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(57) Abstract: Animage processing method and an image process-
ing system for recognising characters included in an image. A first
character recognition unit performs recognition of a first group of
characters corresponding to a first region of the image. A measuring
unit calculates a confidence measure of the first group of characters.
A determination unit determines whether further recognition is to
be performed based on the confidence measure. A selection unit se-
lects a second region of the image that includes the first region, if it
is determined that further recognition is to be performed. A second
character recognition unit performs further recognition of a second
group of characters corresponding to the second region of the image.
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Title
AN IMAGE PROCESSING METHOD
AND
AN IMAGE PROCESSING SYSTEM.

[0001] Technical Field

[0002] The present invention relates to an image
processing method and an image processing system
for recognising characters included in an image.

10 In particular, the present invention relates to

character recognition of an image.

[0003] Background

[0004] Character recognition is performed to convert

15 text included in an image into machine-encoded
text. Images that can be analysed using character
recognition software include a scanned document, a
photograph of a document, a photograph of a scene,

a video recording, and text that has been

20 superimposed on a document. The text in the image
that can be converted includes typewritten,
handwritten, and printed text. The machine-encoded

text includes any character encoding standard for
electronic communication, such as ASCII, unicode

25 and emoji. Applications of character recognition

include:

- displaying to a user machine-encoded characters
that correspond to the text included in the

30 image;
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- overlaying the image with the machine-encoded
characters, so that the text can be selected by
the user;

- providing a search function of text included in
the image by allowing search of the machine-
encoded text;

- machine reading where a computing device
interprets the context of text including in the
image;

- data entry of the machine-encoded characters
which correspond to the text included in the
image;

- automatic number plate recognition; and

- converting handwriting in real time, to enter

text into a computing device.

[0005] Character recognition software is configured

to receive an image as input, and output machine-
encoded text. Furthermore, the character
recognition software can perform error analysis to
determine a confidence measure of the machine-

encoded text that is output.

[0006] The term character recognition refers to the

identification and recognition of individual
characters in the image. However, the term
character recognition also is used to include word
recognition, where the identification and
recognition occurs one word at a time. Character
recognition 1is exemplified by optical character

recognition, optical word recognition, intelligent
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character recognition, and intelligent word

recognition.

[0007] Character recognition is customised based on

the writing system that is included in the

document, such as Latin, Cyrillic, Arabic, Hebrew,

Indic, Bengali, Devanagari, Tamil, Chinese,
Japanese, Korean, Morse code, and Braille
characters. Character recognition is further

customised based on the language of the text
included in the image. The writing system and
language of the text can be identified by the
user, or alternatively, the writing system and
language of the text can be identified by the
character recognition software from the context of
characters and words that are recognised.
Furthermore, the character recognition can be
customised to handle documents which include text

in a number of writing systems or languages.

[0008] Character recognition occurs by associating

machine-encoded characters with at 1least one
example of a glyph that could be found in an
image. The accuracy of the character recognition
is improved by increasing the number of glyphs
that represent a machine-encoded character. This
is particularly useful for enhancing accuracy at
recognising a variety of fonts. Intelligent
recognition is achieved by using machine learning
to train a computer system that makes use of a

neural network. Intelligent recognition enhances
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the recognition of characters that do not

correspond to the glyphs stored as examples.

[0009] The machine-encoded text often contains

errors. The errors can be corrected by a user
proof-reading the machine-encoded text. This
places a burden on the user, and so techniques are
available to enhance the accuracy of the character
recognition, and to enhance the detection of
errors. For example, the character recognition
accuracy can be increased if the output is
influenced by a lexicon, which is a dictionary of
words that are expected to occur in a document.
The detection of errors can be enhanced by
performing a spell-check or a grammar-check, to

assess the context of the machine-encoded text.

[0010] Character recognition has been developed that

is specialised in ©performing detection under
particular conditions. Character recognition 1is
particularly difficult 1if the condition of the
image is variable, in which case the most
appropriate character recognition technigue should

to be carefully selected. For example:

- character recognition software 1s typically
customised to reading clean pages of a document
that have been scanned by a multifunction
peripheral device, in which case errors may be

encountered if the image includes a watermark;
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- character recognition software may be
customised to read documents that are low
quality, in which case the output characters
will have an increased accuracy compared to
character recognition software customised to
read documents that are high quality; and

- automatic number-plate recognition is
customised for reading vehicle registration
plates, which is further enhanced to deal with
different weather conditions and different

styles of vehicle registration plates.

[0011] Character recognition software is specialised

so that accuracy is enhanced. However, character
recognition software consumes computer resources,
such as processing power. Furthermore, the
computer resources to be used affects the time for
the character recognition software to be executed.
Computer resources to be consumed depend upon the
selected character —recognition technique, and
computer resources are also dependent upon the
quality of the image. Consequently, a compromise
needs to be reached between the available computer

resources, and the desired level of accuracy.

[0012] Summary

[0013] Aspects of the present invention are set out

by the independent claims.

[0014] According to a first aspect there is provided

an image processing method for recognising

characters included in an image, the image
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processing method comprising: performing
recognition of a first group of one or more
characters corresponding to a first region of the
image; <calculating a confidence measure of the
first group of characters; determining whether
further recognition is to be performed based on
the confidence measure; selecting a second region
of the image that includes the first region, if it
is determined that further recognition is to be
performed; and performing further recognition of a
second group of characters corresponding to the

second region of the image.

