METHOD, SYSTEM, ELECTRONIC DEVICE, AND MEDIUM FOR
CLASSIFYING LICENSE PLATES BASED ON DEEP LEARNING

CLAIM OF PRIORITY

This application is based on the Paris Convention and claims the priority to China
Patent Application No. CN2016104709069 filed Jun. 24, 2016 and entitled “Method
and System for Classifying License Plates Based on Deep Learning”, the content of

which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

This disclosure relates generally to the technical field of data processing, and more
particularly relates to a method, a system, an electronic device, and a computer-

readable storage medium for classifying license plates based on deep learning.

BACKGROUND

In the course of conducting the related auto insurance businesses (e.g., auto insurance
claims business), insurance companies at present may acquire a large number of
photographs of the vehicles claiming insurance. In order to effectively manage the
photographs of these vehicles, it is the common practice for the insurance companies
to manually determine the use of the related vehicle (e.g., truck use, police use,
private car use, military use, etc.) in each vehicle photograph, and then manually
classify the photographs of these vehicles by their respective vehicle uses. This

however not only consumes a lot of manpower and resources but also is prone to error.

SUMMARY

In view of the above, there is a need to provide a method, a system, an electronic
device as well as a medium for classifying license plates based on deep learning,

which can automatically and accurately identify the use of a vehicle in a photograph



and also can accurately classify the vehicle, thereby improving the accuracy and the
efficiency.

A method of classifying license plates based on deep learning is provided. The
method may be applied to an electronic device and includes: acquiring at least one
photograph sent by a terminal device, the photograph having license plate information
of a corresponding vehicle; preprocessing the acquired at least one photograph such
that the preprocessed at least one photograph matches input parameters of a pretrained
recognition model; and inputting the preprocessed at least one photograph to the
pretrained recognition model to recognize the vehicle use information corresponding
to the at least one photograph, and sending the vehicle use information to the terminal
device.

A system for classifying license plates based on deep learning is provided. The
system may operate in an electronic device and includes: an acquisition module
configured for acquiring at least one photograph sent by a terminal device, the
photograph having license plate information of a corresponding vehicle; a
preprocessing module configured for preprocessing the acquired at least one
photograph such that the preprocessed at least one photograph matches input
parameters of a pretrained recognition model; and a recognition module configured
for inputting the preprocessed at least one photograph to the pretrained recognition
model to recognize the vehicle use information corresponding to the at least one
photograph, and sending the vehicle use information to the terminal device.

An electronic device is provided, the electronic device including a processing device,
a storage device, and a system for classifying license plates based on deep learning.
The system is stored in the storage device and includes at least one computer-readable
instruction executable by the processing device to perform the following operations:
acquiring at least one photograph sent by a terminal device, the photograph having
license plate information of a corresponding vehicle; preprocessing the acquired at
least one photograph such that the preprocessed at least one photograph matches input
parameters of a pretrained recognition model; and inputting the preprocessed at least

one photograph to the pretrained recognition model to recognize the vehicle use



information corresponding to the at least one photograph, and sending the vehicle use
information to the terminal device.

According to a fourth aspect of this application, a computer-readable storage medium
is provided, the computer-readable storage medium having stored thereon at least one
computer-readable instruction executable by a processing device to perform the
following operations: acquiring at least one photograph sent by a terminal device, the
photograph having license plate information of a corresponding vehicle;
preprocessing the acquired at least one photograph such that the preprocessed at least
one photograph matches input parameters of a pretrained recognition model; and
inputting the preprocessed at least one photograph to the pretrained recognition model
to recognize the vehicle use information corresponding to the at least one photograph,
and sending the vehicle use information to the terminal device.

As can be seen from the above technical solutions according to this disclosure, a
preset algorithm may first be used to train a recognition model for recognizing the
vehicle use information based on the license plate information so as to obtain a
pretrained recognition model. Then each photograph is input into the pretrained
recognition model to identify the vehicle use information corresponding to the
photograph, and then the corresponding vehicle use information of each photograph is
sent to the terminal device. Furthermore, based on the corresponding vehicle use
information of each photograph, the photographs with the same vehicle use can be
classified into the same category. Therefore, with the present disclosure, the uses of
vehicles in the photographs can be automatically and accurately identified and further
the photographs can be accurately classified, so that the accuracy as well as the

efficiency can be improved.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

FIG. 1 is a schematic diagram of an application environment for an exemplary
embodiment of a method of classifying license plates based on deep learning in
accordance with the disclosure.

FIG. 2 is an illustrative flowchart of an exemplary embodiment of a method of

classifying license plates based on deep learning in accordance with the disclosure.
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FIG. 3 is a schematic diagram of a model structure of a deep convolutional neural
network (CNN) model in accordance with the disclosure.
FIG. 4 is an illustrative functional block diagram of a system for classifying license

plates based on deep learning in accordance with the disclosure.

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

FIG. 1 shows a schematic diagram of an application environment for an exemplary
embodiment of a method of classifying license plates based on deep learning in
accordance with this disclosure. The application environment may include an
electronic device 1 and a terminal device 2. The electronic device 1 may perform data
interaction with the terminal device 2 by using a suitable technology, such as a
network or near field communications technology.

The terminal device 2 may include but is not limited to any electronic product such as
a personal computer, a tablet computer, a smart phone, a Personal Digital Assistant
(PDA), a game console, an Internet Protocol Television (IPTV), a smart wearable
device or the like that can interact with a user through a keyboard, a mouse, a remote
controller, a touch pad, or a voice control device. The network in which the user
equipment and the network device are located includes but is not limited to the
Internet, a wide area network, a metropolitan area network, a local area network, a
Virtual Private Network (VPN), or the like.

