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METHODS AND APPARATUSES FOR VEHICLE APPEARANCE
FEATURE RECOGNITION, METHODS AND APPARATUSES
FOR VEHICLE RETRIEVAL, STORAGE MEDIUM, AND
ELECTRONIC DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority to Chinese Patent Application No.
CN201710507778.5, filed to the Chinese Patent Office on June 28, 2017 and entitled
"METHODS AND APPARATUSES FOR VEHICLE APPEARANCE FEATURE
RECOGNITION, METHODS AND APPARATUSES FOR VEHICLE RETRIEVAL,
STORAGE MEDIUM, AND ELECTRONIC DEVICES", the contents of which are

hereby incorporated by reference in its entirety.

TECHNICAL FIELD

Embodiments of the present disclosure relate to the artificial intelligence
technologies, and in particular to methods and apparatuses for vehicle appearance
feature recognition, storage medium, and electronic devices, as well as methods and

apparatuses for vehicle retrieval, storage medium, and electronic devices.

BACKGROUND

A vehicle retrieval task refers to providing a vehicle image to be queried and
retrieving all images of vehicles in the vehicle image in a large-scale vehicle image

database.

SUMMARY

An objective of embodiments of the present disclosure is to provide technical
solutions for vehicle appearance feature recognition and technical solutions for

vehicle retrieval.
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According to a first aspect of the embodiments of the present disclosure, a
method for vehicle appearance feature recognition is provided, including: obtaining
multiple region segmentation results of a target vehicle from an image to be
recognized; extracting global feature data and multiple pieces of region feature data
from the image to be recognized based on the multiple region segmentation results;
and fusing the global feature data and the multiple pieces of region feature data to
obtain appearance feature data of the target vehicle.

Optionally, the multiple region segmentation results respectively correspond to
regions of different orientations of the target vehicle.

Optionally, the multiple region segmentation results include segmentation
results of a front side, a rear side, a left side, and a right side of the target vehicle.

Optionally, the obtaining multiple region segmentation results of a target
vehicle from an image to be recognized includes: obtaining multiple region
segmentation results of the target vehicle from the image to be recognized by means
of a first neural network for region extraction.

Optionally, the first neural network has a first feature extraction layer and a
first computing layer connected to a tail end of the first feature extraction layer,
wherein the obtaining multiple region segmentation results of the target vehicle from
the image to be recognized by means of a first neural network for region extraction
includes: performing feature extraction on the image to be recognized by means of the
first feature extraction layer to obtain multiple key points of the target vehicle; and
classifying the multiple key points by means of the first computing layer to obtain
multiple key point clusters, and respectively fusing feature maps of key points in the
multiple key point clusters, to obtain region segmentation results corresponding to the
multiple key point clusters.

Optionally, the extracting global feature data and multiple pieces of region
feature data from the image to be recognized based on the multiple region
segmentation results includes: extracting global feature data and multiple pieces of
region feature data of the target vehicle from the image to be recognized by means of
a second neural network for feature extraction based on the multiple region
segmentation results.

Optionally, the second neural network has a first processing subnet and

multiple second processing subnets separately connected to an output end of the first
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processing subnet, wherein the first processing subnet has a second feature extraction
layer, a first inception module, and a first pooling layer, and the second processing
subnet has a second computing layer, a second inception module, and a second
pooling layer which are connected to the output end of the first processing subnet.

Optionally, the extracting global feature data and multiple pieces of region
feature data of the target vehicle from the image to be recognized by means of a
second neural network for feature extraction based on the multiple region
segmentation results includes: performing a convolution operation and a pooling
operation on the image to be recognized by means of the second feature extraction
layer to obtain a global feature map of the target vehicle; performing a convolution
operation and a pooling operation on the global feature map by means of the first
inception module to obtain a first feature map set of the target vehicle; and performing
a pooling operation on feature maps in the first feature map set by means of the first
pooling layer to obtain a global feature vector of the target vehicle.

Optionally, the extracting global feature data and multiple pieces of region
feature data of the target vehicle from the image to be recognized by means of a
second neural network for feature extraction based on the multiple region
segmentation results further includes: performing point multiplication on the multiple
region segmentation results and the global feature map separately by means of the
second computing layer, to obtain local feature maps respectively corresponding to
the multiple region segmentation results; performing a convolution operation and a
pooling operation on the local feature maps of the multiple region segmentation
results by means of the second inception module to obtain a second feature map set
corresponding to the multiple region segmentation results; and performing a pooling
operation on the second feature map set of the multiple region segmentation results by
means of the second pooling layer to obtain first region feature vectors corresponding
to the multiple region segmentation results.

Optionally, before the performing point multiplication on the multiple region
segmentation results and the global feature map separately by means of the second
computing layer, the method further includes: respectively scaling the multiple region
segmentation results to the same size as a size of the global feature map by means of
the second computing layer.

Optionally, the fusing the global feature data and the multiple pieces of region
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feature data includes: fusing the global feature data and the multiple pieces of region
feature data of the target vehicle by means of a third neural network for feature fusion.

Optionally, the third neural network has a first fully connected layer, a third
computing layer, and a second fully connected layer which are connected to an output
end of the second neural network, wherein the fusing the global feature data and the
multiple pieces of region feature data of the target vehicle by means of a third neural
network for feature fusion includes: obtaining weight values of the first region feature
vectors by means of the first fully connected layer; respectively weighting the
multiple first region feature vectors by means of the third computing layer according
to the weight values to obtain corresponding multiple second region feature vectors;
and performing a mapping operation on the multiple second region feature vectors
and the global feature vector by means of the second fully connected layer to obtain
an appearance feature vector of the target vehicle.

Optionally, the obtaining weight values of the first region feature vectors by
means of the first fully connected layer includes: performing a stitching operation on
the multiple first region feature vectors to obtain a stitched first region feature vector;
performing a mapping operation on the stitched first region feature vector by means
of the first fully connected layer to obtain a set of scalars corresponding to the
multiple first region feature vectors; and performing a normalization operation on the
scalars in the set to obtain the weight values of the multiple first region feature vectors.

Optionally, the first feature extraction layer is an hourglass network structure.

According to a second aspect of the embodiments of the present disclosure, a
method for vehicle retrieval is provided. The method includes: obtaining appearance
feature data of a target vehicle in an image to be retrieved by means of the method
according to the first aspect of the embodiments of the present disclosure; and
searching a candidate vehicle image library for a target candidate vehicle image
matching the appearance feature data.

Optionally, the searching a candidate vehicle image library for a target
candidate vehicle image matching the appearance feature data includes: determining
cosine distances between the appearance feature vector of the target vehicle and
appearance feature vectors of vehicles in multiple vehicle images to be selected in the
candidate vehicle image library, separately; and determining, according to the cosine

distances, a target candidate vehicle image matching the target vehicle.
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Optionally, the method further includes: obtaining the photographed time
and/or a photographing position of the image to be retrieved and the photographed
time and/or photographing positions of the multiple vehicle images to be selected;
determining temporal-spatial distances between the target vehicle and vehicles in the
multiple vehicle images to be selected according to the photographed time and/or the
photographing positions; and determining, according to the cosine distances and the
temporal-spatial distances, a target candidate vehicle image, matching the target
vehicle, in the candidate vehicle image library.

Optionally, the determining, according to the cosine distances and the
temporal-spatial distances, a target candidate vehicle image, matching the target
vehicle, in the candidate vehicle image library includes: obtaining the multiple vehicle
images to be selected from the candidate vehicle image library according to the cosine
distances; determining a temporal-spatial matching probability of the vehicle image to
be selected and the target vehicle based on the photographed time and the
photographing position of the vehicle image to be selected, respectively; and
determining, according to the cosine distances and the temporal-spatial matching
probability, a target candidate vehicle image matching the target vehicle.

According to a third aspect of the embodiments of the present disclosure, an
apparatus for vehicle appearance feature recognition is provided. The apparatus
includes: a first obtaining module, configured to obtain multiple region segmentation
results of a target vehicle from an image to be recognized; an extraction module,
configured to extract global feature data and multiple pieces of region feature data
from the image to be recognized based on the multiple region segmentation results;
and a fusion module, configured to fuse the global feature data and the multiple pieces
of region feature data to obtain appearance feature data of the target vehicle.

Optionally, the multiple region segmentation results respectively correspond to
regions of different orientations of the target vehicle.

Optionally, the multiple region segmentation results include segmentation
results of a front side, a rear side, a left side, and a right side of the target vehicle.

Optionally, the first obtaining module includes: an obtaining sub-module,
configured to obtain multiple region segmentation results of the target vehicle from
the image to be recognized by means of a first neural network for region extraction.

Optionally, the first neural network has a first feature extraction layer and a
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first computing layer connected to a tail end of the first feature extraction layer,
wherein the obtaining sub-module is configured to: perform feature extraction on the
image to be recognized by means of the first feature extraction layer to obtain
multiple key points of the target vehicle; and the multiple key points are classified by
means of the first computing layer to obtain multiple key point clusters, and
respectively fuse feature maps of key points in the multiple key point clusters, to
obtain region segmentation results corresponding to the multiple key point clusters.

Optionally, the extraction module includes: an extraction sub-module,
configured to extract global feature data and multiple pieces of region feature data of
the target vehicle from the image to be recognized by means of a second neural
network for feature extraction based on the multiple region segmentation results.

Optionally, the second neural network has a first processing subnet and
multiple second processing subnets separately connected to an output end of the first
processing subnet, wherein the first processing subnet has a second feature extraction
layer, a first inception module, and a first pooling layer, and the second processing
subnet has a second computing layer, a second inception module, and a second
pooling layer which are connected to the output end of the first processing subnet.

Optionally, the extraction sub-module includes: a first feature extraction unit,
configured to perform a convolution operation and a pooling operation on the image
to be recognized by means of the second feature extraction layer to obtain a global
feature map of the target vehicle; a second feature extraction unit, configured to
perform a convolution operation and a pooling operation on the global feature map by
means of the first inception module to obtain a first feature map set of the target
vehicle; and a first pooling unit, configured to perform a pooling operation on feature
maps in the first feature map set by means of the first pooling layer to obtain a global
feature vector of the target vehicle.

Optionally, the extraction sub-module further includes: a first computing unit,
configured to perform point multiplication on the multiple region segmentation results
and the global feature map separately by means of the second computing layer, to
obtain local feature maps respectively corresponding to the multiple region
segmentation results; a third feature extraction unit, configured to perform a
convolution operation and a pooling operation on the local feature maps of the

multiple region segmentation results by means of the second inception module to
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obtain a second feature map set corresponding to the multiple region segmentation
results; and a second pooling unit, configured to perform a pooling operation on the
second feature map set of the multiple region segmentation results by means of the
second pooling layer to obtain first region feature vectors corresponding to the
multiple region segmentation results.

