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(57) ABSTRACT

A character recognition method is provided, including the
steps of: recognizing a character string, which includes one
or more characters, in a region of interest (ROI) using a first
convolutional neural network (CNN) model to generate a
recognized character string; and comparing the recognized
character string with a plurality of character strings in a
character database to find a character string corresponding to
the recognized character string, wherein each of the char-
acter strings includes one or more characters; wherein if the
character string corresponding to the recognized character
string is found, the recognized character string is used as a
character recognition result, otherwise, using a second CNN
model to correct the recognized string and generate a new
recognized character string as the character recognition
result.
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Recognizing a partial character
string of the character string in
the ROI using the second CNN  |—S302

model to generate a recognized
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End

FIG. 3
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Calculating the number of character
types for each of the corresponding
character positions within the character
string
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Counting the number of character types of each
character position based on a plurality of
character strings of the character database and |—S502
determining an adjustment weight for each
character position accordingly

v
Calculating the minimum editing distance using

the adjustment weights to calculate an
adjustment error for each of the character

strings in the character database

v
Outputting the character string having the

smallest adjustment error as the adjusted  |—S506
character string
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End

FIG. 5
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CHARACTER RECOGNITION SYSTEMS
AND CHARACTER RECOGNITION
METHODS THEREOF USING
CONVOLUTIONAL NEURAL NETWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is based on, and claims
priority from, Taiwan (International) Application Serial
Number 105138810, filed on Nov. 25, 2016, the disclosure
of which is hereby incorporated by reference herein in its
entirety.

TECHNICAL FIELD

[0002] The technical field relates to a character recogni-
tion system and character recognition method thereof using
convolutional neural network.

BACKGROUND

[0003] Driven by the prevailing atmosphere of the sport
and the demands of the users, a large number of photographs
or videos are recorded in each of the sports event (Mara-
thons, races, games, . . . etc.). More and more sponsors or
sports websites provide services for athletes to search for
photos or videos (films) using the characters (for example,
numbers, etc.) marked on a number cloth (also referred to as
“bib number”) so that participants could search for their own
photos or videos after the racing event and share them to a
social network. Generally, such recognition is performed
through a computer for image analyzing and processing.
However, as the displacement and deformation of the num-
ber cloth(s) in a photograph or video makes the recognition
rate of characters on a number cloth low by recognition
using the computer, it is now mostly performed by hiring a
large number of laborers for manual recognition to mark the
characters on the number cloth(s) on a photograph or a
video, thereby spending a lot of manpower, time and cost.
[0004] Recently, with the improvement of the neural net-
work technology, the recognition effect is greatly improved
compared with the previous technologies, and the neural
network may be widely used, for example, for text recog-
nition. Conventionally, the text recognition of neural net-
works may include the text detection, text segmentation and
character recognition etc. steps. Although the use of neural
networks may enhance the recognition effect, the characters
on a number cloth is susceptible to the distortions of the
number cloth and thus may not be completely segment
during the recognition, leading to the subsequent optical
character recognition (OCR) prone to errors and affecting
the accuracy of the text recognition.

SUMMARY

[0005] In an exemplary embodiment, a character recogni-
tion method applied to a character recognition system
including a storage device and an image processor is pro-
vided. The character recognition method comprises the steps
of recognizing a character string, which includes one or
more characters, in a region of interest (ROI) using a first
convolutional neural network (CNN) model to generate a
recognized character string. The method further comprises
the step of comparing the recognized character string with a
plurality of character strings in a character database to find
a character string corresponding to the recognized character
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string, wherein each of the plurality of character strings
includes one or more characters; wherein if the character
string corresponding to the recognized character string is
found, using the recognized character string as a character
recognition result, otherwise, using a second CNN model to
correct the recognized character string and generate a new
recognized character string as the character recognition
result.

[0006] Another exemplary embodiment of a character
recognition system includes a storage device and an image
processor. The storage device is configured to store a char-
acter database. The image processor is coupled to the storage
device and is configured to recognize a character string,
which includes one or more characters, in a region of interest
(ROI) using a first convolutional neural network (CNN)
model to generate a recognized character string, and com-
pare the recognized character string with a plurality of
character strings in the character database to find a character
string corresponding to the recognized character string,
wherein each of the plurality of character strings includes
one or more characters; wherein if the character string
corresponding to the recognized character string is found,
the image processor uses the recognized character string as
a character recognition result, otherwise, the image proces-
sor uses a second CNN model to correct the recognized
character string and generate a new recognized character
string as the character recognition result.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The application will become more fully understood
by referring to the following detailed description with ref-
erence to the accompanying drawings, wherein:

[0008] FIG. 1 is a schematic diagram of a character
recognition system according to an embodiment;

[0009] FIG. 2 is a flowchart of a character recognition
method according to an embodiment;

[0010] FIG. 3 is a flowchart of a method for correcting the
recognized character string using a second CNN model
according to an embodiment;

[0011] FIG. 4 is a flowchart of a method for calculating the
number of characters and the corresponding character posi-
tion for a partial string applied to a second CNN model
according to an embodiment;

[0012] FIG. 5 is a flowchart of a method of generating an
adjusted character string according to an embodiment;
[0013] FIG. 6 is a schematic diagram illustrating an exem-
plary configuration of a CNN model according to an
embodiment; and

[0014] FIG. 7 is a schematic diagram illustrating an exem-
plary ratio of the number of possible combinations and the
number of actual combinations according to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing. It could be understood that the embodiments may
be realized in software, hardware, firmware, or any combi-
nation thereof.
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[0016] Embodiments of the application provide a charac-
ter recognition system and related character recognition
method thereof, which may utilize a multi-level structure of
a Convolutional Neural Network (hereinafter referred to as
“CNN”) and a plurality of previously trained CNN models
to perform character string detection and mark the position
of the character string on an object image (or referred to as
an “input image”) with characters to be recognized (for
example, a house with a doorplate, a vehicle with a license
plate, a paper with a character to be recognized, a cloth with
a character to be recognized, an image of participants with
a number cloth in a sports event, Marathons, races, games,

. . etc., but it is not limited thereto), and further perform
character recognition on the character string using a char-
acter database and respective character string check error
correction mechanism so as to obtain the most likely rec-
ognized character string to be output as a recognition result,
thus effectively improving the recognition accuracy and the
recognition speed.

[0017] FIG. 1 is a schematic diagram of a character
recognition system 100 according to an embodiment. As
shown in FIG. 1, the character recognition system 100
includes at least an image input device 110, an image
processor 120, a machine learning engine 122, a storage
device 130, and a display device 140. The image input
device 110 may be configured to receive or acquire an input
image 10 and provide the input image 10 to the image
processor 120 for subsequent image analyzing and process-
ing. For example, the character recognition system 100 may
be a laptop computer, a desktop computer, a tablet device, or
other handheld device (e.g., a smartphone), but the applica-
tion is not limited thereto. For example, in an embodiment,
the image input device 110 may be an image acquisition
unit, such as one of an infrared image acquisition device, a
Charge Coupled Device (CCD) element or Complementary
Metal Oxide Semiconductor (CMOS) sensing element, or
any combination thereof, and the application is not limited
thereto. The input image 10 may be a picture or a frame of
a video (film), and the input image 10 includes a character
string to be recognized. The types of characters in the
character string to be recognized may be at least one of
various types of symbols, various types of letters (including
alphabets of various countries), various types of numbers,
various types of texts, or any combination of at least two of
the foregoing. In an embodiment, the character string to be
recognized may be a character string including at least one
character type, for example, containing at least one English
letter and at least one Arabic numeral, such as a character
string “B7”, “A12345”, etc. In some other embodiments, the
character string to be recognized may be a character string
that includes only a single character type, such as a character
string containing at least one English letter, e.g. a character
string “Z”, “AB”, “ABODE” and so on, or a character string
containing at least one Arabic numeral, e.g. a character
string “9”, “56”, “1234” and so on, but the application is not
limited thereto. For ease of explanation, in the embodiments
of the latter paragraphs, will use the input image 10 is a
photograph or a video (film) of a contestant within an
athletic event and the character string to be recognized is the
characters on the number cloth of the contestant on the
photograph or video (film), for the purpose of illustrating
possible embodiments of the application. Those who are
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skilled in this technology may still make various alterations
and modifications without departing from the scope and
spirit of this application.

[0018] The image processor 120 which is coupled to the
image input device 110 and the storage device 130, that may
be used to execute one or more types of computer-readable
mediums stored within the storage devices 130 and execute
instruction set and/or program codes to perform the charac-
ter recognition method of the present application based on
the input image provided by the image input device 110,
which will be discussed further in the following paragraphs.
The image processor 120 may be a Central Processing Unit
(CPU), Micro-Control Unit (MCU), Graphics Processing
Unit (GPU), Digital Signal Processor (DSP), or the like,
which provides the function of image data analyzing, pro-
cessing and computing. The storage device 130 may be a
non-volatile storage medium (e.g., Read-Only Memory
(ROM), Flash memory, magnetic tape, hard disk, or optical
disc), or a volatile storage medium (e.g., Random Access
Memory (RAM)), or any combination thereof for storing
data, such as intermediate data generated during the calcu-
lation process and the recognition result information and so
on. In some embodiments, the storage device 130 may store
the input image(s) 10 in advance, and the image processor
120 may directly access the input image(s) 10 from the
storage device 130 for subsequent processing without pass-
ing through the image input device 110.