The electronic device 1 is a device capable of automatically performing numerical
computations and/or information processing according to instructions set or stored in
advance. The electronic device 1 may be a computer, or may also be a single web
server, a server group consisting of multiple web servers, or a cloud formed by a large
number of hosts or web servers based on cloud computing. The cloud computing is a
type of distributed computing, giving rise to a super virtual computer made up of a set
of loosely coupled computers.

In this embodiment, the electronic device 1 may include a system 10 for classifying
license plates based on deep learning (hereinafter referred to as “classification system
10”), a storage device 11, a processing device 12, and the like. The processing device

12 serves to support the operation of the electronic device 1, and may include one or
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more microprocessors, digital processors, and the like. The storage device 11 is used
for storing various types of data and computer-readable instructions, and may include
one or more non-volatile memories such as ROMs, EPROMs, flash memories, or the
like.

The classification system 10 may first use a preset algorithm to train a recognition
model which is used for recognizing the vehicle use information based on the license
plate information, so as to obtain a pretrained recognition model. Then each
photograph may be input to the pretrained recognition model to identify the
corresponding vehicle use information of the photograph, and then the corresponding
vehicle use information of each photograph may be sent to the terminal device 2.
Furthermore, based on the corresponding vehicle use information of each photograph,
the photographs with the same vehicle use information may be classified into one
same category. In one embodiment, the classification system 10 may be stored in the
storage device 11, and may include at least one computer-readable instruction stored
in the storage device 11 and executable by the processor device 12 to perform the
license plate classification methods according to various embodiments of this
application. As will be described later, the at least one computer-readable instruction
may be divided into different logic modules by different functions performed by its
parts.

Therefore, with the present disclosure, the uses of vehicles in the photographs can be
automatically and accurately identified and further the photographs can be accurately
classified, thereby improving the accuracy as well as the efficiency.

FIG. 2 is an illustrative flowchart of an exemplary embodiment of a method of
classifying license plates based on deep learning in accordance with the disclosure.
The method according to this embodiment will not be limited to the steps shown in
the flowchart, and some of these steps illustrated in the flowchart may be omitted or
the order of these steps may be changed. The method may begin with step S10.

In S10, at least one photograph sent by a terminal device 2 is acquired.

In this embodiment, the terminal device 2 may be configured to be capable of
displaying a vehicle-use-recognition operation interface. The terminal device 2 may

display the vehicle-use-recognition operation interface in response to a user’s



operation. For example, the terminal device 2 may access the electronic device 1
through a browser system, and then the electronic device 1 may send the vehicle-use-
recognition operation interface to the browser system for display. Alternatively, the
classification system 10 may correspond to a client system installed in the terminal
device 2, so that after running, the client system of the terminal device 2 may generate
and display the vehicle-use-recognition operation interface.

The vehicle-use-recognition operation interface may include a single-photograph
recognition control and a multi-photograph recognition control. With the single-
photograph recognition control, the user can issue to the electronic device 1 an
instruction for recognizing the vehicle use information corresponding to a single
photograph which has license plate information of a vehicle sent by the terminal
device, and then upload a photograph containing license plate information. With the
multi-photograph recognition control, the user can issue to the electronic device 1 an
instruction for recognizing the vehicle use information corresponding to multiple
photographs which have license plate information of multiple vehicles sent by the
terminal device, and then upload multiple photographs. The method may then
proceed to step S11.

In S11, the acquired at least one photograph is preprocessed such that the
preprocessed at least one photograph matches input parameters of a pretrained
recognition model.

In this embodiment, the at least one photograph may be one or more photographs.
Preprocessing the acquired at least one photograph such that the preprocessed at least
one photograph matches the input parameters of the pretrained recognition model may
include the following operations:

(1) The at least one photograph is whitened to filter out noise pixels in the photograph,
so that each whitened photograph has a pixel mean of 0 and a pixel variance of 1.

In other embodiments, the at least one photograph may also be filtered by a filter,
such as Gaussian low-pass filter, averaging filter, Gaussian filter, or the like, to filter
out noise pixels in the photograph,

(2) The size of each whitened paragraph is adjusted based on input dimensions of the

pretrained recognition model.



In this embodiment, the size of each of the adjusted photographs would be the same as
the input dimensions of the pretrained recognition model. The input dimensions are
actually the size of a picture, for example, a size of 256x256. If the size of each
whitened photograph is larger than the input dimensions of the pretrained recognition
model, then these whitened photographs may be reduced in size. If the size of each
whitened photograph is smaller than the input dimensions of the pretrained
recognition model, then these whitened photographs may be enlarged in size.

In this embodiment, the pretrained recognition model may be a trained deep
convolutional neural network (CNN) model that may consist of 1 input layer, 20
convolutional layers, 6 pooling layers, 3 hidden layers, and 1 classification layer. A
model structure of the deep CNN model is illustrated in FIG. 3, in which Conv a-b
(e.g., Conv 3-64) denotes that the dimensions of the convolutional kernels at this layer
are axa, while the number of convolutional kernels at this layer is b; Maxpool2
indicates the dimensions of the pooling kernel at this pooling layer are 2x2; FC-c (e.g.,
FC-6) indicates that the number of output nodes at the hidden layer (i.e., fully
connected layer) is c; Soft-max indicates that the classification layer uses Softmax
classifier to classify the input images.