Optionally, the extraction sub-module further includes: a second computing
unit, configured to respectively scale the multiple region segmentation results to the
same size as a size of the global feature map by means of the second computing layer.

Optionally, the fusion module includes: a fusion sub-module, configured to
fuse the global feature data and the multiple pieces of region feature data of the target
vehicle by means of a third neural network for feature fusion.

Optionally, the third neural network has a first fully connected layer, a third
computing layer, and a second fully connected layer which are connected to an output
end of the second neural network, wherein the fusion sub-module includes: a first
obtaining unit, configured to obtain weight values of the first region feature vectors by
means of the first fully connected layer; a third computing unit, configured to
respectively weight the multiple first region feature vectors by means of the third
computing layer according to the weight values to obtain corresponding multiple
second region feature vectors; and mapping unit, configured to perform a mapping
operation on the multiple second region feature vectors and the global feature vector
by means of the second fully connected layer to obtain an appearance feature vector
of the target vehicle.

Optionally, the first obtaining unit is configured to: perform a stitching
operation on the multiple first region feature vectors to obtain a stitched first region
feature vector; perform a mapping operation on the stitched first region feature vector
by means of the first fully connected layer to obtain a set of scalars corresponding to
the multiple first region feature vectors; and perform a normalization operation on the
multiple scalars in the set to obtain the weight values of the multiple first region
feature vectors.

Optionally, the first feature extraction layer is an hourglass network structure.

According to a fourth aspect of the embodiments of the present disclosure, an
apparatus for vehicle retrieval is provided. The apparatus includes: a second obtaining

module, configured to obtain appearance feature data of a target vehicle in an image
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to be retrieved by means of the apparatus according to the third aspect of the
embodiments of the present disclosure; and a searching module, configured to search
a candidate vehicle image library for a target candidate vehicle image matching the
appearance feature data.

Optionally, the searching module is configured to: determine cosine distances
between the appearance feature vector of the target vehicle and appearance feature
vectors of vehicles in vehicle images to be selected in the candidate vehicle image
library, separately; and determine, according to the cosine distances, a target candidate
vehicle image matching the target vehicle.

Optionally, the apparatus further includes: a third obtaining module,
configured to obtain the photographed time and/or a photographing position of the
image to be retrieved and the photographed time and/or photographing positions of
the multiple vehicle images to be selected; a first determining module, configured to
determine temporal-spatial distances between the target vehicle and vehicles in the
multiple vehicle images to be selected according to the photographed time and/or the
photographing positions; and a second determining module, configured to determine,
according to the cosine distances and the temporal-spatial distances, a target candidate
vehicle image, matching the target vehicle, in the candidate vehicle image library.

Optionally, the second determining module is configured to: obtain the
multiple vehicle images to be selected from the candidate vehicle image library
according to the cosine distances; determine a temporal-spatial matching probability
of the vehicle image to be selected and the target vehicle based on the photographed
time and the photographing position of the vehicle image to be selected, respectively;
and determine, according to the cosine distances and the temporal-spatial matching
probability, a target candidate vehicle image matching the target vehicle.

According to a fifth aspect of the embodiments of the present disclosure,
provided is a computer readable storage medium having stored thereon computer
program instructions that, when executed by a processor, cause steps of the method
for vehicle appearance feature recognition according to the first aspect of the
embodiments of the present disclosure to be implemented.

According to a sixth aspect of the embodiments of the present disclosure,
provided is a computer readable storage medium having stored thereon computer

program instructions that, when executed by a processor, cause steps of the method
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for vehicle retrieval according to the second aspect of the embodiments of the present
disclosure to be implemented.

According to a seventh aspect of the embodiments of the present disclosure,
provided is an electronic device, including a first processor, a first memory, a first
communication element, and a first communication bus, wherein the first processor,
the first memory, and the first communication element are in communication with
each other by means of the first communication bus; and the first memory is
configured to store at least one executable instruction which enables the first
processor to execute the steps of the method for vehicle appearance feature
recognition according to the first aspect of the embodiments of the present disclosure.

According to an eighth aspect of the embodiments of the present disclosure,
provided is an electronic device, including a second processor, a second memory, a
second communication element, and a second communication bus, wherein the
second processor, the second memory, and the second communication element are in
communication with each other by means of the second communication bus; and the
second memory is configured to store at least one executable instruction which
enables the second processor to execute the steps of the method for vehicle retrieval
according to the second aspect of the embodiments of the present disclosure.

According to the method for vehicle appearance feature recognition in the
embodiments of the present disclosure, multiple region segmentation results of a
target vehicle are obtained from an image to be recognized, then global feature data
and multiple pieces of region feature data are extracted from the image to be
recognized based on the multiple region segmentation results, and the global feature
data and the multiple pieces of region feature data are fused to obtain appearance
feature data of the target vehicle. Compared with the method for obtaining vehicle
appearance features in the prior art, the method for vehicle appearance feature
recognition according to the embodiments of the present disclosure recognizes the
vehicle appearance features such as the global features, and features of local regions
of the vehicle appearance, and reflects detail information of the target vehicle by
means of the local region features, so as to describe the appearance of the vehicle
more accurately. In addition, by means of the vehicle appearance features recognized
in the embodiments of the present disclosure, the vehicle appearance features in

different vehicle images may be compared directly, thereby solving the problem that
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different regions between different vehicle images cannot be compared.

The following further describes in detail the technical solutions of the present

disclosure with reference to the accompanying drawings and embodiments..

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings constituting a part of the specification describe
the embodiments of the present disclosure and are intended to explain the principles
of the present disclosure together with the descriptions.

According to the following detailed descriptions, the present disclosure can be
understood more clearly with reference to the accompanying drawings.

FIG. 1 is a flowchart of one embodiment of a method for vehicle appearance
feature recognition according to the present disclosure.

FIG. 2 is a flowchart of another embodiment of the method for vehicle
appearance feature recognition according to the present disclosure.

FIG. 3 is a schematic diagram showing distribution of vehicle key points for
implementing the method embodiment of FIG. 2.

FIG. 4 is a schematic diagram of a network framework for implementing the
method embodiment of FIG. 2.

FIG. 5 is a schematic diagram showing a vehicle region segmentation result
for implementing the method embodiment of FIG. 2.

FIG. 6 is a schematic diagram showing a weight value of a vehicle region for
implementing the method embodiment of FIG. 2.

FIG. 7 is a flowchart of one embodiment of a method for vehicle retrieval
according to the present disclosure.

FIG. 8 is a flowchart of another embodiment of the method for vehicle
retrieval according to the present disclosure.

FIG. 9 is a schematic diagram showing a similarity distance of a vehicle for
implementing the method embodiment of FIG. 8.

FIG. 10 is a schematic structural diagram of one embodiment of an apparatus

for vehicle appearance feature recognition according to the present disclosure.

10



10

15

20

25

30

FIG. 11 is a schematic structural diagram of another embodiment of the
apparatus for vehicle appearance feature recognition according to the present
disclosure.

FIG. 12 is a schematic structural diagram of one embodiment of an apparatus
for vehicle retrieval according to the present disclosure.

FIG. 13 is a schematic structural diagram of another embodiment of the
apparatus for vehicle retrieval according to the present disclosure.

FIG. 14 is a schematic structural diagram of one embodiment of an electronic
device applicable to realize a terminal device or a server according to the
embodiments of the present disclosure.

FIG. 15 is a schematic structural diagram of another embodiment of the
electronic device applicable to realize the terminal device or the server according to

the embodiments of the present disclosure.

DETAILED DESCRIPTION

Various exemplary embodiments of the present disclosure are now described
in detail with reference to the accompanying drawings. It should be noted that, unless
otherwise stated specifically, relative arrangement of the components and steps, the
numerical expressions, and the values set forth in the embodiments are not intended to
limit the scope of the present disclosure.

In addition, it should be understood that, for ease of description, the size of
each part shown in the accompanying drawings is not drawn in actual proportion.

The following descriptions of at least one exemplary embodiment are merely
illustrative actually, and are not intended to limit the present disclosure and the
disclosures or uses thereof.

Technologies, methods and devices known to a person of ordinary skill in the
related art may not be discussed in detail, but such technologies, methods and devices
should be considered as a part of the specification in appropriate situations.

It should be noted that similar reference numerals and letters in the following
accompanying drawings represent similar items. Therefore, once an item is defined in
an accompanying drawing, the item does not need to be further discussed in the

subsequent accompanying drawings.
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The embodiments of the present disclosure may be applied to electronic
devices such as terminal devices, computer systems, and servers, which may operate
with numerous other general-purpose or special-purpose computing system
environments or configurations. Examples of well-known terminal devices,
computing systems, environments, and/or configurations suitable for use together
with the electronic devices such as terminal devices, computer systems, and servers
include, but are not limited to, personal computer systems, server computer systems,
thin clients, thick clients, handheld or laptop devices, microprocessor-based systems,
set top boxes, programmable consumer electronics, network personal computers,
small computer systems, large computer systems, distributed cloud computing
environments that include any one of the systems, and the like.

The electronic devices such as terminal devices, computer systems, and
servers may be described in the general context of computer system executable
instructions (such as, program modules) executed by the computer systems. Generally,
the program modules may include routines, programs, target programs, components,
logics, data structures, and the like, to perform specific tasks or implement specific
abstract data categories. The computer systems/servers may be practiced in the
distributed cloud computing environments in which tasks are performed by remote
processing devices that are linked through a communications network. In the
distributed computing environments, the program modules may be located in local or
remote computing system storage medium including storage devices.

FIG. 1 is a flowchart of one embodiment of a method for vehicle appearance
feature recognition according to the present disclosure.

Referring to FIG. 1, at step S101, multiple region segmentation results of a
target vehicle are obtained from an image to be recognized.

In some embodiments, in terms of the contents included in the image, the
image to be recognized may be an image including a part of the target vehicle or an
image including the whole target vehicle, etc. In terms of the category of the image,
the image to be recognized may be a photographed static image, or a video image in a
video frame sequence, and may also be a synthetic image, etc. Multiple region
segmentation results respectively correspond to regions of different orientations of the
target vehicle. Optionally, the multiple region segmentation results may include, but

not limited to, segmentation results of a front side, a rear side, a left side, and a right
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side of the target vehicle. Certainly, in some embodiments of the present disclosure,
the multiple region segmentation results are not limited to the segmentation results of
four regions including the front side, the rear side, the left side, and the right side of
the target vehicle. For example, the multiple region segmentation results may further
include segmentation results of six regions including the front side, the rear side, the
left side, the right side, the top, and the bottom of the target vehicle, and the multiple
region segmentation results may further include the segmentation results of eight
regions including the front side, the rear side, the left side, the right side, the left front,
the right front, the left rear, and the right rear. The region segmentation result is a
single-channel weight map, and the size of the value in the region segmentation result
indicates the importance degree of the corresponding position in the image to be
recognized, that is, the larger the value in the region segmentation result is, the higher
the degree of importance of the corresponding position in the image to be recognized
is. The smaller the value in the region segmentation result is, the lower the degree of
importance of the corresponding position in the image to be recognized is.