[0019] The storage device 130 may further include a
character database 132 that accesses a plurality of character
strings, and the character strings stored in the character
databases 132 may be used for subsequent character recog-
nition. For example, the character database 132 may store a
list of possible character strings for all actual contestants, the
image processor 120 may then compare to the recognition
result with the character string stored in the character
database 132 to determine whether the recognition result is
correct or valid.

[0020] The machine learning engine 122 may train a
plurality of CNN models to perform character string detec-
tion and recognition on the input image 10 according to a
machine learning algorithm or mechanism. Each of the CNN
models uses a multi-layer CNN structure to extract features.
Feature extraction and classification are performed in each
layer of CNN, and the output of the previous layer is used
as the input of the current layer. In the feature extraction
phase, CNN may extract the main features and through the
subsequent subsampling, in addition to reducing the feature
dimension of the training network, and may also achieve the
effect of translation invariance.

[0021] In the illustrated embodiment of FIG. 1, the neural
network used by the machine learning engine 122 is a CNN
and the CNN model being used includes at least a block
detection CNN model, a first CNN model, and a second
CNN model. Each CNN model may have a configuration as
shown in FIG. 6. FIG. 6 is a schematic diagram illustrating
an exemplary embodiment of the configuration of a CNN
model of the application. As shown in FIG. 6, the CNN
model includes multiple layers, which may perform the
feature extraction and classification on the input image
through training and learning mechanisms of the CNN
network. The CNN layers are arranged in order as below: an
input layer, a plurality of convolution layers, a plurality of
pooling layers, a plurality of full-connect layers, and then a
classification layer. The convolution layer may further
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include a feature extraction layer and a feature mapping
layer. The input of the neurons of the feature extraction layer
is connected with the local accepting domain of the previous
layer to extract the local feature(s). The feature mapping
layer is mapping through multiple features, in which each
mapping is a plane, and the weights of neurons on a same
feature map are the same, so that may achieve parallel
learning. Performing the feature mapping and extraction on
the input image 10 through the plurality of convolution
layers of the CNN model, and completing whole classifica-
tion process through the full-connection layer and the clas-
sification layer so as to obtain a recognized character string.

[0022] Explain in detail, the input of the block detection
CNN model is the input image 10, which is arranged for
detecting the input image 10 to directly locate the region-
of-interest (ROI) in the input image 10. The machine learn-
ing engine 122 may provide a large number of input images
10 including the ROIs in advance to be trained by the CNN,
and the CNN may find the abstract feature definitions of the
ROIs to obtain the block detection CNN model. Thereafter,
the machine learning engine 122 may detect the ROIs in the
input image 10 through the block detection CNN model. For
example, when an input image 10 (or so called object image
with character(s) to be recognized) is a whole body image of
a contestant that includes a number cloth, the ROIs may be
a region in which the number cloth is located. The CNN
model is configured to recognize the region in which the
number cloth is located. The first CNN model is configured
to recognize a character string (e.g., a number and/or a
character symbol) within the number cloth. The second
CNN model is configured to correct part of the recognized
character string (for example, the number), when the char-
acter recognized by the first CNN model is invalid or
incorrect, to improve the recognition accuracy. Since the
embodiment of the application may detect the position of the
number cloth in the input image 10, only the characters in
the number cloth are required to be recognized thereby may
effectively eliminate other identification disturbances in
other images (for example, characters in the non-number
cloth) and providing character recognition capability for
non-positive humanoid or non-human torso objects, such as
character recognition on an animal. It should be noted that
details of specific machine learning-based mechanisms may
be practiced by various processing techniques which are
well-known by those skilled in the art, and thus such details
are omitted here for brevity.

[0023] The display device 140 may be any device capable
of displaying or presenting recognition results. The display
device 140 may display related data, such as texts, figures,
interfaces, and/or information such as displaying or present-
ing recognition results. The display device 140, such as a
liquid crystal display (LCD) etc., may be configured to
present an image of the recognition results (including any
image format, such as bmp, jpg, png and other formats etc.)
or display the results of the recognition. It could be under-
stood that, in some embodiments, the display device 140
may be a screen integrated with a touch-sensitive device (not
shown). The touch-sensitive device has a touch-sensitive
surface comprising sensors in at least one dimension to
detect contact and movement of at least one object (input
tool), such as a pen/stylus or finger near or on the touch-
sensitive surface. Therefore, users may be able to input
commands or signals via the display device 140.
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[0024] It could be understood that each of the elements or
modules in the presented embodiments may be a device
having a corresponding function, which may have the appro-
priate hardware circuits or elements to perform the corre-
sponding function, however, the device is not limited to be
entity device, which may also be a virtual device having
program codes and software(s) with respective functions or
a device having capabilities for processing and running the
program codes and software(s). The manner of operations of
the respective elements may further refer to the following
description of the methods. Therefore, the character recog-
nition system 100 may control the operation of each CNN
model in the machine learning engine 122 through the image
processor 120.