In this embodiment, photograph samples may be used for training and learning in
order to obtain the trained deep CNN model. Thus, inputting a photograph to the
trained deep CNN model, the use of a vehicle in the photograph can be automatically
and accurately determined. The larger the size of the photograph samples, the higher
the recognition rate of the trained deep CNN model.

In this embodiment, the training of the deep CNN model mainly includes the
following process:

(1) A preset number (e.g., 500,000) of photograph samples having license plate
information of a preset number of vehicles are first acquired. The license plate
information may include a vehicle’s license plate number and the like. For example, a

police-purpose license plate may show a Chinese character “*%”_—meaning “Police”, a
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military-purpose license plate may show a Chinese character “ % “—meaning

“Military”, and so on.



(2) The acquired photograph samples are then classified according to vehicle use
information which corresponds to the acquired photograph samples, so as to obtain at
least one photograph category.

In this embodiment, the vehicle uses may include but are not limited to truck use,
police use, private car use, and military use. The photograph categories may include
but are not limited to truck-use photograph category, police-use photograph category,
private-car-use photograph category, and military-use photograph category.

In this embodiment, the photograph samples corresponding to the same vehicle use
may be classified into the same photograph category, while the photograph samples
corresponding to different vehicle uses may be classified into different photograph
categories.

(3) Then each photograph sample in each photograph category is whitened, and the
size of each whitened photograph sample is adjusted, and then each adjusted
photograph sample is rotated to obtain photograph sample sets under each photograph
category.

In this embodiment, the photograph sample sets under each photograph category may
specifically be acquired by the following process:

Each photograph sample in each photograph category is first whitened, with the
whitened photograph sample having a pixel mean of 0 and a variance of 1, so that
noise pixels in the photograph sample are filtered out. In other embodiments, the at
least one photograph may also be filtered by a filter, such as Gaussian low-pass filter,
averaging filter, Gaussian filter, or the like, to filter out the noise pixels in the
photograph.

Then the size of each whitened photograph sample is adjusted, with the size of each
adjusted photograph sample being the same as the input dimensions of the deep CNN
model. The input dimensions are actually the size of a picture, for example, a size of
256 x 256.

Each photograph sample in each photograph category is rotated at intervals of a preset
rotation angle (e.g., 30 degree), and the rotated photograph sample is subjected to

perspective change processing at the corresponding angle to obtain a photograph



sample set for each photograph sample at the various rotation angles, finally obtaining
the photograph sample sets under each photograph category.

(4) Afterwards, from among the photograph sample sets under each photograph
category, those photograph sample sets to be trained under this photograph category
as well as those photograph sample sets to be tested under this photograph category
are then selected.

In this embodiment, from among the photograph sample sets under each photograph
category, a first preset proportion (e.g., 70%) of photograph sample sets may be
extracted as the photograph sample sets to be trained under this photograph category,
while the photograph sample sets remained of this photograph category after the
extraction may then be used as the photograph sample sets to be tested under this
photograph category.

(5) Thereafter, the photograph samples in the photograph sample sets to be trained
under each photograph category are input sequentially into the deep CNN model, and
the preset training algorithm is used to train the deep CNN which is used for
recognizing the vehicle use information based on the license plate information, and
further the trained deep CNN model is tested using the photograph samples of the
photograph sample sets to be tested under this photograph category.

In this embodiment, the photograph samples of the photograph sample sets to be
tested under each photograph category can be used to test the trained deep CNN
model. If the recognition accuracy of the trained deep CNN model is higher than or
equal to a preset threshold (e.g., 95%), then the training is completed and this trained
deep CNN then can subsequently be used to accurately recognize the use of a vehicle
in a photograph.

Otherwise, if the recognition accuracy of the trained deep CNN model is lower than
the preset threshold (e.g., 95%), then a reminder message may be issued to remind the
user to increase the number of photograph samples containing license plate
information and then retrain the deep CNN model according to the above steps (1) -
).

In this embodiment, the principle of training the deep CNN model is disclosed as

follows:



The training of the deep CNN model may adopt the parameters of the Cifarl0 data
classification task that comes with the third open source library (Convolutional
Architecture for Fast Feature Embedding, Caffe). Caffe is a clear and efficient open
source library for deep learning frameworks and can autonomously learn useful
features from data, especially for some images, while Cifarl0 is a database in Caffe.

In this embodiment, the preset training algorithm may be an adaptive moment
estimation (Adam) algorithm. The Adam algorithm is a stochastic optimization-based
algorithm that has made improvements over the momentum (i.e., learning potential)
based stochastic gradient descent (SGD) algorithm. By adaptively estimating the
momentum term, the process of attaining the model training goal can be accelerated.

The training process of the deep CNN model will always aim at minimizing the
classification errors. Given a dataset D , the objective function that needs to be

L(m)

optimized during the training process is the average error of classifying various

samples in the dataset:

L(m) = ﬁz;v f,(DH+arM)

where Ju(D ) is the classification error of the J -th sample in the dataset,
M represents the classification model, AL (M) is a regularization term, 4 is a
regularization weight that controls the regularization degree, TM) s o regularization
function that controls how to regularize the error function, and |N| represents the total

number of samples in the dataset. Due to the fact that the dataset can contain a very

large number of samples, we use a sample subset to estimate the average error of the

original dataset which is LM),
_ 1 —in .
L(m)= sz fu (D)) + A0(M)

where |n| represents the number of samples in the sample subset. The model may
produce errors in the forward propagation, and then propagate the error gradient Vi

V(M)

backward and regularize the gradient so as to update the model parameters.
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Different from the typical optimization algorithms based on SGD + BP, the above-
described algorithm may be updated by the following steps:
(m,); =oy(m,_); +(1-0,)(VLIM,)),.