In one embodiment, step S101 may be performed by a processor by invoking a
corresponding instruction stored in a memory, and may also be performed by a first
obtaining module 501 run by the processor.

At step S102, global feature data and multiple pieces of region feature data are
extracted from the image to be recognized based on the multiple region segmentation
results.

The global feature data and the multiple pieces of region feature data are
global feature data and multiple pieces of region feature data of the target vehicle. The
global feature data is a vector-represented global feature, and the region feature data is
a vector-represented region feature.

In one embodiment, step S102 may be performed by a processor by invoking a
corresponding instruction stored in a memory, and may also be performed by an
extraction module 502 run by the processor.

At step S103, the global feature data and the multiple pieces of region feature
data are fused to obtain appearance feature data of the target vehicle.

In the case where both the global feature data and the region feature data are
represented by vectors, the dimension of the global feature vector is the same as the

dimension of the region feature vector. The appearance feature data of the target
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vehicle includes features of multiple local regions of the target vehicle and features of
a global region of the target vehicle.

In one embodiment step S103 may be performed by a processor by invoking a
corresponding instruction stored in a memory, and may also be performed by a
fusion module 503 run by the processor.

According to the method for vehicle appearance feature recognition in the
embodiment, multiple region segmentation results of a target vehicle are obtained
from an image to be recognized, then global feature data and multiple pieces of region
feature data are extracted from the image to be recognized based on the multiple
region segmentation results, and the global feature data and the multiple pieces of
region feature data are fused to obtain appearance feature data of the target vehicle.
Compared with the method for obtaining vehicle appearance features in the prior art,
the method for vehicle appearance feature recognition in the embodiments recognizes
the vehicle appearance features such as the global features, and features of local
regions of the vehicle appearance, and reflects detail information of the target vehicle
by means of the local region features, so as to describe the appearance of the vehicle
more accurately. In addition, by means of the vehicle appearance features recognized
in the embodiments, the vehicle appearance features in different vehicle images may
be compared directly, thereby solving the problem that different regions between
different vehicle images cannot be compared.

The method for vehicle appearance feature recognition in the embodiments
may be executed by any appropriate device having data processing capability,
including, but not limited to, a terminal device, a server and the like.

FIG. 2 is a flowchart of another embodiment of the method for vehicle
appearance feature recognition according to the present disclosure.

Referring to FIG 2, at step S201, multiple region segmentation results of the
target vehicle are obtained from the image to be recognized by means of a first neural
network for region extraction.

In one embodiment, step S201 may be performed by a processor by invoking a
corresponding instruction stored in a memory, and may also be performed by an
obtaining sub-module 6011 run by the processor.

The first neural network may be any appropriate neural network that may

implement region extraction or target object recognition, and may include, but not
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limited to, a convolutional neural network, an enhanced learning neural network, a
generation network in an adversarial neural network, etc. The configuration of the
structure in the neural network may be appropriately set by a person skilled in the art
according to actual needs, such as the number of convolution layers, the size of the
convolution kernel, the number of channels, etc., which is not limited in the
embodiments of the present disclosure. In some embodiments of the present
disclosure, the first neural network has a first feature extraction layer and a first
computing layer connected to a tail end of the first feature extraction layer.

Optionally, step S201 includes: performing feature extraction on the image to
be recognized by means of the first feature extraction layer to obtain multiple key
points of the target vehicle; and classifying the multiple key points by means of the
first computing layer to obtain multiple key point clusters, and respectively fusing
feature maps of key points in the multiple key point clusters, to obtain region
segmentation results corresponding to the multiple key point clusters.

Since the vehicle is solid color and the chromatograms of some vehicles are
quite similar, it is difficult to distinguish the vehicles according to the colors. In some
embodiments extract the region features of the vehicle based on the vehicle key points.
In this way, many detailed features of the vehicle may be better reflected from the
region features. The vehicle key point in the embodiments is not the boundary point or
corner point of the vehicle, but a significantly different position on the vehicle or a
main component of the vehicle, such as a wheel, a lamp, a logo, a rearview mirror, a
license plate, etc. FIG. 3 is a schematic diagram showing distribution of vehicle key
points for implementing the method embodiment of FIG. 2. As shown in FIG. 3, the
vehicle key points in the embodiments include a left front wheel 1, a left rear wheel 2,
a right front wheel 3, a right rear wheel 4, a right fog-proof lamp 5, a left fog-proof
lamp 6, a right front headlight 7, a left front headlight 8, a front car logo 9, a front
license plate 10, a left rearview mirror 11, a right rearview mirror 12, a right front
corner 13 of the roof, a left front corner 14 of the roof, a left rear corner of the roof 15,
a right rear corner 16 of the roof, a left taillight 17, a right taillight 18, a rear car logo
19 and a rear license plate 20. In view of the above, the detailed features of the
vehicle may be reflected from the region features, so as to describe the appearance of
the vehicle more accurately.

In one or more embodiments, the first feature extraction layer performs feature
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extraction on the vehicle key points of the 20 vehicle key points in the input vehicle
image to obtain a response feature map of the multiple vehicle key points. The first
feature extraction layer may be an hourglass network structure. The first feature
extraction layer needs to be trained before this step is executed. The training process
of the first feature extraction layer may be: designing a target response feature map of
the annotated vehicle key point as a Gaussian kernel around the annotated key point
position, and then inputting a vehicle image containing the annotated vehicle key
point into the first feature extraction layer; determining whether a prediction result of
the first feature extraction layer is close to a target Gaussian kernel; and if the
prediction result of the first feature extraction layer is not close to the target Gaussian
kernel, adjusting parameters of the first feature extraction layer according to a
difference between the prediction result and the target Gaussian kernel, and
performing repeated iterative training. The prediction result of the first feature
extraction layer for the annotated vehicle key point is a Gaussian kernel
corresponding to the response feature map of the annotated vehicle key point, and the
difference between the prediction result and the target Gaussian kernel may be a cross
entropy. FIG. 4 is a schematic diagram of a network framework for implementing the
method embodiment of FIG. 2. As shown in FIG. 4, a marker regression machine in
the first neural network (a) is the representation of the first feature extraction layer.

In some embodiments, there are always some invisible regions of the vehicle
in a vehicle image photographed at a particular angle. In order to deal with the
problem of invisible vehicle key points, the geometric relationship between the
vehicle key points may be fully utilized to allocate 20 vehicle key points into four
clusters, for example, C1=[5, 6, 7, 8, 9, 10, 13, 14], C2=[15, 16, 17, 18, 19, 20],
C3<[1, 2, 6, 8, 11, 14, 15, 17], and C4=[3, 4, 5, 7, 12, 13, 16, 18], the vehicle key
points in the four clusters correspond to the front, rear, left and right sides of the
vehicle, respectively, and then the feature maps of the key points in the multiple
clusters are fused to obtain a front segmentation result, a rear segmentation result, a
left segmentation result, and a right segmentation result of the vehicle, as shown in
part (a) of FIG. 4 .

FIG. 5 is a schematic diagram showing a vehicle region segmentation result
for implementing the method embodiment of FIG. 2.As shown in FIG. 5, three vehicle

images are sequentially arranged in the left side, and the front segmentation result, the
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rear segmentation result, the left segmentation result, and the right segmentation result
of each vehicle image are sequentially arranged in the right side. As shown in the
drawing, the segmentation result of the visible region of the vehicle in the vehicle
image generally has a higher response than the segmentation result of the invisible
region of the vehicle, which may indicate that the first feature extraction layer may
not only predict the vehicle key points, but also may distinguish the visible vehicle
key points from the invisible vehicle key points.

At step S202, global feature data and multiple pieces of region feature data of
the target vehicle are extracted from the image to be recognized by means of a second
neural network for feature extraction based on the multiple region segmentation
results.

In one embodiment, step S202 may be performed by a processor by invoking a

corresponding instruction stored in a memory, and may also be performed by an

extraction sub-module 6021 run by the processor.

The second neural network may be any appropriate neural network that may
implement region extraction or target object recognition, and may include, but not
limited to, a convolutional neural network, an enhanced learning neural network, a
generation network in an adversarial neural network, etc. The configuration of the
optional structure in the neural network may be appropriately set by a person skilled
in the art according to actual needs, such as the number of convolution layers, the size
of the convolution kernel, the number of channels, etc., which is not limited in the
embodiments of the present disclosure. In some embodiments, the second neural
network has a first processing subnet and multiple second processing subnets
separately connected to an output end of the first processing subnet, wherein the first
processing subnet has a second feature extraction layer, a first inception module, and a
first pooling layer, and the second processing subnet has a second computing layer, a
second inception module, and a second pooling layer which are connected to the
output end of the first processing subnet. The second feature extraction layer includes
three convolution layers and two inception modules, and the inception module may
perform convolution operations and pool operations.

Optionally, step S202 includes: performing a convolution operation and a
pooling operation on the image to be recognized by means of the second feature

extraction layer to obtain a global feature map of the target vehicle; performing a
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convolution operation and a pooling operation on the global feature map by means of
the first inception module to obtain a first feature map set of the target vehicle; and
performing a pooling operation on feature maps in the first feature map set by means
of the first pooling layer to obtain a global feature vector of the target vehicle.

In some embodiments, the image to be recognized is first scaled, so that the
size of the image to be recognized is 192*192, and then the scaled image is input to a
second feature extraction layer composed of three convolution layers and two
inception modules, and the second feature extraction layer performs a convolution
operation and a pooling operation on the scaled image to obtain a global feature map
having the space size of 12*12. Then, the first inception module performs a
convolution operation and a pooling operation on the global feature map to obtain a
set of feature maps having the space size of 6*6. Finally, the first pooling layer
performs a global average pooling operation on the feature maps in the set, to obtain
1536-dimensional global feature vectors.

Optionally, step S202 may further include: performing point multiplication on
the multiple region segmentation results and the global feature map separately by
means of the second computing layer, to obtain local feature maps respectively
corresponding to the multiple region segmentation results; performing a convolution
operation and a pooling operation on the local feature maps of the multiple region
segmentation results by means of the second inception module to obtain a second
feature map set corresponding to the multiple region segmentation results; and
performing a pooling operation on the second feature map set of the multiple region
segmentation results by means of the second pooling layer to obtain first region
feature vectors corresponding to the multiple region segmentation results.

Optionally, before the performing point multiplication on the multiple region
segmentation results and the global feature map separately by means of the second
computing layer, the method further includes: respectively scaling the multiple region
segmentation results to the same size as a size of the global feature map by means of
the second computing layer. In view of the above, it can be ensured that the dimension
of the finally obtained region feature vector is the same as that of the global feature
vector.