[0015] According to a second aspect there is

provided an image processing system for
recognising characters included in an image, the
image processing system comprising: a first
character recognition unit configured to perform
recognition of a first group of one or more
characters corresponding to a first region of the
image; a measuring unit configured to calculate a
confidence measure of the first group of
characters; a determination wunit configured to
determine whether further recognition is to be
performed based on the confidence measure; a
selection unit configured to select a second
region of the image that includes the first
region, if it is determined that further
recognition is to be performed; and a second
character recognition unit configured to perform
further recognition of a second group of

characters corresponding to the second region of
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the image. The features of the image processing

system can be provided by one or more device.

[0016] Optionally, the image processing system
5 includes an image processing apparatus comprising
both the first character recognition unit and the

second character recognition unit.

[0017] Optionally, the image ©processing system

10 includes: a first image ©processing apparatus
comprising the first character recognition unit;

and a second image processing apparatus comprising

the second character recognition unit.

15 [0018] According to a third aspect there is provided
a program that, when implemented by an image
processing system, causes the 1image processing

system to perform a method according to the first

aspect.
20
[0019] According to a fourth aspect there 1is
provided a computer-readable medium storing a
program according to the third aspect.

25 [0020] Advantageously, the best of a plurality of
character recognition units is used to recognise
characters in the image. Accordingly, character
recognition is performed using character
recognition wunits that are customised to the

30 image. If the image includes a plurality of

conditions, then character recognition units are
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allocated regions of the image to which they are
customised. The allocation of resources is
optimised by providing for computationally
intensive character recognition to be performed on
a region of the image that are identified as being

low in quality.

[0021] Optionally, the image processing method

performed by the image processing system further
comprises: performing recognition of a plurality
of first groups of one or more characters
corresponding to a plurality of first regions of
the image; calculating a confidence measure for
each of the first groups of characters;
determining whether further recognition is to be
performed for each of the first groups of
characters, based on the corresponding confidence
measure; selecting a plurality of second regions
of the image that each include the corresponding
first region, 1if it 1is determined that further
recognition is to be performed; and performing
further recognition of a plurality of second
groups of characters corresponding to the
plurality of second —regions of the image.
Advantageously, the further recognition is
performed for a plurality of second regions, and

so a plurality of errors will be corrected.

[0022] Optionally, determining whether further

recognition is to be performed comprises selecting
a maximum number of first groups of characters,

based on the confidence measure for each of the
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first groups of characters. Advantageously,
further recognition is performed a maximum number
of times, so that available computing resources

are allocated appropriately.

[0023] Optionally, recognition of the first group of

characters comprises at least one of: matrix
matching, wherein the first region is compared to
a glyph; and feature extraction, wherein the first
region is compared to a plurality of features of a
glyph. Matrix matching and feature extraction are
techniques that are performed by the first
character recognition wunit. Matrix matching and
feature extraction can be performed individually
or in combination. Advantageously, there is a
synergy between recognition of the first
characters and the further recognition of the
second characters, so that a low amount of
processing is used by the first character
recognition unit, so that computational resources
can be directed towards performing error

correction.

[0024] Optionally, the confidence measure is based

on an average weight for all of the characters of
the first group of characters. Advantageously, a
word 1s identified for which the confidence
measure 1is low on average over all of the

characters of the word.
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[0025] Optionally, the confidence measure is based

on a maximum weight for all of the characters of
the first group of characters. Advantageously, a
word 1s identified for which the confidence
measure is low for a particular character of the

word.

[0026] Optionally, it 1s determined that further

recognition is to be performed if the confidence
measure is below a threshold value.
Advantageously, an assessment is made of whether
further recognition is to be performed, so that
computer resources are allocated appropriately.
Accordingly, if a plurality of errors are
identified, these errors can be attended to by
performing further recognition in order of

priority.

[0027] Optionally, it 1s determined that further

recognition is to be performed if the first group
of characters correspond to text in the first
region that 1is identified as having a number of
pixels below the threshold wvalue. Advantageously,
a low number of pixels indicates that it is likely
that the character —recognition will contain

errors.

[0028] Accordingly, the further recognition can be

customised for analysing documents which contain

characters having a low number of pixels.

10
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[0029] Optionally, it 1s determined that further

recognition is to be performed if the first group
of characters correspond to text in the first
region that is identified as having a height that
is below the threshold wvalue. Advantageously, a
low height results in characters having a low
number of pixels, which indicates that it is
likely that the character recognition will contain
errors. Accordingly, the further recognition can
be customised for analysing documents which
contain text of wvarying height, such as covers of

magazines and newspapers.

[0030] Optionally, further recognition of the second

group of characters is customised to an image that
is low quality. Advantageously, the accuracy of
the character recognition is improved by using a
second character recognition unit that is
customised for the type of image that has been

selected.

[0031] Optionally, further recognition of the second

group of characters is customised to the second
region of the image. Advantageously, the accuracy
of the character recognition is improved by using
a second character recognition unit that 1is
customised for the type of second region that has

been selected.