(vt)i = az (mr—l)i + (1 - az )(VL(M[)),Z :

M,.),=(M,), —amx (m,),

I-(@); o), +¢ .

VL(M,)

where represents the gradient of the objective function, " and ' are
respectively the first-order momentum (mean value) estimation and the second-order

momentum (partial variance) estimation of the gradient of the objective function at
timestep 7, % represents the corresponding decay rate of the first-order momentum,

@ represents the corresponding decay rate of the second-order momentum, € is a
preset constant, & denotes the step size, ! represents the timestep or the number of
iterations, M represents the classification model, and ! represents the I th sample.

During the training process, the three parameters % % and € may assume their

respective default values: 0.9, 0.999, and 1':'_8. With the smoothness and fast
convergence ability of the Adam algorithm during the optimization process, the model
can quickly converge and the ideal classification accuracy can be attained even when
the collected sample dataset is small. The method may then continue to step S12.

In step S12, the preprocessed at least one photograph is input to the pretrained
recognition model to recognize the vehicle use information corresponding to the at
least one photograph, and the vehicle use information is then sent to the terminal
device 2.

In this embodiment, as can be known from the above principle of training the
pretrained recognition model, the pretrained recognition model can identify the
vehicle use information based on the license plate information. Thus, by using the
preprocessed at least one photograph as the input to the pretrained recognition model,
the corresponding vehicle use information of the at least one photograph can be

accurately recognized.
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In this embodiment, if the at least one photograph is a single photograph, then the
corresponding vehicle use information of this single photograph may be sent to the
terminal device 2. Otherwise if the at least one photograph includes multiple
photographs, then the title of each photograph as well as the corresponding vehicle
use information of the photograph may be sent to the terminal device 2.

In other embodiments, the method may further include: when the at least one
photograph includes multiple photographs, classifying the at least one photograph
according to vehicle use information corresponding to the at least one photograph.

In this embodiment, the vehicle uses may include but are not limited to truck use,
police use, private car use, and military use. The photograph categories may include
but are not limited to truck-use photograph category, police-use photograph category,
private-car-use photograph category, and military-use photograph category.

In this embodiment, the photographs corresponding to the same vehicle use may be
classified into the same photograph category, while the photographs corresponding to
different vehicle uses may be classified into different photograph categories, and
further, the classified photograph categories, as well as the title of each photograph in
each photograph category and the corresponding vehicle use information of the
photograph may be sent to the terminal device 2.

As illustrated in FIG. 4, the program code of the classification system 10 may be
divided into multiple functional modules depending on their different functions
performed. In this embodiment, the classification system 10 may include an
acquisition module 100, a preprocessing module 102, a training module 103, a
recognition module 104, and a classification module 105. Functions of these various
modules will be described in greater detail in the following embodiments.

The acquisition module 100 is configured for acquiring at least one photograph sent
by a terminal device 2, the photograph having license plate information of a
corresponding vehicle.

In this embodiment, the terminal device 2 may display a vehicle-use-recognition
operation interface. The terminal device 2 may display the vehicle-use-recognition
operation interface in response to a user’s operation. For example, the terminal device

2 may access the electronic device 1 through a browser system, and then the
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electronic device 1 may send the vehicle-use-recognition operation interface to the
browser system for display. Alternatively, the classification system 10 may
correspond to a client system installed in the terminal device 2, so that after running,
the client system of the terminal device 2 may generate and display the vehicle-use-
recognition operation interface.

The vehicle-use-recognition operation interface may include a single-photograph
recognition control and a multi-photograph recognition control. With the single-
photograph recognition control, the user can issue to the electronic device 1 an
instruction for recognizing the vehicle use information corresponding to a single
photograph which has license plate information of a vehicle sent by the terminal
device, and then upload a single photograph. The acquisition module 100 may then
acquire the instruction and then receive this photograph. With the multi-photograph
recognition control, the user can issue to the electronic device 1 an instruction for
recognizing the vehicle use information corresponding to multiple photographs which
have license plate information of multiple vehicles sent by the terminal device, and
then upload multiple photographs. The acquisition module 100 then may acquire the
instruction and receive the multiple photographs.

The preprocessing module 102 is configured for preprocessing the acquired at least
one photograph such that the preprocessed at least one photograph matches input
parameters of a pretrained recognition model.

In this embodiment, the at least one photograph may be one or more photographs.
The preprocessing module 102 may preprocess the acquired at least one photograph
by the following process in order that the preprocessed at least one photograph
matches the input parameters of the pretrained recognition model:

(1) The at least one photograph is first whitened to filter out noise pixels in the
photograph, so that the each whitened photograph has a pixel mean of 0 and a pixel
variance of 1.

In other embodiments, the at least one photograph may also be filtered by a filter,
such as Gaussian low-pass filter, averaging filter, Gaussian filter, or the like, to filter

out noise pixels in the photograph
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(2) The size of each whitened paragraph is adjusted based on input dimensions of the
pretrained recognition model.

In this embodiment, the size of each of the adjusted photographs would be the same as
the input dimensions of the pretrained recognition model. The input dimensions are
actually the size of a picture, for example, a size of 256 x 256. If the size of each
whitened photograph is larger than the input dimensions of the pretrained recognition
model, then these whitened photographs may be reduced in size. Otherwise if the size
of each whitened photograph is smaller than the input dimensions of the pretrained
recognition model, then these whitened photographs may be enlarged in size.