In some embodiments, the front segmentation result, the rear segmentation

result, the left segmentation result, and the right segmentation result of the vehicle are
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first scaled to the same size as a size of the global feature map, i.e., the size of 12*12.
Then, point multiplication is performed on the scaled front segmentation result, the
rear segmentation result, the left segmentation result, and the right segmentation result
and the global feature map respectively to obtain a front feature map, a rear feature
map, a left feature map, and a right feature map of the vehicle. Then, the second
inception module performs a convolution operation and a pooling operation on the
front feature map, the rear feature map, the left feature map, and the right feature map
of the vehicle, respectively, to obtain a feature map set separately corresponding to the
local feature maps, and the space size of the feature maps in the feature map set is 6*6.
Finally, the global maximum pooling operation is performed on the feature maps in
the feature map set corresponding to multiple local feature maps by means of the
second pooling layer, to obtain a front feature vector, a rear feature vector, a left
feature vector, and a right feature vector of the vehicle. Moreover, the dimension of
the feature vector of the local region is 1536-dimension. The global maximum pooling
operation is performed on the feature maps in the feature map set corresponding to the
multiple local feature maps respectively, because the maximum response is more
suitable for extracting features from a local region.

As shown in part (b) of FIG. 4, the second neural network is divided into two
phases, and the global features and the local features are extracted in the form of trunk
and branch. The first phase performs a convolution operation and a pooling operation
on the image to be recognized to obtain a global feature map of the image to be
recognized. The second phase consists of five branches, one global branch and four
local region branches. The global branch performs the similar processing in the
foregoing embodiments on the global feature map to obtain the global feature vector,
and the local region branches respectively perform the similar processing in the
foregoing embodiments on the specified region segmentation result in conjunction
with the global feature map to obtain corresponding local feature vectors.

At step S203, the global feature data and the multiple pieces of region feature
data of the target vehicle are fused by means of a third neural network for feature
fusion.

In one embodiment step S203 may be performed by a processor by invoking a

corresponding instruction stored in a memory, and may also be performed by a

fusion sub-module 6031 run by the processor.
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The third neural network may be any appropriate neural network that may
implement feature fusion, and may include, but not limited to, a convolutional neural
network, an enhanced learning neural network, a generation network in an adversarial
neural network, etc. The configuration of the optional structure in the neural network
may be appropriately set by a person skilled in the art according to actual needs, such
as the number of convolution layers, the size of the convolution kernel, the number of
channels, etc., which is not limited in the embodiments of the present disclosure. In
some embodiments, the third neural network has a first fully connected layer, a third
computing layer, and a second fully connected layer which are connected to an output
end of the second neural network.

Optionally, step S203 includes: obtaining weight values of multiple first
region feature vectors by means of the first fully connected layer; respectively
weighting the multiple first region feature vectors by means of the third computing
layer according to the weight values to obtain corresponding multiple second region
feature vectors; and performing a mapping operation on the multiple second region
feature vectors and the global feature vector by means of the second fully connected
layer to obtain an appearance feature vector of the target vehicle.

Optionally, the obtaining weight values of multiple first region feature vectors
by means of the first fully connected layer includes: performing a stitching operation
on the multiple first region feature vectors to obtain a stitched first region feature
vector; performing a mapping operation on the stitched first region feature vector by
means of the first fully connected layer to obtain a set of scalars corresponding to the
multiple first region feature vectors; and performing a normalization operation on the
scalars in the set to obtain the weight values of the multiple first region feature vectors.

In some embodiments, the following operations are included.

A stitching operation is performed on the front feature vector, the rear feature
vector, the left feature vector and the right feature vector of the vehicle, then the
stitched front feature vector, rear feature vector, left feature vector and right feature
vector are input into the first fully connected layer, and the first fully connected layer
performs a mapping operation on the four feature vectors to obtain a scalar set.

A normalization operation is performed on scalars in the scalar set by means
of the Softmax function to respectively obtain weight values of the front feature

vector, the rear feature vector, the left feature vector, and the right feature vector.
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The front feature vector, the rear feature vector, the left feature vector, and the
right feature vector are respectively weighted according to the corresponding weight
values, to obtain the weighted front feature vector, rear feature vector, left feature
vector and right feature vector.

A stitching operation is performed on the weighted front feature vector, rear
feature vector, left feature vector and right feature vector and the global feature vector.

The second fully connected layer performs a mapping operation on the
stitched weighted local feature vector and the global feature vector to obtain a 256-
dimensional vehicle appearance feature vector, as shown in part (¢) of FIG. 4.

In the process of feature fusion, the third neural network learns the weight
values of the feature vectors of different vehicle regions. The features of different
vehicle regions may have different importance. The features of the vehicle visible
region in the vehicle image may be retained or given a greater weight. The features of
the vehicle invisible region in the vehicle image may be eliminated or given a small
weight in the competition process. For example, the orientation of the vehicle in the
vehicle image is the left front, and the left and front sides of the vehicle may be seen.
The features of the two sides are relatively important, and the weight values of the
corresponding feature vectors are relatively larger, and the rear and right sides of the
vehicle are invisible. Although the features of the two sides are also extracted, the
weight values of the feature vectors of the two sides are relatively small. In this way,
the vehicle key points in the vehicle visible region of the vehicle image contribute
more to the final vehicle appearance feature vector, and the influence of the vehicle
key points of the vehicle invisible region in the vehicle image on the final vehicle
appearance feature vector is weakened by a relatively small weight value. In view of
the above, the appearance of the vehicle may be described more accurately.

FIG. 6 is a schematic diagram showing a weight value of a vehicle region for
implementing the method embodiment of FIG. 2. As shown in FIG. 6, part (a)
represents three images of different photographing angles of one vehicle input, and
weight values of the front side, the rear side, the left side, and the right side of the
vehicle in the image of each photographing angle, part (b) represents the projection
result of the vehicle appearance feature of the selected vehicle image in the test set in
the two-dimensional space, and part (c) represents three image of the different

photographing angles of another vehicle input, and weight values of the front side, the
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rear side, the left side, and the right side of the vehicle in the image of each
photographing angle. As can be seen from the drawing, the appearance features of the
same vehicle may be aggregated regardless of the photographing angle of the vehicle
image. Therefore, the appearance features of the vehicle recognized in the
embodiments are independent of the photographing angle of the image to be
recognized of the vehicle, and the vehicle appearance features in different vehicle
images may be directly compared, and thus the problem that different regions between
different vehicle images cannot be compared is solved. In addition, parts (a) and (c) of
the drawing show the input vehicle image and the learning weights of the
corresponding two clusters, and the local region features of the vehicle appearance are
fused based on these learning weights. It can be observed that the weight value of the
surface visible to the vehicle in the vehicle image is higher than the weight value of
the surface invisible to the vehicle.

In addition, an alternative training strategy may be adopted to train the second
neural network and the third neural network. The training strategy includes four steps.
At step (i), a trunk network of the first phase of the second neural network and the
global branch of the second phase may be trained from random initialization, and are
supervised by means of global features of the whole image region. At step (ii), after
the training of the trunk network of the first phase is completed, parameters of the
global branch initialization of the second phase may be used to train the four local
branches of the second phase, because the global branch of the second phase has the
same structure as the local branches. In addition, the training of the four local
branches is separately supervised by means of a given classification tag. At step (iii),
after the training of the trunk network of the first phase and the branch of the second
phase is completed, the third neural network is trained. At step (iv), a neural network
having parameters learned by means of the foregoing steps is initialized, and the
parameters are combined for fine tuning. Existing vehicle databases and Softmax
classification loss may be used during training the second neural network and the
third neural network.

In an optional disclosure, the vehicle appearance features recognized in the
embodiments may be used to describe the vehicle, and may also be used to analyze
the vehicle attributes, such as a coarse model, a subdivision model, and a vehicle color.

In addition, the classification, recognition and retrieval of the vehicle are performed
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by using the vehicle appearance features recognized in the embodiments.

According to the method for vehicle appearance feature recognition in some
embodiments, multiple region segmentation results of the target vehicle are obtained
from the image to be recognized by means of a first neural network for region
extraction, then global feature data and multiple pieces of region feature data of the
target vehicle are extracted from the image to be recognized by means of a second
neural network for feature extraction based on the multiple region segmentation
results, and the global feature data and the multiple pieces of region feature data of the
target vehicle are fused by means of a third neural network for feature fusion to obtain
the appearance feature data of the target vehicle. Compared with the method for
obtaining vehicle appearance features in the prior art, the method for vehicle
appearance feature recognition in the embodiments recognizes the vehicle appearance
features such as the global features, and features of local regions of the vehicle
appearance, and reflects detail information of the target vehicle by means of the local
region features, so as to describe the appearance of the vehicle more accurately. In
addition, by means of the vehicle appearance features recognized in the embodiments,
the vehicle appearance features in different vehicle images may be compared directly,
thereby solving the problem that different regions between different vehicle images
cannot be compared.

The method for vehicle appearance feature recognition in the embodiments
may be executed by any appropriate device having data processing capability,
including, but not limited to, a terminal device, a server and the like.

FIG. 7 is a flowchart of one embodiment of a method for vehicle retrieval
according to the present disclosure.

Referring to FIG. 7, at step S301, the appearance feature data of the target
vehicle in the image to be retrieved is obtained by means of the method for vehicle
appearance feature recognition.

In some embodiments, the appearance feature data of the target vehicle in the
image to be retrieved may be obtained by the method for vehicle appearance feature
recognition provided in Embodiment 1 or Embodiment 2. The appearance feature data
may be data represented by a vector. In terms of the contents included in the image,
the image to be recognized may be an image including a part of the target vehicle or

an image including the whole target vehicle, etc. In terms of the category of the image,

23



10

15

20

25

30

the image to be retrieved may be a photographed static image, or a video image in a
video frame sequence, and may also be a synthetic image, etc.

In one embodiment, step S301 may be performed by a processor by invoking a
corresponding instruction stored in a memory, and may also be performed by a
second obtaining module 701 run by the processor.

At step S302, a candidate vehicle image library is searched for a target
candidate vehicle image matching the appearance feature data.

In one embodiment, step S302 may be performed by a processor by invoking a
corresponding instruction stored in a memory, and may also be performed by a
searching module 702 run by the processor.

In some embodiments, the appearance feature data of vehicles in multiple
vehicle images to be selected in the candidate vehicle image library may be obtained
by means of the method for vehicle appearance feature recognition provided in
Embodiment 1 or Embodiment 2, and the appearance feature data of the target vehicle
is respectively compared with the appearance feature data of the vehicle in the vehicle
image to be selected, to obtain a target candidate vehicle image matching the
appearance feature data of the target vehicle.

Exemplary embodiments of the present disclosure are directed to provide a
method for vehicle retrieval. Obtaining appearance feature data of a target vehicle in
an image to be retrieved by means of the method for vehicle appearance feature
recognition provided in Embodiment 1 or Embodiment 2, and searching the candidate
vehicle image library for a target candidate vehicle image matching the appearance
feature data may improve the accuracy of the vehicle retrieval.