[0032] Optionally, further recognition of the second

group of characters is specialised for a region of

11
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an image that is low guality. An assessment can be
made of the second region to determine the quality
level, with a second character recognition unit
being selected that will result in a second group
of characters being output for which the
confidence measure will be high. Advantageously,
the accuracy of the character recognition is
enhanced by using a second character recognition
unit that 1s customised to analyse low quality

images.

[0033] Optionally, further recognition of the second

group of characters makes use of a neural network.
The neural network that is used has been trained
to recognise a plurality of strings of words.
Advantageously, the strings of words provide the
neural network with context information, so that
the second character recognition unit is
customised to recognise words that are difficult

to recognise in isolation.

[0034] Optionally, the second region includes the

first region and a further region, wherein the
further region has also been previously subject to
character recognition. Thus, character recognition
of the further region allows the further region to
be used to provide context for performing further
recognition of the second region. Optionally, the
second region further comprises one or more words
that are identified as being adjacent to the first
region. Advantageously, adjacent words provide

context to the first region, and so the confidence

12
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measure 1is expected to be enhanced, increasing the

likelihood that the error will be corrected.

[0035] Optionally, the second region further

comprises one or more words that are identified as
being on the same 1line of text as the first
region. Advantageously, words on the same line of
text as the first region provide context to the
first region, and so the confidence measure 1is
expected to be enhanced, increasing the likelihood

that the error will be corrected.

[0036] Optionally, the second region further

comprises words that are identified as providing
context to the first region. Advantageously, a
context measure 1is wused to actively identify a
second region that will provide context to the
first region. Consequently, the confidence measure
is expected to be enhanced, increasing the

likelihood that the error will be corrected.

[0037] Brief description of the drawings

[0038] Embodiments will now be described, by way of

example only, with reference to the accompanying

drawings, in which:

[0039] FIG. 1 is a schematic diagram that

illustrates an image processing system for

recognising characters included in an image;

13
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[0040] FIG. 2 is a flowchart illustrating an image
processing method for recognising characters

included in an image;

5 [0041] FIG. 3A is a diagram illustrating a first
region for which character recognition results in
a first group of characters, and a second region
for which character recognition results in a

second group of characters;

10

[0042] FIG. 3B is a diagram illustrating a plurality
of first regions for which character recognition
results 1in a plurality of first groups of
characters, and a plurality of second regions for

15 which character recognition results in a plurality
of second groups of characters;

[0043] FIG. 4A provides an example of a first group
of characters that is determined as containing an

20 error based on a confidence measure;

[0044] FIG. 4B provides an example of a group of
characters that includes the first group of
characters; and

25

[0045] FIG. 4C provides an example of a second group
of characters for which errors have been
corrected;

30 [0046] FIG. 5A provides an example of a first region

for which it is determined that further

14
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recognition is to be performed Dbased on a

confidence measure;

[0047] FIG. 5B provides an example of a second
region that is selected by 1image processing
system, wherein the second region includes the

first region; and
[0048] FIG. 5C provides an example of a line of text
in an image, which identifies the first region and

the second region.

[0049] Detailed description

[0050] Various exemplary embodiments, features, and
aspects of the invention will be described in
detail below with reference to the drawings. Each
of the embodiments of the ©present invention
described below can be implemented solely or as a
combination of a plurality of the embodiments or
features thereof where necessary or where the
combination of elements or features from
individual embodiments in a single embodiment is

beneficial.

[0051] FIG. 1 is a schematic diagram that
illustrates an image processing system 100 for
identifying text included in an image. The image
processing system 100 includes an input 101 and an
output 102, a plurality of character recognition
units 120, a processor 130 and a memory 140. The
image processing system 100 is exemplified by a

single image processing apparatus 100 that

15
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includes the plurality of character recognition
units 120. As an alternative, the image processing
system 100 could comprise a plurality of image
processing apparatus, each having a character

recognition unit.

[0052] The plurality of character recognition units

120 includes at least a first character
recognition wunit 121 and a second character
recognition wunit 122, and may include further
character recognition units. Each character
recognition wunit 120 performs the function of
identifying characters in a region of an image,
and associating the identified characters with
machine-encoded text. The characters of the image
are identified and recognised based on analysis of
the pixels in the region the image. Characters can
be recognised in a selection of languages, 1in a

variety of fonts.

[0053] The different character recognition units 120

are customised so that character recognition is
optimised for specific conditions. Examples of
specific conditions include the quality of the
image, the language of the text, the font of the
text, whether the text is typewritten or
handwritten, and the computing resources that are

avallable.

[0054] The first character recognition unit 121 1is

configured to recognise all of the text in the

image, and in particular, recognise a first group

16
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of characters corresponding to a first region of
the image. The first character recognition unit
121 performs character recognition making use of
conventional techniques to recognise the text in
the image. Over segmentation is used to identify
characters of the image. A character identified in
the 1image is compared with a plurality of
reference glyphs that are stored in a memory of
the 1image processing system 100. A number of
techniques are available for comparing a character
identified in the image with the reference glyphs,
such as matrix matching and feature extraction.
Matrix matching involves the pattern of the pixels
of the identified character being compared with
the pattern of the pixels of the reference glyphs.
Feature extraction decomposes the input character
into features such as lines, closed loops, line
direction and line intersections, and these
extracted features are then compared with

corresponding features of the reference glyphs.