In this embodiment, the pretrained recognition model may be a trained deep
convolutional neural network (CNN) model. The deep CNN model may consist of 1
input layer, 20 convolutional layers, 6 pooling layers, 3 hidden layers, and 1
classification layer. A model structure of the deep CNN model is illustrated in FIG. 3,
in which Conv a-b (e.g., Conv 3-64) denotes the dimensions of the convolutional
kernels at this layer are axa, while the number of convolutional kernels at this layer is
b; Maxpool2 indicates the dimensions of the pooling kernel at the pooling layer are
2x2; FC-c (e.g.,, FC-6) indicates that there are a number of ¢ output nodes at the
hidden layer (i.e., fully connected layer); Soft-max indicates that the classification
layer uses Softmax classifier to classify the input images.

In this embodiment, the training module 103 may be configured for using photograph
samples for training and learning purposes in order to obtain the trained deep CNN
model. Thus, inputting a photograph to the trained deep CNN model, the use of a
vehicle in the photograph can be automatically and accurately determined. The larger
the size of the photograph samples, the higher the recognition rate of the trained deep
CNN model.

In this embodiment, the process of the training module 103 training the deep CNN
model mainly includes the following:

(1) A preset number (e.g., 500,000) of photograph samples having license plate
information of a preset number of vehicles are first acquired. The license plate
information may include a vehicle’s license plate number and the like. For example, a

police-purpose license plate may show a Chinese character “%”_—meaning “Police”, a
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military-purpose license plate may show a Chinese character “ % ”—meaning
“Military”, and so on.

(2) The acquired photograph samples are then classified according to the vehicle use
information which corresponds to the acquired photograph samples, so as to obtain at
least one photograph category.

In this embodiment, the vehicle uses may include but are not limited to truck use,
police use, private car use, and military use. The photograph categories may include
but are not limited to truck-use photograph category, police-use photograph category,
private-car-use photograph category, and military-use photograph category.

In this embodiment, the photograph samples corresponding to the same vehicle use
may be classified into the same photograph category, while the photograph samples
corresponding to different vehicle uses may be classified into different photograph
categories.

(3) Then each photograph sample in each photograph category is whitened, and the
size of each whitened photograph sample is adjusted, and then each adjusted
photograph sample is rotated to obtain photograph sample sets under each photograph
category.

In this embodiment, the photograph sample sets under each photograph category may
be specifically acquired by the following process:

Each photograph sample in each photograph category is first whitened, with the
whitened photograph sample having a pixel mean of 0 and a variance of 1, so that
noise pixels in the photograph sample are filtered out. In other embodiments, the at
least one photograph may also be filtered by a filter, such as Gaussian low-pass filter,
averaging filter, Gaussian filter, or the like, to filter out the noise pixels in the
photograph.

Thereafter, the size of each whitened photograph sample is adjusted, with the size of
each adjusted photograph sample being the same as the input dimensions of the deep
CNN model. The input dimensions are actually the size of a picture, for example, a
size of 256 x 256.

Each photograph sample in each photograph category is rotated at intervals of a preset

rotation angle (e.g., 30 degree), and the rotated photograph sample is subjected to
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perspective change processing at the corresponding angle to obtain a photograph
sample set for each photograph sample at the various rotation angles, finally obtaining
the photograph sample sets under each photograph category.

(4) Afterwards, from among the photograph sample sets under each photograph
category, those photograph sample sets to be trained under this photograph category
as well as those photograph sample sets to be tested under this photograph category
are then selected.

In this embodiment, from among the photograph sample sets under each photograph
category, a first preset proportion (e.g., 70%) of photograph sample sets may be
extracted as the photograph sample sets to be trained under this photograph category,
while the photograph sample sets remained of this photograph category after the
extraction may then be used as the photograph sample sets to be tested under this
photograph category.

(5) Thereafter, the photograph samples in the photograph sample sets to be trained
under each photograph category are input sequentially into the deep CNN model, and
the preset training algorithm is used to train the deep CNN which is used for
recognizing the vehicle use information based on the license plate information, and
further the trained deep CNN model is tested using the photograph samples of the
photograph sample sets to be tested under this photograph category.

In this embodiment, the photograph samples of the photograph sample sets to be
tested under each photograph category can be used to test the trained deep CNN
model. If the recognition accuracy of the trained deep CNN model is higher than or
equal to a preset threshold (e.g., 95%), then the training is completed and this trained
deep CNN model can subsequently be used to accurately recognize the use of a
vehicle in a photograph.

Otherwise if the recognition accuracy of the trained deep CNN model is lower than
the preset threshold (e.g., 95%), then a reminder message may be issued to remind the
user to increase the number of photograph samples containing license plate

information and then retrain the deep CNN model according to the above steps (1) -

5).
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In this embodiment, the principle of training the deep CNN model is disclosed as
follows:

The training of the deep CNN model may adopt the parameters of the Cifarl0O data
classification task that comes with the third open source library (Convolutional
Architecture for Fast Feature Embedding, Caffe). Caffe is a clear and efficient open
source library for deep learning frameworks and can autonomously learn useful
features from data, especially for some images, while Cifarl0 is a database in Caffe.
In this embodiment, the preset training algorithm may be an adaptive moment
estimation (Adam) algorithm. The Adam algorithm is a stochastic optimization-based
algorithm that has made improvements over the momentum (i.e., learning potential)
based stochastic gradient descent (SGD) algorithm. By adaptively estimating the
momentum term, the process of attaining the model training goal can be accelerated.