The method for vehicle retrieval in the embodiments may be executed by any
appropriate device having data processing capability, including, but not limited to, a
terminal device, a server and the like.

FIG. 8 is a flowchart of another embodiment of the method for vehicle
retrieval according to the present disclosure.

Referring to FIG. 8, at step S401, the appearance feature data of the target
vehicle in the image to be retrieved is obtained by means of the method for vehicle
appearance feature recognition.

In one optional example, step S401 may be performed by a processor by

invoking a corresponding instruction stored in a memory, and may also be
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performed by a second obtaining module 804 run by the processor.

Since step S401 is the same as step S301, details are not described herein
again.

At step S402, cosine distances between the appearance feature vector of the
target vehicle and appearance feature vectors of vehicles in vehicle images to be
selected in the candidate vehicle image library separately are determined.

In one embodiment, step S402 may be performed by a processor by invoking a
corresponding instruction stored in a memory, and may also be performed by a
searching module 805 run by the processor.

In some embodiments, a person skilled in the art may separately compute the
cosine distances of the appearance feature vector of the target vehicle and the
appearance feature vector of the vehicle in the vehicle image to be selected according
to the existing cosine distance computational formula.

At step S403, a target candidate vehicle image matching the target vehicle is
determined according to the cosine distances.

In one embodiment, step S403 may be performed by a processor by invoking a
corresponding instruction stored in a memory, and may also be performed by a
searching module 805 run by the processor.

In some embodiments, when the cosine distance between the appearance
feature vector of the target vehicle and the appearance feature vector of the vehicle in
the vehicle image to be selected is greater than or equal to a first preset threshold, the
vehicle image to be selected is determined to be a target candidate vehicle image
matching the target vehicle. A person skilled in the art may obtain the first preset
threshold by means of tests. Certainly, the embodiments of the present disclosure are
not limited thereto.

Optionally, the method further includes: obtaining the photographed time
and/or a photographing position of the image to be retrieved and the photographed
time and/or photographing positions of the multiple vehicle images to be selected;
determining temporal-spatial distances between the target vehicle and vehicles in the
multiple vehicle images to be selected according to the photographed time and/or the
photographing positions; and determining, according to the cosine distances and the
temporal-spatial distances, a target candidate vehicle image, matching the target

vehicle, in the candidate vehicle image library. Therefore, the accuracy of vehicle
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retrieval may be further improved.

Optionally, the determining, according to the cosine distances and the
temporal-spatial distances, a target candidate vehicle image, matching the target
vehicle, in the candidate vehicle image library includes: obtaining the multiple vehicle
images to be selected from the candidate vehicle image library according to the cosine
distances; determining a temporal-spatial matching probability of the vehicle image to
be selected and the target vehicle based on the photographed time and the
photographing position of the vehicle image to be selected, respectively; and
determining, according to the cosine distances and the temporal-spatial matching
probability, a target candidate vehicle image matching the target vehicle.

The temporal-spatial information of the vehicle image may greatly enhance
the recall rate of vehicle retrieval. If the photographing time and the photographing
position of the to-be-retrieved vehicle image are known, the probability of occurrence
of the vehicle in the vehicle image at another time and at another position may be
obtained by statistical modeling. This is effective for retrieval tasks. The temporal-
spatial matching probability is determined by the photographing time and the
photographing positions of the vehicle image to be selected and the target vehicle
image. In short, the temporal-spatial matching probability refers to a probability of
occurrence of the target vehicle in the photographing time and the photographing
position, which is obtained by statistical modeling according to the photographing
time and the photographing position of the vehicle image. Optionally, the temporal-
spatial matching probability refers to a conditional probability of a vehicle transfer
interval between two cameras, which may be calculated by the following formula 1.

In practical disclosure scenarios, vehicle appearance features may not be
sufficient to distinguish a vehicle from other vehicles, particularly if the vehicle has
the same exterior without personalized decoration. However, in the monitoring
disclosure, the photographing time and the photographing position of the vehicle
image would easily be obtained. By analyzing the vehicle transfer interval between
the two cameras, the inventors of the present disclosure find that for at least one pair
of cameras, the vehicle transfer interval may be simulated as a random variable that
satisfies the probability distribution. Due to the Gaussian-like and long-tailed
properties of the vehicle transfer interval, lognormal distribution may be used to

simulate the random variable. Given that represents a camera indicating that the
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vehicle is leaving, and represents a camera indicating that the vehicle enters, the
conditional probability of the vehicle transfer interval between and is computed by
means of the following formula 1:

p(ll € e 01e) =N (75 e, 01c)

1 (In7 — py.)2
———exp |[——=—"—
TOy eV 2T : 7.

Formula 1

wherein #1-e> L€ respectively represent estimated parameters of each pair of
cameras (¢}, and the vehicle transfer interval 7 is an absolute value of the
photographing time of two vehicle images, and the estimated parameters may be

computed by maximizing the following log likelihood function:

N
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wherein 7 € T( represents a vehicle transfer interval

between two cameras of each pair of cameras (l;e) sampled from the training set, 7
including the vehicle transfer interval samples between the two cameras in the
training set.

After obtaining the conditional probability of the vehicle transfer interval 7
between | and €, the temporal-spatial distance of vehicles between two vehicle
images may be computed according to the following formula 2:

D, = 1/(1 4 e2(P(Tlheim <,01.)=0.5)) Formula 2

wherein the higher the conditional probability is, the smaller the temporal-
spatial distance of vehicles between two vehicle images is.

Finally, the similarity distance between two vehicle images may be computed
according to the following formula 3:

D =D, + 5D, Formula 3

wherein Da represents the cosine distance of the vehicle appearance feature
vector between two vehicle images, Ds represents the temporal-spatial distance
between the two vehicle images, D represents the similarity distance of vehicles
between the two vehicle images, the size of a is 2, the size of B is 0.1. A where the
smaller the similarity distance of the vehicles between the two vehicle images is, the
more similar the vehicles between the two vehicle images 1is.

When the similarity distance between the target vehicle and the vehicle in the
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vehicle image to be selected is less than or equal to a second preset threshold, it can
be determined that the vehicle image to be selected is a target candidate vehicle image
matching the target vehicle. A person skilled in the art may obtain the second preset
threshold by means of tests. Certainly, the embodiments of the present disclosure are
not limited thereto

FIG. 9 is a schematic diagram showing a similarity distance of a vehicle for
implementing the method embodiment of FIG. 8. As shown in FIG. 9, the images in
the boxes in the first row are top five vehicle images to be selected obtained according
to the cosine distance, and the leftmost image in the first row is the image of the target
vehicle, and a row of images in the bottom row is a reordering result obtained based
on the temporal-spatial distances of the vehicle image to be selected and the image of
the target vehicle. Optionally, the conditional probability of the vehicle transfer
interval is computed according to the photographing time values of the target vehicle
image and the vehicle image to be selected and the serial numbers of the
photographing cameras of the target vehicle image and the vehicle image to be
selected by using formula 1. Then, the temporal-spatial distance between the target
vehicle image and the vehicle image to be selected is computed according to the
conditional probability of the vehicle transfer interval by using formula 2, and then
the similarity distance of the vehicles between the target vehicle image and the vehicle
image to be selected is computed according to the known cosine distance and the
computed temporal-spatial distance by using formula 3. Finally, the sorting result of
the vehicle image to be selected is reordered according to the similarity distance of the
vehicles between the target vehicle image and the vehicle image to be selected, to
obtain a reordering result of the to-be-selected vehicle image.

Exemplary embodiments of the present disclosure are directed to provide a
method for vehicle retrieval. Obtaining appearance feature data of a target vehicle in
an image to be retrieved by means of the method for vehicle appearance feature
recognition provided in Embodiment 1 or Embodiment 2, and searching the candidate
vehicle image library for a target candidate vehicle image matching the appearance
feature data may improve the accuracy of the vehicle retrieval.

The method for vehicle retrieval in the embodiments may be executed by any
appropriate device having data processing capability, including, but not limited to, a

terminal device, a server and the like. Alternatively, any method provided by the
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embodiments of the present disclosure is executed by a processor, for example, any
method mentioned in the embodiments of the present disclosure is executed by the
processor by invoking a corresponding instruction stored in a memory. Details are not
described below again.

A person of ordinary skill in the art may understand that all or some steps for
implementing the foregoing method embodiments are achieved by a program by
instructing related hardware; the foregoing program can be stored in a computer-
readable storage medium; when the program is executed, steps including the
foregoing method embodiments are executed. Moreover, the foregoing storage
medium includes various medium capable of storing program codes, such as Read-
Only Memory (ROM), Random Access Memory (RAM), a magnetic disk, or an
optical disk.

Based on the same technical concept, FIG. 10 is a schematic structural diagram
of one embodiment of an apparatus for vehicle appearance feature recognition
according to the present disclosure. The apparatus may be used to execute the
procedures of the method for vehicle appearance feature recognition according to
Embodiment 1.

Referring to FIG. 10, the apparatus for vehicle appearance feature recognition
includes a first obtaining module 501, an extraction module 502, and a fusion module
503.

The first obtaining module 501 is configured to obtain multiple region
segmentation results of a target vehicle from an image to be recognized.

The extraction module 502 is configured to extract global feature data and
multiple pieces of region feature data from the image to be recognized based on the
multiple region segmentation results.

The fusion module 503 is configured to fuse the global feature data and the
multiple pieces of region feature data to obtain appearance feature data of the target
vehicle.

By means of the apparatus for vehicle appearance feature recognition provided
by the embodiments, multiple region segmentation results of a target vehicle are
obtained from an image to be recognized including the target vehicle, then global
feature data and multiple pieces of region feature data are extracted from the image to

be recognized based on the multiple region segmentation results, and the global
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feature data and the multiple pieces of region feature data are fused to obtain
appearance feature data of the target vehicle. The vehicle appearance features
recognized by the embodiments include features of the local regions of the vehicle
appearance, so as to describe the appearance of the vehicle more accurately. In
addition, by means of the vehicle appearance features recognized in the embodiments,
the vehicle appearance features in different vehicle images may be compared directly,
thereby solving the problem that different regions between different vehicle images
cannot be compared.

Based on the same technical concept, FIG. 11 is a schematic structural diagram
of another embodiment of the apparatus for vehicle appearance feature recognition
according to the present disclosure. The apparatus may be used to execute the
procedures of the method for vehicle appearance feature recognition according to
Embodiment 2.

Referring to FIG. 11, the apparatus for vehicle appearance feature recognition
includes a first obtaining module 601, an extraction module 602, and a fusion module
603.The first obtaining module 601 is configured to obtain multiple region
segmentation results of a target vehicle from an image to be recognized. The
extraction module 602 is configured to extract global feature data and multiple pieces
of region feature data from the image to be recognized based on the multiple region
segmentation results. The fusion module 603 is configured to fuse the global feature
data and the multiple pieces of region feature data to obtain appearance feature data of
the target vehicle.