[0025] FIG. 2 is a flowchart of a character recognition
method according to an embodiment of the application.
Please refer together with FIG. 1 and FIG. 2. The character
recognition method in accordance with the embodiments of
the application may be applied to a character recognition
system, for example, the character recognition system 100 as
shown in FIG. 1, and the method may be performed by the
image processor 120.

[0026] First, as shown in step S202, the image processor
120 detects an input image 10 to acquire an ROI including
a character string. In an embodiment, the image processor
120 uses the block detection CNN model in the machine
learning engine 122 to detect the input image to obtain the
ROI with a character string and normalize the ROI. In this
step, the machine learning engine 122 performs detection of
ROIs on the input image 10 and the detection of ROIs may
be performed by using the pre-trained block detection CNN
model. For example, the ROl may be a number cloth
containing a character string, and the block detection CNN
model may detect the input image 10 to recognize the block
in which the number cloth is located. After the ROI includ-
ing a character string has been detected, the frame of the ROI
in the input image 10 is further normalized and scaled to a
specified size (for example, scaling the size of the frame of
the ROI to 128x128 pixels). The image processor 120 then
uses the pre-trained character-string-recognition CNN
model and performs character string (e.g., number) recog-
nition using the frame of the ROI scaled to the specified size
as the input of the character-string-recognition CNN model.
[0027] Next, as shown in step S204, the image processor
120 performs a character string recognition on the character
string of the ROI to generate a recognized character string
using the first CNN model. For example, when the ROl is a
number cloth containing a number, the first CNN model may
perform number recognition on the whole number on the
number cloth and generate a recognized number represent-
ing the recognition result upon completion of the recogni-
tion. For example, as the number string of the number cloth
may consist of any combination of 26 alphanumeric char-
acters and 10 Arabic numerals, each symbol has 36 possible
recognition results.

[0028] After generating the recognized character string, as
shown in step S206, the image processor 120 determines
whether the recognized character string exists in the char-
acter database 132. The character database 132 includes a
plurality of character strings and each character string may
include one or more characters. Explain in detail, it is
determined whether the recognized character string exists in
the character database 132 by comparing the recognized
character string with a plurality of character strings in the
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character database 132 to find whether there is a character
string corresponding to the recognized character string in the
character database 132. When a character string correspond-
ing to the recognized character string can be found in the
character database 132, it is determined that the recognized
character string exists in the character database 132.

[0029] When the recognized character string exists in the
character database 132 (“Yes” in the step S206), as shown in
step S207, it means that the recognition succeeds, and the
recognized character string is output as a character string
recognition result. For example, if the recognized character
string is “A12345”, the recognition is indicated as successful
when the character string “A12345” can be found in the
character database 132.

[0030] Contrarily, when the recognized character string
does not exist in the character database 132 (“No” in the step
S206), that is, no character string corresponding to the
recognized character string can be found in the character
database 132, it indicates that the recognition is fail, and then
as shown in step S208, the image processor 120 corrects the
recognized character string using the second CNN model to
generate a new recognized character string.

[0031] In some embodiments, the correction of the recog-
nized character string using the second CNN model may be
performed by recognizing a partial character string within a
specific position of the character string in the ROl using the
second CNN model and replacing the aforementioned partial
character string within the specific position of the recog-
nized character string with a new partial character string,
wherein the positions of the partial character string being
replaced are the same as those of the new partial character
and wherein the character string in the ROI includes a
plurality of characters and the number of characters of the
partial string is smaller than the number of characters of the
character string in the ROI. The details of step S208 are
shown in FIG. 3. FIG. 3 is a flowchart of a method for
correcting the recognized character string using the second
CNN model according to an embodiment of the application,
which may be performed by the image processor 120.

[0032] When the recognized character string is not exist in
the character database 132, as shown in step S302, the image
processor 120 recognizes a partial character string within a
specific position of the ROI using the second CNN model,
generates a recognized partial character string, and after the
recognized partial character string is generated, as shown in
step S304, the corresponding partial character string of the
recognized character string generated by the first CNN
model is replaced with the recognized partial character
string at the same position to obtain the new recognized
character string of step S208. For example, if the whole
string in the ROI is “A12345”, the recognized partial string
may be “345”, “123”, or “2345”. When the recognized
character string generated by the first CNN model is
“A12386”, the corresponding partial character string “386”
in “A12386” then is replaced with the recognized partial
character string “345” to obtain a new recognized character
string “A12345”. Relevant details of calculation for the
number of characters and corresponding character positions
of the partial character string will be described below with
reference to FIG. 4.