[0055] The first region of the image is identified

in retrospect of the character recognition being
performed on the whole image, as a result of
analysing the first group of characters.
Alternatively, the first region can be identified
before or during the character recognition being
performed. The first recognition unit 121 is fast,
and is reliable when analysing plain text that has

not been obscured.

17
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[0056] The second character recognition unit 122 is

configured to further recognise a second group of
characters corresponding to a second region of the
image. The second character recognition unit 122
performs further recognition of the second group
of characters by making use of a neural network
that has been trained to recognise a plurality of
strings of words. The second character recognition
unit 122 makes use of conventional technigques that
are available to recognise text in an image using
a neural network. There 1s a synergy between
recognition of the whole document by the first
optical character recognition unit 121, followed
by further recognition of the second region by the
second optical character recognition unit 122,
which confers a technical effect that
computational resources are directed towards

performing error correction.

[0057] The strings of words provide the neural

network with context information, so that the
second character recognition unit 122 is
customised to recognise words that are difficult
to recognise in isolation. Furthermore, the neural
network can be trained so that low guality images
can be accurately recognised. The training of the
neural network is achieved by inputting
representations of the characters that are to be
recognised. The training phase performs a gradient
descent technique so that the neural network is

optimised by reducing output errors. The output of

18
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machine-encoded text is based on a probability
measure from a comparison with the samples of text
that are input during the training phase. Feed
forward processing of the neural network 1is
performed so that there is convergence towards the
probability measure. The neural network is used to
customise the second character recognition unit so
that it can perform character recognition of
characters that have not been encountered during

the training of the neural network.

[0058] The second character recognition wunit 122

provides enhanced recognition of text that has
been obscured, although it is less accurate than
the first recognition wunit 121 at recognising
plain text that has not been obscured. The second
character recognition unit 122 improves the
accuracy when recognising text in a low quality
image. However, the performance of the second
character recognition unit 122 is computationally
intensive, resulting in the 1image processing
performing slowly and consuming more processing

resources.

[0059] Accordingly, it is necesgssary to find a

balance between the level of accuracy that 1is
desired and the allocation of resources. This is
achieved by performing image recognition on the
whole document using the first character
recognition unit 121, and if it is determined that

further character recognition is to be performed,

19
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performing further character recognition using the

second character recognition unit 122,

[0060] The processor 130 functions as a measuring

unit 131, a determination unit 132, and a
selection unit 133. The measuring unit 131 1is
configured to calculate a confidence measure of
the first group of characters. The determination
unit 132 is configured to determine whether
further recognition is to be performed based on
the confidence measure. The selection unit 133 is
configured to select the second region of the
image, wherein the second region includes the
first region. Accordingly, the processor 130 is
configured to identify how to enhance accuracy and
allocate resources effectively, by making use of
character recognition provided by the plurality of

character recognition units 120.

[0061] The analysis of the first character

recognition unit 121 on the whole image results in
a string of machine-encoded characters
corresponding to all of the text that has been
identified in the image. The measuring unit 131
provides a confidence value, SO that the
determination unit 132 can determine whether the
string of machine-encoded <characters includes
errors. The identification of errors can be used
in retrospect by the selection wunit 133 to
identify a first region of the image for which
further recognition is to be performed. Once it

has been determined that further recognition is to

20
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be performed, the selection unit 133 identifies a
second region of the image that includes the first
region, thus providing additional information that
will be wuseful for further assessing the first

region.

[0062] As an alternative, the first region could be

selected in advance of the first <character
recognition unit 121 performing character
recognition on the whole document. This allows the
first region to be determined in advance as part
of the image for which the first group of
characters should be checked. This allows parts of
the image to be prioritised, for example, if the
user has identified that this part of the image is
particularly important, or if it has been
determined that the first region of the image is

low quality.

[0063] The input 101 and output 102 are configured

to receive and transmit electronic data. The input
101 is configured to receive the image that is to
be analysed, for example, from a local area
network, the internet, or an external memory.
Furthermore, the input 101 is configured to
receive instructions from a user via, for example,
a mouse or a keyboard. The output 102 is
configured to output the text that has been
identified. The output 102 includes a display for
identifying the text to the user. The output 102
includes a network connection for communicating

over the internet.

21
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[0064] The features of the image processing

apparatus 100 can be arranged differently. For
example, each of the character recognition units
120 can include a processor 130 that is configured
to serve as a measuring unit 131, a
determination unit 132, and a selection unit 133.
The plurality of character recognition units 120
may be part of the same apparatus, or
alternatively distributed as a system across a

plurality of devices.

[0065] The image processing apparatus 100 can be a

part of a personal computer. Alternatively, the
image processing apparatus 100 can be part of a
multifunction peripheral device, further including

a scanner, a copier, a facsimile, and a printer.

[0066] FIG. 2 is a flowchart illustrating an image

processing method S200 for identifying text
included in an image 300. The image processing
method S200 is implemented by the image processing
system 100. A program, that when implemented by
the image processing system 100, causes the image
processing system to perform the image processing
method S200. A computer-readable medium stores the

program.

[0067] In step S$S210, the first character recognition

unit 121 performs the function of recognising a
first group of characters 111 corresponding to a

first region of the image 300.

