method as recited m claim 1, wherein the region of
mterest comprises a plurality of connected components; and

wherein extracting the data comprises cstimating an wdentity of some or all of the
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plurality of connected components within one or more of the plurality of

binarized images.

The computer-implemented method as recited 1n claim 4, comprising determining a
confidence of the estimated identity of some or all of the plurality of connected

components.

The computer-implemented method as recited m claim 3, wherein determining the
confidence of the estimated identity of some or all of the plurality of connected
components comprises comparing the estimated identity of cach respective one of the
plurality of connected components for which the identity was estimated with an

expected wdentity of the respective one of the plurality of connected components.

The computer-implemented method as recited in claim 3, wherein determining the
confidence of the estimated identity of some or all of the plurality of connecte
components comprises comparing an estimated location of gach respective one of the
plurality of connected components for which the identity was estimated with an

expected location of the respective one of the plurality of connected components.

The computer-implemented method as recited in claim 3, wherein some or ali of the

plurality of connected components comprise non-testual mformation; and

wherein determining the confidence of the estimated identity of some or all of the
plurality of connected components comprises classifying some or all of the
connected components for which the identity was estimated based on image

features.
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9. The computer-implemented method as recited i claim 3, comprising determining
whether the confidence of the estimated identity of one of the plurality of connected

components 1s less than a predetermined confidence threshold.

10. The computer-implemented method as recited in claim 9, comprising, in response to
determining the confidence of the estimated identity of the one of the plurality of
connected components is less than the predetermined confidence threshold, estimating
the identity of the ong of the plurality of connected components based on a different
one of the plurality of binarized tmages than the one of the plurality of binarized
images for which the confidence of the estimated identity of one of the plurality of
connected components was determined to be less than the predetermined confidence

threshold.

t1. The computer-implemented method as recited in claim 1, wherein extracting the data
from some or all of the plurahity of binanzed images comprises:
generating at least one sequence of candidate extraction results for each grouping of
ong or more connected components depicted within the region of interest;
determuning an optimal extraction result within each sequence of candidate extraction
results: and
assembling all of the optimal extraction results into a single string of the one or more

connected components.

12. The computer-implemented method as recited in claim 11, whergin each sequence of

candidate extraction results comprises a plurality of candidate extraction results each
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corresponding to the same grouping of one or more of the connected components

depicted within the region of interest; and

wherein each of the plurality of candidate extraction results in cach respective
sequence of candidate extraction results corresponds to a different one of the

plurality of binarnzation thresholds.

13. The computer-implemented method as recited i claim 12, wherein at least one of the
plurality of candidate results from each of at least two of the sequences of candidate

extraction results correspond to a same one of the plurality of binarization thresholds.

14. The computer-implemented method as recited in claim 11, wherein determining the
optimal extraction result within each sequence of candidate extraction results
comprises selecting one extraction result within each sequence of candidate extraction
resulis so as to minimize mtensity differences between the optimal extraction results

assembled mto the single string.

[y
W

. The computer-implemented method as recited in claim 1, wherein the region of
mterest comprises a plurality of connected components; and
wherem at least two of the plurality of connected components are extracted from

different ones of the plurality of binarized images.

16. The computer-implemented method as recited in claim 1, comprising normalizing

color within the digital image or the region of interest.

17. The computer-implemented method as recited n claim 1, comprising validating the
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extracted data.

The computer-implemented method as recited in claim 17, comprising inferring a
classification of an object depicted in the digital image based on validating the

extracted data.

A system, comprising: 3 processor; and logic integrated with and/or executable by the

processor to cause the processor to:

identify a region of mnterest within a digital image;

generate a plurality of binarized images based on the region of interest, wherein some
or all of the binanzed images are generated using a different one of a plurality
of binarization thresholds; and

extract data from some or all of the plurality of binarized images.

A computer program product, comprising a computer readable medium having

embodied therewith computer readable program instructions configured to cause a

processor, upon execution thereof, to:

identify, using the processor, a region of interest within a digital image;

generate, using the processor, a plurality of binarized images based on the region of
interest, wherein some or all of the bimarized tmages are generated using a
different one of a plurality of binarization thresholds; and

extract, using the processor, data from some or all of the plurality of binarized images.
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FIG. 5 (continued)
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