[0033] FIG. 4 is a flowchart of a method for calculating the
number of characters and the corresponding character posi-
tion for a partial string applied to the second CNN model
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according to an embodiment of the application, which may
be performed by the image processor 120.

[0034] First, the image processor 120 calculates the num-
ber of character types at each character position in the
character string (step S402). Then, the image processor 120
determines a ranking value of each character position and
selects one of the character positions based on the number of
character types of each character position (step S404). After
the character position being selected has been determined,
the image processor 120 calculates a total number of pos-
sible combinations and a total number of actual combina-
tions for the characters of the selected character position in
the database, respectively (step S406). Thereafter, the image
processor 120 obtains a respective combination ratio (i.e.,
the total number of actual combination/the total number of
possible combinations) based on the total number of pos-
sible combinations and the total number of actual combina-
tions calculated (step S408). The image processor 120 then
determines whether the respective combination ratio is
greater than a preset threshold value (step S410). If the
respective combination ratio is greater than the threshold
value, the image processor 120 increases the number of
characters of the partial character string by an increment of
1, adds and records the next selected character position
based on the ranking values of the remaining character
positions (step S412) and re-performs the determinations
from step S406 to step S410. If the respective combination
ratio is not greater than the threshold value, the image
processor 120 then obtains the number of characters of the
partial character string corresponding to the second CNN
model and the character positions corresponding to the
partial character string (step S414).

[0035] Explain in detail, it is assumed that S={S,S, , . . .
S....S,} is a character string to be recognized, each of S,
..., S, 1s an individual character, n is a word length, IS | is
the number of character types of character S, (where 1=x=n),
T is a predetermined threshold value, P is a substring (a
string to be recognized by the second CNN) formed by
combining all of the characters, each of P, .. ., P, is an
individual character, k is a character string length, IP,| is the
number of character types of character P, (where 1<y=k) and
C(P) is the number of strings calculated for P in the character
database. In such case, the combination ratio of each sub-
string may be expressed as R=C(P)/xt,“|P,|. Then, when the
combined ratio is larger than the threshold value (R>T), the
number of digits and the digit positions of which to be
trained may be determined by finding the partial string P
with the longest length (maximum k).

[0036] For example, suppose the maximum number of a
game is 2799, the positions of the characters of the number
are in digit places of units, tens, hundreds and thousands,
wherein the number of types for each character may be
calculated in advance to find that the units digit may have 10
types (i.e., the digits 0-9), the tens digit may have 10 types
(i.e., the digits 0-9), the hundreds digit may have 8 types
(i.e., the digits 0-7) and the thousands digit may have 3 types
(i.e., the digits 0-2). In this embodiment, the statistical order
of the digits obtained may be the units digit or the tens digit
first, followed by the hundreds digit or the thousands digit
sequentially, depending on the number of digits of the
aforementioned individual digits. In this embodiment, the
units digit is used as the start digit to calculate the total
number of possible combinations of the characters in the
character database and the total number of actual combina-
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tions of the characters in the character database, and then
calculate a combination ratio of the actual combinations and
the possible combinations for this digit. Then, it is deter-
mined whether the combination ratio calculated for the units
digit is greater than the threshold value, and if it is smaller
than the threshold value, the number of characters for
training in the second CNN model is determined to be 1 and
the corresponding character position is the units digit. In
another embodiment, if the combination ratio calculated for
the units digit is greater than the threshold value, an addi-
tional character position is added to continue the next
character position decision at next round. In other words, the
tens digit is added for the next round of determination to
calculate the total numbers of possible combinations and the
total numbers of actual combinations of the characters in the
character database for characters containing both the units
digit and the tens digit, and then calculate a combination
ratio of the actual combinations and the possible combina-
tions for these two digits. If it is assumed that the combi-
nation ratio of the fourth character added is smaller than the
threshold value, for example, the threshold value is 0.9, it
means that when training the second CNN model, the
number of training characters is set to be 3 and the corre-
sponding character positions are the hundreds digit, the tens
digit, and the units digit. It could be understood that the
number of characters used to determine the training of the
second CNN model and its position may be determined by
selecting a different threshold value, thereby improving the
overall recognition accuracy.