Optionally, multiple region segmentation results respectively correspond to
regions of different orientations of the target vehicle.

Optionally, the multiple region segmentation results include segmentation
results of a front side, a rear side, a left side, and a right side of the target vehicle.

Optionally, the first obtaining module 601 includes: an obtaining sub-module
6011, configured to obtain multiple region segmentation results of the target vehicle
from the image to be recognized by means of a first neural network for region
extraction.

Optionally, the first neural network has a first feature extraction layer and a
first computing layer connected to a tail end of the first feature extraction layer,

wherein the obtaining sub-module 6011 is configured to: perform feature extraction
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on the image to be recognized by means of the first feature extraction layer to obtain
multiple key points of the target vehicle; and the multiple key points are classified by
means of the first computing layer to obtain multiple key point clusters, and
respectively fuse feature maps of key points in the multiple key point clusters, to
obtain region segmentation results corresponding to the multiple key point clusters.

Optionally, the extraction module 602 includes: an extraction sub-module
6021, configured to extract global feature data and multiple pieces of region feature
data of the target vehicle from the image to be recognized by means of a second
neural network for feature extraction based on the multiple region segmentation
results.

Optionally, the second neural network has a first processing subnet and
multiple second processing subnets separately connected to an output end of the first
processing subnet, wherein the first processing subnet has a second feature extraction
layer, a first inception module, and a first pooling layer, and the second processing
subnet has a second computing layer, a second inception module, and a second
pooling layer which are connected to the output end of the first processing subnet.

Optionally, the extraction sub-module 6021 includes: a first feature extraction
unit 6022, configured to perform a convolution operation and a pooling operation on
the image to be recognized by means of the second feature extraction layer to obtain a
global feature map of the target vehicle; a second feature extraction unit 6023,
configured to perform a convolution operation and a pooling operation on the global
feature map by means of the first inception module to obtain a first feature map set of
the target vehicle; and a first pooling unit 6024, configured to perform a pooling
operation on feature maps in the first feature map set by means of the first pooling
layer to obtain a global feature vector of the target vehicle.

Optionally, the extraction sub-module 6021 further includes: a first computing
unit 6026, configured to perform point multiplication on the multiple region
segmentation results and the global feature map separately by means of the second
computing layer, to obtain local feature maps respectively corresponding to the
multiple region segmentation results; a third feature extraction unit 6027, configured
to perform a convolution operation and a pooling operation on the local feature maps
of the multiple region segmentation results by means of the second inception module

to obtain a second feature map set corresponding to the multiple region segmentation
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results; and a second pooling unit 6028, configured to perform a pooling operation on
the second feature map set of the multiple region segmentation results by means of the
second pooling layer to obtain first region feature vectors corresponding to the
multiple region segmentation results.

Optionally, the extraction sub-module 6021 further includes: a second
computing unit 6025, configured to respectively scale the multiple region
segmentation results to the same size as a size of the global feature map by means of
the second computing layer.

Optionally, the fusion module 603 includes: a fusion sub-module 6031,
configured to fuse the global feature data and the multiple pieces of region feature
data of the target vehicle by means of a third neural network for feature fusion.

Optionally, the third neural network has a first fully connected layer, a third
computing layer, and a second fully connected layer which are connected to an output
end of the second neural network, wherein the fusion sub-module 6031 includes: a
first obtaining unit 6032, configured to obtain weight values of the first region feature
vectors by means of the first fully connected layer; a third computing unit 6033,
configured to respectively weight the multiple first region feature vectors by means of
the third computing layer according to the weight values to obtain corresponding
multiple second region feature vectors; and mapping unit 6034, configured to perform
a mapping operation on the multiple second region feature vectors and the global
feature vector by means of the second fully connected layer to obtain an appearance
feature vector of the target vehicle.

Optionally, the first obtaining unit 6032 is configured to: perform a stitching
operation on the multiple first region feature vectors to obtain a stitched first region
feature vector; perform a mapping operation on the stitched first region feature vector
by means of the first fully connected layer to obtain a set of scalars corresponding to
the multiple first region feature vectors; and perform a normalization operation on the
multiple scalars in the set to obtain the weight values of the multiple first region
feature vectors.

Optionally, the first feature extraction layer is an hourglass network structure.

It should be noted that the specific details further involved in the apparatus for
vehicle appearance feature recognition provided by the embodiments of the present

disclosure have been described in detail in the method for vehicle appearance feature
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recognition provided by the embodiments of the present disclosure, and are not
described herein again.

Based on the same technical concept, FIG. 12 is a schematic structural diagram
of one embodiment of an apparatus for vehicle retrieval according to the present
disclosure. The apparatus may be used to execute the procedures of the method for
vehicle retrieval according to Embodiment 3.

Referring to FIG. 12, the apparatus for vehicle retrieval includes a second
obtaining module 701 and a searching module 702.

The second obtaining module 701 is configured to obtain appearance feature
data of a target vehicle in an image to be retrieved by means of the apparatus
according to Embodiment 5 or Embodiment 6.

The searching module 702 is configured to search a candidate vehicle image
for a target candidate vehicle image matching the appearance feature data.

Exemplary embodiments of the present disclosure are directed to provide an
apparatus for vehicle retrieval. Obtaining appearance feature data of a target vehicle in
an image to be retrieved by means of the apparatus for vehicle appearance feature
recognition provided in Embodiment 5 or Embodiment 6, and searching the candidate
vehicle image library for a target candidate vehicle image matching the appearance
feature data may improve the accuracy of the vehicle retrieval.

Based on the same technical concept, FIG. 13 is a schematic structural diagram
of another embodiment of the apparatus for vehicle retrieval according to the present
disclosure. The apparatus may be used to execute the procedures of the method for
vehicle retrieval according to Embodiment 4.

Referring to FIG. 13, the apparatus for vehicle retrieval includes a second
obtaining module 804 and a searching module 805.The second obtaining module 804
is configured to obtain appearance feature data of a target vehicle in an image to be
retrieved by means of the apparatus according to Embodiment 5 or Embodiment 6.
The searching module 805 is configured to search a candidate vehicle image library
for a target candidate vehicle image matching the appearance feature data.

Optionally, the searching module 805 is configured to: determine cosine
distances between the appearance feature vector of the target vehicle and appearance
feature vectors of vehicles in vehicle images to be selected in the candidate vehicle

image library, separately; and determine, according to the cosine distances, a target
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candidate vehicle image matching the target vehicle.

Optionally, the apparatus in the embodiments further includes: a third
obtaining module 801, configured to obtain the photographed time and/or a
photographing position of the image to be retrieved and the photographed time and/or
photographing positions of the multiple vehicle images to be selected; a first
determining module 802, configured to determine temporal-spatial distances between
the target vehicle and vehicles in the multiple vehicle images to be selected according
to the photographed time and/or the photographing positions; and a second
determining module 803, configured to determine, according to the cosine distances
and the temporal-spatial distances, a target candidate vehicle image, matching the
target vehicle, in the candidate vehicle image library.

Optionally, the second determining module 803 is configured to: obtain the
multiple vehicle images to be selected from the candidate vehicle image library
according to the cosine distances; determine a temporal-spatial matching probability
of the vehicle image to be selected and the target vehicle based on the photographed
time and the photographing position of the vehicle image to be selected, respectively;
and determine, according to the cosine distances and the temporal-spatial matching
probability, a target candidate vehicle image matching the target vehicle.

It should be noted that the specific details further involved in the apparatus for
vehicle retrieval provided by the embodiments of the present disclosure have been
described in detail in the method for vehicle retrieval provided by the embodiments of
the present disclosure, and are not described herein again.

The embodiments of the present disclosure further provide an electronic
device which, for example, may be a mobile terminal, a PC, a tablet computer, a
server, and the like. Referring to FIG. 14 below, a schematic structural diagram of one
embodiment of an electronic device 900, which may be a terminal device or a server,
suitable for implementing the embodiments of the present disclosure is shown. As
shown in FIG. 14, the electronic device 900 includes one or more first processors, a
first communication element, and the like. The one or more first processors are, for
example, one or more Central Processing Units (CPUs) 901 and/or one or more
Graphic Processing Units (GPUs) 913 and the like, and may execute appropriate
actions and processing according to executable instructions stored in a Read-Only

Memory (ROM) 902 or executable instructions loaded from a storage section 908 to a
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Random Access Memory (RAM) 903. In some embodiments, the ROM 902 and the
RAM 903 are collectively called a first memory. The first communication element
includes a communication component 912 and/or a communication interface 909. The
communication component 912 may include, but is not limited to, a network card.
The network card may include, but is not limited to, an InfiniBand (IB) network card.
The communication interface 909 includes a communication interface of a network
interface card such as an LAN card and a modem, and the communication interface
909 performs communication processing via a network such as the Internet.

The first processor may be in communication with the ROM 902 and/or the
RAM 903 to execute the executable instruction, is connected to the communication
component 912 by means of the first communication bus 904, and is in
communication with other target devices by means of the communication component
912, so as to complete operations corresponding to any method for vehicle appearance
feature recognition provided by some embodiments of the present disclosure. For
example, multiple region segmentation results of a target vehicle are obtained from an
image to be recognized, global feature data and multiple pieces of region feature data
are extracted from the image to be recognized based on the multiple region
segmentation results, and the global feature data and the multiple pieces of region
feature data are fused to obtain appearance feature data of the target vehicle.

In addition, the RAM 903 may further store various programs and data
required for operations of an apparatus. The CPU 901 or GPU 913, the ROM 902, and
the RAM 903 are connected to each other by means of the first communication bus
904. In the presence of the RAM 903, the ROM 902 is an optional module. The RAM
903 stores executable instructions, or writes the executable instructions to the ROM
902 during running, wherein the executable instructions enable the first processor to
perform corresponding operations of the foregoing communication method. An
Input/output (I/0) interface 905 is also connected to the first communication bus 904.
The communication component 912 may be integrated, and may be configured to
have a plurality of sub-modules (for example, a plurality of IB network cards) linked
on the communication bus.

The following components are connected to the I/O interface 905: an input
section 906 including a keyboard, a mouse and the like; an output section 907

including a Cathode-Ray Tube (CRT), a Liquid Crystal Display (LCD), a loudspeaker
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and the like; a storage section 908 including hardware and the like; and the
communication interface 909 of a network interface card including an LAN card, a
modem and the like. A drive 910 is also connected to the 1/O interface 905 according
to requirements. A removable medium 911 such as a magnetic disk, an optical disk, a
magneto-optical disk, a semiconductor memory or the like is mounted on the drive
910 according to requirements, so that a computer program read from the removable
medium is installed on the storage section 908 according to requirements.