22



WO 2019/166301 PCT/EP2019/054228

10

15

20

25

30

[0068] The first character recognition unit 121

performs over segmentation on the image, which
identifies characters in the image. The image 1is
segmented into pieces, and then each piece 1is
recognised. The pieces are assembled and context
information is wused to make a decision for
ambiguous cases. The over segmentation identifies
words of the document, each word comprising a
group of characters. The over segmentation
identifies lines of text included in the document,
each line of text comprising a group of words. The
words and the lines can be used to provide context
for the recognition of the characters 1in the

image.

[0069] The first character recognition wunit 121

performs character recognition for the whole
document, and so all of the text in the image will
be analysed. Advantageously, this is performed
quickly, and provides a first technique for

identifying the text in the document.

[0070] Over segmentation is used to identify words

and characters of the text extracted from the
image. A first group of characters corresponds to
a word that is identified in the text. The first
group of characters is a subset of the text that
is extracted from the image. The first region is a
portion of the image that includes the first group
of characters. The accuracy of the text can be

enhanced by identifying first regions for which
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the character recognition by the first character
recognition unit 121 is low guality. Note that a
first group of characters could include one or
more characters, such as only a single character
being identified for a situation in which a word

comprises a single letter.

[0071] In some cases, the text includes a plurality

of groups of characters for which the character
recognition by the first character recognition
unit 121 is low quality. In this case, a plurality
of first regions of the image are identified, each
of the first regions corresponding to a different
first group of characters. Advantageously, the
accuracy of the text can be enhanced Dby
identifying a plurality of errors that should be

corrected.

[0072] Each first region 1s associated with the

corresponding first group of characters that have
been recognised. Accordingly, it is possible to
map between the input image and the output text.
Associating the first region with the first group
of characters is wuseful if the accuracy of the
first group of characters needs to be investigated
in further detail by performing character
recognition again to the first group of
characters. Furthermore, this 1is useful to have a
mapping between the input image and the output
text when adding a layer to the image to provide
selectable machine-readable text that overlays the

original image of the document.
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[0073] In step 5220, the measuring unit 131 performs

the function of calculating a confidence measure

of the first group of characters 111.

[0074] The confidence measure identifies the

confidence level for each of the characters that
is detected by a character recognition unit 120.
Advantageously, the confidence level allows errors
to be identified, and eliminated, 1in the text
output from the first character recognition unit

121.

[0075] Errors typically occur if the image includes

a style that has not been encountered before, such
as a different font or text that has Dbeen
obscured. There can be errors recognising
punctuation, which results in difficulty
recognising characters. Also, defects in the image
can obscure the text. The quality of the image
affects errors being encountered when recognising
text, because this introduces ambiguities. It is
difficult to recognise characters if there are not
enough pixels, because low resolution reduces
accuracy of mapping onto a character set stored in
memory. It 1s particularly difficult to identify
text that is low in height, because this results

in characters that have a low number of pixels.

[0076] A low confidence measure indicates that the

recognition by the character recognition unit 120
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includes errors. A variety of techniques are

available for identifying errors, for example:

assigning a weight, W, to each character that

5 identifies a probability that the recognised
character accurately represents the character
identified in the image;
assigning a weight, average (W), to each word
that that represents an average weight for all

10 of the characters of the word;
assigning a weight, maximum (W), to each word
that represents the maximum weight for a
particular character of the word;
assigning a weight to each line that represents

15 an average weight or a maximum weight for all
of the characters of the line;
performing a spell check to determine whether
the detected words are included in a
dictionary;

20 determining whether detected words include any
inconsistent features, such as containing
punctuation;
comparing the different words that have been
recognised to assess whether the words have

25 appropriate context, such as checking the
grammar;
determining the number of pixels that make up
the character in the image, because this
indicates the resolution of the first region

30 that has been used to obtain the first group of

characters;
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- determining the height of the characters in the
image, because a low height of characters
results in a low number of pixels making up the
character; and

- any combination of the above techniques, such
as taking in combination the measures

average (W) and maximum (W) .

[0077] In addition to there being an association

between the first region and the first group of
characters, these are both further associated with
the confidence measure. For the situation in which
a plurality of first regions has been identified
corresponding to a plurality of first groups of
characters, a plurality of confidence measures are
calculated. It is possible that identification of
the first region occurs retrospectively, once the
first group of characters is identified as having

a low confidence value.

[0078] In step 5230, the determination wunit 132

performs the function of determining whether
further recognition is to be performed based on
the confidence measure. If the confidence measure
is low, this indicates that the first group of
characters could include an error. Accordingly, if
the confidence measure is below a threshold, this
identifies that further ©processing should be
performed. For the situation in which a plurality
of first characters are identified having a low
confidence measure, computer resources are

allocated to performing further recognition for
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the confidence measures that are 1lowest, by
selecting a maximum number of first groups of
characters for which further recognition is to be

performed.

[0079] The confidence measure corresponds to the

first group of characters. Thus, the confidence
measure corresponds to the first region. A mapping
between the machine-encoded text and the image
could occur after the confidence measure has been
calculated, so that the first group of characters
is associated with the first region.
Alternatively, the mapping between the first
region and the first group of characters could be
established before the calculation of the

confidence measure.