[0037] FIG. 7 is a schematic diagram illustrating an exem-
plary embodiment of a ratio of the number of possible
combinations and the number of actual combinations of the
application. As shown in FIG. 7, the units digit represented
as (10/10) indicates the possible combinations of 10 types
and the actual combinations also being 10 types, the tens
digit added to the digit represented as (99/100) indicates the
possible combinations of 100 types while the actual com-
binations being only 99 types, and so on. The number of
possible combinations depends on the number of partici-
pants registered, while the number of actual combinations
depends on the number of participants actually participated.
Because some people may register but did not participate, so
the number of actual combinations may be less than the
number of possible combinations. In this example, assuming
that the threshold value 700 is set to 0.9, as the ratio after the
hundreds digit has been added is 474/1000 and less than 0.9,
the number of characters to be trained may be determined to
be 2 and their corresponding character position may also be
determined as the tens digits and the units digit from the
statistical results shown in FIG. 7.

[0038] Referring again to the embodiment of FIG. 2, after
generating the new recognized character string in step S208,
as shown in step S210, the image processor 120 determines
whether the new recognized character string exists in the
character database 132. Similarly, it is determined whether
the new recognized character string exists by comparing the
new recognized character string with a plurality of character
strings in the character database 132 to find whether there is
a character string corresponding to the new recognized
character string in the character database 132. When a
character string corresponding to the new recognized char-
acter string may be found in the character database 132, it is
determined that the new recognized character string exists in
the character database 132.
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[0039] When the new recognized character string exists in
the character database 132 (“Yes” in the step S210), as
shown in step S211, it means that the recognition succeeds,
and thus the image processor 120 outputs the new recog-
nized character string as a character string recognition result.
Contrarily, when the new recognized character string does
not exist in the character database 132 (“No” in the step
S210), that is, no character string corresponding to the new
recognized character string may be found in the character
database 132, it indicates that the recognition is fail, and then
as shown in step S212, the image processor 120 performs an
editing distance calculation on the recognized character
string to adjust the recognized character using the character
string data in the character database 132 to generate an
adjusted character string. The details of generation of the
adjusted character string are shown in the following FIG. 5.
[0040] FIG. 5 is a flowchart of a method of generating an
adjusted character string according to an embodiment of the
application. Please refer together with FIG. 1 and FIG. 5.
The method of generating the adjusted character string in
accordance with the embodiment may be applied to the
character recognition system 100 as shown in FIG. 1 and
performed by the image processor 120.

[0041] First, as shown in step S502, the image processor
120 counts the number of character types of each character
position based on a plurality of character strings of the
character database 132, and determines an adjustment
weight for each character position. For example, assume that
the character position of the numbers in the character
database 132 has a units digit, a tens digit, a hundreds digit,
and a thousands digit, where the units digit has 10 types (i.e.,
the digits 0-9), the tens digit has 10 types (i.e., the digits
0-9), the hundreds digit has 8 types (i.e., the digits 0-7), and
the thousands digit has 3 types (i.e., the digits 0-2), the
image processor 120 may assign different adjustment weight
for each character position based on the number of character
types of each character position.

[0042] Next, as shown in step S504, the image processor
120 calculates the minimum editing distance using the
adjustment weights to calculate an adjustment error for each
of'the character strings in the character database 132. Editing
distance may be referred to as the minimum number of
editing operations required to convert from one string to
another. Permitted editing operations include replacing one
character with another, inserting a character, and deleting a
character. Generally speaking, the smaller the editing dis-
tance is, the greater the similarity of the two strings is. The
editing distance may be applied to spelling correction or to
calculate the degree of similarity between the two
sequences. In this embodiment, different adjustment weight
may be assigned to each character position according to the
number of character positions for each character position to
perform the minimum editing distance calculation based on
the adjustment weight assigned, so that the relationship
between the number of types of digits may be further
considered to select the most similar string to increase the
recognition success rate.

[0043] After calculating the adjustment error for each
character string in the character database, as shown in step
S506, the image processor 120 outputs the character string
having the smallest adjustment error as the adjusted char-
acter string in step S212.

[0044] Referring back to FIG. 2, after generating the
adjusted character string in step S212, as shown in step



US 2018/0150956 Al

S213, the image processor 120 outputs the adjusted charac-
ter string as a character recognition result.

[0045] In some embodiments, the image processor 120
may further use a third CNN model (not shown) to correct
the new recognized character string when the new recog-
nized character string does not have a corresponding char-
acter string in the database, and then use the corrected
character string to compare the character strings in the
database. A partial string of the third CNN model may be
similar to the partial string of the second CNN model or it
may be a character string other than the partial string of the
second CNN model. The generation and determination of
partial strings of the third CNN model is similar to that of the
second CNN model, details of which are omitted here for
brevity.