It should be noted that the architecture illustrated in FIG. 14 is merely an
optional implementation. During optional practice, the number and types of the
components in FIG. 14 may be selected, decreased, increased, or replaced according
to actual requirements. Different functional components may be separated or
integrated or the like. For example, the GPU and the CPU may be separated, or the
GPU may be integrated on the CPU, and the communication element may be
separated from or integrated on the CPU or the GPU or the like. These alternative
implementations all fall within the scope of protection of the present disclosure.

Particularly, the process described above with reference to the flowchart
according to the embodiments of the present disclosure may be implemented as a
computer software program. For example, the embodiments of the present disclosure
include a computer program product, which includes a computer program tangibly
contained in a machine-readable medium. The computer program includes a program
code for executing a method illustrated in the flowchart. The program code may
include corresponding instructions for correspondingly executing the steps of the
methods provided by the embodiments of the present disclosure. For example,
multiple region segmentation results of a target vehicle are obtained from an image to
be recognized, global feature data and multiple pieces of region feature data are
extracted from the image to be recognized based on the multiple region segmentation
results, and the global feature data and the multiple pieces of region feature data are
fused to obtain appearance feature data of the target vehicle. In such embodiments, the
computer program may be downloaded from a network by means of the
communication element and installed, and/or be installed from the removable medium
911. When the computer program is executed by the first processor, functions
provided in the method according to the embodiments of the present disclosure are

executed.
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The embodiments of the present disclosure further provide an electronic
device which, for example, may be a mobile terminal, a PC, a tablet computer, a
server, and the like. Referring to FIG. 15 below, a schematic structural diagram of
another embodiment of an electronic device 1000, which may be a terminal device or
a server, suitable for implementing the embodiments of the present disclosure is
shown. As shown in FIG. 15, the electronic device 1000 includes one or more second
processors, a second communication element, and the like. The one or more second
processors are, for example, one or more CPUs 1001 and/or one or more GPUs 1013
and the like, and may execute appropriate actions and processing according to
executable instructions stored in an ROM 1002 or executable instructions loaded from
a storage section 1008 to an RAM 1003. In the embodiments, the second ROM 1002
and the RAM 1003 are collectively called a second memory. The second
communication element includes a communication component 1012 and/or a
communication interface 1009. The communication component 1012 may include, but
is not limited to, a network card. The network card may include, but is not limited to,
an IB network card. The communication interface 1009 includes a communication
interface of a network interface card such as an LAN card and a modem, and the
communication interface 1009 performs communication processing via a network
such as the Internet.

The second processor may be in communication with the ROM 1002 and/or
the RAM 1003 to execute the executable instruction, is connected to the
communication component 1012 by means of the second communication bus 1004,
and is in communication with other target devices by means of the communication
component 1012, so as to complete operations corresponding to any method for
vehicle retrieval provided by the embodiments of the present disclosure. For example,
appearance feature data of the target image in the image to be retrieved is obtained by
means of the method according to Embodiment 1 or Embodiment 2, and a candidate
vehicle image library is searched for the target candidate vehicle image matching the
appearance feature data.

In addition, the RAM 1003 may further store various programs and data
required for operations of an apparatus. The CPU 1001 or GPU 1013, the ROM 1002,
and the RAM 1003 are connected to each other by means of the second
communication bus 1004. In the presence of the RAM 1003, the ROM 1002 is an
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optional module. The RAM 1003 stores executable instructions, or writes the
executable instructions to the ROM 1002 during running, wherein the executable
instructions enable the second processor to perform corresponding operations of the
foregoing communication method. An I/O interface 1005 is also connected to the
second communication bus 1004. The communication component 1012 may be
integrated, and may also be configured to have a plurality of sub-modules (for
example, a plurality of IB network cards) linked on the communication bus.

The following components are connected to the I/O interface 1005: an input
section 1006 including a keyboard, a mouse and the like; an output section 1007
including a Cathode-Ray Tube (CRT), a Liquid Crystal Display (LCD), a loudspeaker
and the like; a storage section 1008 including hardware and the like; and the
communication interface 1009 of a network interface card including an LAN card, a
modem and the like. A drive 1010 is also connected to the I/O interface 1005
according to requirements. A removable medium 1011 such as a magnetic disk, an
optical disk, a magneto-optical disk, a semiconductor memory or the like is mounted
on the drive 1010 according to requirements, so that a computer program read from
the removable medium is installed on the storage section 1008 according to
requirements.

It should be noted that the architecture illustrated in FIG. 15 is merely an
optional implementation. During optional practice, the number and types of the
components in FIG. 15 may be selected, decreased, increased, or replaced according
to actual requirements. Different functional components may be separated or
integrated or the like. For example, the GPU and the CPU may be separated, or the
GPU may be integrated on the CPU, and the communication element may be
separated from or integrated on the CPU or the GPU or the like. These alternative
implementations all fall within the scope of protection of the present disclosure.

Particularly, the process described above with reference to the flowchart
according to the embodiments of the present disclosure may be implemented as a
computer software program. For example, the embodiments of the present disclosure
include a computer program product, which includes a computer program tangibly
contained in a machine-readable medium. The computer program includes a program
code for executing a method illustrated in the flowchart. The program code may

include corresponding instructions for correspondingly executing the steps of the

38



10

15

20

25

30

methods provided by the embodiments of the present disclosure. For example,
appearance feature data of the target image in the image to be retrieved is obtained by
means of the method according to Embodiment 1 or Embodiment 2, and a candidate
vehicle image library is searched for the target candidate vehicle image matching the
appearance feature data. In such embodiments, the computer program may be
downloaded from a network by means of the communication element and installed,
and/or be installed from the removable medium 1011. When the computer program is
executed by the second processor, functions provided in the method according to the
embodiments of the present disclosure are executed.

It should be noted that according to needs for implementation, the
components/steps described in the present disclosure are separated into more
components/steps, and two or more components/steps or some operations of the
components/steps are also combined into new components/steps.

The embodiments in the specification are all described in a progressive
manner, for same or similar parts in the embodiments, refer to these embodiments,
and each embodiment focuses on a difference from other embodiments. The system
embodiments correspond to the method embodiments substantially and therefore are
only described briefly, and for the associated part, refer to the descriptions of the
method embodiments.

The methods and apparatuses in the present disclosure may be implemented in
many manners. For example, the methods and apparatuses in the present disclosure
may be implemented with software, hardware, firmware, or any combination of
software, hardware, and firmware. The foregoing specific sequence of steps of the
method is merely for description, and unless otherwise stated particularly, is not
intended to limit the steps of the method in the present disclosure. In addition, in some
embodiments, the present disclosure is also implemented as programs recorded in a
recording medium. The programs include machine-readable instructions for
implementing the methods according to the present disclosure .Therefore, the present
disclosure further covers the recording medium storing the programs for performing
the methods according to the present disclosure.

The descriptions of the present disclosure are provided for the purpose of
examples and description, and are not intended to be exhaustive or limit the present

disclosure to the disclosed form. Many modifications and changes are obvious to a
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person of ordinary skill in the art. The embodiments are selected and described to
better describe a principle and an actual disclosure of the present disclosure, and to
make a person of ordinary skill in the art understand the present disclosure, so as to

design various embodiments with various modifications applicable to particular use.
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CLAIMS

1. A method for vehicle appearance feature recognition, comprising:

obtaining a plurality of region segmentation results of a target vehicle from an
image to be recognized;

extracting global feature data and a plurality of pieces of region feature data
from the image to be recognized based on the plurality of region segmentation results;
and

fusing the global feature data and the plurality of pieces of region feature data

to obtain appearance feature data of the target vehicle.

2. The method according to claim 1, wherein the plurality of region segmentation
results respectively correspond to regions of different orientations of the target

vehicle.

3. The method according to claim 2, wherein the plurality of region segmentation
results comprise segmentation results of a front side, a rear side, a left side, and a right

side of the target vehicle.

4. The method according to any one of claims 1 to 3, wherein the obtaining a plurality
of region segmentation results of a target vehicle from an image to be recognized
comprises:

obtaining the plurality of region segmentation results of the target vehicle
from the image to be recognized by means of a first neural network for region

extraction.

5. The method according to claim 4, wherein the first neural network has a first
feature extraction layer and a first computing layer connected to a tail end of the first
feature extraction layer,

wherein the obtaining a plurality of region segmentation results of the target
vehicle from the image to be recognized by means of a first neural network for region
extraction comprises:

performing feature extraction on the image to be recognized by means of the
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first feature extraction layer to obtain a plurality of key points of the target vehicle;
and

classifying the plurality of key points by means of the first computing layer to
obtain a plurality of key point clusters, and respectively fusing feature maps of key
points in the plurality of key point clusters, to obtain region segmentation results

corresponding to the plurality of key point clusters.

6. The method according to any one of claims 1 to 5, wherein the extracting global
feature data and a plurality of pieces of region feature data from the image to be
recognized based on the plurality of region segmentation results comprises:

extracting global feature data and the plurality of pieces of region feature data
of the target vehicle from the image to be recognized by means of a second neural

network for feature extraction based on the plurality of region segmentation results.

7. The method according to claim 6, wherein the second neural network has a first
processing subnet and a plurality of second processing subnets separately connected
to an output end of the first processing subnet,

wherein the first processing subnet has a second feature extraction layer, a first
inception module, and a first pooling layer, and the second processing subnet has a
second computing layer, a second inception module, and a second pooling layer

which are connected to the output end of the first processing subnet.

8. The method according to claim 7, wherein the extracting global feature data and a
plurality of pieces of region feature data of the target vehicle from the image to be
recognized by means of a second neural network for feature extraction based on the
plurality of region segmentation results comprises:

performing a convolution operation and a pooling operation on the image to be
recognized by means of the second feature extraction layer to obtain a global feature
map of the target vehicle;

performing a convolution operation and a pooling operation on the global
feature map by means of the first inception module to obtain a first feature map set of
the target vehicle; and

performing a pooling operation on feature maps in the first feature map set by
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means of the first pooling layer to obtain a global feature vector of the target

vehicle.

9. The method according to claim 8, wherein the extracting global feature data and a
plurality of pieces of region feature data of the target vehicle from the image to be
recognized by means of a second neural network for feature extraction based on the
plurality of region segmentation results further comprises:

performing point multiplication on the plurality of region segmentation results
and the global feature map separately by means of the second computing layer, to
obtain local feature maps respectively corresponding to the plurality of region
segmentation results;

performing a convolution operation and a pooling operation on the local
feature maps of the plurality of region segmentation results by means of the second
inception module to obtain a second feature map set corresponding to the plurality of
region segmentation results; and

performing a pooling operation on the second feature map set of the plurality
of region segmentation results by means of the second pooling layer to obtain first

region feature vectors corresponding to the plurality of region segmentation results.

10. The method according to claim 9, wherein before the performing point
multiplication on the plurality of region segmentation results and the global feature
map separately by means of the second computing layer, the method further
comprises:

respectively scaling the plurality of region segmentation results to the same

size as a size the global feature map by means of the second computing layer.