[0080] If no further recognition is to be performed,

method 5200 ends, which corresponds to the
situation in which no errors have been identified
in the machine-encoded text that has been output
by the first recognition wunit 121. However, if
further recognition 1is to be preformed, method
S200 progresses to step S240. For the situation in
which a plurality of first regions have Dbeen
identified, method S200 progresses to step 5240
for the first regions for which it is determined
that further recognition is to Dbe performed.
Accordingly, if it 1is not necessary to perform

further recognition, this allows the saving of
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resources, speeding up the performance of

character recognition.

[0081] The determination of whether further

recognition 1is to be performed is based on the
confidence measure. If the threshold measure is
below a threshold wvalue, this indicates that the
quality of the first character recognition is low,
and so further recognition is to be performed. In
particular, consideration is made of the weight
values making up the confidence measure.
Furthermore, consideration can made of the number
of pixels making up the characters, such as

determining the height of the characters.

[0082] For the situation in which a plurality of

first regions has been identified, each of the
first regions 1is sorted based on the confidence
measure. Advantageously, the first regions that
are most in need of further recognition are given
priority for the allocation of resources. The
available amount of ©processing for ©providing
further recognition is limited, and therefore a
maximum number of first regions can be analysed
further. This maximum number can be selected by
the user, determined based on the size of the
image document, or determined by evaluating the
plurality of confidence measures that have been
calculated. Alternatively, the sorting of the
plurality of first regions allows the further
recognition to be performed until the available

resources have been depleted, such as there being
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a limited amount of processing available for
further recognition, or such as a timer indicating
that no further time is available for processing

of further recognition.

[0083] In step S240, the selection unit 133 performs

the function of selecting a second region of the
image 300 that includes the first region, if it is
determined that further recognition is to be

performed for the first region.

[0084] The first region corresponds to a group of

characters forming one or more words. The second
region includes the first region, because a
further recognition step is to be performed to
this first region. However, the second region is
larger than the first region because the second
region further includes parts of the image that
will provide context to the first region. The
second region includes additional information to

the first region, such as:

- words that are adjacent to the first region;

- the whole line of text that includes the first
region; and

- parts of the image that have been identified as

providing context to the first region.

[0085] 1In step 5250, the second character

recognition unit performs the function of further

recognising a second group of characters 222
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corresponding to the second region of the image

300.

[0086] The second region is a subset of the image.

Accordingly, whereas the first character
recognition unit 121 performs character
recognition on the full document, the second
character recognition unit 122 performs character
recognition on a much smaller part of the image.
Consequently, the second character recognition
unit 122 is focussed on the second region, which
has been identified as including an error as part
of the first region. Furthermore, the second
character recognition unit 122 makes use of the
additional information that 1is identified as

providing context to the first region.

[0087] The output of the second character

recognition wunit 122 1is expected to be more
accurate than the output of the first character
recognition unit 121. Consequently, the
corresponding part of the text that is output by
the first character recognition unit 121 is
replaced by the output of the second character
recognition unit 122. Advantageously, the accuracy
of the character recognition is enhanced by making
use of a plurality of character recognition units
120 that are customised to the image that is being
analysed, while Dbalancing the allocation of

computer resources.
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[0088] As an alternative, the plurality of character

recognition units 120 can include further
character recognition units that are specialised
for correcting errors in character recognition.
The second character unit 122 can be customised to
perform character recognition for a specific type
of image, such as a low quality scan. Thus, the
second character unit 122 is selected based on the
second region being identified as having low
quality. Accordingly, the image processing method
S200 1is performed for the image using the
appropriate character recognition unit 120.
Advantageously, the most appropriate second
character recognition unit 122 1is selected for

performing the further recognition.

[0089] FIG. 3A 1is a diagram illustrating how the

image processing method S200 identifies text

included in the image 300.

[0090] 1In step 5210, character recognition is

performed by the first character recognition unit
121 on the first region 1, thus obtaining the
first group of characters 111. Steps S220-S240 are
performed to determine whether further recognition

of the first region 1 is to be performed.

[0091] 1In step S250, character recognition is

performed by the second character recognition unit
122 on the second region 2, thus obtaining the

second group of characters 222.
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[0092] FIG. 3A illustrates the second region 2

corresponding to a line of text. A line of text is
selected because it is considered likely to
provide context for the analysis of the first
region 1. Advantageously, the second character
recognition unit 122 is customised to analyse low
quality images, and therefore the second group of
characters is expected to have a higher confidence
measure than the low confidence measure that was
determined when performing character recognition
of the first region 1 with the first character

recognition unit 121.

[0093] FIG. 3B 1s a diagram illustrating how the

image processing method S200 identifies text

included in the image 300.

[00%4] 1In step $210, character recognition is

performed by the first character recognition unit
121 on the plurality of first regions 1A-C, thus
obtaining the ©plurality of first groups of
characters 111A-C. Optionally, the first character
recognition unit 121 is configured to analyse the
whole document, although alternatively, the first
character recognition unit 121 is configured to
analyse a part of the document. Steps S220-5240
are performed to determine whether further
recognition 1is to be performed of each of the

first regions 1A-1C.

[0095] 1In step S250, character recognition is

performed by the second character recognition unit
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122 on the plurality of second regions 2A-C, thus
obtaining the ©plurality of second groups of

characters 222A-C.

