METHODS AND DEVICES FOR QUANTIFYING TEXT SIMILARITY

FIELD OF INVENTION

[001] The present invention relates broadly, but not exclusively, to methods and
devices for quantifying text similarity.

BACKGROUND

[002] Optical character recognition, often abbreviated as OCR, is a technique to
recognise texts in images or physical documents and convert them into machine-

encoded texts. The machine-encoded texts are often referred to as OCR texts.

[003] Electronic-Know Your Customer (eKYC) is a digital due diligence process
performed by a business to verify the identity of its clients and to assess potential
risks of illegal intentions towards the business relationship (e.g. money laundering).

[004] When performing eKYC, OCR may be used to recognise textual contents, e.g.
names, addresses, identification numbers, etc. in official identity (ID) documents, e.g.
ID card, passport etc. Often, the OCR texts are shown on user interface for users to
confirm or edit. If the users correct the OCR texts with edit texts, it will be necessary
to verify whether the edit texts are reasonable, as a gesture of risk control, before
the correction is accepted. It thus becomes useful to evaluate similarity between the
OCR texts and the user edit texts so as to verify whether the edit texts are reasona-
ble.

[005] Currently, Edit Distance technique and Jaccard Distance technique are used
to evaluate similarity between two text strings. However, the Edit Distance technique
evaluates similarity based on the minimum number of operations required to trans-
form one text string into the other, but ignores visual similarity between the two text
strings; on the other hand, the Jaccard Distance technique ignores both visual simi-
larity and the order of the characters in the two text strings.

[006] Examples of how similarity between 2 text strings is evaluated in accordance
with Edit Distance technique are shown in Table 1 below.



Table 1
Example Text String A — Text String B Edit Distance
1 BOB — BOB 1
2 BOB — 10B 1

[007] As shown in Table 1, in Edit Distance technique, edit distance is used to indi-
cate the minimum number of operations required to transform Text String A to Text
String B. In Example 1, it requires one operation of substituting the number “0” with
the letter “O” in order to transform “BOB” to “BOB”. In Example 2, it requires one op-
eration of substituting the letter “B” with the number “1” in order to transform “BOB”
to “10B”. The edit distances in Examples 1 and 2 are the same, i.e. each equals 1.
As such, the similarity between “BOB” and “BOB” and the similarity between “BOB”
and “10B” are considered the same in Edit Distance technique. Such a similarity
evaluation only considers the minimum number of operations but ignores visual simi-
larity between the pair of characters in each operation, inaccurately treating “0” and
“O” versus “B” and “1” to be equally similar.

[008] A need therefore exists to provide methods and devices that provide a holis-
tic and comprehensive mechanism to improve text similarity evaluation by evaluating
not only the minimum number of operations required to transform one text string into
the other but also relevance between two text strings, i.e. how likely those opera-
tions may happen between the two text strings.

[009] By virtue of the improved text similarity evaluation mechanism, the methods
and devices in the present disclosure are configured to not only evaluate (i.e. to de-
termine “whether similar”) but also quantify (i.e. to determine “how similar”) text simi-
larities between two text strings, which facilitate eKYC systems and any other elec-
tronic systems that deploy OCR techniques to function with an enhanced accuracy
and reliability on auto-verification of manual corrections to OCR texts.



SUMMARY

[0010] According to a first embodiment, there is provided a device for quantifying
text similarity, the device comprising: a processor; and a memory including computer
program code. The memory and the computer program code are configured to, with
the processor, cause the device at least to: obtain a plurality of shortest operation
paths for correcting an optical correction recognition (OCR) text string with an edit
text string, wherein each of the plurality of shortest operation paths includes one or
more edit pairs, each of the one or more edit pairs denoting an operation performa-
ble to a character of the OCR text string during correction by the edit text string; de-
termine a plurality of similarity scores, each of the plurality of similarity scores corre-
sponding to one of the plurality of shortest operation paths, wherein each of the plu-
rality of similarity scores is determined by summing historical similarity scores of the
one or more edit pairs of each of the plurality of shortest operation paths; and select
a minimum one of the plurality of similarity scores to quantify text similarity between
the OCR text string and the edit text string.

[0011] According to a second embodiment, there is provided a computer-
implemented method for quantifying text similarity, comprising: obtaining a plurality
of shortest operation paths for correcting an optical correction recognition (OCR) text
string with an edit text string, wherein each of the plurality of shortest operation
paths includes one or more edit pairs, each of the one or more edit pairs denoting an
operation performable to a character of the OCR text string during correction by the
edit text string; determining a plurality of similarity scores for the plurality of shortest
operation paths, wherein each of the plurality of similarity scores is determined by
summing historical similarity scores of the one or more edit pairs of each of the plu-
rality of shortest operation paths; and selecting a minimum one of the plurality of
similarity scores to quantify text similarity between the OCR text string and the edit
text string.

[0012] According to a third embodiment, there is provided system for quantifying text
similarity, comprising: an OCR device configured to capture an OCR text string from
a digital image; an input device configured to capture a user edit string; a device for
quantifying text similarity configured to: obtain a plurality of shortest operation paths



for correcting an optical correction recognition (OCR) text string with an edit text
string, wherein each of the plurality of shortest operation paths includes one or more
edit pairs, each of the one or more edit pairs denoting an operation performable to a
character of the OCR text string during correction by the edit text string; determine a
plurality of similarity scores for the plurality of shortest operation paths, wherein each
of the plurality of similarity scores is determined by summing historical similarity
scores of the one or more edit pairs of each of the plurality of shortest operation
paths; and select a minimum one of the plurality of similarity scores to quantify text
similarity between the OCR text string and the edit text string; and an output device
configured to output a text similarity quantification result.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Embodiments and implementations are provided by way of example only,
and will be better understood and readily apparent to one of ordinary skill in the art

from the following written description, read in conjunction with the drawings, in which:

[0014] Figure 1 is a schematic diagram of a device for quantifying text similarity, ac-
cording to an embodiment.

[0015] Figure 2 is a schematic diagram of a system for quantifying text similarity, ac-
cording to an embodiment.

[0016] Figure 3 is a flow chart illustrating a method for quantifying text similarity, ac-

cording to an embodiment.

[0017] Figure 4 shows a matrix diagram depicting an embodiment of shortest opera-
tion path calculation for correcting an OCR text string into an edit text string. The
depicted example is in accordance with Edit Distance technique.

[0018] Figure 5 shows a table diagram depicting an embodiment 502 of obtaining a
plurality of shortest operation paths for correcting the OCR text string to edit text
string as shown in Figure 4 and an embodiment 504 of determining a plurality of
similarity scores for the plurality of shortest operation paths, according to an imple-
mentation of the present disclosure.