The training process of the deep CNN model will always aim at minimizing the

classification errors. Given a dataset D , the objective function that needs to be

optimized during the training process is the average error L(m) o classifying various
samples in the dataset:
1

ST

z‘f‘ £ (D))+ AT (M)

j .
where Ju (D7) is the classification error of the / th sample in the dataset,

M represents the classification model, AL (M) is a regularization term, 4 is a

regularization weight that controls the regularization degree, TM) s o

o . . . N
regularization function that controls how to regularize the error function, and | |
represents the total number of samples in the dataset. Due to the fact that the dataset

can contain a very large number of samples, we use a sample subset to estimate the

average error of the original dataset which is LM).
_ 1 < ,
L(m)= Hz‘i fu (D7) + AT(M)

where |n| represents the number of samples in the sampled subsets. The model may

produce errors in the forward propagation, and then propagate the error gradient Vhn
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backward and regularize the gradient VI (M)

so as to update the model parameters.
Different from the typical optimization algorithms based on SGD + BP, the above-
described algorithm may be updated by the following steps:

(m,), = a(m, ), + (1= &)(VL(M,)),.

(vt)i = az (mr—l)i + (1 - az )(VL(M[))IZ :

1_(a2)zr‘ % (m,),‘

M. )=(M). —
M), =M), -~ I-(a)! o) +e .

VLM,) represents the gradient of the objective function, " and ' are

where
respectively the first-order momentum (mean value) estimation and the second-order

momentum (partial variance) estimation of the gradient of the objective function at

timestep 7, % represents the corresponding decay rate of the first-order momentum,

@, represents the corresponding decay rate of the second-order momentum, € is a

preset constant, & denotes the step size, ! represents the timestep or the number of
iterations, M represents the classification model, and ! represents the I th sample.

During the training process, the three parameters % % and € may assume their

respective default values: 0.9, 0.999, and 1':'_8. With the smoothness and fast
convergence ability of the Adam algorithm during the optimization process, the model
can quickly converge and the ideal classification accuracy can be attained even when
the collected sample dataset is small.

The recognition module 104 is configured for inputting the preprocessed at least one
photograph to the pretrained recognition model to recognize the vehicle use
information corresponding to the at least one photograph, and then sending the
vehicle use information to the terminal device 2.

In this embodiment, as can be known from the above principle of training the
pretrained recognition model, the pretrained recognition model can identify the
vehicle use information based on the license plate information. Thus, by using the
preprocessed at least one photograph as the input to the pretrained recognition model,
the corresponding vehicle use information of the at least one photograph can be

accurately recognized.
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In this embodiment, if the at least one photograph is a single photograph, then the
recognition module 104 may send the corresponding vehicle use information of this
single photograph to the terminal device 2. Otherwise if the at least one photograph
includes multiple photographs, then the recognition module 104 may send the title of
each photograph as well as the corresponding vehicle use information of this
photograph to the terminal device 2.

In other embodiments, the classification module 105 may be configured for: when the
at least one photograph includes multiple photographs, classifying the at least one
photograph according to the vehicle use information corresponding to the at least one
photograph.

In this embodiment, the vehicle uses may include but are not limited to truck use,
police use, private car use, and military use. The photograph categories may include
but are not limited to truck-use photograph category, police-use photograph category,
private-car-use photograph category, and military-use photograph category.

In this embodiment, the photographs corresponding to the same vehicle use may be
classified into the same photograph category, while the photographs corresponding to
different vehicle uses may be classified into different photograph categories, and
further, the classified photograph categories, as well as the title of each photograph in
each photograph category and the corresponding vehicle use information of the
photograph may be sent to the terminal device 2.

Additionally, various functional units described in the embodiments herein may be
integrated into one processing unit or may be present as a number of physically
separated units, and two or more units may be integrated into one. The above
integrated units may be implemented by hardware or by hardware in combination
with software functional modules.

It will be apparent to those skilled in the art that this disclosure won’t be limited to the
details of the foregoing exemplary embodiments and may also be embodied in other
specific forms without departing from the spirit or essential characteristics of the
disclosure. Thus, the foregoing embodiments are to be regarded in all respects as
illustrative and not restrictive, and the scope of the disclosure is defined by the

appended claims rather than by the foregoing description. The present disclosure is
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therefore intended to embrace all changes that fall within the meanings and ranges of
the equivalent elements of the claims. No reference sign shown in the accompanying
drawings that are recited in a claim should be considered as a restriction on the claim
involved. In addition, it is manifest that the term “comprising,” or “including,” does
not exclude other elements or steps, and the singular form does not exclude the plural.
A plurality of units or devices recited in the system claims may also be implemented

29 ¢

by one unit or device through software or hardware. Terms such as “first,” “second,”
(if any) are used to indicate names rather than any particular order.