[0046] Thus, the character recognition system and the
character recognition method thereof of the present appli-
cation may be applied to character strings having different
colors and may tolerate a certain degree of warping, trans-
lation, shadowing and shading of part of the image of ROI
along with its character string. In addition, the character
recognition system and the character recognition method
thereof of the present application may employ a hierarchical
convolutional neural network architecture and use the char-
acter database and the spelling check error correction
mechanism for character recognition to output the most
possible character recognition result analyzed, thus may
have better recognition result and higher accuracy rate than
any existing methods.

[0047] Methods, or certain aspects or portions thereof,
may take the form of program code (i.e., executable instruc-
tions) embodied in tangible media, such as floppy diskettes,
CD-ROMS, hard drives, or any other machine-readable
storage medium, wherein, when the program code is loaded
into and executed by a machine such as a computer, the
machine thereby becomes an apparatus for practicing the
methods. The methods may also be embodied in the form of
program code transmitted over some transmission medium,
such as electrical wiring or cabling, through fiber optics, or
via any other form of transmission, wherein, when the
program code is received and loaded into and executed by a
machine such as a computer, the machine becomes an
apparatus for practicing the disclosed methods. When imple-
mented on a general-purpose processor, the program code
combines with the processor to provide a unique apparatus
that operates analogously to application specific logic cir-
cuits.

[0048] While the application has been described by way of
example and in terms of exemplary embodiment, it is to be
understood that the application is not limited thereto. Those
who are skilled in this technology may still make various
alterations and modifications without departing from the
scope and spirit of this application. Therefore, the scope of
the present application shall be defined and protected by the
following claims and their equivalents.

What is claimed is:

1. A character recognition method applied to a character
recognition system including a storage device and an image
processor, comprising:

recognizing a character string, which includes one or

more characters, in a region of interest (ROI) using a
first convolutional neural network (CNN) model to
generate a recognized character string; and
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comparing the recognized character string with a plurality
of character strings in a character database to find a
character string corresponding to the recognized char-
acter string, wherein each of the plurality of character
strings includes one or more characters,

wherein if the character string corresponding to the rec-

ognized character string is found, using the recognized
character string as a character recognition result, oth-
erwise, using a second CNN model to correct the
recognized character string and generate a new recog-
nized character string as the character recognition
result.

2. The character recognition method as claimed in claim
1, wherein the ROI is obtained by detecting an input image
using a block detection CNN model, and the ROI is nor-
malized.

3. The character recognition method as claimed in claim
2, wherein the input image is a picture or a frame of a video.

4. The character recognition method as claimed in claim
2, wherein the block detection CNN model, the first CNN
model, and the second CNN model are pre-trained CNN
models.

5. The character recognition method as claimed in claim
1, wherein the plurality of character strings comprise at least
one of various types of symbols, various types of letters,
various types of numbers, various types of texts, or any
combination of at least two of above.

6. The character recognition method as claimed in claim
1, further comprising:

comparing the new recognized character string with the

plurality of character strings in the character database
to find a character string corresponding to the new
recognized character string; and
if the character string corresponding to the new recog-
nized character string is found, outputting the new
recognized character string, and if the character string
corresponding to the new recognized character string is
not found, using a third CNN model to correct the new
recognized character string.
7. The character recognition method as claimed in claim
1, wherein the step of using the second CNN model to
correct the recognized character string to generate the new
recognized character string further comprises:
recognizing a partial character string of the character
string in the ROI using the second CNN model to
generate a recognized partial character string; and

replacing corresponding partial character string of the
recognized character string generated by the first CNN
model with the recognized partial character string to
obtain the new recognized character string, wherein the
character string in the ROI includes a plurality of
characters and a number of characters of the partial
character string is smaller than a number of characters
of the character string in the ROIL.

8. The character recognition method as claimed in claim
7, wherein each of the characters in the character string in
the ROI has a corresponding character position, and the
method further comprises:

calculating a number of character types for each of the

corresponding character positions;

determining a ranking value for each of the corresponding

character positions based on the number of character
types of the corresponding character positions; and
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sequentially calculating a total number of possible com-
binations and a total number of actual combinations for
each of the corresponding character positions based on
ranking values of the corresponding character posi-
tions, and when a combination ratio of the total number
of possible combinations and the total number of actual
combinations is greater than a threshold value, increas-
ing the number of characters of the partial character
string by an increment of 1, and adding and recording
next selected character position that is selected accord-
ing to the ranking values of remaining character posi-
tions until the combination ratio is less than the thresh-
old value, so as to obtain the number of characters in
the partial character string and the corresponding char-
acter positions corresponding to the partial character
string for the second CNN model.