[0019] Figure 6 is a table diagram showing historical similarity scores of edit pairs
according to an embodiment.

[0020] Figure 7 is a flow chart illustrating a method for quantifying text similarity ac-
cording to another embodiment.

[0021] Figure 8 shows a block diagram of a computer system suitable for use as the
example device shown in Figure 1 and in the example system as shown in Figure 2
in executing at least some steps of the method for quantifying text similarity in ac-
cordance with the embodiments shown in Figures 3 to 7.

[0022] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been depicted to scale. For example,
the dimensions of some of the elements in the illustrations, block diagrams or
flowcharts may be exaggerated in respect to other elements to help to improve un-
derstanding of the present embodiments.

DETAILED DESCRIPTION

[0023] Embodiments will be described, by way of example only, with reference to
the drawings. Like reference numerals and characters in the drawings refer to like

elements or equivalents.

[0024] Some portions of the description which follows are explicitly or implicitly pre-
sented in terms of algorithms and functional or symbolic representations of opera-
tions on data within a computer memory. These algorithmic descriptions and func-
tional or symbolic representations are the means used by those skilled in the data
processing arts to convey most effectively the substance of their work to others
skilled in the art. An algorithm is here, and generally, conceived to be a self-
consistent sequence of steps leading to a desired result. The steps are those requir-
ing physical manipulations of physical quantities, such as electrical, magnetic or op-
tical signals capable of being stored, transferred, combined, compared, and other-
wise manipulated.



[0025] Unless specifically stated otherwise, and as apparent from the following, it
will be appreciated that throughout the present specification, discussions utilizing
terms such as “obtaining”, “denoting”, “determining”, “selecting”, “retrieving”, “calcu-
lating”, “collecting”, “performing”, “normalising”, “adding”, “updating”, “correct-
ing”, "maintaining”, “outputting”, “capturing”, “receiving” or the like, refer to the action
and processes of a computer system, or similar electronic device, that manipulates
and transforms data represented as physical quantities within the computer system
into other data similarly represented as physical quantities within the computer sys-

tem or other information storage, transmission or display devices.

[0026] The present specification also discloses apparatus for performing the opera-
tions of the methods. Such apparatus may be specially constructed for the required
purposes, or may comprise a computer or other device selectively activated or re-
configured by a computer program stored in the computer. The algorithms and dis-
plays presented herein are not inherently related to any particular computer or other
apparatus. Various machines may be used with programs in accordance with the
teachings herein. Alternatively, the construction of more specialized apparatus to
perform the required method steps may be appropriate. The structure of a computer
suitable for executing the various methods / processes described herein will appear
from the description below. In the present specification, the terms “device” and
“module” are interchangeably used to refer to the apparatuses that perform the op-
erations of the methods.

[0027] In addition, the present specification also implicitly discloses a computer pro-
gram, in that it would be apparent to the person skilled in the art that the individual
steps of the method described herein may be put into effect by computer code. The
computer program is not intended to be limited to any particular programming lan-
guage and implementation thereof. It will be appreciated that a variety of program-
ming languages and coding thereof may be used to implement the teachings of the
disclosure contained herein. Moreover, the computer program is not intended to be
limited to any particular control flow. There are many other variants of the computer
program, which can use different control flows without departing from the spirit or
scope of the invention.



[0028] Furthermore, one or more of the steps of the computer program may be per-
formed in parallel rather than sequentially. Such a computer program may be stored
on any computer readable medium. The computer readable medium may include
storage devices such as magnetic or optical disks, memory chips, or other storage
devices suitable for interfacing with a computer. The computer readable medium
may also include a hard-wired medium such as exemplified in the Internet system,
or wireless medium such as exemplified in the GSM mobile telephone system. The
computer program when loaded and executed on such a computer effectively results
in an apparatus that implements the steps of the preferred method.

[0029] Embodiments of the present disclosure provide a data-driven approach that
utilises frequencies of operations from history data to better evaluate and quantify
text similarity between two text strings.

[0030] The operations include insertion operations, deletion operations and/or sub-
stitution operations that are performable to characters of a first text string for correct-
ing the first text string with a second text string. The characters include numbers,
letters, symbols, etc. In the context of OCR, the first text string includes an OCR text
string recognised from textual content of an image or a physical document. The
OCR text string can be a name, an address, a date of birth, an identification number,
etc. The second text string includes a user edit string that a user attempts to correct
the OCR text string with.

[0031] In various embodiments of the present disclosure, edit pairs are used to de-
note the above mentioned operations. For example, an edit pair (**, “a”) denotes an
operation of inserting a character “a”; an edit pair (“a”, “”) denotes an operation of
deleting the character “a”; and an edit pair (“a”, “b”) denotes an operation of substi-

tuting the character “a” with a character “b”.

[0032] Figure 1 illustrates a schematic diagram of a device 100 for quantifying text
similarity according to an embodiment of the present disclosure. The device 100 at
least includes a processor module 102 and a memory module 104. The processor
module 102 and the memory module 104 are interconnected. The memory module
104 includes computer program code (not shown in Figure 1). The memory module
104 and the computer program code are configured to, with the processor module



102, cause the device 100 to perform the steps for quantifying text similarity as de-
scribed in the present disclosure. Details of the steps will be described below with
reference to Figure 3, which depicts a flow chart illustrating a method 300 for quanti-
fying text similarity according to an embodiment.

[0033] The device 100 for quantifying text similarity can be implemented as a text
similarity quantification module 206 in an exemplified system 200 for quantifying text
similarity as shown in Figure 2, in accordance with an embodiment.

[0034] As shown in Figure 2, in addition to the text similarity quantification module
206, the system 200 can include an OCR module 202, an input module 204, a histo-
ry data library 208, a historical similarity score determination module 214, and an

output module 216.

[0035] The OCR module 202 may include an acquisition module and an image con-
version module, both of which are not shown in Figure 2. The acquisition module
may be in the form of an optical scanner that is configured to obtain a digital image
of a physical document. The image conversion module, together with suitable OCR
software, can be configured to convert at least a portion of textual content of the
digital image of the physical document into corresponding machine-readable text (or
code). The machine-readable texts (or codes) are interchangeably referred to as
OCR text strings in the present disclosure. In this manner, the OCR text strings are
captured by the OCR module 202.