[0096] FIG. 3B illustrates the second regions 2A-C

corresponding to words that are adjacent to the
first regions 1A-C. One or more words that are
adjacent to the first region 1A-C can be used. The
number of words that are to be included in the
second region 2A-C is specified in advance.
Alternatively, the number of words can be
determined Dby establishing whether there are
sufficient words to provide context. If the first
region 1A is a first word, there will be no words
before the first region 1A, and so the second
region 2A will be made up of adjacent words that
appear after the first region 1A. Similarly, if
the first region is a last word, there will be no
words after the first region 1A, and so the second
region 2A will be made up of adjacent words that

appear before the first region 1A.

[0097] FIGs. 3A and 3B illustrate examples of the

image processing method S$S200 that is performed by
the 1image processing system 100, which can be
provided separately or in combination. According,
the selection unit 133 selects the second region
based on settings that have been selected in
advance of whether a 1line should be selected
according to FIG. 3A or adjacent words should be
selected according to FIG. 3B. Alternatively, an

assessment can be made of whether the second
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region provides context that is to be used by the

second character recognition unit 122,

[0098] FIGs. 4A-C and b5A-C illustrate examples of
how the first region 111 and the second region 222
can be identified. As an alternative, the examples
of FIGs. 4A-C and bLA-C <can be provided in
combination to identify the first region 111 and
the second region 222. Furthermore, FIGs. 4A-C and
5A-C serve to illustrate how context provided by
the second region 222 can be used to perform

recognition of the first region 111.

[0099] FIGs. 4A-C provide an example of character
recognition that makes use of context, for which
the confidence value associated with a first group
of characters 41 is used to determine that further
recognition is to be performed for the first
region 111 by the second character recognition

unit 122.

[00100] FIG. 4A provides an example of a first group
of characters 41 that is determined as containing

an error based on the confidence measure.

[00101] Context is very important when reading a line

of text. For example, what do you read?

“M4K35”

[00102] The measuring unit calculates a confidence

value, which is low because the first group of
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characters 41 includes both letters and numbers.
Accordingly, the determination unit 132
establishes that further recognition is to be

performed.

[00103] The first group of characters 41 corresponds

to the first region 111.

[00104] FIG. 4B provides an example of a group of

characters 42 that includes the first group of

characters 41.

[00105] Try reading this line:

“EXAMPLE OF A LINE WHERE CONTEXT M4K35 A DIFFERENCE.”

[00106] The selection unit 133 identifies characters

42 output from the first character recognition
unit 121 that are candidates for providing context

to the first group of characters 41.

[00107] The provision of context can be active or

passive. As a first example of passive context
being provided, the characters 42 can be
identified as being on the same line of text as
the first group of characters 41. As a second
example of passive context being provided, the
characters 42 can be identified as being words
that are adjacent to the first group of characters
41. An example of active context being provided, a

context measure can positively identify that the
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group of characters 42 will provide context to the

first group of characters 41.

[00108] The selection unit 133 makes use of the group
of characters 42 to identify the second region 222
that will Dbe useful for providing further

recognition.

[00109] FIG. 4C provides an example of a second group
of characters 43 for which errors have Dbeen

corrected.

[00110] The second group of characters 43 is output
by the second character recognition unit 122
performing character recognition of the second

region 222 of the image.

[00111] As a result, the text is corrected to read:

“EXAMPLE OF A LINE WHERE CONTEXT MAKES A DIFFERENCE.”

[00112] For the second group of characters 43 output
by the second character recognition unit 121, the
measuring unit 131 calculates a confidence level
that is higher than the group of characters 42
that were output by the first character

recognition unit 122.

[00113] The errors that were introduced by the first
character recognition unit 121 have been corrected
by the second character recognition unit 122.

Accordingly, the characters 42 that were output by
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the first character recognition wunit 121 are
replaced by the second group of characters 43 that
were output by the second character recognition

unit.

[00114] FIGs. 5A-C provide another example of

character recognition that makes use of context,
for which the confidence value associated with a
first region 51 is used to determine that further
recognition is to be performed by the second

character recognition unit 122.

[00115] FIG. 5A provides an example of a first region

51 that is detected by the image processing system
100.

[00116] The first character recognition wunit 121

performs character recognition on the full image.
Consider the situation in which a first group of
characters 111 is identified including two or
three characters that forms a single word.
Furthermore, the first group of characters 111 is
recognised as the machine-encoded characters “LO”.
The first group of characters 111 1is associated
with the first region 51. The measuring unit 131
calculates a confidence wvalue that is low, which

could be because:

- the number of pixels of region 51 is low;
- the pixels do not map precisely to any of the
machine-encoded characters stored by the first

character recognition unit 121; and
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- performing a spellcheck of the word “LO”

indicates that there is likely to be an error.

[00117] It is difficult to visually identify letters

5 corresponding to the image shown in FIG. 5A,
because the quality of the image is low, and there

is no context to determine any meaning of the

detected pixels.

10 [00118] FIG. 5B provides an example of a second
region 52 that 1s selected by image processing

system 100.

[00119] The first region 51 is included in the second
15 region 52. The second region 52 provides context
to the first region 51 by including some of the

words that are adjacent to the first region 51.

[00120] The second character recognition unit 122 is
20 performed on the second region, which results in

the second group of characters:

“describes in greater detail”.

25 [00121] FIG. 5C provides an example of a line of text
53. The first region 51 of the line 53 corresponds
to the first region 51 shown in FIG. b5A. The
second region 52 of the line 53 corresponds to the
second region 52 shown in FIG. 5B.