It will be appreciated that the foregoing embodiments are merely illustrative of the
technical solutions of this disclosure and are not restrictive. Although the present
disclosure has been described in detail in connection to some exemplary embodiments,
those of ordinary skill in the art will understand that various modifications, changes,

or equivalent substitutions can be made to the disclosure without departing from the

spirit and scope of the technical solutions of the disclosure.
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WHAT IS CLAIMED IS:

1. A method of classifying license plates based on deep learning, the method
being applied to an electronic device and comprising:

acquiring at least one photograph sent by a terminal device, the acquired
photograph having license plate information of a corresponding vehicle;

preprocessing the acquired photograph such that the preprocessed photograph
matches input parameters of a pretrained recognition model; and

inputting the preprocessed photograph to the pretrained recognition model to
recognize vehicle use information corresponding to the preprocessed photograph
based on the corresponding license plate information, and sending the vehicle use
information to the terminal device, wherein the terminal device displays a vehicle-
use-recognition operation interface including a single-photograph recognition control
and a multi-photograph recognition control,;

if the acquired photograph is a single photograph of a vehicle, receiving a first
instruction for recognizing vehicle use information of the single photograph having
license plate information of the vehicle sent by the terminal device, and sending the
vehicle use information of the single photograph to the terminal device, wherein the
first instruction is issued through the single-photograph recognition control to the
electronic device; or

if the acquired photograph comprises multiple photographs of a plurality of
vehicles, receiving a second instruction for recognizing vehicle use information the
multiple photographs having license plate information of the plurality of vehicles sent
by the terminal device, and sending a title of each of the multiple photographs as well

as the corresponding vehicle use information of each of the multiple photographs to
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the terminal device, wherein the second instruction is issued through the multi-
photograph recognition control to the electronic device.

2. The method of claim 1, wherein preprocessing the acquired photograph such
that the preprocessed photograph matches the input parameters of the pretrained
recognition model comprises:

whitening the acquired photograph to filter out noise pixels in the acquired
photograph, wherein the whitened photograph has a pixel mean of 0 and a pixel
variance of 1; and

adjusting a size of the whitened paragraph according to input dimensions of the
pretrained recognition model.

3. The method of claim 1, wherein the pretrained recognition model is a trained
deep convolutional neural network (CNN) model, and the deep CNN model is trained
by the following processes:

acquiring a plurality of preset photograph samples having license plate
information of a plurality of preset vehicles;

classifying the acquired photograph samples according to vehicle use
information thereof, so as to obtain at least one photograph category;

whitening each photograph sample in each photograph category, adjusting a size
of the whitened photograph sample, and rotating the adjusted photograph sample to
obtain photograph sample sets under the photograph category;

acquiring a plurality of photograph sample sets to be trained under a photograph
category and a plurality of photograph sample sets to be tested under the photograph

category from the photograph sample sets under the photograph category; and
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inputting the photograph samples of the photograph sample sets to be trained
sequentially into the deep CNN model, using a preset training algorithm to train the
deep CNN model used for recognizing vehicle use information based on license plate
information, and testing the trained deep CNN model using the photograph samples of
the photograph sample sets to be tested under each photograph category.

4. The method of claim 1, further comprising:

when the acquired photograph includes a plurality of photographs, classifying
the acquired photograph according to vehicle use information thereof, so that the
acquired photographs with the same vehicle use information are classified into a
same photograph category, and the acquired photographs with different vehicle use
information are classified into different photograph categories.

5. A system for classifying license plates based on deep learning, the system
operating in an electronic device and comprising:

an acquisition module configured to acquire at least one photograph sent by a
terminal device, the acquired photograph having license plate information of a
corresponding vehicle;

a preprocessing module configured to preprocess the acquired photograph such
that the preprocessed photograph matches input parameters of a pretrained recognition
model; and

a recognition module configured to input the preprocessed photograph to the
pretrained recognition model to recognize vehicle use information corresponding to
the preprocessed photograph based on the corresponding license plate information,

and sending the vehicle use information to the terminal device, wherein the terminal
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device displays a vehicle-use-recognition operation interface including a single-
photograph recognition control and a multi-photograph recognition control;

if the acquired photograph is a single photograph of a vehicle, receiving a first
instruction for recognizing vehicle use information of the single photograph having
license plate information of the vehicle sent by the terminal device, and sending the
vehicle use information of the single photograph to the terminal device, wherein the
first instruction is issued through the single-photograph recognition control to the
electronic device; or

if the acquired photograph comprises multiple photographs of a plurality of
vehicles, receiving a second instruction for recognizing vehicle use information the
multiple photographs having license plate information of the plurality of vehicles sent
by the terminal device, and sending a title of each of the multiple photographs as well
as the corresponding vehicle use information of each of the multiple photographs to
the terminal device, wherein the second instruction is issued through the multi-
photograph recognition control to the electronic device.

6. The system of claim 5, wherein preprocessing the acquired photograph such
that the preprocessed photograph matches the input parameters of the pretrained
recognition model comprises:

whitening the acquired photograph to filter out noise pixels in the acquired
photograph, wherein the whitened photograph has a pixel mean of 0 and a pixel
variance of 1; and

adjusting a size of the whitened paragraph according to input dimensions of the

pretrained recognition model.
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7. The system of claim 5, wherein the pretrained recognition model is a trained
deep convolutional neural network (CNN) model, and the deep CNN model is trained
by the following processes:

acquiring a plurality of preset photograph samples having license plate
information of a plurality of preset vehicles;

classifying the acquired photograph samples according to vehicle use
information thereof, so as to obtain at least one photograph category;

whitening each photograph sample in each photograph category, adjusting a size
of the whitened photograph sample, and rotating the adjusted photograph sample to
obtain photograph sample sets under the photograph category;

acquiring a plurality of photograph sample sets to be trained under a photograph
category and a plurality of photograph sample sets to be tested under the photograph
category from the photograph sample sets under the photograph category; and

inputting the photograph samples of the photograph sample sets to be trained
sequentially into the deep CNN model, using a preset training algorithm to train the
deep CNN model used for recognizing the vehicle use information based on the
license plate information, and testing the trained deep CNN model using the
photograph samples of the photograph sample sets to be tested under each photograph
category.