[0036] The input module 204 may include a keyboard, a mouse, a stylus, a voice
recognition user interface, etc. that captures input from users. When the OCR text
strings being displayed to the output module 216 for users to confirm or edit, the us-
ers can use the input module 204 to confirm the OCR text strings. If the users use
the input module 204 to correct the OCR text strings with edit text strings, the edit
text strings can be captured by the input module 204.

[0037] In some embodiments, when the edit text strings are captured by the input
module 204, the system can instruct (not shown in Figure 2 for the sake of simplicity)
the OCR module 202 and the input module 204 to transmit the OCR text strings and
the edit text strings to the text similarity quantification module 206, respectively.



[0038] The text similarity quantification module 206 can receive 218 the OCR text
strings from the OCR module 202 and receive 220 the edit text strings from the input
module 204, and quantify text similarities between the OCR text strings and the edit
text strings in accordance with the methods of the present disclosure. When quanti-
fying text similarities between the OCR text strings and the edit text strings in ac-
cordance with the methods of the present disclosure, the text similarity quantification
module 206 may communicate 222 with the history data library 208 to retrieve his-
torical similarity scores of certain edit pairs required for the quantification of text simi-
larity.

[0039] Examples of the methods for the text similarity quantification module 206
quantifying text similarities between the OCR text strings and the edit text strings are
depicted in Figures 3 to 6. As shown in Figure 3, when quantifying text similarity be-
tween an OCR text string and an edit text string, the text similarity quantification
module 206 is configured at least to perform the following steps:

- 302: obtain a plurality of shortest operation paths for correcting the OCR text
string with the edit text string, wherein each of the plurality of shortest operation
paths includes one or more edit pairs, each of the one or more edit pairs denoting
an operation performable to a character of the OCR text string during correction
by the edit text string;

- 304: determine a plurality of similarity scores, each of the plurality of similarity
scores corresponding to one of the plurality of shortest operation paths, wherein
each of the plurality of similarity scores is determined by summing historical simi-
larity scores of the one or more edit pairs of each of the plurality of shortest oper-
ation paths; and

- 306: select a minimum one of the plurality of similarity scores to quantify text
similarity between the OCR text string and the edit text string.

[0040] Details of the above steps will be described in the following paragraphs with
reference to Figures 3, 4 and 5.

[0041] Referring back to Figure 2, the history data library 208 may include an edit
pair database 210 which stores edit pairs, and a historical similarity score database
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212 which stores historical similarity scores of the edit pairs that are stored in the
edit pair database 210. The edit pair database 210 may be configured to calculate
frequencies of the edit pairs being stored therein for a certain period of time. For ex-
ample, the certain period of time can be one month, six months or any other period
of time depending on the practical needs.

[0042] The frequencies of the edit pairs may then be transmitted 224 from the edit
pair database 210 of the history data library 208 to the historical similarity score de-
termination module 214. Upon receiving the frequencies of the edit pairs, the histor-
ical similarity score determination module 214 is configured to determine historical
similarity scores of the edit pairs based on the frequencies of the edit pairs received
from the edit pair database 210 of the history data library 208. The historical similari-
ty scores of the edit pairs are then transmitted 226 to the historical similarity score
database 212 of the history data library 208 and stored therein.

[0043] Depending on the text similarity quantifications, the text similarity quantifica-
tion module 206 may then output 228 text similarity quantification results to the out-
put module 216. The text similarity quantification results may include system notifi-
cation messages that indicate accepting or rejecting the edit text strings or system
alerts that indicate potential risks or lock of user accounts.

[0044] If the edit text strings are accepted, the text similarity quantification module
206 may add 230 the edit pairs in the shortest operation path having the minimum
similarity score into the edit pair database 210 of the history data library 208. In re-
sponse to the addition of these edit pairs, the history data library 208 may be config-
ured to interact with the historical similarity score determination module 214 to up-
date the historical similarity scores of the edit pairs in the history data library 208.

[0045] In some alternative embodiments, the historical similarity score determination
module 214 can be implemented as a module comprised within the history data li-
brary 208.

[0046] In some alternative embodiments, the history data library 208 and/or the his-
torical similarity score determination module 214 can be implemented as modules

comprised within the text similarity quantification module 206.
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[0047] In some alternative embodiments, the edit pair database 210 and the histori-
cal similarity score database 212 can be implemented as one database in the history
data library 208 that stores both the edit pairs and their corresponding historical

similarity scores.

[0048] As described above, Figure 3 depicts a flow chart illustrating a method 300
for quantifying text similarity, according to an embodiment.

[0049] At step 302, the device 100 or the text similarity quantification module 206
obtains a plurality of shortest operation paths for correcting an OCR text string with
an edit text string. Each of the plurality of shortest operation paths includes one or
more edit pairs. Each of the one or more edit pairs denotes an operation performa-
ble to a character of the OCR text string during correction by the edit text string.

[0050] The plurality of shortest operation paths can be obtained in various manners.
In one embodiment, the plurality of shortest operation paths can be obtained by per-
forming an Edit Distance calculation for correcting the OCR text string with the edit
text string. In this embodiment, an operation performable to a character of the OCR
text string during correction by the edit text string can be one of an insertion opera-
tion, a deletion operation, or a substitution operation. It is appreciable to those
skilled in the art that other techniques may also be used to obtain the plurality of
shortest operation paths. For example, more operations may be defined, such as an
operation of exchanging two adjacent characters, which treats transforming a text
string “AB” into another text string “BA” as one operation.

[0051] In the present embodiment, the edit distance between the OCR text string
and the edit text string is derived utilising Edit Distance technique so as to obtain the
plurality of shortest operation paths.

[0052] Based on Edit Distance technique, for two text strings: String X of length n and
String Y of length m, the edit distance between the first i characters of String X and the
first j characters of String Y is defined as D (J, j), and the edit distance between String X
and String Y is defined as D (n, m).

[0053] Initialising D (i, 0) =iand D (0, j) =,
foreachi=1...Nandeachj=1... M,
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D (i, j) can be derived based on the following Equation (1):

DGi—-1j)+1
D(G,j—1)+1
D(G(—1,j—1)+1; ifX () # Y()
D@i-1,j—1)+0; ifX({) =Y()

D a,p=rnn1{ Equation (1)

[0054] Based on Equation (1), the edit distance D (N, M) between String X and String Y
can be accordingly derived. Figure 4 shows an embodiment illustrating a matrix diagram
400 that derives the edit distance between an OCR text string 402, i.e. “Azaha” and an
edit text string 404, i.e. “Aziz”, based on Equation (1). The example text strings in this
embodiment are related to users’ name. It can be appreciated by those skilled in the art
that the OCR text string and the edit text string can also be related to addresses, identifi-
cation numbers, dates of birth, etc.