11. The method according to any one of claims 1 to 10, wherein the fusing the global
feature data and the plurality of pieces of region feature data comprises:
fusing the global feature data and the plurality of pieces of region feature data

of the target vehicle by means of a third neural network for feature fusion.

12. The method according to claim 11, wherein the third neural network has a first

fully connected layer, a third computing layer, and a second fully connected layer
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which are connected to an output end of the second neural network,

wherein the fusing the global feature data and the plurality of pieces of region
feature data of the target vehicle by means of a third neural network for feature fusion
comprises:

obtaining weight values of the first region feature vectors by means of the first
fully connected layer;

respectively weighting the plurality of first region feature vectors by means of
the third computing layer according to the weight values to obtain corresponding a
plurality of second region feature vectors; and

performing a mapping operation on the plurality of second region feature
vectors and the global feature vector by means of the second fully connected layer to

obtain an appearance feature vector of the target vehicle.

13. The method according to claim 12, wherein the obtaining weight values of the
first region feature vectors by means of the first fully connected layer comprises:

performing a stitching operation on the plurality of first region feature vectors
to obtain a stitched first region feature vector;

performing a mapping operation on the stitched first region feature vector by
means of the first fully connected layer to obtain a set of scalars corresponding to the
plurality of first region feature vectors; and

performing a normalization operation on the scalars in the set to obtain the

weight values of the plurality of first region feature vectors.

14. The method according to claim 5, wherein the first feature extraction layer is an

hourglass network structure.

15. A method for vehicle retrieval, comprising:
obtaining appearance feature data of a target vehicle in an image to be
retrieved by means of the method according to any one of claims 1 to 14; and
searching a candidate vehicle image library for a target candidate vehicle

image matching the appearance feature data.

16. The method according to claim 15, wherein the searching a candidate vehicle
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image library for a target candidate vehicle image matching the appearance feature
data comprises:

determining cosine distances between the appearance feature vector of the
target vehicle and appearance feature vectors of vehicles in vehicle images to be
selected in the candidate vehicle image library, separately; and

determining, according to the cosine distances, a target candidate vehicle

image matching the target vehicle.

17. The method according to claim 16, further comprising:

obtaining the photographed time and/or a photographing position of the image
to be retrieved and the photographed time and/or photographing positions of the
plurality of vehicle images to be selected;

determining temporal-spatial distances between the target vehicle and vehicles
in the plurality of vehicle images to be selected according to the photographed time
and/or the photographing positions; and

determining, according to the cosine distances and the temporal-spatial
distances, a target candidate vehicle image, matching the target vehicle, in the

candidate vehicle image library.

18. The method according to claim 17, wherein the determining, according to the
cosine distances and the temporal-spatial distances, a target candidate vehicle image,
matching the target vehicle, in the candidate vehicle image library comprises:

obtaining the plurality of vehicle images to be selected from the candidate
vehicle image library according to the cosine distances;

determining a temporal-spatial matching probability of the vehicle image to be
selected and the target vehicle based on the photographed time and the photographing
position of the vehicle image to be selected, respectively; and

determining, according to the cosine distances and the temporal-spatial

matching probability, a target candidate vehicle image matching the target vehicle.

19. An apparatus for vehicle appearance feature recognition, comprising:
a first obtaining module, configured to obtain a plurality of region

segmentation results of a target vehicle from an image to be recognized;
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an extraction module, configured to extract global feature data and a plurality
of pieces of region feature data from the image to be recognized based on the plurality
of region segmentation results; and

a fusion module, configured to fuse the global feature data and the plurality of

pieces of region feature data to obtain appearance feature data of the target vehicle.

20. The apparatus according to claim 19, wherein the plurality of region segmentation
results respectively correspond to regions of different orientations of the target

vehicle.

21. The apparatus according to claim 20, wherein the plurality of region segmentation
results comprise segmentation results of a front side, a rear side, a left side, and a right

side of the target vehicle.

22. The apparatus according to any one of claim 19 to 21, wherein the first obtaining
module comprises:

an obtaining sub-module, configured to obtain a plurality of region
segmentation results of the target vehicle from the image to be recognized by means

of a first neural network for region extraction.

23. The apparatus according to claim 22, wherein the first neural network has a first
feature extraction layer and a first computing layer connected to a tail end of the first
feature extraction layer,

wherein the obtaining sub-module is configured to:

perform feature extraction on the image to be recognized by means of the first
feature extraction layer to obtain a plurality of key points of the target vehicle; and

the plurality of key points are classified by means of the first computing layer
to obtain a plurality of key point clusters, and respectively fuse feature maps of key
points in the plurality of key point clusters, to obtain region segmentation results

corresponding to the plurality of key point clusters.

24. The apparatus according to any one of claim 19 to 23, wherein the extraction

module comprises:
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an extraction sub-module, configured to extract global feature data and a
plurality of pieces of region feature data of the target vehicle from the image to be
recognized by means of a second neural network for feature extraction based on the

plurality of region segmentation results.

25. The apparatus according to claim 24, wherein the second neural network has a
first processing subnet and a plurality of second processing subnets separately
connected to an output end of the first processing subnet,

wherein the first processing subnet has a second feature extraction layer, a first
inception module, and a first pooling layer, and the second processing subnet has a
second computing layer, a second inception module, and a second pooling layer

which are connected to the output end of the first processing subnet.

26. The apparatus according to claim 25, wherein the extraction sub-module
comprises:

a first feature extraction unit, configured to perform a convolution operation
and a pooling operation on the image to be recognized by means of the second feature
extraction layer to obtain a global feature map of the target vehicle;

a second feature extraction unit, configured to perform a convolution
operation and a pooling operation on the global feature map by means of the first
inception module to obtain a first feature map set of the target vehicle; and

a first pooling unit, configured to perform a pooling operation on feature maps
in the first feature map set by means of the first pooling layer to obtain a global

feature vector of the target vehicle.

27. The apparatus according to claim 26, wherein the extraction sub-module further
comprises:

a first computing unit, configured to perform point multiplication on the
plurality of region segmentation results and the global feature map separately by
means of the second computing layer, to obtain local feature maps respectively
corresponding to the plurality of region segmentation results;

a third feature extraction unit, configured to perform a convolution operation

and a pooling operation on the local feature maps of the plurality of region
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segmentation results by means of the second inception module to obtain a second
feature map set corresponding to the plurality of region segmentation results; and

a second pooling unit, configured to perform a pooling operation on the
second feature map set of the plurality of region segmentation results by means of the
second pooling layer to obtain first region feature vectors corresponding to the

plurality of region segmentation results.

28. The apparatus according to claim 27, wherein the extraction sub-module further
comprises:

a second computing unit, configured to respectively scale the plurality of
region segmentation results to a same size as the global feature map by means of the

second computing layer.

29. The apparatus according to any one of claim 19 to 28, wherein the fusion module
comprises:

a fusion sub-module, configured to fuse the global feature data and the
plurality of pieces of region feature data of the target vehicle by means of a third

neural network for feature fusion.

30. The apparatus according to claim 29, wherein the third neural network has a first
fully connected layer, a third computing layer, and a second fully connected layer
which are connected to an output end of the second neural network,

wherein the fusion sub-module comprises:

a first obtaining unit, configured to obtain weight values of the first region
feature vectors by means of the first fully connected layer;

a third computing unit, configured to respectively weight the plurality of first
region feature vectors by means of the third computing layer according to the weight
values to obtain corresponding a plurality of second region feature vectors; and

a mapping unit, configured to perform a mapping operation on the plurality of
second region feature vectors and the global feature vector by means of the second

fully connected layer to obtain an appearance feature vector of the target vehicle.

31. The apparatus according to claim 30, wherein the first obtaining unit is configured
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to:

perform a stitching operation on the plurality of first region feature vectors to
obtain a stitched first region feature vector;

perform a mapping operation on the stitched first region feature vector by
means of the first fully connected layer to obtain a set of scalars corresponding to the
plurality of first region feature vectors; and

perform a normalization operation on the plurality of scalars in the set to

obtain the weight values of the plurality of first region feature vectors.

32. The apparatus according to claim 23, wherein the first feature extraction layer is

an hourglass network structure.

33. An apparatus for vehicle retrieval, comprising:

a second obtaining module, configured to obtain appearance feature data of a
target vehicle in an image to be retrieved by means of the apparatus according to any
one of claims 19 to 32; and

a searching module, configured to search a candidate vehicle image library for

a target candidate vehicle image matching the appearance feature data.

34. The apparatus according to claim 33, wherein the searching module is configured
to:

determine cosine distances between the appearance feature vector of the target
vehicle and appearance feature vectors of vehicles in vehicle images to be selected in
the candidate vehicle image library, separately; and

determine, according to the cosine distances, a target candidate vehicle image

matching the target vehicle.

35. The apparatus according to claim 34, further comprising:
a third obtaining module, configured to obtain the photographed time and/or a
photographing position of the image to be retrieved and the photographed time and/or

photographing positions of the plurality of vehicle images to be selected;
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a first determining module, configured to determine temporal-spatial distances
between the target vehicle and vehicles in the plurality of vehicle images to be
selected according to the photographed time and/or the photographing positions; and

a second determining module, configured to determine, according to the
cosine distances and the temporal-spatial distances, a target candidate vehicle image,

matching the target vehicle, in the candidate vehicle image library.

36. The apparatus according to claim 35, wherein the second determining module is
configured to:

obtain the plurality of vehicle images to be selected from the candidate vehicle
image library according to the cosine distances;

determine a temporal-spatial matching probability of the vehicle image to be
selected and the target vehicle based on the photographed time and the photographing
position of the vehicle image to be selected, respectively; and

determine, according to the cosine distances and the temporal-spatial matching

probability, a target candidate vehicle image matching the target vehicle.

37. A computer readable storage medium having stored thereon computer program
instructions, that when executed by a processor, cause steps of the method for vehicle
appearance feature recognition according to any one of claims 1 to 14 to be

implemented.

38. A computer readable storage medium having stored thereon computer program
instructions, that when executed by a processor, cause steps of the method for vehicle

retrieval according to any one of claims 15 to 18 to be implemented.

39. An electronic device, comprising a first processor, a first memory, a first
communication element, and a first communication bus, wherein the first processor,
the first memory, and the first communication element are in communication with
each other by means of the first communication bus; and

the first memory is configured to store at least one executable instruction
which enables the first processor to execute the steps of the method for vehicle

appearance feature recognition according to any one of claims 1 to 14.
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40. An electronic device, comprising a second processor, a second memory, a second
communication element, and a second communication bus, wherein the second
processor, the second memory, and the second communication element are in
communication with each other by means of the second communication bus; and

the second memory is configured to store at least one executable instruction
which enables the second processor to execute the steps of the method for vehicle

retrieval according to any one of claims 15 to 18.
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