8. The system of claim 5, further comprising:

a classification module configured to classify the acquired photograph by vehicle
use information thereof when the acquired photograph includes a plurality of

photographs, so that the acquired photographs with the same vehicle use information
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are classified into a same photograph category, and the acquired photographs with
different vehicle use information are classified into different photograph categories.

9. An electronic device comprising a processing device, a storage device, and a
system for classifying license plates based on deep learning that is stored in the
storage device and comprises at least one computer-readable instruction, the
computer-readable instruction being executable by the processing device to perform
the following operations:

acquiring at least one photograph sent by a terminal device, the acquired
photograph having license plate information of a corresponding vehicle;

preprocessing the acquired photograph such that the preprocessed photograph
matches input parameters of a pretrained recognition model; and

inputting the preprocessed photograph to the pretrained recognition model to
recognize vehicle use information corresponding to the preprocessed photograph
based on the corresponding license plate information, and sending the vehicle use
information to the terminal device, wherein the terminal device displays a vehicle-
use-recognition operation interface including a single-photograph recognition control
and a multi-photograph recognition control,;

if the acquired photograph is a single photograph of a vehicle, receiving a first
instruction for recognizing vehicle use information of the single photograph having
license plate information of the vehicle sent by the terminal device, and sending the
vehicle use information of the single photograph to the terminal device, wherein the
first instruction is issued through the single-photograph recognition control to the

electronic device; or
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if the acquired photograph comprises multiple photographs of a plurality of
vehicles, receiving a second instruction for recognizing vehicle use information the
multiple photographs having license plate information of the plurality of vehicles sent
by the terminal device, and sending a title of each of the multiple photographs as well
as the corresponding vehicle use information of each of the multiple photographs to
the terminal device, wherein the second instruction is issued through the multi-
photograph recognition control to the electronic device.

10. The electronic device of claim 9, wherein preprocessing the acquired
photograph such that the preprocessed photograph matches the input parameters of
the pretrained recognition model comprises:

whitening the acquired photograph to filter out noise pixels in the acquired
photograph, wherein the whitened photograph has a pixel mean of 0 and a pixel
variance of 1; and

adjusting a size of the whitened paragraph according to input dimensions of the
pretrained recognition model.

11. The electronic device of claim 9, wherein the pretrained recognition model
is a trained deep convolutional neural network (CNN) model, and the deep CNN
model is trained by the following processes:

acquiring a plurality of preset photograph samples which have license plate
information of a plurality of preset vehicles;

classifying the acquired photograph samples according to vehicle use

information thereof, so as to obtain at least one photograph category;
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whitening each photograph sample in each photograph category, adjusting a size
of the whitened photograph sample, and rotating the adjusted photograph sample to
obtain photograph sample sets under the photograph category;

acquiring a plurality of photograph sample sets to be trained under the
photograph category and a plurality of photograph sample sets to be tested under the
photograph category from the photograph sample sets under the photograph category;
and

inputting the photograph samples of the photograph sample sets to be trained
sequentially into the deep CNN model, using a preset training algorithm to train the
deep CNN model used for recognizing vehicle use information based on license plate
information, and testing the trained deep CNN model using the photograph samples of
the photograph sample sets to be tested under each photograph category.

12. The electronic device of claim 9, wherein the at least one computer-readable
instruction is executable by the processing device to further perform the following
operations:

when the acquired photograph includes a plurality of photographs, classifying
the acquired photograph by vehicle use information thereof, so that the acquired
photographs with the same vehicle use are classified into a same photograph category,
and the acquired photographs with different vehicle use information are classified into
different photograph categories.

13. A computer-readable storage medium having stored thereon at least one
computer-readable instruction executable by a processing device to perform the

following operations:
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acquiring at least one photograph sent by a terminal device, the acquired
photograph having license plate information of a corresponding vehicle;

preprocessing the acquired photograph such that the preprocessed photograph
matches input parameters of a pretrained recognition model; and

inputting the preprocessed at least one photograph to the pretrained recognition
model to recognize vehicle use information corresponding to the preprocessed
photograph based on the corresponding license plate information, and sending the
vehicle use information to the terminal device, wherein the terminal device displays a
vehicle-use-recognition operation interface including a single-photograph recognition
control and a multi-photograph recognition control;

if the acquired photograph is a single photograph of a vehicle, receiving a first
instruction for recognizing vehicle use information of the single photograph having
license plate information of the vehicle sent by the terminal device, and sending the
vehicle use information of the single photograph to the terminal device, wherein the
first instruction is issued through the single-photograph recognition control to the
electronic device; or

if the acquired photograph comprises multiple photographs of a plurality of
vehicles, receiving a second instruction for recognizing vehicle use information the
multiple photographs having license plate information of the plurality of vehicles sent
by the terminal device, and sending a title of each of the multiple photographs as well
as the corresponding vehicle use information of each of the multiple photographs to
the terminal device, wherein the second instruction is issued through the multi-

photograph recognition control to the electronic device.
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14. The computer-readable storage medium of claim 13, wherein preprocessing
the acquired photograph such that the preprocessed photograph matches the input
parameters of the pretrained recognition model comprises:

whitening the acquired photograph to filter out noise pixels in the acquired
photograph, wherein the whitened photograph has a pixel mean of 0 and a pixel
variance of 1; and

adjusting a size of the whitened paragraph according to input dimensions of the

pretrained recognition model.
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