[0055] As shown in cell 406 of the matrix diagram 400, the edit distance is 3 between
the OCR text string 402, i.e. “Azaha” and the edit text string 404, i.e. “Aziz”. This means
that the minimum number of operations required to correcting “Azaha” with “Aziz” is 3.

[0056] Based on the edit distance 3, the device 100 or the text similarity quantification
module 206 obtains, at step 302, all the possible paths that can transform “Azaha” to
“Aziz” within 3 operation steps. These possible paths are considered as a plurality of
shortest operation paths.

[0057] An embodiment of step 304 that obtains the plurality of shortest operation paths
is illustrated in Table Diagram 500 of Figure 5. As depicted in sub-table 502, the device
100 or the text similarity quantification module 206 obtains three shortest operation paths
for correcting the OCR text string 402, i.e. “Azaha” with the edit text string 404, i.e. “Aziz”.
The three shortest operation paths include: Shortest operation path 1, Shortest operation
path 2, and Shortest operation path 3.

[0058] As shown in sub-table 502, Shortest operation path 1 includes three operations,
i.e. operation 1 that substitutes character “a” with character “i”, operation 2 that substi-
tutes character “h” with character “z”, and operation 3 that deletes character “a”. Opera-
tions 1, 2, 3 in Shortest operation path 1 are denoted as edit pairs (“a”, “"), (“h”, “z"), and

(“a”, ), respectively.
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[0059] Shortest operation path 2 includes three operations, i.e. operation 1 that deletes
character “a”, operation 2 that substitutes character “h” with character “i”, and operation
3 that substitutes character “a” with character “z”. Operations 1, 2, 3 in Shortest opera-

tion path 2 are denoted as edit pairs (“a”, “), (“h”, “i”), and (“a”, “z”), respectively.

[0060] Shortest operation path 3 includes three operations, i.e. operation 1 that substi-
tutes character “a” with character “i”, operation 2 that deletes character “h”, and opera-
tion 3 that substitutes character “a” with character “z”. Operations 1, 2, 3 in Shortest op-

LI N131] M G,

eration path 3 are denoted as edit pairs (“a”, "), (*h”, "), and (“a”, “z”), respectively.

[0061] As shown in the above embodiment, each of the three shortest operation paths
includes three edit pairs. Each of the edit pairs denotes an operation performable to a
character of the OCR text string 402, i.e. “Azaha”, during correction by the edit text string
404, i.e. “Aziz".

[0062] It is appreciable to those skilled in the art that the number of shortest operation
paths and the number of edit pairs included in the shortest operation paths may change
based on the length of text strings and/or the number of operations required. For exam-
ple, when correcting an OCR text string “BOB” with an edit text string “BOB”, the edit dis-
tance is 1, which means that only one operation is required. In such an example, the de-
vice 100 or the text similarity quantification module 206 may obtain only one shortest op-
eration path for correcting the OCR text string “B0B” with the edit text string “BOB”. The
one shortest operation path includes one operation performable to a character of the
OCR text string “BOB”, i.e. substituting character “0” with character “O”. This operation is
denoted by an edit pair (“0”, “O”).

[0063] At step 304, the device 100 or the text similarity quantification module 206 de-
termines a plurality of similarity scores for the plurality of shortest operation paths. Each
of the plurality of similarity scores corresponds to one of the plurality of shortest opera-
tion paths as determined in step 302. Each of the plurality of similarity scores is deter-
mined by summing historical similarity scores of the one or more edit pairs of each of the
plurality of shortest operation paths.

[0064] An embodiment of step 304 is depicted in sub-table 504 of Figure 5. As shown in
sub-table 504, the device 100 or the text similarity quantification module 206 determines
three similarity scores corresponding to the three shortest operation paths, respectively.
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That is, for each of Shortest operation path 1, Shortest operation path 2, and Shortest
operation path 3, a similarity score is determined. In the present embodiment, the device
100 or the text similarity quantification module 206 determines each of the three similari-
ty scores by summing historical similarity scores of the edit pairs of each of the shortest

operation paths.

[0065] For example, for Shortest operation path 1, the device 100 or the text similarity
quantification module 206 determines a similarity score by summing historical similarity

scores of the corresponding edit pairs (“a”, “i"), (“h”, “z”), and (“a”, *).

[0066] For Shortest operation path 2, the device 100 or the text similarity quantification
module 206 determines a similarity score by summing historical similarity scores of the
corresponding edit pairs (“a”, ), (*h”, i), and (“a”, “2”).

[0067] For Shortest operation path 3, the device 100 or the text similarity quantification
module 206 determines a similarity score by summing historical similarity scores of the

corresponding edit pairs (“a”, ‘i), (“h”, “”), and (“a”, “2”).

[0068] In an example, when summing the historical similarity scores of the edit pairs at
step 403, the device 100 or the text similarity quantification module 206 may retrieve 222
the historical similarity scores of the edit pairs from the history data library 208, as de-
picted in Figure 2.

[0069] In another example, when summing the historical similarity scores of the edit
pairs at step 403, the device 100 or the text similarity quantification module 206 may re-
trieve the historical similarity scores of the edit pairs from a history database. The history
database may be implemented by the memory module 104 that is comprised within the
device 100 or the text similarity quantification module 206.

[0070] In yet another example, the history data library 208 may be implemented as a
module comprised within the device 100 or the text similarity quantification module 206.
In this example, when summing the historical similarity scores of the edit pairs at step
403, the device 100 or the text similarity quantification module 206 may retrieve the his-
torical similarity scores of the edit pairs from the module comprised within.
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[0071] In some embodiments, the preparation of the historical similarity scores of the
edit pairs may be conducted by the history data library 208, the memory module 104, or
other modules comprised the device 100 or the text similarity quantification module 206.

[0072] The history data library 208, the memory module 104, or other modules com-
prised the device 100 or the text similarity quantification module 206 may include an edit
pair database 210 and a historical similarity score database 212 as depicted in Figure 2.
In an embodiment of preparing the historical similarity scores, the history data library 208,
the memory module 104, or other modules comprised the device 100 or the text similari-
ty quantification module 206 is configured to collect all kinds of edit pairs that are at-
tempted by users for a pre-determined period of time. For example, the all kinds of edit
pairs may be collected by the device 100 or the text similarity quantification device 206 in
response to receiving OCR text strings of digital images captured by the OCR de-
vice/module and receiving edit text strings captured by the input device/module corre-
sponding to the OCR text strings. These edit pairs may be initialised to each equal a val-
ue of 1.0 and be stored into edit pair database 210.