30

[00122] The context provided to the first region 51

by the adjacent words that are included in the
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second region 52 results in an increased
confidence measure. Accordingly, the second group
of characters 222 replaces the corresponding
characters that were recognised by the first

character recognition unit 111.

[00123] Accordingly, the line of text 53 is

recognised to read:

“The next section describes in greater detail”.

[00124] The above examples can also be realised by a

computer of a system or apparatus (or devices such
as a CPU or MPU) that reads out and executes a
program recorded on a memory device to perform the
functions of the above-described examples, and by
a method, the steps of which are performed by a
computer of a system or apparatus by, for example,
reading out and executing a program recorded on a
memory device to perform the functions of the
above-described examples. For this purpose, the
program is provided to the computer for example
via a network or from a recording medium of
various types serving as the memory device (e.g.,
a computer-readable medium such as a non-

transitory computer-readable medium).

[00125] While the present invention has been

described with reference to embodiments, it 1is to
be understood that the invention is not limited to
the disclosed embodiments. The present invention

can be implemented in various forms without
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departing from the principal features of the
present invention. The scope of the following
claims is to be accorded the broadest
interpretation so as to encompass all such
5 modifications and equivalent structures and

functions.
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Claims

1. An image processing method for recognising
characters included in an image, the image processing
method comprising:

performing recognition of a first group of one or
more characters corresponding to a first region of the
image;

calculating a confidence measure of the first
group of characters;

determining whether further recognition is to be
performed based on the confidence measure;

selecting a second region of the image that
includes the first region, if it 1is determined that
further recognition is to be performed; and

performing further recognition of a second group
of characters corresponding to the second region of the

image.

2. The method according to claim 1, further
comprising:

performing recognition of a plurality of first
groups of one or more characters corresponding to a
plurality of first regions of the image;

calculating a confidence measure for each of the
first groups of characters;

determining whether further recognition is to be
performed for each of the first groups of characters,
based on the corresponding confidence measure;

selecting a plurality of second regions of the

image that each include the corresponding first region,
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if it is determined that further recognition is to be
performed; and

performing further recognition of a plurality of
second groups of characters corresponding to the

plurality of second regions of the image.

3. The method according to claim 2, wherein
determining whether further recognition is to be
performed comprises selecting a maximum number of first
groups of characters, based on the confidence measure

for each of the first groups of characters.

4, The method according to any preceding claim,
wherein recognition of the first group of characters
comprises at least one of:

matrix matching, wherein the first region 1is
compared to a glyph; and

feature extraction, wherein the first region is

compared to a plurality of features of a glyph.

5. The method according to any preceding claim,
wherein the confidence measure is based on at least one
of:

an average weight for all of the characters of the
first group of characters; and

a maximum weight for all of the characters of the

first group of characters.

6. The method according to any preceding claim,
wherein it is determined that further recognition is to
be performed if the confidence measure 1s below a

threshold wvalue.
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7. The method according to claim 6, wherein it is
determined that further recognition is to be performed
if the first group of characters correspond to text in
the first region that is identified as having at least
one of:

a number of pixels that is below the threshold
value; and

a height that is below the threshold value.

8. The method according to any preceding claim,
wherein further recognition of the second group of
characters is customised to at least one of:

the second region of the image; and

an image that is low quality.

9. The method according to any preceding claim,
wherein further recognition of the second group of
characters makes use of a neural network that has been

trained to recognise a plurality of strings of words.

10. The method according to any preceding claim,
wherein the second region includes the first region and
a further region, wherein the further region has also

been previously subject to character recognition.
11. The method according to any preceding claim,

wherein the second region further comprises one or more

words adjacent to the first region.
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12. The method according to any preceding claim,
wherein the second region further comprises one or more

words on the same line of text as the first region.

13. The method according to any preceding claim,
wherein the second region further comprises words that
are identified as providing context to the first

region.

14. An image processing system  for recognising
characters included in an image, the image processing
system comprising:

a first character recognition unit configured to
perform recognition of a first group of one or more
characters corresgponding to a first region of the
image;

a measuring unit configured to calculate a
confidence measure of the first group of characters;

a determination unit configured to determine
whether further recognition is to be performed based on
the confidence measure;

a selection unit configured to select a second
region of the image that includes the first region, if
it is determined that further recognition is to be
performed; and

a second character recognition unit configured to
perform further recognition of a second group of
characters corresponding to the second region of the

image.
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15. The image processing system according to claim 14,
wherein the first character recognition unit is
configured to perform at least one of:

matrix matching, wherein the first region 1is
compared to a glyph; and

feature extraction, wherein the first region is

compared to a plurality of features of a glyph.

16. The image processing system according to claim 14

or claim 15, wherein the second character recognition

unit performs further recognition of the second group

of characters that is customised to at least one of:
the second region of the image; and

a region of an image that is low quality.

17. The image processing system according to any one
of c¢laims 14 to 16, wherein the second character
recognition unit performs further recognition of the
second group of characters by making use of a neural
network that has been trained to recognise a plurality

of strings of words.

18. A program that, when implemented by an image
processing system, causes the image processing system
to perform a method according to any one of claims 1 to

13.

19. A computer-readable medium storing a program

according to claim 18.
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