9. The character recognition method as claimed in claim

1, further comprising:

comparing the new recognized character string with the
plurality of character strings in the character database
to find a character string corresponding to the new
recognized character string; and

if the character string corresponding to the new recog-
nized character string is found, outputting the new
recognized character string, and if the character string
corresponding to the new recognized character string is
not found, correcting the new recognized character
string using an editing distance calculation to generate
an adjusted character string using character string data
in the character database and outputting the adjusted
character string.

10. The character recognition method as claimed in claim

9, further comprising:

counting a number of character types at each character
position according to the character database and deter-
mining an adjustment weight for each character posi-
tion based on the number of character types corre-
sponding thereto;

performing the editing distance calculation using the
adjustment weight to calculate an adjustment error for
each of the plurality of character strings in the character
database; and

outputting the character string having the smallest adjust-
ment error as the adjusted character string.

11. A character recognition system, comprising:

a storage device, storing a character database; and

an image processor coupled to the storage device, con-
figuring to recognize a character string, which includes
one or more characters, in a region of interest (ROI)
using a first convolutional neural network (CNN)
model to generate a recognized character string, and
compare the recognized character string with a plurality
of character strings in the character database to find a
character string corresponding to the recognized char-
acter string, wherein each of the plurality of character
strings includes one or more characters,

wherein if the character string corresponding to the rec-
ognized character string is found, the image processor
uses the recognized character string as a character
recognition result, otherwise, the image processor uses
a second CNN model to correct the recognized char-
acter string and generate a new recognized character
string as the character recognition result.
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12. The character recognition system as claimed in claim
11, wherein the image processor obtains the ROI by detect-
ing an input image using a block detection CNN model, and
the ROI is normalized.

13. The character recognition system as claimed in claim
12, wherein the input image is a picture or a frame of a
video.

14. The character recognition system as claimed in claim
12, wherein the block detection CNN model, the first CNN
model, and the second CNN model are pre-trained CNN
models.

15. The character recognition system as claimed in claim
11, wherein the plurality of character strings comprise at
least one of various types of symbols, various types of
letters, various types of numbers, various types of texts, or
any combination of at least two of above.

16. The character recognition system as claimed in claim
11, wherein the image processor further compares the new
recognized character string with the plurality of character
strings in the character database to find a character string
corresponding to the new recognized character string, and if
the character string corresponding to the new recognized
character string is found, outputs the new recognized char-
acter string, and if the character string corresponding to the
new recognized character string is not found, uses a third
CNN model to correct the new recognized character string.

17. The character recognition system as claimed in claim
11, wherein the image processor further recognizes a partial
character string of the character string in the ROI using the
second CNN model to generate a recognized partial char-
acter string, and replaces corresponding partial character
string of the recognized character string generated by the
first CNN model with the recognized partial character string
to obtain the new recognized character string, wherein the
character string in the ROI includes a plurality of characters
and a number of characters of the partial character string is
smaller than a number of characters of the character string
in the ROL

18. The character recognition system as claimed in claim
17, wherein each of the characters in the character string in
the ROI has a corresponding character position, and the
image processor further calculates a number of character
types for each of the corresponding character positions,
determines a ranking value for each of the corresponding
character positions based on the number of character types
of the corresponding character positions, and sequentially
calculates a total number of possible combinations and a
total number of actual combinations for each of the corre-
sponding character positions based on ranking values of the
corresponding character positions, and when a combination
ratio of the total number of possible combinations and the
total number of actual combinations is greater than a thresh-
old value, increases the number of characters of the partial
character string by an increment of 1, and adds and records
next selected character position that is selected according to
the ranking values of remaining character positions until the
combination ratio is less than the threshold value, so as to
obtain the number of characters in the partial character string
and the corresponding character positions corresponding to
the partial character string for the second CNN model.

19. The character recognition system as claimed in claim
11, wherein the image processor further compares the new
recognized character string with the plurality of character
strings in the character database to find a character string
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corresponding to the new recognized character string and if
the character string corresponding to the new recognized
character string is found, outputs the new recognized char-
acter string, and if the character string corresponding to the
new recognized character string is not found, corrects the
new recognized character string using an editing distance
calculation to generate an adjusted character string using
character string data in the character database and outputs
the adjusted character string.

20. The character recognition system as claimed in claim
19, wherein the image processor further counts a number of
character types at each character position according to the
character database and determining an adjustment weight for
each character position based on the number of character
types corresponding thereto, performs the editing distance
calculation using the adjustment weight to calculate an
adjustment error for each of the plurality of character strings
in the character database, and outputs the character string
having the smallest adjustment error as the adjusted char-
acter string.
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