[0073] The pre-determined period of time may be one month, six months or any other
period of time depending on the practical needs. During the pre-determined period of
time, frequencies of the edit pairs being stored in the edit pair database 210 can be cal-
culated. The more often the edit pairs being stored, the more times that the operations
denoted by the edit pairs have happened, and the more likely that the operations denot-
ed by the edit pairs may happen again. In this regard, the frequencies of the edit pairs
being stored in the edit pair database 210 are utilised to determine historical similarity
scores of the edit pairs that are stored in the edit pair database 210 of the history data
library 208, the memory module 104, or other modules comprised in the device 100 or
the text similarity quantification module 206.

[0074] In some embodiments, the frequencies of the edit pairs may be provided to a his-
torical similarity score determination module 214 for determining historical similarity
scores of the edit pairs that are stored in the edit pair database 210 of the history data
library 208, the memory module 104, or other modules comprised in the device 100 or
the text similarity quantification module 206. The historical similarity score determination
module 214 may be a stand-alone module, as depicted in Figure 2, communicable to the
history data library 208, the memory module 104, or other modules comprised the device
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100 or the text similarity quantification module 206. Alternatively, the historical similarity
score determination module 214 may be implemented as a module comprised within the
history data library 208, the memory module 104, or the other modules comprised the
device 100 or the text similarity quantification module 206.

[0075] In some embodiments, the historical similarity score determination module 214
may be configured to perform a log frequency calculation for each of the edit pairs in the
edit pair database 210 of the history data library 208, the memory module 104, or other
modules comprised in the device 100 or the text similarity quantification module 206.
The log frequency calculations of the edit pairs in the edit pair database 210 may then be
normalised by the historical similarity score determination module 214 to a range of 0.0
to 1.0. The normalised log frequency calculations are considered as historical similarity
scores of the edit pairs in the edit pair database 210 of the history data library 208, the
memory module 104, or other modules comprised in the device 100 or the text similarity
quantification module 206. In some embodiments, the historical similarity scores of the
edit pairs may be transmitted from historical similarity score determination module 214 to
the historical similarity score database 212 of the history data library 208, the memory
module 104, or other modules comprised the device 100 or the text similarity quantifica-
tion module 206, and stored therein. In some embodiments, the similarity score determi-
nation module 214 and the historical similarity score database 212 may be implemented
as a single module.

[0076] In an embodiment, the log frequency calculation can be divided into two steps.
First, for every edit pair p, a log (frequency of p) is calculated. Subsequently, for every
score derived from the log (frequency of p) calculation, the score is normalised to a
range from 0.0 to 1.0, which means that a maximum score of the log (frequency of p)
calculation is mapped to 0.0, and a minimum score of | the log (frequency of p) calcula-
tion is mapped to 1.0. In this manner, the historical similarity score for every edit pair is
determined, for example, according to the following Equation (2):

Score (p) = 1.0 - (log(p) — min score) / (max score — min score) Equation (2)

[0077] It is appreciable to those skilled in the art that the historical similarity scores of

the edit pairs may be determined in other manners in light of the present disclosure, for
example, without a log frequency calculation.
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[0078] An embodiment is shown in a table diagram 600 of Figure 6 to illustrate the his-
torical similarity scores of the edit pairs that are stored in the history data library 208, the
memory module 104, or other modules comprised the device 100 or the text similarity
quantification module 206.

[0079] In the embodiment shown in the table diagram 600, each of the edit pairs of
Shortest operation path 1, Shortest operation path 2, and Shortest operation path 3 may
have a corresponding historical similarity score. For example, the edit pairs (“a”, *’), (“a”,
‘"), (“a”, “27), (“h”, ), (“h”, “I") and (“h”, ”z”) may each have a historical similarity score of
0.6, 0.5, 0.4, 0.6, 0.4, and 0.8, respectively. The smaller the historical similarity score is,
the more times that the operation denoted by the edit pair have happened, and the more
likely and more reasonable that the operation denoted by the edit pair may happen again.

[0080] If no historical similarity score can be found for a certain edit pair, it may mean
that the operation denoted by the certain edit pair has never happened before the instant
attempt by the user. In this regard, the history data library 208, the memory module 104,
or other modules comprised the device 100 or the text similarity quantification module
206 may return a value of 1.0 to the device 100 or the text similarity quantification mod-
ule 206 as the historical similarity score for that certain edit pair.

[0081] Based on the examples of table diagram 600 and in accordance with an embod-
iment shown in sub-table 504 of Figure 5, the similarity score of the Shortest operation
path 1 can be determined as 0.5 + 0.8 + 0.6, which equals 1.9. The similarity score of
the Shortest operation path 2 can be determined as 0.6 + 0.4 + 0.4, which equals 1.4.
Similarly, the similarity score of the Shortest operation path 3 can be determined as 0.5
+ 0.6 + 0.4, which equals 1.5.

[0082] The table diagram 600 may include historical similarity scores of other edit pairs.
For the sake of simplicity, those historical similarity scores are not shown in Figure 6.

[0083] It is appreciable to those skilled in the art that the historical similarity scores of
the edit pairs may be stored in other formats in the history data library 208, the memory
module 104, or other modules comprised the device 100 or the text similarity quantifica-
tion module 206.
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[0084] At step 306, the device 100 or the text similarity quantification module 206 se-
lects a minimum one of the plurality of similarity scores that are determined for the plural-
ity of shortest operation paths. The selected minimum similarity score is used to quantify
text similarity between the OCR text string and the edit text string.

[0085] In some examples, if the minimum one of the plurality of similarity scores is below
a predetermined threshold, the device 100 or the text similarity quantification module 206
may correct the OCR text string with the edit text string. The predetermined threshold
may be determined by certain requirements of different applications. For example, we
can set it to 1.5 as exemplified in the present embodiments, or 0.5 which means that it
requires that the total number of operations to be small enough, and the operations to be
of high frequencies.

[0086] In an embodiment, for the three similarity scores of the three shortest operation
paths determined as shown in sub-table 504 of Figure 5, the device 100 or the text simi-
larity quantification module 206 may select the minimum similarity score 1.4 among the
three similarity scores 1.9, 1.4 and 1.5 as a quantification of the text similarity between
the OCR text string 402, i.e. “Azaha”, and the edit text string 404, i.e. “Aziz”. If the prede-
termined threshold is 1.5, the quantification of the text similarity in this embodiment is
below the predetermined threshold, thus the device 100 or the text similarity quantifica-
tion module 206 may correct the OCR text string “Azaha” with the edit text string “Aziz”.

[0087] In this embodiment, the device 100 or the text similarity quantification module
206 may further add the edit pairs in the shortest operation path having the minimum
similarity score, i.e. the edit pairs (“a”, ), (“h”, “i”) and (“a”, “z”) in the Shortest operation
path 2 that has the minimum similarity score 1.4, into the edit pair database 210 of the
history data library 208, the memory module 104, or other modules comprised in the de-
vice 100 or the text similarity quantification module 206. In addition, the device 100 or
the text similarity quantification module 206 may update the historical similarity scores
for the edit pairs in the history data library. The updating of the historical similarity scores
for the edit pairs in the history data library includes one or more of the following steps:

- calculating frequencies of edit pairs in the edit pair database 210 of the history
data library 208, the memory module 104, or other modules comprised in the de-
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vice 100 or the text similarity quantification module 206 corresponding to the edit
pairs in the shortest operation path having the minimum similarity score; and

- determining historical similarity scores for the edit pairs in the edit pair database
210 of the history data library 208, the memory module 104, or other modules
comprised in the device 100 or the text similarity quantification module 206 cor-
responding to the edit pairs in the shortest operation path having the minimum
similarity score by: performing a log frequency calculation for each of the edit
pairs in the history data library 208, the memory module 104, or other modules
comprised in the device 100 or the text similarity quantification module 206 cor-
responding to the edit pairs in the shortest operation path having the minimum
similarity score and normalising the log frequency calculations to a range of 0.0
to 1.0.

[0088] For example, in the present embodiment, the device 100 or the text similarity
quantification module 206 may add the edit pairs (“a”, “), (“h”, ‘i) and (“a”, “z”) in the
Shortest operation path 2 that has the minimum similarity score 1.4 to the edit pair data-
base 210 of the history data library 208, the memory module 104, or other modules
comprised in the device 100 or the text similarity quantification module 206, and update
the historical similarity scores for the edit pairs (“a”, ), (“h”, ") and (“a”, “z”) in the edit
pair database 210 of the history data library 208, the memory module 104, or other mod-
ules comprised in the device 100 or the text similarity quantification module 206 with the

following steps: calculating frequencies of the edit pairs (“a”, ), (*h”, ") and (“a”, “z”)
and determining historical similarity scores for the edit pairs (“a”, ), (“h”, ") and (“a”, “z”)
by performing a log frequency calculation for each of the edit pairs (“a”, *’), (“h”, “i”) and

[T}

(“a”, “2”) and normalising the log frequency calculations to a range of 0.0 to 1.0.

[0089] In some examples, if the minimum one of the plurality of similarity scores is
above the predetermined threshold, the device 100 or the text similarity quantification
module 206 may maintain the OCR text string.

[0090] Alternatively or additionally, the device 100 or the text similarity quantification
module 206 may determine a text similarity quantification result and output the text simi-
larity quantification result to the output module 216. The text similarity quantification re-
sult may include system notification messages that indicate “accept” (if the minimum one
of the plurality of similarity scores is below the predetermined threshold) or “reject” (if the
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minimum one of the plurality of similarity scores is above the predetermined threshold) to
the edit text strings or system alerts that indicate potential risks or lock of user accounts.

[0091] Figure 7 is a flow chart illustrating a method 700 for quantifying text similarity ac-
cording to another embodiment.

[0092] At step 702, edit pairs’ similarity scores are initialised by the history data library
208, the memory module 104, or other modules comprised in the device 100 or the text
similarity quantification module 206 to each equal 1.0.

[0093] At step 704, edit pairs are collected into the history data library 208, the memory
module 104, or other modules comprised in the device 100 or the text similarity quantifi-
cation module 206.

[0094] At step 706, frequencies of the edit pairs in the history data library 208, the
memory module 104, or other modules comprised in the device 100 or the text similarity
quantification module 206 are calculated based on the collected data.

[0095] At step 708, historical similarity scores of the edit pairs in the history data library
208, the memory module 104, or other modules comprised in the device 100 or the text
similarity quantification module 206 are calculated by log (frequency) calculations and
normalised to a range of 0.0-1.0.

[0096] At step 710, the edit pairs’ similarity scores are updated as the historical similarity

scores.

[0097] At step 712, the device 100 or the text similarity quantification module 206 re-
ceives an OCR text string and an edit text string when a user attempts to make a correc-
tion, and find all the shortest operation paths by Edit Distance technique for the two text
strings.

[0098] At step 714, the device 100 or the text similarity quantification module 206 calcu-
lates similarity scores of the shortest operation paths by adding the edit pairs’ historical
similarity scores and pick a minimum one of the similarity scores to quantify the text simi-
larity between the OCR text string and the edit text string.
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[0099] At step 716, the device 100 or the text similarity quantification module 206 de-
cides to accept the user’s correction by comparing the minimum one of the similarity
scores with a pre-determined threshold.

[00100] At step 718, if the minimum one of the similarity scores is below the pre-
determined threshold, the user’s correction is accepted by the device 100 or the text sim-
ilarity quantification module 206. The device 100 or the text similarity quantification mod-
ule 206 further adds the edit pairs of the shortest operation path having the minimum
similarity score to the history data library 208, the memory module 104, or other modules
comprised in the device 100 or the text similarity quantification module 206.

[00101] Figure 8 shows a block diagram of a computer system suitable for use as
the device 100 or the text similarity quantification module 206 shown in Figures 1 and 2,
or the system 200 as shown in Figure 2 in executing at least some steps of the method
for quantifying text similarity in accordance with the embodiments shown in Figures 3 to
7.

[00102] The following description of the computer system / computing device 800
is provided by way of example only and is not intended to be limiting.

[00103] As shown in Figure 8, the example computing device 800 includes a pro-
cessor 804 for executing software routines. Although a single processor is shown for the
sake of clarity, the computing device 800 may also include a multi-processor system.
The processor 804 is connected to a communication infrastructure 806 for communica-
tion with other components of the computing device 800. The communication infrastruc-
ture 806 may include, for example, a communications bus, cross-bar, or network.

[00104] The computing device 800 further includes a main memory 808, such as
a random access memory (RAM), and a secondary memory 810. The secondary
memory 810 may include, for example, a hard disk drive 812 and/or a removable storage
drive 814, which may include a magnetic tape drive, an optical disk drive, or the like. The
removable storage drive 814 reads from and/or writes to a removable storage unit 818 in
a well-known manner. The removable storage unit 818 may include a magnetic tape,
optical disk, or the like, which is read by and written to by removable storage drive 814.
As will be appreciated by persons skilled in the relevant art(s), the removable storage
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unit 818 includes a computer readable storage medium having stored therein computer
executable program code instructions and/or data.

[00105] In an alternative implementation, the secondary memory 810 may addi-
tionally or alternatively include other similar means for allowing computer programs or
other instructions to be loaded into the computing device 800. Such means can include,
for example, a removable storage unit 822 and an interface 820. Examples of a remova-
ble storage unit 822 and interface 820 include a removable memory chip (such as an
EPROM or PROM) and associated socket, and other removable storage units 822 and
interfaces 820 which allow software and data to be transferred from the removable stor-

age unit 822 to the computer system 800.

[00106] The computing device 800 also includes at least one communication in-
terface 824. The communication interface 824 allows software and data to be transferred
between computing device 800 and external devices via a communication path 826. In
various embodiments, the communication interface 824 permits data to be transferred
between the computing device 800 and a data communication network, such as a public
data or private data communication network. The communication interface 824 may be
used to exchange data between different computing devices 800 which such computing
devices 800 form part an interconnected computer network. Examples of a communica-
tion interface 824 can include a modem, a network interface (such as an Ethernet card),
a communication port, an antenna with associated circuitry and the like. The communi-
cation interface 824 may be wired or may be wireless. Software and data transferred via
the communication interface 824 are in the form of signals which can be electronic, elec-
tromagnetic, optical or other signals capable of being received by communication inter-
face 824. These signals are provided to the communication interface via the communica-
tion path 826.

[00107] Optionally, the computing device 800 further includes a display interface
802 which performs operations for rendering images to an associated display 830 and
an audio interface 832 for performing operations for playing audio content via associated
speaker(s) 834.

[00108] As used herein, the term "computer program product” may refer, in part,
to removable storage unit 818, removable storage unit 822, a hard disk installed in hard
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disk drive 812, or a carrier wave carrying software over communication path 826 (wire-
less link or cable) to communication interface 824. Computer readable storage media
refers to any non-transitory tangible storage medium that provides recorded instructions
and/or data to the computing device 800 for execution and/or processing. Examples of
such storage media include floppy disks, magnetic tape, CD-ROM, DVD, Blu-ray™ Disc,
a hard disk drive, a ROM or integrated circuit, USB memory, a magneto-optical disk, or a
computer readable card such as a PCMCIA card and the like, whether or not such de-
vices are internal or external of the computing device 800. Examples of transitory or
non-tangible computer readable transmission media that may also participate in the pro-
vision of software, application programs, instructions and/or data to the computing de-
vice 800 include radio or infra-red transmission channels as well as a network connec-
tion to another computer or networked device, and the Internet or Intranets including e-
mail transmissions and information recorded on Websites and the like.

[00109] The computer programs (also called computer program code) are stored
in main memory 808 and/or secondary memory 810. Computer programs can also be
received via the communication interface 824. Such computer programs, when executed,
enable the computing device 800 to perform one or more features of embodiments dis-
cussed herein. In various embodiments, the computer programs, when executed, enable
the processor 804 to perform features of the above-described embodiments. Accordingly,
such computer programs represent controllers of the computer system 800.

[00110] Software may be stored in a computer program product and loaded into
the computing device 800 using the removable storage drive 814, the hard disk drive
812, or the interface 820. Alternatively, the computer program product may be down-
loaded to the computer system 800 over the communications path 826. The software,
when executed by the processor 804, causes the computing device 800 to perform func-

tions of embodiments described herein.

[00111] It is to be understood that the embodiment of Figure 8 is presented mere-
ly by way of example. Therefore, in some embodiments one or more features of the
computing device 800 may be omitted. Also, in some embodiments, one or more fea-
tures of the computing device 800 may be combined together. Additionally, in some em-
bodiments, one or more features of the computing device 800 may be split into one or

more component parts.
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[00112] According to one embodiment, there is provided a device for quantifying
text similarity. The device includes a processor (such as the processor 404) and a
memory (such as the secondary memory 410) including computer program code. The
memory and the computer program code are configured to, with the processor, cause
the device at least to obtain a plurality of shortest operation paths for correcting an opti-
cal correction recognition (OCR) text string with an edit text string, wherein each of the
plurality of shortest operation paths includes one or more edit pairs, each of the one or
more edit pairs denoting an operation performable to a character of the OCR text string
during correction by the edit text string; determine a plurality of similarity scores for the
plurality of shortest operation paths, wherein each of the plurality of similarity scores is
determined by summing historical similarity scores of the one or more edit pairs of each
of the plurality of shortest operation paths; and select a minimum one of the plurality of
similarity scores to quantify text similarity between the OCR text string and the edit text
string.

[00113] The techniques described in this specification produce one or more tech-
nical effects. In particular, the present disclosure evaluates not only the minimum num-
ber of operations required to transform one text string into the other, but also quantifies
relevance between the two text strings, i.e. how likely those operations may happen be-
tween the two text strings. Specifically, the present disclosure utilises frequencies of edit
pairs to determine the historical similarity scores of the edit pairs and considers that the
more often the edit pairs being stored, the more times that the operations denoted by the
edit pairs have happened, and the more likely that the operations denoted by the edit
pairs may happen again. In this regard, frequencies of history changes between pairs of
characters are taken into consideration in the present disclosure to quantify future
changes between the same pairs of characters. That is, in the present embodiments,
historical frequencies of edit pairs are used to model their respective visual similarities,
which produces a satisfying accuracy on auto-verification of manual corrections to OCR
texts.

[00114] It will be appreciated by a person skilled in the art that numerous varia-
tions and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly de-
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scribed. The present embodiments are, therefore, to be considered in all respects to be
illustrative and not restrictive.
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CLAIMS

What is claimed is:

A device for quantifying text similarity, the device comprising:

a processor; and

a memory including computer program code;

the memory and the computer program code configured to, with the processor,

cause the device to:

2.

obtain a plurality of shortest operation paths for correcting an optical cor-
rection recognition (OCR) text string with an edit text string, wherein each of the
plurality of shortest operation paths includes one or more edit pairs, each of the
one or more edit pairs denoting an operation performable to a character of the
OCR text string during correction by the edit text string;

determine a plurality of similarity scores, each of the plurality of similarity
scores corresponding to one of the plurality of shortest operation paths, wherein
each of the plurality of similarity scores is determined by summing historical simi-
larity scores of the one or more edit pairs of each of the plurality of shortest oper-
ation paths; and

select a minimum one of the plurality of similarity scores to quantify text
similarity between the OCR text string and the edit text string.

The device according to claim 1, wherein when summing the historical similarity

scores of the one or more edit pairs, the device is caused to:

retrieve the historical similarity scores of the one or more edit pairs from a history

data library.

The device according to claim 2, wherein the device is further caused to:

collect edit pairs into the history data library;

calculate frequencies of the edit pairs in the history data library; and

determine the historical similarity scores for the edit pairs in the history data li-

brary, wherein when determining the historical similarity scores, the device is caused to:

4.

perform a log frequency calculation for each of the edit pairs in the history
data library; and
normalise the log frequency calculations to a range of 0.0 to 1.0.

The device according to claim 2, wherein the device is further caused to:
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add the edit pairs in the shortest operation path having the minimum similarity
score into the history data library; and
update the historical similarity scores for the edit pairs in the history data library,
wherein when updating the historical similarity scores, the device is caused to:
calculate frequencies of edit pairs in the history data library corresponding
to the edit pairs in the shortest operation path having the minimum similarity
score; and
determine historical similarity scores for the edit pairs in the history data
library corresponding to the edit pairs in the shortest operation path having the
minimum similarity score by: performing a log frequency calculation for each of
the edit pairs in the history data library corresponding to the edit pairs in the
shortest operation path having the minimum similarity score and normalising the
log frequency calculations to a range of 0.0 to 1.0.

5. The device according to any of the preceding claims, wherein when obtaining the
plurality of shortest operation paths, the device is caused to:

perform an Edit Distance calculation for correcting the OCR text string with the
edit text string, wherein the operation performable to a character of the OCR text string
during correction by the edit text string is one of an insertion operation, a deletion opera-
tion, or a substitution operation.

6. The device according to any one of the preceding claims, wherein the device is
further caused to:

if the minimum one of the plurality of similarity scores is below a predetermined
threshold, correct the OCR text string with the edit text string.

7. The device according to any one of the preceding claims, wherein the device is
further caused to:

if the minimum one of the plurality of similarity scores is above the predetermined
threshold, maintain the OCR text string.

8. The device according to any one of the preceding claims, wherein the device is
further caused to:
scan a digital image to capture the OCR text string, and

capture the edit text string.
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9. A computer-implemented method for quantifying text similarity, comprising:

obtaining a plurality of shortest operation paths for correcting an optical correc-
tion recognition (OCR) text string with an edit text string, wherein each of the plurality of
shortest operation paths includes one or more edit pairs, each of the one or more edit
pairs denoting an operation performable to a character of the OCR text string during cor-
rection by the edit text string;

determining a plurality of similarity scores for the plurality of shortest operation
paths, wherein each of the plurality of similarity scores is determined by summing histor-
ical similarity scores of the one or more edit pairs of each of the plurality of shortest op-
eration paths; and

selecting a minimum one of the plurality of similarity scores to quantify text simi-
larity between the OCR text string and the edit text string.

10. The method according to claim 9, wherein summing the historical similarity
scores of the one or more edit pairs comprises retrieving the historical similarity scores

of the one or more edit pairs from a history data library.

11. The method according to claim 10, further comprises:
collecting edit pairs into the history data library;
calculating frequencies of the edit pairs in the history data library; and
determining the historical similarity scores for the edit pairs in the history data li-
brary, wherein calculating the historical similarity scores comprises:
performing a log frequency calculation for each of the edit pairs in the his-
tory data library; and
normalising the log frequency calculations to a range of 0.0 to 1.0.

12. The method according to claim 10, further comprising:
adding the edit pairs in the shortest operation path having the minimum similarity
score into the history data library; and
updating the historical similarity scores for the edit pairs in the history data library,
wherein updating the historical similarity scores comprises:
calculating frequencies of edit pairs in the history data library correspond-
ing to the edit pairs in the shortest operation path having the minimum similarity
score; and
determining historical similarity scores for the edit pairs in the history data
library corresponding to the edit pairs in the shortest operation path having the
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minimum similarity score by: performing a log frequency calculation for each of
the edit pairs in the history data library corresponding to the edit pairs in the
shortest operation path having the minimum similarity score and normalising the
log frequency calculations to a range of 0.0 to 1.0.

The method according to any one of claims 9 to 12, wherein the step of obtaining

the plurality of shortest operation paths comprises performing an Edit Distance calcula-

tion for correcting the OCR text string with the edit text string, and wherein the operation

performable to a character of the OCR text string during correction by the edit text string

is one of an insertion operation, a deletion operation, or a substitution operation.

14.

The method according to any one of claims 9 to 13, further comprising:
if the minimum one of the similarity scores is below a predetermined threshold,

correcting the OCR text string with the edit text string.

15.

The method according to any one of claims 9 to 14, further comprising:
if the minimum one of the similarity scores is above the predetermined threshold,

maintaining the OCR text string.

16.

17.

The method according to any one of claims 9 to 15, further comprising:
scanning a digital image to capture the OCR text string, and
capturing the edit text string.

A system for quantifying text similarity, comprising:
an OCR device configured to capture an OCR text string from a digital image;
an input device configured to capture a user edit string;
a text similarity quantification device for quantifying text similarity configured to:
obtain a plurality of shortest operation paths for correcting an optical cor-
rection recognition (OCR) text string with an edit text string, wherein each of the
plurality of shortest operation paths includes one or more edit pairs, each of the
one or more edit pairs denoting an operation performable to a character of the
OCR text string during correction by the edit text string;
determine a plurality of similarity scores for the plurality of shortest opera-
tion paths, wherein each of the plurality of similarity scores is determined by
summing historical similarity scores of the one or more edit pairs of each of the
plurality of shortest operation paths; and
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select a minimum one of the plurality of similarity scores to quantify text
similarity between the OCR text string and the edit text string; and
an output device configured to output a text similarity quantification result.

18. The system according to claim 17, wherein when summing the historical similarity
scores of the one or more edit pairs, the text similarity quantification device is caused to:
retrieve the historical similarity scores of the one or more edit pairs from a history data
library.

19. The system according to claim 17 or 18, wherein the text similarity quantification
device comprises a historical similarity score determination device, wherein the text simi-
larity quantification device is further caused to:
collect edit pairs into the history data library;
calculate frequencies of the edit pairs in the history data library; and
determine the historical similarity scores for the edit pairs in the history data li-
brary by the historical similarity score determination device, wherein the the historical
similarity score determination device is caused to:
perform a log frequency calculation for each of the edit pairs in the history
data library; and
normalise the log frequency calculations to a range of 0.0 to 1.0.

20. The system according to claim 19, wherein the text similarity quantification device
is caused to collect the edit pairs in response to capturing OCR text strings of digital im-

ages and capturing edit text strings corresponding to the OCR text strings.



